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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 [later changed to the American Standards Association, now the American

National Standards Institute (ANQI)] initiated Project B31 in March 1926 at the request of the American Saci

Mechanic
B31 and it
Piping.

A revis
uniformit]
current de
and mater
American
eration. T}

Supplet]
and mater

control piping. Shortly after the 1942 Code was issued, procedures were established for handling inquiries req

explanati
neering fq

] Engineers (ASME) and with the Society as sole sponsor. After several years of work by Sectional Comy
s subcommittees, a first edition was published in 1935 as an American Tentative Standard Code for Pre

on of the original tentative standard began in 1937. Several more years of effort were given to seg
y among sections, eliminating divergent requirements and discrepancies, keeping the\Code abre
velopments in welding technique, calculating stress computations, and including refereficeto new dimen
ial standards. During this period, a new section on refrigeration piping was prepareéd in cooperation wi
Society of Refrigeration Engineers and complemented the American Standard«€ode for Mechanical R
his work culminated in the 1942 American Standard Code for Pressure Piping.

hents 1 and 2 of the 1942 Code, which appeared in 1944 and 1947, respectively, introduced new dimen
ial standards, a new formula for pipe wall thickness, and more comprehensive requirements for instrume;

n or interpretation of Code requirements and for publishing suchvinquiries and answers in Mechanical
r the information of all concerned.

By 194

and designs to meet these higher requirements warranted more extefisive changes in the Code than could be pro
from supplements alone. The decision was reached by the AmericanStandards Association and the sponsor to reorg
the sectiopal committee and its several subcommittees and tovinvite the various interested bodies to reaffirm
representptives or to designate new ones.

Becaus¢ of the wide field involved, between 30 and 40Q different engineering societies, government bureaus,
associatiops, institutes, and similar organizations had one’'or more representatives on the sectional committee, plus
membersi{at-large to represent general interests. Code activities were subdivided according to the scope of the sg

sections.

members
Followi

resulted i
(a) ag
(b) the

ences to the new ones

(c) the
Arevisi
was appr
American
Atits a
section of
the applic
Their Spe

ety of
hittee
ssure

uring
hst of
tional
th the
efrig-

tional
itand
iiring
Engi-

, continuing increases in the severity of service conditions cémbined with the development of new materials

vided
anize
their

trade
afew
bveral

eneral direction of Code activities restedwith the Standards Committee officers and an executive comnjittee,

ip of which consisted principally of Standards Committee officers and section chairmen.

hg its reorganization in 1948, Standards Committee B31 made an intensive review of the 1942 Cod
h
bneral revision and extension/of requirements to agree with present-day practice

revision of references to'existing dimensional standards and material specifications and the addition of

clarification of ambigtious or conflicting requirements

bn was presentedfor letter ballot vote of Standards Committee B31. Following approval by this body, the p
ved by the sponsor organization and by the American Standards Association. It was finally designated
Standard,“with the designation B31.1-1951, in February 1951.

hnual meeting on November 29, 1951, Standards Committee B31 authorized the separate publicatio
the Code for Pressure Piping addressing gas transmission and distribution piping systems, to be complete
hble-parts of Section 2, Gas and Air Piping Systems; Section 6, Fabrication Details; and Section 7, Materi

e that
refer-
roject
as an
h of a

il with
als —

CIIICations and Identirication. Ine purpose was to provide an imtegrated document I0r g4s lransmissio

distribution piping that would not require cross-referencing to other sections of the Code.
The first edition of this integrated document, known as American Standard Code for Pressure Piping, Section 8, Gas
Transmission and Distribution Piping Systems, was published in 1952 and consisted almost entirely of material taken
from Sections 2, 6, and 7 of the 1951 edition of the Pressure Piping Code.
A new section committee was organized in 1952 to update Section 8 as necessary to address modern materials and
methods of construction and operation.

viii

and
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After a review by B31 Executive and Standards Committees in 1955, a decision was made to develop and publish

industry sections as separate Code documents of the American Standard B31 Code for Pressure Piping. The 19

55 edition

constituted a general revision of the 1952 edition with a considerably expanded scope. Further experience in the applica-

tion of the Code resulted in revisions in 1958, 1963, 1966, 1967, 1968, 1969, 1975, and 1982.

In December 1978, the American National Standards Committee B31 was reorganized as the ASME Code for Pressure

Piping, B31 Committee. The code designation was also changed to ANSI/ASME B31.

The 1989 edition of the Code was a compilation of the 1986 edition and the subsequent addenda issued to the 1986

edition.

The 1992 edition of the Code was a compilation of the 1989 edition, the subsequent three addenda, and the two special

Errata—issue dto thC 1989 th—inn

The¢ 1995 edition of the Code was a compilation of the 1992 edition and the subsequent three addenda'‘iss
1992 (edition.

The 1999 edition of the Code was a compilation of the 1995 edition and the revisions that occurred foll
issuance of the 1995 edition.

Th¢ 2003 edition of the Code was a compilation of the 1999 edition and revisions that occurredfollowing thei
the 1P99 edition.

Th¢ 2007 edition of the Code was a compilation of the 2003 edition and revisions that occurred following the i
the 2P03 edition.

Th¢ 2010 edition ofthe Code was a compilation of the 2007 edition and revisions thatoccurred following the i
the 2P07 edition.

The¢ 2012 edition of the Code was a compilation of the 2010 edition and revisions'that occurred following the i
the 2P10 edition.

Th¢ 2014 edition of the Code was a compilation of the 2012 edition anddéviSions that occurred following the i
the 2P12 edition.

Th¢ 2016 edition of the Code was a compilation of the 2014 editionand revisions that occurred following the i
the 2p14 edition.

The 2018 edition of the Code was a compilation of the 2016 edition and revisions that occurred since the issu
2016|edition.

The 2020 edition of the Code was a compilation of the 2048 edition and revisions that occurred since the issu
2018|edition.

Thé¢ 2022 edition of the Code is a compilation of the-2020 edition and revisions that have occurred since the i
the 2P20 edition. ASME B31.8-2022 was approved by ANSI on October 17, 2022.
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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 nffnnding Committee meetings (‘nrrncpnndpnrr—\ should be addressed ta:

Proposing Revisions. Revisions are made periodically to the Code to incorporate changes.that appear necess

desirable,
published

The Committee welcomes proposals for revisions to this Code. Such proposals should be as specific as possible,

the paragi
pertinent

Secretary, B31 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

as demonstrated by the experience gained from the application of the Code-Approved revisions W
periodically.

aph number(s), the proposed wording, and a detailed description of théreasons for the proposal, includiy
documentation.

Ay or
ill be

citing
gany

Proposing a Case. Cases may be issued to provide alternative rules when'justified, to permit early implementation of

an approv
immediat

Reques
Code and
Cases. Req

Interpre¢tations. Upon request, the B31 Standards Committee will render an interpretation of any requirement

Code. Inte
Committe

Reques
form is ac
automatig

If the In
Committe
ommende

Subject:
Edition:

Question:

ed revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are eff|
bly upon ASME approval and shall be posted on the ASME-“Committee web page.
s for Cases shall provide a Statement of Need and Background Information. The request should identi

uests for Cases should also indicate the applicable\edition(s) of the Code to which the proposed Case af

rpretations can only be rendered in respgdnse to a written request sent to the Secretary of the B31 Stan|
E.
s for interpretation should preferably be submitted through the online Interpretation Submittal Fornj
Cessible at http://go.asme.org/literpretationRequest. Upon submittal of the form, the Inquirer will rece
e-mail confirming receipt.

quirer is unable to use the ornline form, he/she may mail the request to the Secretary of the B31 Stan|
e at the above address<The request for an interpretation should be clear and unambiguous. It is furthe
d that the Inquirersubmnit his/her request in the following format:

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

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

bctive

fy the

he paragraph, figure, or table number(s), and be written as a Question and Reply in the same format as exjisting

plies.

of the
dards

1. The
ve an

dards
I rec-

rords.
ted.

le for
gn or
that a

Proposed

Background Information:

“ves” or “‘no” replv is acceptable
4 r-J r

Reply(ies): 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.

understanding the inquiry. The Inquirer may also include any plans or drawings th

Provide the Committee with any background information that will assist the Committee in

at 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.

Xiv
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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 Standard requirements. If, based on the inquiry information submitted, it is 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,” “
device, or activity.

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

encegthat are open to the public. Persons wishing to attend any meeting and/or telephone conference should dontact the
Secrefary of the B31 Standards Committee.

NG

certify,” “rate,” or “endorse” any item, construction, proprietary

XV
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INTRODUCTION

1 General. The ASME Code for Pressure Piping
consists of many individually published sections, each
an American National Standard. Hereafter in this Intro-

made between contracting parties to use another edition,
or unless the regulatory body having jurisdiction imposes

duction and in the text of this Code Section, B31.8, when
the word [Code” is used without specific identification, it
means this Code Section.

The Codle specifies engineering requirements deemed
necessary|for the safe design and construction of pressure
piping. While safety is the primary consideration, this
factor alome will not necessarily govern the final specifica-
tions of any piping installation or operation. The Code is
not a design handbook. Many decisions that must be made
to produ¢e a sound piping installation and maintain
system integrity during operation are not specified in
detail within this Code. The Code does not serve as a
substitute for sound engineering judgment by the oper-
ating company and designer.

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

This Code Section includes

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

(b) requirements for designing\components and
assemblies

(c) reqpirements and data fer.evaluating and limiting
stresses, rieactions, and moyéntents associated with pres-
sure, temperature changés, and other forces

(d) guigance and linitations on selecting and applying
materials,| components; and joining methods

(e) requirements for fabricating, assembling, and
installing [piping

14J] reqlrirements for examining, inspecting, and testing dices: mandatgry and rllonmandatory. Mandatory appen-
plplng out a

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

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

Itis intended that this edition of Code Section B31.8 not
be retroactive. The latest edition issued at least 6 months

before the original contract date for the first phase of

activity covering a piping system or systems shall be
the governing document, unless agreement is specifically

the use of another edition or different requirements.
Either U.S. Customary (USC) units or Interhational
System (SI, also known as metric) units may/be|used
with this edition. Local customary units' may also be
used to demonstrate compliance with*this Codd. One
system of units should be used consistently for require-
ments applying to a specific installation. The equatipns in
this Code may be used with any ¢onsistent system offunits.
It is the responsibility of the\organization performing
calculations to ensure thatZ consistent system of|units
is used.
Users of this Code dre cautioned against making fise of
revisions without.dssurance that they are acceptaple to
any authoriti€s ‘of jurisdiction where the piping is to
be installed.
The Cdoderis under the direction of ASME Comrhittee
B31, Code for Pressure Piping, which is organizef and
operates under procedures of The American Socigty of
Mechanical Engineers that have been accredited Qy the
American National Standards Institute. The Comrittee
is a continuing one and keeps all Code Secfions
current with new developments in materials, construc-
tion, and industrial practice.
When no Section of the ASME Code for Pressure Riping
specifically covers a piping system, the user has discretion
to select any Section determined to be generally applica-
ble; however, it is cautioned that supplementary require-
ments to the Section chosen may be necessary to provide
for a safe piping system for the intended application.|[Tech-
nical limitations of the various Sections, legal require-
ments, and possible applicability of other Cozjles or
Standards are some of the factors to be considergd by
the user in determining the applicability of any Sé¢ction
of this Code.

2 Appendices. This Code contains two kinds of appen-

requirement or recommendation in the main text of
the Code. Nonmandatory appendices, which are
written in mandatory language, are offered for application
at the user's discretion.

3 Interpretations and Revisions. The Committee has
established an orderly procedure to consider requests for
interpretation and revision of Code requirements. To
receive consideration, inquiries must be in writing and
must give full particulars. (See Correspondence With
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the B31 Committee covering preparation of technical
inquiries.)

4 Cases. A Case is the prescribed form of reply to an
inquiry when study indicates that the Code wording needs
clarification or when the reply modifies existing require-
ments of the Code or grants permission to use new mate-
rials or alternative constructions. The Case will be
published on the B31.8 Committee Page at
http://go.asme.org/B31committee.

original contract date or was adopted before completion
of the work, and the contracting parties agree to its use.

Materials are listed in the Stress Tables only when suffi-
cient usage in piping within the scope of the Code has been
shown. Materials may be covered by a Case. Requests for
listing shall include evidence of satisfactory usage and spe-
cific data to permit establishment of allowable stresses or
pressure rating, maximum and minimum temperature
limits, and other restrictions. Additional criteria can be

A (

allow
need
sions

foundintheguidelinesforadditionofnew materials
ase is normally issued for a limited period, after in the ASME Boiler and Pressure Vessel Code, Section
whicly it may be renewed, incorporated in the Code, or |1 (To develop usage and gain experience;unligted mate-
ed to expire if there is no indication of further i35 may be used in accordance with‘para. 811.2.2.)
For the requirements covered by the Case. The provi-
of a Case, however, may be used after its expiration 5 Effective Date. This edition,"'when issued, contains
thdrawal, provided the Case was effective on the new Code provisions. It is ajeompilation of|the 2020

or wi

edition and revisions to thé,2020 edition.
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ASME B31.8-2022
SUMMARY OF CHANGES

Following approval by the ASME B31 Committee and ASME, and after public review, ASME B31.8-2022 was approved by

ation
been
wing

phs

1 ==

the American National Standards Institute on October 17, 2022.
Throughopt this Code, the phrase “pressure relief station(s)” has been changed to “pressure-relieving station(s)” and the
phrase “pressure relief device(s)” has been changed to “pressure-relieving device(s).” Further, all ARI Specifi
documents referenced have been revised to “API Spec xxx” and all API Standard documents referenced have
revised to|“API Std xxx,” where “xxx” is the API Spec or Std number. In addition, ASME B31.8-2022-includes the foll
changes iglentified by a margin note, (22).
Page Location Change
1 802.1 (1) Subparagraph (a) revised
(2) Footnote 1 editorially revised
(3) Subparagraph (b)(5) deléted and subsequent subparagraj
renumbered
802.2.6 Revised
803.1 (1) Definitions of,designer and engineering design added
(2) Definitions(of operating company and pipeline revised
5 804.6 Definitions of specified minimum tensile strength (SMTS) an
specifiedminimum yield strength (SMYS) revised
6 804.7.3 Subparagraphs (b) and (g) revised
7 804.8 Title’added
7 805.1.3 Definition of standard dimension ratio (SDR) revised
8 805.2.1 (1) Definition of hydrostatic test revised
(2) Definition of pneumatic test added
9 805.2.3 Definition of hoop stress revised
9 805.2.4 Definition of gouge revised
13 805.2.7 Revised in its entirety
16 814.1 References updated
17 816 Second paragraph revised
18 817.1.3 Titles of subparas. (c) and (d) revised
20 8224 Subparagraphs (c) through (f) added
21 822.2 In first sentence, first figure cross-reference updated
22 825.3 Subparagraph (b) revised
22 825.6 Subparagraph (c) revised
23 826 Revised in its entirety
24 831.1.1 Revised
25 831.1.2 Revised
25 831.2.1 Reference for ASME B16.24 revised
27 831.2.4 Added
27 831.3.1 (1) In subpara. (b), last sentence added

(2) In subpara. (c), last sentence revised
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(b)

Page Location Change
28 831.3.7 In subpara. (c), second paragraph revised
28 831.4.1 (1) In subpara. (c), definition of t and first sentence of last
paragraph revised
(2) Subparagraph (e) revised
29 831.4.2 Subparagraphs (d) and (k)(1) revised
38 840.1 Subparagraph (h) added
41 841.1.2(d) (1) In Caution, third sentence revised
{2y T Note, tastsemntence Tevised
44 841.1.9 Subparagraph (a) revised in its entirety
46 841.1.10 (1) In subpara. (a), penultimate line revised
(2) In subpara. (c), third sentence revised
48 841.2.3 Revised
49 Table 841.2.3-1 Revised
51 841.3.1 Revised
52 841.3.2 Subparagraph (c) revised
53 Table 841.3.2-1 Notes revised
54 841.3.3 Last sentence revised
54 841.3.4 Subparagraph (c) revised
55 842.2 Penultimate sentence added
57 842.2.1 In nomenclature, definitions of DR, SDR, and t updated|
58 842.2.4 Revised
59 842.2.9(f) Footnote 3 revised
61 842.3.4 Subparagraph (a) revised
62 842.4.2 Subparagraph (e) revised
62 842.5 Added, and subsequent paragraphs redesignated
64 843.2 In second paragraph, cross-reference updated
64 843.3.3 Revised
65 843.3.4 Title and subparas. (a) and (c) revised
68 845.2.1 Subparagraphs (a) and (c) revised
72 845.3 Title and subparas. (a), (b), and (c) revised
72 845.4.1 Subparagraphs (a) and (a)(4) revised
81 850.2 Revised
84 851.4 First, second, and fourth paragraphs following subpara
revised
86 851.4.2 Subparagraphs (c)(3), (c)(3)(-a), (c)(4), and (f) revised
90 851.13 Added
92 852.5.1 Subparagraph (a) revised
104 861.1.4 Subparagraph (c) revised
106 864.2.6 In subparagraph (b), first cross-reference updated
110 A800 Revised
112 A821.2 Revised
113 A823 Revised
113 A826 Revised
115 A842.1.2 Revised
120 A843.3.4 Revised
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Page Location Change

121 AB847.2 Revised

121 AB47.6 Revised
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General Provisions and Definitions

801 GENERAL

802 SCOPE AND INTENT

801.1‘ Approved Standards and Specifications

Stapdards and specifications approved for use under
this Code and the names and addresses of the sponsoring
orgarfizations are shown in Mandatory Appendix A. It is
not considered practicable to refer to a specific edition of
each ¢f the standards and specifications in the individual
Code |paragraphs.

801.2 Use of Standards and Specifications

Incorporated by Reference

Some standards and specifications cited in
Mandatory Appendix A are supplemented by specific re-
quirements elsewhere in this Code. Users of this Code are
advispd against attempting direct application of any of
these[standards without carefully observing the Code's
refer¢nce to that standard.

801.3 Standard Dimensions

Adherence to American National Standards Institute
(ANS]) dimensions is strongly recommended wherever
practjcable. Paragraphs or notations specifying these
and pther dimensional standards in.this Code,
howejver, shall not be mandatory, provided that other
designs of at least equal strength“and tightness,
capable of withstanding the same-test requirements,
are syibstituted.

801.4 Units of Measure

This Code states values'in both USC and SI units. Within
the text, the SI units are shown in parentheses or in sepa-
rate tables. The values stated in each system are not exact
equivialents;ttherefore, each system of units should be
used independently of the other. When separate equations
rovided for USC and SI units, those equations shall be

ed using variabies e UIitS associated Wi S
specific equation. The results obtained from execution of
these equations may be converted to other units.

When necessary to convert from one system of units to
another, conversion should be made by rounding the
values to the number of significant digits of implied preci-
sion in the starting value, but to not less than four signifi-
cant digits for use in calculations. For factors used in
converting USC units to SI units, see Nonmandatory
Appendix J.

802.1 Scope

(a) This Code covers the design, fabrieation, installa-
tion, inspection, examination, and testing of pipgline facil-
ities used for the transportation’ef ‘gas. This |Code also
covers safety aspects of the operation and mgintenance
of those facilities. (See Mandatory Appendix Q for
scope diagrams.)

This Code is concernied only with certain safdty aspects
of liquefied petroleura’gases when they are vap¢rized and
used as gaseous fuels. All of the requirements of NFPA 58
and NFPA 59 and of this Code concerning design| construc-
tion, and eperation and maintenance of piping facilities
shall apply to piping systems handling butane,
propane, or mixtures of these gases.

(b) This Code does not apply to

(1) design and manufacture of pressufe vessels
covered by the BPV Code."

(2) piping with metal temperatures abgve 450°F
(232°C). (For low-temperature considerations, see
section 812.)

(3) piping beyond the outlet of the custompr's meter
set assembly. (Refer to ANSI Z223.1/NFPA 54)

(4) pipingin oil refineries or natural gasoljne extrac-
tion plants, gas treating plant piping other than the main
gas stream piping in dehydration, and all other grocessing
plants installed as part of a gas transmission system, gas
manufacturing plants, industrial plants, or mfines. (See
other applicable sections of the ASME Code for Pressure
Piping, B31.)

(5) wellhead assemblies, including contfol valves,
flow lines between wellhead and trap or sepdrator, off-
shore platform production facility piping, or dasing and
tubing in gas or oil wells. (For offshore platforjn produc-
tion facility piping, see API RP 14E.)

(6) the design and manufacture of propriefary items

= PP O H

(7) the design and manufacture of heat exchangers.
(Refer to appropriate TEMA? standard.)

(8) liquid petroleum transportation piping systems.
(Refer to ASME B31.4.)

(9) liquid slurry transportation piping systems.
(Refer to ASME B31.4.)

1 BPV Code references here and throughout this Code refer to the ASME
Boiler and Pressure Vessel Code.

2 Tubular Exchanger Manufacturers Association, 25 North Broadway,
Tarrytown, NY 10591.

(22)
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(10) carbon dioxide transportation piping systems.
(Refer to ASME B31.4.)

(11) liquefied natural gas piping systems. (Refer to
NFPA 59A and ASME B31.3.)

(12) cryogenic piping systems. (Refer to ASME
B31.3))

(13) hydrogen piping systems. (Refer to ASME
B31.12.)

802.2 Intent

safety devices, and safe work practices are not intended
to be supplanted by this Code.

802.2.4 Retroactive Applications. It is not intended
that this Code be applied retroactively to such aspects
of existing installations as design, fabrication, installation,
and testing at the time of construction. Further, it is not
intended that this Code be applied retroactively to estab-
lished operating pressures of existing installations, except
as provided for in Chapter V.

802.2.1 Adequacy for Normal Conditions. The re-
quirements of this Code are adequate for safety under con-
ditions ysually encountered in the gas industry.
Requirements for all unusual conditions cannot be speci-
fically pravided for, nor are all details of engineering and
constructjon prescribed; therefore, activities involving
the desigh, construction, operation, or maintenance of
gas transmission, gathering, or distribution pipelines
should bg undertaken using supervisory personnel
having thp experience or knowledge to make adequate
provision|for such unusual conditions and specific engi-
neering and construction details. All work performed
within the scope of this Code shall meet or exceed the
safety stapdards expressed or implied herein.

802.2.2
specifies
ments.

(a) Forldesign and construction, a designer may choose
to use a thore rigorous analysis to develop design and
constructjon requirements. When the designer decides
to take thlis approach, the designer shall provide to,the
operating company details and calculations(Shewing
that design, construction, examination, and testing are
consistenf with the criteria of this Code«These details
shall be adequate for the operating company to verify
the validity of the approach and shallbe approved by
the operafing company. The details shall be documented
in the engineering design.

(b) For operation and_rhaintenance, an operating
company [may choose te use a more rigorous analysis
to develop operation(and maintenance requirements.
When the operating*company decides to take this
approach| the opefating company shall provide details
and calculptions demonstrating that such alternative prac-
tices are dofisistent with the objectives of this Code. The

More Complete Analysis. The Code generally
W simplified approach for many of its require-

802.2.5 Application to Existing Facilities. Pfavjsions
of this Code shall be applicable to operating and’mpinte-
nance procedures of existing installations,and when
existing installations are uprated.

802.2.6 Qualification of Those,Performing Inspec-
tions or Examinations. Individualsswho perform irspec-
tions or examinations shall be qualified by training ahd/or
experience to implement the-applicable requirements and
recommendations of this /Code.

802.2.7 Further Information. For further infornation
concerning pipelifie integrity, see the nonmandatory
supplement ASME B31.8S.

802.3 Offshore Gas Transmission

See~Chapter VIII for additional requirements and defi-
nitions applicable to offshore gas transmission sygtems.

803 PIPING SYSTEMS DEFINITIONS

803.1 General Terms and Definitions

carbon dioxide: aheavy, colorless gas that does not support
combustion, dissolves in water to form carbonic acigl, and
is found in some natural gas streams.

designer: the person or organization responsible for the
engineering design.

engineering design: all design specifications, drawings,
and supporting documents necessary to descrjibe a
piping or pipeline system such that it meets the require-
ments to which it will be applied in conformance with the
Code.

environment: the surroundings or conditions (physical,
chemical, mechanical) in which a material exists.

gas: as used in this Code, any hydrocarbon vapor or

details shalt be documented in the operating records and
retained for the lifetime of the facility.

802.2.3 Safety. This Code is concerned with

(a) safety of the general public.

(b) employee safety to the extent that it is affected by
basic design, quality of materials and workmanship, and
requirements for testing, operations, and maintenance of
gas transmission and distribution facilities. Existing
industrial safety procedures pertaining to work areas,

mixture of hydrocarbon vapors suitable for use as, or
for processing into, domestic or industrial fuel or
process feedstock and transmitted or distributed to the
user through a piping system. The common types are
natural gas, manufactured gas, and liquefied petroleum
gas distributed as a vapor, with or without the admixture
of other components.

(22)
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hot taps: branch piping connections made to operating
pipelines, mains, or other facilities while they are in opera-
tion. The branch piping is connected to the operating line,
and the operating line is tapped while it is under pressure.

liquefied natural gas: natural gas liquefied by refrigeration
or pressure.

liquefied petroleum gases (LPG): composed predominantly
of the following hydrocarbons (either by themselves or as
mixtures): butane (normal butane or isobutene), butylene

vault: an underground structure that may be entered and
that is designed to contain piping and piping components
(such as valves or pressure regulators).

803.2 Piping Systems

component: an individual item or element fitted in line
with pipe in a pipeline system, such as, but not limited
to, valves, elbows, tees, flanges, and closures.

pipeline component: see component.

(inclyding isomers), propane, propylene, and ethane. LPG
can Qe stored as liquids under moderate pressures
[approximately 80 psig (550 kPa) to 250 psig (1 720
kPa)][at ambient temperatures.

listed| specification: a specification listed in Mandatory
Appendix A.

operdting company: as used in this Code, is the individual,
partnership, corporation, public agency, owner, agent, or
other| entity accountable for the design, construction,
inspeftion, examination, testing, operation, and mainte-
nancg of the pipeline facilities.

operdtor: see operating company.

parallel encroachment: as used in this Code, is the portion
of thelroute of a pipeline or main that lies within, runsin a
geneifally parallel direction to, and does not necessarily
cross|the rights-of-way of a road, street, highway, or rail-
road.

petroleum: crude oil, condensate, natural gasoline, natural
gas liquids, liquefied petroleum gas, and liquid petroléum
products.

pipelipe: all parts of physical facilities through.which gas
movep in transportation, including pipe, .valves, fittings,
flang¢s (including bolting and gaskets), xegulators, pres-
sure yessels, pulsation dampeners, relief valves, appurte-
nances attached to pipe, compkessor units, metering
facilities, pressure-regulating (stations, pressure-limiting
statigns, pressure-relievihg)stations, and fabricated
assemblies. Included within/this definition are gas trans-
missipn and gathering\lines, which transport gas from
prodpction facilittes to onshore locations, and gas
storage equipment of the closed pipe type that is fabri-
cated| or forged Arom pipe or fabricated from pipe and
fittings.

pipelinegystem: either the operator's entire pipeline infra-

pipeline facility: new and existing pipelines, rights-of-way,
and any equipment, facility, or building used/n|the trans-
portation of gas or in the treatment ‘of gas during the
course of transportation.

pipeline section: a continuous run of pipe betwee adjacent
compressor stations, between'd ¢compressor stdtion and a
block valve, or between adjacent block valves

segment: alength of pipeline or part of the system that has
unique characteristi¢s™in a specific geographid location.

storage field: a,geographic field containing a wdll or wells
that are completed for and dedicated to syibsurface
storage oflarge quantities of gas for later recovery, trans-
missionjand end use.

transmiission line: a segment of pipeline installed|in a trans-
mission system or between storage fields.

transmission system: one or more segments of pipeline,
usually interconnected to form a network, that fransports
gas from a gathering system, the outlet of a gas gjrocessing
plant, or a storage field to a high- or low-presspre distri-
bution system, a large-volume customer, of another
storage field.

803.3 Distribution Systems

distribution main: a segment of pipeline in a distribution
system installed to convey gas to individual setvice lines
or other mains.

gas main: see distribution main.

gas service line: the piping installed between a main, pipe-
line, or other source of supply and the meter setlassembly.
[See para. 802.1(b)(3).]

high-pressure distribution system: a gas distribution piping
system that operates at a pressure higher thar the stan-
dard service pressure delivered to the customer. In such a

structure or large portions of that infrastructure that have
definable starting and stopping points.

private rights-of-way: as used in this Code, are rights-of-
way not located on roads, streets, or highways used by the
public, or on railroad rights-of-way.

system: see pipeline system.

transportation of gas: gathering, transmission, or distribu-
tion of gas by pipeline or the storage of gas.

systent,aser viceT cgulatUL isT cquil edomreactrservice line
to control the pressure delivered to the customer.

low-pressure distribution system: a gas distribution piping
system in which the gas pressure in the mains and service
lines is substantially the same as that delivered to the
customer's appliances. In such a system, a service regu-
lator is not required on the individual service lines.
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803.4 Gathering Systems

gasstorage line: a pipeline used for conveying gas between
a compressor station and a gas well used for storing gas
underground.

gathering line: a segment of pipeline installed in a gath-
ering system.

gathering system: one or more segments of pipeline,
usually interconnected to form a network, that meets

meter set assembly: the piping and fittings installed to
connect the inlet side of the meter to the gas service
line and the outlet side of the meter to the customer's
fuel line.

monitoring regulator: a pressure regulator installed in
series with another pressure regulator that automatically
assumes control of the pressure downstream of the
station, in case that pressure exceeds a set maximum.

pressure-limiting station: consists of equipment thatunder

one or mereof-the fu}}uvvius criteria:

(a) tralsports gas from one or more production facil-
ities to the inlet of a gas processing plant. If no gas proces-
sing plant exists, the gas is transported to the most
downstream of one of the following:

(1) the point of custody transfer of gas suitable for
delivery tp a distribution system

(2) the pointwhere accumulation and preparation of
gas from deparate geographic production fields in reason-
able prox|mity has been completed

(b) trapsports gas within the gathering system for
productidn or gathering uses such as compressor fuel
gas, gas llft, heating, or other processes, the source of
which is ithin the gathering system (i.e., upstream of
a transmipsion system).

(c) is in conformance with the definition for onshore
gathering lines as defined in API RP 80. Refer to
Mandatorly Appendix Q, Figures Q-1 and Q-2 for additional
clarificatigns.

803.5 Mjscellaneous Systems

control piping: all piping, valves, and fittings used to inter-
connect ajr, gas, or hydraulically operated contrehappa-
ratus or ipstrument transmitters and receivers.

gas procedsing plant: afacility used for extracting commer-
cial prodycts from gas.

instrumenyt piping: all piping, valves, and fittings used to
connect ifjstruments to main pipjng, to other instruments
and apparatus, or to measuringequipment.

production facility: piping er‘équipment used in produc-
tion, extrdction, recoverydifting, stabilization, separation,
treating, dssociated measurement, field compression, gas
lift, gas irfjection, ©r ‘fuel gas supply. Production facility
piping or ¢quipment mustbe used in extracting petroleum
liquids or pattral gas from the ground and preparing it for
transportation by pipeline.

abnormal conditions will act to reduce, restrict, orshut off
the supply of gas flowing into a system to prevent'the gas
pressure from exceeding a predetermined yalue. While
normal pressure conditions prevail, the pressure-lirpiting
station may exercise some degree of control of the flow of
the gas or may remain in the wide epen’position. Induded
in the station are piping and atuxiliary devices, sych as
valves, control instruments,.control lines, the enclgsure,
and ventilating equipment,-installed in accordancq with
the pertinent requirements of this Code.

pressure-regulating\station: consists of equipment
installed for automatically reducing and regulating the
pressure in the) downstream pipeline or main to which
it is connected. Included are piping and auxjliary
devices suich as valves, control instruments, cqntrol
lines, thé enclosure, and ventilation equipment.

pressure-relieving station: consists of equipment installed
tovent gas from a system being protected to prevept the
gas pressure from exceeding a predetermined limit. The
gas may be vented into the atmosphere or into a Jower
pressure system capable of safely absorbing thle gas
being discharged. Included in the station are giping
and auxiliary devices, such as valves, control instruments,
control lines, the enclosure, and ventilating equipment,
installed in accordance with the pertinent requirements
of this Code.

service regulator: aregulator installed on a gas servige line
to control the pressure of the gas delivered tp the
customer.

803.7 Valves

block valve: a valve installed to block or stop the flow/of gas
in a pipe.

check valve: a valve designed to permit flow in one firec-
tion and to close automatically to prevent flow in the

sample piping: all piping, valves, and fittings used to collect
samples of gas, steam, water, or oil.

803.6 Meters, Regulators, and Pressure-Relieving
Stations

customer's meter: a meter that measures gas delivered to a
customer for consumption on the customer's premises.

reverse direction.

curb valve: a stop valve installed below grade in a service
line at or near the property line, accessible through a curb
box or standpipe, and operable by a removable key or
wrench for shutting off the gas supply to a building.
This valve is also known as a curb shutoff or curb cock.
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excess flow valve: a valve designed to automatically stop or
limit the flow in a gas service line when the gas flow
exceeds the maximum anticipated flow during normal
operations.

service line valve: a stop valve readily operable and acces-
sible for shutting off the gas to the customer's fuel line. The
stop valve should be located in the service line ahead of the
service regulator or ahead of the meter, ifa regulator is not
provided. The valve is also known as a service line shutoff,

804.3 General Terms and Definitions

pipe container: a gas-tight structure assembled in a shop or
in the field from pipe and end closures.

proprietary items: items made and marketed by a company
having the exclusive or restricted right to manufacture
and sell them.

804.4 Pipe Terms and Definitions

servi¢e Tine cock, or meter stop.

stop valve: see block valve.

803.8 Gas Storage Equipment

bottld: as used in this Code, is a gas-tight structure com-
pletely fabricated from pipe with integral drawn, forged,
or sphn end closures and tested in the manufacturer's
plant

bottld-type holder: any bottle or group of interconnected
bottlgs installed in one location and used only for storing
gas.

pipe-type holder: any pipe container or group of intercon-
nectefl pipe containers installed at one location and used
only for storing gas.

804 PIPING SYSTEMS COMPONENT DEFINITIONS

804.]1 Plastic Terms and Definitions

plastic (noun): a material that contains as an essential
ingreglient an organic substance of high to ultrahighmiole-
cular weight, is solid in its finished state, and at some stage
of its|manufacture or processing can be shaped by flow.
The tyvo general types of plastic referred toin this Code are
thermoplastic and thermosetting.

thermoplastic: a plastic that is capable-of being repeatedly
softened by increase of temperature and hardened by
decregse of temperature.

thermosetting plastic: plastic that is capable of being
changed into a substantially infusible or insoluble
product when curedunder application of heat or chemical
mean.

804.2 Iron-Terms and Definitions

cast ironpshall apply to gray castiron, thatis, a cast ferrous

coldexpandedpipe-searnlessorweldedpipethajisformed
and then cold expanded while in the pipe mill go that the
circumference is permanently increased by.atlepst 0.50%.

miter: two or more straight sections,ef pipe matched and
joined on a line bisecting the angle of junctiop so as to
produce a change in direction.

pipe: atubular product, including tubing, made fpr saleasa
production item, used primarily for conveying & fluid and
sometimes for storageyCylinders formed ffom plate
during the fabricatielt of auxiliary equipment are not
pipe as defined herein.

804.5 Dimensional Terms and Definitions

diameter:*the as-produced or as-specifiedl outside
dianteter of the pipe, not to be confused with the dimen-
siofiless NPS (DN). For example, NPS 12 (DN 300) pipe has
a'specified outside diameter of 12.750 in. (328.85 mm),
NPS 8 (DN 200) has a specified outside diametgr of 8.625
in. (219.08 mm), and NPS 24 (DN 600) pipe has & specified
outside diameter of 24.000 in. (609.90 mm).

diameter nominal (DN): a dimensionless des]gnator of
pipe. It indicates a standard pipe size when| followed
by the appropriate number [e.g., NPS 1% (DN 40), NPS
12 (DN 300)]. See ASME B36.10M, page 1 for pdditional
information on NPS.

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

nominal outside diameter: see diameter.
nominal pipe size (NPS): see diameter nominal (DN).

nominal wall thickness, t: the wall thickness coputed by
or used in the design equation in para. 841.1{1 or para.
A842.2.2(a). Under this Code, pipe may be ordered to
this computed wall thickness without adding pllowance

tocompensate fortheunderthicknesstolerancelpermitted

matetiatmwhich—amajor partofthecarbomrcomnternt
occurs as free carbon in the form of flakes interspersed
throughout the metal.

ductile iron: sometimes called nodular iron, a cast ferrous
material in which the free graphite present is in a spher-
oidal form, rather than a flake form. The desirable proper-
ties of ductile iron are achieved by chemistry and a
ferritizing heat treatment of the castings.

in approved specifications.

804.6 Mechanical Properties

specified minimum elongation: the minimum elongation
(expressed in percent of the gage length) in the tensile
test specimen, prescribed by the specifications under
which the material is purchased from the manufacturer.
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specified minimum tensile strength (SMTS): expressed in
pounds per square inch (megapascals), the minimum
tensile strength prescribed by the specification under
which the material is purchased from the manufacturer.
specified minimum yield strength (SMYS): expressed in
pounds per square inch (megapascals), the minimum
yield strength prescribed by the specification under
which the material is purchased from the manufacturer.

tensile strength: expressed in pounds per square inch

Element Percentage
Copper 0.60
Manganese 1.65
Silicon 0.60

or
(b) a definite range or a definite minimum quantity of
any of the following elements is specified or required

(megapasfcals), the highest unit tensile stress (referred
to the orjginal cross section) a material can sustain
before failure.

yield strepgth: expressed in pounds per square inch
(megapastfals), the strength at which a material exhibits
a specified limiting permanent set or produces a specified
total elongation under load. The specified limiting set or
elongation is usually expressed as a percentage of gage
length. It§ values are specified in the various material
specificatlons acceptable under this Code.

804.7 Steel Pipe

804.7.1 Carbon Steel.> By common custom, steel is
considered to be carbon steel when no minimum
content i specified or required for aluminum, boron,
chromium, cobalt, molybdenum, nickel, niobium, tita-
nium, tupgsten, vanadium, zirconium, or any other
element pdded to obtain a desired alloying effect;
when th¢ specified minimum for copper does not
exceed 0.40%; or when the maximum content specified
for any of the following elements does not exceed.the
following |percentages:

Element Percentage
Cppper 060
Manganese 165
S{licon 0.60

In all cdrbon steels, small guiantities of certain residual
elements junavoidably retained from raw materials are
sometimé¢s found but-are not specified or required,
such as dopper, nickel,’molybdenum, chromium, etc.
These eldments dre, considered as incidental and are
not normally determined or reported.

804.7.2 Alloy Steel.* By common custom, steel is

withinthetimitsof thet CLUslliLCd freld-of-constriretional
alloy steels:

(1) aluminum

(2) boron

(3) chromium (up to 3.99%)

(4) cobalt

(5) columbium

(6) molybdenum

(7) nickel

(8) titanium

(9) tungsten

(10) vanadium

(11) zirconium

(12) any<other alloying element added to obtain a
desired alloying effect

Small quantities of certain elements are unavoidably

presentiin alloy steels. In many applications, thege are
not ‘considered to be important and are not spegified
orirequired. When not specified or required,| they
should not exceed the following amounts:

Element Percentage
Chromium 0.20
Copper 0.35
Molybdenum 0.06
Nickel 0.25

804.7.3 Pipe Manufacturing Processes. Types and (22)

names of welded joints are used herein according to
their common usage as defined in API Spec 5L orf AWS
A3.0 or as specifically defined as follows:

(a) combination-welded (COW) pipe: pipe having ¢ne or
two straight seams or one helical seam, produced by a
combination of gas metal-arc and submergef-arc
welding wherein the gas-metal arc weld bead is noff com-
pletely removed by the submerged-arc welding pasges. A

considered to be alloy steel when

(a) the maximum of the range given for the content of
alloying elements exceeds one or more of the following
limits:

3 From Steel Products Manual, Section 6, American Iron and Steel
Institute, August 1952, pp. 5 and 6.

*From Steel Products Manual, Section 6, American Iron and Steel
Institute, January 1952, pp. 6 and 7.

typicat-specificattomr s APHSpecSi=

(b) electric-fusion welded (EFW) pipe: pipe made with
one or two straight butt joints or one helical butt joint in
which coalescence is produced in the preformed tube by
manual or automatic electric-arc welding. The weld may
be made by welding from one side or both sides of the joint
and may be made with or without the addition of filler
metal. Typical specifications are ASTM A134 and ASTM
A139, which permit single or double welds with or
without the use of filler metal. ASTM A671, ASTM
A672, and ASTM A691 require welding from both


https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

ASME B31.8-2022

sides of the joint and the use of filler metal. The most
common electric-fusion welded pipe is submerged-arc
welded (SAW) pipe, which is described in (g), and can
be found in ASTM A134, ASTM A139, ASTM A381,
ASTM A671, ASTM A672, ASTM A691, and API Spec 5L.

(c) electric-induction welded (EW) pipe: pipe having one
longitudinal (straight or helical) seam produced by low- or
high-frequency electric welding. The process of forming a
seam is done by electric-resistance welding, wherein the

ASME Research Report, CRTD Vol. 43, “History of Line Pipe
Manufacturing in North America.”

804.8 Plastic Pipe
For plastic pipe, see para. 805.1.3.

805 DESIGN, FABRICATION, OPERATION, AND
TESTING TERMS AND DEFINITIONS

edgestobeweldedaremechanicallrpressed-togetherand
the h¢at for welding is generated by the resistance to flow
of elgctric current applied by induction (no electric
contakct) or conduction. Typical specifications are ASTM
A53, ASTM A135, ASTM A333, and API Spec 5L.

1) high-frequency welded (HFW) pipe: EW pipe
produced with a welding current frequency equal to or
greater than 70 kHz as stated in API Spec 5L.

?) low-frequency welded (LFW) pipe: EW pipe
prodiyiced with a welding current frequency less than
70 kHz as stated in API Spec 5L.

NOTE| 360 Hz had been a common upper limit for LFW pipe
manufactured prior to 1980.

(d)| electric-resistance welded (EW or ERW) pipe: see
electnic-induction welded (EW) pipe.

(e)| furnace-buttwelded, continuous-weld (CW) pipe:
furnace-welded pipe produced in continuous lengths
from |coiled skelp and subsequently cut into individual
lengths. The pipe’s longitudinal butt joint is forge+
welded by the mechanical pressure developed-in
rolling the hot-formed skelp through a set of xround
pass [welding rolls. Typical specifications are~ASTM
A53 gnd API Spec 5L.

(f) |seamless (SMLS) pipe: pipe without a welded seam,
prodyced by a hot-forming process, whith can be followed
by colld sizing, cold finishing, and/or heat treatment to
prodyce the desired shape, dimensjons, and properties.
Typi¢al specifications are ASTM A53, ASTM A106,
ASTM A333, and API Spec 5L}

(g)| submerged-arc welded (SAW) pipe: pipe that has
been|welded from ene‘side or from both sides of a
weld [joint using theé\submerged-arc welding process.
The pipe can have-one or two straight seams or one
helicdl seam.When it is welded from both sides, it is some-
timeg referred to as double submerged-arc welded
(DSAW).pipe. The SAW process produces melting and

coalebcence of metals hy hnafing them with an arc or

805.1 General
805.1.1 Area

class location: a geographic area along the pipgline clas-
sified according to the number and\proximity of buildings
intended for human occupancy,'and other charpcteristics
that are considered when preseribing design factors for
construction, operating presstres, and methodg of testing
pipelines and mains {ocated in the area and applying
certain operating and~maintenance requirements.

location class: se€ class location.

right-of-way(ROW): a strip of land on which |pipelines,
railroads,/power lines, roads, highways, gnd other
similar™facilities are constructed. The ROW qgreement
secures the right to pass over property dqwned by
others. ROW agreements generally allow thle right of
ingress and egress for the operation and malintenance
of the facility, and the installation of the fagility. The
ROW width can vary with the construction and mainte-
nance requirements of the facility's operator and is usually
determined based on negotiation with the affected land-
owner by legal action, or by permitting authority.

805.1.2 Leakage Investigative Terms and Definitions.
For definitions of gas leakage control criteria investigation
terms, see Nonmandatory Appendix M.

805.1.3 Plastic Terms and Definitions

adhesive joint: ajoint made in plastic piping by thie use ofan
adhesive substance that forms a continuous bonf between
the mating surfaces without dissolving either one of them.

dimension ratio (DR): the ratio of outside pipe djameter to
wall thickness of thermoplastic pipe. It is cal¢ulated by
dividing the specified outside diameter of thle pipe by
the specified minimum wall thickness.

heat-fusion joint: a joint made in thermoplastid piping by

arcs between one or more bare metal consumable elec-
trodes and the work, wherein the arcand molten metal are
shielded by a blanket of granular flux. Pressure is not used
and part or all of the filler metal is obtained from the elec-
trodes. Typical specifications are ASTM A134, ASTM A139,
ASTM A381, ASTM A671, ASTM A672, ASTM A691, and
API Spec 5L.

NOTE: Information on historic pipe manufacturing processes,

including legacy seams such as lap welded, electric-flash
welded, single submerged-arc welded, etc., can be found in

heating the parts sufficiently to permit fusion of the mate-
rials when the parts are pressed together.

hydrostatic design basis (HDB): one of a series of estab-
lished stress values (specified in ASTM D2837) for a
plastic compound obtained by categorizing the long-
term hydrostatic strength determined in accordance
with ASTM D2837. Established HDBs are listed in PPI
TR-4.
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long-term hydrostatic strength: the estimated hoop stress
in pounds per square inch (MPa) in a plastic pipe wall that
will cause failure of the pipe at an average of 100,000 hr
when subjected to a constant hydrostatic pressure. (See
Mandatory Appendix D.)

solvent cement joint: a joint made in thermoplastic piping
by the use of a solvent or solvent cement that forms a
continuous bond between the mating surfaces.

standard dimension ratio (SDR): the ratio of outside pipe

seam weld: the longitudinal (straight or helical) seam in
pipe, made in the pipe mill for the purpose of making a
complete circular cross section.

stress relieving: heating a metal to a suitable temperature,
holding at that temperature long enough to reduce resi-
dual stresses, and then cooling slowly enough to minimize
the development of new residual stresses.

submerged-arc welding: an arc welding process that uses
anarcorarcs between a bare metal electrode or electrodes

diameter [to wall thickness of thermoplastic pipe. It is
calculated by dividing the specified outside diameter of
the pipe Hy the specified minimum wall thickness corre-
sponding [to a value from a common numbering system
that was|derived from the ANSI preferred number
series R 10.

805.1.4 Fabrication Terms and Definitions

arc weld:|a weld made by one of a group of welding
processep that produces coalescence of metals by
heating them with an arc. The processes are used with
or witholit the application of pressure and with or
without filler metal.

arc welding: see arc weld.

butt joint:|a joint between two members aligned approxi-
mately in the same plane. See Figures 1(A), 2(A), 3, 51(4),
and 51(B] in AWS A3.0.

butt weld] a nonstandard term for a weld in a butt joint.

cold springing: where used in the Code, the fabrication of
piping to @n actual length shorter than its nominal length
and forcing it into position so that it is stressed.insthe
erected cpndition, thus compensating partially for the
effects prioduced by the expansion due tq_an increase
in temperature. Cold-spring factor is theiratio of the
amount of cold spring provided to the.total computed
temperatyre expansion.

fillet weld: a weld of approximately triangular cross
section jpining two surface€s approximately at right
angles to ¢ach other in a lapjeint, tee joint, or corner joint.

girth weld: a complete(Cireumferential butt weld joining
pipe or cgmponents:

heat treatment: heating and cooling a solid metal or alloy
in such a yay(@s,to obtain desired properties. Heating for
the sole gurpose of hot working is not considered heat

and the weld pool. The arc and molten metal areshielded
by a blanket of granular flux on the workpieced. The
process is used without pressure and with filler metal
from the electrode and sometimes fromCa,supplenjental
source (welding rod, flux, or metal granules).

tie-in: a connection where a gap isdeftto divide a pipeline
into test sections, or to install{a’ pretested replacgment
section, or in the continuousline'construction at alog¢ation
such as a river or highway.crossing.

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

weld: a localized coalescence of metals or nonmetals
produced .either by heating the materials tp the
welding temperature, with or without the applidation
of pressure, or by the application of pressure plone
andswwith or without the use of filler material.

welder: one who performs manual or semiautomatic
welding.

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

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

wrinkle bend: a pipe bend produced by a field procegs that
deliberately introduces prominent wrinkles as a mepns of
shortening the inside bend radius. This definition dops not
apply to a pipeline bend in which incidental minor, stnooth
ripples are present.

wrought: metal in the solid condition that is forme{ to a
desired shape by working (rolling, extruding, forging,
etc.), usually at an elevated temperature.

805.2 Design
805.2.1 Pressure Terms and Definitions

treatment. If a weldment is heated and cooled in a
controlled manner, then the term “postweld heat treat-
ment” is used.

longitudinal weld joint quality factor, E: a value of 1.00 or
less applicable to a straight or helical pipe seam weld,
based on the type of welding process and relevant supple-
mentary NDE requirements. This longitudinal weld joint
quality factor does not apply to girth welds.

design pressure: the maximum pressure permitted by this
Code, as determined by the design procedures applicable
to the materials and locations involved. It is used in calcu-
lations or analysis for pressure design of a piping compo-
nent.

hydrostatic test: a pressure test using a liquid, typically
water, as the test medium.

hydrotest: see hydrostatic test.

internal design pressure: see design pressure.
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maximum allowable operating pressure (MAOP): the
maximum pressure at which a pipeline system may be
operated in accordance with the provisions of this Code.

maximum allowable test pressure: the maximum internal
fluid pressure permitted by this Code for a pressure test
based upon the material and location involved.

maximum operating pressure (MOP): sometimes referred
to as maximum actual operating pressure, the highest
pressure at which a piping system is operated during a

805.2.3 Stress Terms and Definitions

bending stress: the force per unit area acting at a point
along the length of a member resulting from the
bending moment applied at that point.

compressive stress: the applied pushing force divided by
the original cross-sectional area.

hoop stress, Sy [psi (MPa)]: the stress in a pipe of nominal
wall thickness, t [in. (mm)], acting circumferentially in a

normpl operating cycle.

normgl operating pressure: the predicted pressure (sum of
staticlhead pressure, pressure required to overcome fric-
tion lpsses, and any back pressure) at any pointin a piping
system when the system is operating under a set of
predifted steady-state conditions.

overplessure protection: the prevention of the pressure in
the system or part of the system from exceeding a prede-
termipned value and is typically provided by a device or
equipment installed in a gas piping system.

pneumatic test: a pressure test using a gaseous medium to
pressprize the pipeline. The gaseous medium may be air,
inert |gas, or natural gas.

presshire: unless otherwise stated, expressed in pounds
per square inch (kilopascals) above atmospheric pressure
(i.e., gage pressure) and is abbreviated as psig (kPa).

presstire test: a means by which the integrity of a piece of
equipment (pipe) is assessed, in which the item is filled
with 3 fluid, sealed, and subjected to pressure. It is used to
validate integrity and detect construction defects and
defecfive materials.

standprd service pressure: sometimes called”the normal
utilization pressure, the gas pressure a utility undertakes
to mdintain at its domestic customers" meters.

standfup pressure test: a procedure/used to demonstrate
the lepk tightness of alow-pressure, gas service line, using
air on gas as the test medium.

80%.2.2 Temperature Terms and Definitions

ambiént temperature: the temperature of the surrounding
medifim, usually'used to refer to the temperature of the air
in wHich a_structure is situated or a device operates.

grou
dept

d temperature: the temperature of the earth at pipe

planeperpendicularto-the lonsitudinal-axis-of the pipe,

produced by the pressure, P [psig (kPa)], of'th¢ fluid in a
pipe ofdiameter, D [in. (mm)]; itis determined by Barlow’s
formula:

(U.S. Customary Units)

PD
S 5 SO
HZ7 of
(SI Units)
PD
Sep =
H ™5 000t

maximumallowable hoop stress: the maximum hjoop stress
permitted by this Code for the design of a piping system. It
dependson the material used, the location of the pipe, the
operating conditions, and other limitations imposed by
the designer in conformance with this Code.

operating stress: the stress in a pipe or structurgl member
under normal operating conditions.

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

secondary stress: stress created in the pipe wall by loads
other than internal fluid pressure, such as backfill loads,
traffic loads, loads caused by natural hazards (see
para. 841.1.10), beam action in a span, loads at supports,
and at connections to the pipe.

stress: the internal resistance of a body to an fexternally
applied force, expressed in units of force per unit area [psi
(MPa)]. It may also be termed unit stress.

stress concentration: a discontinuity in a strjucture or
change in contour that causes a local increasd in stress.

stress concentrator: see stress concentration.

stress level: the level of tangential or hoop stregs, usually

minimum design temperature: the lowest anticipated
material temperature during service. The user of this
Code is cautioned that ambient and operating tempera-
ture conditions may exist during construction, start-up,
or shutdown that require special design considerations
or operating restrictions.

temperature: expressed in degrees Fahrenheit (°F)
[degrees Celsius (°C)].

expressed as a percentage of specified minimum yield
strength.

tensile stress: the applied pulling force divided by the
original cross-sectional area.

805.2.4 Construction, Operation, and Maintenance
Terms and Definitions

abandoned: permanently removed from service.
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actionable anomaly: an anomaly that may exceed accept-
able limits based on the operator's anomaly and pipeline
data analysis.

anomaly: an unexamined deviation from the norm in pipe
material, coatings, or welds.

anomaly and pipeline data analysis: the process through
which anomaly and pipeline data are integrated and
analyzed to further classify and characterize anomalies.

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

indication: a finding of a nondestructive testing technique
or method that deviates from the expected. It may or may
not be a defect.

in-line inspection (ILI): a steel pipeline inspection tech-
nique that uses devices known in the industry as intelli-
gent or smart pigs. These devices run inside the pipe and
provide indications of metal loss, deformation, and other

backfill:
space arojind a pipeline or other appurtenances.

atarial nlacadin ahala artranch o O] ayeayatrad
...... praceatanore-ortrenento-threxeavatea

certificatipn: written testimony of qualification.

consequerice: the impact that a pipeline failure could have
on the public, employees, property, and the environment.

crack: verly narrow, elongated defect caused by mechan-
ical splitting into parts.

defect:ap
character

hysically examined anomaly with dimensions or
stics that exceed acceptable limits.

dent: a pgrmanent deformation of the circular cross-
section off the pipe that produces a decrease in the
diameter pnd is concave inward.

discontinuity: an interruption of the typical structure of a
material, $uch as a lack of homogeneity in its mechanical,
metallurgjcal, or physical characteristics. A discontinuity
is not negessarily a defect.

evaluation: a review following the characterization of an
actionabl¢ anomaly to determine whether the anomaly
meets spdcified acceptance criteria.

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

experiencé: work activities accomplished ina'specific non-
destructive testing (NDT) method under the direction of
qualified pupervision including the performance of the
NDT method and related activities but not including
time spenft in organized training-programs.

failure: a general term usedito imply that a part in service
has beconje completely.ihoperable; is still operable but is
incapable|of satisfactorily performing its intended func-
tion; or hds deterigrated seriously, to the point that it has
become upreliableror unsafe for continued use.

fatigue: the process of development of, or enlargement of,

fracture toughness: the resistance of a material to fail from
the extension of a crack.

gouge: mechanically induced material loss that causes
localized elongated grooves or cavities in a metal pipeline.

grinding: removal of material by abrasion, usually utilizing
a rigid abrasive carrier, such as a disk.

imperfection: an anomaly with characteristics that do not
exceed acceptable limits.

10

defects.

in-service pipeline: a pipeline that contains natural
be transported. The gas may or may not be flowir

ras to
g.
inspection: the use of anondestructive testing technique or

method.

integrity: the capability of the pipeline to withstand all
anticipated loads (including hooep stress due to operating
pressure) plus the margin-of*safety established by this
section.

integrity assessment: aprocess that includes inspection of
pipeline facilities;‘evaluating the indications resplting
from the inspections, examining the pipe usfing a
variety of techniques, evaluating the results of the ¢xam-
inations, characterizing the evaluation by defect tyge and
severityyand determining the resulting integrity of the
pipeline through analysis.

leak: an unintentional escape of gas from the pipeling. The
source of the leak may be holes, cracks (including gropa-
gating and nonpropagating, longitudinal, and circumfer-
ential), separation or pullout, or loose connectiong.

mechanical damage: a type of metal damage in a p]pe or
pipe coating caused by the application of an externaljforce.
Mechanical damage can include denting, coating rermoval,
metal removal, metal movement, cold working ¢f the
underlying metal, puncturing, and residual stresses.

mitigation: the limitation or reduction of the probability of
occurrence or expected consequence for a particular
event.

nondestructive examination (NDE): a testing method, such
as radiographic, ultrasonic, magnetic, liquid penetrant,
visual, leak, eddy current, or acoustic emission} or a
testing technique, such as magnetic-flux leakage,
magnetic-particle inspection, shear-wave ultrasorjic, or
contact compression-wave ultrasonic.

nondestructive testing (NDT): see nondestructive examina-
tion (NDE).

pig: a device run inside a pipeline to clean or inspect the
pipeline, or to batch fluids.

pig trap: an ancillary item of pipeline equipment, such as a
launcher or receiver, with associated pipework and
valves, for introducing a pig into a pipeline or removing
a pig from a pipeline.
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pigging: the use of any independent, self-contained device,
tool, or vehicle that moves through the interior of the pipe-
line for inspecting, dimensioning, cleaning, or drying.

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

rupture: a complete failure of any portion of the pipeline
that allows the product to escape to the environment.

corrosion: the deterioration of a material, usually a metal,
that results from an electrochemical reaction with its en-
vironment.

corrosion fatigue: fatigue-type cracking of metal caused by
repeated or fluctuating stresses in a corrosive environ-
ment and characterized by shorter life than would be
encountered as a result of either the repeated or fluctu-
ating stress alone or the corrosive environment alone.

corrosion inhibitor: a chemical substance or combination

scrapgr trap: see pig trap.

slug: a volume of liquid or gas, completely filling the cross
sectign of the pipe.

survdy: measurements, inspections, or observations
intenfled to discover and identify events or conditions
that indicate a departure from normal operation or un-
damajged condition of the pipeline.

trainipng: an organized program developed to impart the
knowlledge and skills necessary for qualification.

ultragonic: high-frequency sound. Ultrasonic examination
is used to determine wall thickness and to detect the pres-
ence pf defects.

upratjng: the qualifying of an existing pipeline or main for
a higher maximum allowable operating pressure.

80%.2.5 Corrosion Control Terms and Definitions

anode: the electrode of an electrochemical cell at which
oxidafion occurs. Electrons flow away from the anode ih
the external circuit. Corrosion usually occurs and*metal
ions ¢nter the solution at the anode.

bracefet anodes: galvanic anodes with geometty suitable
for difect attachment around the circumference of a pipe-
line. These may be half-shell bracelets-consisting of two
semidircular sections or segmented-bracelets consisting of
many| individual anodes.

cathofic protection (CP): a téchmique to reduce the corro-
sion df a metal surface by‘imaking that surface the cathode
of an|electromechanical-cell.

cell: a system consisting of an anode and a cathode
immersed in ancelectrolyte so as to create an electrical
circuit. The andde and cathode may be different metals
or digsimilar-areas on the same metal surface.

coatingia-liquid, liquefiable, or mastic composition that,

of substances that, when present in the environinent or on
a surface, prevents or reduces corrosion.

corrosion rate: the rate at which corrosien proceeds.

corrosiveness: the tendency of anpenvironment to cause
corrosion or the degree to which or rate at which it
causes corrosion.

crevice corrosion: localizedeorrosion of a metal purface at,
or immediately adjacentjto, an area that is shiglded from
full exposure to the environment because of clpse proxi-
mity of the metalto the surface of another mpterial.

curing: a chemical process of developing the| intended
propertieS)of a coating or other material (e g., resin)
over a period of time.

current: a flow of electric charge.

current density: the current to or from a unit area of an
electrode surface or through a unit area of a copductor or
electrolyte.

depolarization: the removal of factors resisting the current
in an electrochemical cell.

dielectric coating: a coating that does not condyct electri-

city.
dissimilar metals: different metals that could form an
anode-cathode relationship in an electrolyte when
connected by a metallic path.

electric potential: a voltage difference existing between
two points, such as the pipe and its environment.

electrical interference: any electrical disturbpnce on a
metallic structure in contact with an electrolyte caused
by stray current(s).

electrical isolation: the condition of being electrifally sepa-
rated from other metallic structures or the enyironment.

electrochemical cell: see cell.

after application to a surface, is converted into a solid
protective, decorative, or functional adherent film.
Coating also includes tape wrap.

coating system: the complete number and types of coats
applied to a substrate in a predetermined order. (When
used in a broader sense, surface preparation, pretreat-
ments, dry film thickness, and manner of application
are included.)
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electrode: a conductor used to establish contact with an
electrolyte and through which current is transferred to or
from an electrolyte.

electrolyte: a medium containing ions that migrate in an
electric field.

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.
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erosion: the progressive loss of material from a solid
surface due to mechanical interaction between that
surface and a fluid, a multicomponent fluid, or solid parti-
cles carried with the fluid.

fault current: a current that flows from one conductor to
ground or to another conductor due to an abnormal
connection (including an arc) between the two. A fault
current flowing to ground may be called a ground fault
current.

overvoltage: the change in potential of an electrode from
its equilibrium or steady-state value when current is
applied.

paint: a pigmented liquid or resin applied to a substrate as
a thin layer that is converted to an opaque solid film after
application. Itis commonly used as a decorative or protec-
tive coating.

pipe-to-soil potential: the electric potential difference
between the surface of a buried or submerged metallic

film: a thif, not necessarily visible layer of material.

foreign s
intended

ructure: any metallic structure that is not
s a part of a system under cathodic protection.

galvanic apode: a metal that provides sacrificial protection
to another metal that is more noble when electrically
coupled ir an electrolyte. This type of anode is the electron
source in|one type of cathodic protection.

corrosion: accelerated corrosion of a metal
because pf an electrical contact with a more noble
metal anfl/or a more noble localized section of the
metal or fonmetallic conductor in a corrosive electrolyte.

galvanic

graphitizdtion: the formation of graphite in iron or steel,
usually frpm decomposition of iron carbide at elevated
temperatures. This should not be used as a term to
describe graphitic corrosion.

holiday: a discontinuity in a protective coating that
exposes unprotected surface to the environment.

hydrogen
resulting

embrittlement: a loss of ductility of a metal
from absorption of hydrogen.

hydrogen |stress cracking: cracking that results from,the
presence |of hydrogen in a metal in combination with
tensile stress. It occurs most frequently with high-strength
alloys.

impressed|current: an electric current supplied by a device
employing a power source that is external to the electrode
system. (An example is direct current for cathodic protec-
tion.)

impressed|current anode:an-electrode suitable for use as
an anodel when connected to a source of impressed
current, which is generally composed of a substantially
inert matqrial that'eonducts by oxidation of the electrolyte
and, for tIis reason, is not corroded appreciably.

intergranulapeorrosion: preferential corrosion at or along

structure and the electrolyte that is measured with fefer-
ence to an electrode in contact with the electrolyte.

pitting: localized corrosion of a metal surface that is
confined to a small area and takes the form of cavities
called pits.

polarization: the change from the open-circuit potential as
a result of current across the eléctrode/electrolyte [inter-
face.

protective coating: a coatingapplied to a surface to pfotect

the substrate from carrosion or other damage.
resistivity:

(a) the resiStance per unit length of a substancg
uniform cross section.

(b) a measure of the ability of an electrolyte (e.gl, soil)
to resist’the flow of electric charge (e.g., cathodic pfotec-
tion‘current). Resistivity data are used to dedign a
groundbed for a cathodic protection system.

with

rust: corrosion product consisting of various iron gxides
and hydrated iron oxides. (This term properly applies only
to iron and ferrous alloys.)

shielding: preventing or diverting the flow of cathodic
protection current from its natural path.

stray current: current through paths other than the
intended circuit.

stress corrosion cracking (SCC): a form of environnjental
attack ofthe metal involving an interaction of alocal ¢orro-
sive environment and tensile stresses in the metal,
resulting in formation and growth of cracks.

805.2.6 Engineering Terms and Definitions

brittle fracture: fracture with little or no plastic defprma-
tion.

design life: a period of time used in design calculations,

the grain boundaries of a metal (also known as intercrys-
talline corrosion).

ion: an electrically charged atom or group of atoms.

metal loss: any of a number of types of anomalies in pipe in
which metal has been removed from the pipe surface,
usually due to corrosion or gouging.

noble: the positive direction of electrode potential, thus
resembling noble metals such as gold and platinum.
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setectedtover ify thatat cpla\.cab}c or-pernrmanentcompo-
nent is suitable for the anticipated period of service.
Design life may not pertain to the life of a pipeline
system because a properly maintained and protected
pipeline system can provide service indefinitely.

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

elastic distortion: changes of dimensions of a material
upon the application of a stress within the elastic
range. Following the release of an elastic stress, the
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material returns to its original dimensions without any
permanent deformation.

elastic limit: the maximum stress to which a material may
be subjected without retention of any permanent defor-
mation after the stress is removed.

elasticity: the property of a material that allows it to
recover its original dimensions following deformation
by a stress below its elastic limit.

systems and procedures consist of periodic audits and
checks that ensure the Quality Control system will
meet all of its stated purposes.

The integrity of a pipeline system may be improved by
the application of Quality Assurance systems. These
systems should be applied to the design, procurement,
construction, testing, operating, and maintenance activ-
ities in the applications of this Code.

Organizations performing design, fabrication,

enqgineerike—assess mapt: o docimantad accaccmiant poing
LETT YOO COUTTICTIT o o CUIIICIItC T o ST O S TITC I T Or o TTT

engineering principles of the effect of relevant variables
upon| service or integrity of a pipeline system and
condpicted by or under supervision of a competent
person with demonstrated understanding of and experi-
ence |n the application of engineering and risk manage-
ment|principles related to the issue being assessed.

engingering critical assessment: an analytical procedure
based upon fracture mechanics that allows determination
of the maximum tolerable sizes for imperfections, and
condpicted by or under supervision of a competent
person with demonstrated understanding of and experi-
ence |in the application of the engineering principles
relatdd to the issue being assessed.

modulus of elasticity: a measure of the stiffness or rigidity
of amaterial. It is actually the ratio of stress to strain in the
elastif region of a material. If determined by a tension or
compfression test, it is also called Young's modulus or the
coefficient of elasticity.

probgpbility: the likelihood of an event occurring.

risk: 4 measure of potential loss in terms of both.the inci-
dent probability (likelihood) of occurrence andthé magni-
tude pf the consequences.

span:|a section of the pipe that is unsupported.

strain: the change in length of a material in response to an
appli¢d force, expressed on a unit length basis [e.g., inches
per inch (millimeters per millimeter)].

vortex-induced vibration<the periodic shedding of fluid
vorti¢es from air or water flow impinging on the pipe
that may introduce oscillatory forces on the pipeline
and cpnsequent fatigue damage. Also called vortex shed-
ding.

805%.2.7-Miscellaneous Terms and Definitions

may: uséd to denote permission; neither a requirement

accambhlyy
uuuuuuuuu Y

erecHonthspectHor—examtration, testing,
installation, operation, and maintenance application for
B31.8 piping systems should have a written Quality Assur-
ance system in accordance with applicable dpcuments.
Registration or certification of thetQuality Assurance
system should be by agreement-between the cpntracting

parties involved.

807 TRAINING AND-QUALIFICATION OF
PERSONNEL

807.1 Program

Each operating company shall have a prjogram to
managethe qualification of personnel who perform oper-
ating, maintenance, and construction activities that could
impact the safety or integrity of a pipeline. Th¢ program
shall address, at a minimum, the following elgments:

(a) ldentify those tasks for which the qualification
provisions of the program apply. The tagsks shall
include operating, maintenance, and construction activ-
ities that could impact the safety or integrity of p pipeline.

(b) For each task covered by the progran}, identify
abnormal operating conditions, and desg¢ribe the
process used to ensure that individuals wh¢ perform
these tasks are able to recognize and react to([such con-
ditions. An abnormal operating condition is ¢lefined in
ASME B31Q as a condition that may indicate a mplfunction
of a component or deviation from normal operations that
may

(1) indicate a condition exceeding design limits
(2) result in hazard(s) to persons, propefty, or the
environment

(c) ldentify training requirements for gersonnel
involved in performing tasks covered by the program.

(d) Describe the evaluation process and critefia used to
determine

nor a recommendation.
shall: used to denote a requirement.

should: used to denote a recommendation.

806 QUALITY ASSURANCE

Quality Control systems consist of those planned,
systematic, and preventative actions that are required
to ensure that materials, products, and services will
meet specified requirements. Quality Assurance

TH o T EatroTt

(2) subsequent or ongoing qualification
(3) suspension or revocation of qualifications
(4) reinstatement of qualifications

(e) Establish organizational responsibilities for
carrying out each program element.

(f) Establish a process to periodically evaluate the
effectiveness of the qualification program, including
provisions for updating the program based on the
results of effectiveness appraisals.
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(g) Describe how program requirements are commu-
nicated to affected individuals and how changes to
program requirements are managed and communicated.

(h) ldentify the documentation requirements needed
to adequately manage the program.

807.2 Operating and Maintenance Functions

In addition to the requirements in para. 807.1, each
operating company shall provide training for employees

functions. The training shall be comprehensive and
designed to prepare employees for service in their
area of responsibility.

807.3 Reference

A useful reference for managing personnel qualifica-
tions is ASME B31Q.

in procediires established for operating and maintenance

14
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Chapter |
Materials and Equipment

810 MATERIALS AND EQUIPMENT

It i§ intended that all materials and equipment that will
become a permanent part of any piping system
constructed under this Code shall be suitable and safe
for the conditions under which they are used. All such
materials and equipment shall be qualified for the condi-
tions [of their use by compliance with certain specifica-
tions) standards, and special requirements of this Code,
or otherwise as provided herein.

811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

811.1 Categories

Materials and equipment fall into the following six cate-
gorie$ pertaining to methods of qualification for use under
this {ode:

(a)| items that conform to standards or specifications
refer¢nced in this Code

(b)] items that are important from a safety standpoint,
of a type for which standards or specifications‘are refer-
enced in this Code but specifically do not{conform to a
refer¢nced standard (e.g., pipe manufactured to a speci-
ficatign not referenced in this Code)

(c)|items of a type for which standards or specifications
are rgferenced in this Code butthatdo not conform to the
standards and are relatively-unimportant from a safety
standpoint because of their’small size or because of
the conditions under which they are to be used

(d)| items of a typéfor which no standard or specifica-
tion if referenced‘in/this Code (e.g., gas compressor)

(e)| proprietary items (see definition, para. 804.3)

(f) |unidentifiéd or used pipe

811.2 Procedures for Qualification

811.2.2 Nonconformance (Important Itéms). Impor-
tant items of a type for which standards ot spefifications
are referenced in this Code, such as‘pipe, valves, and
flanges, but that do not conform to standards or|specifica-
tions referenced in this Code [see para. 811.1(b)] shall be
qualified as follows:

A material conforming tora written specifidation that
does not vary substantially from a referenced standard
or specification and.that meets the minimum require-
ments of this Code with respect to quality of|materials
and workmanship may be used. This paragtaph shall
not be constrited to permit deviations that wpould tend
to affect weldability or ductility adversely. If the devia-
tions teiid to reduce strength, full allowance for the reduc-
tion shall be provided for in the design.

811.2.3 Nonconformance (Unimportant Items). Rela-
tively unimportant items that do not conform|to a stan-
dard or specification [see para. 811.1(c)] may be used,
provided that

(a) they are tested or investigated and found suitable
for the proposed service

(b) they are used at unit stresses not greater|than 50%
of those allowed by this Code for comparable|materials

(c) their use is not specifically prohibited by this Code

811.2.4 No Standards or Specifications Referenced.
Items of a type for which no standards or spefifications
are referenced in this Code [see para. 811.[(d)] and
proprietary items [see para. 811.1(e)] may bg qualified
by the user provided

(a) the user conducts an investigation anf tests (if
needed) that demonstrate that the item of mjaterial or
equipment is suitable and safe for the proposed
service (e.g., clad or duplex stainless steel pipg); or

(b) the manufacturer affirms the safety of th¢ item rec-
ommended for that service (e.g., gas compressors and

Prescribed procedures for qualifying each of these six
categories are given in the following paragraphs.

811.2.1 Conformance. Items that conform to standards
or specifications referenced in this Code [see
para. 811.1(a)] may be used for appropriate applications,
as prescribed and limited by this Code without further
qualification. (See section 814.)

pressure-relieving devices]

811.3 Unidentified or Used Pipe

Unidentified or used pipe [see para. 811.1(f)] may be
used and is subject to the requirements of section 817.
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812 MATERIALS FOR USE IN LOW-TEMPERATURE
APPLICATIONS

Some of the materials conforming to specifications
referenced for use under this Code may not have proper-
ties suitable for operation at low temperatures. Users of
this Code are cautioned to consider the effects of low
temperature and the potential impact on fracture perfor-
mance at low temperatures.

Whenever the minimum design temperature is below

(a) At least one or more of the multiple markings
include a material specification (or grade, class, or
type) that is permitted by this Code, and the material
meets all the requirements of that specification.

(b) Theappropriate design values and material proper-
ties from only the selected applicable specification (or
grade, class, or type) shall be used. Design values and
material properties from other specifications, grades,
classes, or types for which the material is marked,

-20°F (-2/9°C), a fracture control program shall be estab-
lished. Thie program shall address parent materials, the
parent material seam weld (if present), circumferential
butt weld$, attachment welds, and any weld heat-affected
zone (HAY).

Of primpry importance in the fracture control program
is the pregvention of brittle fracture initiation that can
occur at pmall stress concentrations. As a minimum,
the fractpire control program shall require Charpy
impact erlergy testing at or below the minimum design
temperatyre. The specific energy requirement is a func-
tion of th¢ strength of the material, its thickness, and the
design stress. See para. 841.1.2 for additional require-
ments relgative to fracture control for pipe.

Providdd the manufacturer's fracture toughness testing
of reference material (material standards and specifica-
tions referenced in Mandatory Appendix A or
Nonmandatory Appendix C) is performed at or below
the pipeljne minimum design temperature and meets
the requifements of the fracture control plan, additional
toughness$ testing of the material is not required. The
welding procedure for circumferential welds shalltbe
qualified as conforming to the fracturescontrol
program py Charpy testing at or below the mihimum
design temperature.

813 MARKING

813.1 Scppe

Allvalves, fittings, flanges;bolting, pipe, and tubing shall
be marked in accordance‘with the marking sections of the
standardg and specifieations to which the items were
manufactired or ih‘accordance with the requirements
of MSS SH-25.

813.2 Dip Stamping

ineludingthoseacceptable—to-thisCode—shall-not be
used or substituted for those in the selected specifigation.

(c) All other requirements of this Code aresatisfipd for
the material selected.

Multiple marking shall be in accordance with the mate-
rial specification, if allowed. Otherwise, multiple mgrking
shall be in accordance with the gaidélines set out |n the
BPV Code, Section II, Part D, Appendix 7.

814 MATERIAL SPECIFICATIONS

Foralisting of all referenced material specifications, see
Mandatory Appendix A. For a listing of standards for|other
commonly used\materials that are not referencefl, see
Nonmandatery~Appendix C.

814.1 Pipe Conforming to Referenced Standards
and Specifications

Pipe that is qualified under para. 811.1(a) may be|used.

814.1.1 Steel Pipe

(a) Steel pipe manufactured in accordance with the

following standards may be used:

API Spec 5L
ASTM A53/A53M

Line Pipe

Pipe, Steel, Black and Hot
Dipped, Zinc-Coated, Welded
and Seamless

ASTM A106/A106M e for

ce

Seamless Carbon Steel Pig
High-Temperature Serv

ASTM A134 Pipe, Steel, Electric-Fusior]
(Arc)-Welded Pipe (Sizes NPS

16 and Over)

Electric-Resistance-Weldeg¢
Steel Pipe

Electric-Fusion (Arc)-Welded

ASTM A135/A135M

ASTM A139/A139M

Die stamping, if used, shall be done with dies having
blunt or rounded edges to minimize stress concentrations.

813.3 Multiple Marking of Materials or
Components

Materials or components marked as meeting the re-
quirements for two or more specifications (or grades,
classes, or types) are acceptable, provided

16

Steel Pipe (Sizes NPS 4 and
Over)
Seamless and Welded Steel Pipe
for Low-Temperature Service
Metal-Arc-Welded Steel Pipe for
Use With High-Pressure
Transmission Systems

ASTM A333/A333M

ASTM A381
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Table continued

ASTM A671/A671M Electric-Fusion-Welded Steel
Pipe for Atmospheric and

Lower Temperatures

Electric-Fusion-Welded Steel
Pipe for High-Pressure
Service at Moderate
Temperatures

ASTM A672/A672M

AST A691/A691M Carbon and Alloy Steel Pipe

814.2 Steel, Cast Iron, and Ductile Iron Piping
Components

Specific requirements for these piping components that
qualify under para. 811.1(a) are found in Chapter IIL
815 EQUIPMENT SPECIFICATIONS

Except for the piping components and structural mate-
rials listed in Mandatory Appendix A and Nonmandatory

Electric-Fusion-Welded for
High-Pressure Service at High
Temperatures

(b)] Cold expanded pipe shall meet the mandatory re-
quirements of API Spec 5L.

814.1.2 Ductile Iron Pipe. Ductile iron pipe manufac-
tured|in accordance with ANSI A21.52, Ductile-Iron Pipe,
Centrjifugally Cast, for Gas, may be used.

814.1.3 Plastic Pipe and Components

(a)] Plastic pipe and components manufactured in
accorfance with the following standards may be used:
7) For polyethylene (PE) pipe, use

ASTM D2513 Polyethylene (PE) Gas Pressure Pipe,
Tubing, and Fittings

?) For polyamide-11 (PA-11) pipe, use

ASTM D2517 Reinforced Epoxy Resin Gas Pressure
Pipe and Fittings
ASTM F2945 Polyamide 11 Gas Pressure Pipe,

Tubing, and Fittings

(b)| Thermoplastic pipe, tubing, fittings, and cements
conforming to ASTM D2513"shall be produced in accor-
dancg with the in-plant quality control program recom-
mended in Annex A8/ef that specification.

814.1.4 Qualification of Plastic Piping Materials

(a)| In addition to complying with the provisions of
para.|81471)3, the user shall thoroughly investigate the
specifi L : s
shall determine material serviceability for the conditions
anticipated. The selected material shall be adequately
resistant to the liquids and chemical atmospheres that
may be encountered.

(b) When plastic pipe, tubing, or fittings of different
material specifications are joined, a thorough investiga-
tion shall be made to determine that the materials are
compatible with each other. See para. 842.2.9 for
joining requirements.

Appendix C, 1t is not intended to include in Jthis Code
complete specifications for equipment. Certdin details
of design and fabrication, however, necessarily refer to
equipment, such as pipe hangers, vibration dampeners,
electrical facilities, engines, compressors, efc. Partial
specifications for such equipment items are given
herein, particularly if they<affect the safdty of the
piping system in whichytheéy are to be installed. In
other cases where this.Code gives no specifidgations for
the particular equipniéent item, the intent i$ that the
safety provisions-of this Code shall govern, |nsofar as
they are applicable. In any case, the safety of gquipment
installed in4@ piping system shall be equivalen{ to that of
other parts of the same system.

816, TRANSPORTATION OF LINE PIPE

Provisions should be made to protect the pipe, bevels,
corrosion coating, and weight coating (if applicable) from
damage during any transportation (highway, rail, and/or
water) of line pipe.

Any line pipe to be transported by truck, railrgad, inland
waterway, or by marine transportation shall pe loaded
and transported in accordance with API RP|5LT, API
RP 5L1 or API RP 5LW, as applicable. Wher¢ it is not
possible to establish that pipe was loaded and trpnsported
in accordance with the above referenced recommended
practice, the pipe shall be hydrostatically tedted for at
least 2 hr to at least 1.25 times the maximum|allowable
operating pressure ifinstalled in a Class 1 Locatipn, or to at
least 1.5 times the maximum allowable operating pressure
if installed in a Class 2, 3, or 4 Location.

817 CONDITIONS FOR THE REUSE OF PIPE
817.1 Reuse of Steel Pipe

faportion
of an existing steel line and reuse of the pipe, in the same
line or in a line operating at the same or lower rated pres-
sure, is permitted, provided that the fracture toughness of
the removed pipe is commensurate with or exceeds that of
the line operating at the same or lower rated pressure and
the used pipe meets the restrictions of paras. 817.1.3(a),
817.1.3(f), and 817.1.3(i). Reuse of the pipe in the same
line or in a line operating at the same or lower pressure
and the same or higher temperature is permitted subject
to the same para. 817.1.3 restrictions cited herein and any

(22)
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derations as required by Table 841.1.8-1. Removed pipe
that is reinstalled in the same location need not be
retested. Used pipe installed elsewhere is subject to
paras. 817.1.3(i) and 817.1.3(j).

817.1.2 Low Hoop Stress Service Level [Less Than
6,000 psi (41 MPa)]. Used steel pipe and unidentified
new steel pipe may be used for low-stress [hoop stress
less than 6,000 psi (41 MPa)] level service where no
close coiling or close bending is to be done, provided that

(d) Longitudinal Weld Joint Quality Factor, E. If the type
oflongitudinal joint can be determined with certainty, the
corresponding longitudinal weld joint quality factor, E
(see Table 841.1.7-1), may be used. Otherwise, E shall
be taken as 0.60 for pipe NPS 4 (DN 100) and smaller,
or 0.80 for pipe larger than NPS 4 (DN 100).

(e) Weldability. Weldability shall be determined as
follows. A qualified welder shall make a girth weld in
the pipe. The weld shall then be tested in accordance

(a) cargful visual examination indicates that it is in
good cornldition and free from split seams or other
defects that would cause leakage

(b) if the pipe is to be welded and is of unknown spec-
ification, [it shall satisfactorily pass weldability tests
prescribegl in para. 817.1.3(e)

817.1.3| Midrange Hoop Stress Service Level [Greater
Than 6,000 psi (41 MPa) but Less Than 24,000 psi (165
MPa)]. Urfidentified steel pipe and unidentified new steel
pipe may pe qualified for use at hoop stress levels above
6,000 psi {41 MPa) or for service involving close coiling or
close bending by the procedures and within the following
limits:

(a) Injpection. All pipe shall be cleaned inside and
outside, If necessary, to permit good inspection. All
pipe shall be visually inspected to determine that it is
reasonablly round and straight and to discover any
defects that might impair its strength or tightness.

(b) Behding Properties. For pipe NPS 2 (DN 50) and
smaller, g sufficient length of pipe shall be bent cold
through 9p degaround a cylindrical mandrel, the diameter
of which |s 12 times the nominal diameter of the(pipe,
without developing cracks at any portion and without
opening the weld.

For pipg larger than NPS 2 (DN 50), flattening tests as
prescribegl in Mandatory Appendix H shall be made. The
pipe shalllmeet the requirements in this test, except that
the numbgr of tests required to determine flattening prop-
erties shall be the same as required in (g) to determine
yield strehgth.

(c) Determination of Naminal Wall Thickness. Unless the
nominal wall thicknesslis known with certainty, it shall be
determingd by measuring the thickness at quarter points
on one engl of each.piece of pipe. If the lot of pipe is known
to be of iniform grade, size, and nominal thickness,
measurernent-shall be made on not less than 10% of

with—regquirements—of APFStd1104—Thequalifying
weld shall be made under the most severe condjtions
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 weldable if the'requirements
set forth in API Std 1104 are met. At.least one such test
weld shall be made for each 100 lengths of pipe on sizes
larger than NPS 4 (DN 100). On¢sizes NPS 4 (DN 100) and
smaller, one test will be required for each 400 lengths of
pipe. If in testing the weld'the requirements of API Std
1104 cannot be met, the weldability may be established
by making chemical tests for carbon and manganesg (see
para. 823.2.3), and.proceeding in accordance with the
provisions of¢he/BPV Code, Section IX. The num
chemical tests shall be the same as required for cir
ferential weld tests stated herein.
(f) Surface Defects. All pipe shall be examingd for
gouges, grooves, and dents and shall be qualified in gccor-
dance with the provisions of para. 841.2.4.
(g) Determination ofYield Strength. When the manufac-
turer's specified minimum yield strength, tensile str¢ngth,
or elongation for the pipe is unknown, and no phjysical
tests are made, the minimum yield strength for design
shall be taken as not more than 24,000 psi (165 MPa).
Alternatively, the tensile properties may be established
as follows:
(1) Perform all tensile tests prescribed by AP] Spec
5L, except that the number of such tests shall be as shown
in Table 817.1.3-1.
(2) All test specimens shall be selected at ragdom.
(3) If the yield-tensile ratio exceeds 0.85, th¢ pipe
shall not be used, except as provided in para. 817}1.2.
(h) SValue. For pipe of unknown specification, th¢ yield
strength, to be used as S in the formula of para. 841.[.1, in
lieu of the specified minimum yield strength, shpll be
24,000 psi (165 MPa), or determined as follows.

the individual Tengths, but not Iess than 10 lengths; thick-
ness 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 commercial 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 smaller than NPS 20 (DN 500), and no
greater than 1.11 times the least measured thickness
for all pipe NPS 20 (DN 500) and larger.

18

Table 817.1.3-1
Tensile Testing

Lot Number of Tensile Tests, All Sizes

10 lengths or less
11 to 100 lengths

1 set of tests from each length
1 set of tests for each 5 lengths, but
not less than 10

1 set of tests for each 10 lengths, but
not less than 20

Greater than 100 lengths
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Determine the average value of all yield strength tests
for a uniform lot. The value of S shall then be taken as the
lesser of the following:

(1) 80% of the average value of the yield strength
tests

(2) the minimum value of any yield strength test,
provided, however, that in no case shall S be taken as
greater than 52,000 psi (359 MPa)

(i) Hydrostatic Test. New or used pipe of unknown spec-

817.2 Reuse of Ductile Iron Pipe

817.2.1 Equivalent Service Level. The removal of a
portion of an existing line of unknown specifications
and the reuse of the pipe in the same line or in a line oper-
ating at the same or lower pressure is permitted, provided
careful inspection indicates that the pipe is sound, permits
the makeup of tight joints, and has an actual net wall thick-
ness equal to or exceeding the requirements of
para. 842.1.1(d). The pipe shall be leak-tested in accor-

THT

ification—and-al—usedpipe—the

e—the-strength-of-which—is
impajred by corrosion or other deterioration, shall be
retested hydrostatically either length by length in a
mill-fype test or in the field after installation before
being|placed in service. The test pressure used shall estab-
lish tHe maximum allowable operating pressure, subject to
limitqtions described in para. 841.1.3.

(j) |Fracture Control and Arrest. Without fracture tough-
ness festing per para. 841.1.2, unidentified steel pipe and
new ¢r used pipe of unknown specification shall not be
used fin the following applications:

7) where the operating hoop stress exceeds 40%
for NPS 16 and larger

?) where the operating hoop stress exceeds 72%

SMYS for sizes smaller than NPS 16 (Class 1 Division 1

locatipns)

3) where the minimum design temperature is below
(-29°C)

SMYS

-20°}

dance with para. 841.3.4 or para. 841.3.5.

817.2.2 Known Specifications. Used pipe |of known
specifications may be reused in accordance with|the provi-
sions and specifications of para. 842.Wprovided a careful
inspection indicates the pipe is)sound and pg¢rmits the
makeup of tight joints.

817.3 Reuse of Plastic Piping

Used plastic pipe ‘and tubing of known spetifications
and dimensions-that have been used in ndtural gas
service only dnay be reused, provided that |all of the
following afe true:

(a) Itmeéets the requirements of ASTM D251
F2945 for new thermoplastic pipe or tubing
D2517 for new thermosetting pipe.

(b) Acarefulinspection indicates thatitis fre
defects.

(c) ltis installed and tested in accordance wjith the re-
quirements of this Code for new pipe.

B or ASTM
or ASTM

b of visible

19
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Chapter I
Welding

820 WELDING

This Chapter addresses the welding of pipe joints in
both wrofight and cast steel materials and covers butt-
welded and fillet-welded joints in pipe, valves, flanges,
and fittings, and fillet-welded joints in pipe branches,
slip-on flapges, socket weld fittings, etc., as applied in pipe-
lines and [connections to apparatus or equipment. This
Chapter does not apply to the welding of the seam in
the manufacture of pipe.

821 GENERAL

When vialves or equipment are furnished with welding
ends suitpble for welding directly into a pipeline, the
design, composition, welding, and stress relief procedures
must be spich that no significant damage will result from
the weldipg or stress relieving operation.

821.1 Welding Processes

The welding may be done by any process or combina*
tion of prqcesses that produce welds that meet the ptoee-
dure qualffication requirements of this Code. The welds
may be prppduced by position welding or roll welding, or a
combination of position and roll welding.

821.2 Welding Procedure

Prior t¢ welding of any pipe, piping components, or
related equipment covered by this-Code, a welding proce-
dure shal] be established and qualified. Each welder or
welding dperator shall be.qualified for the established
procedur¢ before performing any welding on any pipe,
piping componentsior related equipment installed in
accordande with ‘this” Code.

821.3 Weld,Acceptance

821.4 Welding Qualifications

All welding procedures and welder qualificationg shall
be in accordance with section 823.

821.5 Welding Safety

Prior to welding in or aro@ind a structure o1 area
containing gas facilities, a-thorough check shall be
made to determine the possible presence of a combuistible
gas mixture. Welding shall begin only when safe ¢ondi-
tions are indicated.,

821.6 Welding-Terms

Definitions pertaining to welding as used in this| Code
conform to~the standard definitions established hy the
American Welding Society and contained in AWS A3.0.

822 PREPARATION FOR WELDING
822.1 Butt Welds

(a) Some acceptable end preparations are shon in
Mandatory Appendix I, Figure 1-4.

(b) Figure I-5 shows acceptable end preparatiohs for
buttwelding of pieces having either unequal thickngss or
unequal yield strength, or both.

(c) Offsetdue to misalignmentin equal-thicknessfjoints
made in production shall be limited to %4 of the thickness
of the materials being joined.

(d) Offset due to misalignment in unequal-thickness
joints shall be configured in accordance [with
Mandatory Appendix I, Figure I-5. However, it s not
always possible to achieve external or internal diameter
alignment. If that is the case, then the offsets due tojmisa-
lignment shall be limited to Y% of the thinner of thl two
thicknesses being joined, as shown in Mandgtory

The standards of acceptability for welds of piping
systems to operate at hoop stress levels of 20% or
more of specified minimum yield strength as established
in API Std 1104 shall be used.

Appemndix 1, Figure 6.

(e) Alternative offset limits to those in (c) and (d) may
be established by engineering analysis or testing that
accounts for material strength, fracture properties,
allowed weld flaw size, and expected loading. The alter-
native offset limit shall not reduce weld strength or strain
capacity to levels unacceptable for the intended service
conditions. The offset shall not result in a weld deposit
that is less than the thickness of the thinner component.

(22)


https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

(22)

ASME B31.8-2022

(f) All welds configured according to Mandatory
Appendix I, Figure I-6 shall exhibit full penetration.
The internal bevel angle shall not exceed 30 deg.

822.2 Fillet Welds

Minimum dimensions for fillet welds used in the attach-
ment of slip-on flanges and for socket welded joints are
shown in Mandatory Appendix I, Figure [-7. Similar
minimum dimensions for fillet welds used in branch

that for purposes of this Code, all carbon steels that
have a carbon content not exceeding 0.32% by heat
analysis and a carbon equivalent (C + %,Mn) not exceeding
0.65% by heat analysis are considered to come under
material grouping P-No. 1. Alloy steels having weldability
characteristics shown to be similar to these carbon steels
shall be welded, preheated, and stress relieved as
prescribed herein for such carbon steel. There may be
significant differences in the base metal strength encom-
itisnotan

conngctions are shown in Mandatory Appendix I,
Figurps I-1 and I-2.

822.3 Seal Welds

Sedl welding shall be done by qualified welders. Seal
welding of threaded joints is permitted, but the seal
weld$ shall not be considered as contributing to the
strength of joints.

823 QUALIFICATION OF PROCEDURES AND
WELDERS

823.1 Requirements for Qualifying Welders on
Piping Systems Operating at Hoop Stresses
of Less Than 20% of the Specified Minimum

Yield Strength

Wellders whose work is limited to piping operating at
hoop|stress levels of less than 20% of the specified
minirthum yield strength shall be qualified under anyof
the references given in para. 823.2.1 or in accordance
with Mandatory Appendix G.

823.2 Requirements for Qualifying Procedures
and Welders on Piping Systeims Operating at
Hoop Stresses of 20% or More of the

Specified Minimum Yield Strength

823.2.1 Qualifying Standards. Welding procedures
and welders performing work for new construction
and qut-of-service pipelines shall be qualified under
the H
servi

naccad huthacaD Na 1 mnatariale and lth oy gl
passed-by-these P-No—tmaterials-andalthoush
essential variable to welder qualification, it' m
separate procedure qualification in accondance

823.2.1.

hy require
with para.

823.3 Welder Requalification. Requiremehts

Welder requalification tests shall be required if there is
some specific reason to question a welder's ability or if the
welder is not engageddn.a given process of welding for 6
months or more. All\wélders shall be requalified at least
once each year.

823.4 Qualification Records

Records of the tests that establish the qualififation of a
welding procedure shall be maintained as lopg as that
proeedure is in use. The operating company or ¢ontractor
shall, during the construction involved, maintain a record
of the welders qualified, showing the dates and results of
tests.

824 PREHEATING
824.1 Carbon Steels

Carbon steels having a carbon content
of 0.32% (ladle analysis) or a carbon equivalent (C +
%,Mn) in excess of 0.65% (ladle analysis] shall be
preheated to the temperature indicated by the welding
procedure. Preheating shall also be required|for steels
having lower carbon content or carbon equivalents
when the welding procedure indicates that|chemical

n excess

PV Code, Section IX or API Std 1104. For in- composition, ambientand/or metal temperaturg¢, material
e welding, ‘welding procedures and welders shall thickness, or weld-end geometry require such freatment
be quplified unider Appendix B of APIStd 1104. Procedures ~ to produce satisfactory welds.
qualified under Appendix B are suitable for weld deposi- . .
tion repair,provided the procedure is appropriate for the ~ 824.2 Dissimilar Materials
niig wall thickness to which it is being applied. When-weldingdissimitarmaterials-having different

rema

823.2.2 Compressor Station Piping. When welders
qualified under API1 Std 1104 are employed on compressor
station piping, their qualification shall have been based on
the destructive mechanical test requirements of API Std
1104.

823.2.3 Variables for the Separate Qualification of
Welders. The references given in para. 823.2.1 contain
sections titled “Essential Variables” applicable to
welder qualification. These shall be followed, except

21

preheating requirements, the material requiring the
higher preheat shall govern.

824.3 Suitable Methods

Preheating may be accomplished by any suitable
method, provided that it is uniform and that the tempera-
ture does not fall below the prescribed minimum during
the actual welding operations.
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824.4 Temporary Monitoring

The preheating temperature shall be checked by the use
of temperature-indicating crayons, thermocouple pyrom-
eters, or other suitable methods to ensure that the
required preheat temperature is obtained prior to and
maintained during the welding operation.

825 STRESS RELIEVING

825.5 Connections and Attachments

All welding of connections and attachments shall be
stress relieved when the pipe is required to be stress
relieved by the rules of para. 825.3, with the following
exceptions:

(a) fillet welds not over % in. (13 mm) leg size that
attach connections not over NPS 2 (DN 50) pipe size

(b) groove welds not over % in. (10 mm) groove size
that attach supporting members or other nonpressure

825.1 Carbon Steels

Welds in carbon steels having a carbon content in excess
0f 0.32% (Jadle analysis) or a carbon equivalent (C + ,Mn)
in excess ¢f 0.65% (ladle analysis) shall be stress relieved
asprescribed in the BPV Code, Section VIII. Stress relieving
may also |be advisable for welds in steel having lower
carbon content or carbon equivalent when adverse con-
ditions cool the weld too rapidly.

825.2 Whll Thickness

Welds ip all carbon steels shall be stress relieved when
the nomihal wall thickness exceeds 1% in. (32 mm),
except the stress relieving requirements may be
waived if|it can be shown that a satisfactory weldment
is produc¢d without the use of postweld heat treatment.
Such a derponstration shall be conducted on materials and
under conditions that simulate, as closely as practical, the
actual production welding as described in the welding
procedure specification. Measurements shall be taken
of the tensile strength, toughness, and hardness of the
weldment. No stress relieving will be required if

(a) the|measurements indicate that the metalliirgical
and mechgnical properties are within the limits'specified
for the bgdse materials and intended service, and

(b) an ¢ngineering analysis is conducted to ensure that
the mechgnical properties of the weldment and the resi-
dual stresses without postweld hedt treatment are satis-
factory flor the intended sefvice. In some cases,
measurement of residual stgésses may be required.

825.3 Different Wall-Thicknesses

When the welded-joint connects parts that are of
different thicknesses but of similar materials, the thick-
ness to be usediin applying the rules in paras. 825.1
and 825.7 shall be

(a) theTthicke
at the weld joint

(b) the nominal thickness of the pipe run or header in
case of branch connections, slip-on flanges, or socket weld
fittings

825.4 Dissimilar Materials

If either material in welds between dissimilar materials
requires stress relieving, the joint shall require stress
relieving.

attachments

825.6 Stress Relieving Temperature

(a) Stress relieving shall be performedat a tenpera-
ture of 1,100°F (593°C) or greaten.for carbon steels,
and 1,200°F (649°C) or greater forferritic alloy Jteels.
The exact temperature range shall be stated in the groce-
dure specification.

(b) When stressrelieving.takes place in ajoint befween
dissimilar metals having different stress relieving require-
ments, the material requiring the higher stress reljeving
temperature shathgovern.

(c) The parts Heated shall be brought slowly to the
required temperature and held at that temperatufe for
a period ‘of-time proportioned on the basis of at lgast 1
hr/in,.(4yh/25 mm) of pipe nominal wall thicknesfs, but
in no.case less than 1/2 hr, and shall be allowed t¢ cool
slowly and uniformly.

825.7 Methods of Stress Relieving

(a) Heat the complete structure as a unit.

(b) Heat a complete section containing the weld or
welds to be stress relieved before attachment to [other
sections of work.

(c) Heat a part of the work by slowly heating a cifcum-
ferential band containing the weld at the center. The width
of the band that is heated to the required tempeyature
shall be at least 2 in. (51 mm) greater than the width
of the weld reinforcement. Care should be takien to
obtain a uniform temperature around the entire circum-
ference of the pipe. The temperature shall diminish gradu-
ally outward from the edges of this band.

(d) Branches or other welded attachments for which
stress relief is required may be locally stress relieved
by heatlng a circumferential band around the p13e on

ment at the mlddle ofthe band. The width ofthe band shall
be atleast 2 in. (51 mm) greater than the diameter of the
weld joining the branch or attachment to the header. The
entire band shall be brought up to the required tempera-
ture and held for the time specified.

(22)


https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

(22)

ASME B31.8-2022

825.8 Equipment for Local Stress Relieving

(@)

induc

Stress relieving may be accomplished by electric
tion, electric resistance, fuel-fired ring burners,

fuel-fired torches, or other suitable means of heating,
provided that a uniform temperature is obtained and
maintained during the stress relieving.

(b)

The stress relieving temperature shall be checked

by the use of thermocouple pyrometers or other suitable

equip
has b

826

826.]
Vis
perso

826.]

Th
samp

ment to ensure that the proper stress relieving cycle
en accomplished.

ELD EXAMINATION REQUIREMENTS

| Visual Examination

al examination of welds must be conducted by a
n qualified by appropriate training and experience.

» Examination of Welds on Piping Systems
Intended to Operate at Hoop Stress Levels of
Less Than 20% of the Specified Minimum
Yield Strength

e quality of welds shall be checked visually on a
ling basis, and defective welds shall be repaired

or removed from the line.

826.3

()

(b)
be ex
partid
nond
prohi

Thd
be se
from
So se
ence

8 Examination for Quality Control of Welds on
Piping Systems Intended to Operate at Hoop
Stress Levels of 20% or More of the Specified
Minimum Yield Strength

Each weld shall be visually examined.

In addition, a certain percentage of the’welds shall
hmined through radiographic, ultfasonic, magnetic-
le, or other comparable and acceptable methods of
bstructive examination. Thé trepanning method is
bited.
 following minimum ntimber of field butt welds shall
ected on a randombasis by the operating company
pach day's constrtction for examination. Each weld
ected shall be~éxamined over its entire circumfer-
br else the.equivalent length of welds shall be exam-

ined if the operating company chooses to examine only a

part of the circumference of each. The same
percentages shall be examined for double endi
head or yard.
(1) 10% of welds in Location Class 1.
(2) 15% of welds in Location Class 2.
(3) 40% of welds in Location Class 3.
(4) 75% of welds in Location Class 4.

ings, and railroad crossings, if practical, butihn
than 90%. All tie-in welds not subjected\to 3
proof test shall be examined.

(c) All welds that are examined must eithet
standards of acceptability of APL.Std 1104 or
priately repaired and re-exanmined. The results
amination shall be used to.control the quality

(d) Whenradiographic;ultrasonic, or magne
examination is used,.d.procedure meeting th
ments of API Std £104 shall be followed.

(e) When pipe'size isless than NPS 6 (DN 150
the construction projectinvolves such a limited
welds that hondestructive examination would |
tical, and. the pipe is intended to operate at h
levels®af 40% or less of the specified minin
strehgth, then provisions (b) and (c) are not n
provided the welds are examined visually and
by a qualified welding inspector.

minimum
ng at rail-

(5) 100% of the welds in compressor stations and at

vay Cross-
b case less
pressure

meet the
be appro-
of the ex-
of welds.
ic particle
P require-

), or when
humber of
e imprac-
pop stress
num yield
andatory,
approved

(f) In addition to the nondestructive examiphation re-

quirements outlined in (a) through (e), the
welds shall be continually controlled by qualifie
nel.

827 REPAIR OR REMOVAL OF DEFECTIV

quality of
d person-

F WELDS

IN PIPING INTENDED TO OPERATE AT HOOP

STRESS LEVELS OF 20% OR MORE
SPECIFIED MINIMUM YIELD STRENC

Defective welds shall be repaired or removed
is made, it shall be in accordance with API
Welders performing repairs shall be qualified
dance with para. 823.2.

DF THE
sTH

Ifarepair
Std 1104.
in accor-
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Chapter Il
Piping System Components and Fabrication Details

830 GENERAL

(a) Thq purpose of this Chapter is to provide a set of
standards| for piping systems covering
(1) specifications for and selection of all items and
accessorigs that are a part of the piping system, other than
the pipe ifself
(2) acceptable methods of making branch connec-
tions
(3) provisions to care for the effects of temperature
changes
(4) approved methods for support and anchorage of
exposed gnd buried piping systems
Chapter does not include
ipe materials (see Chapter I)
elding procedures (see Chapter II)
esign of pipe (see Chapter 1V)

G SYSTEM COMPONENTS

All conmjponents of piping systems;-ineluding valves,
flanges, fittings, headers, special assemblies, etc., shall
be designgd in accordance with-the’applicable require-
ments of this section and recogfiized engineering practices
to withstand operating pressures and other specified
loadings.

Components shall be_selected that can withstand the
design, operating/and test conditions of the system in
which th¢ componeént is to be used without failure or
leakage and without impairment of their serviceability.

API Spec 6A

API Spec 6D
API Std 526
API Std 599

API Std 600

API Std 602

API Std 603

API Std 608

ASME B16.33

ASME B16.34

ASME B16.38

ASME B16.40

MSS SP-70

Specification for Wellhead. and
Equipment
Specification for Pipéeline Valve

Tree

S

Flanged Steel Pressure-relief Vhlves

Metal Plug Valves — Flanged,
Threadeéd,»and Welding End{

Steel Gate 'Valves — Flanged apd

Butt-welding Ends, Bolted Bot

Gate, Globe, and Check Valves
Sizes DN 100 (NPS 4) and Sm
for the Petroleum and Natura
Industries

Corrosion-resistant, Bolted Bor
Gate Valves — Flanged and
welding Ends

Metal Ball Valves — Flanged,
Threaded, and Welding End{

Manually Operated Metallic Ga
Valves for Use in Gas Piping
Systemsup to 175 psi (Sizes N
Through NPS 2)

Valves — Flanged, Threaded, 3
Welding End

Large Metallic Valves for Gas
Distribution: Manually Opers
NPS 2% (DN 65) to NPS 12
300), 125 psig (8.6 bar) Maxi

Manually Operated Thermopla
Gas Shutoffs and Valves in G
Distribution Systems

Gray Iron Gate Valves, Flanged|
Threaded Ends

inets
for

aller
| Gas

net
Butt-

3

PS Y,

ted,
(DN
mum
ic
as

(=g

and

831.1 Valves and Pressure-Reducing Devices

831.1.1 Valves. Valves shall conform to standards and
specifications referenced in this Code and shall be used
only in accordance with the service recommendations of
the manufacturer.

(a) Valves manufactured in accordance with the
following standards may be used:

MOSS SP-71

MSS SP-78

MSS SP-80

MSS SP-85

24

Gray Iron swing Check valves,
Flanged and Threaded Ends

Gray Iron Plug Valves, Flanged
Threaded Ends

and

Bronze Gate, Globe, Angle, and Check

Valves

Gray Iron Globe and Angle Valves,

Flanged and Threaded Ends
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(b) Valves having shell (body, bonnet, cover, and/or
end flange) components made of cast ductile iron in
compliance with ASTM A395 and having dimensions
conforming to ASME B16.1, ASME B16.33, ASME
B16.34, ASME B16.38, ASME B16.40, or API Spec 6D
may be used at pressures not exceeding 80% of the pres-
sure ratings for comparable steel valves at their listed
temperature, provided the pressure does not exceed
1,000 psig (6900 kPa), and welding is not employed
on any—duetie—iren emponentin-thefabrication—o e
valvelshells or their assembly as part of the piping system.

(c)|Valves having shell components made of cast iron
shall notbe used in gas piping components for compressor

aded Valves. Threaded valves shall be threaded
accorfing to ASME B1.20.1, API Spec 5L, or API Spec 6A.

831.1.3 Pressure-Reducing Devices. Pressure-reduc-
ing devices shall conform to the requirements of this
Code [for valves in comparable service conditions.

831.1.4 Service Lines: Excess Flow Valve Perfor-
mande Standards. Excess flow valves shall be manufac-
tured|and tested by the manufacturer in accordance with
ASTM F1802, ASTM F2138, MSS SP-115, or the manufac-
turerfs written specification.

831.2
831.2.1 Flange Types and Facings

Flanges

(a)| The dimensions and drilling for all linelor end
flang¢s shall conform to one of the following standards:

ASME B16.1 Gray Iron Pipe Flanges and
Flanged Fittings: Classes 25,
125, and-250

ASME B16.5 Pipe/Flanges and Flanged

Fittings: NPS Y, Through
NPS 24 Metric/Inch
Standard

Cast Copper Alloy Pipe Flanges,
Flanged Fittings, and Valves:
Classes 150, 300, 600, 900,
1500, and 2500

Ductile Iron Pipe Flanges and

ASME B16.24

ASME B16.42

Flanges cast or forged integral with pipe, fittings, or
valves are permitted in sizes and the pressure classes
covered by the standards listed above, subject to the
facing, bolting, and gasketing requirements of this para-
graph and paras. 831.2.2 and 831.2.3.

(b) Threaded companion flanges that comply with the
B16 group of ASME standards are permitted in sizes and
pressure classes covered by these standards.

(c) Lapped flanges are permitted in sizes and pressure

L d ASME-_R

(d) Slip-on welding flanges are permitted ipf sizes and
pressure classes established in ASMEB16.5. Slip-on
flanges of rectangular section may be substjtuted for
hubbed slip-on flanges, providedthe thifkness is
increased as required to produce*equivalent strength
as determined by calculation§/made in accordance with
the BPV Code, Section VIIK
(e) Welding neck flahges are permitted in|sizes and
pressure classes established in ASME B14.5, ASME
B16.47, and MSS SP<44. The bore of the flange should
correspond to the inside diameter of the pgipe used.
For permissible welding end treatment, see Nlandatory
Appendix{I) Figure I-5.
(f) Cast iron, ductile iron, and steel flanges fhall have
contactfaces finished in accordance with MS§ SP-6.
(@) Nonferrous flanges shall have contact facgs finished
inraccordance with ASME B16.24.
(h) Class 25 and 125 cast iron integral or|threaded
companion flanges may be used with a full-face gasket
or with a flat ring gasket extending to the ifner edge
of the bolt holes. When using a full-face gasket, the
bolting may be of alloy steel (ASTM A19B). When
using a ring gasket, the bolting shall be of cajbon steel,
equivalent to ASTM A307 Grade B, without heatftreatment
other than stress relief.
(i) When bolting together two Class 250 integral or
threaded companion cast iron flanges havipg ;¢ in.
(1.6 mm) raised faces, the bolting shall be pf carbon
steel equivalent to ASTM A307 Grade B, without heat
treatment other than stress relief.
(j) Class 150 steel flanges may be bolted to[Class 125
cast iron flanges. When such construction is us¢d, the Yie
in. (1.6 mm) raised face on the steel flang¢ shall be
removed. When bolting such flanges togethér using a
flat ring gasket extending to the inner edge qf the bolt
holes, the bolting shall be of carbon steel eqyivalent to

Flanged Fittings: Classes 150
and 300

ASME B16.47 Large Diameter Steel Flanges:
NPS 26 Through NPS 60
Metric/Inch Standard
ASME B31.8, Lightweight Flanges
Mandatory Appendix
I, Table I-1
MSS SP-44 Steel Pipeline Flanges

ASTM A307 Grade B, without heat treatment other
than stress relief. When bolting such flanges together
using a full-face gasket, the bolting may be alloy steel
(ASTM A193).

(k) Class 300 steel flanges may be bolted to Class 250
cast iron flanges. Where such construction is used, the
bolting shall be of carbon steel, equivalent to ASTM
A307 Grade B, without heat treatment other than
stress relief. Good practice indicates that the raised
face on the steel flange should be removed, but also in
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this case, bolting shall be of carbon steel equivalent to
ASTM A307 Grade B.

(1) Forged steel welding neck flanges having an outside
diameter and drilling the same as that of ASME B16.1, but
with modified flange thickness, hub dimensions, and
special facing details, may be used to bolt against flat-
faced cast iron flanges and may operate at the pres-
sure-temperature ratings given in ASME B16.1 for
Class 125 cast iron pipe flanges, provided

oy flonga thiclrmace

(g) Nuts cut from bar stock in such a manner that the
axis will be parallel to the direction of rolling of the bar
may be used in all sizes for joints in which one or both
flanges are castiron and for joints with steel flanges where
the pressure does not exceed 250 psig (1 720 kPa). Such
nuts shall not be used for joints in which both flanges are
steel and the pressure exceeds 250 psig (1 720 kPa),
except that for nut sizes % in. (12.7 mm) and smaller,
these limitations do not apply.

()t THsretless-than
that specified in Mandatory Appendix I for lightweight
flanges

(2) flanges are used with nonmetallic full-face
gaskets extending to the periphery of the flange

(3) the joint design has been proven by test to be
suitable for the ratings

(m) Flgnges made of ductile iron shall conform to the
requireménts of ASME B16.42. Bolting requirements for
ductile irgn flange joints shall be the same as those for
carbon and low alloy steel flanges as specified in
para. 831{2.2.

TeThrHT e o S C e e e 55y

831.2.2

(a) Forlall flange joints, the bolts or stud bolts used shall
extend completely through the nuts.

(b) Forall flange joints other than those described in
paras. 831.2.1(h) through 831.2.1(k), the bolting shall be
made of alloy steel conforming to ASTM A193, ASTM A320,
or ASTM A354, or of heat treated carbon steel conforming
to ASTM A449. Bolting, however, for ASME B16.5, Class
150 and 3|00 flanges at temperatures between -20°E and
400°F (-29°C and 204°C) may be made of ASTM\AB07
Grade B rhaterial.

(c) Alldy-steel bolting material conforming to ASTM
A193 or|ASTM A354 shall be usedfor insulating
flanges if uch bolting is made % in. (322 mm) undersized.

(d) Th¢ materials used for nuts shallconform to ASTM
A194 and|ASTM A307. ASTM A307nuts may be used only
with ASTM A307 bolting.

(e) All ¢arbon and alloy-steelbolts, stud bolts, and their
nuts shalllbe threaded ificaccordance with the following
thread series and dimension classes as required by ASME
B1.1.

(1) darbonSteel. All carbon-steel bolts and stud bolts
shall have|coaFrse threads having Class 2A dimensions, and
their nutd shall have Class 2B dimensions.

Bolting

831.2.3 Gaskets

(a) General
(1) Gasket materials shall be capable ofirhaintaining
their serviceability once installed and expased to the[gases
and fluids contained in the piping system.
(2) ASME B16.20 and ASME*B16.21 are standards
that provide guidance for appliCable gaskets and mate-
rials.
(b) Pressure
(1) Gaskets shall be ‘made of materials suitable for
the design and test pressures of the systems in yhich
they are installed:
(2) Metallic gaskets other than ring-type or spirally
wound metal'gaskets shall not be used with ASME|Class
150 or lighter flanges. Metallic gaskets shall not be used for
flangeslighter than Class 150, or when ASTM A307 firade
B bolts or equivalent are used.
{c) Temperature
(1) Gasket materials shall be capable of maintaining
their desired mechanical and chemical properties fpr the
full range of temperatures to which they will be exposed.
(2) Consideration should be given to the use of fire-
safe materials to withstand emergency conditions
(d) Types
(1) The use of metal or metal-jacketed galskets
(either plain or corrugated) is not pressure limited,
except as noted in (b)(2), provided that the gasket mate-
rial is suitable for the service temperature. These types of
gaskets are recommended for use with the small male and
female or the small tongue-and-groove facings. They may
also be used with steel flanges with lapped, large male and
female, large tongue-and-groove, or raised-face fagings.
(2) Full-face gaskets should be used with all bronze
(or copper alloy) flanges and with Class 25 and Clags 125
cast iron flanges. Flat ring gaskets with an oytside
diameter extending to the inside of the bolt hole§ may

(2) Alloy Steel. All alloy-steel bolts and stud bolts of 1
in. (25 mm) and smaller nominal diameter shall be of the
coarse-thread series; nominal diameters 1% in. (29 mm)
and larger shall be of the 8-thread series (8 threads per
25.4 mm). Bolts and stud bolts shall have a Class 2A dimen-
sion; their nuts shall have Class 2B dimension.

(f) Bolts shall have ASME Standards regular square
heads or heavy hexagonal heads and shall have ASME
Standards heavy hexagonal nuts conforming to the dimen-
sions of ASME B18.2.1 and ASME B18.2.2.

26

be used with cast iron flanges, with raised-face steel
flanges, or with lapped steel flanges, provided that the
bolting requirements of ASME B16.5, para. 5.3.5 are
followed.

(3) For steel flanges to secure higher unit compres-
sion on the gasket, metallic gaskets of a width less than the
full male face of the flange may be used with raised face,
lapped, or large male and female facings. The width of the
gasket for small male and female or for tongue-and-groove
joints shall be equal to the width of the male face or tongue.
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(4) Rings for ring joints shall be of dimensions estab-
lished in ASME B16.20. The material for these rings shall
be suitable for the service conditions encountered and
shall be softer than the flanges.

(5) Special Gaskets. Special gaskets, including insu-
lating gaskets, may be used, provided they are suitable
for the temperatures, pressures, gas composition,
fluids, and other conditions to which they may be
subjected.

(g9) Reinforced thermosetting plastic fittings shall
comply with ASTM D2517.

831.3.2 Special Fittings. When special cast, forged,
wrought, or welded fittings are required to dimensions
differing from those of regular shapes specified in the ap-
plicable ASME and MSS standards, the provisions of
para. 831.3.6 shall apply.

831.3.3 Branch Connections

831.2.4 Flange Assembly. A flanged joint assembly is
comppsed of separate and independent, although interre-
lated,[components: the flanges, gasket, and bolting, which
are agsembled by another influence, the assembler. Proper
contrpls mustbe exercised in the selection and application
for al] these elements to attain a joint that has acceptable
leak tightness. Special techniques, such as controlled bolt
tight¢ning, are described in ASME PCC-1. Where inte-
gratedl components such as insulating Kkits, spacers, regu-
latord, or other intrinsic elements are used with flanges or
betwe¢en flanges, the user shall follow the installation rec-
ommendations of the manufacturer to effect the desired
seal.

831.3
83]

(a)|] The minimum metal thickness of flanged or
threafled fittings shall not be less than specified for the
pressures and temperatures in the applicable ASME stan=
dardq or the MSS standard practice.

(b)| Steel buttwelding fittings shall comply with_either
ASMH B16.9 or MSS SP-75 and shall have pressure and
tempprature ratings based on stresses for_pipe of the
same| or equivalent material. For adequacy of fitting
desighn, the actual bursting strength.of fittings shall at
least lequal the computed bursting-strength of pipe of
the dpsignated material and wall thickness. Mill hydro-
statid| testing of factory-made,steel buttwelding fittings
is not required, but all sachfittings shall be capable of
withsfanding a field test\pressure equal to the test pres-
sure g¢stablished by-tie-manufacturer, without failure or
leakage, and without impairment of their serviceability.
Elboys intended for segmentation in the field shall
also fomply\with para. 841.2.3(d) and either ASME
B16.9, para 6.2.4 or MSS SP-75, para. 13.5.

(c) [Factory-made wrought steel buttwelding induction

Fittings Other Than Valves and Flanges
.3.1 Standard Fittings

(a) Welded branch connections on steel pipe must
meet the design requirements of paras. 831,4 and 831.5.

(b) Threaded taps in cast iron pipe for bran¢h connec-
tions are permitted without reinforeement to |a size not
more than 25% of the nominal ‘diameter of|the pipe;
however, where climate service.conditions or $oil condi-
tions create abnormal or untisudl external loadings on cast
iron pipe, unreinforced thredded taps for bran¢h connec-
tions are permitted only’oh cast iron pipe NPS § (DN 200)
and larger in diameteér, provided that the tap|size is no
greater than 25% of the nominal pipe diametgr.

(c) Existingthreaded tapsin castiron pipe mpy be used
for replacement branch connections when careful inspec-
tion shows there are no cracks or other deterioration in
the main immediately surrounding the openirlg.

(d) Threaded taps in ductile iron pipe are permitted
without reinforcement to a size not more thdgn 25% of
the nominal diameter of the pipe, except thaf NPS 1%,
in. (DN 32) taps are permitted in NPS 4 (DN [100) pipe
having a nominal wall thickness of not less than 0.380
in. (9.65 mm).

(e) Mechanical fittings may be used for making hot taps
on pipelines and mains, provided they are desiged for the
operating conditions of the pipeline or maih and are
suitable for that purpose.

831.3.4 Openings for Gas Control Equipment in Cast
Iron Pipe. Threaded taps used for gas control dquipment
in cast iron pipe (i.e., bagging off a section of jmain) are
permitted without reinforcement to a size not more than
25% of the nominal diameter of the pipe, exceptthat NPS 1
Y, in. (DN 32) taps are permitted in NPS 4 (DN [L00) pipe.
Taps larger than those permitted herein shall yise a rein-
forcing sleeve.

831.3.5 Special Components Fabricated by Welding

(n) This section covers piping system components

bends or hotbends shall comply with ASME B16.49. Bends
required to be suitable for segmentation shall also comply
with Supplemental Requirement SR15.3 in ASME B16.49
and para. 841.2.3(d).

(d) Steel socket-welding fittings shall comply with
ASME B16.11.

(e) Ductile iron flanged fittings shall comply with the
requirements of ASME B16.42 or ANSI A21.14.

(f) Thermoplastic fittings shall comply with ASTM
D2513 or ASTM F2945.
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other than assemblies consisting of pipe and fittings
joined by circumferential welds.

(b) All welding shall be performed using procedures
and operators that are qualified in accordance with the
requirements of section 823.

(c) Branch connections shall meet the design require-
ments of paras. 831.4, 831.5, and 831.6.

(d) Prefabricated units, other than regularly manufac-
tured buttwelding fittings, that employ plate and longitu-
dinal seams as contrasted with pipe that has been
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produced and tested under one of the specifications listed
in this Code, shall be designed, constructed, and tested
under requirements of the BPV Code. BPV Code require-
ments are not intended to apply to such partial assemblies
as split rings or collars or to other field welded details.

(e) Every prefabricated unit produced under this
section of the Code shall successfully withstand a pressure
test without failure, leakage, distress, or distortion other
than elastic dlstortlon ata pressure equal to the test pres-
sure of t e i :

at are not covered by the standards listed in
Mandatorly Appendix A and for which design equations
or procedures are not given herein may be used where
the design of similarly shaped, proportioned, and sized
components has been proven satisfactory by successful
performgnce under comparable service conditions.
(Interpoldtion may be made between similarly shaped
components with small differences in size or proportion.)
In the abgence of such service experience, the pressure
design shall be based on an analysis consistent with
the geneifal design philosophy embodied in this Code
and substpntiated by at least one of the following:

(a) propf tests, as described in the BPV Code, Section
V111, Divisfion 1, UG-101

(b) experimental stress analysis, as described inthe
BPV Code| Section VIII, Division 2, Annex 5.F

(c) engjneering calculations

831.3.7| Closures

(a) Quirk Opening Closures. A quick'opening closureisa
pressure-gontaining component (seejpara. 831.3.6) used
for repeatied access to the interior of a piping system. It is
not the infent of this Code to impose the requirements of a
specific d¢gsign method onthedesigner or manufacturer of
a quick opening closure:

Quick ppening,closures shall have pressure and
temperatyre ratingssequal to or in excess of the design
requirempents-of-the piping system to which they are
attached.

Quick opening ee e
locking dev1ces in compllance with the BPV Code
Section VIII, Division 1, UG-35.2.

Weld end preparation shall be in accordance with
Mandatory Appendix I, Figure 1-4.

(b) Closure Fittings. Closure fittings commonly referred
to as “weld caps” shall be designed and manufactured in
accordance with ASME B16.9 or MSS SP-75. [See
para. 831.3.1(b).]
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(c) Closure Heads. Closure heads such as flat, ellipsoidal
[other than in (b)], spherical, or conical heads are allowed
for use under this Code. Such items may be designed in
accordance with the BPV Code, Section VIII, Division 1. For
closure heads not designed to the BPV Code, Section VIII,
Division 1, the maximum allowable stresses for materials
used in these closure heads shall be established under the
provisions of section 841 and shall not exceed a hoop
stress level of 60% SMYS.

: ads, they
shall be examlned in accordance w1th the provisidnsfof the
BPV Code, Section VIII, Division 1.

Closure heads shall have pressure and temperfature
ratings equal to or in excess of the design requirgment
of the piping system to which theyare*attached.

(d) Fabricated Closures. Orange-peel bull plugs and
orange-peel swages are prohibited on systems operating
at hoop stress levels of 20%-0r more of the spefified
minimum yield strength.of-the pipe material. Fish tails
and flat closures are permitted on pipe NPS 3 (DN 75)
and smaller operating’ at less than 100 psi (690|kPa).
Fish tails on pipelarger than NPS 3 (DN 75) are prohibited.
Flat closures o pipe larger than NPS 3 shall be designed
according tethe BPV Code, Section VIII, Division 1. [See
()]

(e) Bolted Blind Flange Connections. Bolted blind
conrniections shall conform to para. 831.2.

lange

831.4 Reinforcement of Welded Branch
Connections

831.4.1 General Requirements. All welded branch
connections shall meet the following requirements:
(a) When branch connections are made to pipe |n the
form of a single connection or in a header or manifold as a
series of connections, the design must be adequate to
control the stress levels in the pipe within safe limits.
The construction shall accommodate the stresges in
the remaining pipe wall due to the opening in the¢ pipe
or header, the shear stresses produced by the prgssure
acting on the area of the branch opening, and any exfernal
loadings due to thermal movement, weight, vibration, etc.
The following paragraphs provide design rules for the
usual combinations of the above loads, except for ¢xces-
sive external loads.
(b) Thereinforcement requ1red in the crotch sectfion of
elde 3 s e de d by the
rule that the metal area avallable for reinforcement shall
be equal to or greater than the required area as defined in
this paragraph as well as in Figure F-5.
(c) The required cross-sectional area, Ap, is defined as
the product of d times t:

AR=dt

(22)
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where

d = the greater of the length of the finished opening in
the header wall measured parallel to the axis of the
run or the inside diameter of the branch connec-
tion

t = the header nominal wall thickness required by
para. 841.1.1 for the design pressure and tempera-
ture

(h) When rings or saddles 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 should be plugged during service to prevent
crevice corrosion between pipe and reinforcing
member, but no plugging material that would be

capable of sustaining pressure within the crevice
chould ha vyead

WHen the pipe nominal wall thickness includes an
allowance for corrosion or erosion, all dimensions
used|shall result after the anticipated corrosion or
erosi¢n has taken place.

(d)] The area available for reinforcement shall be the
sum ¢f
7) the cross-sectional area that results from any
excesp thickness available in the header thickness over
the minimum required for the header as defined in (c)
and that lies within the reinforcement area as defined
in (e)
?) the cross-sectional area that results from any
excesp thickness available in the branch wall thickness
over [the minimum thickness required for the branch
and that lies within the reinforcement area as defined
in (e)
3) the cross-sectional area of all added reinforcing
metal|that lies within the reinforcement area, as defined in
(e), ijcluding that of solid weld metal that is conventiox-
ally aftached to the header and/or branch

(e] The area of reinforcement, shown in
Mandatory Appendix I, Figure F-5, is defined as arectangle
whose length shall extend a distance, d, on each'side of the
transyerse centerline of the finished opening and whose
widtlf shall extend a distance of 2%%:-times the header
nomihal wall thickness on each.side of the surface of
the hleader wall. In no case, however, shall it extend
more|than 2% times the nominal wall thickness of the
brangh pipe from the outside surface of the header or
of the reinforcement, if any.

(f) |[The material of any added reinforcement shall have
an allowable working stress at least equal to that of the
headgr wall, exceptthat material of lower allowable stress
may be used‘if'the area is increased in direct ratio of the
allowpble“stress for header and reinforcement material,
respectively.

SO B E—u5e6-

(i) The use of ribs or gussets shall not be.¢onsidered as
contributing to reinforcement of the branch’ cpnnection.
This does not prohibit the use of ribs-or glissets 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,
W1, as shown in Mandatory‘Appendix I, Figures ]-1 and I-2.
The use of concave fillet welds is preferred to further mini-
mize corner stress coheentration. Ring or safldle rein-
forcement shall be attached as shown by Mandatory
Appendix I, Figuke I-2. When a full fillet is nt used, it
is recommended that the edge of the reinfor¢ement be
relieved<r“chamfered at approximately 45 deg to
merge with the edge of the fillet.

(k)<Reinforcement rings and saddles shall be iccurately
fitted to the parts to which they are dttached.
Mandatory Appendix I, Figures I-2 and I-3 |illustrate
some acceptable forms of reinforcement.

(1) Branch connections attached atan angle lgss than 85
deg to the run become progressively weaker ag the angle
decreases. Any such design mustbe given individqual study,
and sufficient reinforcement must be provided tp compen-
sate for the inherent weakness of such construlction. The
use of encircling ribs to support the flat or r¢-entering
surfaces is permissible and may be included in the
strength calculations. The designer is cautipned that
stress concentrations near the ends of partial ribs,
straps, or gussets may defeat their reinforcing value.

831.4.2 Special Requirements. In addition|to the re-
quirements of para. 831.4.1, branch connectlons must
meet the special requirements of the following ppragraphs
as given in Table 831.4.2-1:

(a) Smoothly contoured wrought steel tees [of proven
design are preferred. When tees cannot be used, the rein-
forcing member shall extend around the circumference of
the header Pads pnrﬁnl saddles_or other types of loca-

(g) The material used for ring or saddle reinforcement
may be of specifications differing from those of the pipe,
provided the cross-sectional areais made in direct propor-
tion to the relative strength of the pipe and reinforcement
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 rein-
forced.

lized reinforcement are prohibited.

(b) Smoothly contoured tees of proven design are
preferred. When tees are not used, the reinforcing
member should be of the complete encirclement type,
but may be of the pad type, saddle type, or a welding
outlet fitting type.

(c) The reinforcement member may be of the complete
encirclementtype, pad type, saddle type, or welding outlet
fitting type. The edges of reinforcement members should
be tapered to the header thickness. Itis recommended that
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Table 831.4.2-1
Reinforcement of Welded Branch Connections, Special Requirements

Ratio of Design

Ratio of Nominal Branch Diameter to Nominal Header Diameter

Hoop Stress to
Minimum
Specified

Yield Strength

in the Header 25% or Less

More Than 25% Through 50%

More Than 50%

20% or less See paras. 831.4.2(g) and 831.4.2(j)

See paras. 831.4.2(g) and

See paras. 831.4.2(h) and 831.4.2(j)

831.4.2(j)
More than 20% See paras. 831.4.2(d), 831.4.2(i), and See paras. 831.4.2(i) and See paras. 831.4.2(h), 831.4.2(i);and
through §0%  831.4.2(j) 831.4.2(j) 831.4.2(j)
More than $0% See paras. 831.4.2(c), 831.4.2(d), See paras. 831.4.2(b), 831.4.2(e), Seeparas.831.4.2(a), 831.4:2(e), 8314.2(f),
831.4.2(e), and 831.4.2(j) and 831.4.2(j) and 831.4.2(j)
legs of fillet welds joining the reinforcing member and ness of the pipe. This will result.in"a minimum effgctive
header dd not exceed the thickness of the header. weld throat of 0.7¢.
(d) Reinforcement calculations are not required for (2) The maximum leg-dimension of the end| fillet

branch opglenings NPS 2 (DN 50) and smaller in diameter;
however, [care should be taken to provide suitable rein-
forcement to mitigate the effects of vibrations and other
forces to which these small openings can be subjected.

(e) All welds joining the header, branch, and reinfor-
cing member shall be equivalent to those shown in
Mandatorly Appendix I, Figures I-1, I-2, and I-3.

(f) Thelinside edges ofthe finished opening shall, when-
ever possible, be rounded toa % in. (3.2 mm) radius. If the
encircling member is thicker than the header and is
welded td the header, the ends shall be tapered down
to the hefader thickness, and continuous fillet welds
shall be made. In the case of hot tap or plugging fittings,
use special requirement (j).

(g9) Reinforcement of openings is not mandatory;
however,|reinforcement may be required\for special
cases involving pressures over 100 (psig (690 kPa),
thin wall pipe, or severe external loads)

(h) If 4 reinforcement membef is‘required, and the
branch digmeter is such that a localized type of reinforce-
ment member would extendsaround more than half the
circumference of the header, then a complete encircle-
ment typelof reinforcenient member shall be used, regard-
less of th¢ design heep stress, or a smoothly contoured
wrought gteel tee’df/proven design may be used.

(i) The|reinforeement may be of any type meeting the
requirements of para 831 4.1.

(j) For'h . : ittings-—of-tee-type—config
urations (see Mandatory Appendlxl Flgurel 3 1) where
the reinforcing sleeve is pressurized and thicker than the
header, and the application results in additional loading
such as that from hot tapping and plugging equipment, the
following requirements apply:

(1) The minimum leg dimension of the fillet weld at
the ends of the sleeve shall be 1.0t plus the gap observed or
measured between the inside of the fitting and the outside
of the pipe on installation, where t is the actual wall thick-
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welds shall be 1.4t plus ‘the gap observed or meafured
between the inside of the fitting and the outside of the
pipe on installation, resulting in an effective |weld
throat not to exceed 1.0t.
(3) Ifnecessary, the fittings shall be tapered, beyeled,

or chamfered at their ends to a minimum approximate
angle of>45 deg (with respect to the end face). Tapering,
beveling, or chamfering should provide at least a nominal
face to accommodate the fillet weld, but the face djmen-
sion should not exceed 1.4 times the calculated thickness
required to meet the maximum hoop stress of the[pres-
surized sleeve. The leg of the fillet deposited on the end
face need notbe carried out fully to the shoulder of the face
if doing so would result in an oversized fillet weld.
(4) Because each installation may be uniquf, the
taper or chamfer shall be the responsibility of th¢ user
or otherwise by agreement between user and manufac-
turer.
(k) MSS SP-97 fittings may be used up to one-hglf the
size of the run pipe provided the following requirements
are met:
(1) The branch outlet fitting design by either falcu-
lation or proof testing shall meet MSS SP-97 requirements
and fully reinforce the hole cut into the pipe.
(2) The material of the fitting shall be equal|to or
greater in strength than the run pipe to which it will
be welded. If the propertles of the flttmg do not fnatch

for the lower strength shall be added proportlonally

(3) Fittings shall be fitted and installed using a full
penetration weld with guidance from the manufacturer on
weld contour.

(4) The outlet connection can be socket welded,
threaded, or butt welded. The connecting branch pipe
can be any thickness provided it meets the design wall
requirements for the service. Outlet sizes greater than
one-half can be considered if additional engineering
assessment is made.


https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

ASME B31.8-2022

831.5 Reinforcement of Multiple Openings

(a) 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. 831.4. The reinforcing metal shall be added as a
combined reinforcement, the strength of which shall
equal the combined strengths of the reinforcements
that would be required for the separate openings. In

(1) AreaA;isthearealying within the reinforcement
zone resulting from any excess thickness available in the
run wall, i.e,,

A= Do(Tr - tr)

(2) AreaA,isthearealying within the reinforcement
zone resulting from any excess thickness available in the
branch pipe wall, i.e.,

no case shall any portion of a cross section be considered
to apply to more than one opening or be evaluated more
than pnce in a combined area.

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

(c)| When the distance between centers of two adjacent
openings is less than 1'% times their average diameter, as
consiflered under (b), no credit for reinforcement shall be
given|for any of the metal between these two openings.

(d)| Any number of closely spaced adjacent openings in
any afrangement may be reinforced as if the group were
treat¢d as one assumed opening of a diameter enclosing all
such ppenings.

831.6 Extruded Outlets
(a)

The rules in this paragraph apply to steel extruded
outlets in which the reinforcement is integral

Anlextruded outlet is defined as an outlet in*which the
extrufled lip at the outlet has a height ahove the surface of
the ryn that is equal to or greater than‘the'radius of curva-
ture gf the external contoured portion of the outlet. (See
Mandatory Appendix I, Figures~F-1 through F-4 and
nomenclature.)

(b)] These rules do notzapply to any nozzles or branch
conngctions in which additional nonintegral material is
appli¢d in the form ©f-rings, pads, or saddles.

(c)| These rules apply only to cases where the axis of the
outletintersectsand is perpendicular to the axis of the run.

(d)| Mandatory Appendix I, Figures F-1 through F-4
defing thé-pertinent dimensions and limiting conditions.

(e)| Required Area. The required area is defined as

Ay = 2L(Ty — tp)

(3) AreaAsjisthearealying withinthereinforcement
zone resulting from excess thickness availaple in the
extruded outlet lip, i.e.,

A3 = 21’0<T0 - tb)

(g9) Reinforcement.of-Multiple Openings. Thie rules in
para. 831.5 shall be followed, except that thg required
area and reinforcement area shall be as given in[this para-
graph.

(h) In addition to the above, the manufacturgr shall be
responsible for establishing and marking on the section
containing extruded outlets the following: the dgsign pres-
suréand temperature, and that these were established
under provisions of this Code. The manufacturer's
name or trademark shall be marked on the sgction.

832 EXPANSION AND FLEXIBILITY
832.1 Application

Section 832 is applicable to piping meeting
tion of unrestrained piping in para. 833.1(c).

he defini-

832.2 Amount of Expansion or Contraction

The thermal expansion and contraction of|the more
common carbon and low alloy steels may be falculated
using 6.5 x 107 in./in./°F (1.17 x 10™° cm/¢m/°C) as
the coefficient of thermal expansion. The expgansion or
contraction to be considered is the differenc¢ between
the maximum or minimum design temperatures and
the expected average installation temperdture. For
more precise thermal expansion coefficients fpr specific

materials, refer to authoritative source data, such as publi-

A = Kt,D,

where
K = 1.00 when d/D > 0.60
0.6 + % d/D when 0.15 < d/D < 0.60

0.70 when d/D < 0.15

The design must meet the criterion that the reinforce-
ment area defined in (f) is not less than the required area.

(f) Reinforcement Area. The reinforcementarea shall be
the sum of areas A; + A, + A3 as defined as follows:
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cations of the National Institute of standards and Tech-
nology. A table containing approximate amounts of
expansion or contraction per unit length for selected
temperatures is provided in Table 832.2-1.

832.3 Flexibility Requirements

(a) Piping systems shall be designed to have sufficient
flexibility to prevent thermal expansion or contraction
from causing excessive stresses in the piping material,
excessive bending or unusual loads at joints, or
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Table 832.2-1
Thermal Expansion or Contraction of Piping Materials —
Carbon and Low Alloy
High Tensile Steel and Wrought Iron

Approximate Expansion or

(e) Properties of pipe and fittings for these calculations
shall be based on nominal dimensions, and the longitudi-
nal weld joint quality factor E shall be taken as 1.00.

(f) The total range in temperature from minimum
design temperature to the maximum design temperature
shall be considered in all expansion stress calculations,
whether piping is cold sprung or not. Should installation,
start-up, or shutdown temperatures be outside of the
design temperature range, the maximum possible

Temperature, Contraction, in./100 ft (mm/m)

°F (°C) Above or Below 32°F (0°C)
-125 (-87) 1.2 (1.0)
-100 (-74) 1.0 (0.8)
-75 (F60) 0.870.7)
-50 (-45) 0.6 (0.5)
0 (18) 0.2 (0.2)
32 (0) 0.0 (0.0)
60 (|16) 0.2 (0.2)
100 (38) 0.5 (0.4)
125 (j52) 0.7 (0.6)
150 (j66) 0.9 (0.8)
175 ([79) 1.1 (0.9)
200 (93) 1.3 (1.1)
225 (107) 1.5 (1.3)
250 (121) 1.7 (1.4)
300 (|149) 2.2 (1.8)
350 (1177) 2.6 (2.2)
400 ([204) 3.0 (2.5)
450 (232) 3.5 (2.9)

undesirablle forces or moments at points of conneetion to
equipmenit or at anchorage or guide points. Formal‘calcu-
lations shall be performed where reasonable doubt exists
as to the aflequate flexibility of the system.See'para. 833.7
for further guidance.

(b) Flexibility shall be provided.by-the use of bends,
loops, or [offsets, or provision shalllbe made to absorb
thermal thanges by the use~of’ expansion joints or
couplingg of the lip joints type or expansion joints of
the bellows type. If expdnsion joints are used, anchors
or ties of gufficient strength and rigidity shall be installed
to providg¢ for end. forces due to fluid pressure and other
causes.

(c) In dalculating the flexibility of a piping system, the
system shpll\be treated as a whole. The significance of all

temperaturerangeshall- be-eonsidered—tn—-addition to
the expansion of the line itself, the linear and' aggular
movements of the equipment to which itds, attjched
shall be considered.

(g) Flexibility calculations shall beCbased op the
modulus of elasticity corresponding to the lqwest
temperature of the operational cyele:

(h) To modify the effect of expansion and contrdction,
runs of pipe may be cold spriing.'Cold spring may be taken
into account in the calculations of the reactions, provided
an effective method of @btaining the designed cold gpring
is specified and used:

832.4 Reactions

(a) Reaction forces and moments to be used in the
design of restraints and supports for a piping syjstem,
and, invevaluating the effects of piping displacements
on\cohnected equipment shall consider the full fange
of“thermal displacement conditions plus weighft and
external loads. Cold spring may be useful for maintgining
reactions within acceptable limits.

(b) The reactions for thermal displacements shpll be
calculated using the elastic modulus corresponding to
the lowest temperature of an operational cycle.

(c) Consideration shall be given to the load-cafrying
capacity of attached rotating and pressure-contdining
equipment and the supporting structure.

832.5 Modulus of Elasticity

The modulus of elasticity for carbon and low alloy steel
at various temperatures is given in Table 832.5-1. Values
between listed temperatures may be linearly interpdlated.

Table 832.5-1

parts of the [ine and all restraints, such as rigid supports or
guides, shall be considered.

(d) Calculations shall take into account stress intensi-
fication factors found to exist in components other than
plain straight pipe. Credit may be taken for the extra flex-
ibility of such components. The flexibility factors and
stress intensification factors shown in
Mandatory Appendix E, Table E-1 may be used.
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M
WiV
and Low Alloy Steel
Temperature, Modulus of Elasticity,
°F (°C) psi x 105(GPa)
-100 (-73) 30.2 (208)
70 (21) 29.5 (203)
200 (93) 28.8 (198)
300 (149) 28.3 (195)
400 (204) 27.7 (191)
500 (260) 27.3 (188)



https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

ASME B31.8-2022

833 DESIGN FOR LONGITUDINAL STRESS
833.1 Restraint

(a) The restraint condition is a factor in the structural
behavior of the pipeline. The degree of restraint may be
affected by aspects of pipeline construction, support
design, soil properties, and terrain. Section 833 is appli-
cable to all steel piping within the scope of this Code. For

a = the coefficient of thermal expansion, 1/°F (1/°C)

If a section of pipe can operate either warmer or colder
than the installed temperature, both conditions for T, may
need to be examined.

(d) The nominal bending stress in straight pipe or
large-radius bends due to weight or other external
loads is

purposes of design, this Code recognizes two axial Sgp=M/Z

restraint conditions, “restrained” and “unrestrained.”

Guiddqnce in categorizing the restraint condition follows: ~ Where _ _ _
(b)| Piping in which soil or supports prevent axial dis- M = the. bending momentacross the pipe'Crofss section,

placement or flexure at bends is “restrained.” Restrained lb-m..(N-m) ] QO 3

piping may include the following: Z = the pipe section modulus; in;* (cm~)

7) straight sections of buried piping

) bends and adjacent piping buried in stiff or

consdlidate soil

3) sections of aboveground piping on rigid supports
(c)| Piping that is freed to displace axially or flex at

bendf is “unrestrained.” Unrestrained piping may

includle the following:

1) aboveground piping that is configured to accom-

modalte thermal expansion or anchor movements through

flexibiility

?) bends and adjacent piping buried in soft or

solidated soil

) an unbackfilled section of otherwise buried pipe-

line that is sufficiently flexible to displace laterally or that

contajins a bend

1) pipe subject to an end cap pressure force

unco

833.2 Calculation of Longitudinal Stress
Components

(a)

restrd

The longitudinal stress due to_internal pressure in
ined pipelines is
Sp = 038y

wherg¢ Sy is the hoop stréss, psi (MPa)
(b)| The longitudinakstress due to internal pressure in
unregtrained pipelingis

Sp = 058y

wher

(9

b Sy-isithe hoop stress, psi (MPa)
Thelongitudinal stress due to thermal expansion in

(e) The nominal bending, stress in fittings and compo-
nents due to weight or othéy external loads ig

SB — MR/Z

hcross the
1 be calcu-

where My, is the resultant intensified moment
fitting or component. The resultant moment sha
lated as

1/2

Mg =(0.75iM;)* + (0.75i,M,)* + M1 ", Ibfin. (N-m)

where 0.75i 2 1.0 and
i; = in-plane stress intensification faqtor from

Mandatory Appendix E

i, = out-of-plane stress intensification factor from
Mandatory Appendix E
M; = in-plane bending moment, lb-in. (N-n)
M, = out-of-plane bending moment, lb-in. (N-m)
M, = torsional moment, lb-in. (N-m)

(f) The stress due to axial loading other than thermal
expansion and pressure is

Sy =R/A

where
A = pipe metal cross-sectional area, in.? (n
R = external force axial component, Ib (N)

mz)

833.3 Summation of Longitudinal Stress in
Restrained Pipe

restr

. 3 . .
TIICa—pTpeTTS

St = Ea(T; — Tp)

where
E = the elastic modulus, psi (MPa), at the ambient
temperature
T, = the pipe temperature at the time of installation,
tie-in, or burial, °F (°C)
T, = the warmest or coldest pipe operating tempera-

ture, °F (°C)
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(a) The netlongitudinal stresses in restrained pipe are
SL=Sp+ST+SX+SB

Note that Sg, S;, St, or Sy can have negative values.

(b) The maximum permitted value of |S;| is 0.9S5T,
where S is the specified minimum yield strength, psi
(MPa), per para. 841.1.1(a), and T is the temperature
derating factor per para. 841.1.8.
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(c) Residual stresses from construction are often
present; for example, bending in buried pipelines
where spanning or differential settlement occurs.
These stresses are often difficult to evaluate accurately,
but can be disregarded in most cases. It is the engineer's
responsibility to determine whether such stresses should
be evaluated.

833.4 Combined Stress for Restrained Pipe

(1) duplicates or replaces without significant change
a system operating with a successful record

(2) can be readily judged adequate by comparison
with previously analyzed systems

(3) is of uniform size, has no more than two points of
fixation and no intermediate restraints, and falls within
the limitations of the following empirical equation

(a) Thd combined biaxial stress state of the pipeline in
the operafing mode is evaluated using the calculation in
either (1)[or (2):

(1) nmax. (|SH - SLl; |SH|; |SL|)

2 )1/2

The maximum permitted value for the combined
biaxial stfess is kST where S is the specified minimum
yield strepgth, psi (MPa), per para. 841.1.1(a), T is the
temperatfire derating factor per para. 841.1.8, and k is
defined in (b) and (c).

(b) For{loads of long duration, the value of k shall not
exceed 0.90.

(c) For|occasional nonperiodic loads of short duration,
the value [of k shall not exceed 1.0.

(d) S; in (a) is calculated considering both the tensile
and compressive values of Sg.

(e) Str¢sses induced by loads that do not occur simul-
taneously|need not be considered to be additive.

(f) Thd biaxial stress evaluation described above
applies orlly to straight sections of pipe.

S, % =SS + Sy

8335 D

(a) Th
exceeded
and strain
materials
coating ds

(b) Thd

sign for Stress Greater Than Yield

e limits in paras. 833.3 and 833.4 may be
iwhere due consideration is giventtothe ductility
capacity of seam weld, girth weld; and pipe body
and to the avoidance of bueckles, swelling, or
mage.

maximum permitted\strain is limited to 2%.

833.6 Summation of Longitudinal Stresses in
Unrestrained(Pipe

(a) Th¢g net longitudinal stress in unrestrained pipe is

St = Sp + Sx + Sp, psi

DY
L-u? "
where
D = nominal outside diameter of pipe, inx(mm

K = 0.03, for U.S. Customary units (208, for SI hnits)
listed in the equation

L = developed length of piping between anchgrs, ft
(m)

U = straight line separatioh. bétween anchors, ft (m)

Y = resultant of total displacement strains, in. (mjm), to

be absorbed by thie-system

NOTE: No general preof can be offered that this empirical equa-
tion always yields\conservative results. It is not applicgble to
systems used if\severe cyclic conditions. It should b¢ used
with caution\in configurations such as unequal leg U{pbends
having L/U\> 2.5; nearly straight “sawtooth” runs; whére i 2
5 duesto-thin-walled design; or where displacements jnot in
the, direction connecting anchor points constitute a large part
of the total displacement. There is no assurance that tefminal
reactions will be acceptably low even if a piping systein falls
within the limitations of (3).

(b) Any piping system that does not meet one pf the
criteria in (a) should undergo a flexibility stress anhlysis
by a simplified, approximate, or comprehensive method as
deemed appropriate.

833.8 Flexibility Stresses and Stresses Due to

Periodic or Cyclic Fatigue Loading

(a) The stress range in unrestrained piping due to
thermal expansion and periodic, vibrational, or cycljc dis-
placements or loads shall be computed as

where Mg, is the resultant intensified moment rangg from
one stress state to another. The resultant intenfified
moment shall be calculated as

(b) The maximum permitted longitudinal stress in
unrestrained pipe is S; < 0.75ST, where S is the specified
minimum yield strength, psi (MPa), per para. 841.1.1(a),
and Tis the temperature derating factor per para. 841.1.8.

833.7 Flexibility Analysis for Unrestrained Piping

(a) Thereisno need for formal flexibility analysis for an
unrestrained piping system that

34

1/2
Mg = [(iiMi)z + (ioMo)2 + Mtz] ,Ib-in. (N-m)
(b) The cyclic stress range Sg < Sa, where

Sa = f1125(S; + Sp) — S1]

f=6N%t<10
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N = equivalent number of cycles during the expected
service life of the piping system

S. = 0.335,T at the minimum installed or operating
temperature

Sp = 0.33 S,T at the maximum installed or operating
temperature

S, = longitudinal stress calculated according to
para. 833.6(a), psi (MPa)

S, = specified minimum ultimate tensile strength, psi
MPa}

soil overburden, external hydrostatic pressure, and buoy-
ancy. Examples of displacement-controlled loading
include differential temperature loads in restrained
pipe sections and bending caused by ground movements.

(b) To prevent local buckling where the dominant lon-
gitudinal load is caused by force-controlled loading, lon-
gitudinal compressive strains shall be limited to a critical
buckling strain determined in accordance with an estab-
lished method. In the absence of more detailed informa-

T |= temperature derating factor per para. 841.1.8

(c)| When the computed stress range varies, Sg is
definled as the greatest computed stress range. The
value|of N in such cases can be calculated as

N=Ng+ Y (7N) fori=1,2, .n

where
Ng[= number of cycles of maximum computed stress

range, Sg

N;|= number of cycles associated with stress range, S;

ri|= Si/Sg

Si|= any computed stress range smaller than Sg, psi

(MPa)

833.9 Local Stresses

(a)| High local stresses are usually generated at struc-
tural discontinuities and sites of local loadings. Although
they may exceed the material yield strength, such stresses
may o¢ften be disregarded because they are localized in
influgnce and may be self-limiting or relievéd-by local
deformation. Examples include stresses in branch connec-
tions jcaused by pressure or external loads; or stresses at
structural discontinuities. This €ode does not fully
addrgss the maximum allowable (valtie for local stresses.
It is the engineer's responsibility-to determine whether
such ptresses must be eval@ated.

(b)| The maximum allowable sum of circumferential
stresp due to internal-pressure and circumferential
through-wall bending stress caused by surface vehicle
loads|or other localtoads is 0.9ST, where S is the specified
minirhum yield’strength, psi (MPa), per para. 841.1.1(a),
and T|is the'temperature derating factor per para. 841.1.8.

(c)|Local stresses in (a) or (b) caused by periodic or

repetitive loadsmay require furtherlimitationsin consid-

tion-the-compressivestrainmimite-"* shewldhe taken as
HoR-the-compressive stratithtt-6r—-snedtaqe

2
crit t (pi a p")I
et = 04— — 0.0020 + 2,400[~——"+
d D 2UE
for
= p, )D
M <04
2tS
and
2
. t 0.4S
€t = 0.4— — 0.0020 + 2,400(i)
o D E
for
v, —p)D
u > 04
2S
where

D = nominal outside diameter of pipe, in. [mm)
E = elasticmodulus of steel, psi (MPa) (Table 832.5-1)
p; = maximum internal design pressure, pgig (MPa)
Po = minimum external hydrostatic pressure, psig
(MPa)
S = specified minimum yield strength, psi|(MPa)
t = nominal wall thickness, in. (mm)

(c) To prevent global lateral instability in|pipelines
subjected to axial compression, the pipeline section
shall be designed to limit the maximum allovable net
compressive stress to two-thirds of the critical buckling
stress determined in accordance with an egtablished

m-athaod
Hethot:

eration of fatigue.

833.10 Buckling and Lateral Instability

(a) Pipe sections that are subjected to significant
compressive stresses and strains due to force-controlled
loading, displacement-controlled loading, or both shall be
designed to prevent local buckling and global lateral
instability. Examples of force-controlled loading include
internal pressure, self-weight of the pipe and its contents,

834 SUPPORTS AND ANCHORAGE FOR EXPOSED
PIPING

834.1 General

Piping and equipment shall be supported in a substan-
tial and workmanlike manner, so as to prevent or reduce
excessive vibration, and shall be anchored sufficiently to
prevent undue strains on connected equipment.
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834.2 Provision for Expansion

Supports, hangers, and anchors should be so installed as
not to interfere with the free expansion and contraction of
the piping between anchors. Suitable spring hangers, sway
bracing, etc., shall be provided where necessary.

834.3 Materials, Design, and Installation

All permanent hangers, supports, and anchors shall be

fabricatedfrom—durable-incombustible materialsand

835 ANCHORAGE FOR BURIED PIPING
835.1 General

Bends or offsets in buried pipe cause longitudinal forces
that must be resisted by anchorage at the bend, by
restraint due to friction of the soil, or by longitudinal
stresses in the pipe.

835.2 Anchorage at Bends

designed |and installed in accordance with good engi-
neering pfactice for the service conditions involved. All
parts of fhe supporting equipment shall be designed
and installed so that they will not be disengaged by move-
ment of tlle supported piping.

834.4 F
(a) All

maximum

rces on Pipe Joints

exposed pipe joints shall be able to sustain the
end force, Ib (N), due to the internal pressure,
i.e,, the depign pressure, psig (kPa), times the internal area
of the pipd, in.? (mm?), as well as any additional forces due
to temperpture expansion or contraction or to the weight
of pipe arld contents.

(b) If compression or sleeve-type couplings are used in
exposed piping, provision shall be made to sustain the
longitudirfal forces noted in (a). If such provision is not
made in the manufacture of the coupling, suitable
bracing of strapping shall be provided, but such design
must not [interfere with the normal performance of the
coupling nor with its proper maintenance. Attachment$
must meet the requirements of para. 834.5.

834.5 Attachment of Supports or Anchors

(a) Thg method of attachment of suppoxts.and anchors
to pipe shill be such that the pipe can be visually inspected
for externpl corrosion and wear at the interface of the pipe
and the sypport or anchor, or shall'be such that corrosion
and wear [at the interface of the'\pipe and the support or
anchor is|prevented.

(b) Ifthe pipe is designed'to operate at a hoop stress of
less than 0% of the_spécified minimum yield strength,
structural supportstorranchors may be welded directly
to the pipp. Proportioning and welding strength require-
ments of |suchrattachments shall conform to standard
structural| practice.

(c) 1f thepipet
50% or more of the specified minimum yield strength,
structural supports or anchors shall notbe welded directly
to the pipe. Where it is necessary to provide a welded
attachment, structural supports or anchors shall be
welded to a member that fully encircles the pipe. The
connection of the pipe to the encircling member shall
be by continuous, rather than intermittent, welds or by
use of a bolted or clamped mechanical connection.

36

shall
t the
blved.

If the pipe is anchored by bearing at the bend, carg
be taken to distribute the load on the soilso|th
bearing pressure is within safe limits for thé soil inv

835.3 Restraint Due to Soil Friction

Where there is doubt as to the‘adequacy of resfraint
friction, calculations shall o€, made, and indiftated
anchoring shall be installed.

835.4 Forces on Pipe Joints

If anchorage ig not provided at the bend| (see
para. 835.2), pipe/joints that are close to the poipts of
thrust origin.shall be designed to sustain the longityidinal
pullout fexce: If such provision is not made in the rpanu-
factureof the joints, suitable bracing or strapping shall be
provided.

835.5 Supports for Buried Piping

(a) In pipelines, especially those that are Highly
stressed from internal pressure, uniform and adegquate
support of the pipe in the trench is essential. Unfequal
settlements may produce added bending stresges in
the pipe. Lateral thrusts at branch connectiond may
greatly increase the stresses in the branch conngction
itself, unless the fill is thoroughly consolidatgd or
other provisions are made to resist the thrust.

(b) Rockshield shall notbe draped over the pipe ¢
suitable backfill and padding are placed in the di
provide a continuous and adequate support of the
in the trench.

(c) When openings are made in a consolidated b
to connect new branches to an existing line, care m
taken to provide firm foundation for both the headg
the branch to prevent vertical and lateral movemg

nless
ch to

pipe

hckfill
1st be
r and
nts.

Underground lines are subjected to longitudinal
stresses due to changes in pressure and temperature.
For long lines, the friction of the earth will prevent
changes in length from these stresses, except for
several hundred feet adjacent to bends or ends. At
these locations, the movement, if unrestrained, may be
of considerable magnitude. If connections are made at
such a location to a relatively unyielding line or other
fixed object, it is essential that the interconnection
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shall have ample flexibility to compensate for possible
movement, or the line shall be provided with an
anchor sufficient to develop the forces necessary to
limit the movement.

836 LIQUID REMOVAL EQUIPMENT

Liquid removal equipment shall be manufactured in
accordance with the BPV Code, Section VIII, except
that those constructed of pipe and fittings without any

components welded to the inside of the separator may
be constructed in accordance with ASME B31.8 using a
design factor from Table 841.1.6-2. The designer of the
liquid removal equipment shall apply an appropriate
corrosion allowance and shall address all liquid and
water hammer loads so that Code-allowable stresses
are not exceeded.

37
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Chapter IV
Design, Installation, and Testing

840 DESIGN, INSTALLATION, AND TESTING

840.1 General Provisions

(a) Thg design requirements of this Code are intended
to be adegquate for public safety under all conditions
encountefed in the gas industry. Conditions that may
cause addjtional stress in any part of a line or its appur-
tenances fhall be provided for, using good engineering
practice. Examples of such conditions include long self-
supported spans, unstable ground, mechanical or sonic
vibration| weight of special attachments, earthquake-
induced sfresses, stresses caused by temperature differ-
ences, and the soil and temperature conditions found in
the Arctic| Temperature differences shall be taken as the
differencg between the lowest and highest expected metal
temperatjure during pressure test and/or operating
services having due regard to past recorded temperature
data and the possible effects of lower or higher air and
ground temperature.

(b) Th¢ quality of the gas to be transported in the pipe-
line, or by| the pipeline system, shall be considered when
designing|facilities. Measures shall be taken to control or
minimize|adverse effects of the gas properties’or gas
compositipn when any of the following mayhe a concern:

(1) Gas Composition. Uncontrolled~0r unexpected
variations$ in heating value may restltin problems at
the end Jser's burner tip or progess. Noncombustible
compoundls (e.g., nitrogen, nitr@gen compounds, carbon
dioxide, efc.) may reduce theheating value and increase
the specific gravity of the gas-stream. Carbon dioxide con-
tributes td internal corresion in the presence of free water.
Increased|specific gravity of the gas stream may foretell
the condehsing of heavy hydrocarbons at cooler tempera-
tures whi¢h may-negatively affect operations. A change in
specific gravitymay affect pipeline and compressor capac-
ity calculations. For effects of heavy hydrocarbons on the

explosive limit can create an explosive condition
section 864 and paras. 841.2.7 and 850.6.)

(4) Water Vapor Content and Free Liquids.Free water
and hydrocarbons at certain combinations of pregsures
and temperatures may produce hydrates, which arg crys-
talline solids that may cause partialer complete pipeline
blockages, that may lead to a distuption of pipeline dpera-
tions.

Based on the charactefistics of the gas stream (i.e,
heating value, specificigravity, temperature, free liquid,
odorization, impufities, and other objectiopable
substances), appropriate precautions shall be consifered
to address any problems that might adversely affert the
pipeline system or the end user.

(c) Thenmost significant factor contributing tlo the
failure(of a gas pipeline is damage to the line cgqused
by the activities of people along the route of the line.
Damage will generally occur during constructipon of
other facilities associated with providing the services
associated with human dwellings and commercjal or
industrial enterprises. These services, such as water,
gas and electrical supply, sewage systems, drajnage
lines and ditches, buried power and communidation
cables, streets and roads, etc., become more preyalent
and extensive, and the possibility of damage to the|pipe-
line becomes greater with larger concentrations of puild-
ings intended for human occupancy. Determining the
Location Class provides a method of assessinjg the
degree of exposure of the line to damage.

(d) A pipeline designed, constructed, and operated in
accordance with the requirements of Location Class [l [see
para. 840.2.2(a)] is basically safe for pressure contain-
ment in any location; however, additional meagures
are necessary to protect the integrity of the line In the
presence of activities that might cause damage. (ne of
the measures required by this Code is to lowdr the

(See

design of pipe for ductile fracture arrest, see the “Caution”
at the end of para. 841.1.1.

(2) Hydrogen Sulfide Content. Hydrogen sulfide is
highly toxic and contributes to corrosion in the presence
of water. Refer to Chapter IX for specific provisions related
to hydrogen sulfide.

(3) Oxygen Content. Oxygen contributes to corrosion
problems in the presence of free water at certain tempera-
tures. Certain mixtures of oxygen and gas above the lower

Stress 1evel 1N retation to increased pubtic activity. This
activity is quantified by determining Location Class
and relating the design of the pipeline to the appropriate
design factor.

(e) Early editions of this Code used the term “popula-
tion density index” to determine design, construction,
testing, and operation requirements. They also used
the term “Location Class” in prescribing design pressure,
type of construction, and maximum allowable operating
pressure. To simplify use of this Code, the term
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“population density index” was eliminated. Construction
Types A, B, C, and D were eliminated and replaced with the
same terminology used for design-location class.

(f) The requirements based on Location Class were
such that there were no significant changes in the
design, installation, testing, and operation of piping
systems due to changes in terminology.

(g) Pipelines constructed prior to the publication of
this Edition and designed in accordance with Location

design to provide for probable further development in
the area.

(c) When a cluster of buildings intended for human
occupancy indicates that a basic 1 mi (1.6 km) of pipeline
should be identified as a Location Class 2 or Location Class
3, the Location Class 2 or Location Class 3 may be termi-
nated 660 ft (200 m) from the nearest building in the
cluster.

(d) For pipelines shorter than 1 mi (1.6 km) in length, a

Classes-established-in-comphance-with-previeus-—editions Lecation—Class—thatis—typical-ef-thehoeeationClass that
of this Code may continue to use the Location Classes so would be required for 1 mi (1.6 km) of pipeling fraversing
determined, provided that when observed increases in the the area shall be assigned.
number of buildings intended for human occupancy occur, . . .
the Location Class determination shall be as presented in 840.2.2 Location Classes for Design and Construction
para.|840.2. _ _ (a) Location Class 1. A LocatiémClass 1 is any 1 mi (1.6
(h)| The operator shall take appropriate steps to verify  ym) section that has 10 or fewer buildings infended for
that the pipeline is as free from damage or workmanship  pyman occupancy. A LocatiofiClass 1 is intended to reflect

defects as reasonably possible. The operator shall imple-
ment|plans, procedures, and inspection activities for mini-
mizing the likelihood of damage and defects in the
pipeline. Documentation showing that these plans and
procedures were followed shall also be prepared. In addi-
tion tp construction inspections, the operator is encour-
aged to ensure that personnel working in the vicinity of a
facilitly being installed are adequately trained to recognize
and respond to conditions on the pipeline that could have
adverlse consequence to the future integrity of the pipe-
line. See section 807 for guidance on the training and quali-
ficatipn of personnel. Although testing after construction
provifles a high level of confidence that injurious defects
are fqund, other conditions (such as coating damage or
undesgirable backfill material) may not maniféest them-
selves until after the pipeline is placed in Service.

840.2 Buildings Intended for Human Occupancy
840.2.1 General

(a)| To determine the number pf buildings intended for
human occupancy for an onshore pipeline, lay out a zone
Y/, mi[0.4 km) wide alongtheé route of the pipeline with the
pipeline on the centerline of this zone, and divide the pipe-
line into random séctions 1 mi (1.6 km) in length such that
the individual lengths will include the maximum number
of bufldings+ntended for human occupancy. Count the
number of buildings intended for human occupancy
within each 1 mi (1.6 km) zone. For this purpose, each

areas such as wasteland, deserts, mountains, grazing land,
farmland, and sparsely-populated areas.
(1) Class 1, Division 1. This Divisionisa Loc
1 where the design factor of the pipe is greater
but equal t¢ or less than 0.80. (See Table 841
exceptioris/to design factor.)
(2)~€lass 1, Division 2. This Division is a Location Class
1 where the design factor of the pipe is equal to o less than
072! (See Table 841.1.6-2 for exceptions to design factor.)
(b) Location Class 2. A Location Class 2 isany 1 mi (1.6
km) section that has more than 10 but fewer than 46 build-
ings intended for human occupancy. A Locatior] Class 2 is
intended to reflect areas where the degree of population is
intermediate between Location Class 1 and Locgtion Class
3, such as fringe areas around cities and towns,|industrial
areas, ranch or country estates, etc.
(c) Location Class 3. A Location Class 3 is any 1 mi (1.6
km) section that has 46 or more buildings infended for
human occupancy except when a Location Class f prevails.
A Location Class 3 is intended to reflect aregs such as
suburban housing developments, shopping certers, resi-
dential areas, industrial areas, and other populated areas
not meeting Location Class 4 requirements.
(d) Location Class 4. Location Class 4 inclydes areas
where multistory buildings are prevalent, where traffic
is heavy or dense, and where there may be humerous
other utilities underground. Multistory means four or
more floors aboveground including the first pr ground
floor. The depth of basements or number of basement

tion Class
than 0.72
.1.6-2 for

separatedwettimgunitimamuitiptedwettimgumnitbuitding
isto be counted as a separate building intended for human
occupancy.

(b) It is not intended here that a full 1 mi (1.6 km) of
lower stress level pipeline shall be installed if there are
physical barriers or other factors that will limit the further
expansion of the more densely populated area to a total
distance of less than 1 mi (1.6 km). Itis intended, however,
that where no such barriers exist, ample allowance shall
be made in determining the limits of the lower stress

39

floors is immaterial.

840.3 Considerations Necessary for
Concentrations of Peoplein Location Class 1
or2

(a) In addition to the criteria contained in para. 840.2,
additional consideration must be given to the possible
consequences of a failure near areas where a concentra-
tion of people is likely, such as a church, school, multiple
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dwelling unit, hospital, or recreational area of an orga- (SI Units)
nized character in Location Class 1 or 2.

If the facility is used infrequently, the requirements of
(b) need not be applied.

(b) Pipelines near places of public assembly or concen-
trations of people, such as churches, schools, multiple
dwelling unit buildings, hospitals, or recreational areas
of an organized nature in Location Class 1 or 2 shall

meet requlrements for Location Class 3.

2 0008t

P = FET

nominal outside diameter of pipe, in. (mm)
longitudinal weld joint quality factor obtained
from Table 841.1. 7 1 [see also para 817 1.3(d)]

(c) Co : -1. In
are notlnendedto include groups of fewer than 20 people Settmg the values of the de51gn factor K, due
perinstanice orlocation butare intended to cover people in consideration has been given and allowance
an outside area as well as in a building. has been made for the various underthickness

tolerances provided for in the pipe/specificgtions
840.4 ITe“t listed and approved for usage,ih this Code

(a) Itshould be emphasized that Location Class (1, 2, 3, P = desig.n.pressgr.e, psig (kPa) (seealso para..841.1.3)
or 4) as dgscribed in the previous paragraphs is defined as S = SPe“ﬁed minimum y_lfeld .strength, pst ( MPa),
the generdl description ofa geographicarea having certain St.lpulated in the specifications under whigh the
characterjistics as a basis for prescribing the types of pipe was purch.ased from the mam.lfactul eér or
design, cdnstruction, and methods of testing to be used determined‘in’ accordance .V.\”th pgras.
in those locations or in areas that are comparable. A 8_17'1'3(h) and’841.1.4. The specified minfmum
numberefl Location Class, such as Location Class 1, yleld s.tr.engths of some of th'e. more comthonly
refers oily to the geography of that location or a used piping steels whose spgc1f1cat10ns are |ncor-
similar area and does not necessarily indicate that a poratec.l by r.eference herein are ‘Fabulated for
design fagtor of 0.72 will suffice for all construction in cOQvenience in Mand.atory Appendix D
that particular location or area [e.g., in Location Class T z!temperature derating factor obtained |from
1, all aeripl crossings require a design factor of 0.6; see Tabl? 841'1'8'1. )
para. 841[1.9(b)]. t = nominal wall thickness, in. (mm)

(b) WHen classifying locations for determining the
design fagtor for pipeline construction and testing that CAUTION: This cautionary note is nonmandatory. Stegl pipe
should bd prescribed, due consideration shall be gizen may exhibit pronounced differences in strength befween
to the pogsibility of future development of the'area. If the longitudinal and circumferential directions. The prien-
at the timle of planning a new pipeline this future devel- tatio_“_(’ftl_le strength test is est_ablis_hed by the pipe prod_uct
opment appears likely to be sufficient to change the Loca- sPeC.lﬁcatlon depending on pipe size and mc_at_hod of pipe
tion Class, this shall be taken into congideration in the fnakmg.l Con.s equen tly, pipe may have a qualified str.ength

. ; Gl in an axis orientation that does not conform to the orjienta-
design anfl testing of the proposed pipeline. tion of the principal loading or stress. The user is alerted to
be aware of the standard test orientation used to detefmine
841 STEEL PIPE conformance of pipe to the minimum strength requir¢ment
of the selected grade, and to consider whether the intended
841.1 Steel Piping Systems Design Requirements uses or anticipated service conditions of the pipeline system
. ¢ warrant supplemental testing of the strength properties in

841.1.1| Steel Pipe Design Formula other orientations.

(a) Thg design pressure for steel gas piping systems or (b) Where D/t < 30, the following alternative prdssure
the nominal wall\thickness for a given design pressure design formula may be used:
shall be determined by the following formula (for limita- .
tions, see|para. 841.1.3): (US. Customary Units)

(U.S. Customary Units) 28t
pP= FET
28t Dt
P=—"FET (SI Units)
p= 2 0008t FET
D—-t
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Nomenclature is the same as specified in para.
841.1.1(a).

(c) The design factor for pipelines in Location Class 1,
Division 1 is based on gas pipeline operational experience
at operation levels in excess of those previously recom-
mended by this Code.

It should be noted that the user may be required to
change out such pipe or reduce pressure to 0.72 SMYS
maximum in accordance with para. 854.2.

that have been developed in various pipeline research
programs:
(1) Battelle Columbus Laboratories (BCL) (AGA)

(U.S. Customary Units)

CVN = 1.08 x 10 26%(Dt/2)'/3

(51 Units)

84]

(a)| Fracture Toughness Criterion. A fracture toughness
criterfion or other method shall be specified to control frac-
ture propagation when one of the following is true:

7) apipeline is designed to operate either at a hoop
over 40% through 80% of SMYS in sizes NPS 16 (DN
or larger

) apipeline is designed to operate at a hoop stress
over 72% through 80% of SMYS in sizes smaller than NPS
16 (ON 400)

3) a pipeline is designed with a minimum design
temperature below -20°F (-29°C) as outlined in
sectign 812

When a fracture toughness criterion is used, control
can be achieved by ensuring that the pipe has adequate
ductility and by either specifying adequate toughness or
installing crack arrestors on the pipeline to stop propaga-
tion.

(b)| Brittle Fracture Control. To ensure that the pipe has
adequate ductility, fracture toughness testing shall) be
performed in accordance with the testing precedures
of Annex G of API Spec 5L or other equivalent dlternatives.
If the operating temperature is below 50°F) (10°C), an
apprqpriate lower test temperature shall be used when
determining adherence to the minimum impact values
in (c)jand shear appearance as outlined below. The appro-
priatg lower test temperatureshall be taken to be at or
below the lowest expected mretal temperature during
pressure testing (if with<iyor gas) and during service,
having regard to pastirecorded temperature data and
possiple effects of lower air and ground temperatures.
The dverage shear.value of the fracture appearance of
threg Charpy/specimens from each heat shall not be
less than 60%,"and the all-heat average for each order
per diameter, size, and grade shall not be less than
80%.| Alternatively, when drop-weight tear testing is

.1.2 Fracture Control and Arrest

stresg
400)

=5

CVN = 3.57 x 10 562(Dt/2) (3

(2) American Iron and Steel Instittte (AISI)
LS. Customary Units,
US. C Uni

CVN = 2.40 X 10‘2(03/2) <D1/2)

(SI Units)
CVN = 3.57 X 10*4(03/2) <D1/2)
wheré
CVN = full-size Charpy V-notch absorbef energy,
ft-1b (J)
D = nominal outside diameter of pipe, ifi. (mm)
t = nominal wall thickness, in. (mm)
o = maximum allowable hoop stress, ks (MPa)

NOTE: If full-size test pieces are used and the CVIN-absorbed
energy value derived from these equations exceefds 74 ft-lb
(100 J), the arrest toughness value requires cofrection. A
specialist should be consulted to determine such dorrections.

For API Spec 5L pipe, the minimum imphct values
shall be the greater of those given by the ¢quations
above or those required by Annex G of AP] Spec 5L,
which contains additional acceptable methodglogies for
establishing minimum or all heat average Charpy
energy values.

For pipe manufactured to other standards where the
minimum impact values are specified within [that stan-
dard, those minimum requirements shall be mjaintained.
In cases where the pipe manufacturing standarfl does not
specify the minimum impact requirements, the|minimum

specified, at least 80% of the heats shall exhibit a fracture
appearance shear area of 40% or more at the specified test
temperature.

(c) Ductile Fracture Arrest. To ensure that the pipeline
has adequate toughness to arrest a ductile fracture, the
pipe shall be tested in accordance with the procedures
of Annex G of API Spec 5L. The all-heat average of the
Charpy energy values shall meet or exceed the energy
value calculated using one of the following equations

41

imnact reauirements of APL Snec 51 chall he ]Sed
r 1 r .

NOTE: The limitations to only PSL 2 pipe in Annex G of API Spec
5L are not applicable.

(d) Mechanical Crack Arrestors. Mechanical crack (22)

arrestors consisting of sleeves, wire-rope wrap, heavy-
wall pipe, or other suitable types have been shown to
provide reliable methods of arresting ductile fracture.
The mechanical crack arrestors shall be placed atintervals
along the pipeline.
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CAUTION: The requirements specified in (c) assume the
pipeline is transporting essentially pure methane and the
pipe is similar in fracture behavior to that used to develop
the empirical equations above. The presence of heavier
hydrocarbons can cause the gas to exhibit two-phase beha-
vior on sudden decompression and thus requires a greater
Charpy energy to arrest propagating pipe fracture. Like-
wise, pipe with nominal wall thickness greater than 1.25
in. (32 mm) or that has been control rolled or quench
and tempered may not behave as indicated by the equations

(3) S value for pipe of unknown specification as
determined by para. 817.1.3(h)

(b) When pipe that has been cold worked for meeting
the specified minimum yield strength is subsequently
heated to a temperature higher than 900°F (482°C) for
any period of time or over 600°F (316°C) for more
than 1 hr, the maximum allowable pressure at which it
can be used shall not exceed 75% of the value obtained
by use of the steel pipe design formula given in

Bnara QA1 1 1
pPotro—oT ==

and may d4Iso require a greater Charpy energy to arrest a
propagatihg fracture. Calculations must be performed to
determing if the decompression exhibits two-phase beha-
vior, and ap assessment must be made as to the applicability
of the arrgst equations where additional toughness may be
required. Dtherwise, mechanical crack arrestors [see (d)]
should be finstalled, or the Charpy toughness requirements
for arrest should be verified through experiments or addi-
tional calqulations.

NOTE: The|empirical equations specified in (c) were developed
using conventional line pipe nominal wall thicknesses. The user
of this Codp is advised that lowering of the test temperature to
below the hinimum design temperature is sometimes necessary
to accuratgly simulate the performance of materials when the
pipe nomirjal wall thickness is significantly greater than the size
of the test|specimens.

841.1.3 Limitations on Design Pressure, P, in
Para. 84].1.1. The design pressure obtained by the
formula ip para. 841.1.1 shall be reduced to conform
to the following:

(a) P fqr furnace buttwelded pipe shall not exceed thé
restrictions of para. 841.1.1 or 60% of mill test pressure,
whichever is the lesser.

(b) P shall not exceed 85% of the mill test pressure for
all other plipes provided; however, that pipe,umill tested to
a pressure less than 85% of the pressure‘required to
produce g hoop stress equal to the specified minimum
yield, may be retested with a milltype hydrostatic test
or tested|in place after installation. In the event the
pipe is reftested to a pressuré in excess of the mill test
pressure, then P shall not exceed 85% of the retest pres-
sure rath¢r than the initidl mill test pressure. It is man-
datory to yise aliquid as'the test medium in all tests in place
after instdllation where the test pressure exceeds the mill
test presdure. This paragraph is not to be construed to
allow an|operating pressure or design pressure in
excess of [thdt provided for by para. 841.1.1.

(c) In no case where the Code refers to the.spdcified
minimum value of a mechanical property\shall the
higher actual value of a property be substituted in the
steel pipe design formula given in parai841.1.1. [If the
actual value is less than the specified*minimum [value
of a mechanical property, the actuia) Value may beg used
where it is permitted by thé.Code, such as in [para.
817.1 regarding the reuse of:steel pipe.

841.1.5 Additional Requirements for Nominal Wall

Thickness, t, in Para 841.1.1

(a) The nominalwall thickness, ¢, required for pressure
containment as’determined by para. 841.1.1 may 1ot be
adequate for other forces to which the pipeline miay be
subjected:\[See para. 840.1(a).] Consideration shall also
be giyef to loading due to transportation or harjdling
of the'pipe during construction, weight of water during
testing, and soil loading and other secondary Joads
during operation. [See para. 841.1.11(e) for suggested
methods to provide additional protection.] Consideration
should also be given to welding or mechanical joining re-
quirements. Standard wall thickness, as prescrifed in
ASME B36.10M, shall be the least nominal wall thickness
used for threaded and grooved pipe.

(b) Transportation, installation, or repair of pipg shall
not reduce the wall thickness at any point to a thickness
less than 90% of the nominal wall thickness as determined
by para. 841.1.1 for the design pressure to which the pipe
is to be subjected.

841.1.6 Design Factors, F, and Location Classep. The
design factor in Table 841.1.6-1 shall be used for the flesig-
nated Location Class. All exceptions to basic design factors
to be used in the design formula are given in [[able
841.1.6-2.

841.1.7 Longitudinal Weld Joint Quality Factor, E.

841.1.4 Limitations on Specified Minimum Yield
Strength, S, in Para. 841.1.1

(a) If the pipe under consideration is not new pipe
purchased under a specification approved and listed in
this Code, the value of S may be determined in accordance
with one of the following:

(1) Svalue for new pipe qualified under para.811.2.2
(2) Svalue for reuse of steel pipe qualified under one
of the provisions of para. 817.1
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The longitudinal weld joint quality factor, E, shall be in
accordance with Table 841.1.7-1.

841.1.8 Temperature Derating Factor. The tempera-
ture derating factor shall be in accordance with
Table 841.1.8-1.
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Table 841.1.6-1
Basic Design Factor, F

Location Class Design Factor, F
Location Class 1, Division 1 0.80
Location Class 1, Division 2 0.72
Location Class 2 0.60
Location Class 3 0.50
Location Class 4 0.40

Table 841.1.6-2

Design Factors for Steel‘Pipe Construction

Location Class

Facility Div. 1 Div. 2 2 3 4

Pipelifjes, mains, and service lines [see para. 840.2.2] 0.80 0.72 0.60 0.5p 0.40
Crossipgs of roads, railroads without casing:

(f) Private roads 0.80 0.72 0.60 0.5p 0.40

(b) Unimproved public roads 0.60 0.60 0.60 0.5p 0.40

(F) Roads, highways, or public streets“with hard surface and railroads 0.60 0.60 0.50 0.5p 0.40
Crossihgs of roads, railroads with easing:

(f) Private roads 0.80 0.72 0.60 0.5p 0.40

(P) Unimproved public-roads 0.72 0.72 0.60 0.5p 0.40

(F) Roads, highways,, or public streets with hard surface and railroads 0.72 0.72 0.60 0.5p 0.40
Parall¢l encroaciment of pipelines and mains on roads and railroads:

(p) Private ‘roads 0.80 0.72 0.60 0.5p 0.40

(b) Uniniproved public roads 0.80 0.72 0.60 0.5p 0.40

(“\ Roads. hishwavs, or pnhlir streets with hard surface and railroads 0.60 0.60 0.60 05D 0.40
Fabricated assemblies [see para. 841.1.9(a)] 0.60 0.60 0.60 0.50 0.40
Pipelines on bridges [see para. 841.1.9(b)] 0.60 0.60 0.60 0.50 0.40
Pressure/flow control and metering facilities [see para. 841.1.9(d)] 0.60 0.60 0.60 0.50 0.40
Compressor station piping 0.50 0.50 0.50 0.50 0.40
Liquid removal equipment constructed of pipe and fittings without internal welding 0.50 0.50 0.50 0.50 0.40

[see section 836]

Near concentration of people in Location Classes 1 and 2 [see para. 840.3(b)] 0.50 0.50 0.50 0.50 0.40
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Table 841.1.7-1
Longitudinal Weld Joint Quality Factor, E

841.1.9 Additional Design Considerations

(a) Fabricated Assemblies

(1) General. When fabricated assemblies, such as
connections for separators, main line valve assemblies,
cross connections, river crossing headers, etc., are to
be installed in areas defined in Location Class 1, a
design factor of 0.6 is required throughout the assembly
and for a distance equal to the lesser of 5 diameters or 10 ft
(3 m) in each direction beyond the last fitting. A shorter

Spec. No. Pipe Class E Factor
ASTM A53 Seamless 1.00
Electric-resistance welded 1.00
Furnace-buttwelded, continuous weld 0.60
ASTM A106 Seamless 1.00
ASTM A134 Electric-fusion welded 0.80
ASTM A13 Electric-resistance welded 1.00
ASTM A139 Electric-fusion welded 0.80
ASTM A333 Seamless 1.00
Electric-resistance welded 1.00
ASTM A38]| Submerged-arc welded 1.00
ASTM A67] Electric-fusion welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
ASTM A672 Electric-fusion welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
ASTM A69] Electric-fusion welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
API Spec 51 Electric-resistance welded 1.00
Seamless 1.00
Submerged-arc welded (straight 1.00
seam or helical seam)
Furnace-buttwelded, continuous weld 0.60
Combination welded 1.00,

GENERAL NOTE: Definitions for the various classes of welded\pipe
are given in] para. 804.7.3.

Table 841.1.8-1
Temperature Derating: Factor,
T, for Steel Pipe

Temperature Derating

Temperpture, °F (°C) Factor, T
250 (1R1) or lower 1.000
300 (149) 0.967
350 (1Y7) 0.933
400 (294) 0.900
450 (2B2) 0.867

distance may be used provided that combined stresses are
considered in the design of the installation. Trarkition
pieces at the end of an assembly and elbows uged in
place of pipe bends are not considered fittings yinder
the requirements of this paragraph. Also see section 822.

(2) Design Considerations for,Pig Trap Fabricated
Assemblies. Pig traps shall be designed to alloyw the
safe insertion and removal of pigs and ILI tools required
for operation and integrity_mianagement of the pigeline.
The design shall include\sufficient instrumentatiop and
components to suppert procedures that addregs the
following:

(-a) The\tvap closure cannot be opened
portion of the'pig trap is pressurized above atmos
pressure,

(sb) The trap barrel length and piping/instrymen-
tation are sufficient to ensure that the pig or ILI togl will
clear the pig trap valve allowing it to be closed, that the
location of the pig in the trap can be confirmed, anfl that
pressure equalization around the pig can be monifored.

(-c) The pigtrap isolation from the pipeline should
be achieved by isolation valves that provide dduble-
sealing capabilities to minimize potential for leakdge.

(-d) The design shall include sufficient piping, in-
strumentation, and facilities to allow safe purging and
removal of gases, liquids, and solids from the pig trap
and safe handling of the pig or ILI tool.

(-e) The design of the assembly shall minimige the
potential for pigs passing from the trap into process piping
(e.g., use of barred tees, pig cages).

(b) Pipelines or Mains on Bridges. The design factpr for
pipelines or mains supported by railroad, vehitular,
pedestrian, or pipeline bridges shall be determined in
accordance with the Location Class prescribed fgr the
area in which the bridge is located. In Location Class 1,
however, a design factor of 0.6 shall be used.

(r) Dprnmprpccinn ('nnling When reduction nfprc ssure

f any
heric

GENERAL NOTE: For intermediate temperatures, interpolate for
derating factor.
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due to depressurization is anticipated to result in a signif-
icant reduction in the temperature of the piping system or
any portion thereof, the user of this Code is cautioned to
evaluate the effects of decompression and associated
cooling on material serviceability and induced stresses.
(d) Design of Metering and Pressure/Flow Control

(1) All piping and piping components, up to and
including the outlet stop valve(s) of individual meter
and pressure/flow control runs, shall meet or exceed
the maximum design pressure of the inlet piping

(22)
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system. Threaded reducing bushings should notbe used in
pressure/flow control facilities where they are subject to
high frequency piping vibrations. The design require-
ments of para. 840.3 and Table 841.1.6-2 apply to the
design requirements of this section.

(2) All piping shall be tested in accordance with
para. 841.3 and the Location Class requirements of
Table 841.1.6-2. Instrumentation devices such as trans-

mitters, recorders, controllers, etc., excluding testing in-
antation chanld bho tcalatnd fronn th o i g dirin g
strunjentation £ thepit H

(4) Sound pressure levels of 110 dBA and greater
shall be avoided to prevent damage to control equipment
and piping.

(5) Gasvelocities in piping should not exceed 100 ft/
sec (30 m/s) at peak conditions. Lower velocities are rec-
ommended. High gas velocities in piping increase turbu-
lence and pressure drop and contribute to excessive sound
pressure levels (aerodynamic noise) and can cause
internal piping erosion.

(h} Other (Mnnmnnnlnf—nvn] Concidaerationc foy Pressure/

~shewld-be-iselatedfromthe ping-during
the tgst. Test fluids shall be removed from piping and
piping components and the piping purged with natural
gas before placing the facilities in service.

3) The corrosion control measures in Chapter VI, as
apprqpriate, must be applied to meter and pressure/flow
contrpl piping.

(e)| Metering Facilities. Particular consideration and
attention shall be given to sizing meter run blowdowns
and/¢r flow-restricting plates for turbine and positive dis-
placement meters. Rapid depressurization of meter runs
can damage or destroy meters due to meter overspin and
high differentials and can endanger personnel.

(f) | Other (Nonmandatory) Considerations for Metering
Facilities
7) Meter proving reduces measurement uncer-
. Where meter design, size, and flow rate allows,
Her installing meter proving taps.

?) Upstream dry gas filter(s) should be considered
when|installing rotary or turbine meters. Particulates and
pipeline dust can contaminate meter lubricating oil-and
damajge bearings and other internal meter components.

(g)| Pressure/Flow Control Facilities
7) Overpressure protection shall be pfovided by the
use of one or more of the following:

(-a) a monitor regulator in series with a control-
ling regulator (each regulator run):

(-b) adequately sized relief-valve(s) downstream
controlling regulator(s)

(-c) overpressuresshutoff valve(s) upstream or
dowrnfstream of the controlling regulator(s). Installation
of alafm devices thatindicate primary (controlling) regu-
lator failure is useful)and should be considered for moni-
toring regulatersystems.

?) Each.regulator supply, control, and sensing line
shall havea-separate isolation valve for isolation purposes
durinjg regulator setup and maintenance and to prevent a

tainty
consi

of thg

Nonmandator S -Considerations o
Flow Control Facilities

(1) Filtration of gas, particularly for instrumnentation,
instrument regulators, etc., should be ‘considered where
particulate contaminants are a present or [potential
problem.

(2) Installation of coni€cal Teducers imediately
downstream of a regulator’or control valve will allow
a more gradual expansien' of gas to larger pliping and
reduce turbulence and“pressure drop during gas expan-
sion.

(i) Electrical Eacilities and Electronic Equipment for
Pressure/Flow.‘Control and Metering Facilities

(1) All electrical equipment and wiring ifstalled in
pressure/flow control facilities and metering facilities
shallkeonform to the requirements of NFPA 70 and
othér applicable electrical codes. Additional API and
AGA references are listed in Nonmandatory A|I:pendix C.

(2) Electronic control, monitoring, and gag measure-
ment equipment shall be properly grounded and isolated
from piping to help prevent overpressure/gccidental
shutoff situations caused by equipment failyre due to
lightning strikes and electrical transients and to
prevent safety hazards caused by fault currents| Electrical
isolation equipment for corrosion control [purposes
should not be installed in buildings unless specifically
designed to be used in combustible atmosphefres.

(3) Uninterruptible power sources or redundant
backup systems should be considered to help prevent
overpressure/unintentional shutoff situatiohs caused
by power outages.

(4) A useful reference for electronic gas|measure-
ments is API Manual of Petroleum Measurenpent Stan-
dards, Chapter 21 — Flow Measurement Using
Electronic Metering Systems, Section 1 — Electronic
Gas Measurement.

(j) Pipeline Installation by Directional Drilling

safety device (i.e., monitor, regulator] from becoming
unintentionally inoperable due to plugging or freezing
of instrument lines.

(3) Steps shall be taken to prevent the freezing-up
(internal and external) of regulators, control valves, in-
strumentation, pilot controls, and valve actuation equip-
ment caused by moisture saturated instrument air or gas,
pipeline gas, or external ambient conditions.
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(IJ Qualifications. Drilling contractors shall maintain
written design and installation procedures addressing
crossings to be completed by the directional drilling
method. Drilling equipment operators and personnel
responsible for establishing the location of the pilot
head and reamer during drilling operations shall be qual-
ified by training and experience in the implementation of
the contractor's procedures.
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(2) Geotechnical Evaluations. Geotechnical evalua-
tions should be considered at the crossing location to
establish subsurface conditions.

(3) Installation Forces and Stresses. Loads on, and
stresses in, the pipe string during installation shall be
evaluated to ensure protection of the pipe against
yielding, buckling, collapse, and undesired movement
of the pipe string due to the combined effects of external
pressure, friction, axial forces, and bending. (See

(U.S. Customary Units)

Tt e e ce— o haaatcoT

directio‘ 31 d:“'”‘“g rafarancac in l\lnnmnnAnf—nvy

Appendix|C.)

(4) RBrotective Coating. The frictional and abrasive
forces thdt may be exerted on the pipe coating during
installatipn shall be considered when specifying the
type of cpating system to be applied to the pipe and
weld joinfs. During installation, care shall be taken to
protect the quality and integrity of the external corrosion
coating.

(5) Additional Evaluation Measures. In addition to the
minimum|inspection and post-inspection testing require-
ments of|this Code, consideration shall be given to
performing the following additional measures on the
pipe string:
(-a) nondestructive examination of 100% of all
circumferential welds prior to installation

(-b) pressure testing (pretest) of the fabricated
pipe strinjg prior to installation

(-c) passingan internal sizing plate, caliper tool, or
instrumented inspection device through the pipe string
following [installation

(6) Damage Prevention. To minimize the potential for
damage to existing surface or subsurface structures,
design of|the crossing plan and profile shall(consider
the accurqcy of the methods to be employed-in locating
existing sﬂructures, maintaining required clearances from
existing sfructures, tracking the position.of the pilot head
and reamér during drilling operations,and tracking of the
reamer diyiring pullback.

Prior| to the commencement-of drilling operations,
the locatign of all subsurface‘strlictures in near proximity
to the desfgn drill path shall,»'where practical, be exposed
to permif a visual confirmation of the structure's
location.

Prior{to starting the reaming operation, considera-
tion shall be given to the potential impact of the operation
on all adjacent structures due to any realized deviations

_ 60x 107
(F x S)3 x 103
(SI Units)
N 9.8 x 10!
— (F 3)3 tO.S
where

F = design factor from Table 841.1.6-1

N = equivalent number of cycles during the expected
service life of the piping system

S = specified minimum yield _strength, psi (MPa),
stipulated in the specification under whigh the
pipe was purchased frem the manufactuger or
determined in accordance with paras.
817.1.3(h) and 841.1.4

t = nominal wall thickness, in. (mm)

The pipeline i§ considered not susceptible to fatigue in
the longitudirial seams due to pressure cycles if the|pipe-
line has been‘exposed to a hydrostatic test at a prgssure
level at least 1.25 times the MAOP, and the expectef life-
timeaecdmulation of full MAOP cycles is N or fewer, pr the
design factor, F, is 0.4 or less. For purposes of applying this
scCreening criterion, pressure cycles larger than 50%|of the
MAOP in magnitude should be counted as full MAOP
cycles. Seam welds that are not oriented parallel fo the
longitudinal axis of the pipe are exempt from the eyalua-
tion.

841.1.10 Protection of Pipelines and Mains From
Hazards

(a) When pipelines and mains must be installed ywhere
they will be subject to natural hazards, such as washouts,
floods, unstable soil, landslides, earthquake-rglated
events (such as surface faulting, soil liquefactior}, and
soil and slope instability characteristics), or other ¢ondi-
tions that may cause serious movement of, or abnprmal
loads on, the pipeline, reasonable precautions shpll be
taken to protect the pipeline, such as increasing the
nominal wall thickness, constructing revetments,
preventing erosion, and installing anchors.

(h) Where pipnlinnc and mains craoss areas that are

from the design path.

(k) Other (Nonmandatory) Considerations for Pressure
Cycle Fatigue of Longitudinal Pipe Seams. Line pipe longi-
tudinal seams are not generally regarded as susceptible to
fatigue due to operational pressure cycles in most natural
gas service. Evaluation of the potential for fatigue crack
growth due to pressure cycles is recommended for pipe
containinglongitudinal seams where the expected lifetime
accumulation of full MAOP cycles may exceed the
following number of occurrences:

normally under water or subject to flooding (i.e., lakes,
bays, or swamps), sufficient weight or anchorage shall
be applied to the line to prevent flotation.

(c) Because submarine crossings may be subject to
washouts due to the natural hazards of changes in the
waterway bed, water velocities, deepening of the
channel, or changing of the channel location in the
waterway, design consideration shall be given to
protecting the pipeline or main at such crossings. The
crossing shall be located in the more stable bank and

(22)
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bed locations. The depth of the line, location of the bends
installed in the banks, nominal wall thickness of the pipe,
and weighting of the line shall be selected based on the
characteristics of the waterway. In addition to the above
hazards, pipe exposed to cross-currents may be suscep-
tible to vortex-induced vibration (“vortex shedding”) in
some flow regimes. This can cause fatigue damage in
girth welds in the exposed spans. When these exposed
span conditions are encountered, analyses shall be under-
take o-determine—whethe his—phenomenon—is-antici
pated for the given pipe configuration and orientation
and the anticipated water velocity conditions. Should con-
ditior]s exist that could resultin the pipe undergoing vibra-
tion aind consequent fatigue damage, counteracting
measfires (burial, reburial, or vortex-shedding devices)
shall |be installed to reduce the potential for damage.
API RP 1133 may be used for additional guidance.

(d)| Where pipelines and mains are exposed, such as at
spang, trestles, and bridge crossings, the pipelines and
maing shall be reasonably protected by distance or barri-
cadegfrom accidental damage by vehicular traffic or other
causes.

(e)| When pipelines and mains are installed above grade
and exposed to cross-wind conditions, the pipelines and
maing shall be reasonably protected from vortex-induced
vibration. Such vibration can cause fatigue damage in girth
weldgin the exposed span. Analyses shall be undertaken to
determine whether this phenomenon is anticipated for the
given([pipe configuration and orientation and the full range
of naturally occurring wind conditions. Should conditions
existthat could resultin the pipe undergoing vibration and

anticipated external loads. In areas where farming or
other operations might result in deep plowing, in areas
subject to erosion, or in locations where future grading
is likely, such as at roads, highways, railroad crossings,
and ditch crossings, additional protection shall be
provided. [See (e) for suggested methods to provide addi-
tional protection.]

(c) Clearance Between Pipelines or Mains and Other
Underground Structures

allbe-atleast6in- Omtef clearance
wherever possible between any buried pipélinfe and any
other underground structure not used in conjuniction with
the pipeline. When such clearance cannot bq attained,
precautions to protect the pipe shalDbe takep, such as
the installation of casing, bridging, or insulating material.

(2) There shall be at least2)in. (50 mm) of{clearance
wherever possible betweenany buried gas majn and any
other underground structure not used in conjuniction with
the main. When suchcléarance cannot be attaindd, precau-
tions to protect thé:main shall be taken, such as{the instal-
lation of insulatihg material or casing.

(d) Casing~Requirements Under Railroads,
Roads, ordStreets. Casings shall be designed to withstand
the superimposed loads. Where there is a pogsibility of
water’entering the casing, the ends of the cdsing shall
be(sealed. If the end sealing is of a type that ill retain
the maximum allowable operating pressure of the
carrier pipe, the casing shall be designed for thif pressure
and at least to the design factor of 0.72. Venting of sealed
casings is not mandatory; however, if vents are installed
they should be protected from the weather tpo prevent

Highways,

cons¢quent fatigue damage, counteracting measures water from entering the casing. (Requirements|for cross-
(straltes, vibration dampeners, or other voftex-shedding ings within casing of railroads and highways ar¢ shown in
devicgs) shall be installed or the natural frequency of the Table 841.1.6-2.)
piping system changed to reduce the petential for damage.
841.1.11 Cover, Clearance, and Casing Requirements
for Bpried Steel Pipelines and Mains
(a)| Cover Requirementsfor-Mains. Buried mains shall be
installed with a cover netless than 24 in. (610 mm). Where e Table 841'1'1]:-1
this dover provisionannot be met, or where external Pipeline Cover Requirements
loadd may be exeessive, the main shall be encased, Cover, in. (mm|
bridgpd, or designed to withstand any such anticipated For Rock
external leads. Where farming or other operations Excavation |[Note (1)]
mighit résult in deep plowing, in areas subject to Pipe Size
erositn, or in locations where future grading is likely, NPS 20  [Pipe Size
such as road, highway, railroad, and ditch crossings, addi- (DN 500) Larger Than
tional protection shall be provided. [See (e) for suggested Location P[::(:(I(‘::i’(::il::ll Sn;::l(ller (gzssig)
methods to provide additional protection.] lass 1 24 (610) 12 (300) 18 (460)
(b) Cover Requirements for Pipelines. Except for
offshore pipelines, buried pipelines shall be installed 1255 2 30 (760) 18 (460) 18 (460)
with a cover not less than that shown in Table 841.1.11-1. Classes 3 and 4 30 (760) 24 (610) 24 (610)
Drainage ditch at public 36 (910) 24 (610) 24 (610)

Where these cover provisions cannot be met or where
external loads may be excessive, the pipeline shall be
encased, bridged, or designed to withstand any such
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roads and railroad
crossings (all locations)

NOTE: (1) Rock excavation is excavation that requires blasting.
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(e) Additional Underground Pipe Protection. The pipe
design factor, F, shall be in accordance with Table
841.1.6-2 for the crossing of roads and railroads. The
guidance provided by API RP 1102, Steel Pipelines
Crossing Railroads and Highways; or GRI Report No.
91/0284, Guidelines for Pipelines Crossing Highways;
or Gas Piping Technology Committee's Guide Material
Appendix G-15, Design of Uncased Pipelines Crossing
of Highways and Railroads, may be considered for

841.2 Installation of Steel Pipelines and Mains

841.2.1 Construction Specifications. All construction
work performed on piping systems in accordance with the
requirements of this Code shall be done under construc-
tion specifications. The construction specifications shall
cover all phases of the work and shall be in sufficient
detail to cover the requirements of this Code.

841.2.2 Inspection Provisions

design ang-nstallatien-of pipeline-erossine—Thepipeline
operator ghall evaluate the need for extending additional
pipe proté¢ction over the pipeline when the road or rail-
road rightrof-way width is undefined based on anticipated
loading frgm traffic or heavy equipment performing main-
tenance aftivities adjacent to the road or railroad.

Varying degrees of additional protection from third-
party damage to a buried main or pipeline crossing
within (o1] parallel to) the right-of-way of road or railroad
may be achieved using the following techniques, or
variants thereof, singly or in combination:

(1) A physical barrier or marker may be installed
above or around the pipe (see para. 851.7). If a physical
barrier is fised, the potential conflict with the right-of-way
maintenapce activities should be recognized. Physical
barrier oif marker methods include

(-al) a concrete or steel barrier placed above the

(-
the pipe
pipe elevs

(-c
concrete

(-d) extra depth of cover additional to that
required In (b)

(-] buried high-visibility warning\tape placed
parallel tg and above the pipe

(-f] pipe casing [see (d) and para. 861.1.6]

(2) A heavier wall thickness-thah is required by the
pipe design factor, F, in accordance-with Table 841.1.6-1 or
Table 841.1.6-2.

(3) Bipeline alignmentshould be as straight and per-
pendiculaf to the road or railroad alignment as possible to
promote reliable marking of the pipe location through the
right-of-way and‘at-the right-of-way limits.

Additiopal underground pipe protection shall be used in
conjunctjon’with an effective educational program

pipe
a concrete slab placed vertically adjacent to
bn each side and extended above the top of
tion

damage-resistant coating material, such as

(a) The operating company shall provide Sujtable
inspection. Inspectors shall be qualified either.by experi-
ence or training. The inspector shall have the authority to
order the repair or removal and replacement df any
component found that fails to meet the standaifds of
this Code.

(b) The installation inspectiatrprovisions for pipglines
and other facilities to operate.at hoop stresses of 20% or
more of the specified minimum yield strength shpll be
adequate to make possible at least the following irnspec-
tions at sufficiently frequent intervals to ensure|good
quality of workmanship:

(1) Inspect the surface of the pipe for serious syirface
defects just prior to the coating operation.|[[See
para. 841.2.4(b)(1).]

(2)7Inspect the surface of the pipe coating ap it is
lowered into the ditch to find coating lacerations thaf indi-
cate the pipe might have been damaged after being cpated.

(3) Inspect the fitup of the joints before the weld is
made.

(4) Visually inspect the stringer beads before qubse-
quent beads are applied.

(5) Inspect the completed welds before thdy are
covered with coating.

(6) Inspect the condition of the ditch bottorh just
before the pipe is lowered in, except for offshore pipglines.

(7) Inspectthe fit of the pipe to the ditch before|back-
filling, except for offshore pipelines.

(8) Inspect all repairs, replacements, or ch
ordered before they are covered.

(9) Perform such special tests and inspections ps are
required by the specifications, such as nondestricctive
testing of welds and electrical testing of the protective
coating.

(10) Inspect backfill material prior to us
observe backfill procedure to ensure no damage d

hnges

b and
ccurs

(para. 850.4.4), periodic surveillance of pipelines (para.
851.1), pipeline patrolling (para. 851.2), and utilization
of programs that provide notification to operators
regarding impending excavation activity, if available.

841.1.12 Design Factors Summary. Design factors are
summarized in Table 841.1.6-2.
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to the coating im tie process of backiiing:

841.2.3 Bends, Miters, and Elbows in Steel Pipelines
and Mains. Changes in direction may be made by the use of
bends, miters, or elbows under the following limitations:

(a) Bends

(1) A bend shall be free from buckling, cracks, or
other evidence of mechanical damage.

(2) The maximum degree of bending on a field cold
bend may be determined by either method in
Table 841.2.3-1. The second column expresses the

(22)
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Table 841.2.3-1
Pipeline Field Cold Bend Requirements

Maximum Minimum
Deflection of Radius of
Longitudinal Bend in Pipe
Nominal Pipe Size Axis, deg Diameters
NPS 12 (DN 300) and
smaller 3.2 18D
NPS 14 (DN 350) 2.7 21D

(3) In systems intended to operate at hoop stress
levels of less than 10% of the specified minimum yield
strength, the total deflection angle at each miter shall
not exceed 90 deg.

(4) In systems intended to operate at hoop stress
levels of 10% or more of the specified minimum yield
strength, the minimum distance between miters
measured at the crotch shall not be less than one pipe
diameter.

NPS T@N—%—H—Z—@—@—G&m—sh&ﬂ—bﬁaken—ﬁhmakmg—m&mi joints to
NPS 18 (DN 450) 21 27D provide proper spacing and alignment and‘full penetra-

NPS 20 (DN 500) and larger 1.9 30D

maximum deflection in an arc length equal to the nominal
outsifle diameter, and the third column expresses the
minithum radius as a function of the nominal outside
diaméter.
3) A field cold bend in pipe sizes NPS 12 or larger
may he made to a shorter minimum radius than permitted
in Talple 841.2.3-1, provided the completed bend meets all
other{requirements of para. 841.2.3, and the wall thick-
ness dfter bending is not less than the minimum permitted
by pafa. 841.1.1. This may be shown through appropriate
testing.
4) For pipe smaller than NPS 12 (DN 300), the re-
quirements of Table 841.2.3-1 and para. 841.2.3 must be
met, gdnd the wall thickness after bending shall not be less
than the minimum permitted by para. 841.1.1. This maybe
showh through appropriate testing.
5) Except for offshore pipelines, when a cireumfer-
entialweld occurs in abend section, it shall be'stibjected to
radiography examination after bending.
6) Wrinkle bends shall not be used.
7) Incidental ripples in the pipe,surface may occur
along| the inside radius during thie forming of cold field
bendg in some pipe. Ripples haying a dimension measured
from peak to valley not excéeding 1% of the pipe outside
diameter are considered\acceptable for all gas service.
Larger ripples may be-permitted based on an engineering
analypis that considers the effects of pipeline construction
and dperation onthe reliability of pipe affected by such
features. In addition, the bend shall meet all other provi-
sions|of this-section.

(b)| Miters. Mitered bends are permitted, provided the

follow ing limitations are met:

tion.

(c) Elbows. Factory-made, wrought-stee| welding
elbows or transverse segments cut{therefrom may be
used for changes in direction;yprovided that the arc
length measured along the €érotch is at least| 2 in. (50
mm) on pipe sizes NPS 4 (DN 100) and larger.

(d) Segmented Bends‘and Elbows. Factory-mpde bends
and elbows may be cut(segmented) to enable ¢hanges in
direction providedithat the alignment of the resiting field
butt weld meets the requirements of para. 822.1. Bends
and elbows intended to be segmented shall be procured
for this pdppoese with additional dimensional dontrols to
meet inside diameter, outside diameter, and out of round-
ness*(or ovality) tolerances, after cutting, to arhieve ac-
ceptable end preparations. Refer to paras. 831.8.1(b) and
831.3.1(c).

841.2.4 Pipe Surface Requirements Applicable to
Pipelines and Mains to Operate at a Hoop [Stress of
20% or More of the Specified Minimum Yield|Strength.
Gouges, grooves, and notches have been foundl to be an
important cause of pipeline failures, and all harmful
defects of this nature must be prevented, eliminated,
or repaired. Precautions shall be taken duringl manufac-
ture, hauling, and installation to prevent the gouging or
grooving of pipe.

(a) Detection of Gouges and Grooves

(1) The field inspection provided on each jpb shall be
suitable to reduce to an acceptable minimum the chances
that gouged or grooved pipe will get into the finifhed pipe-
line or main. Inspection for this purpose just allead of the
coating operation and during the lowering-in and backfill
operation is required.

(2) When pipe is coated, inspection shall he made to
determine that the coating machine does nhot cause
harmful gauges Qr groqves

(1) In systems intended to operate at hoop stress
levels of 40% or more of the specified minimum yield
strength, mitered bends are not permitted. Deflections
caused by misalignment up to 3 deg are not considered
as miters.

(2) In systems intended to operate at hoop stress
levels of 10% or more but less than hoop stress levels
of 40% of the specified minimum yield strength, the
total deflection angle at each miter shall not exceed
12Y%, deg.

(3) Lacerations of the protective coating shall be
carefully examined prior to the repair of the coating to
determine if the pipe surface has been damaged.

(b) Field Repair of Gouges and Grooves

(1) Injurious gouges or grooves shall be removed.

(2) Gouges or grooves may be removed by grinding
to a smooth contour, provided that the resulting wall
thickness is not less than the minimum prescribed by
this Code for the conditions of usage. [See para.
841.1.5(b).]
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(3) When the conditions outlined in (2) cannot be
met, the damaged portion of pipe shall be cut out as a
cylinder and replaced with a good piece. Insert patching
is prohibited.

(c) Dents

(1) A dent may be defined as a depression that
produces a gross disturbance in the curvature of the
pipe wall (as opposed to a scratch or gouge, which
reduces the plpe wall thlckness) The depth of a dent
shall be nreast ; ;
of the dent and a prolongatlon of the orlglnal contour
of the pipe in any direction.

(2) A dent, as defined in (1), that contains a stress
concentraor such as a scratch, gouge, groove, or arc burn
shall be removed by cutting out the damaged portion of the
pipe as a[cylinder.

(3) All dents that affect the curvature of the pipe at
the seam [weld or any girth weld shall be removed. All
dents thaft exceed a maximum depth of ¥, in. (6 mm)
in pipe NPS 12 (DN 300) and smaller or 2% of the
nominal pipe diameter in all pipe greater than NPS 12
(DN 300)|shall not be permitted in pipelines or mains
intended|to operate at hoop stress levels of 40% or
more of the specified minimum yield strength. When
dents arg removed, the damaged portion of the pipe
shall be cyt outas a cylinder. Insert patching and pounding
out of the dents is prohibited.

(d) Noltches

(1) Notches on the pipe surface can be caused by
mechanical damage in manufacture, transportation, hand-
ling, or in§tallation, and when determined to be mechani-
cally cauged, shall be treated the same as gouge§ and
grooves [$ee (a)].

(2) Ytress concentrations that may, or, may not
involve a|geometrical notch may also be-created by a
process involving thermal energy in\which the pipe
surface if heated sufficiently to chahge its mechanical
or metallurgical properties. These’ imperfections are
termed "Eetallurgical notches:”’Examples include an
arc burn produced by aceidental contact with a
welding electrode or a grinding burn produced by exces-
sive force|on a grinding wheel. Metallurgical notches may
result in ¢ven more'Severe stress concentrations than a
mechanical notchyand shall be prevented or eliminated in
all pipelines ifitended to operate at hoop stress levels of
20% or mjore-of the specified minimum yield strength.

repair is prohibited, and the portion of pipe containing
the arc burn must be cut out as a cylinder and replaced
with a good piece. Insert patching is prohibited. Care shall
be exercised to ensure that the heat of grinding does not
produce a metallurgical notch.

841.2.5 Miscellaneous Operations Involved in the
Installation of Steel Pipelines and Mains

(a) Handlmg, Haulmg, andStrmgmg Care shall be taken
r s s andling,
hauling, unloadlng, and placmg the pipe sorasiqot to
damage the pipe.
(b) Installation of Pipe in the Ditch. On-pipélines|oper-
ating at hoop stress levels of 20% or more'of the spdcified
minimum yield strength, it is important that strjesses
imposed on the pipeline by construction be minirhized.
Except for offshore pipelines; the pipe shall f{t the
ditch without the use ofrexternal force to hold it in
place until the backfill isieompleted. When long segtions
of pipe that have been welded alongside the ditdh are
lowered in, care shall be exercised so as not tq jerk
the pipe or imp0s¢ any strains that may kink or [put a
permanentbehnd in the pipe. Slackloops are not prohjbited
by this paragraph where laying conditions render| their
use advisable.
(c).~Backfilling
(1) Backfilling shall be performed in a manger to
provide firm support under the pipe.
(2) If there are large rocks in the material to bg used
for backfill, care shall be used to prevent damage o the
coating by such means as the use of rock shield mateijial, or
by making the initial fill with rock-free material sufficient
to prevent damage.
(3) Where the trench is flooded to consolidate the
backfill, care shall be exercised to see that the pjipe is
not floated from its firm bearing on the trench boftom.

841.2.6 Hot Taps. All hot taps shall be installpd by
trained and experienced crews.

841.2.7 Precautions to Avoid Explosions of Gas-Air
Mixtures or Uncontrolled Fires During Construction
Operations

(a) Operations such as gas or electric weldin
cutting with cutting torches can be safely performed
on pipelines, mains, and auxiliary equipment, proyvided

b and

(e) Elimination of Arc Burns. 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 prescribed by
this Code for the conditions of use.! In all other cases,

! Complete removal of the metallurgical notch created by an arc burn
can be determined as follows: after visible evidence of the arc burn has
been removed by grinding, swab the ground area with a 20% solution of
ammonium persulfate. A blackened spot is evidence of a metallurgical
notch and indicates that additional grinding is necessary.
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that they are completely full of gas or air that is free
from combustible material. Steps shall be taken to
prevent a mixture of gas and air at all points where
such operations are to be performed.

(b) When a pipeline or main can be kept full of gas
duringawelding or cutting operation, the following proce-
dures are recommended:

(1) Keep aslight flow of gas moving toward the point
where cutting or welding is being done.
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(2) Controlthe gas pressure at the site of the work by
a suitable means.

(3) After a cut is made, immediately close all slots or
open ends with tape, tightly fitted canvas, or other suitable
materials.

(4) Do notpermittwo openings to remain uncovered
at the same time. This is doubly important if the two open-
ings are at different elevations.

source-e+g 6H d Het+Be-ao0He-ohaPiPpe 5 d
auxilipry apparatus that contains air, if it is connected to a
source of gas, unless a suitable means has been provided to
prevent the formation of an explosive mixture in the work
area.

(d)| Insituations where welding or cutting must be done
on fafilities that are filled with air and connected to a
sourg¢e of gas, and the precautions recommended
abov¢ cannot be taken, one or more of the following
precautions, depending on circumstances at the jobsite,
are syiggested:
7) purging of the pipe or equipment upon which
welding or cutting is to be done with an inert gas or contin-
uous purging with air in such a manner thata combustible
mixtyre does not form in the facility at the work area
) testing of the atmosphere in the vicinity of the
zone fo be heated before the work is started and at inter-
vals as the work progresses with a combustible gas indi-
cator|or by other suitable means
3) careful verification before and during the work
ensuring that the valves that isolate the work frem a
source of gas do not leak

(e)| Purging of Pipelines and Mains
7) When a pipeline or main is to be placedin service,
the alr in it shall be displaced. The following are some
acceptable methods:
(-a) Method 1. Introduce a-moderately rapid and
continuous flow of gas into one end-of the line and vent the
air ofit the other end. The gas_flow shall be continued
withdut interruption until-the vented gas is free of air.
(-b) Method 2. If thevent is in a location where the
releage of gas into thé atmosphere may cause a hazardous
condition, then afslig of inert gas shall be introduced
betwgen the gas and air. The gas flow shall then be
continued without interruption until all of the air and
inert{gas”have been removed from the facility. The
vented ‘gases shall be monitored and the vent shall be

(3) If a pipeline or main containing gas is to be
removed, the operation may be carried out in accordance
with (b), or the line may be first disconnected from all
sources of gas and then thoroughly purged with air,
water, or inert gas before any further cutting or
welding is done.

(4) If a gas pipeline, main, or auxiliary equipment is
to be filled with air after having been in service, and there
is a reasonable possibility that the inside surfaces of the

writh-velatile-infla iquid, or if
such liquids might have accumulated in’ low places,
purging procedures designed to meet this|situation
shall be used. Steaming of the facility untilall combustible
liquids have been evaporated and swept out[is recom-
mended. Filling of the facilityywith an inert gas and
keeping it full of such gas during the progr¢ss of any
work that may ignite an eXplosive mixture in the facility
is an alternative recommendation. The poskibility of
striking static sparks.within the facility must ngt be over-
looked as a possible source of ignition.

(f) Whenever the accidental ignition in the qpen air of
gas-air mixture may be likely to cause personal injury or
property damage, precautions, such as the folloying, shall
be taken:

(1) Prohibit smoking and open flames in|the area.

(2) Install ametallic bond around the locatjion of cuts
i gas pipes to be made by means other thgn cutting
torches.

(3) Take precautions to prevent static
sparks.

(4) Provide a fire extinguisher of approy
and type, in accordance with NFPA 10.

blectricity

riate size

841.3 Testing After Construction

841.3.1 General Provisions. All piping systerps shall be
tested after construction to the requirements of this Code
except for pre-tested fabricated assemblies afjd welded
tie-in connections where post construction tie-in
testing is not practical.

Additionally, single lengths or multiple weldg¢d lengths
of pipe previously tested in accordance with this Code for
the purposes of repair or replacement do not|require a
post construction retest.

(a) The circumferential welds associdted with
connecting pretested assemblies, pretested r¢pair pipe
lengths or sections, and welded tie-in conne¢tions not

closed before any substantial quantity of combustible
gas is released to the atmosphere.

(2) In cases where gas in a pipeline or main is to be
displaced with air and the rate at which air can be supplied
to the line is too small to make a procedure similar to but
the reverse of that described in (1) feasible, a slug of inert
gas should be introduced to prevent the formation of an
explosive mixture at the interface between gas and air.
Nitrogen or carbon dioxide can be used for this purpose.
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pressure tested after construction in accordance with
para.841.3.2 or para. 841.3.3 or leak tested after construc-
tion in accordance with para. 841.3.4 or para. 841.3.5 shall
be examined by radiography, ultrasonics, magnetic
particle, or other comparable and accepted nondestruc-
tive methods in accordance with paras. 826.3(c) and
826.3(d).

(b) Nonwelded tie-in connections not pressure tested
after construction shall be leak tested at not less than the
pressure available when the tie-in is placed into service.
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(c) Pressure testing with aliquid test medium, typically
water (i.e., hydrostatic test), is recommended whenever
possible. However, it is recognized that certain conditions
may require pneumatic testing. When testing is pneu-
matic, the test pressure shall not exceed the maximum
values stated in Tables 841.3.2-1 and 841.3.3-1.

The user is cautioned that the release of stored energy in
a pneumatic test failure can be significantly more hazard-
ous than a similar failure with water. When testing pneu-

a—formalrisk-assessmentis—+recompended

provide testing flexibility while limiting test pressures
between the minimum test pressure and the selected
maximum test pressure.

(h) Where water is used as the test medium, provisions
shall be made to remove residual test water. Residual
water could potentially be corrosive or cause operational
problems such as freezing at pressure regulating equip-
ment.

Additional information regarding treatment of residual

flaide for dntarnal coppracion pvnvynhf enmavbefound in

T o T Trorca S5 eSS e e co e aeos;

matically
wherein 1fisks are identified, and appropriate mitigating
measuresfand practices are identified and implemented to
minimize [these additional risks.

When festing with flammable gases, a formal risk
assessment shall be prepared and appropriate mitigating
measures| and practices shall be identified and imple-
mented t¢ minimize the release of flammable gases. In
addition, fontingency site-specific emergency response
plans shall be developed and reviewed with local emer-
gency response agencies for use in the event of an
unplanned release of flammable gases.

Further| guidance regarding pneumatic testing may be
found in ASME PCC-2, Article 501. Testing with a fluid that
can undergo a phase change between ambient and test
conditions is prohibited.

(d) Whlen pipeline systems are installed in unstable
soils or the mass of the test medium contributes to addi-
tional stresses in the pipeline system, the stresses and
reactions|due to expansion, longitudinal pressure, and
longitudinal bending shall be investigated prior to
testing. This investigation shall confirm that the test pres-
sures and loads do not produce unacceptable strésses,
strains, deflections, or other conditions that could
adversely| impact the ability of the system to perform
as requirgd.

(e) Tesk planning shall consider pressure test medium
temperatyres and duration of testing‘eperations to limit
damage tp pipe from freezing of\the test medium and
prevent detrimental pipeline defermation due to destabi-
lization of permafrost soils.

(f) Each test assembly{(a-fabrication that is not part of
the permanent facility used for filling, pressuring and
monitorirg the test)shall be designed, fabricated, and
installed

at the ant

............................. rtionmay-befot
International Pipeline Conference paper IPC20124900308,
“Pressure Test Planning to Prevent Internal Gorrésion by
Residual Fluids.”

(i) Prior to placing the pipeline in service, purge
gas to displace the air and remove any potentially ¢
sive air-gas mixture. See para. 841.2.7(e).

with
xplo-

841.3.2 Pressure Test Requirements to Rrove
Strength of Pipelines and-Mains to Operate at Hoop
Stresses of 30% or More of the Specified Minimum
Yield Strength of the-Pipe. The following are prgssure
test requirements to prove strength of pipelinefs and
mains to operdte )at hoop stresses of 30% or mgre of
the specified minimum yield strength of the pipe:

(a) The permissible pressure test media are stafed in
Table 841.3.2-1. The recommended test medium is yater.
Sour\gas as defined in section B803 and flammable gas
may only be used for testing purposes in Location
Class 1, Division 2 locations. When either of these
media are used, the public shall be removed to § safe
distance during the test and testing personnel shpll be
equipped with appropriate personal protective gquip-
ment. Both sour gas and flammable gas tests |must
meet the test pressure limitations per Table 841.3.3-1.

(b) The pressure test medium requiremerfts of
Table 841.3.2-1 for the pressure testing of pipelies in
Class Locations 3 and 4 need not apply if, at the time
the pipelines are first ready for pressure testing, one
or both of the following conditions exist:

(1) Ground temperature at pipe depthsis sufficiently
low during the test to cause the test medium to change
state and cause damage or blockage that would dgmage
the pipe or invalidate the test, and use of chemical freeze
depressants is not possible.

in accordance with the provisions of this . .
. (2) Approved water of satisfactory quality {s not
Code. Eadh testiassembly shall be designed to operate . . - .
Sated maximum test pressure. The operator reasonably available in sufficient quantity.
cipa p ' p (r) Where one orboth ofthe conditionsin (h) exigt, it is

is encouraged to consider pretesting of the test assembly
prior to its use to reduce risk to testing personnel.
Pretesting of the test assembly is required when the pres-
sure testistobe conducted with a sour gas medium. Subse-
quent retesting prior to reuse should be considered if the
test assembly is suspected to have undergone damage
during or between tests.

(g) Test assemblies should be located considering
accessibility, sources of test medium, and the elevation
profile of the test segment. Selected locations should
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permissible to pressure test pneumatically with a
nonflammable, nontoxic gas, provided that all of the
following conditions exist:

(1) The maximum hoop stress during pressure
testing is less than 50% of the specified minimum
yield strength in Class 3 Locations, and less than 40%
of the specified minimum yield strength in Class 4 Loca-
tions.
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Table 841.3.2-1
Test Requirements for Steel Pipelines and Mains to Operate at Hoop Stresses of 30% or More
of the Specified Minimum Yield Strength of the Pipe

Maximum Pressure Test Prescribed
Design Factor, Permissible Test Maximum Allowable Operating
Location Class F Medium Minimum Maximum Pressure, the Lesser of
1, Division 1 0.8 Water 1.25 x MOP None TP/1.25 or DP
1, Division 2 0.72 Water 1.25 x MOP None TP/1.25 or DP
0.72 Air or gas [Note (1)] 1.25 x MOP 1.25 x DP TP/1.25 or DP
2 66 Yrater 25— MOP Nomre FPAH250rBH
0.6 Air [Note (1)] 1.25 x MOP 1.25 x DP TP/1.25 ,or DH
3 [Notg (2)] 0.5 Water [Note (3)] 1.50 x MOP None TP/1.5 or'DP
4 0.4 Water [Note (3)] 1.50 x MOP None TP/1.57or DP
Legend:
P = design pressure
MOP = maximum operating pressure (not necessarily the maximum allowable operating pressure)
[P = test pressure

GENEHRAL NOTES:

(a) THis Table defines the relationship between test pressures and maximum allowable operating.pressures subsequent to the test. If an
oflerating company decides that the maximum operating pressure will be less than the design pressure, a corresponding feduction in
thp prescribed test pressure may be made as indicated in the Pressure Test Prescribed, Minimum column. If this reduced tgst pressure
is used, however, the maximum operating pressure cannot later be raised to the desighpressure without retesting the line to 4 higher test
pressure. See paras. 805.2.1, 845.2.2, and 845.2.3.

(b) Ggs piping within gas pipeline facilities (e.g., meter stations, regulator stations, vent piping, etc.) is to be tested and the maximujm allowable
operating pressure qualified in accordance with para. 841.3 and Tables 841.3.2*1 and 841.3.3-1 subject to the appropriate location class,
dgsign factor, and test medium criteria.

(c) When testing pneumatically, the user of this Code is cautioned to evaluatesthe ability of the piping system to resist propagatipg brittle or
dyctile fracture at the maximum stress level to be achieved duringthe test.

NOTESY:

(1) When pressure testing pneumatically, see para 841.3.1(c), paras. 841.3.2(a) through 841.3.2(c), and Table 841.3.3-1.
(2) Cqmpressor station piping shall be tested with water to Location Class 3 pipeline requirements as indicated in para. 843.4

(3) Fdr exceptions, see paras. 841.3.2(b) and 841.3.2(c).

?) The maximum pressure at which the pipeline is
to be pperated does not exceed 80% ofithe maximum field
test gressure.

3) The pipe involved has beenconfirmed to be fit for
eand has alongitudinal weld joint quality factor, E of
1.00 (see Table 841.1.7-1).

(d)| Before being placéd'in service, a newly constructed
pipeline system shall’be strength tested for a minimum
peridd of 2 hr af a ‘'minimum pressure equal to or
greater than thatspecified in Table 841.3.2-1 after stabi-
lizatipn of temperatures and surges from pressuring
operdtions_has been achieved. The minimum pressure
shall |bé&sebtained and held at the highest elevation in

servi

1(0).

(g) Other provisions of this Code notwith
pipelines and mains crossing highways and|railroads
may be pretested independently or tested in cgnjunction
with the adjoining pipeline segments in the sanje manner
and to the same pressure as the pipeline on eachjside of the
crossing.

(h) Other provisions of this Code notwitljstanding,
fabricated assemblies, including main line valye assem-
blies, cross connections, river crossing heaflers, etc.,
installed in pipelines in Location Class 1 and| designed
in accordance with a design factor of 0.60 ag required
in para. 841.1.9(a), may be pretested independently or
tested in conjunction with the adjoining pipelind segments

standing,

the plpetine systent

(e) Test requirements as a function of Location Class
are summarized in Table 841.3.2-1.

(f) In selecting the test pressure, the designer or oper-
ating company should be aware of the provisions of
section 854 and the relationship between test pressure
and operating pressure when the pipeline experiences
a future increase in the number of dwellings intended
for human occupancy.
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as Tequired for Location Class T

(i) Operating companies shall retain, in their files, for
the useful life of each pipeline and main, records showing
the procedures used and the data developed in estab-
lishing the maximum allowable operating pressure of
that pipeline or main. Refer to Nonmandatory
Appendix N, section N-7 for a list of suggested records
for retention.

(22)
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Table 841.3.3-1
Maximum Hoop Stress Permissible
During an Air or Gas Test

Location Class, Percent of
Specified Minimum Yield

Strength
Test Medium 2 3 4
Air or nonflammable nontoxic gas 75 50 40
Flammable gas 30 30 30

(b) Gas may be used as the test medium at the
maximum pressure available in the distribution system
at the time of the test. In this case, the soap bubble
test may be used to locate leaks if all joints are accessible
during the test.

(c) Testing at available distribution system pressures
as provided for in (b) may not be adequate if substantial
protective coatings are used that would seal a split pipe
seam. If such coatings are used, the leak test pressure shall

GENERAL NOTE: Refer to para. 841.3.2(c).

841.3.3( Tests Required to Prove Strength for Pipe-
lines and Mains to Operate at Hoop Stress Levels of
Less Than 30% of the Specified Minimum Yield Strength
of the Pige, but in Excess of 100 psig (690 kPa). Steel
piping that is to operate at hoop stress levels of less
than 30% of the specified minimum yield strength in
Class 1 Locations shall at least be tested in accordance
with parg 841.3.4. In Class 2, 3, and 4 Locations, such
piping shall be tested in accordance with Table
841.3.2-1] except that testing may be pneumatic within
the maximum limits set in Table 841.3.3-1.

841.3.4{ Leak Tests for Pipelines or Mains to Operate
at 100 psjg (690 kPa) or More

(a) Ea¢h pipeline and main shall be tested after
construction and before being placed in operation to
demonstrate that it does not leak. If the test indicatés
that a leak exists, the leak or leaks shall be located and
eliminatefl, unless it can be determined that noindue
hazard to[public safety exists.

(b) The test procedure used shall becapable of
disclosing all leaks in the section being tested and
shall be selected after giving due consideration to the volu-
metric content of the section and to its location. This
requires the exercise of responsible and experienced
judgement, rather than numerical precision.

(c) In all cases whereja.line is to be stressed in a
strength jproof test to a‘hoop stress level of 20% or
more of fhe specifiedsminimum yield strength of the
pipe, and testing{s pneumatic, a leak test shall be
made at a pressure in the range from 100 psig (690
kPa) to thatrequired to produce a hoop stress of 20%

Do

841.3.6 Safety During Tests. All testing of pipglines
and mains after construction shall be dene)with due
regard for the safety of employees and”the public
during the test. When air or gas is used, suitable|steps
shall be taken to keep persons-not working op the
testing operations out of thestesting area whep the
hoop stress is first raised from 50% of the spefified
minimum yield to the maXimum test stress, and| until
the pressure is reduced to’the maximum operating|pres-
sure.

841.4 Commissioning of Facilities

841.4.1 General. Written procedures shall be ¢stab-
lished for\commissioning. Procedures shall consider
the chdracteristics of the gas to be transported, the
needtoisolate the pipeline from other connected facilities,
and the transfer of the constructed pipeline to those
tésponsible for its operation.

Commissioning procedures, devices, and fluids sHall be
selected to ensure that nothing is introduced into the pipe-
line system that will be incompatible with the gas|to be
transported, or with the materials in the pipeline cqmpo-
nents.

841.4.2 Cleaning and Drying Procedures. Cons]dera-
tion shall be given to the need for cleaning and drying the

pipe and its components beyond that required for removal
of the test medium.
841.4.3 Functional Testing of Equipment and

Systems. As a part of commissioning, all pipeling and
compressor station monitor and control equipment
and systems shall be fully function-tested, especially
including safety systems such as pig trap interlocks,|pres-
sure and flow-monitoring systems, and emergency|pipe-
line shutdown systems. Consideration should also be

of the mimimumnT prLifiUL‘l _yit:h,‘l, or—thetme—shattbe
walked while the hoop stress is held at approximately
20% of the specified minimum yield.

841.3.5 Leak Tests for Pipelines and Mains to Operate
at Less Than 100 psig (690 kPa)

(a) Each pipeline, main, and related equipment that
will operate at less than 100 psi (690 kPa) shall be
tested after construction and before being placed in opera-
tion to demonstrate that it does not leak.

given to performing a finat test ot pipetine valves
before the gas is introduced to ensure that each valve
is operating correctly.

841.4.4 Start-Up Procedures and Introduction of
Transported Gas. Written start-up procedures shall be
prepared before introducing the transported gas into
the system and shall require the following:

(a) the system be mechanically complete and opera-
tional

(b) all functional tests be performed and accepted
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(c) all necessary safety systems be operational

(d) operating procedures be available

(e) a communications system be established

(f) transfer of the completed pipeline system to those
responsible for its operation

841.4.5 Documentation and Records. The following
commissioning records shall be maintained as permanent
records:

(a) cleaning and drying procedures

Installation of Mechanical Joints” in ANSI/AWWA
C111/A21.11.

(2) Other joints. Ductile iron pipe may be furnished
with other types of joints provided they are properly qual-
ified and meet the appropriate provisions of this Code.
Such joints shall be assembled in accordance with appli-
cable standards or in accordance with the manufacturer's
written recommendations.

(3) Threaded Joints. The use of threaded joints to
mmended.

(b)| cleaning and drying results
(c)|function-testing records of pipeline monitoring
(d)| control equipment systems

(e)| completed prestart checklist

842 OTHER MATERIALS

842.1 Ductile Iron Piping Systems Requirements

842.1.1 Ductile Iron Pipe Design
(@)
iron
meth

Determination of Required Wall Thickness. Ductile
pipe shall be designed in accordance with the
pds set forth in ANSI/AWWA C150/A21.50.

(b)| Allowable Values of s and f. The values of design
hoop| stress, s, and design bending stress, f, at the
bottom of the pipe, to be used in the equations given
in ANSI/AWWA C150/A21.50, are

s = 16,800 psi (116 MPa)

f = 36,000 psi (248 MPa)

(c)|Standard Ductile Iron Strength and Conformance to
ANSIA21.52. Ductile iron pipe shall be. (60-42-10) grade
and ghall conform to all requirements of ANSI A21.52.
Gradeg (60-42-10) ductile iron has.the following mechan-
ical properties:

Parameter
60,000 psi (414 MPa)
42,000 psi (290 MPa)

10%

Propefty

Minimpm tensile strength
Minimpm yield strength

Minimfim elongation

(d)| Allowable Thickness for Ductile Iron Pipe. The least
ductile iron pipe thicknesses permitted are the lightest

842.1.2 Installation of Ductile Iron Pipe

(a) Laying.Ductile iron pipe shall be laid in apcordance
with the applicable field conditions described in ANSI/
AWWA C150/A21.50.

(b) Cover. Underground ductile iron pip¢ shall be
installed with a minimum(cover of 24 in. (610 mm)
unless prevented by other underground sfructures.
Where sufficient coyer’cannot be provided fo protect
the pipe from extetnal loads or damage and the pipe is
not designed to withstand such external loadg, the pipe
shall be casédor bridged to protect the pipe.

(c) Joint¥/ Restraint. Suitable harnessing or bjuttressing
shall be provided at points where the main deviates
from“a-“straight line and the thrust, if not r¢strained,
would separate the joints.

(d) Making Ductile Iron Field Joints. Ductile
joints shall conform to para. 842.1.1(e) and shall be
assembled according to recognized Americarn National
Standards or in accordance with the manufacturer's
written recommendations.

iron pipe

842.1.3 Testing Ductile Iron Field Joints. D|ictile iron
pipe joints shall be leak tested in accordgnce with
para. 841.3.4 or para. 841.3.5.

842.2 Design of Plastic Piping

General Provisions.The design requiremerjts of this
section are intended to limit the use of plasftic piping
primarily to mains and service lines in typical polyvinyl
chloride (PVC) distribution systems® operatingat a pres-
sure of 100 psig (690 kPa) or less, polyethylene ([PE) distri-
bution systems operating at a pressure of 125|psig (860
kPa) or less, and polyamide-11 (PA-11) digtribution
systems operating at pressures up to the design pressure
of the material as determined by the formulds in para.

standard class tor each nominal pipe size as shown In
ANSI A21.52. Standard wall thicknesses for 250 psig
(1720 kPa) maximum working pressure and standard
laying conditions at several depths of cover are shown
in Table 842.1.1-1.
(e) Ductile Iron Pipe Joints

(1) Mechanicaljoints. Ductile iron pipe with mechan-
ical joints shall conform to the requirements of ANSI
A21.52 and ANSI/AWWA C111/A21.11. Mechanical
joints shall be assembled in accordance with “Notes on
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841.2.1. For other applications in Class 1 or Class 2 Loca-
tions, plastic piping may be used within the limitations
prescribed in this Code. For multilayered reinforced ther-
moplastic piping systems (MRTPS), refer to para. 842.5.
Plastic piping shall meet the requirements of a specifica-
tion listed in Mandatory Appendix A.

2Under ASTM D2513, PVC piping may be used only for repair and
maintenance of existing PVC installations.
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Table 842.1.1-1
Standard Thickness Selection Table for Ductile Iron Pipe

Thickness, in. (mm), for Depth of Cover, ft (m)

Nominal Pipe  Laying
Size, NPS (DN) Condition 2Y, 3Y, 5 8 12 16 20 24
3 (75) A 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1)
B 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1)
4 (100) A 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4)
B 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4)
6 (150) A 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31[7.9)
B 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31(7.9)
8 (200) A 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0,33'(84) 0.33[8.4)
B 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0:33' (8.4) 0.33[8.4)
10 (250) A 0.35 (8.9) 0.35 (8.9) 0.35 (8.9) 0.35 (8.9) 0.35 (8.9) 0.35 (8.9) 0.38 (9.7) 0.38[9.7)
B 0.35 (8.9) 0.35 (8.9) 0.35 (8.9) 0.35 (8.9) 0.35 (8.9) 0.35 (879) 0.38 (9.7) 0.38[9.7)
12 (300) A 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 037 (9.4) 0.40 (10.2)  0.43[10.9)
B 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.40 (10.2)  0.40[10.2)
14 (350) A 0.36 (9.1) 0.36 (9.1) 0.36 (9.1) 0.36 (9.1) 0:39,(9.9) 0.42 (10.7) 0.45 (11.4)  0.45 [11.4)
B 0.36 (9.1) 0.36 (9.1) 0.36 (9.1) 0.36 (9.1) 0:36 (9.1) 0.42 (10.7) 0.42 (10.7)  0.45[11.4)
16 (400) A 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37 (94) 0.40 (10.2)  0.43 (10.9) 0.46 (11.7)  0.49 [12.4)
B 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37-(9:4) 0.40 (10.2)  0.43 (10.9) 0.46 (11.7)  0.49[12.4)
18 (450) A 0.38 (9.7) 0.38 (9.7) 0.38 (9.7) 0.38 (9.7) 0.41 (10.4)  0.47 (11.9) 0.50 (12.7)  0.53 [13.5)
B 0.38 (9.7) 0.38 (9.7) 0.38 (997) 0.38 (9.7) 0.41 (10.4)  0.44 (11.2) 0.47 (11.9)  0.53[13.5)
20 (500) A 0.39 (9.9) 0.39 (9.9) 0.39°(9.9) 0.39 (9.9) 0.45 (11.4)  0.48 (12.2) 0.54 (13.7)
B 0.39 (9.9) 0.39 (9.9) 0.39 (9.9) 0.39 (9.9) 0.42 (10.7)  0.48 (12.2) 0.51 (13.0)
24 (600) A 0.44 (11.2)  0.41°(1074) 0.41 (10.4) 044 (11.2) 050 (12.7)  0.56 (14.2)
B 0.41 (10.4) 0.41710.4) 041 (104) 041 (104) 047 (11.9) 0.53 (13.5)
GENERAL NOTES:
(a) This Table is taken from ANSI®A21.52.
(b) Laying [Condition A: flat-bottent trench without blocks, untamped backfill.
(c) Laying [Condition B: flat-bettom trench without blocks, tamped backfill.
(d) The thifknesses in this table are equal to or in excess of those required to withstand 250 psi (1 720 kPa) working pressure.
(e) All thicknesses shewirin this table for the depths of cover indicated are adequate for trench loads, including truck superloads.
(f) For the|basis ofidésign, see ANSI/AWWA C150/A21.50.
(g) Thread[engagement in taps for service connections and bag holes may require consideration in selecting pipe thicknesses. See Appendix of
ANSI AR1:52.
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842.2.1 Plastic Pipe and Tubing Design Formula. The
design pressure for plastic gas piping systems or the
nominal wall thickness for a given design pressure
(subject to the limitations in para. 842.2.2) shall be deter-
mined by the following formulas:

(U.S. Customary Units)

the average outside diameter of the reinforced
thermoset layer to the specified minimum wall
thickness of the reinforced thermoset layer. DR
may be substituted for SDR in this calculation
when the dimension ratio is not an above
defined “standard” dimension ratio.

specified minimum wall thickness, in. (mm), in

pP= _ 25 X Dy the case of RTP pipe, the specified minimum
(SDR) — 1 wall thickness of the reinforced thermoset layer
or NOTE: Long-term hydrostatic strength at 73°F(23°C) for the
— 25t x D plastic materials whose specifications are incorporatgd by refer-
D—t f ence herein are given in Mandatory Appendix D.
(S1 Units) 842.2.2 Thermoplastic Design, Limitations
20008
= W X Dy (a) Except as provided in.(e) and (f), the design pres-
B sure may not exceed a gage pressure of 100 psig|(689 kPa)
or for plastic pipe used in
(1) distribution\systems
— 2000s¢ X Dy (2) Location(€lasses 3 and 4
D—t (b) Plasticpipe shall not be used where the design
herb temperatune.of the pipe will be
wherp o . . . . (1)~below -40°F (-40°C). In no case shall the pipe or
D = specified outside diameter, in. (mm), in the case . . o
) . . . piping. components be used in applications bgyond the
of reinforced thermosetting plastic (RTP) pipe, ) . .
. . . . manufacturer's recommended ratings for the pipe or
the specified outside diameter of the reinforced A\
thermoset layer plpmgz corgpone}r]lt. hich the HDB used
the t t t icht i
Iy = design factor = 0.32 or 0.40 for PA-11. Thez= . d(egigz; (f)(;,remufa ??g:trear;rirel:d.w 1eHe asedim
design factor is a number less than or equal .
to 1 that i ltiolied by th leulated (c) Thevalue of t for thermoplastic pipe shall hot be less
o @ thatls mu ”s lebt _yth edca_cu de than that specified in ASTM D2513.
maximum pressure to obtain the desigh pres- (d) For saddle-type service connections made by heat-
sure. . . . fusion techniques, it may be necessary for somg materials
DR = dimension ratio, the ratio of thé specified
tside di ¢ ’ to th ified mini that are intended for use at high operating prgssures to
0u1151the. klame er to the spectiied minimum require a heavier wall thickness than defined by the pres-
L _ ;va | thickness i (kP sure design formula for sizes NPS 2 (DN 50) and smaller.
= Clesign pressure, gage, psfs ( a_) . . Manufacturers of the specific pipe material should be
S = for thermoplastic pipe, hydrostatic design basis . e
HDB) det ned- 4 ith ASTM contacted for recommendations or a qualified procedure
( ) determined\in"accordance wi shall be used.
D2837 at a temperature equal to 73°F . .
(23°C), 100°E(38°C), 120°F (49°C), 140°F (e) The design pressure for PE pipe may excged a gage
(60°C), 0 £ A80°F (82°&J) In the abser;ce of a pressure of 100 psig (689 kPa), provided that
HDB e;tablished at the si)ecified temperature (1) the design pressure does not exceed 125 psig
’ 862 kP
theIDB of a higher temperature may be used in ( 3) 1 . . -
det e desi i t th (2) the material is a PE material as specifjed within
specified temperature by arithmetic interpola. 25,2513
i 3) the pi ize is NPS 12 (DN 300 mall
tion usin,c_{ the procedure inPartD.2 OfPPI TR-3. ({‘fﬁ thi g&?j?sffiijjbux eis C‘lcELc1 111111:(% i(l)lrol I(z)ardeal;lce
ForRTP pipe NPS 6,(DN 150) and below, l_lsed n with the design equation defined in para. 842.2.1
Class 1 and 2 locations, the HDB determined in ; .

. ) e (f) Polyamide-11 (PA-11) pipe may be operated at
accordance with the listed specification. For all pressures up to its design pressure as determined in
other RTP pipe, use 11_’000 psl ,(76 MPa). . accordance with the design equation defined in

SDR = standard dimension ratio, the ratio of the speci-

fied outside diameter to the specified minimum
wall thickness, corresponding to a value from a
common numbering system that was derived
from the ANSI preferred number series R10.
In the case of RTP pipe, SDR is the ratio of
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para. 842.2.1.
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842.2.3 Reinforced Thermosetting Plastic (RTP)
Design Limitations

(a) The value of P for RTP mains and service lines in
distribution systems in Class 3 and 4 Locations shall not
exceed 100 psig (689 kPa) except as prescribed in (d).

(b) Reinforced thermosetting plastic pipe and fittings
shall not be used where operating temperatures will be
below -20°F (-29°C) or above 150°F (66°C) and, if rec-
ommended by the manufacturer, up to 180°F (82°C).

842.2.9 Plastic Pipe and Tubing Joints and Connec-
tions

(a) General Provisions. Plastic pipe, tubing, and fittings
may be joined by the solvent cement method, adhesive
method, heat-fusion method, or by means of compression
couplings or flanges. The method used must be compatible
with the materials being joined. The recommendations of
the manufacturer shall be considered when determining
the method to be used.

(c) Thd wall thickness for RTP pipe shall not be less
than that [specified in ASTM D2517.

(d) RTP pipe may be operated at pressures up to its
design pressure as determined in accordance with the
equation |n para. 842.2.1.

842.2.4 Design Pressure of Plastic Fittings. The
maximum pressure rating for fittings shall be the same
value as the maximum design pressure of the corre-
sponding specified outside diameter and specified
minimum| wall thickness as indicated in the referenced
standard for the fittings and as determined in
paras. 842.2.1 and 842.2.2. The manufacturer should
be consulted for advice on maximum pressure ratings
for fittingp not covered by referenced standards.

842.2.5 Valves in Plastic Piping

(a) Valyes in plastic piping may be made of any suitable
material and design permitted by this Code. Thermo-
plastic valves shall comply with ASTM D2513 and
ASME B16.40.

(b) Valve installations in plastic piping shall be_so
designed gas to protect the plastic material against-exces-
sive torsignal or shearing loads when the valve or shutoff
is operatdd, and from any other secondaryqstresses that
might be pxerted through the valve or jtsienclosure.

842.2.¢ Protection From Hazards! Plastic piping shall
conform to the applicable provisiéns ‘of para. 841.1.10.

842.2.7
roads, Ro
confor
paras. 84

Cover and CasingRequirements Under Rail-
ds, Streets, or Highways. Plastic piping shall
to the appdicable requirements of
1.1.11(a) and 841.1.11(d). Where plastic
piping muist be cased or bridged, suitable precautions
shall be tiaken«toprevent crushing or shearing of the
piping. (Spe also para. 842.3.3.)

(b) Joint Requirements
(1) Pipe or tubing shall not be threaded!
(2) Solvent cement joints, adhesive joints,and|heat-
fusion joints shall be made in accordance-with qualified
procedures that have been established/and proven Hy test
to produce gas-tight joints at least as strong as the pfpe or
tubing being joined.
(3) Joints shall be made‘by/personnel qualified by
training or experience in thé-proper procedures redquired
for the type of joint involved.
(4) Solvent cementshall be used only on PVC
(5) Heat-fusion or mechanical joints shall be used
when joining.polyethylene or polyamide-11 [pipe,
tubing, or fittings. PA-11 components may be joirjed to
PA-11 components, and PE components may be jpined
to PE components. PE and PA-11 components shdll not
be heatfused to each other. Polyethylene components
made’ of different grades of materials may be| heat
fused, provided that properly qualified procedures for
joining the specific components are used. Any conjbina-
tion of PE materials with an ASTM D2513, Table 4| Pipe
Category, melt index category C may be joined by|heat-
fusion procedures such as those detailed in PPI TR-33.
The Plastics Pipe Institute (PPI) publishes the follpwing
generic heat-fusion procedures:
(-a) TR-33, Generic Butt Fusion Joining Procpdure
for Polyethylene Gas Piping
(-b) TR-41, Generic Saddle Fusion Joining K
dure for Polyethylene Gas Piping
(-c) TR-45, Butt Fusion Joining Procedure foy
Joining of Polyamide-11 (PA-11) Pipe
Fusion of PE components with different melt] cate-
gories may require “dissimilar fusion” procedures
provided by the manufacturer.
(6) Flanges or special joints may be used provided
they are properly qualified and used in accordanc¢ with
the appropriate provisions of this Code

oints.

roce-

Field

842.2. earance Between Mains and Other Under-
ground Structures. Plastic piping shall conform to the ap-
plicable provisions of para. 841.1.11(c). Sufficient
clearance shall be maintained between plastic piping
and steam, hot water, or power lines and other sources
of heat to prevent operating temperatures in excess of
the limitations of para. 842.2.2(b) or para. 842.2.3(b).

58

(c) Solvent Cement joints

(1) Square cut ends free of burrs are required for a
proper socket joint.

(2) Proper fit between the pipe or tubing and mating
socket or sleeve is essential to a good joint. Sound joints
cannot normally be made between loose or very tight-
fitting components.

(3) The mating surfaces must be clean, dry, and free
of material that may be detrimental to the joint.
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(4) Solvent cements that conform to ASTM D2513
and are recommended by the pipe or tubing manufacturer
shall be used to make cemented joints.

(5) A uniform coating of the solvent cement is
required on both mating surfaces. After the joint is
made, excess cement shall be removed from the
outside of the joint. The joint shall not be disturbed
until it has properly set.

(6) The solvent cement and piping components to be
joinedaybeconditioned priorto-assemblybywarmingi
done |in accordance with the manufacturer's recommen-
dations.

7) A solvent cement joint shall not be heated to
accelgrate the setting of the cement.
8) Safety requirements in Appendix A of ASTM
D251 shall be followed when solvent cements are used.
(d)| Heat-Fusion Joints
7) Sound butt heat-fusion joints require the use of a
jointihg device that holds the heater element square to the
ends ¢fthe piping, can compress the heated ends together,
and hplds the piping in proper alignment while the plastic
hardgns.
?) Sound socket heat-fusion joints require the use of
ajointing device that heats the mating surfaces of the joint
uniformly and simultaneously to essentially the same
temperature. The completed joint must not be disturbed
until properly set.
3) Care must be used in the heating operation to
prevent damage to the plastic material from overheating
or haying the material not sufficiently heated to ensure a
sound joint. Direct application of heat with a torch prether
open |flame is prohibited.
4) When connecting saddle-type fittingsito pipe NPS
2 (DN|50) and smaller, see para. 842.2.2(e)to minimize the
possibility of failures.
(e)| Adhesive Joints
7) Adhesives that conform te-ASTM D2517 and are
1mended by the pipe, tubing, or fitting manufacturer

e used to make adhesive bonded joints.

) When dissimilarmaterials are bonded together, a
thorough investigation-shall be made to determine that
the materials and _adhesive used are compatible with
each pther.

) An ddhésive bonded joint may be heated in accor-
dancg with~the pipe manufacturer's recommendation to
accel¢rate- cure.

reco
shall

and the elastomer shall not cause deterioration in one
another's chemical and physical properties over a long
period).

(2) The tubular stiffener required to reinforce the
end of the pipe or tubing shall extend at least under
that section of the pipe being compressed by the
gasket or gripping material. The stiffener shall be free
of rough or sharp edges and shall not be a force fit in
the pipe or tube. Split tubular fittings shall not be used.

eepuHoutresistanee mpression-type
fittings varies with type and size, all mechanjcal joints
shall be designed and installed to effectively sustain
the longitudinal pullout forces caused by confraction of
the piping or by maximum anticipated [external
loading. The installation shall be.designed an¢g made to
minimize these forces as follows:
(-a) In the case of ditect burial when the pipe is
sufficiently flexible, the pipe may be snaked in|the ditch.
(-b) In the casé.of pipe installed by injsertion in
casing, the pipe shall'be pushed rather than gulled into
place so as to place’it in compression rather thgn tension.
(-c) Allowance shall be made for thermal expan-
sion and egntraction due to seasonal changes ir] tempera-
ture ofsinstalled pipe. The importance of this pllowance
incréases as the length of the installation increases.
Such allowance is of paramount importance [when the
plastic pipe is used for insertion renewjpl inside
another pipe, because it is not restrained|by earth
loading. This allowance may be accomplished by appro-
priate combinations of
(-1) offsets
(-2) anchoring
(-3) aligning the pipe and fitting
(-4) in the case of compression, fittilgs by the
use of long-style types and placement of the pipe in slight
axial compression
(-5) expansion-contraction devices, pr
(-6) fittings designed to prevent pullout
Typical coefficients of thermal expansion, which may be
used to make calculations, are given in Table [842.2.9-1.

842.3 Installation of Plastic Piping

842.3.1 Construction Specifications. All copstruction
work performed on piping systems in accordange with the
requirements of this Code shall be done using copstruction
specifications. The construction specifications dhall cover

(4] Provisions shall be made to clamp or otherwise
prevent the joined materials from moving until the adhe-
sive is properly set.

(f) Mechanical joints®

(1) When compression-type mechanical joints are
used, the elastomeric gasket material in the fitting
shall be compatible with the plastic (i.e., the plastic

3 Refer to the current editions of the AGA Catalog No. XR0603, ASTM
D2513, ANSI/GPTC Z380.1, and technical publications of plastic pipe and
fitting manufacturers.

the requirements of this Code and shall be in sufficient
detail to ensure proper installation.

842.3.2 Inspection and Handling Provisions. Plastic
piping components are susceptible to damage by
mishandling. Gouges, cuts, kinks, or other forms of
damage may cause failure. Care shall be exercised
during handling and installation to prevent such damage.
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Table 842.2.9-1
Nominal Values for Coefficients of Thermal Expansion of
Thermoplastic Pipe Materials

Nominal
Coefficients of
Thermal Expansion

(f) Plastic pipe and tubing shall be adequately
supported during storage. Thermoplastic pipe, tubing,
and fittings shall be protected from long-term exposure
to direct sunlight.

842.3.3 Installation Provisions

(a) Aboveground Installation. Plastic piping may be
installed aboveground if it is one of the following:
(1) encased in metal pipe that is protected against

General ASTM D696,
Material x 107° in./in./°F
Designation (x 10° mm/mm/°C)
PA 32312 (PA-11) 8.5 (4.3)
PA 32316 (PA-11) 8.5 (4.3)
PE 2406 9.0 (5.0)
PE 2606 10.0 (5.6)
PE 2706 10.0 (5.6)
PE 2708 10.0 (5.6)
PE 3408 9.0 (5.0)
PE 3608 9.0 (5.0)
PE 3708 9.0 (5.0)
PE 3710 9.0 (5.0)
PE 4708 9.0 (5.0)
PE 4710 9.0 (5.0)
PVC 1120 3.0 (1.7)
PVC 1220 3.5 (1.9)
PVC 2116 4.0 (2.2)

GENERAL NOTES:

(a) Individphal compounds may differ from values in this table as
much ds +10%. More exact values for specific commercial
products may be obtained from the manufacturers.

(b) Abbrevjations: PA-11 = polyamide-11, PE = polyethylene, PVC =
polyvinyl chloride.

(a) Plastic pipe and tubing shall be carefully inspected
for cuts, s¢ratches, gouges, and other imperfections before
use, and any pipe or tubing containing-harmful imperfec-
tions shal] be rejected.

(b) Eadh installation shall be field inspected to detect
harmful imperfections. Any&Such imperfections found
shall be eliminated.

(c) Skillful application\ef-qualified techniques and the
use of proper materials.and equipment in good condition
are required to achieve sound joints in plastic piping by
the solvent cement, adhesive, or heat-fusion methods.
Inspection provisions shall be checked visually. If there
is any reason to believe the joint is defective, it shall

atMOSPHETiC COITOSION; protected against deteriofation
(e.g., high-temperature degradation); and protected
against external damage
(2) installed on a bridge in accordanee with GRI
Report 00/0154, Design Guide for Pipes Across Bridges
(3) installed for plastic service lines as permitfed in
para. 849.4.2(b)
Plastic pipe shall not beyiSed to support external
loads. Encased plastic pipe shall be able to withstand
anticipated temperatures”without deterioratipg or
decreasing in strength below the design limitgtions
stated in paras. 842.2:2 and 842.2.3. When protgcting
against external damage, consideration shall be |given
to the need %o isolate the encased segment aphd to
safely vent.or contain gas that may escape the plastic
pipe in the“event of a leak or rupture.
(b)~Belowground Installation. Plastic piping shall hot be
installed in vaults or any other below-grade enclpsure
ynless it is completely encased in gas-tight metal pipe
and metal fittings having adequate corrosion protection.
(c) Stresses. Plastic piping shall be installed in quch a
way that shear or tensile stresses resulting from conptruc-
tion, backfill, thermal contraction, or external loading are
minimized. [See para. 842.2.9(f).]
(d) Direct Burial
(1) Plastic piping shall be laid on undisturbled or
well-compacted soil. If plastic piping is to be 13id in
soils that may damage it, the piping shall be profected
by suitable rock-free materials before backfilljng is
completed. Plastic piping shall not be supported by
blocking. Well-tamped earth or other continuous
support shall be used.
(2) The piping shall be installed with sufficieny slack
to provide for possible contraction. Cooling may b¢ nec-
essary before the last connection is made under extremely
high-temperature conditions. [See para. 842.2.9(f)(]
(3) When long sections of piping that have|been

be removed and replaced.

(d) Care shall be exercised to avoid rough handling of
plastic pipe and tubing. It shall not be pushed or pulled
over sharp projections or dropped, or it shall not have
other objects dropped on it. Care shall be taken to
prevent kinking or buckling, and any kinks or buckles
that occur shall be removed by cutting out as a cylinder.

(e) Care shall be exercised at all times to protect the
plastic material from fire, excessive heat, or harmful
chemicals.

assembled alongside the ditch are lowered in, care
shall be exercised to avoid any strains that may overstress
or buckle the piping or impose excessive stress on the
joints.

(4) Backfilling shall be performed in a manner to
provide firm support around the piping. The material
used for backfilling shall be free of large rocks, pieces
of pavement, or any other materials that might damage
the pipe.
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(5) Where flooding of the trench is done to conso-
lidate the backfill, care shall be exercised to see that
the piping is not floated from its firm bearing on the
trench bottom.

(6) A positive method of locating plastic piping
systems is required. A common method is the installation
of electrically conductive material, such as tracer wire or
plastic coated metallic tape with the plastic pipe to facil-
itate locating it with an electronic pipe locator. Alternative

(-b) Visual inspection of the exposed pipe surface
shall be performed before and after installation. This
would include any exposed pipe sections at the pulling
head and at holes dug for test pits, tie-ins, and branch
or service connections. If damage (e.g., scratches,
gouges, etc.) exceeds 10% of the nominal wall thickness,
then the pipe shall be replaced in its entirety.

(-c) Measures shall be taken to prevent overstres-
sing plastic plpe durlng trenchless installations. These

D5t
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Insertion of Casing

7) The casing pipe shall be prepared to the extent
necegsary to remove any sharp edges, projections, or abra-
sive material that could damage the plastic during and
after [insertion.

) Plastic pipe or tubing shall be inserted into the
casing pipe in such a manner so as to protect the plastic
durinjg the installation. The leading end of the plastic shall
be clgsed before insertion. Care shall be taken to prevent
the plastic piping from bearing on the end of the casing.
3) The portion of the plastic piping exposed due to
the rdmoval of a section of the casing pipe shall be of suffi-
cient|strength to withstand the anticipated external
loading, or it shall be protected with a suitable bridging
piece| capable of withstanding the anticipated external
loading.

4) The portion of the plastic piping that spans
bed earth shall be adequately protected by a brid-
iece or other means from crushing or shearing from
hal loading or settling of backfill.

5) The piping shall be installed to provide for
possiple contraction. Cooling may be necessary before
the last connection is made when the pipe has been
installed in hot or warm weather. [See para. 842.2.9(f).]
6) If water accumulates between:the casing and the
carrigr pipe where it may be subjected to freezing
tempgratures, the carrier pipe‘can be constricted to
the point where the capagity.is affected or the pipe
wall fould be crushed and-leak. To avoid this, one or
more|of the following steps shall be taken:

(-a) The anniilus between the carrier pipe and
casing shall be kept t0 a minimum so that the increased
volume of wat€r_ changing to ice will be insufficient to
crush| the catrier pipe.

(-b)~Adequate draining for the casing shall be
provifed:
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use of a weak link at the pulling head
methods. For further information, see\Han
Polyethylene Pipe.

(-d) For locating the pipe with)an electfonic pipe
locator, a tracer wire shall be pulled'in with the piping, but
with minimal physical contact/with the pipe.

(2) Additional Evalugtion Measures. The /minimum
inspection and post-inspection testing requirenjents else-
where in this Code shall' be employed.

842.3.4 Bends-and Branches. Changes in d
plastic pipingdmay be made with bends, tees,
under the following limitations:

(a) Plastic pipe and tubing may be deflected
not less than the minimum recommended by
facturer for the kind, type, grade, specified minjmum wall
thickness, and diameter of the particular plastic used.

(b) The bends shall be free of buckles, cracks, or other
evidence of damage.

(c) Changes in direction that cannot be mad
dance with (a) shall be made with elbow-typsg
(d) Field-fabricated miter fittings are not pgrmitted.

(e) Branch connections shall be made only with socket-
type tees or other suitable fittings specifically ddsigned for
the purpose.

ling force,
or other
dbook of

or elbows

o aradius
he manu-

P in accor-
fittings.

842.3.5 Field Repairs of Gouges and Punctures. Injur-
ious gouges or punctures shall be removed by dutting out
and replacing the damaged portion as a cylinder or
repaired in accordance with para. 852.5.2.

842.3.6 Hot Taps. All hot taps shall be inptalled by
trained and experienced crews.

hd service
pplicable

842.3.7 Purging. Purging of plastic mains a
lines shall be done in accordance with the ¢
provisions of paras. 841.2.7(e) and 841.2.7(f),

(-cJ Filler such as toam shall be inserted into the
annulus between the casing and the carrier pipe.

(f) Trenchless Installations — Plastic Pipe. For general
installation requirements, see para. 841.1.9(j). In addition,
the following measures shall also be taken for trenchless
installations of plastic pipe:

(1) Protecting Pipe
(-a) Precautions shall be taken to avoid pushing or
pulling the exposed pipe string over sharp objects or abra-
sive surfaces that may damage the pipe during installation.

61

8424 Testing Plastic Piping After Construction

842.4.1 General Provisions

(a) Pressure Testing. All plastic piping shall be pressure
tested after construction and before being placed in opera-
tion to demonstrate that it does not leak.

(b) Tie-Ins. Because it is sometimes necessary to divide
a pipeline or main into sections for testing, and to install
test heads, connecting piping, and other necessary appur-
tenances, itis notrequired that the tie-in sections of piping

rection of (22)
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be tested. The tie-in joints, however, shall be tested for
leaks at line pressure.

842.4.2 Test Requirements

(a) The test procedure used, including the duration of
the test, shall be capable of disclosing all leaks in the
section being tested and shall be selected after giving
due consideration to the volumetric content of the
section and its location.

(b) MRTPS MAOP. The maximum allowable operating
pressure (MAOP) of MRTPS shall be determined by the
following formula:

MAOP < NPR X F;

(b) Thqrmoptastic pipingshatimot be tested at matertat
temperatyres above 140°F (60°C), and reinforced thermo-
setting plastic piping shall not be tested at material
temperatifires above 150°F (66°C). The duration of the
test of thermoplastic piping above 100°F (38°C),
however,]shall not exceed 96 hr.

(c) Sufficient time for joints to “set” properly must be
allowed before the test is initiated.

(d) Plastic pipelines and mains shall be tested at a pres-
sure not l¢ss than 1.5 times the maximum operating pres-
sure or 50|psig (340 kPa), whichever is greater, except that

(1) the test pressure for reinforced thermosetting
plastic piping shall not exceed 3.0 times the design pres-
sure of the pipe

(2) the test pressure for thermoplastic piping shall
not exceefl 3.0 times the design pressure of the pipe at
temperatyires up to and including 100°F (38°C) or 2.0
times the| design pressure at temperatures exceeding
100°F (34°C)

(e) Tesking may be pneumatic or hydrostatic.

842.4.3 Safety During Tests. All testing after construes
tion shall be done with due regard for the safetyof
employeep and the public during the test.

842.5 Multilayered Reinforced Thermoplastic
Piting Systems (MRTPS)

The requirements of this sectionpertdin to MRTPS that
are compgsed of pipes with a thermoplastic liner and a
distinct feinforcing layer as defined in ASME NM.1,
Chapter B. The manufacturing and qualification of
MRTPS, ipcluding the_joints or couplings, shall meet
the requifements of ARL'Spec 15S.

842.5.1 Design‘of MRTPS

(a) Gereral-Provisions. The design shall meet the re-
quirements of ASME NM.1 with the following limitations:

where
F; = service factor is 0.67 or less to provide addi-
tional protection based on service conditions
MAOP = maximum allowable operating pressure, psig
tkPa3
NPR = nominal pressure rating of the MRTPS, per

API Spec 158, psig (kPa)

842.5.2 Installation of MRTPS. Thelinstallatjon of
MRTPS shall follow the MRTPS manufacturer’s r¢com-
mendations, including the fabricatien, assembly, and erec-
tion requirements of ASME NM.3{ Chapter 8, in additfion to
the requirements of this Coede:

(a) Construction Specifications. All construction|work
performed on MRTPS shall be performed using wyitten
construction specifications incorporating the reconjmen-
dations of the manufacturer. The construction spe¢ifica-
tions shall cover the requirements of this Code and shall be
in sufficient\detail to ensure safe construction of fit for
service pipeline components or systems.

(b)~Inspection and Handling Provisions. MRTHS are
susceptible to injurious damage by mishandling during
shipment and transportation, offloading at the stprage
yard or installation location, unspooling, and installagtion.
Care shall be exercised during handling and installation to
prevent such damage in accordance with the provisipns of
para. 842.3.2 and the product manufacturer’s reconjmen-
dations.

(c) Unspooling Provisions. The construction spegifica-
tions shall provide sufficient details for unspdoling
including, but not limited to, the spooling framg, the
unspooling method, the maximum pulling load, the
lowest allowable unspooling temperature, and the r¢com-
mended braking procedure.

(d) Installation Provisions. MRTPS may be insfalled
aboveground (surface installation) or buried{ The
piping shall be installed with sufficient slack to prjovide
for possible contraction. Bends in MRTPS shall always
be made with a radius greater than the minimum|bend
radius qualified by the product manufacturer.

(1) Aboveground (surface installation) MRTPY shall

(1) MRTPS shall not be used outside of Class 1 Loca-
tions unless a more rigorous analysis in accordance with
the provisions of para. 802.2.2(a) is used to define the
appropriate design factor for the intended location class.

(2) MRTPS that carry potentially flammable or
explosive fluids that can accumulate static electrical
charge shall be designed to prevent the buildup of
static electric charge. API RP 2003 should be consulted
for recommended practices on the prevention methods.

62

be resistant to deterioration due to high temperature and
ultraviolet radiation, and protected against external
damage.

(2) Buried MRTPS shall be laid on undisturbed or
well-compacted soil. If MRTPS is to be laid in soils that
may damage it, the piping shall be protected by suitable
rock-free materials before backfilling is completed. Back-
filling shall be performed in a manner to provide firm
support around the piping. The minimum depth of
cover shall be 36 in. (910 mm).
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(e) Identification. A positive method of locating buried
MRTPS is required. A common method is the installation of
electrically conductive material, such as tracer wire or
plastic coated metallic tape above the MRTPS pipe to facil-
itate locating it with an electronic pipe locator. There
should be sufficient separation between the tracer
wire and the pipe to mitigate the potential damage to
plastic pipe if lightning current strikes the tracer wire.
Alternative proven locating methods may be used.
Steel

(2) Copper pipe or tubing shall not be used for mains
where the gas carried contains more than an average of 0.3
grains of hydrogen sulfide per 100 standard cubic feet (2.8
m?) of gas. This is equivalent to a trace as determined by a
lead acetate test.

(3) Copper tubing or pipe for mains shall have a
minimum wall thickness of 0.065 in. (1.65 mm) and
shall be hard drawn.

(4) Copper pipe or tubing shall not be used for mains

THTOTCE CoOcrataS—att

do nqgt require a tracer wire.

(f) |Insertion in Casing. For insertion in casing require-
ments, see para. 842.3.3(e).

(g)| Field Repairs of Defects. Defects shall be removed by
cuttinlg and replacing the defective section.

(h)| Corrosion Prevention. Manufacturer’s recommen-
datiohs or other measures shall be applied to prevent
corrofion of metallic connectors or other metallic compo-
nents| in the installed environment.

842.5.3 Examination, Inspection, and Testing of
MRTRS After Construction. The examination, inspection,
and testing of MRTPS shall follow the product manufac-
turer]s recommendations and the requirements of ASME
NM.1] Chapter 8, in addition to the requirements of this
Code|

(a)| Pressure Test. Each MRTPS shall be pressure tested
after gonstruction and before being placed in operation to
demonstrate thatit does notleak. The test procedure used;
inclugling the duration of the test, shall be capable-of
disclpsing all leaks in the section being tested.and
shall be selected after giving due consideration to'the volu-
metric content of the section and its location:

(b)| Test Requirements. MRTPS shall be tested at a pres-
sure not less than 1.25 times the MAOP{The test duration
shall hot be less than 8 hr. For buried installations, the
jointg shall be left exposed or the test shall continue at
no legs than 1.19 times the MAOP for a minimum addi-
tional 16 hr with pressure(and temperature recording
charts for the full 24 hr)test duration. Gas, air, or
watell may be used as‘the test medium.

(c)| Tie-Ins. It is reedgnized that it may not be possible to
presspre test the tie<in between two test sections in accor-
dancg¢ with (d)rand (b). The tie-in connections shall be
tested for leaks at line pressure.

(d)| Saféty During Testing. All testing after construction

shall he_done with due rpg:n'd for the safety of pmplnvppq

where-straii-or-external-loading may-damage-the piping.

(b) Valves in Copper Piping. Valves installed{in copper
lines may be made of any suitable material ipefmitted by
this Code.

(c) Fittings in Copper Piping. It istecommended that
fittings in copper piping and exposed to the|soil, such
as service tees, pressure control fittings, etc.| be made
of bronze, copper, or brass,

(d) Joints in Copper Pipe.and Tubing. Copper|pipe shall
be joined using either a-compression-type coupling or a
brazed or soldered lap joint. The filler materidl used for
brazing shall be a‘\copper-phosphorus alloy or gilver base
alloy. Butt welds are not permissible for joinihg copper
pipe or tbing. Copper tubing shall not be threaded,
but copper pipe with wall thickness equivalent to the
comparable size of Schedule 40 steel pipe, i.4., ranging
frotm 0.068 in. (1.73 mm) for NPS % (DN 6] to 0.406
in: (10.31 mm) for NPS 12 (DN 300), may be| threaded
and used for connecting screwed fittings or valves.

(e) Protection Against Galvanic Corrosion. [Provision
shall be made to prevent harmful galvanlic action
where copper is connected underground to §teel. [See
para. 861.1.3(a).]

842.6.2 Testing of Copper Mains After Construction.
All copper mains shall be tested after constfuction in
accordance with the provisions of para. 841.3|5.

843 COMPRESSOR STATIONS

843.1 Compressor Station Design

843.1.1 Location of Compressor Building. Except for
offshore pipelines, the main compressor building for gas
compressor stations should be located at such clear
distances from adjacent property not under fontrol of
the operating company as to minimize the hazard of
communication of fire to the compressor building from

and the public during the test.

842.6 Copper Mains
842.6.1 Design of Copper Mains

(a) Requirements. When used for gas mains, copper
pipe or tubing shall conform to the following require-
ments:

(1) Copper pipe or tubing shall not be used for mains
where the pressure exceeds 100 psig (690 kPa).
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structures on adjacent property. Sufficient open space
should be provided around the building to permit the
free movement of firefighting equipment.

843.1.2 Building Construction. All compressor station
buildings that house gas piping in sizes larger than NPS 2
(DN 50) or equipment handling gas (except equipment for
domestic purposes) shall be constructed of noncombus-
tible or limited combustible materials as defined in NFPA
220.
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843.1.3 Exits. A minimum of two exits shall be
provided for each operating floor of a main compressor
building, basements, and any elevated walkway or plat-
form 10 ft (3 m) or more above ground or floor level. In-
dividual engine catwalks shall not require two exits. Exits
of each such building may be fixed ladders, stairways, etc.
The maximum distance from any point on an operating
floor to an exit shall not exceed 75 ft (23 m), measured
along the centerline of aisles or walkways. Exits shall be

unobstructed-deorwayrslocated-so-as-to-provide-a-conve
te a0 8FWaySsro€atea56-asto-proviaea€onve

843.3.2 Fire Protection. Fire protection facilities
should be provided in accordance with the American
Insurance Association's recommendations. If the fire
pumps are a part of such facilities, their operation
shall not be affected by emergency shutdown facilities.

843.3.3 Safety Devices

(a) Emergency Shutdown (ESD) Facilities
(1) Except as noted or clarified in (3) through (5),

nient posdibility of escape and shall provide unobstructed
passage tg a place of safety. Door latches shall be of a type
that can b readily opened from the inside without a key.
All swinging doors located in an exterior wall shall swing
outward.

843.1.4] Fenced Areas. Any fence that may hamper or
prevent fescape of persons from the vicinity of a
compresspr station in an emergency shall be provided
with a minimum of two gates. These gates shall be
located s¢ as to provide a convenient opportunity for
escape tg a place of safety. Any such gates located
within 200 ft (61 m) of any compressor plant building
shall open outward and shall be unlocked (or capable
of being ¢pened from the inside without a key) when
the area within the enclosure is occupied. Alternatively,
other facilities affording a similarly convenient exit from
the area thay be provided.

843.2 Electrical Facilities

All eledtrical equipment and wiring installed in gas
transmisgion and distribution compressor stations
shall conform to the requirements of NFPA 70; insofar
as the eqipment commercially available permits.

Electricpl installations in hazardous locations as defined
in NFPA 70 and that are to remain in operation during
compressor station emergency shutdown as provided
in para. 843.3.3(a)(1)(-e) shall be.designed to conform
to NFPA 70 for Class I, Division\l/requirements.

843.3 Compressor Station Equipment

843.3.] Liquid Removal for Gas Treating Facilities.
When cojndensable.vapors are present in the gas
stream in|sufficient’quantity to liquefy under the antici-
pated prepsure’and temperature conditions, the suction
stream to|each stage of compression (or to each unit for

€ach COMPTessor Station (O €ac COMPressor pignt in
a compressor station facility) shall be provided with
an emergency shutdown system by means-6f ‘whi¢h
(-a) gasis blocked out of the station gas piping and
COmpressors.
(-b) station gas piping and-compressors are
vented to a location where the dis¢harge of gas [s not
likely to create a hazard to the€ compressor statipn or
surrounding area.
(-c) all gas compressing equipment is shut own.
(-d) all gas-fired. equipment is shut down.
(-e) electrical equipment and circuits loca
areas designated as Class I, Divisions 1 and 2 elegtrical
hazard areaS/are de-energized, except thos¢g that
provide entergency lighting for personnel protgction
and those'that are necessary for protection of equipment.
(2) Activation of the emergency shutdown system
(-a) shall be manually initiated from any ¢ne of
atleast two locations not closer than 50 ft (15 m) bfit not
more than 500 ft (150 m) from aboveground gas piping
and compressors or compressor buildings, and pref¢rably

near exit gates if the facility is fenced.
(-b) may also be initiated automatically

fire or gas detection systems.

(-c) may also be initiated by remote con
(-d) shall be part of an independent ESD system
or an integrated ESD system for two or more plants
designed to meet the activation requirements of (-a)
through (-c) at each compressor station facility that
contains more than one independent compressor plant.
(3) Unattended field compressor stations of 1,000 hp
(746 kW) and less are excluded from the provisions pf (1).
(4) Each compressor station supplying gas difectly
to a distribution system shall be provided with emergency
shutdown facilities located outside the compressor station
buildings by means of which all gas can be blocked put of
the station, provided there is another adequate soulrce of

ed in

using

(rol.

centrifugal compressors) shall be protected against the
introduction of dangerous quantities of entrained
liquids into the compressor. Every liquid separator
used for this purpose shall be provided with manually
operated facilities for removal of liquids therefrom. In
addition, automatic liquid removal facilities, an automatic
compressor shutdown device, or a high liquid level alarm
shall be used where slugs of liquid might be carried into
the compressors.
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gas for the distribution system. These shutdown facilities
can be either automatic or manually operated as local con-
ditions designate. When no other gas source is available,
no shutdown facilities that might function at the wrong
time and cause an outage on the distribution system shall
be installed.

(5) Notwithstanding the exceptions in (3) and (4),
each compressor station handling gas that contains quan-
tities or concentrations of hydrogen sulfide and/or liquids
sufficient to present an environmental or safety hazard

(22)
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shall be provided with an emergency shutdown system.
The emergency shutdown system and automatic or
manual blowdown processes and equipment must be
designed to prevent the automatic release of hydrogen
sulfide, condensable vapors, or free liquids into the atmo-
sphere in concentrations that may be hazardous to the
operator or the general public.

(b) Engine Overspeed Stops. Every compressor prime
mover, except electrical induction or synchronous
moto,

e chall ha nravidad it onm aytoyaatios dayicn
55 proviaea—with—ah—at c—areviee

843.3.7 Explosion Prevention

(a) Muffiers. The external shell of mufflers for engines
using gas as fuel shall be designed in accordance with good
engineering practice and shall be constructed of ductile
materials. It is recommended that all compartments of
the muffler be manufactured with vent slots or holes
in the baffles to prevent gas from being trapped in the
muffler.

(b) Building Ventilation. Ventilation shall be ample to

St cOThHor

that |s designed to shut down the unit before the
maximum safe speed of either the prime mover or
driveh unit, as established by the respective manufac-
turers, is exceeded.

843.3.4 Pressure-Relieving and Pressure-Limiting
Requirements in Compressor Stations

(a)| Pressure-Relieving. Pressure-relieving or other
suitable protective devices of sufficient capacity and sensi-
tivity[shall be installed and maintained to ensure that the
maximum allowable operating pressure of the station
piping and equipment is not exceeded by more than 10%.

(b)| Pressure Relief Valves. A pressure relief valve or
pressure-limiting device, such as a pressure switch or
unlodding device, shall be installed in the discharge
line pf each positive displacement transmission
compfressor between the gas compressor and the first
dischprge block valve. If a pressure relief valve is the
primgry overprotection device, then the relieving capacity
shall[be equal to or greater than the capacity ,of the
compfressor. If the relief valves on the compressor do
not prevent the possibility of overpressuringthepipeline
as spgcified in section 845, arelieving or pressure-limiting
devicp shall be installed on the pipeline¢o prevent it from
being|overpressured beyond the limitsiprescribed by this
Code|

(c)| Vent Piping. Vent piping that can operate above
atmoppheric pressure shall*be’designed, constructed,
and tested in accordaneé with this Code. Vent piping
provided to exhaust the gas from the pressure relief
valvels to atmosphére=shall be extended to a location
wherle the gas 1may be discharged without undue
hazaygd. Vent/piping shall have sufficient capacity so
that {t will.net inhibit the performance of the relief
valv¢. Fer)additional design considerations, see
para.|844.1.9(d).

ensure that employees are not endangered under normal
operating conditions (or such abnormal ¢onditions as a
blown gasket, packing gland, etc.) bycascumdlations of
hazardous concentrations of flammable or noxious
vapors or gases in rooms, sumps, @ttics, pits, of similarly
enclosed places, or in any portion thereof.

(c) LPG Ventilation. All liquefied petroleum|gases are
heavier than air; hencefjistfuctures aboveground for
housing regulators, mieters, etc., shall have open vents
near the floor level. Such equipment shall not bg installed
in pits or in underground vaults, except in cafes where
suitable proviSions for forced ventilation are made.

(d) LPG.Special Precautions. Special care is required in
thelocation of relief valve discharge vents releading LPG to
the atmosphere to prevent accumulation of the heavy
gases at or below ground level. Likewise, specigl precau-
tions are necessary for adequate ventilation where exca-
vations are made for the repair of leaks in an undlerground
LPG distribution system.

843.3.8 Gas Detection and Alarm Systems|

(a) Each compressor building in a compresdor station
where hazardous concentrations of gas may afcumulate
shall have a fixed gas detection and alarm system unless
the building is

(1) constructed so that at least 50% of ifs upright
side area is permanently open to the atmo$phere or
adequately ventilated by forced or natural ventilation, or

(2) in an unattended field compressor st3tion loca-
tion of 1,000 hp (746 kW) or less and adequately venti-
lated

(b) Except when shutdown of the system is
for maintenance (see para. 853.1.6), each gas|detection
and alarm system required by this section shall

(1) continuously monitor the compressof building
for a concentration of gas in air of not more than 25%

necessary

843.3.5 Fuel Gas Control. An automatic device
designed to shut off the fuel gas when the engine stops
shall be provided on each gas engine operating with pres-
sure gas injection. The engine distribution manifold shall
be automatically vented simultaneously.

843.3.6 Cooling and Lubrication Failures. All gas
compressor units shall be equipped with shutdown or
alarm devices to operate in the event of inadequate
cooling or lubrication of the units.

65

of-thetower cApluaivc Hmit

(2) warn persons about to enter the building and
persons inside the building of the danger if that concen-
tration of gas is exceeded

(c) The compressor building configuration shall be
considered in selecting the number, type, and placement
of detectors and alarms.

(d) Alarm signals shall be unique and immediately
recognizable, considering background noise and lighting,
to personnel who are inside or immediately outside each
compressor building.
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843.4 Compressor Station Piping

843.4.1 Gas Piping. The following are general provi-
sions applicable to all gas piping:

(a) Specifications for Gas Piping. All compressor station
gas piping, other than instrument, control, and sample
piping, up to and including connections to the main pipe-
line shall be of steel and shall use a design factor, F, per
Table 841.1.6-2. Valves having shell components made of
ductile iron may be used subject to the limitations in para.

of engines installed and to the possibility of having to
start several of these engines within a short period of time.

(c) A check valve shall be installed in the starting air
line near each engine to prevent backflow from the engine
into the air piping system. A check valve shall also be
placed in the main air line on the immediate outlet
side of the air tank or tanks. It is recommended that equip-
ment for cooling the air and removing the moisture and
entrained oil be installed between the starting air

831.1.1(b).

(b) Indtallation of Gas Piping. The provisions of
para. 84|.2 shall apply where appropriate to gas
piping in compressor stations.

(c) Tedting of Gas Piping. All gas piping within a
compresspr station shall be tested after installation in
accordande with the provisions of para. 841.3 for pipelines
and maing in Location Class 3, except that small additions
to operatihg stations need not be tested where operating
condition$ make it impractical to test.

(d) Ideqtification of Valves and Piping. All emergency
valves and controls shall be identified by signs. The func-
tion of all {mportant gas pressure piping shall be identified
by signs gr color codes.

843.4.2 Fuel Gas Piping. The following are specific
provisions applicable to compressor station fuel gas
piping only:

(a) All fuel gas lines within a compressor station that
serve the yarious buildings and residential areas shall be
provided yith master shutoff valves located outside of any
building dr residential area.

(b) Th¢ pressure-regulating facilities for the fuélbgas
system for a compressor station shall be provided with
pressure-]imiting devices to prevent the normadl operating
pressure ¢f the system from being exceeded-by more than
25%, or the maximum allowable operating pressure by
more than 10%.

(c) Suifable provision shall be;made to prevent fuel gas
from entering the power cylinders of an engine and
actuating| moving parts while’work is in progress on
the enging or on equipnient driven by the engine.

(d) Allffuel gas used for domestic purposes at a
compresspr station that has an insufficient odor of its
own to s¢rve as\avwarning in the event of its escape
shall be odorized as prescribed in section 856.

nnnnnnnnnnnn dtha gir ctoraca tanlc
mpressor-and-the-air-storage-tanks:

(d) Suitable provision shall be made to prevent starting
air from entering the power cylinders of anengine and
actuating moving parts while work is in progress on
the engine or on equipment driven by the engines. A¢cept-
able means of accomplishing this ane installing a|blind
flange, removing a portion of théaifr supply piping, or
locking closed a stop valve and locking open a vent down-
stream from it.

(e) Air receivers or aif.storage bottles for yse in
compressor stations shall be constructed and equfpped
in accordance with the’ BPV Code, Section VIIIL.

843.4.4 Lubricating Oil Piping. All lubricati
piping within gas compressing stations shd
constructedyin accordance with ASME B31.3.

843.4:5 Water Piping.

(d)>Process Water Piping. Process water piping,
intluding water/glycol, water/ methanol, and similar
water admixture piping within gas compressor stgtions,
shall be constructed in accordance with an appropriate
ASME B31 Code Section.

(b) Plumbing Systems.Plumbing systems, such as
distribution systems and sanitary drains and vents| shall
be constructed in accordance with the Internagional
Plumbing Code (IPC), Uniform Plumbing Code (UPC),
or other recognized plumbing code in accordancg with
the prevailing requirements of the authority having|juris-
diction.

843.4.6 Steam, Steam Condensate, and Hot Water
Utility/Heating Piping. All steam, steam condensate,
and hot water utility/heating water piping within gas
compressor stations shall be constructed in accorflance
with ASME B31.1 or ASME B31.3.

g oil
11 be

water

843.4.7 Hydraulic Piping. All hydraulic power {
within gas compressing stations shall be construc

iping
ed in

843.4.3-Air Piping System

(a) All air piping within gas compressing stations shall
be constructed in accordance with ASME B31.3.

(b) The starting air pressure, storage volume, and size
of connecting piping shall be adequate to rotate the engine
at the cranking speed and for the number of revolutions
necessary to purge the fuel gas from the power cylinder
and muffler. The recommendations of the engine manu-
facturer may be used as a guide in determining these
factors. Consideration should be given to the number
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accordance with ASME B51.5.

844 PIPE-TYPE AND BOTTLE-TYPE HOLDERS

844.1 Pipe-Type Holders in Rights-of-Way Not
Under Exclusive Use and Control of the
Operating Company

A pipe-type holder that is to be installed in streets, high-

ways, or in private rights-of-way not under the exclusive
control and use of the operating company shall be
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Table 844.3-1
Design Factors, F

Design Factors, F

For Minimum
Clearance Between
Containers and Fenced

For Minimum Clearance
Between Containers

(d) The minimum clearance in inches (millimeters)
between pipe containers or bottles shall be determined
by the following formula:

(U.S. Customary Units)

Holder Size and Fenced Boundaries Boundaries of Site of C= 3DPF
Location of Site of 25 ft (7.6 m) 100 ft (30 m) 1,000
Class to 100 ft (30 m) and Over
0.72 0.72 (SI Units)
3 0.60 0.72
3 0.60 0.60 C= 3DPF
4 0.40 0.40 6895
where

designed, installed, and tested in accordance with the
provigions of this Code applicable to a pipeline installed
in thg same location and operated at the same maximum
presspre.

844.2 Bottle-Type Holders

Boftle-type holders shall be located on land owned or
undel the exclusive control and use of the operating
comppny.

844.3 Pipe-Type and Bottle-Type Holders on
Property Under the Exclusive Use and
Control of the Operating Company

(a)| The storage site shall be entirely surrounded(with
fencing to prevent access by unauthorized persons.

(b)| A pipe-type or bottle-type holder that-is to be
installed on property under the exclusive.control and
use of the operating company shall be designed in accor-
dancg with construction design factors.'The selection of
these|factors depends on the Location Class in which the
site ig situated, the clearance between the pipe containers
or bottles and the fence, and the maximum operating pres-
sure, [as shown in Table 844.3-1.

(c)] The minimum cleatrance between containers and
the fenced boundaries of the site is fixed by the
maximum operdting pressure of the holder as shown
in Taple 844.3-2,

C = minimum clearance bétween pipe confainers or
bottles, in. (mm)

D = outside diameter-of pipe container or|bottle, in.
(mm)
F = design factor\[see (b)]

P = maximum allowable operating presgure, psig
(kPa)

(e) Ripecontainers shall be buried with the top of each
container not less than 24 in. (610 mm) below the ground
surface.

(f) Bottles shall be buried with the top of each{container
below the normal frostline but in no case closer than 24 in.
(610 mm) to the surface.

(g) Pipe-typeholders shall be tested in accordance with
the provisions of para. 841.3.2 for a pipeline located in the
same Location Class as the holder site, provided} however,
that in any case where the test pressure will produce a
hoop stress of 80% or more of the specified minimum
yield strength of the pipe, water shall be uged as the
test medium.

844.4 Special Provisions Applicable to Bottle-
Type Holders Only

A bottle-type holder may be manufactured from steel
thatis not weldable under field conditions, subj¢ct to all of
the following limitations:

(a) Bottle-type holders made from alloy dteel shall
meet the chemical and tensile requirements for the
various grades of steel in ASTM A372.

(b) In no case shall the ratio of actual yield strength to

Table 844.3-2
Minimum Clearance Between Containers and Fenced

Boundaries
Maximum Operating Minimum
Pressure, psig (kPa) Clearance, ft (m)
Less than 1,000 (6 900) 25 (7.6)
1,000 (6 900) or more 100 (30)

actual tensile strength exceed 0.85.

(c) Welding shall not be performed on such bottles
after they have been heat treated and/or stress relieved,
except that it shall be permissible to attach small copper
wires to the small diameter portion of the bottle end
closure for cathodic protection purposes using a localized
Thermit welding process (charge not to exceed 15 g).

(d) Such bottles shall be given a hydrostatic test in the
mill and need not be retested hydrostatically at the time of
installation. The mill test pressure shall not be less than
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that required to produce a hoop stress equal to 85% of the
specified minimum yield strength of the steel. Careful
inspection of the bottles at the time of installation
shall be made, and no damaged bottle shall be used.

(e) Such bottles and connecting piping shall be tested
for tightness after installation using air or gas ata pressure
of 50 psi (340 kPa) above the maximum operating pres-
sure.

(b) pilot-loaded back-pressure regulators used as relief
valves, so designed that failure of the pilot system or
control lines will cause the regulator to open

(c) rupture disks of the type meeting the provisions of
the BPV Code, Section XIII, Part 4

845.2.2 Maximum Allowable Operating Pressure for
Steel or Plastic Pipelines or Mains. This pressure is by
definition the maximum operating pressure to which
the pipeline or main may be subjected in accordance

844.5 General Provisions Applicable to Bath Pipe-
Type and Bottle-Type Holders
(a) No gas containing more than 0.1 grain of hydrogen

sulfide pef 100 standard cubic feet (2.8 m®) shall be stored
when frele water is present or anticipated without
employing suitable means to identify, mitigate, or
prevent detrimental internal corrosion. (See section 864.)

(b) Provision shall be made to prevent the formation or
accumulation of liquids in the holder, connecting piping,
and auxillary equipment that might cause corrosion or
interfere with the safe operation of the storage equipment.

Relief viilves shall be installed in accordance with provi-
sions of this Code that will have relieving capacity
adequate|to limit the pressure imposed on the filling
line and thereby on the storage holder to 100% of the
design pressure of the holder or to the pressure that

produces a hoop stress of 75% of the specified
minimum)| yield strength of the steel, whichever is the
lesser.

845 CONTROL AND LIMITING OF GAS PRESSURE

845.1 Basic Requirement for Protection Against
Agcidental Overpressuring

Every fipeline, main, distribution systém, customer's
meter and connected facilities, compressor station,
pipe-typelholder, bottle-type holder, container fabricated
from pipe and fittings, and all~special equipment, if
connectegl to a compressorOr,to a gas source where
the failurfe of pressure control or other causes might
result in p pressure that“would exceed the maximum
allowabld operating.pressure of the facility (refer to
para. 805.2.1), shallkbe equipped with suitable pres-
sure-relieying or pressure-limiting devices. Special provi-
sions for gerviee regulators are set forth in para. 845.2.7.

with the requirements of this Code. For a pipeline or
main, the maximum allowable operating pressuréd shall
not exceed the lesser of the following four-items:
(a) The design pressure (defined in para’805.2.1) of
the weakest element of the pipeline or main. Assyming
that all fittings, valves, and other ‘@ccessories in the
line have an adequate pressure rdating, the maxjmum
allowable operating pressutévof a pipeline or |main
shall be the design pressure determined in accorflance
with para. 841.1.1 for steel or para. 842.2 for pladtic.
(b) The pressure obtained by dividing the pressfire to
which the pipelinelor main is tested after constructjon by
the appropriate‘fa¢tor for the Location Class involved, as
shown in Tabl€ 845.2.2-1.
(c) The maximum safe pressure to which the pipeline
or main,should be subjected based on its operatinig and
maintenance history (for pipelines, see para. 851.1).
(d)”When service lines are connected to the pipelfne or
main, the limitations set forth in paras. 845.2.4(c)(3) and
845.2.4(c)(5).

jm

845.2.3 Qualification of a Steel Pipeline or Main to
Establish the MAOP

(a) Pipeline Operating at 100 psig (690 kPa) or |More.
This paragraph applies to existing natural gas pipglines
or to existing pipelines being converted to natural gas
service where one or more factors of the steel pipe
design formula (see para. 841.1.1) is unknown, arnd the
pipeline is to be operated at 100 psig (690 kHa) or
more. The maximum allowable operating prefsure
shall be determined by hydrostatic testing of the pigeline.

(1) The maximum allowable operating pregsure
shall be limited to the pressure obtained by diyiding
the pressure to which the pipeline or main is tested by
the appropriate factor for the Location Class invplved
as shown in Table 845.2.3-1.

£2)

845.2 Control and Limiting of Gas Pressure

845.2.1 Control and Limiting of Gas Pressure in
Holders, Pipelines, and ALl Facilities That Might at
Times Be Bottle Tight. Suitable types of protective
devices to prevent overpressuring of such facilities
include

(a) spring-loaded relief valves of types meeting the
provisions of the BPV Code, Section XIII, Part 3

68

2—The mum
allowable operating pressure calculation shall be the
test pressure obtained at the high elevation point of
the minimum strength test section and shall not be
higher than the pressure required to produce a hoop
stress equal to the yield strength as determined by
testing. Only the first test to yield can be used to determine
maximum allowable operating pressure.

(3) Records of hydrostatic pressure tests and line
repairs shall be preserved as long as the facilities involved
remain in service.

£ + + L P2 +h
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Table 845.2.2-1
Maximum Allowable Operating Pressure for Steel or
Plastic Pipelines or Mains

Table 845.2.3-1
Maximum Allowable Operating Pressure for Pipelines
Operating at 100 psig (690 kPa) or More

Location Pressure for Steel Pressure for Location Maximum Allowable
Class [Note (1)] Plastic Class Operating Pressure
1, Division 1 Test pressure NA. 1, Division 1 Test pressure

1.28

1.28

Test pressure
1.25 1.50

1, Division 2 Test pressure

2 Test pressure

1.28 1.50

Test pressure

Test pressure Test pressure

3 1.50 1.50
[Note (2)]
Test pressure Test pressure
4 1.50 1.50
[Note (2)]

NOTEY:

(1) Sefe para.845.2.3 for test factors applicable to conversion of pipe+
liles with unknown factors.

(2) Other factors should be used if the line was tested undétthe
special conditions described in paras. 841.3.2(d), 841.3.2(i),
arld 841.3.3. In such cases, use factors that are(consistent
with the applicable requirements of these sections.

4) Determine thatall valvesf flanges, and other pres-
sure fated components have adequate ratings.
5) While the maximuim jpressure of a test used to
establish the maximumyallowable working pressure is
not limited by thisyparagraph except by (2), due
cautipn should beexercised in selecting the maximum
test gressure.

(b)| Pipelinés‘Operating at Less Than 100 psig (690 kPa).
This garagraph applies to existing natural gas pipelines or
to exiftingpipelines being converted to natural gas service

where-ene-ormorefactors-ofthesteelpine-desianformula
S-ohe-o-mereaetorsSot erpt

Test pressure

1, Division 2

1.39

2 Test pressure
1.67

3 Test pressure
2.0

4 Test pressure
2.5

Table 845.2.3-2
Maximum Allowable Operating Pressure for [Pipelines
Operating at Less Than 100 psig (690 kPa)

tHe-5te Prpe- eSOt

(see para. 841.1.1) is unknown, and the pipeline is to be
operated at less than 100 psig (690 kPa). The maximum
allowable operating pressure shall be determined by pres-
sure testing the pipeline.

(1) The maximum allowable operating pressure
shall be limited to the pressure obtained by dividing
the pressure to which the pipeline or main is tested by
the appropriate factor for the Location Class involved
as shown in Table 845.2.3-2.

Location Maximum Allowable
Class Operating Pressuyire
1 Test pressure
1.25
2 Test pressure
1.25
3 Test pressure
1.50
4 Test pressure
1.50
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(2) The test pressure to be used in the maximum
allowable operating pressure calculation shall be the
test pressure obtained at the high elevation point of
the minimum strength test section and shall not be
higher than the pressure required to produce a hoop
stress equal to the yield strength as determined by
testing. Only the first test to yield can be used to determine
maximum allowable operating pressure.

(3) Records of pressure tests and line repairs shall be
preservegd-astongasthefaciitiesinvelvedremainin
service.

(4) Determine thatall valves, flanges, and other pres-
sure rated components have adequate ratings.

(5) Although the maximum pressure of a test used to
establish the maximum allowable working pressure is not
limited by this paragraph except by (2), due caution
should be|exercised in selecting the maximum test pres-
sure.

845.2.4 Control and Limiting of Gas Pressure in High-
Pressure Bteel, Ductile Iron, Cast Iron, or Plastic Distri-
bution Systems

(a) Eadh high-pressure distribution system or main,
supplied from a source of gas that is at a higher pressure
than the thaximum allowable operating pressure for the
system, ghall be equipped with pressure-regulating
devices of adequate capacity and designed to meet the
pressure| load, and other service conditions under
which they will operate or to which they may be subjected.

(b) In hddition to the pressure-regulating devices
prescribef in (a), a suitable method shall be provided
to prevenf accidental overpressuring of a high-ptessure
distribution system.

Suitabl¢ types of protective devices to prevent over-
pressuring of high-pressure distribution-systems include

(1) relief valves as prescribed in-paras. 845.2.1(a)
and 845.2.1(b).

(2) weight-loaded relief valves:

(3) amonitoring regulaterinstalled in series with the
primary gressure regulator.

(4) 4 series regulater-installed upstream from the
primary 1egulator and.set to limit the pressure on the
inlet of the primary regulator continuously to the
maximum| allowablé operating pressure of the distribu-
tion system_or-less.

(5) an dutomatic shutoff device installed in series

subjected in accordance with the requirements of this
Code. It shall not exceed

(1) the design pressure of the weakest element of the
system as defined in para. 805.2.1

(2) 60 psig(410kPa)ifthe servicelinesinthe system
are not equipped with series regulators or other pressure-
limiting devices as prescribed in para. 845.2.7(c)

(3) 25 psig (170 kPa) in cast iron systems having
caulked bell and spigot joints that have not been equipped
with-beljeint-elam er—effeetivetea raling

methods

(4) the pressure limits to which any joint \coy
subjected without possibility of parting

(5) 2 psig (14 kPa) in high-pressure distribution
systems equipped with service regulators not mgeting
the requirements of para. 845.2.7¢a) and that djo not
have an overpressure protective, device as requited in
para. 845.2.7(b)

(6) the maximum safe pressure to which the system
should be subjected based on its operation and mpinte-
nance history

1d be

845.2.5 Control and Limiting of Gas Pressure in Low-

Pressure Distribution Systems

(a) Eachlow-pressure distribution system or lowtpres-
suremdih supplied from a gas source that is at a Qigher
pressure than the maximum allowable operating prgssure
for the low-pressure system shall be equipped with|pres-
sure-regulating devices of adequate capacity. These
devices must be designed to meet the pressure,|load,
and other service conditions under which they will
have to operate.

(b) In addition to the pressure-regulating ddvices
prescribed in (a), a suitable device shall be provided to
prevent accidental overpressuring. Suitable types of
protective devices to prevent overpressuring of lowipres-
sure distribution systems include

(1) aliquid seal relief device that can be set to open
accurately and consistently at the desired pressurg

(2) weight-loaded relief valves

(3) an automatic shutoff device as described in
para. 845.2.4(b)(5)

(4) a pilot-loaded, back-pressure regulatpr as
described in para. 845.2.1(b)

(5) a monitoring regulator as describ
para. 845.2.4(b)(3)

bd in

with the primary pressure regulator and set to shut off
when the pressure on the distribution system reaches
the maximum allowable operating pressure or less.
This device must remain closed until manually reset. It
should not be used where it might cause an interruption
in service to a large number of customers.
(6) spring-loaded, diaphragm-type relief valves.

(c) Maximum Allowable Operating Pressure for High-
Pressure Distribution Systems. This pressure shall be
the maximum pressure to which the system can be
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(6) a series regulator as described in para.
845.2.4(b)(4)

(c) Maximum Allowable Operating Pressure for Low-
Pressure Distribution Systems. The maximum allowable
operating pressure for a low-pressure distribution
system shall not exceed either of the following:

(1) apressure that would cause the unsafe operation
of any connected and properly adjusted low-pressure gas
burning equipment

(2) a pressure of 2 psig (14 kPa)
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845.2.6 Conversion of Low-Pressure Distribution
Systems to High-Pressure Distribution Systems

(a) Before converting a low-pressure distribution
system to a high-pressure distribution system, it is
required that the following factors be considered:

(1) the design of the system, including kinds of mate-
rial and equipment used

(2) past maintenance records, including results of
any previous leakage surveys

(5) the capability under normal operating conditions
of regulating the downstream pressure within the neces-
sary limits of accuracy and of limiting the buildup of pres-
sure under no-flow conditions to no more than 50% over
the normal discharge pressure maintained under flow
conditions

(6) a self-contained service regulator with no
external static or control lines

(b) Ifthe maximum allowable operating pressure of the

(b)| Before increasing the pressure, the following steps
(not mecessarily in sequence shown) shall be taken:
7) Make a leakage survey and repair leaks found.
?) Reinforce or replace parts of the system found to
hdequate for the higher operating pressures.
3) Install a service regulator on each service line,
and te¢st each regulator to determine that it is functioning.
In some cases it may be necessary to raise the pressure
slightly to permit proper operation of the service regula-
tors.

be in

4) Isolate the system from adjacent low-pressure
ms.

5) At bends or offsets in coupled or bell and spigot
pipe, [reinforce or replace anchorages determined to be
inadequate for the higher pressures.

(c)| The pressure in the system being converted shall be
incregsed by steps, with a period to check the effect of the
previpus increase before making the next increase. The
desirable magnitude of each increase and the length of
the check period will vary depending on conditions.
The opjective of this procedure is to afford an opporstunity
to digcover any unknown open and unregulated\connec-
tions |to adjacent low-pressure systems or tojindividual
customers before excessive pressures are reached.

syste

845%.2.7 Control and Limiting of the'Pressure of Gas
Deli\xred to Domestic, Small Commercial, and Small
Industrial Customers From High-Pressure Distribution
Systems

(a)| Ifthe maximum allowable operating pressure of the
distripution system is ‘60 psig (410 kPa) or less, and a
servige regulator haying the following characteristics is
used,|no other, pressure-limiting device is required:

1) a préssure regulator capable of reducing distri-
butioh line pressure, psig (kPa), to pressures recommend-
ed fohousehold appliances, inches (millimeters) of water

distributiensystemis—60-psie{44+0-kPajorless, and a
service regulator not having all of the chiargcteristics
listed in (a) is used, or if the gas contains materials
that seriously interfere with the operation-of sefvice regu-
lators, suitable protective devices shall be installed to
prevent unsafe overpressuringcof the customer's appli-
ances, should the service régulator fail. Some of the
suitable types of protectivé.devices to prevent|overpres-
suring of the customerstappliances are

(1) a monitoring fegulator

(2) a relief valve

(3) an automatic shutoff device

These devices may be installed as an integyral part of
the serviee)regulator or as a separate unit.

(c) Ifthe maximum allowable operating presfure of the
distribution system exceeds 60 psig (410 kPa), suitable
methods shall be used to regulate and limit th¢ pressure
ofthe gas delivered to the customer to the maxjmum safe
value. Such methods may include

(1) a service regulator having the char
listed in (a) and a secondary regulator located|upstream
from the service regulator. In no case shall the fecondary
regulator be set to maintain a pressure higher than 60 psig
(410 kPa). A device shall be installed between the
secondary regulator and the service regulatgr to limit
the pressure on the inlet of the service regulator to 60
psig (410 kPa) or less in case the secondary|regulator
fails to function properly. This device may b either a
relief valve or an automatic shutoff that shuts if the pres-
sure on the inlet of the service regulator excedds the set
pressure [60 psig (410 kPa) or less] and remalins closed
until manually reset.

(2) aserviceregulatorand amonitoringre
to limit to a maximum safe value the pressure
delivered to the customer.

(3) a service regulator with a relief valve|vented to
the outside atmosphere, with the relief valve setfto open so

cteristics

pulator set
of the gas

columm

(2) a single port valve with orifice diameter no
greater than that recommended by the manufacturer
for the maximum gas pressure at the regulator inlet

(3) avalve seat made of resilient material designed
to withstand abrasion of the gas, impurities in gas, and
cutting by the valve, and designed to resist permanent
deformation when it is pressed against the valve port

(4) pipe connections to the regulator not exceeding
NPS 2 (DN 50)
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that the pressure of gas going to the customer shall not
exceed a maximum safe value. The relief valve may be
either built into the service regulator or may be a separate
unitinstalled downstream from the service regulator. This
combination may be used alone only in cases where the
inlet pressure on the service regulator does not exceed the
manufacturer's safe working pressure rating of the service
regulator, and it is not recommended for use where the
inlet pressure on the service regulator exceeds 125 psig
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(860 kPa). For higher inlet pressures, the method in (1) or
(2) should be used.

(d) When the pressure of the gas and the demand by the
customer are greater than those applicable under the
provisions of (a), (b), and (c), the requirements for
control and limiting of the pressure of gas delivered
are included in para. 845.1.

845.3 Requirements for Design of Pressure-

Installations

(a) Prdssure-relieving or pressure-limiting devices
except rupture disks shall
(1) He constructed of materials such that the opera-
tion of thd device will not normally be impaired by corro-
sion of exfernal parts by the atmosphere or internal parts
by gas
(2) have valves and valve seats that are designed not
to stick infa position that will make the device inoperative
and resultlin failure of the device to perform in the manner
for which|it was intended
(3) He designed and installed so that they can be
readily operated to determine if the valve is free, can
be tested[to determine the pressure at which they will
operate, pnd can be tested for leakage when in the
closed pogition
(4) He designed and installed such that operation is
not impaifed at the minimum design temperature
(b) Rupture discs shall meet the requirements for
design as|set out in the BPV Code, Section XIII, Part 4
(c) Thq discharge stacks, vents, or outlet ports of:all
pressure-relieving devices shall be located where gas
can be discharged into the atmosphere without'undue
hazard.
Considgration should be given to all @xposures in the
immediate vicinity, including where gas pipelines parallel
overhead electric transmission lines gn the same right-of-
way to enfure that the blowdown ¢onnections will direct
the gas awfay from the electrieconductors. Where required
to protect| devices, the diseharge stacks or vents shall be
protected|with rain caps\to preclude the entry of water.
(d) Thd size of the-openings, pipe, and fittings located
between the systém-to be protected and the pressure-
relieving devicetand the vent line shall be of adequate
size to prevent-hammering of the valve and to prevent

closed so that they can lock it in the open position
before they leave the location.

(2) Install duplicate relief valves, each having
adequate capacity by itself to protect the system, and
arrange the isolating valves or three-way valve so that
mechanically it is possible to render only one safety
device inoperative at a time.

(f) Precautions shall be taken to prevent unauthorized
operation of any valve that will make pressure-limiting

riees ve—Thi Fis ie iselating
valves, bypass valves, and valves on control‘or float
lines that are located between the pressure:limiting
device and the system that the device protegts. A
method similar to that described in (e)(1)tshall be consid-
ered acceptable in complying with this*provision.

(9) When a monitoring regulator, series regullator,
system relief, or system shutoff/is installed at a djstrict
regulator station to protect‘a-piping system from |over-
pressuring, the installation Shall be designed and installed
to prevent any single incident, such as an explosioh in a
vault or damage by a‘vehicle or icing (both interngl and
external), from affécting the operation of both the|over-
pressure protéctive device and the district regulatoy. (See
sections 846 and 847.)

(h) Special attention shall be given to control lings. All
controldines shall be protected from falling objects,|exca-
vations by others, or other foreseeable causes of ddmage
and shall be designed and installed to prevent damage to
any one control line from making both the district|regu-
lator and the overpressure protective device inopernative.

845.4 Capacity of Pressure-Relieving and
Pressure-Limiting Station and Devices

845.4.1 Required Capacity of Pressure-Relieving and
Pressure-Limiting Stations

(a) Each pressure-relieving station, pressure-lithiting
station, or group of such stations installed to protect a
piping system or pressure vessel against overpresquring
(see para. 845.1) shall have sufficient capacity and shall be
set to operate to prevent the pressure from exceeding the
following levels:

(1) Systems With Pipe or Pipeline Components|Oper-
ating at Hoop Stress Levels Over 72% of the SMYS. The
required capacity shall not be less than the capacity
required to prevent the pressure from exceeding the

impairmeht-efrelief-capacity

(e) Precautions shall be taken to prevent unauthorized
operation of any stop valve that will make a pressure relief
valve inoperative. This provision shall not apply to valves
that will isolate the system under protection from its
source of pressure. Acceptable methods for complying
with this provision are as follows:

(1) Lock the stop valve in the open position. Instruct
authorized personnel of the importance of not inadver-
tently leaving the stop valve closed and of being
present during the entire period that the stop valve is

Maximum allfowable operating pressure pius 49%.

(2) Systems With Pipe or Pipeline Components Oper-
ating at Hoop Stress Levels at or Below 72% of the SMYS
Other Than in Low-Pressure Distribution Systems. The
required capacity shall not be less than the capacity
required to prevent the pressure from exceeding the
lesser of the following two items:

(-a) the maximum allowable operating pressure
plus 10%

(22)
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(-b) the pressure that produces a hoop stress of

75% of the specified minimum yield strength
(3) Low-Pressure Distribution Systems. The required
capacity shall not be less than the capacity required to
prevent the pressure from exceeding a pressure that
would cause the unsafe operation of any connected

and properly adjusted gas burning equipment.
(4) Pressure Vessels. Pressure vessels shall be
protected against overpressure in accordance with the

capable of withstanding the maximum and minimum
operating pressures and temperatures of the piping or
equipment to which they are attached. They shall be
designed to satisfactorily withstand all stresses
without failure by fatigue.

(c) Ashutoffvalve shall be installed in each takeoffline
as near as practicable to the point of takeoff. Blowdown
valves shall be installed where necessary for the safe
operation of piping, instruments, and equipment.

{e) Rnotbe used
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(b)] When more than one pressure-regulating or
compfressor station feeds into the pipeline or distribution
system and pressure-relieving devices are installed at
such|stations, the relieving capacity at the remote
statign may be taken into account in sizing the relief
devides at each station. In doing this, however, the
assurhed remote relieving capacity must be limited to
the cppacity of the piping system to transmit gas to
the remote location or to the capacity of the remote
relief|ldevice, whichever is less.

845%.4.2 Proof of Adequate Capacity and Satisfactory
Perfgrmance of Pressure-Limiting and Pressure-
Relieying Devices. Where the safety device consists of
an adgditional regulator that is associated with or functions
in combination with one or more regulators in a series
arrangement to control or limit the pressure in a
pipinlg system, suitable checks shall be made. These
checKs shall be conducted to determine that the equip+
ment|will operate in a satisfactory manner to prevent
any pressure in excess of the established maximumallow-
able gperating pressure of the system, should ahj-one of
the agsociated regulators malfunction or remain in the
wide{open position.

845.5 Instrument, Control, and-Sample Piping
845.5.1 Scope

(a)| The requirements givenin this section apply to the
desigh of instrument, contol, and sampling piping for safe
and piroper operation of.the piping itself and do not cover
desigh of piping to-Secure proper functioning of instru-
ment$ for whichthe’piping is installed.

(b)| This section does not apply to permanently closed
piping systems, such as fluid-filled, temperature-respon-
sive deyiees.

Brasspipe-ercopperpipeortu
for metal temperatures greater than 400°F (204°C).

(e) Piping subject to clogging from solids of deposits
shall be provided with suitable connections for cleaning.

(f) Pipe or tubing required underithis sectign may be
specified by the manufacturers of the instrument, control
apparatus, or sampling devicejprovided that thie safety of
the pipe or tubing as installéd'is atleast equal to that other-
wise required under thé:Code.

(g) Piping that may contain liquids shall be
by heating or othér suitable means from damz
freezing.

(h) Piping~ifi which liquids may accumulate shall be
provided<«with drains or drips.

(i) The arrangement of piping and supports shall be
designied to provide not only for safety under|operating
strésses, but also to provide protection for the piping
against detrimental sagging, external mechanifal injury,
abuse, and damage due to unusual service donditions
other than those connected with pressure, temperature,
and service vibration.

(j) Suitable precautions shall be taken tp protect
against corrosion. (See section 864.)

(k) Joints between sections of tubing ang
between tubing and/or pipe and valves or fittings shall
be made in a manner suitable for the pregsure and
temperature conditions, such as by means of fldred, flare-
less, and compression-type fittings, or equal, o1f they may
be of the brazed, screwed, or socket-welded type. If
screwed-end valves are to be used with flared} flareless,
or compression-type fittings, adapters are required.

Slip-type expansion joints shall not be used; pxpansion
shall be compensated for by providing flexibility within
the piping or tubing system itself.

(1) Plastic shall not be used where operating tempera-
tures exceed limitations shown in paras. 842.2.2(b) and
842.2.3(b).

protected
ge due to

/or pipe,

845.5.2 Materials and Design

(a) The materials employed for valves, fittings, tubing,
and piping shall be designed to meet the particular con-
ditions of service.

(b) Takeoff connections and attaching bosses, fittings,
or adapters shall be made of suitable material and shall be
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(m] Plastic piping shall not be painted. Tf identification
other than that already provided by the manufacturer's
marking is required, it shall be accomplished by other
means.
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846 VALVES*

846.1 Required Spacing of Valves

846.1.1 Transmission Lines. Onshore block valves
shall be installed in new transmission pipelines at the
time of construction to isolate the pipeline for mainte-
nance and for response to operating emergencies.
When determining the placement of such valves for sectio-
nalizing the pipeline, primary consideration shall be given

846.2 Location of Valves
846.2.1 Transmission Valves

(a) Sectionalizing block valves shall be accessible and
protected from damage and tampering. If a blowdown
valve is involved, it shall be located where the gas can
be blown to the atmosphere without undue hazard.

(b) Sectionalizing valves may be installed above
ground, in a vault, or buried. In all installations an oper-

to locatiohs that provide continuous accessibility to the
valves.
(a) In determining the number and spacing of valves to

beinstall€ld, the operator shall perform an assessment that
gives congideration to factors such as

(1) the amount of gas released due to repair and
maintenance blowdowns, leaks, or ruptures

(2) the time to blow down an isolated section

(3) the impact in the area of gas release (e.g.,
nuisance and any hazard resulting from prolonged blow-
downs)

(4) cpntinuity of service

(5) dperating and maintenance flexibility of the
system

(6) fhiture development in the vicinity of the pipeline

(7) slgnificant conditions that may adversely affect
the operalion and security of the line

(b) In lieu of (a), the following maximum spacing

between yalves shall be used:

(1) 20 mi(32km)inareasofpredominantly Location
Class 1

(2) 1|5 mi(24km)inareas of predominantly Location
Class 2

(3) 10 mi (16 km)inareas of predominantly-Location
Class 3

4) 5
Class 4

The spacing defined herein maybe adjusted to permit
avalve to pe installed in a locatioh that is more accessible.

846.1.2 Distribution Mains: Valves on distribution
mains, whether for operating or emergency purposes,
shall be spaced as follows:

(a) High-Pressure Distribution Systems. Valves shall be
installed in high-preSsure distribution systems in acces-
sible locationstereduce the time to shut down a section of
main in an emergency. In determining the spacing of the

mi (8 km) in areas of predominaritly Location
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accessible to authorized persons. All valves sh
suitably supported to prevent settlement or-mev¢ment
of the attached piping.

(c) Blowdown valves shall be provided so that
section of pipeline between main-line valves ¢
blown down. The sizes and capaéity of the conne¢tions
for blowing down the line shall‘be such that under gmer-
gency conditions the section‘efline can be blown down as
rapidly as is practicable.

(d) This Code does‘not require the use of automatic
valves nor does the Code imply that the use of autgmatic
valves presently.developed will provide full protectjon to
a piping system! Their use and installation shall be pt the
discretion of\the operating company.

Ating
TS

each
hn be

846.2:2 Distribution System Valves

(a)-A valve shall be installed on the inlet piping of each
regulator station controlling the flow or pressure of gas in
a distribution system. The distance between the valye and
the regulator or regulators shall be sufficient to pernpit the
operation of the valve during an emergency, such as 4 large
gas leak or a fire in the station.

(b) Valves on distribution mains, whether for opefating
or emergency purposes, shall be located in a manngr that
will provide ready access and facilitate their operation
during an emergency. Where a valve is installed in a
buried box or enclosure, only ready access to the opefating
stem or mechanism is implied. The box or enclosur¢ shall
be installed in a manner to avoid transmitting external
loads to the main.

847 VAULTS

847.1 Structural Design Requirements

Underground vaults or pits for valves and pregsure-

valves, consideration should be given to the operating
pressure and size of the mains and local physical condi-
tions as well as the number and type of consumers that
might be affected by a shutdown.

(b) Low-Pressure Distribution Systems. Valves may be
used on low-pressure distribution systems but are not
required except as specified in para. 846.2.2(a).

*See paras. 849.1.2 and 849.1.3 for provisions covering valves in
service lines.
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reHeving, pressure-Hmriting, or pressure-regulating
stations, etc., shall be designed and constructed in accor-
dance with the following provisions:

(a) Vaults and pits shall be designed and constructed in
accordance with good structural engineering practice to
meet the loads that may be imposed on them.

(b) Sufficient working space shall be provided so that
all of the equipment required in the vault can be properly
installed, operated, and maintained.
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(c) Inthe design of vaults and pits for pressure-limiting,
pressure-relieving, and pressure-regulating equipment,
consideration shall be given to the protection of the
installed equipment from damage, such as that resulting
from an explosion within the vault or pit that may cause
portions of the roof or cover to fall into the vault.

(d) Pipe entering and within regulator vaults or pits
shall be steel for NPS 10 (DN 250) and smaller sizes,
except that control and gage p1p1ng may be copper
Where-piping-e : £
provipion shall be made to prevent the passage of gases or
liquids through the opening and to avert strains in the
piping. Equipment and piping shall be suitably sustained
by meptal, masonry, or concrete supports. The control
pipinjg shall be placed and supported in the vault or
pit sq that its exposure to injury or damage is reduced
to a pinimum.

(e)| Vault or pit openings shall be located so as to mini-
mize [the hazards of tools or other objects falling on the
regulator, piping, or other equipment. The control piping
and the operating parts of the equipment installed shall
not He located under a vault or pit opening where
workmen can step on them when entering or leaving
the vault or pit, unless such parts are suitably protected.

(f) [Whenever a vault or pit opening is to be located
above¢ equipment that could be damaged by a falling
covel, a circular cover should be installed, or other
suitable precautions should be taken.

847.2 Accessibility

Acqessibility shall be considered in selecting a'site for a
vaultf Some of the important factors to_consider in
selectling the location of a vault are as follows:

(a)| Exposure to Traffic. The location ef vaults in street
interdections or at points where traffic\is heavy or dense
should be avoided.

(b)| Exposure to Flooding. Vaults should not be located at
pointk of minimum elevation, near catch basins, or where
the agcess cover will be in the course of surface waters.

(c)| Exposure to Adjacent Subsurface Hazards. Vaults
should be located asfaras is practical from water, electric,
stean), or other facilities.

847.3 Vault Sealing, Venting, and Ventilation

Unflerground vaults and closed top pits containing
eithel = i i o
pressure-limiting or relieving station shall be sealed,
vented, or ventilated as follows:

(a) When the internal volume exceeds 200 ft* (5.7 m®),
such vaults or pits shall be ventilated with two ducts each
having at least the ventilating effect of an NPS 4 (DN 100)
pipe.

(b) The ventilation provided shall be sufficient to mini-
mize the possible formation of a combustible atmosphere
in the vault or pit. Vents associated with the pressure-

regulating or pressure-relieving equipment must not
be connected to the vault or pit ventilation.

(c) The ducts shall extend to a height above grade
adequate to disperse any gas-air mixtures that might
be discharged. The outside end of the ducts shall be
equipped with a suitable weatherproof fitting or vent
head designed to prevent foreign matter from entering
or obstructing the duct. The effective area of the
openlng in such f1tt1ngs or vent heads shall be at least

: e : (DN 100)
duct The horizontal section of the duct$ shall be as
short as practical and shall be pitched to prevént the accu-
mulation of liquids in the line. The number of bends and
offsets shall be reduced to a minimum, and provisions
shall be incorporated to facilitate the periodif cleaning
of the ducts.

(d) Such vaults or pits/having an interngl volume
between 75 ft* and 200-ft> (2.1 m® and 5.7 m®) may
be either sealed, vented,/or ventilated. If sealed, all open-
ings shall be equipped with tight-fitting coveis without
open holes throtigh which an explosive mixtjire might
be ignited. Means shall be provided for testing thhe internal
atmosphete ‘before removing the cover. If v¢nted, the
proper\provision to prevent external sources ¢f ignition
fromeaching the vault atmosphere must be provided. If
ventilated, the provisions of either (a), (b), and (c) or (e)
shall apply.

(e) If vaults or pits referred to in (d) are venjtilated by
means of openings in the covers or gratings, anfl the ratio
of the internal volume in cubic feet (m®) to thg effective
ventilating area of the cover or grating in squar¢ feet (m?)
is less than 20 to 1, no additional ventilation iy required.

(f) Vaults or pits having an internal volume l¢gss than 75
ft* (2.1 m®) have no specific requirements.

847.4 Drainage and Waterproofing

(a) Provisions shall be made to minimize th¢ entrance
of water into vaults. Nevertheless, vault equipment shall
always be designed to operate safely if submgrged.

(b) Novaultcontaining gas piping shall be cofnected by
means of a drain connection to any other substructure,
such as a sewer.

(c) Electrical equipment in vaults shall confgrm to the
requirements of Class 1, Group D of NFPA 70

: TORS

848.1 Location for Customers' Meter and
Regulator Installations

(a) Customers' meters and regulators may be located
either inside or outside of buildings, depending on local
conditions, except that on service lines requiring series
regulation, in accordance with para. 845.2.7(c), the
upstream regulator shall be located outside of the
building.
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(b) When installed within a building, the service regu-
lator shall be in a readily accessible location near the point
of gas service line entrance, and whenever practical, the
meters shall be installed at the same location. Neither
meters nor regulators shall be installed in bedrooms,
closets, or bathrooms; under combustible stairways; in
unventilated or inaccessible places; or closer than 3 ft
(0.9 m) to sources of ignition, including furnaces and
water heaters. On service lines supplying large industrial
customers

at the same time shut off the regular supply, can be substi-
tuted for a check valve if desired.

848.3.3 Termination of Vents. All service regulator
vents and relief vents, where required, shall terminate
in the outside air in rain- and insect-resistant fittings.
The open end of the vent shall be located where the
gas can escape freely into the atmosphere and away
from any openings into the buildings if a regulator
failure resulting in the release of gas occurs. At locations

erinstallationswhere gasisusedathigherthan
standard gervice pressure, the regulators may be installed
at other readily accessible locations.

(c) Whlen located outside of buildings, meters and
service regulators shall be installed in readily accessible
locations where they will be reasonably protected from
damage.

(d) Reg
effective
sphere in
Individua

ulators requiring vents for their proper and
peration shall be vented to the outside atmo-
hccordance with the provisions of para. 848.3.3.
vents shall be provided for each regulator.

848.2 Operating Pressures for Customers' Meter
Installations

aluminum case meters shall not be used at a
operating pressure higher than the manufac-
iting for the meter. New tinned steel case
meters shall not be used at a pressure in excess of
50% of tHe manufacturer's test pressure; rebuilt tinned
steel cas¢ meters shall not be used at a pressure in
excess of|50% of the pressure used to test the metek
after rebyilding.

Iron or
maximum
turer's r

848.3 Protection of Customers' Meter and
Regulator Installations From Damage

848.3.1
shall not
corrosioq]
proven m
rioration.

Corrosive Area. Meters and.service regulators
be installed where rapid deterioration from
or other causes is likely to occur, unless
pasures are taken to-protect against such dete-

848.3.2 Protective-Device. A suitable protective
device, siich as a back-pressure regulator or a check

where service regulators may be submerged-during
floods, either a special antiflood type breathef] vent
fitting shall be installed or the vent line shallybe ext¢nded
above the height of the expected flood waters.

848.3.4 Pit and Vault Design. Pitsand vaults hdusing
customers' meters and regulators/shall be designed to
support vehicular traffic when<installed in the follpwing
locations:

(a) traveled portions of alleys, streets, and highways

(b) driveways

848.4 Installation of Meters and Regulatorg

All meters and regulators shall be installed in guch a
manner as to'prevent undue stresses on the conngcting
piping and/or the meter. Lead (Pb) connections or|other
connections made of material that can be easily damaged
shall not be used. The use of standard weight cloge (all
thread) nipples is prohibited.

849 GAS SERVICE LINES

849.1 General Provisions Applicable to Steel,
Copper, and Plastic Service Lines

849.1.1 Installation of Service Lines

(a) Service lines shall be installed at a depth th3at will
protect them from excessive external loading and] local
activities, such as gardening. It is required that a
minimum of 12 in. (300 mm) of cover be provided in
private property and a minimum of 18 in. (460 mm) of
cover be provided in streets and roads. Where [these
cover requirements cannot be met due to existing
such
bssive

valve, shill be installed downstream of the meter if  substructures, less cover is permitted provided
and as required-under the following conditions: portions of these service lines that are subject to exc

(a) If thenature of the utilization equipment is such superimposed loads are cased or bridged or the pipe is
that it mhytinduce a vacuum at the meter, install a appropriately strengthened

back-pressure regulator downstream from the meter.
(b) Install a check valve or equivalent if

(1) the utilization equipment may induce a back
pressure.

(2) the gas utilization equipment is connected to a
source of oxygen or compressed air.

(3) liquefied petroleum gas or other supplementary
gas is used as standby and may flow back into the meter. A
three-way valve, installed to admit the standby supply and

76

(b) Service lines shall be properly supported at all
points on undisturbed or well-compacted soil so that
the pipe will not be subject to excessive external
loading by the backfill. The material used for the backfill
shall be free of rocks, building materials, etc., that may
cause damage to the pipe or the protective coating.

(c) Where there is evidence of condensate in the gas in
sufficient quantities to cause interruptions in the gas
supply to the customer, the service line shall be
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graded so as to drain into the main or to drips at the low
points in the service line.

849.1.2 Types of Valves Suitable for Service Line
Valves

(a) Valves used as service line valves shall meet the
applicable requirements of section 810 and para. 831.1.

(b) The use of soft seat service line valves is not rec-
ommended when the design of the valves is such that
expogUTe T0 eXCeSSIVe neat coutd adver g
ability of the valve to prevent the flow of gas.

(c)| Avalve incorporated in a meter bar that permits the
meter to be bypassed does not qualify under this Code as a
servige line valve.

(d)| Service line valves on high-pressure service lines,
installed either inside buildings or in confined locations
outsidle buildings where the blowing of gas would be haz-
ardoys, shall be designed and constructed to minimize the
possibility of the removal of the core of the valve acciden-
tally or willfully with ordinary household tools.

(e)| The operating company shall make certain that the
servige line valves installed on high-pressure service lines
are syitable for this use either by making their own tests or
by reyiewing the tests made by the manufacturers.

(f) |On service lines designed to operate at pressures in
excesp of 60 psig (410 kPa), the service line valves shall be
the equivalent of a pressure-lubricated valve or a needle-
type yalve. Other types of valves may be used where tests
by th¢ manufacturer or by the user indicate that they ate
suitable for this kind of service.

eIV affe ra)

849.1.3 Location of Service Line Valves

(a)] Service line valves shall be installed/on all new
servife lines (including replacements) ‘in a location
readily accessible from the outsides

(b)| Valves shall be located upstream of the meter if
there|is no regulator, or upstream of the regulator, if
there|is one.

(c)|All service lines op€rating at a pressure greater than
10 psig (69 kPa) and-alliservice lines NPS 2 (DN 50) or
larger shall be equippéd with a valve located on the service
line qutside of the building, except that whenever gas is
supplied to altheater, church, school, factory, or other
build[ng where large numbers of persons assemble, an
outsifle.valve will be required, regardless of the size of
the sérvice line or the service line pressure

of dust and moisture being carried from the main into the
service line.

849.1.5 Testing of Service Lines After Construction

(a) General Provisions. Each service line shall be tested
after construction and before being placed in service to
demonstrate that it does not leak. The service line connec-
tion to the main need not be included in this test if it is not
feasible to do so.

D To =gs guiremer

(1) Service lines to operate at a pressureess than 1
psig (7 kPa) that do not have a protectiyé coatimg capable
of temporarily sealing a leak shall be-giveh a stand-up air
or gas pressure test at not less than 10-psig (69 kPa) for at
least 5 min.

(2) Service lines to operate’at a pressure less than 1
psig (7 kPa) that have apfotective coating
temporarily seal a leak,and all service lines t
at a pressure of 1 psig/{7 kPa) or more, shal| be given
a stand-up air or.gas' pressure test for at leasf 5 min at
the proposed/maximum operating pressure ¢r 90 psig
(620 kPa), #whichever is greater. Service linefs of steel,
howeversithat are operating at hoop stress| levels of
20% orsmore of the specified minimum yield strength
shall"be tested in accordance with the requirements
for‘esting mains. (See para. 841.3.)

(3) The requirements of (a) and (b) shall apply to
plastic service lines, except that plastic seryice lines
shall be tested to atleast 1.5 times the maximum|operating
pressure, and the limitations on maximum test| pressure,
temperature, and duration set forth in para. 84p.4.2 shall
be observed.

849.1.6 Excess Flow Valve (EFV) Installation. The use
of EFVs is recognized by the gas industry as an effective
way to mitigate risks associated with excavatiopn damage,
natural force damage, and other outside force damage, e.g.,
vehicular damage on gas service lines. The [following
considerations apply to EFV installations:

(a) The operator should consider installing aon EFV on
any new or replaced gas service line. Such a s¢rvice line
can typically serve the following categories of qustomers:

(1) aservice line to a single family residepce (SFR).
(2) a branched gas service line to an SFR installed
concurrently with the primary SFR servicp line. (A
single EFV may be installed to protect both seryice lines.)

(d) Underground valves shall be located in a covered
durable curb box or standpipe designed to permit ready
operation of the valve. The curb box or standpipe shall be
supported independently of the service line.

849.1.4 Location of Service Line Connections to Main
Piping. It is recommended that service lines be connected
to either the top or the side of the main. The connection to
the top of the main is preferred to minimize the possibility

(3) abranched gasservice Hretoan SFR-irstalled off
a previously installed SFR gas service line that does not
contain an EFV.

(4) multifamily installations with known customer
loads at time of gas service installation, based on installed
meter capacity less than 1,000 standard ft3/hr (28.3
m?>/h) per gas service and where the customer load is
not expected to increase significantly over time.

(5) asingle small commercial customer with known
customer load at the time of service installation, based on
installed meter capacity up to 1,000 standard ft*/hr (28.3
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m?>/h) served by a single gas service line and where the
customer load is not expected to increase significantly
over time.
(b) Excess flow valves should not be installed if one or

more of the following conditions are present:

(1) The gas service line will not operate at a pressure
of 10 psig (69 kPa) or greater throughout the year.

(2) The operator has prior experience with contami-
nants in the gas stream that could interfere with the EFV's

or-—caunsaldoccof caruica to o pacidanecn
F—€aH56-1055-01-5eFHee—~o—atestaeee-

(d) All underground steel service lines shall be joined
by threaded and coupled joints, compression-type fittings,
or by qualified welding or brazing methods, procedures,
and operators.

849.2.2 Installation of Steel Service Lines

(a) Installation of Steel Service Lines in Bores
(1) When coated steel pipe is to be installed as a
service line in a bore, care shall be exercised to

operation,

(3) An EFV could interfere with necessary operation
or maintepance activities, such as removing liquids from
the line.

(4) An EFV meeting performance standards in
para.831.[l.4isnotcommercially available to the operator,
or

(5) The anticipated maximum flow through the
service line equals or exceeds 1,000 standard ft3/hr
(28.3 m3/h).

(c) An pperator should identify the presence of an EFV
in the service line. Examples include a tag, ring around the
riser, or statement on the service order.

(d) An pperator should locate an EFV as near as prac-
tical to thle fitting connecting the gas service line to its
source of|gas supply.

(e) An pperator should perform a functional flow test
for each excess flow valve installed, in accordance with the
manufactiirer’s instructions, to verify that the excess flow
valve

(1) will close under excess flow conditions

(2) will properly reset in accordance with the manu-
facturer’s|instructions

(3) i§ properly sized for both the lengtii and the
nominal diameter of a given service line

(f) An joperator should follow the manufacturer’s
instructiopns when

(1) cpmmissioning a new excesswvalve installation
(2) 1esetting an existing exeess flow valve after
closure

849.2 Steel Service Lines

849.2.1 Design of Steel Service Lines

(a) Steel pipe,when used for service lines, shall
conform to the applicable requirements of Chapter I.

(b) Steelservice pipe shall be designed in accordance
with the re paras— o4 amd-84119t=):
Where the pressure is less than 100 psig (690 kPa),
the steel service pipe shall be designed for at least 100
psig (690 kPa) pressure.

(c) Steel pipe used for service lines shall be installed in
such a manner that the piping strain or external loading
shall not be excessive.

Prevent damage to tie coating during instattation]

(2) When a service line is to be installed by-borjng or
driving, and coated steel pipe is to be used, it\shdll TOt be
used as the bore pipe or drive pipe and leftin the ground as
part of the service line unless it has been'shown thpt the
coating is sufficiently durable to withstand the bor|ng or
driving operation in the type of sSpil involved without
significant damage to the coeating. Where significant
damage to the coating may result from boring or
driving, the coated serwvige“line should be installed in
an oversized bore or casing pipe of sufficient diameter
to accommodate the Service pipe.

(3) In exceptionally rocky soil, coated pipe sh
be inserted thrgugh an open bore if significant dam
the coating.islikely.

(b) Installation of Service Lines Into or Under Buildings

(Z)“Underground steel service lines, when insjtalled
below grade through the outer foundation wall of a
building, shall be either encased in a sleeve or otherwise
protected against corrosion. The service line and/or
sleeve shall be sealed at the foundation wall to prevent
entry of gas or water into the building.

(2) Steel service lines, where installed undergfound
under buildings, shall be encased in a gas-tight copduit.
When such a service line supplies the building it subtends,
the conduit shall extend into a normally usable and §cces-
sible portion of the building. At the point where the
conduit terminates, the space between the condujt and
the service line shall be sealed to prevent the pofsible
entrance of any gas leakage. The casing shall be vented
at a safe location.

1l not
hge to

849.3 Ductile Iron Service Lines

When used for service lines, ductile iron pipe shall meet
the applicable requirements of section 842. Ductil¢ iron
pipe may be used for service lines except for the portion of

he-servicenethate ugh-the-building wall.
Ductile iron service lines shall not be installed in unstable
soils or under buildings.

849.4 Plastic Service Lines
849.4.1 Design of Plastic Service Lines

(a) Plastic pipe and tubing shall be used for service
lines only where the piping strain or external loading
will not be excessive.

78
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(b) Plastic pipe, tubing, cements, and fittings used for ~ 849.5 Copper Service Lines
service lines shall conform to the applicable requirements

of Chapter 1. 849.5.1 Design of Copper Service Lines

(c) Plastic service lines shall be designed in accordance (a) Use of Copper Service Lines. Copper pipe or tubing,
with the applicable requirements of para. 842.2. when used for service lines, shall conform to the following
(d) Plastic service lines shall be joined in accordance requirements:
with the applicable requirements of para. 842.2.9. (1) Copper pipe or tubing shall not be used for
service lines where the pressure exceeds 100 psig
849.4.2 Installation of Plastic Service Lines (690 kPa).

(a)Pta eTVice les Shath be tnstatted traccordar opper—pipe-or—tubingshal-retbe used for
with fthe applicable requirements of paras. 842.3 and service lines where the gas carried contains jnore than
849.1.1. Particular care must be taken to prevent an average of 0.3 grains of hydrogen sulfide per 100 stan-
damage to plastic service line piping at the connection dard cubic feet (2.8 m?) of gas. This is equivalent to a trace
to th¢ main or other facility. Precautions shall be taken ~ as determined by a lead-acetate test.
to prevent crushing or shearing of plastic piping due (3) The minimum wall thickness for copper pipe or
to eqternal loading or settling of backfill and to tubing used for service lines shall be not less thgn type “L”
prevent damage or pullout from the connection resulting as specified in ASTM B88,

from|thermal expansion or contraction. [See paras. (4) Copper pipe or-tubing shall not bg used for
842.33(d) and 842.3.3(e).] service lines where_Strain or external loafling may
(b)| Notwithstanding the limitations imposed in damage the piping;
para|842.3.3, a plastic service line may terminate (b) Valves in Cepper Piping. Valves installed|in copper
abovg ground and outside the building, provided that service linesymay be made of any suitablel material
1) the aboveground portion of the plastic service ~ Permitted by-this Code.
line i3 completely enclosed in a conduit or casing of suffi- (c) Fittings in Copper Piping. It is recommended that

cient ptrength to provide protection from external damage ~ fittings In copper piping and exposed to t_he soil, such
and dpterioration. Where a flexible conduitis used, thetop ~ as.service line tees, pressure control fittings, etc., be
of the riser must be attached to a solid support. The made of bronze, copper, or brass.

condyit or casing shall extend a minimum of 6 in. (150 (d) Joints in Copper Pipe and Tubing. Copper|pipe shall
mm) pelow grade. bejoined by using either a compression-type cofipling or a

) the plasticservice line is not subjected to exténnal brazed or soldered lap joint. The filler materiz% used for
loadiig stresses by the customer's meter or its connecting ~ Prazing shall be a copper-phosphorus alloy or gilver base

piping. alloy. Butt welds are not permissible for joinihg copper
(c)| Installation of Plastic Service Lines Into or Under ~ Pipe or tubing. Copper tubing shall not be threaded,
Buildings but copper pipe with a wall thickness equivalent to the

7) An underground plastic seivice line installed comparable size of Schedule 40 steel pipe, i.¢., ranging
throygh the outer foundationsor-wall of a building ~ from 0.068 in. (1.73 mm) for NPS " (DN 6] to 0.406
shall pe encased in a rigid sleeyve with suitable protection in. (10.31 mm) for NPS 12 (DN 300), may be threaded
from [shearing action or backfill settlement. The sleeve and used for connecting screwed fittings or valves.

shall ¢xtend past the outside face of the foundation a suffi- (e) Protection Against Galvanic Action Qaused by
cient|distance to reach-uridisturbed soil or thoroughly ~ Copper. Provisions shall be made to prevent harmful
comppcted backfill. At the point where the sleeve termi- galvanic action where copper is connected underground
nates|inside the feundation or wall, the space between the to steel. [See para. 861.1.3(a).]
sleevp and thé service line shall be sealed to prevent 849.5.2 Installation of Copper Service Ljines. The
leakape into the building. The plastic service line shall following requirements shall apply to copp¢r service
not bp exposed inside the building. lines within buildings:

2)(A plastic service line installed underground (n) Copper service lines may be installed within build-

under a building shall be encased in a gas-tight  jjq5 provided that the service line is not concealed and is
conduit. When such a service line supplies the building suitably protected against external damage.

it subtends, the conduit shall extend into a normally (b) An underground copper service line installed
usable and accessible portion of the building. At the  through the outer foundation wall of a building shall
point where the conduit terminates, the space between e ejther encased in a sleeve or otherwise protected
the conduit and the service line shall be sealed to against corrosion. The annular space between the

prevent leakage into the building. The plastic service  goryice line and sleeve shall be sealed at the foundation
line shall not be exposed inside the building. The wall to prevent entry of gas or water.

casing shall be vented at a safe location.
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(c) A copper service line installed underground under
buildings shall be encased in a conduit designed to prevent
gas leaking from the service line from getting into the
building. When joints are used, they shall be of brazed
or soldered type in accordance with para. 849.5.1(d).

849.6 Service Line Connections to Mains

849.6.1 Service Line Connections to Steel Mains.
Service lines may be connected to steel mains by

(d) Gaskets used in a manufactured gas system shall be
of a type that effectively resists that type of gas.

849.6.3 Service Line Connections to Plastic Mains

(a) Plastic or metal service lines shall be connected to
plastic mains with suitable fittings.

(b) Acompression-type service line to main connection
shall be designed and installed to effectively sustain the
longitudinal pullout forces caused by contraction of the

(a) welding a service [ine tee or similar device to the
main.

(b) using a service line clamp or saddle.

(c) usillg compression fittings with rubber or rubber-
like gaskets or welded connections to connect the service
line to thejmain connection fitting. Gaskets used in a manu-
factured gas system shall be of a type that effectively
resists that type of gas.

(d) welding a steel service line directly to the main (see
para. 831|4.2 and Table 831.4.2-1).

849.6.2 Service Line Connection to Cast Iron and
Ductile Irpn Mains

(a) Serjice lines may be connected to cast iron and
ductile irgn mains by
(1) drilling and tapping the main, provided the
diameter pf the tapped hole shall not exceed the limita-
tions imppsed by para. 831.3.3(b), or
(2) dsing a reinforcing sleeve
(b) Seryiceline connections shall notbe brazed directly
to cast irgn or ductile iron mains.
(c) Compression fittings using rubber or rubber:like
gaskets of welded connections may be used to-connect
the servide line to the main connection fitting.

piping or extermal foading.

849.6.4 Service Line Connections to Copper’Mpins

brvice
bpper

(a) Connections using a copper or castbronze s
line tee or extension fitting sweat-brazed to the c
main are recommended for copper, mains.

(b) Butt welds are not permitted:

(c) Fillet-brazed joints are hot'recommended.

(d) The requirements of’para. 849.5.1(d) shall apply to

(1) jointsnotspecifically mentionedin (a) through (c)
(2) all brazing material

849.6.5 Plastic'Service Line Connections to Metal

Mains

metal
ng as
para.
tran-

(a) Plastic service lines shall be connected to
mains with a suitable metallic or plastic main fitt
provided in para. 849.6.1, para. 849.6.2, or
849.6.4 having a compression end or other suitable
sition fitting.

(b) Acompression-type service line to main conn
shall be designed and installed to effectively susta
longitudinal pullout forces caused by contraction
piping or external loading.

bction
n the
bf the
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Chapter V
Operating and Maintenance Procedures

850 OPERATING AND MAINTENANCE
ROCEDURES AFFECTING THE SAFETY OF
AS TRANSMISSION AND DISTRIBUTION
ACILITIES

850.1 General

(a)| Because of many variables, it is not possible to
prescyibe in a code a detailed set of operating and main-
tenance procedures that will encompass all cases. It is
possible, however, for each operating company to
develop operating and maintenance procedures based
provisions of this Code, its experience, and its
knowlledge of its facilities and conditions under which
they are operated that will be adequate from the stand-
point{ of public safety. For operating and maintenance
procegdures relating to corrosion control, see Chapter VI.

(b)| Upon initiating gas service in a pipeline designed
and cpnstructed or converted to gas service in accordance
with this Code, the operating company shall determine the
Locatjon Class in accordance with Table 854.1-1.

850.2 Basic Requirements

Eagh operating company having facilities within the
scopd of this Code shall

(a)| have a written plan coveripg.operating and main-
tenarjce procedures in accordanee with the scope and
intent of this Code.

(b)| have a written emergency plan covering facility
failurp or other emergencies.

(c)| operate and maintain its facilities in conformance
with these plans:

(d)| have a program or procedures for continuing vigi-
lance| by personnel performing operating and mainte-
nancp wonk in the vicinity of the pipeline for the
purpgse’of recognizing and responding to conditions

section 807 for guidance on the training and'quialification
of personnel performing tasks that could impact the safety
or integrity of a pipeline.

(g) keep records to administer the(plans in (

(0.

850.3 Essential Features of the Operatirjg and
Maintenance Plan

) through

The plan prescribed-in para. 850.2(a) shall finclude

(a) detailed plans and instructions for employees
covering opefating and maintenance procedures for
gas facilitie§_during normal operations and repairs.

(b) items recommended for inclusion in the plan for
specific classes of facilities that are [given in
paras»851.2, 851.3, 851.4, 851.5, 851.6, and §60.1(d).

{c) plans to give particular attention to thosg portions
of the facilities presenting the greatest hazard to|the public
in the event of an emergency or because of consfruction or
extraordinary maintenance requirements.

(d) provisions for periodic inspections along the route
of existing steel pipelines or mains, operating|at a hoop
stress in excess of 40% of the specified minithum yield
strength of the pipe material to consider the possibility
of Location Class changes. It is not intended that these
inspections include surveys of the number of| buildings
intended for human occupancy. (See section §54.)

850.4 Essential Features of the Emergency Plan

850.4.1 Written Emergency Procedures. Hach oper-
ating company shall establish written procedures that
will provide the basis for instructions to appropriate oper-
ating and maintenance personnel that will migimize the
hazard resulting from a gas pipeline emergéncy. At a
minimum, the procedures shall provide for the [following:

(a) a system for receiving, identifying, and ¢lassifying

that could adversely affect the safety or future integrity
of the pipeline. In addition, the operator shall provide
appropriate training when required for this purpose.

(e) modify the plans in (a) through (d) periodically as
experience dictates and as exposure of the public to the
facilities or changes in operating conditions require.

(f) provide training for employees in procedures estab-
lished for their operating and maintenance functions that
is comprehensive and designed to prepare employees for
providing service in their area of responsibility. See
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emergencies—that requireimmrediateresponse by the
operating company

(b) indicating clearly the responsibility for instructing
employees inthe procedureslisted in the emergency plans
and for training employees in the execution of those proce-
dures

(c) indicating clearly those responsible for updating
the plan
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(d) establishing a plan for prompt and adequate hand-
ling of all calls that concern emergencies whether they are
from customers, the public, company employees, or other
sources

(e) establishing a plan for the prompt and effective
response to a notice of each type of emergency

(f) controlling emergency situations, including the
action to be taken by the first employee arriving at the
scene

Chapter IX shall notify residents affected by the contin-
gency plan under para. B854.5(e) of the hazards of
sour gas, the potential source of the gas, and protective
measures to take in an emergency. The programs of opera-
tors in the same area shall be coordinated to properly
direct reports of emergencies and to avoid inconsisten-
cies. See para. 850.9.1 for additional guidance.

850.5 Pipeline Failure Investigation

g the

(g) therdissemination—ef-informationto-thepublie

1) th f torati ¢ ce to all faciliti Each operating company shall establish procedufes to

(h) the safe restoration of service to all facili 1es analyze all failures and accidents for deterntinid
affected py the emergency after proper corrective

have been taken
rting and documenting the emergency

measures
(i) rep

850.4.1 Training Program. Each operating company
shall havp a program for informing, instructing, and
training employees responsible for executing emergency
procedures. The program shall acquaint the employee
with the emergency procedures and how to promptly
and effe¢tively handle emergency situations. The
program|may be implemented by oral instruction,
written inftruction, and, in some instances, group instruc-
tion, folloved by practice sessions. The program shall be
establishgd and maintained on a continuing basis with
provision| for updating as necessitated by revision of
the written emergency procedures. Program records
shall be maintained to establish what training each
employee|has received and the date of such training.

850.4.3 Liaison

(a) Eadh operating company shall establish and main-
tain liaisoh with appropriate fire, police, and otherpublic
officials, entities in or near the pipeline right-of-way (e.g.,
electrical and other utilities, highway autherities, and rail-
roads), anld news media. See para. 850.9.1) for additional
guidance.

(b) Ea(
communi
an emergency.

(c) Emergency procedures, including the contingency
plan under para. B854¢5(¢), must be prepared in coordi-
nation with appropriate public officials.

h operating company rust have a means of
fation with approprijate public officials during

850.4.4 Educational Program. An educational
program phall*be established to enable customers and
the general\public to recognize a gas emergency and

cause and to minimize the possibility of a xécurgence.
This plan shall include a procedure to-seléct samples
of the failed facility or equipment forplaboratory exami-
nation when necessary.

850.6 Prevention of Accidéntal Ignition

Smoking and all open flanies shall be prohibited in and
around structures, or areas under the control of thefoper-
ating company containing gas facilities (sufh as
compressor stations, meter and regulator stations, and
other gas handling equipment), where possible lepkage
of gas constitutes a hazard of fire or explosion. Eachfoper-
ating company shall take steps to minimize the danger of
accidental ignition of gas.

(a)"When a hazardous amount of gas is to be vented into
open air, each potential source of ignition shall first be
removed from the area and adequate fire extinguishers
shall be provided. All flashlights, lighting fixtures, ¢xten-
sion cords, and tools shall be of a type approved fof haz-
ardous atmospheres. Blowdown connections that will
direct the gas away from any electrical transmission
lines must be installed or used.

(b) Suitable signs and flagmen or guards, if necepsary,
shall be posted to warn others approaching or enterihg the
area of the hazard.

(c) To prevent accidental ignition by electric arci
adequate bonding cable should be connected to each side
of any pipe that is to be parted, tapped, squeezed-pff, or
joined, and any cathodic protection rectifiers in th¢ area
shall be turned off. Where gas pipelines parallel overhead
electric transmission lines on the same right-of-waly, the
company operating the pipeline shall ensure that the
current carrying capacity of the bonding condjuctor
should be atleast one-half of the current carrying capacity

hg, an

report it to the appropriate officials. The educational
program shall be tailored to the type of pipeline operation
and the environment traversed by the pipeline and shall
be conducted in each language that is significant in the
community served. Operators of distribution systems
shall communicate their programs to consumers and
the general public in their distribution area. Operators
of transmission systems shall communicate their
programs to residents along their pipeline rights-of-
way. Operators of sour gas pipelines subject to
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oftheoverheadtme—comductors: [Scc atso—para.
861.1.3(b).] The bonding connection is to be maintained
while the pipeline is separated. When plastic pipe is being
parted, tapped, or joined, attention must be given to the
static electrical charges that may be present on both the
inside and outside diameters of the pipe. These charges
can be dissipated by using antistatic fluids or a water-and-
detergent solution in combination with a moisture
retaining material that must be in contact with the
exposed pipe and the earth. Cutting tools and squeeze-
off and tapping equipment used on plastic pipe where
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static charges may be present shall be grounded to drain
these charges from the pipe.

(d) When cutting by torch or welding is to be
performed, a thorough check shall first be made for
the presence of a combustible gas mixture in the area
outside of the pipeline. If found, the mixture shall be elimi-
nated before starting welding or cutting. Monitoring of the
air mixture should continue throughout the progress of
the work.

lines of communication with the excavator to ensure the
immediate protection and future operation of the facility,
and consideration of monitoring excavation activities.
(d) establishing lines of communication with the exca-
vator to allow for the immediate protection and future
operation of the facility. Communications could include
review of directional drilling plans, load restrictions,
clearance requirements, hand excavation requirements,

et

(e) Shewld—weldin
with [gas and the safety check under (d) has been
completed satisfactorily, the gas pressure must be
contrplled by a suitable means to keep a slight positive
presspre in the pipeline at the welding area before starting
work] Precautions should be taken to prevent a backdraft
from |occurring at the welding area.

(f) |Before cutting by torch or welding on a line that may
contajin a mixture of gas and air, it shall be made safe by
displacing the mixture with gas, air, or an inert gas.
Caution must be taken when using an inert gas to
provifle adequate ventilation for all workers in the area.

De—aererpace o1t

850.7 Blasting Effects

Eadh operating company shall establish procedures for
protegtion of facilities in the vicinity of blasting activities.
The dgperating company shall

(a)| locate and mark its pipeline when explosives are to
be dgtonated within distances as specified in company
plansf Consideration should be given to the marking-of
minirhum blasting distances from the pipelines depending
upon [the type of blasting operation.

(b)| determine the necessity and extent of observing or
monitoring blasting activities based upon the proximity of
the blast with respect to the pipelines, the size of charge,
and spil conditions.

(c)|conductaleak survey followihgeach blasting opera-
tion pear its pipelines.

850.8 Damage Prevention Program

Eagh operating company shall have a program to reduce
the rigk associated with damage to gas facilities resulting
from |excavation-activities. Operators should consider
including the following actions in the program:

(a)] participating in excavation notification systems, in
places where such a system exists. Excavation notification
syste i ificati
single point of contact, which in turn forwards the excava-
tion details to participating facility owners/operators.

(b) identifying of persons who normally perform exca-
vations in the area in which the operator has facilities,
including the public, and providing for periodic commu-
nication with these parties in accordance with
section 850.9.

(c) receiving notifications of planned excavations,
providing the excavators with locations of the operator's
facilities through temporary field markings, establishing
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and formalized crossing and encroachment agreements.

fe}moeniteringofexecavationactivities;as-well as direct
observation of excavation. Consideration shoulf be given
to the frequency of monitoring, criteria, for [continual
observation, actions if the excavator'nefuses|to follow
operating company requirements, and documentation
to be maintained during observations.

(f) performinginspectionséfpipelines wher¢ there are
indications that the pipe could have been danjaged as a
result of excavation. If'"damage occurs that {ffects the
integrity of the pipeliné, the damage shall be r¢mediated
in accordance with established procedures.

(g) maintaining/maps indicating the locatidn of facil-
ities. The maps.should be updated to reflect ngw and re-
placement facilities.

(h) assessing the effectiveness of the program. This
assessment may include trending of exlcavation
damiages and location, investigation of excavation
damages and identification of root cause, and jdentifica-
tion of preventive measures targeting excavatofs or loca-
tions with high damage rates.

A useful reference for identifying elements of an effec-
tive damage prevention program is the Best| Practices
Guide, maintained and published by the |Common
Ground Alliance.

850.9 Communication Plan

The operator shall develop and implement
nications plan to provide operating company personnel,
jurisdictional authorities, emergency respons¢ officials,
potential excavators, public officials, and the public
with pipeline safety information to help keep communities
near pipelines safe. The information may be fommuni-
cated as part of other required communicatiops.

Communications should be conducted as often as nec-
essary so that appropriate individuals and apthorities
have access to current information about the pperator's

m ration and maintenance efforts, and integrity
management program (as described in ASME B31.8S).

API RP 1162 provides additional guidance.

A commu-

850.9.1 External Communications. The following
items should be considered for communication to the
various interested parties, such as landowners and
tenants along the rights-of-way, public officials, local
and regional emergency responders, general public, exca-
vators, and one-call centers:
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(a) operating company name, location, and contact
information (both routine and emergency contacts)

(b) general location information and instructions for
obtaining more specific location information or maps

(c) facility description

(d) commodity transported

(e) potential hazards of a natural gas release

(f) how to recognize, report, and respond to a natural
gas leak

il’lfC riaation ahaont tha anapatar’e daynaga nrauan
g Fateoianodtte-eperatorS—aamage-preven

maximum allowable operating pressure shall be
reduced commensurate with the requirements described
in para. 845.2.2(c).

851.2 Pipeline Patrolling

Each operating company shall maintain a periodic pipe-
line patrol program to observe surface conditions on and
adjacent to each pipeline right-of-way, indications of
leaks, construction activity other than that performed

tion progfam, including excavation notification phone
numbers,|excavation notification center requirements,
and who to contact if there is any damage

(h) gerferal information about the operator’s integrity
management program and how to obtain a summary of the
integrity management program

(i) inf¢rmation about the operator’s emergency
response jprogram

(j) continuing liaison with emergency responders,
including local emergency planning commissions,
regional and area planning committees, jurisdictional
emergendy planning offices, etc., to share information
on each party’s capabilities in responding to pipeline
emergendies, pipeline facility information, maps, and
emergencly response plans

(k) dialogue with the public to convey the operator’s
expectatigns of the public as to how they can help the
operator maintain integrity of the pipeline

850.9.2 Internal Communications. Operating
company management and other appropriate personnel
should understand and support the operation and main-
tenance efforts, damage prevention program, emergency
response [program, and integrity management program.
This should be accomplished through the ‘development
and implpmentation of an internal comimunications
aspect of the plan. The development and periodic
review of performance measures arfd the resulting adjust-
ments to the integrity management program should also
be part of the internal comniunications plan.

851 PIPELINE MAINTENANCE

851.1 Periodic Surveillance of Pipelines

As a mgans_of'maintaining the integrity of its pipeline
system, dach~operating company shall establish and

by the company, natural hazards, and any other factors
affecting the safety and operation of therpiptline.
Patrols shall be performed atleast once everyyear in|Loca-
tion Classes 1 and 2, at least once every 6aonths in[Loca-
tion Class 3, and at least once every 3 months in Log¢ation
Class 4. Weather, terrain, size of line,'operating prespures,
and other conditions will be factors in determinirlg the
need for more frequent patroh Main highways and rail-
road crossings shall be inspected with greater freqpency
and more closely than pipelines in open country.

851.2.1 Maintenance of Cover at Road Crossings and
Drainage Ditches.<The operating company shall dleter-
mine by periodic.surveys if the cover over the pipeline
at road crossings and drainage ditches has |been
reduced below the requirements of the original dpsign.
If the operating company determines that the n¢rmal
coverprovided at the time of pipeline construction has
bécome unacceptably reduced due to earth remoyal or
lihe movement, the operating company shall providgaddi-
tional protection by providing barriers, culverts, conpcrete
pads, casing, lowering of the line, or other suitable means.

851.2.2 Maintenance of Cover in Cross-Cotintry
Terrain. If the operating company learns, as a regult of
patrolling, that the cover over the pipeline in dross-
country terrain does not meet the original design, it
shall determine whether the cover has been reduced
to an unacceptable level. If the level is unacceptable,
the operating company shall provide additional ptotec-
tion by replacing cover, lowering the line, or other sufitable
means.

851.3 Leakage Surveys

shall
oper-
ected

Each operating company of a transmission line]
provide for periodic leakage surveys of the line in its
ating and maintenance plan. The types of surveys se

implement procedures for periodic surveillance of its
facilities. Studies shall be initiated and appropriate
action shall be taken where unusual operating and main-
tenance conditions occur, such as failures, leakage history,
drop in flow efficiency due to internal corrosion, or
substantial changes in cathodic protection requirements.

When such studies indicate the facility is in unsatisfac-
tory condition, a planned program shall be initiated to
abandon, replace, or recondition and proof test. If such
a facility cannot be reconditioned or phased out, the
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shattbeeffective fordetermining i potentiatty trazardous
leakage exists. The extent and frequency of the leakage
surveys shall be determined by the operating pressure,
piping age, Location Class, and whether the transmission
line transports gas without an odorant.

851.4 Repair Procedures for Steel Pipelines

Evaluation of pipeline defects and associated repair
methods are discussed in paras. 851.4.1 through
851.4.5. Additional guidance may be found in ASME

(22)
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PCC-2, Repair of Pressure Equipment and Piping, and in
the following PRCI documents: Pipeline Repair Manual
(original or updated version), and Pipeline Defect Assess-
ment — A Review and Comparison of Commonly Used
Methods. Information on these documents is found in
Mandatory Appendix A.

The use of nonmetallic composite repair is prohibited
for repairing leaks on pipelines operating over 100 psig

and installation procedure when applied to such defects.

Repair materials or equipment for which no standards
or spe¢cifications are referenced in this Code shall only be
permjtted if qualified in accordance with para. 811.2.4.
Such fepairs shall be described in detail in documentation
that ik retained by the operating company.

If 4t any time a defect mentioned in the following
subse¢ctions of para. 851.4 is evident on a pipeline,
tempprary measures shall be employed immediately to
protect the property and the public. If it is not feasible
to mgke repairs at the time of discovery, permanent
repairs shall be made as soon as described herein. The
use of a welded patch as a repair method is prohibited,
except as provided in para. 851.4.4(e). Whenever a pipe-
line remains pressurized while being exposed to investi-
gate gr repair a likely defect, the operating pressure shall
be at a level that provides safety during excavation, inves-
tigatipn and/or repair operations.

(a)] If there is sufficient information about the defect to
determine through engineering analysis the pressure at
whicl) excavation, investigation, and/or repairyoperations
may be conducted safely, the pipeline shall be operated at
or below this pressure during these activities.

(b)] If there is insufficient information about the defect
to defermine the pressure at which-excavation, investiga-
tion, and/or repair operations.may be conducted safely,
the pipeline shall be operated-at a pressure no greater than
80% pf the operating pressure at the time of discovery.
The gperating pressuce shall remain at or below this
reduded pressure during these activities unless sufficient
information becomes available to determine a different
presspre.

Nonleaking corroded areas that must be repaired or
replaced~are defined in para. 860.2(a). Longitudinal

Article 206). Full encirclement sleeves shall not be less
than 4 in. (100 mm) in width.

If the defect is not a leak, the circumferential fillet welds
are optional in certain cases as described in the following
sections of paras. 851.4.1 through 851.4.5. If circumfer-
ential fillet welds are made, the sleeve's longitudinal
welds shall be butt welds. The welding procedures for
the circumferential fillet welds shall be suitable for the
materials and shall consider the potential for underbead

e B i : i ircumfer-
welds may
nferential
fillet weld
erial such
nt will be

be butt welds, or fillets to a side bar. The eirc¢u
edges, which would have been sealed had the
been made, should be sealed with a ceating ma
as enamel or mastic, so that thersoil environmg
kept out of the area under the"sleeve.

Prior to the installation, 6fa sleeve, the pipe pody shall
be examined by ultrasonic-methods for laminatipns where
sleeve fillet welds will’be deposited onto the pipe body.

Consideration shall be given to the toughnefs charac-
teristics and quality of all seam welds when dlepositing
welds across-the seam in the course of repai

851.4.1'Definition of Injurious Dents and Mechanical

Damage

(@) Dents are indentations of the pipe or distortions of
the pipe's circular cross section caused by exterpal forces.
(b) Plain dents are dents that vary smoothly ind do not
contain creases, mechanical damage [such as dgscribed in
(c)], corrosion, arc burns, girth, or seam weldk.
(c) Mechanical damage is damage to the pipe surface
caused by external forces. Mechanical damage includes
features such as creasing of the pipe wall, gouges,
scrapes, smeared metal, and metal loss not dug to corro-
sion. Cracking may or may not be present in cgnjunction
with mechanical damage. Denting of the pipe njay or may
not be apparent in conjunction with mechanicgl damage.
(d) Plain dents are defined as injurious if thely exceed a
depth of 6% of the nominal pipe diameter. Uppn further
analysis, plain dents of any depth are acceptable and are
not considered injurious provided strain levels associated
with the deformation do not exceed the following strain
limits:
(1) half of the minimum elongation specjfied for a
tensile strap test in accordance with the pipe product
manufacturing specification or pipe purchase|specifica-

weld seams are commonly identified by visual examina-
tion, etchants, or ultrasonic examination.

A full encirclement welded split sleeve with welded
ends shall have a design pressure at least equal to that
required for the maximum allowable operating pressure
of the pipe being repaired [see para. 841.1.1(a)]. If con-
ditions require that the sleeve carry the full longitudinal
stresses, the design and fabrication details shall ensure
that the pipeline design criteria are met with considera-
tion given to circumferential fillet welds (see ASME PCC-2,
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tion

(2) 40% of the average elongation from pipe manu-
facturer mill test reports

(3) where the pipe mill test reports are unavailable
and the specification of the pipe is not known with
certainty, a maximum strain level of 6%

Strain levels may be calculated in accordance with
Nonmandatory Appendix R or other engineering method-
ology. In evaluating the depth of plain dents, the need for
the segment to be able to safely pass an internal inspection
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or cleaning device shall also be considered. Any dents that
are not acceptable for this purpose should be removed
prior to passing these devices through the segment,
even if the dent is not injurious.

(e) All external mechanical damage with or without
concurrent visible indentation of the pipe is considered
injurious.

(f) Dents that contain corrosion are injurious if the
corrosion is in excess of what is allowed by para.
860.2(a) i H o—ef—the
nominal pipe diameter.

(g) Dents that contain stress corrosion cracks or other
cracks ar¢ injurious.

(h) Dents that affect ductile girth or seam welds are
injurious [if they exceed a depth of 2% of the nominal
pipe dianmjeter, except those evaluated and determined
to be saf¢ by an engineering analysis that considers
weld quality, nondestructive examinations, and operation
of the pip¢line are acceptable provided strain levels asso-
ciated with the deformation do not exceed 4%. It is the
operator's responsibility to establish the quality level of
the weld.

(i) Dents of any depth that affect nonductile welds, such
as acetylepe girth welds or seam welds that are prone to
brittle fracture, are injurious.

(j) Thelallowable height of mild ripples in carbon steel
pipe formed during the cold bending process can be deter-
mined frdm Figure 851.4.1-1, where d is the maximum
depth or trest-to-trough dimension of the ripple and D
is the spegified outside diameter of the pipe. Ripples in
carbon steel pipe are acceptable if their height is
below th¢ line shown. Ripples with heights aboyve;the
line may He shown to be acceptable using a more€ rigorous
analysis.

851.4.2) Permanent Field Repairs of Injurious Dents
and MecHanical Damage

(a) Injyrious dents and mechanical damage shall be
removed jor repaired by one{of the methods below, or
the operdting pressure shall*be reduced. The reduced
pressure ghall not exceed®0% of the operating pressure
experiented by thesinjurious feature at the time of
discovery. Pressuvesreduction does not constitute a
permaner]t repair:

(b) Rerhovalof injurious dents or mechanical damage
shall be performed by taking the pipeline out of service

full encirclement steel sleeve with open ends or with ends
welded to the pipe.

(2) External mechanical damage, and all dents
affecting acetylene girth welds or seam welds that are
known to exhibit brittle fracture characteristics may be
repaired with a full encirclement steel sleeve with
ends welded to the pipe.

(3) External mechanical damage, including cracks,
may be repaired by grinding out the damage, provided
he—pip es—noet-exceed
a depth of 4% of the nominal pipe diameter,.Gripding

wall with no limit on length. Grinding shall prod
smooth contour in the pipe wall. The remaining wall
ness shall be verified using ultrasoni¢.examination,
grinding, the surface shall be examined for cracks uking a
nondestructive surface examination method capaple of
detecting cracks, and the.Surface shall be examined
with a suitable etchant pef_para. 841.2.4(e). If grinding
within the depth and legth limitations fails to comp|letely
remove the damage,‘the damage shall be removjed or
repaired in accordance with (2).

(-a) Fap pipelines operating at or above
SMYS, grinding is permitted to a depth greater| than
10% up to/a maximum of 40% of the pipe noinal
wall thickness, with metal removal confined to a length
giveh by the following equation:

2
g

30%

1/2
L = 1.12{(Dt)

a/t
1.1a/t — 0.11

where

a = measured maximum depth of ground arga, in.
(mm)

D = nominal outside diameter of the pipe, in. (mm)

L = maximum allowable longitudinal extent ¢f the
ground area, in. (mm)

t = nominal wall thickness of pipe, in. (mm)
(-b) For pipelines operating below 30% $MYS,

grinding is permitted to lengths and depths mdeting
the acceptance criteria of ASME B31G.

(4) Dents containing stress corrosion cracking may
be repaired by grinding out the cracks to a length and

and cutting out a cylindrical piece of pipe and replacing
same with pipe of equal or greater design pressure, or by
removing the defect by hot tapping, provided the entire
defect is removed.
(c) Repairs of injurious dents or mechanical damage
shall be performed as described below.
(1) Plain dents, dents containing corrosion, dents
containing stress corrosion cracking, and dents affecting
ductile girth welds or seams may be repaired with either a
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danth v\nrmin-n.—l Qcn ')(a) fnr €6FFeSH0n in

depth
plain pipe. The wall thickness shall be checked using ultra-
sonic examination. After grinding, the surface shall be
examined for cracks using a nondestructive surface exam-
ination method capable of detecting cracks and the surface
shall be examined with a suitable etchant as per para.
841.2.4(e). If grinding within the depth and length limita-
tions fails to completely remove the damage, the damage
shall be removed or repaired in accordance with (1).

In—nara
T
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Figure 851.4.1-1
Allowable Ripple Heights

Hoop Stress at MAOP, MPa
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GENERAL NOTE: Source: “Development of Acceptance Criteria for Mild Ripples jn Pipeline Field Bends” paper IPC02-27124 from the Ipternational

Pipelifje Conference 2002. Copyright © 2002 by The American Society of-Mechanical Engineers.

(d)| If a dent or mechanical damage is repaired with a
sleeve not designed to carry maximum allowable ‘oper-
atingline pressure, the dent shall first be filled,with an
incompressible filler. If the sleeve is designed to carry
maximum allowable operating pressurg, the incompres-
sible filler is recommended but not _required.

(e)| Nonmetallic composite wrap.repairs are not accept-
able flor repair of injurious dents‘er mechanical damage,
unless proven through reliable engineering tests and
analypis.

(f) |All repairs under._(a)'through (e) shall pass nonde-
structive examinations*and tests as provided in para.
851.5

851.4.3 Permanent Field Repair of Welds Having
Injuripus Defects

(a) LAl circumferential butt welds found to have unac-

(b) Defective welds mentioned in (a), which|cannot be
repaired under (a) and where it is not feasible fo remove
the defect from the pipeline by replacemen‘r, may be
repaired by the installation of a full encirclement
welded split sleeve using circumferential fillet welds.

(c) If a manufacturing defect is found infa double
submerged-arc welded seam or high-frequgncy weld
(HFW) seam, a full encirclement welded split sleeve
shall be installed.

(d) 1f a manufacturing defect is discovered in a low
frequency weld (LFW) seam or any seam having a longi-
tudinal weld joint quality factor, E less thlan 1.0 in
Table 841.1.7-1, or if hydrogen stress cracking is found
in any weld zone, a full encirclement welded split
sleeve designed to carry maximum allowable [operating
pressure shall be installed.

(e) Corroded areas may be repaired by fillingfthem with

ceptable defects (according to API Std 1104) shall be
repaired in accordance with the requirements of
section 827, provided the pipeline can be taken out of
service. Repairs on welds may be made while the pipeline
isin service, provided the weld is not leaking, the pressure
in the pipeline has been reduced to a pressure that will not
produce a hoop stress in excess of 20% of the specified
minimum yield of the pipe, and grinding of the defective
area can be limited so that there will remain at least % in.
(3.2 mm) thickness in the pipe weld.

deposited weld metal using a lTow-hydrogen welding
process. Repairs shall be accomplished in accordance
with a written maintenance procedure, which when
followed will permanently restore the required wall thick-
ness and mechanical properties of the pipeline. The
welding procedures and welders shall be qualified
under para. 823.2.1. The procedures shall provide suffi-
cient direction for avoiding burn-through and minimizing
the risk of hydrogen cracking on in-service pipelines. For
background information on developing a weld deposition
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Table 851.4.4-1
Wall Thickness for Unlikely Occurrence of Burn-Through

Gas Velocity, ft/sec (m/s)

psia (kPa) 0

5 (1.5)

10 (3.0) 20 (6.1)

15 (100) 0.320 in. (8.13 mm)
500 (3,450) 0.300 in. (7.62 mm)
900 (6,200) 0.280 in. (7.11 mm)

0.270 in. (6.86 mm)
0.235 in. (5.97 mm)

0.205 in. (5.21 mm)
0.150 in. (3.81 mm)

0.240 in. (6.10 mm)
0.190 in. (4.83 mm)

repair prdcedure, refer to the PRCI Catalog L51782 docu-
ment, Guidlelines for Weld Deposition Repair on Pipelines;
further information on this standard is in Mandatory
Appendix|A. This method of repair shall not be attempted
on pipe that is thought to be susceptible to brittle failure.

(f) Alliepairs performed under (a) through (e) shall be
tested andl inspected as provided in para. 851.5.

851.4.4 Permanent Field Repair of Leaks and
Nonleaking Corroded Areas

(a) If fqasible, the pipeline shall be taken out of service
and repaired by cutting out a cylindrical piece of pipe and
replacing [with pipe of equal or greater design pressure.

(b) Ifitlis not feasible to take the pipeline out of service,
repairs shall be made by the installation of a full encircle-
mentwelded splitsleeve, unless corrosion is repaired with
deposited| weld metal in accordance with (e) or unless a
patchis chosen in accordance with (f). If nonleaking corro-
sion is repaired with a full encirclement welded split
sleeve, the circumferential fillet welds are optional.

(c) IftHeleakis due to a corrosion pit, the repair may.be
made by the installation of a properly designed-bolt-on
leak clamp.

(d) A small leak may be repaired by welding a nipple
over it to yent the gas while welding and then'installing an
appropriate fitting on the nipple.

(e) Small corroded areas may be, repaired by filling
them witH deposited weld metalfrom low-hydrogen elec-
trodes. THe higher the pressute)and the greater the flow
rate, the lesser the chance‘ofiburn-through. At 20 V and
100 A, bufn-through is-unlikely to occur when the actual
wall thickinesses exist,;as shown in Table 851.4.4-1.

This mgthod of fepair should not be attempted on pipe
that is thgught«o be susceptible to brittle fracture.

(f) Leaking-ornonleaking corroded areas on pipe witha
specified minimum vield strength of not more than 40,000

851.4.5 Permanent Field Repair of Hydrogen itress
Cracking in Hard Spots and Stress Corrosion, Cracking

(a) If feasible, the pipeline shall be taken out of s¢rvice
and repaired by cutting out a cylindrical.piece of pige and
replacing with pipe of equal or greater design prepsure.

(b) If it is not feasible to take“the pipeline qut of
service, repairs shall be made. by the installation of a
full encirclement welded_split sleeve. In the cqdse of
stress corrosion cracking, the fillet welds are optional.
If the fillet welds aremade, pressurization of the g§leeve
is optional. TheSsame applies to hydrogen gtress
cracking in hard/spots, except that a flat hard| spot
shall be protected with a hardenable filler or by|pres-
surization. of a fillet-welded sleeve. Stress corrpsion
cracking may also be repaired per para.
851:4.2(c)(4), which describes repairs for stress ¢orro-
sieh cracking in dents.

(c) All repairs performed under (a) and (b) shpll be
tested and inspected as provided in para. 851.5.

851.5 Testing Repairs to Steel Pipelines or Mains

hena
itting

851.5.1 Testing of Replacement Pipe Sections. W
scheduled repair to a pipeline or main is made by c
out the damaged portion of the pipe as a cylinder and re-
placing it with another section of pipe, the replacgment
section of pipe shall be subjected to a pressure tesf. The
replacement section of pipe shall be tested to the prdssure
required for a new pipeline or main installed in the[same
location. The tests may be made on the pipe prior to instal-
lation, provided nondestructive tests meeting the require-
ments of section 826 are made on all field girth butt welds
after installation. If the replacement is made ynder
controlled fire conditions (gas in the pipeline), full encir-
clement pressure-containing type B, welded split sleeves
(see ASME PCC-2) may be used to join the pipe seftions

psi (276 MPa) may be repaired by using a steel plate patch
with rounded corners and with dimensions not in excess
of one-halfthe circumference of the pipe fillet welded over
the pitted area. The repair plate design and fabrication
details shall ensure that the pipeline design criteria are
met. This method of repair should not be attempted on
pipe that is thought to be susceptible to hydrogen
cracking/brittle fracture.

(g) Allrepairs performed under (a) through (f) shall be
tested and inspected as provided in para. 851.5.
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instead of butt welds. All sleeve welds should be radio-
graphed. (See para. 851.5.2.)

851.5.2 Nondestructive Testing of Repairs, Gouges,
Grooves, Dents, and Welds. If the defects are repaired
by welding in accordance with the provisions of
para. 851.4 and any of its subsections, the welding
shall be examined in accordance with section 826.
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851.5.3 Leak Testing of Leak Repairs. In addition to
the requirements of paras. 851.5.1 and 851.5.2, repairs
made to leaks shall be leak tested. The leak test shall
be performed in accordance with Nonmandatory
Appendix M, M-3(e), M-3(f), or M-3(g). The leak test pres-
sure shall be at or above the maximum operating pressure
available when the repair is placed back into service.

851.6 Pipeline Leak Records

851.9 Decommissioning of Transmission Facilities

Operators planning the decommissioning (temporary
disconnect) of transmission facilities shall develop proce-
dures for the decommissioning of facilities from service.
The procedures shall include the following:

(a) Facilities to be decommissioned shall be isolated
and sealed from all sources and supplies of gas, such
as other pipelines, mains, crossover piping, meter stations,
control lines, and other appurtenances.

Regords shallbe made covering allleaks discovered and
repaifs made. All pipeline breaks shall be reported in
detall. These records along with leakage survey
recorfls, line patrol records, and other records relating
to rofitine or unusual inspections shall be kept in the
file of the operating company, as long as the section of
line remains in service.

851.7
(@)

consi
at rod

Pipeline Markers

Signs or markers shall be installed where it is
Hered necessary to indicate the presence of a pipeline
d, highway, railroad, and stream crossings. Addi-
tional signs and markers shall be installed along the
remajnder of the pipeline at locations where there is a
probdbility of damage or interference.

(b)| Signs or markers and the surrounding right-of-way
shall be maintained so markers can be easily read and are
not opscured.

(c)| The signs or markers shall include the words “Gas
(or name of gas transported) Pipeline,” the name of the
operdting company, and the telephone number (incluiding
area|code) where the operating company;can be
contakcted.

851.8 Abandoning of Transmission.Facilities

Eagh operating company shall have a plan in its oper-
ating and maintenance procedures-for abandoning trans-
missipn facilities. The planrshall include the following
provigions:

(b) Purge facilities to be commissioned with an inert
material and effectively seal the endgsf For| facilities
where purging is not necessary andcwhere p need to
restore to service exists, a smallGamount df gas can
remain in the facility provided the gas amopnt poses
no potential hazard, and contains'no corrosivg contami-
nants exceeding pipeline quality standards such as water,
carbon dioxide, and sulfides:

(c) After the facilitiésshave been decommissioned, the
maintenance procedures shall continue to be applied as if
the facility were still in service.

(d) The cathodic protection shall be maintdined with
the periodic.inspections and record keeping t¢ continue
as if the facility were still in service.

(e).-For stations where blanket gas remains,
gency ‘Shut Down (ESD) system shall remain
Some modification to the ESD system may bg
to allow for a low pressure ESD. The haza
and fire detectors should remain in service td
units and piping down, if necessary.

the Emer-
n service.
required
dous gas
blow the

-

851.10 Recommissioning of Transmissio
Facilities

Operators planning to recommission (reactivate) trans-
mission facilities temporarily removed from sefvice shall
develop written procedures for recommissioning facilities
to service. The procedures shall include the f¢llowing:

(a) Beforeafacility isrecommissioned, all mgintenance
and cathodic protection records shall be reyiewed to

(a)| Facilities to be abatidoned shall be disconnected  ensure that the condition and integrity of the facility
from fall sources and.supplies of gas such as other pipe- has been maintained during the decommissionged period.
lines,| mains, crossover piping, meter stations, control (b) Facilities to be recommissioned that have been
lines,[and other ‘appurtenances. decommissioned for an extended period of fime shall

(b)| Facilitiesto be abandoned in place shall be purged ~ be repressured incrementally.
of gag with-ah inert material and the ends shall be sealed, (c) A leak survey shall be performed after the facility
except that hasbeenrecommissioned. Any defects or leaks Jiscovered

(c) After precautions are taken to determine that no
liquid hydrocarbons remain in the facilities to be aban-
doned, then such facilities may be purged with air. If
the facilities are purged with air, then precautions
must be taken to determine that a combustible
mixtureis not present after purging. [See para.841.2.7(e).]
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shall be repaired before the facility is back in full opera-
tion.

851.11 Repositioning a Pipeline in Service

When repositioning a pipeline in service, the following
are some of the factors that shall be considered:

(a) deflection

(b) diameter, wall thickness, and grade of pipe

(c) pipeline pressure

(d) type of girth welds
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(e) test and operating history

(f) presence of defects

(g) existing curvature

(h) bends

(i) valves and fittings

(j) terrain and soil conditions

(k) personnel safety considerations

(1) additional stresses caused by repositioning of the
pipeline

851.12.2 Pressure Hold Period

(a) The strength test pressure shall be held for a
minimum time period of % hr, except for those lines
with known SCC, which are to be pressure tested in accor-
dance with (b).

(b) The pressure test for SCC shall be held long enough
for the test pressure to stabilize, in most cases 1/2 hrorless.

(c) The leak test pressure should be maintained for as
long as necessary to detect and locate or evaluate any

851.12 Pressure Testing for Integrity Assessment
of In-Service Pipelines

The intpgrity of an in-service pipeline may be deter-
mined by pressure testing for strength and leaks. Compar-
ison of ngw test pressures with previous test pressures
will show|that the integrity of the pipeline has not been
reduced if new test pressures are equal to or greater than
previous test pressures. If there was no previous strength
test with which to compare the current test, a minimum
specified margin of safety can be established. A strength
test, howgver, will not indicate ongoing deterioration of
the pipelihe that has not progressed to the point where
defects fail during the strength test. Refer to
Nonmandptory Appendix N for hydrostatic testing guide-
lines.

851.12.
pressures

|l Pressure Test Levels. When establishing test
for a test section, the maximum test pressure
shall be d¢termined by the operator to prevent damage to
the pipelipe and its components. Consideration must be
given to the effect of test section elevation differences on
the test pressure. Whenever test pressure will calise a
hoop strgss in excess of 100% of the SMYS( refer to
Nonmandatory Appendix N, section N-5 for guidance
on yield monitoring. The minimum testpressure shall
be as reqtpiired by (a) through (c).

(a) To determine the integrity of an\in-service pipeline
by strength testing, the pipeline shallbe strength tested at
a pressur¢ that will cause a hooepstress of at least 90% of
the SMYS fin the segment with.the lowest design or rated
pressure in the section tested except as provided in (b) or
(c).

(b) Fory pipelinestin*which stress corrosion cracking
(SCC) has| been identified, defects may be mitigated by
pressure [testihg-to a pressure that will create a hoop
stress of af least 100% of the SMYS at the high point eleva-

leakage of test media. Additional leak test methods
may be employed if detection of leakage of)the test
media is not practical due to very small leaks such as
may be experienced after testing for SCC.

851.12.3 Time Interval Between Tests. The|time
interval between pressure tests;)0r performinig the
initial pressure test if the pipeliné was not post-conptruc-
tion tested, should be basedupon an engineering cfitical
assessment to prevent defects from growing to ctitical
sizes. That engineering critical assessment should
include consideration.of the following factors:

(a) Risk to the-Public. The first consideration in a ffest or
retest should be'the exposure that the public could have to
a failure ofsa\given pipeline.

(b) Stress'Level of Previous Test. Testing shows that the
higher the stress level of the strength test, the smallpr the
remaining flaw will be. Smaller remaining flaws will fesult
ina'longer time before the flaw could be expected to|grow
to a critical size, if not mitigated. This meanq that
increasing the ratio of the test pressure to the operating
pressure may potentially increase the retest interyal.

(c) Corrosion Growth Rate. The corrosion growth rate
on a given pipeline depends upon the aggressivenpss of
the corrosive environment and the effectiveness of ¢orro-
sion control measures.

(d) Maintenance. Deterioration of the pipeline is plso a
function of the timing and effectiveness of actigns to
correct such conditions as corrosion control deficigncies,
external force damage, and operating condition$ that
increase the potential for corrosion. The effectiveness
of programs to prevent damage by excavation affectgpipe-
line maintenance.

(e) Other Inspection Methods. In-line inspeg¢tion,
external electrical surveys of coating condition and
cathodic protection levels, direct inspection of the| pipe,
monitoring of internal corrosion, monitoring qf gas

tion.

(c) For those in-service pipelines for which the hoop
stress percent of the SMYS cannot be accurately deter-
mined or those pipelines that operate at hoop stress
levels lower than maximum design pressure, the
minimum strength test pressure shall be 1.10 times
the MAOP.

(d) Following the strength test period, a leak test
should be performed. The leak test pressure should be
at least 1.10 times the MAOP of the pipeline.
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quality, and monitoring to detect encroachment are
methods that can be used to predict or confirm the pres-
ence of defects that may reduce the integrity of the pipe-
line.

851.13 Depressurization

API Std 521 can be used as guidance to depressurize a
pipeline.
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852 DISTRIBUTION PIPING MAINTENANCE
852.1 Patrolling

Distribution mains shall be patrolled in areas where
necessary to observe factors that may affect safe opera-
tion. The patrolling shall be considered in areas of
construction activity, physical deterioration of exposed
piping and supports, or any natural causes, which
could result in damage to the pipe. The frequency of

utility manholes, at cracks in the pavement and sidewalks,
and at other locations that provide opportunities for
finding gas leaks.

(b) The underground distribution system outside the
areas covered by (a) should be surveyed as frequently as
experience indicates necessary, but not less than once
every 5 yr.

852.3 Leakage Investigation and Action

the pjatrolling shall be determined by the severity of
the cpnditions that could cause failure or leakage and
the sfibsequent hazards to public safety.

852.2 Leakage Surveys

Ea¢h operating company having a gas distribution
system shall set up in its operating and maintenance
plan p provision for making periodic leakage surveys

on the system.

852.2.1 Types of Surveys. The types of surveys
selected shall be effective for determining if potentially
hazar{dous leakage exists. The following are some proce-
dureq that may be employed:

(a)| surface gas detection surveys

(b)| subsurface gas detector survey (including bar hole
surveyys)

(c)|vegetation surveys

(d)| pressure drop tests

(e)| bubble leakage tests

(f) |ultrasonic leakage tests

A detailed description of the various survéys and
leakage detection procedures is shown in Nonmandatory
Appendix M.

852.2.2 Frequency of Surveys. The extent and
frequency of leakage surveys shall be determined by
the character of the general service drea, building concen-
trations, piping age, system condjtion, operating pressure,
and any other known condition (such as surface faulting,
subsiflence, flooding, or danincrease in operating pressure)
that has significant potential to either start a leak or to
cause leaking gas(to) migrate to an area where it could
result in a hazardous condition. Special one-time
survdys should’be considered following exposure of
the ghs distribution system to unusual stresses (such
as thpserrésulting from earthquakes or blasting). The

852.3.1 Leakage Classification and Repair. Leaks
located by surveys and/or investigation showld be eval-
uated, classified, and controlled in accerdancg with the
criteria set forth in Nonmandatory Appéndix M, section
M-5.

Prior to taking any repair action, leaks ghould be
pinpointed but only after it has been establjshed that
an immediate hazard doeswnotexist or has been fontrolled
by such emergency actions as evacuation, blocking an area
off, rerouting traffic, €liminating sources ofigniﬂ?on, venti-
lating, or stopping-the flow of gas. The pinpointiing guide-
lines providedin Nonmandatory Appendix M, s¢ction M-6
should be followed.

Outside
rce (such

852.3.2" Investigation of Reports From
Sources. Any notification from an outside soy
as (olice or fire department, other utility, cpntractor,
customer, or general public) reporting a leak, pxplosion,
or fire, which may involve gas pipelines or othef gas facil-
ities, shall be investigated promptly. If the inylestigation
reveals a leak, the leak should be classified gnd action
should be taken in accordance with the cfiteria in
Nonmandatory Appendix M, section M-5.

852.3.3 Odor or Indications From Foreign Sources.
When potentially hazardous leak indication§ (such as
natural, sewer, or marsh gas or gasoline valpors) are
found to originate from a foreign source or facility or
customer-owned piping, they shall be reported to the
operator of the facility and, where approprigte, to the
police department, fire department, or other govern-
mental agency. When the company's pipeline is fonnected
to a foreign facility (such as the customer's piping), nec-
essary action, such as disconnecting or shutting off the
flow of gas to the facility, shall be taken to [eliminate
the potential hazard.

852.3.4 Follow-Up Inspections. While the g¢xcavation

leakagesurvey frequencies siatt be based om operatng
experience, sound judgment, and a knowledge of the
system. Once established, frequencies shall be reviewed
periodically to affirm that they are still appropriate. The
frequencies of the leakage survey shall at least meet the
following:

(a) Distribution systems in a principal business district
should be surveyed atleast annually. Such surveys shall be
conducted using a gas detector and shall include tests of
the atmosphere that will indicate the presence of gas in
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1S Open, the adequacy of leak repairs snait be checked by
using acceptable methods. The perimeter of the leak area
shall be checked with a gas detector. In the case of a Grade
1 leak repair as defined in Nonmandatory Appendix M,
where there is residual gas in the ground, a follow-up
inspection should be made as soon as practicable after
allowing the soil to vent to the atmosphere and stabilize,
but in no case later than 1 month following the repair. In
the case of other leak repairs, the need for a follow-up
inspection should be determined by qualified personnel.
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852.4 Requirements for Abandoning,
Disconnecting, and Reinstating Distribution
Facilities

852.4.1 Abandoning of Distribution Facilities. Each
operating company shall have a plan for abandoning inac-
tive facilities, such as service lines, mains, control lines,
equipment, and appurtenances for which there is no
planned use.

The plan_sha e :

(a) If the fac111t1es are abandoned in place they shall
be physicplly disconnected from the piping system. The
open endp of all abandoned facilities shall be capped,
plugged, or otherwise effectively sealed. The need for
purging the abandoned facility to prevent the develop-
ment of al potential combustion hazard shall be consid-
ered and appropriate measures shall be taken.
Abandonment shall not be completed until it has
been detefmined that the volume of gas or liquid hydro-
carbons contained within the abandoned section poses
no potential hazard. Air or inert gas may be used for
purging, jor the facility may be filled with water or
other inert material. [See para. 841.2.7(e).] If air is
used for purging, the operating company shall determine
that a comhbustible mixture is not present after purging.
Consideration shall be given to any effects the abandon-
ment may| have on an active cathodic protection system,
and appropriate action shall be taken.

(b) In [cases where a main and the service lines
connected to it are abandoned, insofar as service lines
are concerned, only the customer's end of such service
lines needs to be sealed as stipulated above.

(c) Serpice lines abandoned from the actiye mains
should be|disconnected as close to the main as practicable.

(d) All yalves left in the abandoned segment should be
closed. If the segment is long and there afe few line valves,
consideration should be given to plugging the segment at
intervals.

(e) All hbove-grade valves, risers, and vault and valve
box coverfs shall be removed. Vault and valve box voids
shall be filled with suitable*compacted backfill material.

852.4.2 Temporarily/Disconnected Service. When-
ever service to a customer is temporarily discontinued,
one of the following shall be complied with:

(a) Thqvalveithatis closed to prevent the flow of gas to
the customer shall be provided with a locking device or

852.4.3 Test Requirements for Reinstating Aban-
doned Facilities and Temporarily Disconnected
Service Lines. Facilities previously abandoned shall be
tested in the same manner as new facilities before
being reinstated.

Service lines previously abandoned shall be tested in
the same manner as new service lines before being rein-
stated.

Service lines temporarlly disconnected because of main

ey h este m the
pomt ofdlsconnectlon to the service llne valve in the[same
manner as new service lines before reconnecting, gxcept

(a) when provisions to maintain continuousservige are
made, such as by installation of a bypass, any portionjof the
original service line used to maintain.continuous s¢rvice
need not be tested; or

(b) when the service line hasbeen designed, installed,
tested, and maintained in ateordance with the require-
ments of this Code

852.5 Plastic Pipe(Maintenance

852.5.1 Squeezing-Off and Reopening of Thermo-

plastic Pipe or'Tubing for Pressure Control

(a) Before'thermoplastic pipe or tubing is squeezgd-off
and regpened, it is required that investigations and tests
be made to determine that the particular type, grade,
specified outside diameter, and specified minimum
wall thickness of pipe or tubing of the same manufdcture
can be squeezed-off and reopened without causing fpilure
under the conditions that will prevail at the time pf the
squeezing-off and reopening.

(b) After compliance with (a), whenever thermoplastic
pipe or tubing is squeezed-off and reopened, it is required
that

(1) the work be done with equipment and groce-
dures that have been established and proven by test to
be capable of performing the operation safely and [effec-
tively

(2) thesqueezed-offand reopened area of the pjipe or
tubing be reinforced in accordance with the appropriate
provisions of para. 852.5.2, unless it has been deteriined
by investigation and test that squeeze-off and reoplening
do not affect the long-term properties of the pipe or tubing

(c) Squeeze-off and reopening shall be done in gccor-
dance with ASTM F1041, Standard Guide for Squeete-Off

other means designed to prevent the opening of the valve
by persons other than those authorized by the operating
company.

(b) A mechanical device or fitting that will prevent the
flow of gas shall be installed in the service line or in the
meter assembly.

(c) The customer's piping shall be physically discon-
nected from the gas supply and the open pipe ends
shall be sealed.
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of PotyotefimGasPressure Pipeamd-Tubing,amdt-ASTM
F1563, Standard Specification for Tools to Squeeze-Off
Polyethylene (PE) Gas Pipe or Tubing.

(d) Refer to Nonmandatory Appendix C for a list of
other pertinent ASTM standards and industry literature.

852.5.2 Repair of Plastic Pipe or Tubing. If at any time
an injurious defect, groove, gouge, or dent is found in
plastic pipe or tubing, the damaged or defective
section shall be replaced unless satisfactory repairs are
made.

(22)


https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

ASME B31.8-2022

The damaged section can be cut out and replaced in
accordance with applicable provisions of para. 842.3.
The replacement pipe or tubing shall be 100% visually
inspected inside and out. There shall be no visible
defects on the inside or outside of the replacement
pipe or tubing. The replacement pipe or tubing shall
be leak tested at available system pressure.

Repairs shall be made in accordance with qualified
procedures that have been established and proven by
test apeH t t } t
eratid
is ap
repai

()
shall

n shall be given to ensure that the repair procedure
plicable at the ambient temperature during the
.):
The recommendations of the plastic manufacturer
be taken into consideration when determining the
type of repair to be made. Special consideration shall be
given(to the extent of fiber damage in the case of thermo-
setting plastic pipe.

(b)| If a patch or full encirclement sleeve is used, it shall
extend at least % in. (13 mm) beyond the damaged area.

(c)|If a full encirclement split sleeve is used, the joining
line Hetween the halves of the sleeve shall be as far as
possiple from the defect, but in no case closer than 1/2
in. (13 mm). Suitable precautions shall be taken to
ensuile a proper fit at the longitudinal seam.

(d)| The patch or sleeve material shall be the same type
and grade as the pipe or tubing being repaired. Wall thick-
ness ¢f the patch or sleeve shall be at least equal to that of
the plpe or tubing.

(e)| The method of attachment of the patch or sleeve
shalll be compatible with the material and ‘shall
confprm to the applicable provisions ©f para.
842.2.9(b). Precautions shall be taken(te*ensure a
propér fit and a complete bond between the patch or
sleevle and the pipe being repaired: The patch or
sleeve shall be clamped or held inplacde by other suitable
mean during the setting or curingof the bonding material
or during the hardening of-a\heat-fusion bond. Excess
solvent cement shall be remeved from the edges of the
patch| or sleeve.

852.6 Piping Maintenance Records

852.6.1 Inspection of Underground Piping. Whenever
any portion:orsection of an existing underground distri-
butioh piping system is uncovered for operating or main-
tenanlce'purposes or for the installation of new facilities

852.6.2 Cause of Cast Iron Breakage. Whenever
broken cast iron facilities are uncovered, the cause of
breakage, such as thermal effect, backfill, or construction
by others, shall be recorded if it can be determined.

852.6.3 Analysis of Condition Records. Distribution
piping condition records shall be analyzed periodically.
Any indicated remedial action on the piping system
shall be taken and recorded.

. as

852.7.1 Sealing Joints of 25 psig (170.kPa) or More.
Each cast iron caulked bell and spigot‘joint ogerating at
pressures of 25 psig (170 kPa) or morethat is exposed for
any reason must be sealed with amiechanical leak clamp or
a material or device that does@otTeduce the flgxibility of
the joint and permanently{seals and bonds.

852.7.2 Sealing Joints.Under 25 psig (170 kPa). Each
cast iron caulked belland spigot joint operatirlg at pres-
sures of less than 25.psig (170 kPa) that is expoded for any
reason must be sealed by a means other than| caulking.

ron rFipe Maintenance

852.7.3 Inspection for Graphitization. When a section
of castiron pipe is exposed for any reason, an {nspection
shallbemade to determine if graphitization exiss. If detri-
meftal graphitization is found, the affected segment must
be replaced.

852.7.4 Disturbed Pipeline Support. Wher
ating company has knowledge that the support for a
segment of a buried cast iron pipeline is distyrbed

(a) that segment of the pipeline must be prptected as
necessary against damage during the disturbance

(b) as soon as possible, appropriate step$ must be
taken to provide permanent protection for the[disturbed
segment from damage that might result from external
loads

an oper-

853 MISCELLANEOUS FACILITIES MAINTENANCE

853.1 Compressor Station Maintenance

853.1.1 Compressors and Prime Movers. The starting,
operating, and shutdown procedures for all gas
compressor units shall be established by the [operating
company. The operating company shall take appropriate
steps to see that the approved practices are fpllowed.

the following information shall be recorded:

(a) the condition of the surface of bare pipe, if pitted or
generally corroded

(b) the condition of the pipe surface and of the protec-
tive coating where the coating has deteriorated to the
extent that the pipe is corroding underneath

(c) any damaged protective coating

(d) any repairs made

93

853.1.2 Inspection and Testing of Relief Valves. All
pressure-relieving devices in compressor stations shall
be inspected and/or tested in accordance with
para. 853.3, and all devices except rupture disks shall
be operated periodically to determine that they open
at the correct set pressure. Any defective or inadequate
equipment found shall be promptly repaired or replaced.
All remote control shutdown devices shall be inspected
and tested at least annually to determine that they func-
tion properly.
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853.1.3 Repairs to Compressor Station Piping. All
scheduled repairs to compressor station piping operating
at hoop stress levels at or above 40% of the specified
minimum yield strength shall be done in accordance
with para. 851.3, except that the use of a welded patch
is prohibited. Testing of repairs shall be done in accor-
dance with para. 851.4.

853.1.4 Isolation of Equipment for Maintenance or
Alterations. The operating company shall establish proce-

(2) Periodic sampling and testing of gas in storage
shall be made to determine the dew point of vapors
contained in the stored gas that might cause internal
corrosion or interfere with the safe operations of the
storage plant.

(3) The pressure control and pressure-limiting
equipment shall be inspected and tested periodically to
determine that it is in a safe operating condition and
has adequate capacity.

dures for |solation of units or sections of piping for main-
tenance, pnd for purging prior to returning units to
service, and shall follow these established procedures
in all casgs.

853.1.5
mable or

Storage of Combustible Materials. All flam-
combustible materials in quantities beyond
those reduired for everyday use or other than those
normally jused in compressor buildings shall be stored
in a separjate structure built of noncombustible material
located a juitable distance from the compressor building.
All abovepround oil or gasoline storage tanks shall be
protected|in accordance with NFPA 30.

853.1.6 Maintenance and Testing of Gas Detection
and Alarm Systems. Each gas detection and alarm
system refjuired by this Code shall be maintained to func-
tion relially. The operator shall develop maintenance and
calibratioh procedures to periodically verify the opera-
tional intggrity of the gas detectors and alarm systems
installed.

853.1.7| Monitoring Effects of Pulsation and Vibra-
tion. Facillities exposed to the effects of vibration and
pulsation induced by reciprocating compréssion as
well as vjibration induced by gas flow or discharge,
may be susceptible to fatigue crack growth-in fabrication
and attachment welds. Susceptible facilities include

(a) comppressor station piping having an observed
history of| vibration

(b) blofvdown piping

(c) pulsation bottles and manifolds

(d) piping not meéting the requirements of
para. 833}7(a)

Such facilities may warrant engineering assessment
and/or ngndestructive examination for fatigue cracking
in fabrication/and attachment welds.

853.2 Pr
Bottle-Type Holders in Safe Operating
Condition

(a) Each operating company having a pipe-type or
bottle-type holder shall prepare and place in its files a
plan for the systematic, routine inspection and testing
of the facilities that has the following provisions:

(1) Procedures shall be followed to enable the detec-
tion of external corrosion before the strength of the
container has been impaired.
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(b)) Each anara Hng commnanyg 1Y
B/—ae-operathy, S-€ompaly—+

plan as prescribed in (a), shall follow the plan.and
records that detail the inspection and testing"wotk
and the conditions found.

(c) All unsatisfactory conditions found shj
promptly corrected.

aving-preparedsuch a
keep
done

11 be

853.3 Maintenance of Pressure-Limiting anc
Pressure-Regulating Stations

853.3.1 Condition andAdequacy. All pressure-lithiting
stations, relief devices; and other pressure-regulating
stations and equipment shall be subject to systematic,
periodic inspections and suitable tests, or reviewed to
determine that(they are

(a) in good mechanical condition. Visual inspe
shall be,made to determine that equipment is prd
installed’and protected from dirt, liquids, or other ¢ondi-
tions that might prevent proper operation. The follpwing
shall be included in the inspection where approprjiate:

(1) station piping supports, pits, and vaults for
general condition and indications of ground settlement.
See para. 853.5 for vault maintenance.

(2) station doors and gates and pit vault covers to
determine that they are functioning properly and that
access is adequate and free from obstructions.

(3) ventilating equipment installed in station puild-
ings or vaults for proper operation and for evidei:ce of

rtions
perly

accumulation of water, ice, snow, or other obstrudtions.
(4) control, sensing, and supply lines for condjitions
that could result in a failure.
(5) all locking devices for proper operation.
(6) station schematics for correctness.
(b) adequate from the standpoint of capacity and|relia-
bility of operation for the service in which they are
employed and set to function at the correct press

determined, and the appropriate components shall be
adjusted, repaired, or replaced as required. After
repair, the component shall again be checked for
proper operation.

(2) Atleastonce each calendar year, areview shall be
made to ensure that the combined capacity of the relief
devices on a piping system or facility is adequate to limit
the pressure at all times to values prescribed by this Code.
This review should be based on the operating conditions
that create the maximum probable requirement for relief
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capacity in each case, even though such operating condi-
tions actually occur infrequently and/or for only short
periods of time. If it is determined that the relieving equip-
ment is of insufficient capacity, steps shall be taken to
install new or additional equipment to provide adequate
capacity.

853.3.2 Abnormal Conditions. Whenever abnormal
conditions are imposed on pressure or flow control
devices, the incident shall be investigated and a determi-

853.4 Valve Maintenance

853.4.1 Pipeline Valves. Pipeline valves that would be
required to be operated during an emergency shall be
inspected periodically and partially operated at least
once a year to provide safe and proper operating condi-
tions.

(a) Routine valve maintenance procedures shall
include, but not be limited to, the following:

(1) servicing in accordance with written procedures

natiot shall be made as to the need for inspection and/or
repairs. Abnormal conditions may include regulator
bodigs that are subjected to erosive service conditions
or contaminants from upstream construction and hydro-
static| testing.

853.3.3 Stop Valves

(a)| An inspection and/or test of stop valves shall be
made| to determine that the valves will operate and are
correctly positioned. (Caution shall be used to avoid
any Yndesirable effect on pressure during operational
checKs.) The following shall be included in the inspection
and/gr test:

7) station inlet, outlet, and bypass valves
?) relief device isolating valves
3) control, sensing, and supply line valves

(b)| The final inspection procedure shall include the
following:

7) a check for proper position of all valves. Special
ion shall be given to regulator station bypass valves,
device isolating valves, and valves in comntrol,

ng, and supply lines.

) restoration of all locking and security.devices to
r position.

atten
relief
sensi

propq
853.3.4 Pressure-Regulating Stations

(a)] Every distribution system ‘supplied by more than
one gressure-regulating station’shall be equipped with
telenetering or recording‘pressure gages to indicate
the gas pressure in the district.

(b)| On distributiofi’systems supplied by a single pres-
sure-regulating station, the operating company shall
deternine the  hecessity of installing such gages in the
district. In making this determination, the operating
comppny¢shall take into consideration the operating con-
dition}s ‘such as the number of customers supplied, the

by adequately trained personnel

(2) accurate system maps for use duting
emergency conditions

(3) valve security to prevent séryice interruptions,
tampering, etc., as required

(4) employee training programs to familiarize per-
sonnel with the correct valve maintenance prpcedures

(b) Emergency valve maintenance procedurgs include

(1) written contingency plans to be followed during
any type of emergeney

(2) training personnel to anticipate all
hazards

(3) furnishing tools and equipment as |required,
including auxiliary breathing equipment, to mpet antici-
pated.emergency valve servicing and/or maint¢nance re-
quisements

853.4.2 Distribution System Valves. Valves)the use of
which may be necessary for the safe operation of a gas
distribution system, shall be checked and |serviced,
including lubrication where necessary, at sufficiently
frequent intervals to ensure their satisfactory pperation.
Inspection shall include checking of alignment|to permit
use of a key or wrench and clearing from the velve box or
vault any debris that would interfere with or|delay the
operation of the valve. System maps showing valve loca-
tions should be available.

routine or

potential

853.4.3 Service Line Valves. Outside shutioff valves
installed in service lines supplying places|of public
assembly, such as theaters, churches, schools, and hospi-
tals, shall be inspected and lubricated where rgquired at
sufficiently frequent intervals to ensure their satisfactory
operation. The inspection shall determine if the valve is
accessible, if the alignment is satisfactory, and if the valve
box or vault, if used, contains debris that would interfere
with or delay the operation of the valve. Unsatisfactory

operating pressures, the capacity of the installation, etc.
(c) If there are indications of abnormal high or low
pressures, the regulator and the auxiliary equipment
shall be inspected and the necessary measures shall be
employed to rectify any unsatisfactory operating condi-
tions. Suitable periodic inspections of single pressure
regulation stations not equipped with telemetering or
recording gages shall be made to determine that the pres-
sure-regulating equipment is functioning properly.
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853.4.4 Valve Records. A record shall be maintained
for locating valves covered by paras. 853.4.1 and 853.4.2.
These records may be maintained on operating maps,
separate files, or summary sheets, and the information
on these records shall be readily accessible to personnel
required to respond to emergencies.

853.4.5 Prevention of Accidental Operation. Precau-
tions shall be taken to prevent accidental operation of any
valve covered by paras. 853.4.1 and 853.4.2. Accidental
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valve operation by operating company personnel and the
general public should be considered in taking these
precautions. Some recommended actions to be taken,
where applicable, are as follows:

(a) Lock valves in aboveground settings readily acces-
sible to the general public that are not enclosed by a
building or fence.

(b) Lock valves located in vaults, if accessible to the
general public.

extent thata change in Location Class is likely, a study shall
be completed within 6 months of perception of the
increase to determine the following:

(1) the design, construction, and testing procedures
followed in the original construction and a comparison of
such procedures with the applicable provisions of this
Code.

(2) the physical conditions of the pipeline or main to
the extent that this can be ascertained from current tests

and aualiiation racarde
are—evVardatoh—feceras:

[ Ide iy tha vyalua hy taogaging calar cading o Ay
reHy—tHe-varve-Dy—taggHE€o16F-€oaih &5 0F—ahy

other suitpble means of identification.

853.5 Vault Maintenance

Each v
relieving,

hult housing a pressure-limiting, pressure-
br pressure-regulating station shall be inspected
to deternfine its condition each time the equipment is
inspected and tested in accordance with para. 853.3.
For any yault that personnel enter, the atmosphere
shall be tested for combustible gas. If the atmosphere
is hazardgus, the cause shall be determined. The vault
shall be inspected for adequate ventilation. The condition
ofthe vault covers shall be carefully examined for hazards.
Unsatisfagtory conditions disclosed shall be corrected.
The applicable provisions of para. 821.6 shall be met
before any welding is performed in the vault. Maintenance
work performed in the vault shall be in accordance with
procedurgs developed per para. 850.2(a), giving particu-
lar considgration to the monitoring of the atmosphere and
safety prdtection for personnel in the vault.

854 LOCATION CLASS AND CHANGES IN NUMBER
OF BUILDINGS INTENDED FOR HUMAN
OCCUPANCY

854.1 M

(a) Exigting steel pipelines or mains-operating at hoop
stress levels in excess of 40% of speeified minimum yield
strength $hall be monitored o determine if additional
buildings| intended for human occupancy have been
construc}ed. The total wamber of buildings intended

bnitoring

for human occupaney. shall be counted to determine
the current Locatign*Class in accordance with the proce-
dures specified.in\paras. 840.2.2(a) and 840.2.2(b).

(b) In[acdondance with the principles stated in
para. 84p.%(c), and with the knowledge that the

(3) operating and maintenance history of.the
line or main.

(4) the maximum operating pressure and the ¢orre-
sponding operating hoop stress. The pressure grgdient
may be taken into account in the section of the pipeline
or main directly affected by the€ingreasing number of
buildings intended for human @¢cupancy.

(5) the actual area affécted by the increase In the
number of buildings intended for human occupancy
and physical barriersior other factors that may|limit
the further expansion‘of the more densely populated area.

(d) Followingthis study, if a change of Location Class is
indicated, the¢atrols and leakage surveys shall immedi-
ately be adjusted to the intervals established by the|oper-
ating company for the new Location Class.

pipe-

854:2 ‘Confirmation or Revision of MAOP

If the study described in para. 854.1 indicates thpat the
established maximum allowable operating pressure of a
section of pipeline or main is not commensurateg with
existing Location Class 2, 3, or 4, and such section is in
satisfactory physical condition, the maximum allowable
operating pressure of that section shall be confirmed
or revised within 18 months following completjon of
the study as follows:

(a) Ifthe sectioninvolved has been previously tested in
place for not less than 2 hr, the maximum allowable|oper-
ating pressure shall be confirmed or reduced so that it
does not exceed that allowed in Table 854.1-1.

(b) Ifthe previous test pressure was not high eno
allow the pipeline to retain its MAOP or to achieve an ac-
ceptable lower MAOP in the Location Class accordjng to
(a), the pipeline may either retain its MAOP or bgcome
qualified for an acceptable lower MAOP if it is retested
at a higher test pressure for not less than 2 hr in cqmpli-
ance with the applicable provisions of this Code. If the new

igh to

number of buildings intended for human occupancy is
not an exact or absolute means of determining
damage-causing activities, judgment must be used to
determine the changes that should be made to items,
such as operating stress levels, frequency of patrolling
and cathodic protection requirements, as additional build-
ings intended for human occupancy are constructed.
(c) When there is an increase in the number of build-
ings intended for human occupancy to or near the upper
limit of the Location Class listed in Table 854.1-1 to the

96

strength testis not performed during the 18-month period
following the Location Class change, the MAOP must be
reduced so as not to exceed the design pressure commen-
surate with the requirements of Chapter IV at the end of
the 18-month period. If the test is performed any time
after the 18-month period has expired, however, the
MAOP may be increased to the level it would have
achieved if the test had been performed during that
18-month period.
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Table 854.1-1
Location Class

Original
[Note (1)] Current
Location Number of Location Number of Maximum Allowable
Class Buildings Class Buildings Operating Pressure (MAOP)
1, Division 1 0-10 1 11-25 Previous MAOP but not greater than 80% SMYS
1, Division 2 0-10 1 11-25 Previous MAOP but not greater than 72% SMYS
1 0-10 2 26-45 0.800 x test pressure but not greater than 72% SMYS
1 =10 46=65 07667 =X teSt Pressure but ot greater tam 6996~ SMYS)
1 0-10 3 66+ 0.667 x test pressure but not greater than 60% SMYS
1 0-10 4 [Note (2)] 0.555 x test pressure but not greater than 50% SMYS
2 11-45 2 46-65 Previous MAOP but not greater than 60% ‘SMYS
2 11-45 3 66+ 0.667 x test pressure but not greater-than 60% SMYS
2 11-45 4 [Note (2)] 0.555 x test pressure but not greater than 50% SMYS
3 46+ 4 [Note (2)] 0.555 x test pressure but not gréater than 50% SMYS
NOTEY:

(1) Aytime of design and construction.
(2) Multistory buildings become prevalent.

(c)| An MAOP that has been confirmed or revised
accorfding to (a) or (b) shall not exceed that established
by thlis Code or previously established by applicable
editipns of ASME B31.8. Confirmation or revision
accorfing to para. 854.2 shall not preclude the application
of sedtion 857.

(d)| Where operating conditions require that the
existihg maximum allowable operating pressure bemain-
tainedl, and the pipeline cannot be brought inte /compli-
ance ps provided in (a), (b), or (c), the pipewithin the
area |of the Location Class change shall\be replaced
with [pipe commensurate with the requirements of
Chapfter 1V, using the design fagtor*obtained from
Tablel 841.1.6-1 for the appropriate-Location Class.

854.3 Pressure-Relieving-or Pressure-Limiting
Devices

Where the MAOP/0f a section of pipeline or main is
revised in accordance with para. 854.2 and becomes
less than the maximum allowable operating pressure
of the pipelin€.,or main of which it is a part, a suitable
pressjurecrelieving or pressure-limiting device shall be
installled ifm accordance with provisions of paras. 845.1,

(a) If the section of pipe is qualified for ¢ontinued
service.because of a prior test [see para. 854.2(a)], or
can_be brought into compliance by lowg¢ring the
mraximum allowable operating pressure [see para.
854.2(a)], or testing [see para. 854.2(b)], no pdditional
valves will normally be required.

(b) Where a segment of pipeline must be re¢placed to
maintain the established maximum allowable [operating
pressure as provided in para. 854.2(d), congideration
should be given to valve spacing as follows:

(1) Where a short section of line is repldced, addi-
tional valves will normally not be required.
(2) Where the replacementsectioninvolvds 1 mi (1.6
km) or more of transmission line, additional vqlve instal-
lation shall be considered to conform to the spacing re-
quirements in para. 846.1.1.

854.5 Concentrations of People in Location
Classes 1 and 2

(a) Where afacility meeting the criteria of para.840.3 is
built near an existing steel pipeline in Location Classes 1 or
2, consideration shall be given to the possilile conse-
quence of a failure, even though the probpbility of

845.2amd 845271

854.4 Review of Valve Spacing

Where the study required in para. 854.1 indicates that
the established maximum allowable operating pressure of
a transmission pipeline is not commensurate with that
permitted by this Code for the new Location Class, the
sectionalizing valve spacing shall be reviewed and
revised as follows:
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SUCIT an occurrence is very uniikely if the fine is designed,
constructed, and operated in accordance with this Code.

(1) Where such a facility described in (a) results in
frequent concentrations of people, the requirements of (b)
shall apply.

(2) However, (b) need not be applied if the facility is
used infrequently. The lesser usage combined with the
very remote possibility of a failure at that particular
point on the pipeline virtually eliminates the possibility
of an occurrence.
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(b) Pipelines near places of public assembly as outlined
in (a) shall have a maximum allowable hoop stress not
exceeding 50% of SMYS. Alternatively, the operating
company may make the study described in para.
854.1(c) and determine that compliance with the
following will result in an adequate level of safety:

(1) The segment is hydrostatically retested for at
least 2 hr to a minimum hoop stress level of one of

the following:
~a—3-0004 of SMVC i€ +ha minaling 1o anars
(-aj—300%efSMYSifthepip e

flno at
T

(b) Study available operating and maintenance data
including leak records, inspections, failures, cathodic
protection, and internal corrosion control practices.

(c) Consider the age of the pipeline and the length of
time it may have been out of service in preparing a final
evaluation to convert the pipeline to gas service.

855.3 Requirements for Conversion to Gas Service

A steel pipeline previously used for service not subject

A
CrrerSOptratmg o

5s level over 60% and up to 72% of SMYS

(-b) 90% of SMYS if the pipeline is operating at a
hoop stregs level over 50% and up to 60% of SMYS, unless
the segmelnt was tested previously to a pressure of at least
1.5 times [the MAOP

If the segment contains pipe of various operating
stress levels, the minimum test hoop stress levels stated
above shduld be based on the SMYS of the pipe with the
highest operating stress level.

(2) Hatrols and leakage surveys are conducted at
intervals fonsistent with those established by the oper-
ating company for Location Class 3.

(3) When the maximum allowable hoop stress
exceeds 60% of SMYS, adequate periodic visual inspec-
tions are [conducted by an appropriate sampling tech-
nique, ofr instrumented inspections capable of
detecting| gouges and corrosion damage are made to
confirm the continuing satisfactory physical condition
of the pipe.

(4) If the nearby facility is likely to encourage addi-
tional conftruction activity, provide appropriate pipeline
markers.

hoop stre

855 PIPELINE SERVICE CONVERSIONS

855.1 General

The int¢nt of this section is to provide requirements to
allow an gperator of a steel pipéline previously used for
service not covered by this Code to qualify that pipeline for
service urjder this Code. Egt:a dual service pipeline used
alternately to transport-liquids in conformance with an
appropridte Code, such“as ASME B31.4, and gas under
this Codd, only the initial conversion to gas service
requires qualification testing.

855.2 Historical Records Study

to this Code may be qualified for service under thisCdde as
follows:

(a) Review historical records of the pipeline as
cated in para. 855.2.

(b) Inspect all aboveground segments.of the pipeline
for physical condition. During the‘inspection, identify
the material where possible for confparison with avdilable
records.

(c) Operating Stress Leyel Study

(1) Establish the numbeér of buildings near the|pipe-
line or main intended-for human occupancy, and ¢leter-
mine the design factor for each segment in accorflance
with para. 840.2 and Table 841.1.6-1.

(2) Conduct a study to compare the proposed
ating stress.levels with those allowed for the Lo
Class.

(3)~-Replace facilities necessary to make suf
operating stress level is commensurate with the Lo
€lass.

(d) If necessary, make inspections of appropriate
sections of underground piping to determine the ¢ondi-
tion of the pipeline.

(e) Make replacements, repairs, or alterations t
the operating company's judgment are advisable.

(f) Perform astrength testin accordance with thi4 Code
to establish the maximum allowable operating presspure of
the pipeline, unless the pipeline has been so tested
previously.

(g) Perform aleak test in conformance with this

(h) Within 1yr ofthe date that the converted pipe
placed in gas service, provide cathodic protection
out in para. 860.2(a), except that wherever feasib
placement sections and other new piping shall be
dically protected as required for new pipelines.

indi-

oper-
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855.4 Conversion Procedure

Review the following historical data and make an
evaluation of the pipeline's condition:

(a) Study all available information on the original pipe-
line design, inspection, and testing. Particular attention
should be paid to welding procedures used and other
joining methods, internal and external coating, pipe,
and other material descriptions.
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Prepareawrittemr procedureoutliningtire—steps to be
followed during the study and conversion of the pipeline
system. Note any unusual conditions relating to this
conversion.

855.5 Records of the Conversion

Maintain for the life of the pipeline a record of the
studies, inspections, tests, repairs, replacements, and
alterations made in connection with conversion of the
existing steel pipeline to gas service under this Code.
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856 ODORIZATION
856.1 General

Any gas distributed to customers through gas mains or
service lines or used for domestic purposes in compressor
plants that does not naturally possess a distinctive odor to
the extent that its presence in the atmosphere is readily
detectable at all gas concentrations of one-fifth of the
lower explosive limit and above shall have an odorant

856.4 Records

For all odorizers, except small wick-type or bypass-
type, or similar odorizers serving individual customers
or small distribution systems, each operating company
shall maintain records containing the following items:

(a) the type of odorant introduced into the gas

(b) the amount of odorant injected per million cubic
feet (m?®)

addedq to it to make it so detectable. Liquefied petroleum
gases|are usually nontoxic, but when distributed for con-
sumef use or used as fuel in a place of employment, they
shall plso be odorized for safety.’

Odegrization is not required for

(a)| gas in underground or other storage

(b)| gas used for further processing or use where the
odorant would serve no useful purpose as a warning
agent] or would be a detriment to the process

(c)|gas used in lease or field operations

If gps is delivered for use primarily in one of the above
exempted activities or facilities and is also used in one of
those activities for space heating, refrigeration, water
heatihg, cooking, and other domestic uses, or if such
gas i used for furnishing heat or air conditioning for
office{ or living quarters, the gas shall be odorized.

856.2 Odorization Equipment

Ead
menf
odorg

h operating company shall use odorization equips
designed for the type and injection rate of
nt being used.

856.3 Odorant Requirements

Eagdh operating company shall use anioderant in accor-
dancg with the following requirements:

(a)| The odorant, when blendedwith gas in the specified
amoulnt, shall not be deleterious-to lumans or to the mate-
rialsliﬂ"esent in the gas system,and shall not be soluble in
watel to a greater extent than2 ' parts of odorant to 100
parts|of water by weight:

(b)] The products.of combustion from the odorant shall
be ngntoxic to humans breathing air containing the
prodiucts of combustion and shall not be corrosive or
harm‘tul to.the"materials with which such products of
combpustien) would ordinarily come in contact.

(c)| The combination of the odorant and the natural

856.5 Odorant Concentration lests

Each operating company shall conductodotrant concen-
tration tests on gas supplied through its facilities that
requires odorization. Test pointstshall be [remotely
located from the odorizing equipment to prqvide data
representative of gas at all points of the system.

857 UPRATING

This section of the\Code prescribes minimumn require-
ments for upratingpipelines or mains to higher maximum
allowable opetating pressures.

857.1 General

(a)~A higher maximum allowable operating
established under this section may not ej
design pressure of the weakest element in th
to be uprated. It is not intended that the req
of this Code be applied retroactively to such
road crossings, fabricated assemblies, minim
and valve spacings. Instead, the requirements
items shall meet the criteria of the operating
before the uprating is performed.

(b) A plan shall be prepared for uprating [that shall
include a written procedure that will ensure cpmpliance
with each applicable requirement of this section.

(c) Before increasing the maximum allowgble oper-
ating pressure of a segment that has been operating at
a pressure less than that determined by para. 845.2.2,
the following investigative and corrective measures
shall be taken:

(1) The design, initial installation, method, and date
of previous testing, Location Classes, materials, and equip-
ment shall be reviewed to determine that the|proposed
increase is safe and consistent with the requirements of
this Code.

pressure
ceed the
b segment
irements
items as
Lm cover,
for these
company

odor of the gas shall provide a distinctive odor so that
when gas is present in air at the concentration of as
little as 1% by volume, the odor is readily detectable
by a person with a normal sense of smell.

1 Refer to NFPA 58 and NFPA 59.
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(2) The condition of the Iine shall be determined by
leakage surveys, other field inspections, and examination
of maintenance records.

(3) Repairs, replacements, or alterations disclosed to
be necessary by (1) and (2) shall be made prior to the
uprating.

(d) A new test according to the requirements of this
Code should be considered if satisfactory evidence is
not available to ensure safe operation at the proposed
maximum allowable operating pressure.
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(e) When gas upratings are permitted under
paras. 857.2 through 857.5, the gas pressure shall be
increased in increments, with a leak survey performed
after each incremental increase. The number of incre-
ments shall be determined by the operator after consid-
ering the total amount of the pressure increase, the stress
level at the final maximum allowable operating pressure,
the known condition of the line, and the proximity of the
line to other structures. The number of increments shall be

a higher maximum allowable operating pressure may be
established in Location Class 1 as follows:

(1) Perform the requirements of para. 857.1(c).

(2) Selectanew maximum allowable operating pres-
sure consistent with the condition of the line and the
design requirements of this Code, provided

(-a) the new maximum allowable operating pres-

sure does not exceed 80% of that permitted for a new line
to operate under the same conditions

sufficient te-ensurethatanyleaksare-detectedbefore they {-b)thepressure—isinereasedininerements as

can creatd a potential hazard. Potentially hazardous leaks provided in para. 857.1(e)

discoverefl shall be repaired before further increasing the

pressure.|A final leak survey shall be conducted at the 857.3 Uprating Steel or Plastic Pipelines to a

higher madximum allowable operating pressure. Pressure That Will Produce atHoop Stress
(f) Records for uprating, including each investigation Less Than 30% of SMYS

required By this section, corrective action taken, and pres-

sure test (
ities involl

onducted, shall be retained as long as the facil-
ved remain in service.

857.2 Uprating Steel Pipelines or Mains to a
Pressure That Will Produce a Hoop Stress of
30% or More of SMYS

The maximum allowable operating pressure may be
increased|after compliance with para. 857.1(c) and one
of the following provisions:

(a) Ifthe physical condition of the line as determined by
para.857.[L(c) indicates the line is capable of withstanding
the desired higher operating pressure, is in general agree-
ment with the design requirements of this Code, and has
previously been tested to a pressure equal to or greater
than that|required by this Code for a new line for\the
proposed| maximum allowable operating pressure; the
line may be operated at the higher maximum allowable
operating|pressure.

(b) Ifthe physical condition of the line@sdetermined by
para. 857/1(c) indicates that the ability of the line to with-
stand the|higher maximum operating pressure has not
been satisfactorily verified ot that the line has not
been preYViously tested to the)levels required by this
Code for 3 new line for theproposed higher maximum
allowable|operating presSure, the line may be operated
at the higher maximunr-allowable operating pressure if
it shall successfully’ withstand the test required by this
Code for anew.line'to operate under the same conditions.

(c) IftHe physical condition of the line as determined by

para. 85714 (I‘) verifies its rgpahﬂﬂ'y of npnrahng a2t 3

(a) This applies to high-pressure‘Steel mains and|
lines where the higher maximirm allowable oper
pressure is less than thatirequired to produce a
stress of 30% of the specified minimum yield str
of the pipe and to all-high-pressure plastic distrih
systems. If the higher maximum allowable operating
sure of a steel pipeline or main is producing a hoop
level more than 30% of the specified minimum
strength of ‘the pipe, the provisions of para. 857.2
apply.

(b)  Before increasing the maximum allowable
ating pressure of a system that has been operat
less than the applicable maximum pressure to a |
maximum allowable operating pressure, the foll
factors shall be considered:

(1) the physical condition of the line as detery
by para. 857.1(c)

(2) information from the manufacturer or supplier
determining that each component of a plastic system is
capable of performing satisfactorily at the higher predssure

(c) Before increasing the pressure, the following|steps
shall be taken:

(1) Install suitable devices on the service lijes to
regulate and limit the pressure of the gas in accorflance
with para. 845.2.7(c) if the new maximum allowableloper-
ating pressure is to be over 60 psi (410 kPa).

(2) Adequately reinforce or anchor offsets, H
and dead ends in coupled pipe to avoid movemsg
the pipe should the offset, bend, or dead ey
exposed in an excavation.

pipe-
ating
hoop
ength
ution
pres-
Stress
yield

shall

oper-
ng at
igher
wing

nined

ends,
ent of
d be

higher pressure, a higher maximum allowable operating
pressure may be established according to para. 845.2.2
using as a test pressure the highest pressure to which
the line has been subjected, either in a strength test or
in actual operation.

(d) Ifitis necessary to test a pipeline or main before it
can be uprated to a higher maximum allowable operating
pressure, and if it is not practical to test the line either
because of the expense or difficulties created by taking
it out of service or because of other operating conditions,

100

e east

C
para. 857.1(e).
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857.4 Uprating a Ductile Iron High-Pressure Main
or System to a New and Higher Maximum
Allowable Operating Pressure

(a) The maximum allowable operating pressure of a
ductile iron main or system shall not be increased to a
pressure in excess of that permitted in para.
842.1.1(a). Where records are not complete enough to
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Table 857.4-1
Wall Thickness Allowance for Uprating a Ductile Iron High-Pressure Main or System

Allowance, in. (mm)

Cast Iron Pipe

Nominal Pipe Size, in. (DN) Pit Cast Pipe Centrifugally Cast Pipe Ductile Iron Pipe
3-8 (75-200) 0.075 (1.9) 0.065 (1.7) 0.065 (1.7)
10-12 (250-300) 0.08 (2.0) 0.07 (1.8) 0.07 (1.8)
14-24 (350-600) 0.08 (2.0) 0.08 (2.0) 0.075 (1.9)
30-42(#56—3-6565 8-09—(2-33 8-09—2-35 8-075-(D)
48 (1200) 0.09 (2.3) 0.09 (2.3) 0.08(2.4)
54-60|(1 350-1500) 0.09 (2.3)

permiit the direct application of para. 842.1.1(a), the

follow

ditio

Cond

exist:

block

know
the nj

actu

expos
to be

shall

ing procedures shall be used:

1) Laying Condition. Where the original laying con-
s cannot be ascertained, it shall be assumed that
tion D (pipe supported on blocks, tamped backfill)
for castiron pipe and Condition B (pipe laid without
5, tamped backfill) exists for ductile iron pipe.

?) Cover. Unless the actual maximum cover depth is
n with certainty, it shall be determined by exposing
ain or system at three or more points and making
I measurements. The main or system shall be
ed in areas where the cover depth is most likely
greatest. The greatest measured cover depth
be used for computations.

3) Nominal Wall Thickness. Unless the nominal

1]

R

d

thickmess is known with certainty, it shall be determined

with

meas
indic4

stand|

ever

obtai
be thd
C150

ultrasonic measuring devices. The average of all
irements taken shall be increased by thie allowance
ted in Table 857.4-1.

he nominal wall thickness of castiiron shall be the
hrd thickness listed in Table 1079¥ Table 11, which-
5 applicable, of AWWA C101(that’is nearest the value
ned. The nominal wall thickness of ductile iron shall
standard thickness listed in Table 6 of ANSI/AWWA
A21.50 nearest thé.value obtained.

4) Manufacturing-Process. Unless the cast iron pipe

]

i

manufacturing proeess is known with certainty, it shall be

assu

stren

med to be pit-Cast pipe having a bursting tensile

pth, S, 011,000 psi (76 MPa) and a modulus of

rupture, R,%0£31,000 psi (214 MPa).

(b)
ating

para

Before increasing the maximum allowable oper-

pressure, the fn"nvving measures shall be taken:

(2) Adequately reinforce~ot)anchor offse
and dead ends in coupled orvbell and spig
avoid movement of the pipe, should the off]
or dead end be exposéd,by excavation.

(3) Install suitable devices on the servig
regulate and limit-the pressure of the gas in a
with para. 845:2.7(c) if the new and higher
allowable-operating pressure is to be ove
(410 kPa)

(c) Ifafter compliance with (a) and (b) itise
that the main system is capable of safely withst
preposed new and higher maximum allowable
pressure, the pressure shall be increased as p
para. 857.1(e).

857.5 Uprating a Distribution System Th

ts, bends,
t pipe to
set, bend,

e lines to
ccordance
maximum
r 60 psig

stablished
nding the
operating
rovided in

at Has

Been Operating at Inches (Millimeters) of

Water (Low Pressure) to a Higher

(a) In addition to the precautions ou
para. 857.1(c) and the applicable requirements
in paras. 857.3 and 857.4, the following step
taken:

(1) Install pressure-regulating devices at
tomer’s meter.

(2) Verify that the segment being uprate
cally disconnected from all segments of ling
continue to operate at inches (millimeters) of]

(b) After performing the stepsoutlinedin (a)
pressure shall be increased in increments as d
para. 857.1(e). After the first incremental

Pressure

tlined in
contained
5 must be

each cus-

| is physi-
that will
water.
above, the
utlined in
increase,
ustomer's

however, steps shall be taken to verify that the g

(1) Review the physical condition as required by
. 857.1(c).
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regulators are performing satisfactorily.


https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

ASME B31.8-2022

Chapter VI
Corrosion Control

860 GENERAL

860.1 Sq
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5 Chapter contains the minimum requirements
dures for corrosion control of exposed, buried,
erged metallic piping and components. (See
(111 for special offshore requirements.) This
ntains minimum requirements and procedures
blling external (including atmospheric) and
orrosion. This Chapter is applicable to the
d installation of new piping systems and to
ion and maintenance of existing piping systems.
provisions of this Chapter should be applied
direction of competent corrosion personnel.
cific situation cannot be anticipated; therefore,
ation and evaluation of corrosion control prac-
res a significant amount of competent judgment
Ctive in mitigating corrosion.
iations from the provisions of this Chapter are
le in specific situations, provided the operating
can show that the objectives expressed hetein
achieved.
rosion control requirements and precedures
any instances, require measures, in addition
shown in this Chapter. Each operating
shall establish procedures to“implement its
control program, including the requirements
hpter, to achieve the desired objectives. Proce-
uding those for design, installation, and main-
cathodic protectionsystems, shall be prepared
mented by, ordnder the direction of, persons
by training.and/or experience in corrosion
ethods,
ords indicating cathodically protected piping,
cathodic|protection facilities, and other structures
affected Wy or affecting the cathodic protection system

860.2 Evaluation of Existing Installations

(a) Procedures shall be established for evaluating the
need for and effectiveness of a corrosion control program.
Appropriate corrective action shall be*taken commlensu-
rate with the conditions found. If the extent of corrosion
has reduced the strength of a facility below its maxjmum
allowable operating pressuteythat portion shall be
repaired, reconditioned, or-replaced, or the operating
pressure shall be reduced, commensurate with the
remaining strength of-the corroded pipe. For steel|pipe-
lines, the remainifig strength of corroded pipe may be
determined in.dccordance with ASME B31G.

(b) The records available as a result of leakage surveys
and normal*maintenance work in accordance|with
paras. 852.2 and 852.6 shall be continuously reviewed
for evidence of continuing corrosion.

(c) “Electrical survey methods may be used as an
cation of suspected corrosive areas where surface ¢ondi-
tions permit sufficiently accurate measurements. Such
surveys are most effective in nonurban environments.
Common methods of electrical survey include

(1) pipe-to-soil potentials
(2) surface potentials (cell-to-cell)
(3) soil resistivity measurements

(d) The continued effectiveness of a cathodic p
tion system shall be monitored in accordance
section 863.

(e) Whenever a buried facility is exposed d
normal maintenance or construction activities, a
inspection shall be made of the coating conditio
metal surface, or both, if exposed. The extent of any
sion shall be evaluated in accordance with para. 8

(f) When any part of a pipeline is removed an
internal surface is accessible for inspection, it sh
visually examined and evaluated for internal corr

(1) If evidence of internal corrosion is disco

indi-

Fotec-
with

uring
isual
h, the
orro-
60.2.
d the
all be
sion.
ered,

shall be maintained by the operating company.

(f) Records of tests, surveys, inspection results, leaks,
etc,, necessary for evaluating the effectiveness of corro-
sion control measures shall be maintained and retained
for as long as the piping remains in service.
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the gas shall be analyzed to determine the types and
concentrations of any corrosive agents.

(2) Liquids or solids removed from the pipeline by
pigging, draining, or cleanup shall be analyzed as neces-
sary for determining the presence of corrosive materials
and evidence of corrosion products.
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860.3 Corrective Measures

(a) If continuing external corrosion that, unless
controlled, could result in a condition that is detrimental
to public or employee safety is found by the evaluation
made under para. 860.2(a) or section 863, appropriate
corrective measures shall be taken to mitigate further
corrosion on the piping system or segment. Corrective
measures shall be continued in effect as long as required
to maintain a safe operating system. Appropriate correc-

of information on materials performance in corrosive en-
vironments.

861.1.1 Coatings

(a) The surface preparation should be compatible with
the coating to be applied. The pipe surface shall be free of
deleterious materials, such as rust, scale, moisture, dirt,
oils, lacquers, and varnish. The surface shall be inspected

for irregularities that could protrude through the coating.
Any such irrngnlnriﬁnc shall be removed. Further infor-

tive measures may include the following:
7) provisions for proper and continuous operation
of cathodic protection facilities
) application of protective coating
3) installation of galvanic anode(s)
4) application of impressed current
5) electrical isolation
6) stray current control
7) other effective measures
8) any combination of the above

(b)| Where it is determined that internal corrosion
taking place could affect public or employee safety,
one dr more of the following protective or corrective
measjires shall be used to control detrimental internal
corropion:
7) An effective corrosion inhibitor shall be applied
anner and quantity to protect all affected portions of
ping systems.
?) Corrosive agents shall be removed by recognized
bds, such as acid gas or dehydration treating plants.
3) Fittings shall be added for removal of watér from
pots, or piping shall be positioned to reduce sump
ities.
4) Under some circumstances, application of a
le internal coating may be effective.

When experience or testing ihdicates the above
htion methods will not controljcontinuing corrosion
hcceptable level, the segment shall be reconditioned
blaced and suitably protected.
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861 EXTERNAL CORROSION CONTROL FOR STEEL

PIPELINES
861.]

Alllnew~transmission pipelines, compressor station
piping, distribution mains, service lines, and pipe-type

Buried/Submerged Installations

mation can be obtained from NACE SP0169.

(b) Suitable coatings, including compatible
and patch coatings, shall be selected, giving con
to handling, shipping, storing, installation
moisture adsorption, operating temperatures o
line, environmental factors (ipcluding the nat
soil in contact with the coating), adhesion charg
and dielectric strength,

(c) Coating shall be-applied in a manner th
effective adhesion¢to‘the pipe. Voids, wrinkles
and gas entrapment should be avoided.

(d) The ceating shall be visually inspected for defects
before the pipe is lowered into the ditch. Insulating type
coatings_on mains and transmission lineq shall be
insplected for holidays by the most apgropriate
method. Coating defects or damage that may imjpair effec-
tive corrosion control shall be repaired before the pipe is
installed in the ditch.

(e) In addition to the provisions of paras. 8
841.2.5(b),and 841.2.5(c), care shall be exercisd
ling, storage, and installation to prevent dam
coating, including measures noted as follows:

(1) Minimize handling of coated pipe. Use ¢
least likely to damage the coating, e.g., belts
instead of cables.

(2) Use padded skids where appropriate

(3) Stack or store pipe in a manner that
damage to coating.

field joint
sideration
ondition,
f the pipe-
ure of the
cteristics,

it ensures
holidays,

41.2.2(b),
din hand-
hge to the

quipment
br cradles

minimizes

Unless it
lic protec-
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lled for a
tected as
I replace-
tected as

861.1.2 Cathodic Protection Requirements
can be shown by tests or experience that cathod
tion is not needed, all buried or submerged faci
insulating type coatings, except facilities inst3
limited service life, shall be cathodically prg
soon as feasible following installation. Mino
ments or extensions, however, shall be prd
covered by para. 860.3

and bottle-type holders installed under this Code shall,
except as permitted under para. 862.1.2, be externally
coated and cathodically protected unless it can be
shown by test or experience that the materials are resis-
tant to corrosion in the environment in which they are
installed. Consideration shall be given to the handling,
shipping, storing, installation conditions, and the
service environment and cathodic protection require-
ments when selecting the coating materials. The Corrosion
Data Survey, published by NACE International, is a source

103

Facilities installed for a limited service life need not be
cathodically protected if it can be shown that the facility
will not experience corrosion that will cause it to be
harmful to the public or environment. Cathodic protection
systems shall be designed to protect the buried or
submerged system in its entirety. A facility is considered
to be cathodically protected when it meets the applicable
criteria established in NACE SP0169.
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861.1.3 Electrical Isolation

(a) All coated transmission and distribution systems
shall be electrically isolated at all interconnections
with foreign systems including customer's fuel lines,
except where underground metallic structures are elec-
trically interconnected and cathodically protected as a
unit. Steel pipelines shall be electrically isolated from
cast iron, ductile iron, or nonferrous metal pipelines
and components. Electrical tests shall be made of trans-

(2) attachment of electrical leads directly to the pipe
by the use of soft solders or other materials that do not
involve temperatures exceeding those for soft solders.

(c) All pipe that is bared for electrical lead connections
and all bared electrical lead wires shall be protected by
electrical insulating material compatible with existing
coating.

861.1.5 Electrical Interference

mission and distribution systems to locate unintentional
contacts with other metallic structures. If such contacts
exist, they shall be corrected. See para. 841.1.11(c) for
clearance|requirements.

(b) Whlere a gas pipeline parallels overhead electric
transmissfon lines, consideration shall be given to

(1) ihvestigating the necessity of protecting insu-
lating joihts in the pipeline against induced voltages
resulting from ground faults and lightning. Such protec-
tion can b¢ obtained by connecting buried galvanicanodes
to the pipg near the insulating joints and/or by bridging
the pipelihe insulator with a spark gap, or by other effec-
tive mears.

(2) making a study in collaboration with the electric
company,|taking the following factors into consideration
and applyling remedial measures as appropriate:

(-a) the need to mitigate induced AC voltages or
their effedts on personnel safety during construction and
operation|of the pipeline by means of suitable design for
bonding, shielding, or grounding techniques

(-b) the possibility of lightning or fault currents
inducing poltages sufficient to puncture pipe coatihgs
or pipe

(-c} possible adverse effects on cathodie-protec-
tion, communications, or other electronic facilities

(-d) the corrosive effects of high\voltage direct
current (HVDC) power systems

(3) d¢btaining further infofmation from NACE
SP0177 and EPRI EL-3106.

861.1.4| Electrical Connections and Monitoring Points

(a) Exdept for offshgre pipelines, sufficient test points
should be[installed te-show the effectiveness of corrosion
control ¢r the @t€ed for cathodic protection. (See
Chapter V|III fer'special considerations for offshore pipe-
lines.)

{a) ITmpressed CUITent catnodic protection syjtems
shall be designed, installed, and operated so as, tomini-
mize adverse effects on existing metallic structares.

(b) Field tests shall be conducted to.detérmirle the
adverse electrical interference from foreign structures,
including DC electrical facilities. The'effects shall bg miti-
gated by such means as control bonds, supplementary
cathodic protection, protective<coatings, and insujating
devices.

861.1.6 Isolation From Casings. The use of m¢tallic
casings should be avoided as much as possible ffom a
corrosion controlstandpoint. It is recognized, however,
that installationjef'metallic casings is frequently required
or desirable\to*facilitate construction, as an econdmical
method of\protecting existing pipelines, to provide ptruc-
tural protection from heavy and/or impact loads tqd facil-
itatereplacement as required by a governmental agency
and as required by the landowner or permit grantof, and
for other reasons. Where metallic casing is used} care
should be exercised to ensure that coating oh the
carrier pipe is not damaged during installation. The
carrier pipe should be insulated from metallic cakings,
and the casing ends should be sealed with a durable mate-
rial to minimize the accumulation of solids and liquids in
the annular space. Special attention should be given fto the
casing ends to prevent electrical shorting due to pack-
filling movement or settling. Where electrical isolation
is not achieved, action shall be taken to correct the ¢ondi-
tion or mitigate corrosion inside of the casing by sypple-
mental or localized cathodic protection, installatioh of a
high-resistivity inhibited material in the annular spdce, or
other effective means.

861.1.7 Electrical Interference

(a) Adverse electrical interference from or to fgreign
structures as determined by field tests shall be mitigated.

(b) Sp
installation of electrical leads used for corrosion
control or testing to avoid harmful stress concentration
at the point of attachment to the pipe. Acceptable methods
include, but are not limited to

(1) electricalleads attached directly on the pipe or by
the Thermit welding process, using copper oxide and
aluminum powder. The size of the Thermit welding
charge shall not exceed a 15 g cartridge.

o] adede 4 looll 1 . el £
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(b] Facilities Tor mitigating electrical interference shall
be periodically monitored.

861.2 Aboveground Piping Atmospheric
Protection

861.2.1 Coatings. Facilities exposed to the atmosphere
shall be protected from external corrosion by a suitable
coating or jacket.
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861.2.2 Surface Preparation. The surface to be coated
shall be free of deleterious materials, such as rust, scale,
moisture, dirt, oil, lacquer, and varnish. The surface
preparation shall be compatible with the coating or
jacket to be applied.

861.2.3 Coating Characteristics. The coating or jacket
selected shall possess characteristics that will provide
adequate protection from the environment. Coatings
and jackets shall completely cover the exposed structure

863.3 Frequency of Testing

The type, frequency, and location of inspections and
tests shall be adequate to establish with reasonable accu-
racy the degree of protection provided on the piping
system. Frequency should be determined by considera-
tion of items including, but not limited to, the following:

(a) condition of pipe

(b) method of cathodic protection

(c) corrosiveness of the environment

and shall be applied in accordance with established speci-
ficatipns or manufacturer's recommendations.

861.2.4 Air/Electrolyte Interface. Special considera-
tion dhall be given to surfaces near the ground line or
in a gplash zone.

861.3 Harsh Environments

WHere investigation or experience indicates that the
envirpnment in which the pipe or component is to be
installed is substantially corrosive, the following shall

be copsidered:

(a)| materials and/or component geometry shall be
desighed to resist detrimental corrosion

(b)| a suitable coating

(c) | cathodic protection
862 ICATHODIC PROTECTION CRITERIA
862.]1 Standard Criteria

A fpcility is considered to be cathodically protected
wherl it meets the applicable criteria established in
NACH SP0169.
862.2 Alternative Criteria

It i
these
adeq

not intended that cathodicprotection be limited to
criteria if it can be shewn by other means that
ate control of corrosion has been achieved.

863 OPERATION AND MAINTENANCE OF
ATHODIC PROTECTION SYSTEMS

863.

Insjpections shall be made as required to maintain
continuous and effective operation of the cathodic protec-

Inspection of Equipment

btection
tions and

(d) probability of loss or interruption ofpr

(e) operating experience, including jrdsped
leak investigations

(f) design life of the cathodic pratection ins

(g) public or employee safety

tallation

863.4 Appropriate Correction Measure

Where the tests or_sutveys indicate that
protection does notiexist, appropriate c
measure shall be taken.

adequate
brrective

864 INTERNAL CORROSION CONTROL
864.1 ‘General

When corrosive gas is transported, provisior
taken to protect the piping system from detrime
sion. Gas containing free water under the cor]ditions at
which it will be transported shall be assumed ta@ be corro-
sive, unless proven to be noncorrosive by recognized tests
or experience.

Internal corrosion control measures shall be
by an inspection and monitoring program, inc
not limited to, the following:

(a) The inhibitor and the inhibitor injecti
should be periodically checked.

(b) Corrosion coupons and testspools shallb
and evaluated at periodic intervals.

(c) Corrosion probes should be checked mpnually at
intervals, or continuously or intermittently nponitored,
recorded, or both, to evaluate control of pipelirje internal
corrosion.

(d) A record of the internal condition of th
leaks and repairs from corrosion, and of ga
or solids quantities and corrosivity should be
used as a basis for changes in the pigging sche|
bhitor pragram, or gas treatment Fn(‘i]ify

1s shall be
htal corro-

evaluated
uding but

n system

P removed

e pipe, of
5, liquids,
kept and
dule, inhi-

tion sysStem.

863.2 Measurement of Cathodic Protection

Electrical tests shall be made periodically to determine
that the piping system is protected in accordance with the
applicable criteria.

105

(e) When pipe is uncovered or on exposed piping
where internal corrosion may be anticipated, pipe wall
thickness measurement or monitoring will help evaluate
internal corrosion.

(f) Where inspections, observation, or record analysis
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 recondi-
tioned, and appropriate steps taken to mitigate the
internal corrosion.
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864.2 Design of New Installations

When designing a new or replacement pipeline system,
or additions or modifications to existing systems,
measures shall be considered to prevent and/or inhibit
internal corrosion. To preserve the integrity and efficiency
of apipeline in which it is known or anticipated that corro-
sive gas will be transported, the following factors should
be included in the design and construction, either sepa-
rately or in combination.

(a) corrosion coupons, probes, or test spools shall be
installed where practical at locations where the greatest
potential for internal corrosion exists

(b) corrosion coupons, probes, and test spools must be
designed to permit passage of pigs or spheres when
installed in sections traversed thereby

864.2.5 Sweetening or Refining of Gas. When gas is to
be treated to reduce its corrosivity
(a) separators and/or dehydration equipment may be

864.2.1 Use of Internal Protective Coating. When
internal cpating is to be used to protect a piping system

(a) thefcoating shall meetthe quality specifications, and
the mininjum dry film thickness shall be established to
protect the facility from the corrosive media involved,
based on the type of coating and methods of application

(b) apglied coatings shall be inspected in accordance
with estalbplished specifications or accepted practice

(c) proyision shall be made to prevent joint corrosion,
such as cleaning and recoating or the continuing use of a
suitable ithibitor when coated pipe or other components
are joined by welding or other methods that leave the
parent metal exposed

(d) theltypes of coating and pigging tools used should
be evaluated and chosen to prevent damage to the internal
coating if|pigs or spheres are to be used

864.2.2
inhibitor

(a) the
tion of the
design

(b) theloperation of the injection program sheuldbe a
part of the planning

(c) suffficient test coupon holders or othér nonitoring
equipment shall be provided to allowfor continued
program g¢valuations

(d) the|corrosion inhibitor selefted shall be of a type
that will not cause deterioration of any components of the
piping sygtem

864.2.3
pigging sy

Use of Corrosion Inhibitor. When a corrosion
s to be used as an additive to the gas streams
equipment for the holding, transfer, and injec-
inhibitor into the stream shall be included in the

Use of Pigging-Equipment. When a pipeline
stem is planned

(a) scraper traps for the insertion and removal of pigs,
spheres, qr both,\shall be provided

(b) sedtioris~of pipeline to be traversed by pigs or
spheres shall*be designed to prevent damage to pigs,

installed
(b) equipment for the removal of other delete
material from the gas should be considered

rious

864.2.6 Use of Corrosion-Resistant Materialg. The
material of the pipe and other equipment expoged to
the gas stream must resist internal corrosion; therefore

(a) materials selected for pipe and fittings shpll be
compatible with the compofents of the gas, the liquids
carried by the gas, and witheach other. A source of infor-
mation on materials performance in corrosive enyiron-
ments is The Coprosion Data Survey, publish¢d by
NACE Internationak

(b) where plastic, nonferrous, or alloy steel pipe and
components.are used to prevent or control internal ¢orro-
sion, such™materials shall have been determined |to be
effective under the conditions encountered.| [See
pards» 842.6.1(a)(2) and 849.5.1(a)(2) for limitdtions
o copper.]

(c) erosion-corrosion effects from high-velocity
cles at probable points of turbulence and impinggment
should be minimized by use of erosion-resistant materials,
added wall thickness, design or flow configuration, and
size or dimensions of the pipe and fittings.

parti-

864.2.7 High-Temperature Considerations. Wh¢n gas
or a mixture of gas and liquids or solids known or antici-
pated to be corrosive is transported at elevated tenfpera-
tures, special consideration shall be given tp the
identification and mitigation of possible internal ¢orro-
sion. Such measures are necessary because corrpsion
reaction rates increase with elevated temperatures and
are not stable. Appropriate mitigation and moniforing
measures are given in section 864.

864.2.8 Low-Temperature Considerations. Whefe the
gas stream is chilled to prevent melting of frozep soil
surrounding the pipeline, there will not normally be

spheres, pipes, or fittings during operations

(c) piping for pigs or spheres shall be designed to guide
the tool and the materials they propel effectively and
safely

(d) provisions shall be made for effective accumulation
and handling of liquid and solid materials removed from
the pipeline by pigs or spheres

864.2.4 Use of Corrosion Coupons. When corrosion
coupons, corrosion probes, and/or test spools are to
be used
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enough free water In the gas to resultin internal corrosion
in the presence of contaminants, such as sulfur
compounds or CO,. If it is anticipated, however, that
free water or water/alcohol solutions will be present
in the pipeline along with potentially corrosive contami-
nants, suitable corrective measures shall be taken as
prescribed in section 864.
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865 STEEL PIPELINES IN ARCTIC ENVIRONMENTS

865.1 Special Considerations for Arctic
Environments

Special consideration must be given to the corrosion
control requirements of buried pipelines and other facil-
ities installed in arctic environments, particularly in
permafrost regions. For pipelines in contact with
frozen earth, the corrosion rate is reduced because of

(b) Impressed current anode beds shall be installed
whenever feasible at a sufficient distance from the pipe-
line or other underground structures to achieve maximum
spread along the pipeline and to reduce the peak potential
at the pipeline.

(c) Anode beds shall be installed, where practical,
below the permafrostlevel or in other unfrozen locations,
such as a stream or lake, to achieve better cathodic current
distribution. Where anodes must be installed in perma-
e backfill

nentlfrozen—eround—the—velume—-ofthe-ane
SFet Ot

the ejtremely high resistivity of the soil and low ion mobi-
lity, Hut it does not reach zero. Significant corrosion can
occul], however, in unfrozen inclusions, discontinuous
permafrost, or thaw areas such as those that may
occur| in the vicinity of rivers, lakes, springs, or pipeline
sectigns where the pipe surface temperature is above the
freezing point of the environment. Cathodic protection in
localized thaw areas may be more difficult due to the
shielding of cathodic protection currents by the
surrounding frozen soil. Other detrimental effects can
be caused by seasonal thaws that increase biological
and bacteriologic activity in the nonpermafrost areas
or in|the “active layer” above underlying permafrost.

Pipeline facilities installed in arctic environments shall
be coated and cathodically protected in the same manner
as pipelines in temperate locations, and the same consid-
eratign shall be given to the need for protection from
internal and atmospheric corrosion, except as specifically
provifled in this section.

864
pipel
selec
that {
to crg
in su

5.1.1 External Coating Requirements. Coatings,for
nes in low-temperature environments,shall be
fed according to the particular requiréments of
bnvironment. These include adhesian, resistance
cking or damage during handling and installation
bfreezing temperatures, applicability of field joint
coatihgs or coating repairs, compatibility with any
appli¢d cathodic protection, and resistance to soil stresses
due t¢ frost heave, thaw settlement, seasonal temperature
des, or other reasons:

tage o
(a) Impressed current fac111t1es shall be used on pipe-
lines in permanently frozen soil, especially where the gas
is chilled to prevent thawing of the earth. Such facilities are
capable of providing the higher driving voltage needed to
overcome the high resistivity of frozen soil. They can be
installed at compressor stations or other facilities where
power is available and access for adjustment and main-
tenance is ensured. The effects of seasonal variations in
soil resistivity should be compensated for by using
constant potential rectifiers or manual adjustments.
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material should be increased to reduce the effed
tance between the anode and the surrotmding

(d) Impressed current facilities using dist1
deep anode ground beds should bé used t
buried station facilities and¢pilings wher
support aboveground plant“acilities. The p
any other adjacent underground metallic facil
be electrically interconnected to prevent dd
interference.

e tHHe—atoq

tive resis-
F earth.

ibuted or
o protect
e used to
lings and
ities must
trimental

Galvanic
pipelines
d current

865.1.3 Galvanic Anode Considerations,
anodes (packaged or ribbon) may be needed or]
in permafrost areas to supplement impresse
facilities indlocalized thawed areas. This providep localized
cathodic'protection to those sections of pipe that might be
shielded by the extremely high resistivity of the
stirrounding soil.

llation of
be consid-
should be
lent distri-

865.1.4 Monitoring Considerations. Inst3
calibrated current measurement spans should
ered in addition to the normal test points. These
installed at sufficient intervals to evaluate curr
bution along the protected pipeline and the|effects of
telluric currents prevalent in polar regions. These
spans also provide contact points for measuring indica-
tions of possible coating damage due to stress¢s induced
by a frozen environment.

866 STEEL PIPELINES IN HIGH-TEMPERATURE
SERVICE

866.1 Special Considerations for High-
Temperature Service

corrosion
hcilities in

Elevated
3 ty-of buried or
submerged plpellne environments and to increase the
electrochemical corrosion reaction as a result of acceler-
ated ionic or molecular activity. Elevated temperatures
typically occur downstream of compressor stations or
in gathering systems.

Special consideration must be given to the
control requirements of pipelines and other f:
hlgh temperature service [above 150°F (66°C)}

866.1.1 External Coating Considerations. Coatings
shall be selected based on the particular requirements
for pipeline facilities in high-temperature service.
These include resistance to damage from soil or secondary
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stresses, compatibility with any applied cathodic protec-
tion, and particularly, resistance to thermal degradation.
In rocky environments, the use of a protective outer wrap,
select backfill, or other suitable measures shall be consid-
ered to minimize physical damage.

866.1.2 Impressed Current Considerations. Criteria
for cathodic protection shall be the same as those for
normal temperature service, except that recognition
should be given to the effects of decreased resistivity

themselves of current technology on the subject and/or
consult with knowledgeable experts.

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 in the future. In the interim, this Code suggests
that the user refer to the current state of the art. Cathodic

nrotaction cyreant lagale aalityg af g cyefacn e ara-
P A-eHFrFeRtreverS-ghar or-pipe-SuFrace-prqp

and incregsed cathodic protection current requirements AN i _ i
. . tion and coating, operating temperatures, stress levels,
in elevatefl temperature service on any IR component of . g . v .
. . . . and soil conditions shall be considered dn jpipeline
the pipe-tp-soil potential measurement. Possible depolar- desien and operations
ization effects due to high-temperature operation shall § p ’
also be cdnsidered.
868 CAST IRON, WROUGHT IRON, DUCTILE IRON,
866.1.3 Galvanic Anode Considerations. Considera- AND OTHER METALLIC PIPELINES
tion shallf be given to the impact on the performance
of close galvanic anodes (especially bracelet or ribbon 868.1 Requirements for-Cast Iron and Ductile Iron
type) subjlect to elevated temperatures due to their proxi- Piping Facilities.Exposed to Atmosphere
mity to a hot pipeline. Higher temperatures tend to ) o .
increase the current output and rate of degradation of Aboveground cast {ron and ductile iron pipe shpll be
most andde materials. Some anode materials may suitably protectedl/in areas where severe atmospheric
become rhore noble than steel at temperatures above ~ COrrosion may-geeur.
140°F (60°C) in certain electrolytes. Zinc anodes . .
containing aluminum are also susceptible to intergranular 868.2 Other Metallic Materials
corrosion|above 120°F (49°C). Whefa nonferrous metal or ferrous alloy comporlent is
found*to have corroded to the point where public or
867 STRESS CORROSION AND OTHER employee safety may be affected, it shall be reconditjioned
PHENOMENA in accordance with para. 861.3 or replaced. The replace-
) . . ment shall meet one of the following criteria:
Enviror me.ntally .lnduced and othgr Corr051.on-related (a) 1t shall be constructed with other matdrials,
p.henom.e ha, including stress corrosion cracking, corro- geometry, or both, designed for the remaining life of
sion fatigue, hydrogen stress cracking, and hydrogen

embrittlement, have been identified as causes.ofpipeline
failure. Cpnsiderable knowledge and data.have been
acquired|and assembled on these phénomena, and
research is continuing as to their causes and prevention.
Operating companies should be alért for evidence of such
phenomena during all pipe inspections and at other such
opportunijities. Where evidence of such a condition is
found, an|investigative ppogram shall be initiated, and
remedial|measures shall be taken as necessary. Any
such evid¢nce shouldbe given consideration in all pipeline
failure inyestigationis. Operating companies should avail

the parent facility.
(b) It shall be cathodically or otherwise protected.

868.3 Installation of Electrical Connections

(a) Electrical connections may be attached difectly
onto the cast or ductile iron pipe by the Thermit
welding process using copper oxide and alumfinum
powder. The size of the Thermit welding charge| shall
not exceed a 32 g cartridge.

(b) All pipe that is bared for test lead connectior]
all bared test lead wires shall be protected by ele
insulating material compatible with existing coatiy

s and
trical

18
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Chapter VII
Intentionally Left Blank

Thd
Thi

b material previously shown in this Chapter has been moved to other Chapters in this Code.
s Chapter has been intentionally left blank and is reserved for future use.
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Chapter VIl
Offshore Gas Transmission

(22) A800 ORFSHORE GAS TRANSMISSION

This Chapter of the Code covers the design, material
requireménts, fabrication, installation, inspection, exam-
ination, testing, and safety aspects of operation and main-
tenance of offshore gas transmission systems.

A801 G

Chapter
systems a

NERAL

VIII pertains only to offshore gas transmission
5 defined in para. A802.1. With the exception of
sections A840 through A842, A844,and A847,this Chapter
is organizgd to parallel the numbering and the content of
the first sik chapters of the Code. All applicable provisions
of Chaptets I through VI of this Code are also requirements
of this Chppter unless specifically modified herein. With
the exceptions noted, paragraph designations follow those
in the firgt six chapters with the prefix “A”

A802 SCOPE AND INTENT

A802.1 §

For thi
include o
piping, off
tenances,
nents as 4

cope

Chapter, offshore gas transmission-systems
fshore gas pipelines, pipeline risers, platform
shore gas compressor stations, pipeline appur-
pipe supports, connectors, andyother compo-
ddressed specifically in this Gode.

A802.2 Intent

The int
quiremen
and oper3
quiremen
of the rem

ent of this Chaptertis’to provide adequate re-
s for the safe and'reliable design, installation,
tion of offshore gas transmission systems. Re-
s of this,Chapter supplement the requirements
ainder of this Code. It is therefore not the intent
of this Chaptefto be all inclusive, and provisions must be
made for pny"special considerations that are not specifi-

A803 OFFSHORE GAS TRANSMISSION TERMSAND

DEFINITIONS
accidental loads: any unplanned load orcombinat

unplanned loads caused by human interventi
natural phenomena.

on of
bn or

ludes
on a
pn of
ing.

beline
nined

biofouling: an accumulation of deposits. This ing
accumulation and growth «f'marine organisms
submerged metal surface)and the accumulati
deposits (usually inorganic) on heat exchanger tul

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

buckle: a,condition in which the pipeline has unde
sufficient plastic deformation to cause permanent v
ling jurthe pipe wall or excessive cross-sectional def
tion caused by bending, axial, impact, and/or tor
loads acting alone or in combination with hydro
pressure.

rgone
rink-
brma-
ional
static

cathodic disbondment: the loss of adhesion betw
coating and the coated surface caused by product
cathodic reaction.

een a
s of a

nder
table
kling.”

d for

column buckling: buckling of a beam or pipe
compressive axial load in which loads cause uns
lateral deflection; also referred to as “upheaval buc}

connectors: any component, except flanges, use
mechanically joining two sections of pipe.

disbondment: the loss of adhesion between a coatin
the substrate.

g and

documented: the condition of being in written forr.

external hydrostatic pressure: pressure acting o
external surface resulting from its submergence in ¥

h any
vater.

flexible pipe: pipe that is

cally addressed.

It is not the intent of this Chapter to prevent the devel-
opment and application of new equipment and technol-
ogies. Such activity is encouraged as long as the safety and
reliability requirements of this Code are satisfied.

110

o} Tmanufacturedasacomposite fromrbothnretal and
nonmetal components

(b) capable of allowing large deflections without
adversely affecting the pipe's integrity

(c) intended to be an integral part of the permanent
product transportation system

Flexible pipe does not include solid metallic steel pipe,
plastic pipe, fiber-reinforced plastic pipe, rubber hose, or
metallic pipes lined with nonmetallic linings or coatings.
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fracture mechanics: a quantitative analysis for evaluating
structural reliability in terms of applied stress, crack
length, specimen geometry, and material properties.

hyperbaric weld: a weld performed at ambient hydrostatic
pressure in a submerged chamber from which the water
has been removed from the surfaces to be welded.

minimum wall thickness, t,,;,: the nominal wall thickness, t
(see para. 804.5), minus the manufacturing tolerance in
accordance with the applicable pipe specification, and

compressors and piping that are not a part of the produc-
tion facility.

(b) Onoffshore platforms not producing hydrocarbons,
platform piping is all the gas transmission piping,
compressors, appurtenances, and components between
the offshore pipeline risers.

(c) Because of a wide variety of configurations, the
exact location of the transition between the offshore pipe-

faciitrmust-be-selected-on—a—case-by-ease-bagis.
minus all corrosion and erosion allowances. The 7 ) o ) ) o
minithum wall thickness is used in the design equations prefabrlcqted_plpmg: a sectlo_n of T1Ser, platforimpiping, or
in pata. A842.2.2(d). subsea pipeline that contains fittings\and byitt welds,
. ) flanges, and/or mechanical connectors/and i§ typically

near white blast cleaned: a surface that, when viewed fabricated onshore and connectéd to the| pipeline
withd Ut_ magr_lification, is free Of_ all vis.ible oil, greése' system during installation. Sorheyexamples of prefabri-
dust,(dirt, mill scale, ru_st, coating, oxides, COI_'rf)Slo_n cated piping include a riser ‘6ffset, jumper, ¢xpansion
products, and other foreign matter. Random staining is loop, tie-in spool, and prefabricated riser.
limitpd to not more than 5% of each unit area of ) )
surface [approximately 9.0 in.? (58 cm?)], and may pro_pag_atmgbuckle:abucklethatprogresses raj 1dlyalong
consist oflight shadows, slight streaks, or minor discolora- apipeline CaUS_Ed by theeffect of external hydrostatic pres-
tions faused by stains of rust, stains of mill scale, or stains sureona p'I'EVlOUSly form'ed buckle, local collapse, or other
of pre¢viously applied coating (see NACE No. 2/SSPC-SP cross-sectional/deformation.
10). pull tube a“conduit attached to an offshore| platform
offshqgre: the area beyond the line of ordinary high water through'which a riser can be installed.
along|the portion of the coast that is in direct contact with pull-tube riser: riser pipe or pipes installed thrdugh a pull
the open seas and beyond the line marking the seaward tube’ (e.g., J-tube or I-tube).
limit pf inland coastal waters. return interval: statistically determined timp interval
offshqre pipeline riser: the vertical or near vertical portion between successive events of design environmgental con-
of an|offshore pipeline between the platform piping and ditions being equaled or exceeded, typically calculated as
the pipeline at or below the seabed, including a length of the reciprocal of the annual probability of occlirrence of
pipe pf at least five pipe diameters beyond the'bottom the event.
elbow, bend, or fitting. Due to the wide variety of config- riser: see offshore pipeline riser.
uratigns, the exactlocation of transition between pipeline, )
pipeline riser, and platform piping mustbé selected on a s.eaﬂoorbathymetry: refers to water depths along the pipe-
case-by-case basis. line route.
offshre pipeline system: all compbnents of a pipeline soil qu.uefact.ion: a §oil condition, typically ¢aused by
instaljed offshore for transporting gas other than produc- dynamic C_yChC loading (e.g. _earthqual.<e: waves), where
tion facility piping. Tanker-er-barge loading hoses are not the effectlv.e she_arj strength in t}_le soil lS-I'E(-i iced such
consiflered part of the dffshore pipeline system. that the soil exhibits the properties of a liquid.
offshdre platform: ahy man-made fixed or permanently s;?ecigl assembly: a subsea pipeline section that contains
anchgred structure/floating facility, or artificial island pipeline components such as a buckle or fracturp arrestor,
locatdd offshofe. in-line sled, subsea tie-in assembly, pipeline end manifold,

) ) ) ] ) pipeline end termination, in-line valve assembly, side
pipe dollapse: ﬂattenlr-lg deformation ofthe.plpe resulting valve assembly, or subsea manifold and is typidally fabri-
1nhl'o§s.0f crosi-iectlonal .strength a?‘i c:rcularl shape, cated onshore and connected to the pipelinje system
whichHs-eaused-by-exeessive-external- hyrdrestatie pres

sure acting alone.

plastic deformation: a permanent deformation caused by
stressing beyond the elastic limit.

platform piping:

(a) On offshore platforms producing hydrocarbons,
platform piping is all the gas transmission piping, appur-
tenances, and components between the production facility
and the offshore pipeline riser(s). This includes any gas

111

during Installation.

splash zone: the area of the pipeline riser or other pipeline
components thatis intermittently wetand dry due to wave
and tidal action.

steel catenary riser (SCR): a catenary-shaped extension ofa
subsea pipeline that is attached to a floating or fixed
offshore platform.

trawl board: a structure that is attached to the bottom of
commercial fishing nets and is dragged along the seafloor.
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weight coating: any coating applied to the pipeline for
increasing the pipeline specific gravity.

A811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

Plastic pipe, plastic pipe with nonmetallic reinforce-
ment, cast iron pipe, and ductile iron pipe shall not be
used for transporting natural gas.

(b) The pipe meets the testing requirements in
section A847.

(c) The pipe shall be inspected per para. 817.1.3 to
identify any defects that impair the serviceability of
the pipe. If such defects are identified, they shall be
removed or repaired.

Unidentified line pipe shall not be used for subsea pipe-
lines.

A814 MATERIAL SPECIFICATIONS

A814.1 H
d

A814.1.
weld joint]
be used.

ipe Conforming to Referenced Standards
nd Specifications

1l Steel Pipe. Steel line pipe with a longitudinal
quality factor, E of 1.00 in Table 841.1.7-1 shall

A814.3 Weight Coating

Concrefe weight coating materials (cement, aggregate,
reinforcing steel) shall meet or exceed the requirements of
applicablg ASTM standards.

A814.4 FKlexible Pipe

Flexiblg
meeting t
standards

pipe shall be manufactured from materials
he requirements of applicable ASTM or ASME

A814.5 (Other Requirements

In additfion to the requirements contained in referenced
standards) certain other requirements may be considered
for pipe and other components used offshore, depending
on water [depth, water temperature, interhal ‘pressure,
product composition, product temperature, installation
method and/or other loading conditiofis,Thus, considera-
tion may nclude one or more of the following:

(a) walll thickness tolerance

(b) outpide diameter tolerance

(c) outjof-roundness

(d) maximum and minimum yield and tensile strengths

(e) maximum carbon-equivalent

A817.4 Requalification of Pineline S

A pipeline system that has previously been used.f
transmission service may be requalified, subject 1
following conditions:

(a) The pipeline system meets thepdesign cons
tions in sections A841, A842, and A8%43.

(b) The pipeline system meets‘the hydrotesting re-
quirements in paras. A847.1 throvgh A847.6. In addition,
if the pipeline system is moved, it shall also me¢t the
testing for buckles requiteiment in para. A847.7.

br gas
o the

dera-

A820 WELDING<OFFSHORE PIPELINES

This section/concerns the welding of carbon steel mate-
rials that aré\used in a pipeline in the offshore enyiron-
ment.

A821GENERAL

A821.1 General Requirements

The welding covered may be performed under atmo-

spheric or hyperbaric conditions.

A821.2 Welding Processes

The welding may be done by any process or conjbina-
tion of processes that produce welds that meet the proce-
dure qualification requirements of this Code and dan be
examined by conventional means.

A821.3 Welding Procedure

(a) Prior to atmospheric welding of any pipe, §
components, or related equipment, Welding Proc

iping
bdure

(f) fracfure toughness Specifications shall be written and the procedure| shall
(g) hardness be qualified. The approved procedure shall inclufle all
(h) pipg millhydrostatic testing and other mechanical ~ of the applicable details listed in API Std 1104.

testing (b) Prior to hyperbaric welding of any pipe, giping

A817 CONDITIONS FOR THE REUSE AND
REQUALIFICATION OF PIPE

A817.1 Reuse of Steel Pipe

Used pipe may be reused, subject to the following con-
ditions:

(a) The pipe meets the design considerations in
sections A841, A842, and A843.

112

components, or related equipment, Welding Procedure
Specifications shall be written and the procedure shall
be qualified. The approved procedure shall include all
of the applicable details listed in API Std 1104 and
AWS D3.6.

(c) Each welder or welding operator shall be qualified
for the established procedure before performing any
welding on any pipe, piping component, or related equip-
ment installed in accordance with this Code.

(22)


https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

(22)

(22)

ASME B31.8-2022

(d) Welding procedure qualifications, as well as welder
or welding operator qualifications, are valid only within
the specified limits of the welding procedure. If changes
are made in certain details, called “essential variables” or
“essential changes,” additional qualification is required.
API Std 1104 essential variables shall take precedence
in matters not affected by the underwater environment,
and AWS D3.6 shall govern those essential changes related
to the underwater welding environment and working con-

be verified by sufficient data to establish probabilities for
the proposed examination error allowance.

A830 PIPING SYSTEM COMPONENTS AND
FABRICATION DETAILS

A830.1 General

The purpose of sections A831 through A835 is to
provide a set of criteria for system components to be

ditions-
A823 QUALIFICATION OF PROCEDURES AND
WELDERS

Qualification of procedures and welders shall be in
accofdance with the requirements of section 823,
except paras. 823.1 and 823.2 do not apply offshore.

(a)| Welding procedures and welders performing atmo-
spherfic welding under this section shall be qualified under
API Std 1104, except that for applications in which design,
materials, fabrication, inspection, examination, and
testinlg are in accordance with the BPV Code, Section
VIII, yelding procedures and welders shall be qualified
under the BPV Code, Section IX.

(b)| Welding procedures and welders performing
hypetbaric welding under this section shall be qualified
in accprdance with the testing and examination provisions
of AP[l Std 1104 as supplemented by AWS D3.6.

A826 WELD EXAMINATION REQUIREMENTS

A826.3 Examination for Quality Control of Welds
on Piping Systems

A826.3.1 Extentof Examination. Onehundred percent
oftheltotal number of field welds on offshore pipelines and
pipeline components that are subjected to loading by pipe-
line internal pressure shall be nondéstructively examined,
if pragtical, butin no case shallless than 90% of such welds
be examined. The examifiation shall cover 100% of the
length of such examined\welds.

A826.3.2 Standard of Acceptability. All welds that are
exam|ned must meet the standards of acceptability of API
Std 1104 or thée BPV Code, Section VIII, as appropriate for
the s¢rvige of the weld, or be appropriately repaired and
re-exaniined or removed.

used in an offshore application.

A831 PIPING SYSTEM COMPONENTS

Cast iron or ductile iron shall not-be used
fittings, or valve shell components.

All system components for offshore applications shall
be capable of safely resisting the same loads as the pipe in
the run in which theyare‘included, except “weak links”
(e.g., breakaway couplings) designed into a system to fail
under specific loads.' Consideration should be given to
minimizing stress-concentrations.

System c@mponents that are not specifically
section 831 shall be validated for fitness by e

(a) documented full scale prototype test
competients or special assemblies, or

(b) ahistory of successful usage of these components or
special assemblies produced by the same design method.
Care should be exercised in any new application pfexisting
designs to ensure suitability for the intended [service.

n flanges,

rovered in
ther
ng of the

A831.1 Valves and Pressure-Reducing Devices

standards
ifications

A831.1.1 Valves. In addition to the valve
listed in para. 831.1.1(a), the following spec
may be used:

API Spec 6DSS/
ISO 14723

API Spec 17D

Specification for Sub
Pipeline Valves

bea

Design and Operation of
Subsea Production| Systems
— Subsea Wellhead and
Tree Equipment

A832 EXPANSION AND FLEXIBILITY

Thermal pvpnncinn and contraction calcula

ions shall

A826.3.3 Alternative Flaw Acceptance Limits. For
girth welds on a pipeline, alternative flaw acceptance
limits may be established based on fracture mechanics
analyses and fitness-for-purpose criteria as described
in API Std 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 non-
destructive techniques for flaw depth measurement shall

113

consider the temperature differential between material
temperature during operations and material temperature
during installation.

A834 SUPPORTS AND ANCHORAGE FOR EXPOSED
PIPING

No attachment other than an encircling member shall be
welded directly to the pipeline (see para. A842.2.7).
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A835 ANCHORAGE FOR BURIED PIPING

Thermal expansion and contraction calculations shall
consider the effects of fully saturated backfill material
on soil restraint.

When a submerged pipeline is to be laid across a known
fault zone, or in an earthquake-prone area where new
faults are a possibility, consideration shall be given to
the need for flexibility in the pipeline system and its
components to minimize the possibility of damage due

(c) marine soils

(d) wind

(e) ice

(f) seismic activity

(g) platform motion
(h) temperature

(i) pressure

(j) water depth

(k) support settlement

to seismiq activity.

The requirements of para. 835.5(c) for header and
branch cpnnections are not applicable to offshore
submerged piping systems. An appropriate means of
preventing undue stresses at offshore submerged
piping connections is to provide adequate flexibility at
branch connections on the seabed.

A840 DESIGN, INSTALLATION, AND TESTING

A840.1 General Provisions

The de
transmis
Chapter [
Chapter )
depend o
transmisj
approach
designed
provision

bign, installation, and testing of offshore gas
sion systems shall be in accordance with
V as specifically modified by the provisions of
V111. Also, all provisions of Chapter IV that
h Location Class do not apply to offshore gas
ion systems, except that offshore pipelines
ing shoreline areas shall be additionally
and tested consistently with Location Class
as determined in para. A840.2.

A840.2 §

Offshor]
additiona
tion Class
that

(a) offy
alternativ|
less than
long as th

(b) for
A847 sup

API RP

bhoreline Approaches

e pipelines approaching shoreline areas-shall be
ly designed and tested consistently with Loca-
provisions as determined in section 840, except

hore pipelines in Locatigfi Classes 3 and 4 may
ely be hydrostatically tested to a pressure not
[.25 times the maxium operating pressure so
e provisions of section A826 are met
offshore pipelines, the provisions of section
brsede paran841.3.2

1133 may be used for additional guidance.

A841 DESIGN'CONSIDERATIONS

o Cceraetar—Toatas

(m) commercial shipping

(n) fishing/shrimping activities

The design of offshore pipelines is often’dontroll
installation considerations rather than by_operatin
conditions.

Additional information for design conditions c
found in API RP 1111, para. 4«

ed by
b load

hn be

A841.2 Installation Design Considerations

le for
beline
Fation
ough
o the
ystem
nsid-

The design of an offshore pipeline system suitalj
safe installation and.the development of offshore pij
construction précedures shall be based on conside
of the parameters listed in paras. A841.2.1 thy
A841.2.5, Thése parameters shall be considered {
extent thatthey are significant to the proposed sj
and applicable to the method of installation being c
ered.

A841.2.1 Weight. The effect of pipe or pipeline
assembly weights (in air and submerged) on installation
stresses and strains shall be considered. Variability dlue to
weight coating manufacturing tolerances and yater
absorption shall also be considered.

A841.2.2 Profile. Variations in water depth along the
pipeline route shall be considered. The effect of tideg shall
be included for locations where such variations |are a
significant fraction of the water depth. Bottom $lope,
obstructions, or irregularities that affect installation
stresses shall be considered.

rental
rents,
n are
ential
esign

A841.2.3 Environmental Loads. Local environn|
forces including those induced by wind, wave, cur
ice, seismic activity, and other natural phenomend
subject to radical change in offshore areas. These pot
changes should be considered during installation d
and contingency planning.

A841.1 Design Conditions

A number of physical parameters, henceforth referred
to as design conditions, govern design of the offshore pipe-
line system so that it meets installation, operation, and
other postinstallation requirements. Some of the
factors that may influence the safety and reliability of
an offshore pipeline and riser include

(a) waves

(b) current
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A841.2.4 Loads Imposed by Construction Equipment
and Vessel Motions. Limitations and behavioral charac-
teristics of installation equipment shall be considered in
the installation design.

Vessel motions shall be considered if they are expected
toresultin pipe stresses or pipe/coating damage sufficient
to impair the serviceability of the pipeline.
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A841.2.5 Bottom Soils. Soil characteristics shall be
considered when installation procedures are developed
for the following:

(a) riser installation in pull tubes

(b) laying horizontal curves in the pipeline routing

(c) pipeline bottom tows

(d) trenching and backfilling

A841.3 Operational Design Considerations

Additional information for operational loads can be
found in API RP 1111, para. 4.1.4.

A841.3.3 Design Environmental Loads. Loadings that
should be considered under this category include, as
appropriate, those arising due to

(a) waves

(b) current

(c) wind

(d) seismic events

A8AI.3.T1 Toading Classifications. All parts of the
offshpre pipeline and riser system shall be designed
for the most critical combinations of operational and
design environmental loads, acting concurrently, to
whiclh the system may be subjected. Wind, wave, and
curr¢nt design loads should be based on a design
returf interval no less than five times the design life of
the plpeline or 100 yr, whichever is smaller.

If the pipeline operating philosophy is such that opera-
tions with full operational loads will be maintained during
design storms, then the system shall be designed for
concyrrent action of operational and design environmen-
tal loads.

If the operating philosophy is such that operations will
be refluced or discontinued during design storm condi-
tions,| then the system shall be designed for

(a)| full operational loads plus maximum coincidental
envirpnmental loads

(b)| design environmental loads plus appropriate
reduded operational loads

Directionality of waves, winds, and currents shdlb be
consiflered to determine the most critical expected.combi-
nation of above loadings.

A841.3.2 Operational Loads. Operational loads that
shall be considered are those forces imposed on the pipe-
line system under static environmental conditions (i.e,,
exclufling wind, waves, current, and other dynamic load-
ings).

Lodds that should be considered as operational loads
include

(a)| weight of unsupported span of pipe, including (as
appragpriate) the weight of
1) pipe
) coatinigs and their absorbed water
3) attachments to the pipe
4 ) transported contents

(e) accidental loadings (e.g., trawl boards andl anchors)
(f) dynamic soil-induced loadings (e.g.,mudklides and
liquefaction)
(g) ice loads (e.g., weight, floating imppacts, and
scouring)

A842 STRENGTH CONSIDERATIONS

Design and installation ‘analyses shall be
accepted engineeringimethods, material streng
plicable design conditions.

based on
h, and ap-

A842.1 Strength Consideration During Installation

The following subsections define the minimum safety
requireéments against failure due to yielding of buckling
duringall phases of pipeline system installation [i.e., hand-
ling, laying, trenching, etc., through testing).

A842.1.1 Buckling. The pipeline should be
and installed in a manner to prevent buckling during
installation. Design and procedures for ingtallation
should account for the effect of external hydrosatic pres-
sure, bending moment, axial, and torsional loads and pipe
out-of-roundness. Consideration should also b given to
the buckle propagation phenomenon.

Additional information for calculating bucklirng stresses
due to bending and external pressure can be fofind in API
RP 1111, para. 4.3.2.3.

A842.1.2 Collapse. The pipe wall thicknegs shall be
designed to resist collapse due to external hydrostatic
pressure. Considerations shall include the jeffects of
mill tolerances in the nominal wall thicknegs, out-of-
roundness, and any other applicable factors.

Additional information for designing tq prevent
collapse can be found in API RP 1111, para. 4.3.2.2.

A842.1.3 Allowable Longitudinal Stress. The

designed

(b) Internat and externat pressure

(c) thermal expansion and contraction

(d) buoyancy

(e) prestressing (exclusive of structurally restrained
pipe configurations, such as in a pull-tube riser bend)

(f) static soil-induced loadings (e.g., overburden)

The effects of prestressing, such as permanent curva-
tures induced by installation, should be considered when
they affect the serviceability of the pipeline.
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maximum longitudinal stress due to axial and bending
loads during installation shall be limited to a value
that prevents pipe buckling and will not impair the servi-
ceability of the installed pipeline.

Additional information for longitudinal load design can
be found in API RP 1111, para. 4.3.1.2.

A842.1.4 Allowable Strains. Instead of the stress
criteria of para. A842.1.3, an allowable installation
strain limit may be used. The maximum longitudinal
strain due to axial and bending loads during installation

(22)
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Table A842.2.2-1
Design Factors for Offshore Pipelines, Platform Piping,
and Pipeline Risers

Hoop Stress, Longitudinal Combined
Location Fy Stress, F, Stress, F3
Pipeline 0.72 0.80 0.90
Platform piping 0.50 0.80 0.90 [Note (1)]

and risers

NOTE: (1) The wall thickness used in the calculation of combined

(b) Other Considerations. Furthermore, consideration
shall be given to impacts due to
(1) foreign objects
(2) anchors
(3) trawlboards
(4) vessels, ice keels, etc.

A842.2.2 Design Against Yielding. Pipelines, risers,
and platform piping shall be designed against yielding
in accordance with this paragraph. The combined

stress for|platform piping and risers shall be based upon
minimum wall thickness, tyin.

shall be limited to a value that prevents pipe buckling and
will not inhpair the serviceability of the installed pipeline.

A842.15 Installation Fatigue. Anticipated stress fluc-
tuations df sufficient magnitude and frequency to induce
significant fatigue shall be considered in design.

A842.1,6 Special Assemblies. Installation of pipelines
with speclal assemblies are subject to the same require-
ments stated in paras. A842.1.1 through A842.1.5.

A842.1{7 Residual Stresses. The pipeline system shall
normally pe installed in a manner so as to minimize resi-
dual stregses. The exception shall be when the designer
purposefully plans for residual stresses (e.g., cold
springing|of risers and pull-tube risers). When residual
stresses are significant, they should be considered in
the operpting design of the pipeline system (see
para. A84pR.2).

A842.1{8 Flexible Pipe. The manufacturers recom-
mended maximum loadings and minimum. bending
radius shall be adhered to during installation. Flexible
pipe shall] be designed or selected te-prevent collapse
due to the combined effects of external pressure, axial
forces, and bending. Installatien procedures shall be
designed to prevent buckling/(see API RP 17B).

A842.2 $trength Considerations During
Operations
A842.2]1 Operational and Design Criteria

(a) FailureMgdes. Pipelines, risers, and platform piping
shall be dg¢signed against the following possible modes of

stress calculations and allowables of paras, $33.2
through 833.6 are superseded by the provisions/of (b),
(c), and (d) that follow (see also Table A842.2.2-1J).

(a) Hoop Stress. For pipelines, risens,.and plafform
piping, the tensile hoop stress duelto-the diffefence
between internal and external-pressures shall not
exceed the value given herein,S, may be calculated by
either of the following:

NOTE: Sign convention is_such that tension is positiye and
compression is negative.

Sp < FST (1
(U.S. Customary, Units)

D
Sp= (P, - Ra); (2)
(St Units)
D
S, = (P —-P (3)
h ( i e) 2 000¢
or

(U.S. Customary Units)

Si= (- B2 @
(SI Units)
D -t
S,=(P,—P (5)
h ( i e) 2 000t
where

D = nominal outside diameter of pipe, in. (mmn]
F; = hoop stress design factor from Table A842]2.2-1

—

failure, as appropriate:
(1) excessive yielding
(2) buckling
(3) fatigue failure
(4) ductile fracture
(5) brittle fracture
(6) loss of in-place stability
(7) propagating fracture
(8) corrosion
(9) collapse

P, = €Xternat pressure, psig (RPa)

P; = internal design pressure, psig (kPa)

S = specified minimum yield strength, psi (MPa)

Sy = hoop stress, psi (MPa)

T = temperature derating factor from Table 841.1.8-1
t = nominal wall thickness, in. (mm)

NOTE: It is recommended that eq. (2) or eq. (3) be used for D/t
greater than or equal to 30 and that eq. (4) or eq. (5) be used for
D/t less than 30.
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Additional information for pressure design can be found
in API RP 1111, paras. 4.3.1 and 4.3.2.

(b) Longitudinal Stress. For pipelines, risers, and plat-
form piping, the longitudinal stress shall not exceed values

found from
IS1| < B,S
where
A = cross-sectional area of pipe material using ¢,
2 (uuuz)
F, = longitudinal stress design factor from
Table A842.2.2-1
F, = axial force, Ib (N)
i; = in-plane stress intensification factor from
Mandatory Appendix E
i, = out-plane stress intensification factor from
Mandatory Appendix E
M; = in-plane bending moment, in.-lb (N-m)
M, = out-plane bending moment, in.-lb (N-m)
S = specified minimum yield strength, psi (MPa)
S, = axial stress, psi (positive tensile or negative
compressive) (MPa)
Fa/A
S, = resultant bending stress, psi (MPa)
[G: M)? + (ioMo)?] V% /2
Sinfax = maximum longitudinal stress, psi (positive
tensile or negative compressive) (MPa)
Sqa+Spor S, - Sy, whichever results in the larger,
stress value
t = nominal wall thickness, in. (mm)
z = section modulus of pipe using ¢, in.3 (ci®)

absolute value

Addgitional information for longitudinal load design can

be fo
©

shall

stresg

ind in API RP 1111, para. 4.3,1.2:

Combined Stress for Pipelines."The combined stress

hot exceed the value given by the maximum shear
equation (Tresca combineéd stress):

1/2

2
S, =48
2[(———L2 h) +5,2

I; = in-plane stress intensification factor from
Mandatory Appendix E
i, = out-plane stress intensification factor from
Mandatory Appendix E
M; = in-plane bending moment, in.-1b (N-m)
M, = out-plane bending moment, in.-lb (N-m)
M, = torsional moment, in.-lb (N-m)
S = specified minimum yield strength, psi (MPa)
S, = axial stress, psi (positive tensile or negative
compressive-(MPa)
= Fa/A
S, = resultant bending stress, psi (MPa)
= [0 M)* + (ip M)*)'?/2
Sn = hoop stress using t, psi (MRa)
S; = longitudinal stress, psi(positive tensile or nega-
tive compressive) (MPa)
= S, + S, or S, - Sy, Whichever results in|the larger
combined stress-value
S; = torsional streSs/ psi (MPa)
= M,/2z
t = nominal‘wall thickness, in. (mm)
z = sectigh modulus of pipe using ¢, in.® {cm®)

Alternatively, the Maximum Distortional Ener
(Von<Mises combined stress) may be used fd
cofnbined stress values. Accordingly, the
stress should not exceed values given by

1/2
(54> = Sesp + L2 +38%) ' < s

(d) Combined Stress for Risers and Platform E
combined stress shall not exceed the value giy
maximum shear stress equation (Tresca (
stress):

1/2

= Sh(mwt) >
2 ) + St(mwt)2 ’

S mwi
‘ 2[( T (mwt)

SL(mwt) + Sh(mwt) _
2

5 1/2
max| SL(mwt) = Sh(mwt)
) + St(mwt)2 ’

gy Theory
r limiting
ombined

iping. The
en by the
ombined

< F5S

where

F3

s
1

5 1/2
SRS S-S
LR _[(”) +St2 | < Fs8
2 2
S+ S SL—Sh 2 21“
=2+ (=) +8
2 2

cross-sectional area of pipe material using ¢, in.?
(mm?)

combined stress design factor from
Table A842.2.2-1

axial force, 1b (N)
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I SL(mwt) T Sh(mwt)
)

2

5 1/2
SL(mwt) - Sh(mwt)
( + St(mwt)2
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where A842.2.4 Design Against Buckling and Ovalization.
Agmwe) = cross-sectional area of pipe material using Avoidance of buckling of the pipeline and riser during
tmin, in.% (Mm?) operation shall be considered in design. Modes of buckling
F3 = combined stress design factor from that may be possible include
able a) local buckling of the pipe wa
Table A842.2.2-1 local buckling of the pi 11
F, = axial force, Ib (N) (b) propagation buckling following local buckling
i; = in-plane stress intensification factor from (c) column buckling
Mandatory Appendix E Additional information for determining buckling
I, = out-plane stress intensification factor from tendencies can be found in , paras. 4.3.2.
i pl i ification f; fi denci be found in API RP 1111, p 4.3.2.3
Mandator-AppendixE and4-3-24-and-Annexb-
1\1\/;1 i i g;tp ligflebiziglii mr?lr;lnelréf;tlni'r_llgbﬂ\(li\]rﬂl) A842.2.5 Design Against Fatigue. Stress fluctugtions
Mo _ torsiIZ)nal momentg in-Ib (N' m). of sufficient magnitude and frequency to induce sjgnifi-
t|= ) - * . . . .
S [= specified minimum yield strength, psi (MPa) carﬁgiz'cilfuse t;};(;urlr?abeCfZStS lfj i;efel?nglisciin.
Sarmwe) |= axial stress, psi (positive tensile or negative . 5 . . Y & .
compressive) (MPa) (a) pipe vibration, such as that induced by vortex|shed-
din
= Fa/Agmwy (I%) wave action
Spimwy) |= resultant bending stress, psi (MPa) . . .
_ [(i-M<)2+(i Y, )2]1/2/2 Pipe and riser spans shallybe designed so that yortex
S _ holo ! stre;s flsin ‘ -(th)si (MPa) induced resonant vibrations are prevented, whehever
Sh(’"Wt) ; longpitudinal streismf)nslip(positive tensile or practical. When doingso.is impractical, the total respltant
L{mwg negative com ressi've) (MPa) stresses shall beé less than the allowable limjts in
- & +S p or S _s which- para. A842.2.2,/and such that fatigue failure should not
- e[\l/[(::nrwgesulgmiur/lt)the l;’i’;‘g? corrl;{)nilrvig,d stross  Tesult during the design life of the pipeline.
value Additionalinformation for fatigue analysis can be found
S¢tmwe) |= torsional stress, psi (MPa) in API RP111, para. 4.5.
= Mi/2Zgnwe) A842.2.6 Design Against Fracture. Materials usgd for
tmin [= minimum wall thickness, in. (mm) pipelines transporting gas or gas-liquid mixtures yinder
Zimwe) |= section modulus of pipe using i, in.? (cm?) high pressure should have reasonably high resistance
to propagating fractures at the design conditions, or
Alternatively, the Maximum Distortional Energy Theory  other methods shall be used to limit the extent of { frac-
(Von Misg¢s combined stress) may be used for limiting ture.
combined stress values. Accordingly, the combined .
stress shduld not exceed values iverg1 3{) A842.2.7 Design of Clamps and Supports. Clamgs and
8 y supports shall be designed such that a smooth trangfer of
1/2 ; el ; ;
2 2 2 loads is made from the pipeline or riser to the supp¢rting
S - S S + S + 38 < F3§
( h(mwt) 17 SL(mwt)h(mt) T L (mwt) o) ) 3 structure without highly localized stresses due to tress
A842.2l3 Alternate Desian fof.Strain. In situations concentrations. When members are to be welded fo the
where t.he pipeline experiengces a predict;ible noncyclic pipe they shall fully encircle the pipe and be welded fo the
ipe by a full ircl t weld. Th t shpll b
displacentent of its support \(€:g., fault movement along Zé?aihgdatouth:zglcl.iiceli?lenmzvlsber aniisrtlcf)tpt(;lre Si ae ¢
the pipeline route or differential subsidence along the All welds to the pipe s%lall be nondestructivelptp;s.ted
line) or p:ll;e sag beforé support contact, the longitudinal Clamps and su or?s rs)hall be designed in accorda}rllc :with.
and combjned stresslimits need not be used as criteria for psal pp & . i
. v e the requirements of API RP 2A-WSD, Section 3.
safety agjinst exXeessive yielding, so long as the conse- Clamp and support design shall consider the corfosive
quences df yielding are not detrimental to the integrity o pf  SUpP eS8 d . d bal
of the pipelifte. The permissible maximum longitudinal effects of moisture retaining gaps and crevices and galva-
PIQ : p g nically dissimilar metals

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 undergo such strains without detri-
mental effect should be considered. Similarly, the same
criteria may be applied to the pipe during construction
(e.g., pull-tube or bending shoe risers).
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A842.2.8 Design of Connectors and Flanges. Connec-
tors and flanges shall be such that smooth transfer ofloads
is made without high localized stresses or excessive defor-
mation of the attached pipe.

Connectors and flanges shall have a level of safety
against failure by yielding and failure by fatigue that is
comparable to that of the attached pipeline or riser.
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A842.2.9 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.

A842.2.10 Design and Protection of Special Assem-
blies. Design of connections and special assemblies
shall consider the additional forces and effects
imposed by a subsea environment. Such additional consid-

catwalks more than 10 ft (3 m) above the deck, shall
also be provided with two exits. The maximum distance
from any point within the compressor building to an exit
shall notexceed 75 ft (23 m). Enclosure exits shall be unob-
structed and located so as to provide a convenient route of
escape and shall provide continuous unobstructed
passage to a place of safety. Exit doors located on exterior
walls shall swing outward and shall be equipped with
latches that can be readily opened from the inside

withouta leay
WHRO

eratigns include design storm currents and potential for
seabgd movement in soft sediments, soil liquefaction,
increpsed potential corrosion, thermal expansion and
contrpction, and stress due to installation procedures.
In areas of active fishing, protective measures may be
apprqpriate for connections and special assemblies.
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12.2.11 Design of Flexible Pipe. Due to its compo-
nakeup, the mechanical behavior of flexible pipe is
jcantly different from steel pipe. Flexible pipe may be
for offshore pipelines if calculations and/or test
s verify that the pipe can safely withstand loadings
Hered in paras. A841.3.2 and A841.3.3. In the selec-
f flexible pipe, consideration should be given to its
bable nature. The possibility of implosion under the
ined conditions of high pressure, high temperature,
ery rapid depressurization should be investigated
e such conditions may be expected. Selection of flex-
ipe shall be in accordance with API RP 17B and API
17].

A843 COMPRESSOR STATIONS

A843

Th
uniq
impo
and t
ities.

It i
desig|
and g

.1 Compressor Station Design

e requirements of this paragraph recognize the
e design conditions and/sspace limitations
ed when designing offshoré compression facilities
herefore relate only to affshore compression facil-

s the further intefit of this section to make the
ner aware of personnel safety during the design
peration of offShore compression facilities.

A813.1.1 Location of Compressor Facilities. The
compressor‘facilities located on platforms should be
desighed(te facilitate free movement of fire fighting or
other| entergency equipment.

e Isey T

A843.1.5 Hazard Analysis for Offshore CJmpressor
Stations. A hazard analysis for offshore compressor
stations shall be conducted in accondance with API RP
14] to meet the requirements of API'RP 14C.

A843.2 Electrical Facilities

All electrical equipmentand wiring installed o
compression platforms$hall conform to the req
of NFPA 70, if commercially available equipmer

Electrical installations in offshore hazardous
as defined in-NEPA 70, Chapter 5, Article 500 a
to remain/in‘eperation during compressor stat
gency shutdown as provided in para. A843.3.3(
designed to conform to NFPA 70, for Class I,
requirements.

The guidelines of API RP 14F should be con|
electrical facility design.

n offshore
llirements
t permits.

locations
d that are
ion emer-
n) shall be
Division I

sidered in

A843.3 Compressor Station Equipment
A843.3.3 Safety Devices

(a) Emergency Shutdown Facilities. All gas compression
equipment shall be provided with an emerggncy shut-
down system that will block out the gas goipng to and
from the compressor station. Operation of the gmergency
shutdown system shall cause the shutdown |of all gas
compression equipment and all gas-fired egquipment
and shall de-energize the electrical facilities in the
compressor building, except for those that provide emer-
gency lighting for personnel protection and thoge that are
necessary for protection of equipment. The emergency
shutdown system shall be operable from a minimum of
two locations on each decklevel; thatis, should an offshore
platform facility have more than one clearly defined deck,
each deck shall have a minimum of two shutdown loca-

A843.1.2 Enclosures. All enclosures located on an
offshore platform shall be constructed of noncombustible
or limited combustible material as defined in NFPA 220,
Chapter 2. Design of enclosures on offshore platforms
shall consider the loading conditions defined in
para. A841.3.

A843.1.3 Exits. A minimum of two exits shall be
provided for each operating level of a compressor
building. Any elevated walkway, including engine
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tions—Blewdewnpiping-shall-extend-te-ateeation where
the discharge of gas is not likely to create a hazard to the
platform facilities. Consideration should be given to
potential entrained liquids, prevailing winds, and location
of crew quarters if part of the platform facility. Under con-
ditions of heavy liquid entrainment and poor prevailing
wind conditions, a separate structure for a blowdown
facility shall be considered.
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A843.3.4 Pressure-Relieving and Pressure-Limiting
Requirements for Offshore Compression Facilities:
Vent Piping

Vent piping that can operate above atmospheric pres-
sure shall be designed, constructed, and tested in accor-
dance with this Code. Pressure relief valves shall be vented
to atmosphere such that no hazard is created. Vent piping,
common headers, and platform blowdown lines shall have
sufficient capacity so that they will not interfere with the
performance of the relief device.

A844 ON-BOTTOM STABILITY

Pipelinge design for lateral and vertical stability is
governed|by seafloor bathymetry, soil characteristics,
and by hydrodynamic, seismic, and soil behavior
events hgving a significant probability of occurrence
during thd life of the system. Design conditions to consider
are providled in the following subsections.

The pipeline system shall be designed to prevent hori-
zontal angl vertical movements, or shall be designed so
that any|movements will be limited to values not
causing pllowable stresses to be exceeded (see
section A842).

Typical|factors to be considered in the stability design
include

(a) waye and current forces

(b) scopr and resultant spanning

(c) liquefaction

(d) slope failure

Stability may be obtained by such means including, but
not limitef to, pipe submerged weight, trenching of pipe
below grdde, and anchoring.

When ¢alculating hydrodynamic forces, the spatial
variance ¢f wave forces along the length efithe pipeline
may be tdken into account.

Additiohal information on hydrostatic stability can be
found in API RP 1111, para. 4.4:2,

A844.1 Design Storm Cohditions

Design wave and current conditions for portions of a
pipeline that will not\be trenched shall be based on a
storm hayving a fmdnimum return interval of no less
than five ftimestithe design life or 100 yr, whichever is
smaller. Hortion's of the pipeline system to be trenched

shall be 'lpcignpd for wave and current conditions

A844.2 Stability Against Waves and Currents

A844.2.1 Submerged Weight. The submerged weight
of the pipe may be designed (such as by weight coating) to
resist or limit movement to acceptable values. Hydrody-
namic forces shall be based on the wave and currentvalues
for the design storm condition for the specific location.

Wave and current directionality and concurrency shall
be considered.

w25 o ction
factors that are used shall be representative| df the

bottom conditions at the site.

urte-
e to

A844.2.3 Trenching. The pipeline and its apq
nances may be trenched below bottom gra
provide stability. The pipeline must be designgd for
wave and current stability priopto trenching. Such gtabil-
ity, however, need only be based’on environmental con-
ditions expected during the-period of pipe exposuje.

A844.2.4 Backfilling. ‘Backfilling or other prot
coverings, when necessary, shall be accomplish
using such materials and procedures to pre
damage to thé pipeline and coatings.

bctive
ed by
flude

A844.2,5 Anchoring. Anchoring may be used irjstead
of or in-conhjunction with submerged weight to majntain
stability. The anchors shall be designed to withstand
lateral and vertical loads expected from the design
storm condition. Anchors shall be spaced to prevent ¢xces-
sive stresses in the pipe sections between anchors. The
anchoring system and adjacent pipe shall be desjigned
to prevent scour and resultant spanning from overgtres-
sing the pipe. The effect of anchors on the cathodic pfotec-
tion system shall be considered.

A844.3 Shore Approaches

Pipe in the shore approach zone shall be trench
bored to the depth necessary to prevent scouring, [span-
ning, or stability problems that affect integrity ang safe
operation of the pipeline during its anticipated s¢rvice
life. Seasonal variation in the near shore thickness of
seafloor sediments and shoreline erosion over the|pipe-
line service life shall be considered.

API RP 1133 may be used for additional guidanice.

ed or

A844.4 Slope Failure

based on prudent assessment of the period of pipe expo-
sure. The most unfavorable expected combination of wave
and current conditions shall be used. Maximum wave and
maximum current conditions do not necessarily occur
simultaneously. The most unfavorable condition selection
shall account for the timing of occurrence of the wave and
current direction and magnitude.
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The pipeline shall be designed for slope failure in zones
of known or anticipated occurrence, such as mudslide
zones and areas of seismic slumping. The design exposure
period shall be no less than the expected life of the pipe-
line. If it is not practical to design the pipeline system to
survive the event, the pipeline shall be designed for
controlled breakaway with check valving to prevent blow-
down of the pipeline.
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A844.5 Soil Liquefaction

Design for the effects of liquefaction shall be performed
for areas of known or expected occurrence. Soil liquefac-
tion normally results from cyclic wave overpressures or
seismic loading of susceptible soils. The bulk specific
gravity of the pipeline shall be designed, or alternative
methods shall be selected to ensure both horizontal
and vertical stability.

Seismic design conditions used to predict the occur-

all items are tied in by connectors, flanges, or welds that
have been radiographically examined.

CAUTION: When an external pressure, P,, greater than zero
isused in the hoop stress formula in para. A842.2.2(a), there
is a possible combination of conditions where the yield
strength of the pipe could be exceeded during the hydro-
static test. Therefore, the hoop stress and combined
stress shall be checked to confirm that they are within allow-
able limits to prevent pipe yielding, considering both the
internal and external pressures when determining the

rence of bottom liquefaction or slope failure shall have
the sjame recurrence interval as used for the operating
stres$ calculations for the pipeline. Occurrence of soil
liquefaction due to wave overpressures shall be based
on a [storm return interval of no less than five times
the design life or 100 yr, whichever is smaller.

A846 VALVES

Offshore transmission lines shall be equipped with
valvep or other components to shut off the flow of gas
to an|offshore platform in an emergency.

Bldck valves shall be accessible and protected from
damajge and tampering. If a blowdown valve is involved,
it shall be located where the gas can be blown to the atmo-
spherje without undue hazard.

Blowdown valves shall be provided so that each section
of pipeline between main line valves can be blown down.
The gizes and capacity of the connections for blowing
down| the line shall be such that under emergency condi*
tions the section of line can be blown down as rapidly as is
practjcable.

A847 TESTING

A847.1 General Provisions

All|offshore pipelines, including jprefabricated piping
and special assemblies, shall bejtested after installation
and prior to operation within the provisions of this
Sectipn. Prefabricated,{pretested portions of offshore
pipeline risers, jumpers, special assemblies, expansion
loops| and tie-in spools may be excluded from the pipeline
systemn hydrostatic test when inclusion is impracticable.

)

A847
The¢ installed pipeline system (including any SCR up to

.2 Test Pressure

maximum hydrostatic test pressure.

A847.3 Test Medium

The test medium for all offshore pipelines wil| be water.
Additives to mitigate the effects of corrosion, biofouling,
and freezing should be considetéd. Such additiyes should
be suitable for the methods @f.disposal of the tegt medium.

In arctic areas where- freezing of water is a hlazard, the
use of air, inert gas, or-glycol is allowable. Platfom gas and
compression piping may be tested with inert jgas.

A847.4 Test Procedure

The hydrostatic pressure test shall be conducted in
accordance with a specified procedure that phall, at a
mipimum, provide for

{a) performance of the test after installation :
initial operation of the pipeline system except a
in para. A847.2.

(b) maintenance of the test and recording of|results on
the pipeline system for a minimum of eight cpntinuous
hours at or above the specified pressure. All yariations
in test pressure shall be accounted for.

(c) maintenance of the test and recording of
prefabricated piping and special assemblies for a
minimum of two continuous hours at or above|the speci-
fied pressure when pretesting. All variations in the test
pressure shall be accounted for.

(d) aretest if, during the hold time, a ruptufre or haz-
ardous leak occurs that renders the test invalid{ Retesting
shall commence after repairs have been made.

nd before
provided

results on

A847.5 Records

The operating company shall maintain in its file, for the
useful life of each pipeline, records showing the fiype of test
fluid, the test procedure, the test pressure, and the dura-

its hang-off point) shall be hydrostatically tested to atleast
1.25 times the maximum allowable operating pressure.
Offshore platform piping and offshore pipeline risers
other than SCRs must be tested to at least 1.5 times
the maximum allowable operating pressure either
before or after installation. Prefabricated piping that
has been pretested to 1.5 times the maximum allowable
operating pressure need not be tested after installation if

121

tion of the test.

A847.6 Tie-Ins

It is recognized that it may not be possible to hydro-
statically test the tie-in between two test sections. Pres-
sure testing of tie-in welds may be exempted if the tie-in
weld is examined by radiographic and/or other applicable
NDT methods.


https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

ASME B31.8-2022

A847.7 Testing for Buckles

Testing for buckles, dents, and other diameter restric-
tions shall be performed after installation. Testing shall be
accomplished by passing a deformation detection device
through the pipeline section, or by other methods capable
of detecting a change in pipe diameter. Pipe having exces-
sive deformation that affects the serviceability of the pipe-
line facilities shall be repaired or replaced. Consideration
should also be given to repairing excessive ovality that

community served. Operators of transmission systems
should communicate their programs to people, contrac-
tors, or others that usually work in the offshore area of
concern. The programs of operators in the same area
should be coordinated to properly direct reports of emer-
gencies and to avoid inconsistencies.

A850.7 Blasting Effects

Each operating company shall establish procedures for

may interfere with pigging operation or internal inspec-
tion.

A850 ORERATING AND MAINTENANCE
PROCEDURES AFFECTING THE SAFETY OF
GAS TRANSMISSION FACILITIES

A850.1 General

All proyisions of Chapter V, which depend on Location
Class, do ot apply to offshore gas transmission systems,
except thiat offshore pipelines approaching shoreline
areas shdll additionally be operated and maintained
consistently with Location Class provisions as determined
in section| 840.

A850.3 Essential Features of the Operating and
aintenance Plan

The pl
(a) def
covering
gas facilit
(b) iter
specific ¢
A851.2 arf
(c) plaj
of the facil
and envir
of constrt
ments
(d) pro
of existing

prescribed in para. 850.2(a) shall include

ailed plans and instructions for employees
operating and maintenance procedures for
es during normal operations and repairs

ns recommended for inclusion in the~plan for
asses of facilities, which are given in paras.
d A851.4, and section A860

IS to give particular attention to those portions
ities presenting the greatesthazard to the public
nment in the event of an'emergency or because
ction or extraordinary maintenance require-

visions for periodic inspections along the route
b pipelines

A850.4

A850.4|3 Liaison. Each operating company shall estab-
lish and maintain liaison with available offshore fire-

Fssential Features of the Emergency Plan

protection of facilities in the vicinity of blasting actiyities.
The operating company shall

(a) locate and mark its pipeline when explosives pre to
be detonated within distances as specified 'in comipany
plans. Consideration should be given)to.the markjng of
minimum blasting distances from the pipelines depepding
on the type of blasting operation.

(b) determine the necessityzahd extent of observ
monitoring blasting activities\based on the proxim
the blast considering théypipe materials, the ope
conditions, the size of charge, and soil conditions. C
eration should be¢given to

(1) the efféct)of shock waves on the pipeline
blasting

(2) conducting aleak survey following completiion of
the blasting program

ng or
ity of
ating
nsid-

from

A851 PIPELINE MAINTENANCE
A851.2 Pipeline Patrolling

Each operating company shall maintain a periodig
line patrolling program to observe conditions on and
cent to the pipeline right-of-way, indication of
construction activity other than that performed 4
company, and any other factors affecting the 3
and operation of the pipeline. These inspections s
be made as often as necessary to maintain the int
of the pipeline. Records of these inspections shall be
tained for the life of the facility. Provisions of paras.
851.2.1, and 851.2.2 do not apply to this Chapter.

pipe-
adja-
eaks,
y the
afety
hould
Pority
main-
851.2,

A851.4 Above-Water and Hyperbaric Repair
Procedures for Steel Pipelines

All above-water and hyperbaric repair procedurgs for
steel pipelines shall conform to the requiremeTts of
para. 851.4.

fighting entities (public and or privately owned) that
may be designated for any particular offshore area.

A850.4.4 Educational Program. An educational
program shall be established to enable producers and
the general public operating in the offshore area to recog-
nize and report a gas emergency to the appropriate offi-
cials. The educational program called for under this
section should be tailored to the type of pipeline operation
and the environment traversed by the pipeline and should
be conducted in each language that is significant in the
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A851.4.5 Offshore Below-Water Repair Procedures
for Steel Pipelines. Submerged offshore pipelines may
be repaired by replacement of the damaged section or
by the use of a full encirclement split sleeve of appropriate
design installed over the damage. Replacement sections
and split sleeves shall be secured by atmospheric dry or
hyperbaric welding or mechanical devices. Repairs shall
be visually inspected for leaks after being returned to
service.
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Any offshore below-water repair procedures shall
conform to para. 851.4 provisions.

Repairs should be performed under qualified supervi-
sion by trained personnel aware of and familiar with the
maintenance plan and operating conditions of the pipe-
line, the company's safety requirements, and the hazards
to public safety and environment.

Evacuation and repair operations should not result in
imposed loads or deformations that would impair the
integpi ; ialsweight :
coating.

The use of subsurface equipment equipped with cutters,
ejectars, jets, or air suction systems should be carefully
contrplled and monitored to avoid damaging the pipeline,
external coating, or cathodic protection system.

When lifting or supporting pipe during repairs, the
curvdture of a pipe sag bend and overbend should be
contrlled and maintained within limits to minimize
pipe ¢oating damage, overstressing, denting or buckling
durinjg the repair operation, and lifting equipment should
be selected accordingly.

Walve and current loads should be considered in deter-
mininlg total imposed stresses and cyclical loads in both
surfa¢e and subsurface repairs.

Perlsonnel working on pipeline repairs should under-
stand the need for careful job planning, be briefed on
procgdures to be followed in accomplishing repairs,
and follow necessary precautionary measures and proce-
dures.

When pipe is repaired, damaged coating should alse be
repaired. Replacement pipe and components_shall be
protefcted from corrosion.

A851.4.6 Offshore Repair of Flexible Pipe/If the oper-
ability of the flexible pipe is impaired (i.éymajor structural
damage), the pipe shall be repaired py\replacement of the
damaged section. In the event of syrface cuts and abra-
sions|in the protective coatingthat do not expose the load
carryjng members to potential corrosion, the repair shall
be performed in a manner recommended by the manu-
facturer.

A851.7 Pipeline'‘Markers and Signs

Pefmanent.harkers are not required for offshore pipe-
lines;|however, suitable signs should be posted on plat-
formpk to-Serve as a hazard area warning. Where

A860 CORROSION CONTROL OF OFFSHORE
PIPELINES

A860.1 Scope

Since offshore pipelines cannot be readily inspected
after installation and there is the possibility of damage
to the coating system, special consideration should be
given to the selection, design, and application of corrosion
control coatings, the cathodic protection system, and
other corrosion design elements.

A860.2 Evaluation of Existing Installations

(a) Monitoring. The operating company must rely on
monitoring, investigation, inspections, and ¢orrective
action to control corrosiormi/Stich activitieg shall be
performed at periodic intérvals sufficient fo ensure
that adequate corrosioh~control is maintaingd. Where
it is determined that.corrosion that is taking place may
be detrimental to public or employee safety, jhe facility
shall be repaired/or replaced, and corrosion control
measures applied or augmented.

(e) Examination When Exposed

(1)>When a pipeline is lifted above water|for main-
tenahce’or repair, the operating company shdll visually
inspect for evidence of coating deterioration, external
corrosion, and, where possible, the conditipn of any
exposed anode. If excessive corrosion is present, remedial
action shall be taken as necessary.

(2) 1f repairs are made below water, inspection for
evidence of external corrosion or coating deterioration
shall be made, and necessary corrective action shall be
taken to maintain the corrosion protection of the pipeline.

A861 EXTERNAL CORROSION CONTROL
A861.1 Submerged Installations

All submerged steel pipe, valves, and related fittings
shall be externally coated and cathodically protected.
All above-water piping and components shall be|protected
from the particularly corrosive conditions of the|salt water
atmosphere and cyclic wetting and drying.

A861.1.1 Coatings

(a) Coating Design. The design of coating systems for
offshore installation should reflect the type of environ-

appropriate, Signs should dispiay the operating
company identification and emergency communication
procedures.

A854 LOCATION CLASS

There are no operating Location Classes offshore.
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ment in which the facility is to be installed. Selection
of the protective coating should be based on

(1) low water absorption

(2) compatibility with the type of cathodic protec-
tion to be applied to the system

(3) compatibility with the system operating
temperature

(4) sufficient ductility to minimize detrimental
cracking

(22)
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(5) sufficient toughness to withstand damage during
installation

(6) resistance to future deterioration in a submerged
environment

(7) ease of repair

(b) Cleaning and Surface Preparation. There may be
additional cleaning and surface preparation require-
ments, such as a near white metal finish and an
anchor pattern to promote a good bond for all epoxy-
based thig-H HES- etd i
irregularfties that could protrude through the pipe
coating, apd any such irregularities should be removed.

(c) Apdlication and Inspection. The coating should be
applied unpder controlled conditions and have a high resis-
tance to [disbondment. Further information can be
obtained from NACE SP0169. A holiday detector, suitable
for the type of coating applied, shall be used to detect
flaws. Flaws noted shall be repaired and retested.
Weights of weight coating shall not damage the protective
coating dyiring application or installation.

(d) Coqting for Weld Joints, Appurtenances, and
Patching| Weld joints and appurtenances shall be
coated with material that is compatible with the basic
coating. A holiday detector, designed for the type of
field joint material applied, may be used to detect
flaws, and flaws shall be repaired and retested.

(e) Field Inspection. The pipe shall be visually inspected
prior to installation to ensure that unacceptable damage
has not odcurred during loading, welding, or other laying
activities prior to submergence of the pipe. Any significant
damage tp the coating shall be repaired with material
compatible with the pipeline coating. Care should be€xer-
cised to minimize damage to the coating systemn, partic-
ularly dutling laying and trenching of the pipe,

A861.1.

(a) Desfign Criteria. An offshore facility is considered to
be cathodically protected whernrit'meets the applicable
criteria of NACE SP0115/1SO{15589-2.

(b) Impressed Currents:Where impressed current
systems are used, the system shall be designed to mini-
mize outapes, and the-output shall be such that the design
criterion |s met. Also, consideration should be given to
minimize|the interference effect on other pipelines or
structureg.

(c) Galyanic Anodes. Where galvanic anodes are used

P Cathodic Protection Requifements

(d) Other. Consideration should be given to the effects
on cathodic protection of variations in oxygen content,
temperature, and water/soil resistivity of the particular
offshore environment in which the pipeline is installed.

A861.1.3 Electrical Isolation. Underwater pipeline
systems shall be electrically isolated from other metallic
structures so that cathodic protection can be effective. An
exception can be made when both the foreign structure
and the pipeline are designed to be protected as a unit.
Other general considerations include the following:

(a) Tie-Ins. Isolation from foreign pipelines atfie-ins
may be made by installing insulation flanges, umions,
or other insulating devices. When making ‘a tie-in of a
coated line to a bare line, the two lines shall be electfically
isolated.

(b) Foreign Pipeline Crossings: When crossing a fq
pipeline, care shall be exerciséd'to ensure adequat
aration between the two lines so that the possibili
electrical interference is\minimized.

(c) Pipeline Riser Support and Secondary Piping.
installing riser piping at platforms, supporting dg
such as clamps, and pipe supports shall isolat
piping from tHe structure. Insulating devices sh
installed, where electrical isolation of a portion ¢f the
piping system from production piping, tanks, and |other
facilities’is necessary to facilitate application of cathodic
protection. Electrical interference between electifically
fsolated structures shall be minimized. Wiring and
piping connections to an isolated pipeline shal| also
have insulation between the pipeline and the platform.
Tests shall be made to ensure adequate isolatior, and
appropriate action shall be taken to ensure such iso|ation
when necessary.

A861.1.4 Electrical Connections and Monit
Points. Test leads shall be installed so that the
mechanically secure, electrically conductive, and
sible for testing. It is considered impractical to locate
test leads in deep or open water. Test leads installations
are usually limited to platforms and the pipeline entrance
to the shore.

reign
b sep-
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A861.1.7 Electrical Interference. Periodic tests
be made to ensure that electrical isolation from fa
pipelines or other structures remains complete. Some
indications of electrical interference are changes in
pipp-fn-plprfrnlvfp pnfpnfinl rh:\ngpc in current magni-

for protection, consideration shall be given to the
quality of the coating (i.e., the percent of exposed
pipe). Also, the design formula for the system should
include the output of the anodes, the desired life of the
system, anode material, and utilization efficiency.
Anodes used should be compatible with the operating
temperature of the pipeline and the marine environment.
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tude or direction, localized pitting, and coating break-
down. When new foreign pipelines are laid in the
vicinity of existing lines, inspections shall be made to
ensure electrical isolation in accordance with
para. 861.1.3(a). If electrical isolation cannot be attained,
measures shall be taken to minimize electrical interfer-
ence. Electrical isolation from the platform should be
checked and maintained unless the system was specifi-
cally designed to be jointly protected.
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A861.2 Above-Water Atmospheric Protection

A861.2.1 Coatings. The splash zone area, where the
pipeline is intermittently wet and dry, shall be designed
with additional protection against corrosion. This shall be
accomplished by one or more of the following:

(a) special coating

(b) special protective systems and techniques

(c) other suitable measures, including selection of pipe
material

A862 CATHODIC PROTECTION CRITERIA
A862.1 Criteria

The applicable criteria for cathodic protection are speci-
fied in NACE SP0115/ISO 15589-2.

A862.3 Electrical Checks

The operating company shall take electrical readings

periodically at each test location available fo ensure

A861.2.2 Surface Preparation. Coatings and other that the cathodic protection level meets tlie applicable
protdctive systems shall be installed on a properly criteria in NACE SP().115/ISO. 15589-2. _

prepdred surface and in accordance with established Before each electrical test is perforthed, an jnspection

specifications or manufacturer's recommendations. The ~ Shall be made to ensure electrical continuity and that a

coating should resist water action, atmospheric deteriora-
tion, mechanical damage, and cathodic disbondment.

A861

Detailed inspections shall be made periodically of all
piping for atmospheric corrosion. This inspection shall
inclu;I:le those areas most susceptible to corrosion such
as flanges, flange bolts, areas under pipe straps, areas
wherje pipe is in contact with supports, and other
placef where moisture collects. Where atmospheric corro-
sion Js found, prompt corrective action shall be taken.
Corregctive action shall consist of painting, replacement
of components as necessary, or other action deemed
apprqgpriate by the operating company.

.4 Atmospheric Corrosion Inspection

good contact to the pipelines is made by the teft connec-

tion.

A864 INTERNAL CORROSION CONTROL
A864.1 General

The designand maintenance of offshore pip
ities that mdy ¢arry natural gas containing carbd
chlorides, iydrogen sulfide, organic acids, solid
pitates;sulfur-bearing compounds, oxygen, or
require special consideration for the control
corrosion.

bline facil-
n dioxide,
5 Or preci-
[ree water
f internal
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Chapter IX
Sour Gas Service

B800 SQUR GAS SERVICE

Chaptey IX pertains only to gas pipeline service that
contains hydrogen sulfide levels defined as “sour gas”
in this Chppter.

B801 GE[NERAL

This Chppter is organized to parallel the numbering and
content off the first six chapters of the Code. All provisions
of the first six chapters of the Code are also requirements
of this Chapter unless specifically modified herein. Para-
graph headings follow those in the first six chapters with
the prefix| “B.”

If a parggraph appearing in Chapters I through VI does
not have @ corresponding paragraph in this Chapter, the
provisions apply to sour gas service without modification.
If a paragraph in this Chapter has no corresponding para-
graph in Chapters I through VI, the provisions apply to
sour gas ¢nly.

B802 SCOPE AND INTENT
B802.1 Scope

This Chapter of the Code covers the design, material
requirements, fabrication, installation, ifispection, exam-
ination, testing, and safety aspects of dperation and main-
tenance of sour gas systems.

B802.2 Intent

The intpnt of this Chapter is to provide adequate re-
quirements for the safe and reliable design, installation,
operation| and mainténance of sour gas service pipeline
systems. Requirements of this Chapter supplement the
requirements”ef the remainder of this Code. It is not
the intenff of’this Chapter to be all inclusive. Provisions

B803 SOUR GAS TERMS AND DEFINITIONS

chloride stress corrosion cracking: cracking. of a metal
under the combined action of tensile stress and corrosion
in the presence of chlorides and an electrolyte (usually
water).

diffusion: the flow of the gas threuglta substance in which
the gas actually migrates through'the crystal lattice of the
substance rather than through a geometrical leak (mole-
cular diameters versus hele dimension).

hardness: resistance.of metal to plastic deformfation
usually by indentation. For carbon steels, hardnegds can
be related to the“ultimate tensile strength.

Brinell Hardness Number (BHN): a value to expreps the
hardness'of-metals obtained by forcing a hard steel ball of
specifiéd)diameter into the metal under a specified load.
For the standard 3 000 kg load, numbers range from 81 to
945.

Microhardness: any hardness measurement usipg an
indentor load less than 10 kg.

Rockwell Hardness: a series of hardness scalgs for
metals.

(a) The Rockwell “C” (HRC) scale uses a cone diajnond
indentor and aload of 150 kg. The scale starts at 20 f¢r soft
steels and reaches a maximum of about 67 for very hard
alloys.

(b) The Rockwell “B” (HRB) scale uses a hard metpl ball
indentor and starts at 0 for extremely soft metals and
reaches a maximum of 100 for soft steels and alloys.
HRB 100 = HRC 20.

Vickers Hardness HV 10: a value achieved by usg of a
diamond pyramid indentor with a load of 10 kg.

heat-affected zone (HAZ): the portion of the base metgl that
was not melted during brazing, cutting, or welding, but
whose microstructure and properties were affectpd by
the heat of these processes.

must be made for special considerations thatare not speci-
fically addressed. This Chapter is not intended to prevent
the development and application of new equipment and
technology. Such activity is encouraged as long as the
safety and reliability requirements of this Code are satis-
fied.

hydrogen blistering: the formation of subsurface planar
cavities, called hydrogen blisters, in a metal resulting
from excessive internal hydrogen pressure. Growth of
near-surface blisters in low-strength metals usually
results in surface bulges.

hydrogen-induced cracking (HIC): a cracking mechanism of
susceptible materials caused by atomic hydrogen diffu-
sion in the metal. The atomic hydrogen usually is
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created by the corrosive reaction of hydrogen sulfide on
steel in the presence of water.

hydrogen sulfide (H,S): a toxic gaseous impurity found in
some well gas streams. It also can be generated in situ as a
result of microbiologic activity.

microbiologically influenced corrosion (MIC): corrosion or
deterioration of metals resulting from the metabolic
activity of microorganisms. Such corrosion may be
either initiated or accelerated, or both, by microbial

B821 GENERAL

B821.1 General Requirements

This section covers buttwelded and fillet-welded joints
in pipe, valves, flanges, and fittings, and fillet-welded joints
in pipe, slip-on flanges, socket welds, fittings, etc., as
applied in pipelines, components, and connections to

activity.

micrastructure: the grain size and morphology of metals
and alloys as revealed after polishing and etching; char-
acterized by grains or regions that exhibit distinct phases
of solid solutions of constituent elements.

partiql pressure: the contribution of a single component,
such @s hydrogen sulfide, in a mixture of gases to the total
pressure of the mixture, determined by multiplying the
mol fraction (mol percent divided by 100) of hydrogen
sulfide in the gas by the total system pressure.

radiu} of exposure (ROE): when dealing with sour gas, the
distance from a point of release at which the hydrogen
sulfigle concentrations reached a specified level
(freqiiently 100 ppm or 500 ppm) determined by disper-
sion ¢alculations.

as: gas containing hydrogen sulfide (H,S) at 65 psia
kPa) or greater at a partial pressure of 0.05 psia (350
Pa) or greater. See NACE MR0175/1SO 15156, Petroleum
and ratural gas industries — Materials for use inH,S-
contafining environments in oil and gas production:

sulfid
mech
sulfid|

sour
(450

b stress cracking (SSC): a corrosion-related-¢cracking
hnism caused by exposure of susceptible materials to
e ions in the presence of free water.

B813

Val
ident

MARKING

ves meeting NACE MR0175/1SO 15156 shall be so
fied with a permanent-tag or marking.

MATERIAL SPECIFICATIONS

BBI:I
B814.1 Pipe Conforming to Referenced Standards
and: Specifications

Marerials must meet the requirements of NACE
MRO1Z5ASO-15156-

apparatus or equipment.
dling of the

B82I.2 Welding Processes

This paragraph does not apply to the~wel
seam in the manufacture of pipe, but the user is|cautioned
to ensure that such seams are suitablefor sour gas service
in their installed condition.

B821.4 Weld Acceptance

The standards of aeceptability for welds [of piping

systems as established in API Std 1104 o1 the BPV
Code, Section VIII, Bivision 1 shall be used; howe¢ver, addi-
tional requirements for hardness and residpal stress
should be eonsidered.
B822 PREPARATION FOR WELDING
B822.3 Seal Welds

Seal welds shall have a separate qualified procedure.
B822.4 Cleaning

Pipe that has been in sour gas service shall be thor-
oughly cleaned to bright metal on the insid¢ surfaces
back 1 in. (25 mm) from the weld bevel.
B823 QUALIFICATION OF PROCEDURES AND

WELDERS
The requirements of para. 823.1 shall not apply to this

section.

B823.2 Requirements for Qualification oE
Procedures and Welders on Sour Gas Piping
Systems

B823.2.1 Qualifying Standard. All proce
performance qualifications shall be based on d
mechanical test requirements

dure and
estructive

B820 WELDING SOUR GAS PIPELINES

This section concerns the welding of pipe in sour gas
service in both wrought and cast steel materials.
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B823.2.4 Hardness Control. The hardness of all weld
zones including weld metal and heat-affected zones on
welding qualification test specimens shall meet the hard-
ness requirements for the alloys welded as specified in
NACE MR0175/ISO 15156. For most common pipe
alloys, the maximum allowable hardness is HRC 22. It
is the user's responsibility to ensure the welding
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qualification specimen is metallurgically representative of
full-scale pipeline welds.

NOTE: Both macrohardness and microhardness surveys of prop-
erly prepared qualification specimens are frequently used to
determine the presence of thin HAZ hard zones. A commonly
accepted maximum macrohardness limit near the inside
surface is 250 HV10.

B824 PREHEATING

B826 WELD EXAMINATION REQUIREMENTS

B826.3 Examination for Quality Control of Welds
on Sour Gas Piping Systems

In addition to paras. 826.3(a) through 826.3(f), for sour
gas lines in Class 3 or Class 4 Locations, compressor
stations, major or navigable river crossings, railroad
crossings, and road crossings, 100% of all field welds
shall be checked by nondestructive examination. Nonde-

B824.5 Hydrogen Bake Out of Used Pipe

Pipe thpt has been used in sour gas service shall be
heated fof at least 20 min at 400°F (204°C) or higher
to drive ¢ff any hydrogen in the metal. Heating shall
be done just prior to welding. This heating should be
in addition to and immediately preceding any preheating
specified |n the welding procedure for new pipe.

B825 STRRESS RELIEVING
B825.1 Carbon Steels

The chgmistry of the steel and welding procedure shall
be controfled to limit the hardness of the weldment as
required py para. B823.2.4. When the effectiveness of
such confrols is questionable, consideration shall be
given to §tress relieving welds in sour gas service. In
general, temper bead welding, peening procedures, or
low-temperature postweld heat treatment does not
provide the equivalent protection from service cracking
as does alfull thermal stress relief.

B825.6 $tress Relieving Temperature

(a) Styess relieving is normally performed at a
temperatfire of 1,100°F (593°C) for carhon steels and
1,200°F (|649°C) for ferritic alloy steels. Other stress
relieving procedures may be substituted when properly
supported with metallurgical evidence. The exact
temperatyre range shall be stated in the procedure spec-
ification.

(b) Whien stress reliéving a joint between dissimilar
metals hgving different stress relieving requirements,
the materjal requirifig the higher stress relieving tempera-
ture shall govern;Special considerations may be required
for austerjitic.and other high alloys.

structive examination may be conducted before-o1f after
stress relieving.

B830 PIPING SYSTEM COMPONENTS, AND
FABRICATION DETAILS

Inaddition to section 830, all components shall meet the
requirements of NACE MR0175/ISO 15156 as appro-
priate.

B831 PIPING SYSTEM COMPONENTS

B831.1 Valves and Pressure-Reducing Devic
B831.1.3.Pressure-Reducing Devices

(a) Instruments, instrument tubing, controllers, gages,
and othetr components that become a part of the prdssure
contaihment system shall meet NACE MR0175/ISO 15156
requirements.

(b) Mostcopper-based alloys suffer severe corrodion in
sour service. Use of such alloys in any components shall be
investigated for suitability.

B831.2 Flanges
B831.2.2 Bolting

to air
brtain
NACE
hould

(h) Bolting exposed to sour gas and denied access
due to thermal insulation, flange protectors, or ¢
design features shall meet the requirements of
MRO0175/ISO 15156 as appropriate. Designers s
note that bolting meeting NACE MR0175/ISO 15156 re-
quirements, such as type ASTM A193 grade B7M, have
derated tensile properties, and the joint design shill be
appropriate for such deration. Bolting opened to atmo-
sphere may be conventional ASTM A193 grade B7 bglting.

B840 DESIGN, INSTALLATION, AND TESTING

(C) Th }}Olltb hcatcd D}la}} ]UC 1Ul Uusht D}UVV})’ tU t}lC
required temperature and held at that temperature for
a period of time proportioned on the basis of at least 1
hr/in. (1 h/25 mm) of pipe nominal wall thickness, but
in no case less than 1/2 hr, and shall be allowed to cool
slowly and uniformly.

(d) Records. A suitable record of the stress relief cycles
shall be provided for each weld stress relieved.

(e) Temperature Control. A group of closely spaced
welds, such as three welds on a tee, can be controlled
and recorded by a single thermocouple.
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This section concerns the design, installation, and
testing of pipe in sour gas service.

B841 STEEL PIPE

B841.1 Steel Piping Systems Design Requirements
B841.1.2 Fracture Control and Arrest

(c) Fracture Control. Fracture control should be consid-
ered for sour gas service.

(22)
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B841.1.6 Design Factors, F, and Location Classes.
When using Table 841.1.6-1, design factor F of 0.80
shall not be used for sour gas service.

B841.2 Installation of Steel Pipelines and Mains
B841.2.3 Bends, Miters, and Elbows in Steel Pipelines

(a) Bends. Bends used in sour gas pipe shall meet the
requirements of NACE MR0175/ISO 15156 in the as-bent
condijtion. Hot bends may be needed to meet NACE

B842 OTHER MATERIALS

Materials shall meet the requirements of NACE
MRO0175/1SO 15156 as applicable.

B842.2 Design of Plastic Piping
B842.2.2 Thermoplastic Design Limitations

(f) The designer should consider extra protection from
third party damage in all class locations and at all road

MRO0175/1SO 15156 requirements. The first prototype
bend [may be needed for testing to ensure hardness re-
quirements of NACE MR0175/ISO 15156 and that both
toughiness and tensile properties are still acceptable.
Neither wrinkle bends nor miter bends are permitted
for squr gas lines.

B81
Pipel
20%

(e)| Arc Burns. Additionally, arc burns have been found
to cayse serious stress concentration in pipelines and in
sour gas lines, and shall be prevented or eliminated in all
lines.

Ard
mach|
clean

11.2.4 Pipe Surfaces Requirements Applicable to
ines and Mains to Operate at a Hoop Stress of
pr More of the Specified Minimum Yield Strength

burns may be removed by grinding, chipping, or

ining. The resulting cavity shall be thoroughly
ed and checked for complete removal of damaged
material by etching with a 10% solution of ammonium
persylfate or a 5% solution of nitric acid in alcohgl
(nital). If removal of damaged material is complete;\the
cavity may be merged smoothly into the original
contour of the pipe by grinding, provided the femaining
wall thickness is within specified limits.

B841.2.6 Hot Taps. In addition to
fer 1V, para. 841.2.6 of Chapter 1V, it should be
that hot tapping of sotr)gas lines presents

done only to written operatlng company approved plans.

B841.3 Testing After Construction

B841.3.1 General Provisions. In addition to
Chapter 1V, para. 841.3.1 of Chapter 1V, it should be
noted that testing with sour gas presents special
health and metallurgical concerns and shall be done
only to written operating company approved plans.
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crossings.

(g9) New construction for sour gas application
only ASTM D2513 polyethylene, ASTM E2945
or ASTM F2817 PVC (maintenance or répair d
moplastic pipe.

s shall use
olyamide,
nly) ther-

B842.2.9 Plastic Pipe and Tubing Joints an{ Connec-

tions

bs shall be
full-scale
nide pipe
kt fusion,
nechanical
cturer as

(b) Joint Requirements."All joining procedurs
qualified using destkuctive test specimens of]
plastic pipe joints: Polyethylene and polyar
for sour gas<service may be joined by bu
socket fusion,/and electrofusion methods, or n
fittingsswhen recommended by the manuf3
suitable,for sour gas service.

(f), "Mechanical joints

(4) Steel to plastic transition fittings foff sour gas
service shall be factory made. Joints made from fiield-fabri-
cated fittings are prohibited.

B842.4 Testing Plastic Piping After Construction

B842.4.2 Test Requirements
ce shall be
bssure not
operating
reater.

(f) All plastic pipe installed for sour gas servi
leak tested with air for 12 hr minimum at a pr
less than 1.5 times the maximum allowable
pressure or 50 psig (340 kPa), whichever is g

B843 COMPRESSOR STATIONS

B843.3 Compressor Station Equipment
B843.3.1 Gas Treating Facilities

in contact
ements of

(c) Metallic Materials. All metallic materials
with pressurized sour gas shall meet the requir
NACE MR0175/ISO 15156 as apphcable

J h red for use
at sour gas fac111t1es Use of approprlate hydrogen sulfide
sensors capable of actuating station emergency shutdown
systems should be considered.

B844 PIPE-TYPE AND BOTTLE-TYPE HOLDERS

Pipe- and bottle-type holders shall not be used for sour
gas. Storage of sour gas is outside the scope of this Code.
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B850 ADDITIONAL OPERATING AND
MAINTENANCE CONSIDERATIONS
AFFECTING THE SAFETY OF SOUR GAS
PIPELINES

B850.1 General

(c) Radius of exposure (ROE) to H;S calculations shall
be made using a suitable air dispersion equation such as
the Pasquill-Gifford equation given as follows:

and H,S mol fractions are shown in Tables B850.1-3 and
B850.1-4.

B850.4 Essential Features of the Emergency Plan

B850.4.2 Training Program. In addition to conven-
tional training, all sour gas operation and maintenance
line personnel shall be trained in

(a) hazards and characteristics of H,S

(b) effect on metal components of the lines and equip-

(1) Bach operator shall determine the hydrogen ment .
. L . . (c) safety precautions
sulfide concentration in the gaseous mixture in the 4 . f saf . afir
system. Suitable standards are GPA Plant Operations () operation of safety equipment and-life"support
Test Mantial, Section C, and GPA Standard 2265. systems . .
(2) Radius of Exposure Equations (e) corrective action and shutdown.procedures
(-a) Radius of exposure equation to the 100 ppm
level of HS after dispersal: B851 PIPELINE MAINTENANCE
X = [(1.589)MQ 16?8 B851.7 Pipeline Markers
(-b) Radius of exposure equation to the 500 ppm (d) Inaddition to e.ach sign required in Chapter V) para.
level of HLS after dispersal: 851.7(c) ,.for operations where the 100 ppm radjus of
exposure is greatet, than 50 ft (15 m), a “POISON| GAS”
X= [(0.4546)MQ]O'6258 sign shall be ifstalled.
All surfacefacilities shall also be marked with “PQISON
where GAS” signhs:
= mpl fraction of hydrogen sulfide in the gaseous
mjixture B851.10 Sour Gas Pipeline Blowdown
Q = mpximum volume determined to be available for . . . .
escape in cubic feet per day corrected to 14.65 psia When blowing down sour gas lines, consideratior] shall
and 60°F be given to the use of suitable permanent or temporary
X = radius of exposure (ROE) in feet flare systems.
(3) Metric Equations for Radius of Exposure B854 LOCATION CLASS AND CHANGES IN
(-a) 100 ppm level of H,S after dispersal’ NUMBER OF BUILDINGS INTENDED FQR
0.6258 HUMAN OCCUPANCY
X,, = [(8404)MQ,]
B854.5 Concentrations of People in Location
(-b)) 500 ppm level of H,S after dispersal: Classes 1 and 2
Xm = [(2'404)MQm]0'6258 (c) Security. Unattended fixed surface facilities should
be protected from public access when located within Y,
where mile (400 m) of a residential, commercial, or other inhab-
= mf)l fraction ¢f hydrogen sulfide in the gaseous jted or occupied structure; bus stop; public park; orl simi-
mixture larly populated area.

@, = maximum‘volume determined to be available for (1) The protection should be provided by fencing
g@scape.fn cubic meters per day corrected to 101 54 Jocking or removal of valves and instrumenfation
Kpazand 15.6°C and plugging of ports, or other similar means.

X, = radius of exposure (ROE] Il meters

NOTE: The equations assume a 24 hr release. When a pipeline
segment can be isolated in less than 24 hr, appropriate reduc-
tions in Q may be used.

(4) Examples of 100 ppm and 500 ppm ROE for
various 24 hr releases and H,S mol fractions are
shown in Tables B850.1-1 and B850.1-2. Metric examples
of 100 ppm and 500 ppm ROE for various 24 hr releases
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(2) Surface pipeline is not considered a fixed surface
facility.

(d) Additional control and safety procedures or safety
devices should be installed and maintained to prevent the
undetected continuing release of hydrogen sulfide if any of
the following conditions exist:

(1) The 100 ppm radius of exposure is in excess of 50
ft (15 m) and includes any part of a public area except a
public road.
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Table B850.1-1 Table B850.1-3
100 ppm ROE Metric Example for 100 ppm ROE
Release, Q, H,S Release, Q,,, H,S
ROE, X, MMSCFD Mol ROE, X,,,, m?/day Mol
ft (1,000,000) Fraction m (1,000,000) Fraction
1,165 1 0.05 782 0.1 0.05
3,191 5 0.05 2,142 0.5 0.05
4,924 10 0.05 3,305 1 0.05
7,597 20 0.05 9,048 5 0.05
9,792 30 0.05 13,962 10 0Jos
1,798 1 0.1 1,207 0.1 oj1
4,924 5 0.1 3,305 0.5 oj1
7,597 10 0.1 5,100 1 oj1
11,723 20 0.1 13,962 5 oj1
15,109 30 0.1 21,544 10 oj1
2,775 1 0.2 1,863 0.1 of2
7,597 5 0.2 5,100 0.5 0j2
11,723 10 0.2 7,869 1 0j2
18,090 20 0.2 21,544 5 0J2
23,315 30 0.2 33,244 10 0J2
Table B850.1-2 Table B850.1-4
500 ppm ROE Metric Example for 500 ppm ROE
Release, Q, H,S Release, Q,,, H,S
ROE, X, MMSCFD Mol ROE, X, m?/day Mol
ft (1,000,000) Fraction m (1,000,000) Fragtion
533 1 005 357 0.1 0Jo5
1,458 5 0.05 979 0.5 0Jo5
2,250 10 0.05 1,510 1 0Jos
3,472 20 0.05 4,135 5 0Jos
4,474 30 0.05 6,380 10 0Jo5
822 1 0.1 552 0.1 oj1
2,250 5 0.1 1,510 0.5 oj1
3,472 10 0.1 2,330 1 oj1
5,357 20 0.1 6,380 5 oj1
6,904 30 0.1 9,845 10 oj1
1,268 1 0.2 851 0.1 0J2
3472 5 -2 2336 85 8:2
5,357 10 0.2 3,596 1 0.2
8,266 20 0.2 9,845 5 0.2
10,654 30 0.2 15,191 10 0.2
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(2) The 500 ppm radius of exposure is greater than
50 ft (15 m) and includes any part of a public road.

(3) The 100 ppm radius of exposure is greater than
3,000 ft (915 m).

(e) Contingency Plan. Operations subject to (d) shall
have a written contingency plan prepared and given to
state and local emergency response authorities. Plans
shall include maps, location of block valves, valve keys,
and keys for locks.

B864 INTERNAL CORROSION CONTROL
B864.1 General

Sour gas facilities shall be assumed to be internally
corrosive unless proven by experience to be otherwise.
Water dew point control frequently is used as a corrosion
control method. Upset conditions or operational changes
may make this control method ineffective. The use of inhi-
bitors is also common.

B860 C(Q
Pl

RROSION CONTROL OF SOUR GAS
PELINES

B860.1 §

This se
tutive req
internal d
Where sp
provision

jcope

‘tion contains the minimum additive or substi-

llirements for corrosion control of external and

orrosion of sour gas piping and components.

ecific provisions are not set forth herein, the
of Chapter VI, section 860 shall apply.

B860.4 $pecial Considerations

Due to
frequent
which alj
given to i

Also, du
sour gas, §
tion of th

the corrosivity of hydrogen sulfide and the
presence of carbon dioxide and salt water,
o are corrosive, special emphasis shall be
hternal corrosion mitigation and monitoring.
e to the corrosive and hazardous nature of the
pecial consideration shall be given to the selec-
e corrosion allowance.

B861 EX|
ST

TERNAL CORROSION CONTROL FOR
EEL PIPELINES

B861.1 H

B861.1.
can be shd
tion is not
insulating
limited sq
soon as f
minor re
as covere

A facilit]

uried/Submerged Installations

P Cathodic Protection Requiréments. Unless it
wn by tests or experience that cathodic protec-
needed, all buried or submerged facilities with
type coatings, except facilities installed for a
rvice life, shall be’cathodically protected as
easible following*installation, except that
blacements er\extensions shall be protected
l by para.86073.

y installed for a limited service life need not be
cathodically protected if it can be shown that the facility
will not ¢xperience corrosion that will cause it to be
harmful té-thepubh i

icoranuiranmant Cathadic npratacting

B864.2 Design of New Installations

New installations should be designed with

(a) suitable dedicated fittings for corrosion inh
injection

(b) suitable dedicated fittings afid,valves to inse
retrieve corrosion measuring dévices such as probs
coupons

ibitor

't and
s and

B867 STRESS CORROSION AND OTHER
PHENOMENA

Sour gas lines, particularly when combined with c
dioxide andproduced salt water, can suffer from s¢
corrosion-related phenomena.

(a) Hydrogen-Related Problems. The corrosionre
in thelpresence of the sulfide ion permits a high amopnt of
libérated hydrogen atoms to enter the steel. The hydrogen
causes many problems that have been given difflerent
names, including the following:

(1) Sulfide stress cracking (SSC) occurs whe
alloys are too hard and/or too highly stressed in the]
ence of corrosion with sour gas. NACE MR0175/1SO 1
outlines all of the acceptable materials combinatig
resist this type of cracking.

(2) Hydrogen-induced cracking (HIC) occurs when
hydrogen causes inclusions in the steel to delamiinate.
Multiple shear cracks then develop to link the delaina-
tions creating a stair step crack system. Use of HIC [resis-
tant materials should be considered for sour gas sdrvice.

(3) Stress-oriented hydrogen-induced crafking
(SOHIC) is another variant of HIC. SOHIC is HIC enhfainced
by high-tensile stress.

(4) Hydrogen blistering consists of hydrogen
diffusing inside the steel to delaminated areas and r
bining to form molecules of hydrogen gas. The res

nressure can-create larae hlictarc an aithar thao inc
pressuy H-cFeate—rarge-bHster H-eHhertheih

hrbon
bveral

ction

n the
pres-
5156
ns to

itoms
bcom-
ulting
de or

TIC-OTCrv i O C e St Ot proTeceroTT

systems shall be designed to protect the buried or
submerged system in its entirety.

A facility is considered to be cathodically protected
when it meets the applicable criteria established in
NACE SP0169.

Use of cathodic protection is encouraged to protect
buried sour gas facilities.

132

outside surfaces of the steel.

(b) Chloride stress corrosion cracking is caused by
chlorides in the produced water. Austenitic stainless
steels are particularly prone to this type of cracking.
The sulfide ion has a synergistic effect with the chloride
ion. The net result is the occurrence of cracking at lower
temperatures and at lower chloride concentrations than
normally expected. Except for small low-stressed parts
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such as thermowells, use of alloys not resistant to chloride (c) Microbiologically Induced Corrosion (MIC). Micro-
stress cracking above 140°F (60°C) is discouraged in wet biologic activity can create severe pitting-type corrosion
sour gas systems. and hydrogen-related cracking in sour gas lines. Use of

appropriate biocides and monitoring may be needed.
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MANDATORY APPENDIX A
REFERENCES

These references may be immediately applied to mate- A-2 API
rials purghased for use under this Code and shall be
applied t¢ all materials purchased at least 12 months ~ *API Manual of Petroleum Measurement Stan
after the|date of issuance of the reference’s latest (second edition, February 1, 2013)}€hapter

edition, including addenda, if applicable. A component
or pipe conforming to an earlier approved material spec-
ification edition purchased by the user before the date of
issuance |of a new edition or addenda may be used,
provided the component or pipe is inspected and deter-
mined to pe satisfactory for the service intended by the
user.

Standards are incorporated in this Code by reference,
and the npmes and addresses of the sponsoring organi-
zations are shown in this Appendix. It is not practical to
refer to aspecific edition of each publication throughout
the Code text; instead, the specific edition reference dates
are showr herein. Reference shall be limited to the specific
edition cited herein, except the user may use the latest
published edition of ANSI approved standards unless
specifically prohibited by this Code, and provided the
user has reviewed the latest edition of the standard te
ensure that the integrity of the pipeline system is;not
comprom|sed. Ifanewer or amended edition of aStandard
is not ANSI approved, then the user shall use the specific
edition reference date shown herein.

An astefisk (*) indicates that the specifi¢ edition of the
standard has been accepted as an American National Stan-
dard by the American National Standards Institute (ANSI).

A-1 AGA

AGA Cata

Manual
*ANSI Z2}
*ANSI/GP|

og No. XR0603*(October 2006), Plastic Pipe
for Gas Service

3.1/NEPA/54 (2021), National Fuel Gas Code
TC Z380.1 (2018, including Addenda 1 through
6), Guide for-Gas Transmission, Distribution, and Gath-

lards
1 —
bring
bnt

Flow Measurement Using Electronic Met
Systems, Section 1 — Electroni¢)Gas Measurem

API RP 2A-WSD (22nd editiord,, November 2014,|reaf-
firmed September 20203}, \Planning, Designing and
Constructing Fixed Offshiore Platforms — Wofrking
Stress Design

APIRP 5L1 (seventh edition, September 2009, reaff
May 2015), Recomhmended Practice for Railroad
portation of-Line Pipe

API RP 5LT (first edition, March 2012, reaffirmed
February»2019), Recommended Practice for Truck
Transportation of Line Pipe

*APLKRP 5LW (third edition, September 2009, reaff
May 2015), Recommended Practice for Transpor
of Line Pipe on Barges and Marine Vessels

API RP 14C (eighth edition, February 2017, inclhding
Errata through May 2018), Analysis, Design, Ingtalla-
tion, and Testing of Safety Systems for Offshore Prioduc-
tion Facilities

*API RP 14E (fifth edition, October 1991, reaffirmed
September 2019), Recommended Practice for Jesign
and Installation of Offshore Production Platform
Piping Systems

API RP 14F (sixth edition, October 2018), Recommé¢nded
Practice for Design, Installation, and Maintenance of
Electrical Systems for Fixed and Floating Offfhore
Petroleum Facilities for Unclassified and Class I} Divi-
sion 1 and Division 2 Locations

API RP 14] (second edition, May 2001, reaffirmed
September 2019), Recommended Practice for Jesign
and Hazards Analysis for Offshore Production Fadilities

API RP 17B (fifth edition, May 2014, reaffirmed March

rmed
rans-

rmed
fation

ering Pipimg-Systerrs

Gas Piping Technology Committee's Guide Material
Appendix G-192-15, Design of Uncased Pipeline Cross-
ings of Highways and Railroads (2009)

Publisher: American Gas Association (AGA), 400 North
Capitol Street, NW, Washington, DC 20001
(www.aga.org)
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2021), RCLUllllllClldCd Fl sti\,C fUl F}CAlb}C FIPC

API RP 80 (second edition, March 2020), Definition of
Onshore Gas Gathering Lines

API RP 1102 (seventh edition, December 2007, including
Errata through March 2014, reaffirmed December
2017), Steel Pipelines Crossing Railroads and Highways

*API RP 1110 (sixth edition, February 2013, reaffirmed
August 2018), Recommended Practice for the Pressure
Testing of Steel Pipelines for the Transportation of Gas,
Petroleum Gas, Hazardous Liquids, Highly Volatile
Liquids, or Carbon Dioxide
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API RP 1111 (fifth edition, September 2015, reaffirmed
January 2021), Design, Construction, Operation, and
Maintenance of Offshore Hydrocarbon Pipelines
(Limit State Design)

API RP 1133 (second edition, December 2017), Managing
Hydrotechnical Hazards for Pipelines Located Onshore
or Within Coastal Zone Areas

APIRP 1162 (second edition, December 2010, reaffirmed
October 2015), Public Awareness Programs for Pipeline

vvvvvvv

Publisher: American Petroleum Institute (API), 200
Massachusetts Avenue, NW, Suite 1100 Washington,
DC 20001-5571 (www.api.org)

A-3 ASME

*ASME B1.1-2019, Unified Inch Screw Threads (UN, UNR,
and UN]J Thread Form)
*ASME B1.20.1-2013 (R2018), Pipe Threads, General

Opes

API RP 2003 (eighth edition, September 2015, reaffirmed
Mafch 2020), Protection Against Ignitions Arising Out
of $tatic, Lightning, and Stray Currents

*API Bpec 5L (46th edition, April 2018, including Errata
thrpugh May 2018), Line Pipe

*API Spec 6A (21st edition, Novmber 2018, including
Errfata and Addenda through June 2021), Specification
for[Wellhead and Tree Equipment

API Spec 6D (24th edition, August 2014, including Errata
and Addenda through March 2017), Specification for
Pipeline and Piping Valves

*API $pec 6DSS (third edition, July 2018, including Errata
and Addenda through April 2019), Specification for
Subsea Pipeline Valves

API §pec 15S (second edition, March 2016 including
Errfata and Addenda through October 2019), Spoolable
Reinforced Plastic Line Pipe

*API Bpec 17D/ISO 13628-4 (second edition, May 2011,
including Errata and Addenda through July 2021),
Degign and Operation of Subsea Production Systems
— Bubsea Wellhead and Tree Equipment

API Spec 17] (fourth edition, May 2014, reaffirnied March
2021, including Errata and Addenda thriough October
2017), Specification for Unbonded Flexible Pipe

API §td 521 (seventh edition, Junes2020), Pressure-
reljeving and Depressuring Systems

API Std 526 (seventh edition, September 2017, including
Ernata through September.2018), Flanged Steel Pres-
surfe-relief Valves

API §td 599 (eighth edition, March 2020), Metal Plug
Valves — Flanged; Threaded, and Welding Ends

API Std 600 (14th edition, May 2021), Steel Gate Valves —
Flapged and Butt-welding Ends, Bolted Bonnets

API Std 602%(tenth edition, May 2015 including Errata
through-September 2016), Gate, Globe, and Check
Valves~for Sizes DN 100 (NPS 4) and Smaller for the

Purpose (Inch)

*ASME B16.1-2020, Gray Iron Pipe Flangés an
Fittings: Classes 25, 125, and 250

*ASME B16.5-2020, Pipe Flanges atid Flange
NPS 1/2 Through NPS 24, Metric/Inch Stand

*ASME B16.9-2018, Factory-Made Wrought BU
Fittings

*ASME B16.11-2016 (including Errata thrd
2017), Forged Fittings,"Socket-Welding and

*ASME B16.20-2017)Metallic Gaskets for Pipsg

*ASME B16.21-2016, Nonmetallic Flat Gasket]
Flanges

*ASME B16:24-2016, Cast Copper Alloy Pip
Flanged‘Fittings, and Valves: Classes 150,
900,'1500, and 2500

*ASME B16.33-2012 (R2017), Manually Operatg
Gas Valves for Use in Gas Piping Systems up
(Sizes NPS Y, Through NPS 2)

*ASME B16.34-2020, Valves — Flanged, Thre
Welding End

*ASME B16.38-2012(R2017), Large Metallic
Gas Distribution: Manually Operated, NP
65) to NPS 12 (DN 300), 125 psig (8.6 bar)

*ASME B16.40-2019, Manually Operated Ther
Gas Shutoffs and Valves in Gas Distribution

*ASME B16.42-2016, Ductile Iron Pipe Fla
Flanged Fittings: Classes 150 and 300

*ASME B16.47-2020, Large Diameter Steel Flanges: NPS
26 Through NPS 60, Metric/Inch Standard

*ASME B16.49-2017, Factory-Made, Wrought §
welding Induction Bends for Transportation
bution Systems

*ASME B18.2.1-2012 (including Errata thr
2013), Square, Hex, Heavy Hex, and AsK
Bolts and Hex, Heavy Hex, Hex Flange, Lo

and Lag Screws (Inch Series)
*ACME R1Q 2 2 2018 Nt
ASME-B18-2-2- 2045 Nutsfe

d Flanged

1 Fittings:
ard
ttwelding

ugh June
Threaded
Flanges

s for Pipe

e Flanges,
300, 600,

d Metallic
to 175 psi

hded, and

Valves for
2%, (DN
Maximum
moplastic
Systems
nges and

teel, Butt-
nd Distri-

bugh July
ew Head
bed Head,

pPlications:

Petroleum and Natural Gas Industries

API Std 603 (ninth edition, September 2018), Corrosion-
resistant, Bolted Bonnet Gate Valves — Flanged and
Butt-welding Ends

API Std 608 (sixth edition, January 2020), Metal Ball
Valves — Flanged, Threaded, and Welding Ends

API Std 1104 (22nd edition, July 2021), Welding of Pipe-
lines and Related Facilities
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Machine Screw Nuts, Hex, Square, Hex Flange, and
Coupling Nuts (Inch Series)

*ASME B31G-2012 (R2017), Manual for Determining the
Remaining Strength of Corroded Pipelines: Supplement
to ASME B31 Code for Pressure Piping

*ASME B31]J-2017, including Errata posted on 11/30/17,
Stress Intensification Factors (i-Factors), Flexibility
Factors (k-Factors), and Their Determination for
Metallic Piping Components

*ASME B31Q-2021, Pipeline Personnel Qualification
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*ASME B31.1-2020, Power Piping

*ASME B31.3-2020, Process Piping

*ASME B31.4-2019, Pipeline Transportation Systems for
Liquids and Slurries

*ASME B31.85-2020, Managing System Integrity of Gas
Pipelines

*ASME B31.12-2019, Hydrogen Piping and Pipelines

*ASME B36.10M-2018, Welded and Seamless Wrought

ASTM A193/A193M-20, Standard Specification for Alloy-
Steel and Stainless Steel Bolting for High Temperature
or High-Pressure Service and Other Special Purpose
Applications

ASTM A194/A194M-20a, Standard Specification for
Carbon Steel, Alloy Steel, and Stainless Steel Nuts for
Bolts for High Pressure or High Temperature
Service, or Both

nsile

Steel Pipe ASTM A307-21, Standard Specification for Carbon Steel
*ASME BPV-CodeSection - Materials: Section VI Rules Bolts—Studs—and Threaded Rod60000-PSIT

for Conptruction of Pressure Vessels; Section IX, Quali- Strength

ficatior] Standard for Welding, Brazing, and Fusing ASTM A320/A320M-21a, Standard Specification for

Procediires; Welders; Brazers; and Welding, Brazing,

and Fuding Operators; and Section XIII, Rules for Over-
pressurfe Protection (2021)

ASME NM.1-2020, Thermoplastic Piping Systems

ASME Resgarch Report, CRTD Vol. 43,“History of Line Pipe
Manufarturing in North America,” 1996 (ISBN-13:978-
079181[2334)

ASME SI-1 (1982), ASME Orientation and Guide for Use of
SI (Mettic) Units

*ASME P(C-1-2019, Guidelines for Pressure Boundary

Bolted

*ASME P(
Piping

IPC2002-27124, “Development of Acceptance Criteria for
Mild Ripples in Pipeline Field Bends,” Proceedings of [IPC
2002, Fourth International Pipeline Conference,
Septemper 2002

IPC201290308, “Pressure Test Planning to Prevent
Internall Corrosion by Residual Fluids,” Proceedings

Flange Joint Assembly
C-2-2018, Repair of Pressure Equipment and

of IPC 2012, Ninth International Pipeline Conferéence,
Septembper 2012

Publisher] The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY\10016-5990
(www.gsme.org)

A-4 ASTM

ASTM A5B/A53M-20, Standard Specification for Pipe,

Steel, H
and Se3
ASTM A1l
Carbon
ASTM Al
Seamle

lack and Het~Dipped, Zinc-Coated, Welded
mless

05/A105M-21, Standard Specification for
Steel*Forgings for Piping Applications
06/A106M-19a, Standard Specification for

Alloy-

Steel and Stainless Steel Bolting for Low-Temperature
Service

ASTM A333/A333M-18, Standard Specification for
less and Welded Steel Pipe foryLow-Temper
Service and Other Applications with Required
Toughness

ASTM A354-17%2, Standard Specification for Quenched
and Tempered AlloySteel Bolts, Studs, and Other Exter-
nally Threaded Fasteners

ASTM A372/A372M-20%!, Standard Specificatiq
Carbon and{Alley Steel Forgings for Thin-Walled
sure Vessels

ASTM A381/A381M-18, Standard Specification for )
Arc-Welded Carbon or High-Strength Low-Alloy|
Pipe for Use With High-Pressure Transmission Sy

ASTM A395/A395M-99(R2018), Standard Specifi
for Ferritic Ductile Iron Pressure-Retaining Ca
for Use at Elevated Temperatures

ASTM A449-14(R2020), Standard Specification fo
Cap Screws, Bolts and Studs, Steel, Heat Trd
120/105/90 ksi Minimum Tensile Strength, Gg
Use

ASTM A671/A671M-20, Standard Specification for
tric-Fusion-Welded Steel Pipe for Atmospheri
Lower Temperatures

ASTM A672/A672M-19, Standard Specification forj
tric-Fusion-Welded Steel Pipe for High-Pre
Service at Moderate Temperatures

ASTM A691/A691M-19, Standard Specification for
Carbon and Alloy Steel Pipe, Electric-Fusion-Wilded
for High-Pressure Service at High Temperatures

ASTM B88-20, Standard Specification for Seamless C
Water Tube

ASTM D696-16, Standard Test Method for Coefficipnt of
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Ature
Notch
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Service

ASTM A134-19, Standard Specification for Pipe, Steel,
Electric-Fusion (Arc)-Welded (Sizes NPS 16 and Over)

ASTM A135/A135M-21, Standard Specification for Elec-
tric-Resistance-Welded Steel Pipe

ASTM A139/A139M-16, Standard Specification for Elec-
tric-Fusion (Arc)-Welded Steel Pipe (Sizes NPS 4 and
Over)
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Linear Thermal Expansion of Plastics Between -30°C
and 30°C With a Vitreous Silica Dilatometer

ASTM D1598-15a, Standard Test Method for Time-to-
Failure of Plastic Pipe Under Constant Internal Pressure

*ASTM D2513-20, Standard Specification for Polyethylene
(PE) Gas Pressure Pipe, Tubing, and Fittings

*ASTM D2517-18, Standard Specification for Reinforced
Epoxy Resin Gas Pressure Pipe and Fittings
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*ASTM D2837-21, Standard Test Method for Obtaining
Hydrostatic Design Basis for Thermoplastic Pipe Mate-
rials or Pressure Design Basis for Thermoplastic Pipe
Products

ASTM F1041-20, Standard Guide for Squeeze-Off of Poly-
olefin Gas Pressure Pipe and Tubing

*ASTM F1563-01(R2019), Standard Specification for
Tools to Squeeze-Off Polyethylene (PE) Gas Pipe or

A-7 AMPP

*ANSI/NACE MR0175/ISO 15156:2015, Petroleum and
Natural Gas Industries — Materials for Use in H,S-
Containing Environments in Oil and Gas Production,
Parts 1, 2, and 3

*ANSI/NACE SP0115-2015/1SO 15589-2:2012, Petro-
leum, Petrochemical and Natural Gas Industries —

rosion on
Systems

Corrosion

rtion and
I Associa-

Park Ten

Tubing Cathodic Protection of Pipeline Transportation
*ASTM-F1802-15, Standard Test Method-for Performanee Systems — Part 2: Offshare Pipelines
Tedting of Excess Flow Valves NACE Corrosion Data Survey (1985)*
*ASTM F2138-12(R2017), Standard Specification for =~ NACE SP0169-2013, Control of External Cor
Exdess Flow Valves for Natural Gas Service Underground or Submerged Metallic |Piping|
*ASTM F2817-13(R2019), Standard Specification for Poly NACE SP0177-2019, Mitigation of Alternating Cyirrentand
(Vihyl Chloride) (PVC) Gas Pressure Pipe and Fittings Lightning Effects on Metallic Structures and
for|Maintenance or Repair Control Systems
ASTM F2945-18, Standard Specification for Polyamide 11 ~ Publisher: Association foi Materials Prote
Gag Pressure Pipe, Tubing, and Fittings Performance (AMPP)«[formerly the Nationg
Publisher: American Society for Testing and Materials tion of Corrosion Engineers (NACE) and the Society
(ASTM International), 100 Barr Harbor Drive, P.O. for Protective Coatings (SSPC)], 15835
Bok C700, West Conshohocken, PA 19428-2959 Place, Houston, TX 77084-4906 (www.amp

(wyw.astm.org)

A-5 AWS

*AWS
De
Brd
Spy

A3.0M/A3.0:2020, Standard Welding Terms and

initions, Including Terms for Adhesive Bonding,

zing, Soldering, Thermal Cutting, and Thermal

aying

*AWY D3.6M:2017, Underwater Welding Code

Publigher: American Welding Society (AWS), 8669 NW
36th Street, No. 130, Miami, FL. 33166-6672.(Www.aw-

s.ofg)

h.org)

A-8 CGA

Best Practices Guide (version 18.0, 2021)

Publisher: Common Ground Alliance (CGA),
Street, Suite 330, Alexandria, VA 22314 (¢
mongroundalliance.com)

908 King
y'ww.com-

A-9 EPRI

EPRI EL-3106 (1983) (also published as P|
L51418), Power Line-Induced AC Pot
Natural Gas Pipelines for Complex Righf
Configurations

RCI-AGA-
ential on
s-of-Way

A-6 AWWA . . .
Publisher: Electric Power Research Institute (EPRI), 3420
ANSI[A21.14-1979, Ductile-IronFittings 3-Inch Through Hillview Avenue, Palo Alto, CA 94304 (wwwlepri.com)
244Inch for Gas'
ANSI|A21.52-1991, Duetile-Iron Pipe, Centrifugally Cast,
for|Gas® A-10 GPA
" W ) : .
ANS /.A ACIll/AZl'l.l 17, Rul?bfer Gasket Joints for GPA Plant Operations Test Manual, Section (, Test for
Dugtile-Iro Pressure Pipe and Fittings Hydrogen Sulfide in LPG and Gases (Tutweilejr Method)
ANS[/.AWWA (.:150/A21'50 14, Thickness Design of GPA Standard 2265-68, Determination of Hydrogen
Duttile-ron Pipe Sulfide and Mercaptan Sulfur in Natural Gas
AWWA '€101-2000, Thickness Design of Cast Iron! P o olc ¥ ‘p - . g
kbdullllulll SUIIdIC=IUUUIIITUIC TIU dUOIT IVITU lOd)

Publisher: American Water Works Association (AWWA),
6666 West Quincy Avenue, Denver, CO 80235
(www.awwa.org)

L This publication has been superseded, withdrawn, or is no longer in
print.
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Publisher: Gas Processors Association (GPA), 6526 East
60th Street, Tulsa, OK 74145 (www.gpaglobal.org)

A-11 GTI

GRI-00/0154 (2000), Design Guide for Polyethylene Gas
Pipes Across Bridges

GRI-91/0284 (1991), Guidelines for Pipelines Crossing
Highways'
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Publisher: Gas Technology Institute (GTI), 1700 South
Mount Prospect Road, Des Plaines, IL 60018
(www.gastechnology.org)

A-12 IAPMO

Uniform Plumbing Code (UPC), 2021
Publisher: International Association of Plumbing and
Mechanical Officials (IAPMO), 4755 E. Philadelphia

A-16 NFPA

*NFPA 10-2018, Standard for Portable Fire Extinguishers

*NFPA 30-2018, Flammable and Combustible Liquids
Code

*NFPA 58-2020, Liquefied Petroleum Gas Code

*NFPA 59-2018, Utility LP-Gas Plant Code

*NFPA 59A-2019, Standard for the Production, Storage,

and Handling of Liquefied Natural Gas (LNG)
*NEPA 70-2020 National Electrical Code

St.,, Ontgrio, CA 91761 (www.iapmo.org)

A-13 ICC

Internatiqg

Publisher]
Jersey
20001

nal Plumbing Code (IPC), 2021

. International Code Council (ICC), 500 New
Avenue, NW, 6th Floor, Washington, DC
[www.iccsafe.org)

A-14 IEEE

*IEEE/AS
2017, A
Publisher]
neers,
08854

M SI 10-2016, including Errata through July
merican National Standard for Metric Practice

Institute of Electrical and Electronics Engi-
nc. (IEEE), 445 Hoes Lane, Piscataway, NJ
[www.ieee.org)

A-15 MSS

MSS SP-6
Pipe Fl
and Fit

*MSS SP-J
Fittings

*MSS SP-4

MSS SP-7
Thread

MSS SP-7
and Th

MSS SP-7
Fittings

MSS SP-7
Thread

MSS SP-8
Valves

2017, Standard Finishes for Contact Faces-of
hnges and Connecting-End Flanges of\Valves
ings

5-2018, Standard Marking Systein for Valves,
| Flanges, and Unions

}4-2019 Steel Pipeline Flanges

0-2011, Gray Iron Gate Valves, Flanged and
ed Ends

|-2018, Gray Iron Siving Check Valves, Flanged
‘eaded Ends

b-2019, High-Strength, Wrought, Butt-Welding

8-2011 Gray Iron Plug Valves, Flanged and
ed Ends
D-2019, Bronze Gate, Globe, Angle and Check

*NFPA 220-2018, Standard on Types of Building Con
tion

Publisher: National Fire Protection Association’ (NF
Batterymarch Park, Quincy, MA(02169-
(www.nfpa.org)

Ftruc-

bA), 1
7471

A-17 PPI

tion,
ough

Handbook of Polyethylene Pipe, second ed
November 2007 (ineluding Errata Sheets, thi
March 15, 202%)

TR-3/2021, Policies and Procedures for Devel
HydrostaticDesign Basis (HDB), Hydrostatic D
Stresses (HDS) Pressure Design Basis (PDB), St
Design Basis (SDB), Minimum Required Strength
Ratings, and Categorized Required Strength (CR|
Thérmoplastic Piping Materials or Pipe

TR-4/2021, PPI HSB Listing of Hydrostatic Design
(HDB), Hydrostatic Design Stress (HDS), Str
Design Basis (SDB), Pressure Design Basis (PDB
Minimum Required Strength (MRS) Ratings For
moplastic Piping Materials or Pipe

TR-33/2012, Generic Butt Fusion Joining Procedu
Polyethylene Gas Pipe

TR-41/2018, Generic Saddle Fusion Joining Procedy
Polyethylene Gas Piping

TR-45/2016, Butt Fusion Joining Procedure for
Joining of Polyamide-11 (PA-11) Pipe

Publisher: Plastics Pipe Institute (PPI), 105 Decker
Suite 825, Irving, TX 75062 (www.plasticpipe.ot

bping
esign
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A-18 PRCI

PRCI PR-185-9734 (PRCI Catalog L51782), Guidelines for

Weld Deposition Repair on Pipelines (1998)

MSS SP-85-2011, Gray Iron Globe and Angle Valves,
Flanged and Threaded Ends

MSS SP-97-2019, Integrally Reinforced Forged Branch
Outlet Fittings - Socket Welding, Threaded and Butt-
welding Ends

MSS SP-115-2017, Excess Flow Valves, 1 1/4 NPS and
Smaller, for Natural Gas Service

Publisher: Manufacturers Standardization Society of the
Valve and Fittings Industry, Inc. (MSS), 127 Park Street,
NE, Vienna, VA 22180 (www.msshq.org)

138

PRCI PR-186-0324 (PRCI Catalog L52047), Updated Pipe-
line Repair Manual (2006)

PRCI PR-218-05404 (PRCI Catalog L52314), Pipeline
Defect Assessment — A Review and Comparison of
Commonly Used Methods (2010)

PRCI PR-218-9307 (PRCI Catalog L51716), Pipeline
Repair Manual (1994)

Publisher: Pipeline Research Council International (PRCI),
15059 Conference Center Drive, Suite 130, Chantilly, VA
20151 (www.prci.org)


https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

ASME B31.8-2022

MANDATORY APPENDIX B
NUMBERS AND SUBJECTS OF STANDARDS AND SPECIFICATIONS
THAT APPEAR IN MANDATORY APPENDIX A

The¢ information in this Appendix has been incorporated into Mandatory Appendix A.
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NONMANDATORY APPENDIX C
PUBLICATIONS THAT DO NOT APPEAR IN THE CODE OR
MANDATORY APPENDIX A

NOTE: An|asterisk (*) indicates standards that have been
accepted ds American National Standards by the American
National S§andards Institute (ANSI).

C-1 AGA

AGA Catalpg XL1001 (December 2010, including Errata 1
and 2), Classification of Locations for Electrical Installa-
tions in| Gas Utility Areas

Directional Drilling Damage Prevention Guidelines for the
Naturalf Gas Industry (December 2004)

Publisher} American Gas Association (AGA), 400 North
Capitol [Street, NW, Washington, DC 20001
(www.gdga.org)

C-2 API

API RP 2A-LRFD (second edition, August 2019), Planning;
Designihg, and Constructing Fixed Offshore Platferms
— Load and Resistance Factor Design

*API RP J00 (third edition, December 2012, .reaffirmed
July 2021, including Errata through January.2014), Rec-
ommenided Practices for Classification of*Locations for
Electrical Installations at Petroleum(Facilities Classified
as Clasg I, Division 1 and Division)2

API Spec 3B (16th edition, including Errata and Addenda
through January 2021)4Threading, Gauging, and
Inspectfon of Casing, Tubing, and Line Pipe Threads

Publishef: American/Petroleum Institute (API), 200
Massachusetts Aventie, NW, Suite 1100, Washington,
DC 20001-5574(www.api.org)

C-3 ASC

C-4 ASME

*ASME B1.20.3-1976 (R2018), Dryseal Pipe Threads
(Inch)
*ASME B16.3-2016, Malleable/ron Threaded Fitfings:
Classes 150 and 300
*ASME B16.4-2016, Gray IfenThreaded Fittings: Classes
125 and 250
*ASME B16.14-2018,Ferrous Pipe Plugs, Bushings, and
Locknuts With Pipe Threads
*ASME B16.15-2018, Cast Copper Alloy Threaded Fittings:
Classes 125and 250
*ASME B16:18-2018, Cast Copper Alloy Solder Joint|Pres-
sure Fittings
*ASME\B16.22-2018, Wrought Copper and Copper|Alloy
Solder-Joint Pressure Fittings
®ASME B16.25-2017, Buttwelding Ends
Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 1001615990
(www.asme.org)

C-5 ASTM

ASTM A6/A6M-19, Standard Specification for Generfl Re-
quirements for Rolled Structural Steel Bars, Plates,
Shapes, and Sheet Piling

ASTM A20/A20M-20, Standard Specification for G¢neral
Requirements for Steel Plates for Pressure Vessgls

ASTM A29/A29M-20, Standard Specification for G¢neral
Requirements for Steel Bars, Carbon and Alloy| Hot-
Wrought

ASTM A36/A36M-19, Standard Specification for Carbon
Structural Steel

ASTM A47/A47M-99(R2018)%', Standard Specifidation

ASCE Manuals and Reports on Engineering Practices No.
89 — Pipeline Crossings Handbook (June 1996)

Publisher: American Society of Civil Engineers (ASCE),
1801 Alexander Bell Drive, Reston, VA 20191
(www.asce.org)

for Ferritic Malleable Iron Castings

ASTM A48/A48M-03(R2016), Standard Specification for
Gray Iron Castings

ASTM A125-96(R2018), Standard Specification for Steel
Springs, Helical, Heat-Treated

ASTM A126-04(R2019), Standard Specification for Gray
Iron Castings for Valves, Flanges, and Pipe Fittings

ASTM A181/A181M-14(R2020), Standard Specification
for Carbon Steel Forgings, for General-Purpose Piping
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ASTM A182/A182M-21, Standard Specification for Forged
or Rolled Alloy and Stainless-Steel Pipe Flanges, Forged
Fittings, and Valves and Parts for High-Temperature
Service

ASTM A197/A197M-00(R2019), Standard Specification
for Cupola Malleable Iron

ASTM A211-75(R1985), Standard Specification for Spiral-
Welded Steel or Iron Pipe’

ASTM A216/A216M-18, Standard Specification for Steel

ha A d o

perature Service

A217/A217M-20, Standard Specification for Steel

tings, Martensitic Stainless and Alloy, for Pressure-

ntaining Parts, Suitable for High-Temperature

vice

A225/A225M-17, Standard Specification for Pres-

e Vessel Plates, Alloy Steel, Manganese-Vanadium-

kel

A234/A234M-19, Standard Specification for Piping

ings of Wrought Carbon Steel and Alloy Steel for

derate and High-Temperature Service

A242/A242M-13(R2018), Standard Specification

High-Strength Low-Alloy Structural Steel

A283/A283M-18, Standard Specification for Low

Intermediate Tensile Strength Carbon Steel Plates

A285/A285M-17, Standard Specification for Pres-
sulle Vessel Plates, Carbon Steel, Low- and Inter-
mefliate-Tensile Strength

ASTM A350/A350M-18, Standard Specification for.
Carbon and Low-Alloy Steel Forgings, Requiring
Notch Toughness Testing for Piping Components

ASTM A377-18, Standard Index of Specifications for
Du¢tile-Iron Pressure Pipe

ASTM A420/A420M-20, Standard Specification for Piping
Fitfings of Wrought Carbon Steel and Alloy Steel for
Loy-Temperature Service

ASTM A487/A487M-21, Standard-Specification for Steel
Cagtings Suitable for Pressure Service

ASTM A502-03(R2015), Standard Specification for Rivets,
Stepl, Structural

ASTM A515/A515M<17Z,Standard Specification for Pres-
surle Vessel Plates,)Carbon Steel, for Intermediate- and
Higher-Tempeétature Service

ASTM A516/A516M-17, Standard Specification for Pres-
sulle Véssel Plates, Carbon Steel, for Moderate- and
Loyer-Temperature Service

ASTM
Cag
Co
Serq

ASTM
sui
Nid

ASTM
Fit
Mo

ASTM
for

ASTM
and

ASTM

ASTM A984/A984M-03(R2009), Standard Specification
for Steel Line Pipe, Black, Plain-End, Electric-Resis-
tance-Welded®

ASTM A1005/A1005M-00(R2010), Standard Specifica-
tion for Steel Line Pipe, Black, Plain-End, Longitudinal
and Helical Seam, Double Submerged-Arc Welded!

ASTM A1006/A1006M-00(R2010), Standard Specifica-
tion for Steel Line Pipe, Black, Plain-End, Laser Beam
Welded®

r-for Naval

Brass Rod, Bar, and Shapes

ASTM B42-20, Standard Specification for Seamlg
Pipe, Standard Sizes

ASTM B43-20, Standard Specification for Seamless Red
Brass Pipe, Standard Sizes

ASTM B61-15, Standard Specitication for Stear
Bronze Castings

ASTM B62-17, Standard-Specification for Co
Bronze or Ounce Métal Castings

ASTM B68/B68M-19,'Standard Specification fof
Copper Tubg, Bright Annealed

ASTM B75/B75M-20, Standard Specification fof
Copper{Tube

ASTM B249/B249M-20, Standard Specifid
General Requirements for Wrought Co
CGopper-Alloy Rod, Bar, Shapes, and Forging

ASTM B251/B251M-17, Standard Specifid
General Requirements for Wrought Seamle
and Copper-Alloy Tube

ASTM B584-14, Standard Specification for Coj
Sand Castings for General Applications

Publisher: American Society for Testing and
(ASTM International), 100 Barr Harbor D
Box C700, West Conshohocken, PA 194

(www.astm.org)

ss Copper

h or Valve
mposition
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ation for
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rive, P.O.
28-2959

C-6 AWWA

terworks
(100 mm

*AWWA C207-18, Steel Pipe Flanges for W3
Service — Sizes 4 in. Through 144 in.
Through 3,600 mm)

Publisher: American Water Works Association|
6666 West Quincy Avenue, Denver, C
(www.awwa.org)

(AWWA),
0 80235

ASTM A575-20, Standard Specification for Steel Bars,
Carbon, Merchant Quality, M-Grades

ASTM A576-17, Standard Specification for Steel Bars,
Carbon, Hot-Wrought, Special Quality

ASTM A694/A694M-16, Standard Specification for
Carbon and Alloy Steel Forgings for Pipe Flanges,
Fittings, Valves, and Parts for High-Pressure Transmis-
sion Service

L This publication has been superseded, withdrawn, or is no longer in
print.
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of Defects and Causes of Pipeline Failures

GRI-00/0192.04 (2001), GRI Guide for Locating and Using
Pipeline Industry Research. Section 4: Hydrostatic
Testing

GRI-00/0192.05 (2001), GRI Guide for Locating and Using
Pipeline Industry Research. Section 5: Line Pipe

GRI-96/0368 (1996), Guidelines for the Application of
Guided Horizontal Drilling to Install Gas Distribution
Pipe

Publisher: Gas Technology Institute (GTI), 1700 South
Mount Prospect Road, Des Plaines, IL 60018
(www.gastechnology.org)

GRI-00/0192.06 (2001), GRI Guide for Locatingand Using ~ C-8 MSS
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Industry Research. Section 8: Pipeline Repair
S
192.09 (2001), GRI Guide for Locating and Using
e Industry Research. Section 9: Mechanical

192.10 (2001), GRI Guide for Locating and Using
Industry Research. Section 10: Corrosion
192.11 (2001), GRI Guide for Locating and Using
b Industry Research. Section 11: Stress Corro-
hcking

192.12 (2001), GRI Guide for Locating and Using
Industry Research. Section 12: Industry Statis-

192.13 (2001), GRI Guide for Locating and Using
Industry Research. Section 13: Offshore Pipe-

1 92.14 (2001), GRI Guide for Locating and Using
Industry Research. Section 14: In-Line InSpec-

192.15 (2001), GRI Guide for Locating and Using
Industry Research. Section 15%Special Situa-

192.16 (2001), GRI Guide for'Locating and Using
e Industry Research. Section 16: Risk Assess-

192.17 (2001), GRI Guide for Locating and Using
e Industry Reséarch. Section 17: Geographical
tion System§

os for
nents
rities

Valves, Flanges, Fittings, and Other Piping COmpo
— Visual Method for Evaluation of SurfaceIrreguls
MSS SP-61-2019, Pressure Testing of Valves
Publisher: Manufacturers Standardization Society
Valve and Fittings Industry, Inc. fMSS), 127 Park §
NE, Vienna, VA 22180 (www'msshq.org)
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treet,

C-9 OTHER PUBLICATIONS

ANSI Z17.1-1973,, American National Standard for
Preferred Numbers®

Publisher: Anerican National Standards Institute (4
25 West 43rd Street, New York, NY 10036 (ww

si.org)

ANSI),
w.an-

NASTT’s Horizontal Directional Drilling (HDD) —|Good
Practices Guidelines (fourth edition, 2017)
Publisher: North American Society for Trenchless [Tech-

nology (NASTT), 14500 Lorain Avenue, Clevelan
44111 (www.nastt.org)

d, OH

Integrity Characteristics of Vintage Pipelines (2005)

Publisher: The Interstate Natural Gas Association of
America (INGAA), 25 Massachusetts Avenue| NW,
Suite 500N, Washington, DC 20001 (www.ingaalorg)

PRCI PR-227-03110 (PRCI Catalog L52290), Installation
of Pipelines Using Horizontal Directional Drilling— An
Engineering Design Guide (2008)

Publisher: Pipeline Research Council International (1
15059 Conference Center Drive, Suite 130, Chantil
20151 (www.prci.org)

PRCI),
ly, VA
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MANDATORY APPENDIX D
SPECIFIED MINIMUM YIELD STRENGTH FOR STEEL PIPE
COMMONLY USED IN PIPING SYSTEMS®

Seq Tables D-1 and D-2 on the following pages.

1 See para. 841.1.
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Table D-1
Specified Minimum Yield Strength for Steel Pipe Commonly Used in Piping Systems
Type SMYS,

Spec. No. Grade [Note (1)] psi (MPa)
API Spec 5L [Note (2)] A25 LFW, HFW, SMLS, CW 25,400 (175)
API Spec 5L [Note (2)] A LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 30,500 (210)
API Spec 5L [Note (2)] B LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 35,500 (245)
API Spec 5L [Note (2)] X42 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 42,100 (290)
API Spec 5L [Note (2)] X46 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 46,400 (320)
API Spec 51 [Note (2)] X52 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 52;200((360)
API Spec 51 [Note (2)] X56 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 56,600((390)
API Spec 51} [Note (2)] X60 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 60,200((415)
API Spec 51} [Note (2)] X65 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 65,300(450)
API Spec 51} [Note (2)] X70 LFW, HFW, SMLS, SAWL, SAWH, COWLCOWH 70,300((485)
API Spec 51 [Note (2)] X80 LFW, HFW, SMLS, SAWL, SAWH, CQWL, COWH 80,500((555)
ASTM AS53 A ESF 30,000((205)
ASTM AS53 B E S 35,000((240)
ASTM A104 A SMLS 30,000((205)
ASTM A104 B SMLS 35,000((240)
ASTM A104 C SMLS 40,000((275)
ASTM A134 e EFW [Note|(3)]
ASTM A133 A EW 30,000((205)
ASTM A133 B EW 35,000/(240)
ASTM A139 A EEW 30,000((205)
ASTM A139 B EFW 35,000((240)
ASTM A139 C EFW 42,000((290)
ASTM A139 D EFW 46,000|(315)
ASTM A139 E EFW 52,000((360)
ASTM A333 1 SMLS, EW 30,000((205)
ASTM A333 3 SMLS, EW 35,000((240)
ASTM A333 4 SMLS 35,000((240)
ASTM A333 6 SMLS, EW 35,000((240)
ASTM A333 7 SMLS, EW 35,000((240)
ASTM A333 8 SMLS, EW 75,000((515)
ASTM A333 9 SMLS, EW 46,000((315)
ASTM A333 10 SMLS, EW 65,000((450)
ASTM A333 11 SMLS, EW 35,000/(240)
ASTM A381 Class Y-35 SAW 35,000((240)
ASTM A381 Class Y-42 SAW 42,000((290)
ASTM A381 Class Y-46 SAW 46,000((316)
ASTM A381 Class Y-48 SAW 48,000 (330)
ASTM A381 Class Y-50 SAW 50,000 (345)
ASTM A381 Class Y-52 SAW 52,000 (360)
ASTM A381 Class Y-56 SAW 56,000 (385)
ASTM A381 Class Y-60 SAW 60,000 (415)
ASTM A381 Class Y-65 SAW 65,000 (450)
ASTM A381 Class Y-70 SAW 70,000 (485)
ASTM A381 Class Y-80 SAW 80,000 (550)
ASTM A671 EFW [Note (3)]
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Table D-1
Specified Minimum Yield Strength for Steel Pipe Commonly Used in Piping Systems (Cont’d)
Type SMYS,
Spec. No. Grade [Note (1)] psi (MPa)
ASTM A672 EFW [Note (3)]
ASTM A691 EFW [Note (3)]

GENERAL NOTE: This Table is not complete. For the minimum specified yield strength of other grades and grades in other approved specifica-
tions, refer to the particular specification.

NOTES:

(1) Albreviations: SAW = submerged-arc welded; SAWL = SAW with straight seam; SAWH = SAW with helical seam; EFW £ el¢ctric-fusion
welded; EW or E = electric-resistance welded; LFW = EW welded with low frequency; HFW = EW welded with high frequeney;|S or SMLS =
sepmless; CW or F = furnace butt-welded, continuous weld; COW = combination welded; COWL = COW with straight seam;»COWH= COW with
helical seam.

(2) Intermediate grades are available in API Spec 5L.

(3) Sefe applicable plate specification for SMYS.

Table D-2
HDB Values for Thermoplastic Materials
Plastic Pipe Material
Designation (D2513 for PE HDB at 73°F (23°C),
and F2945 for PA-11) psi (MPa)

PA 32312 (PA-11) 2,500 (17.2)

PA 32816 (PA-11) 3,150 (21.7)

PB 2110 2,000 (13.8)

PE 2406 1,250 (8.6)

PE 3408 1,600 (11.0)

PE 2606 1.250 (8.6)

PE 2706 1.250 (8.6)

PE 2708 1,250:(8.6)

PE 3608 1,600 [11.0)

PE 3708 1,600 (11.0)

PE 3710 1,600 (11.0)

PE 4708 1,600 (11.0)

PE 4710 1.600 (11.0)

PVC 1120 4,000 (27.6)

PVC 1220 4,000 (27.6)

PVC 2110 2,000 (13.8)

PVC 2116 3,150 (21.7)

GENERAL NOTES:

(a) Lang“Term Hydrostatic Strength Values for Thermoplastic Pipes

Covered by ASTM D2513. The values apply only to materials
and pipes meeting all the requirements of the basic materials
and ASTM D2513. They are based on engineering test data
obtained in accordance with ASTM D1598 and analyzed in accor-
dance with ASTM D2837. A list of commercial compounds
meeting these requirements is published yearly by the Plastics
Pipe Institute.

(b) HDB Value for Reinforced Thermosetting Pipes Covered by ASTM
D2517. The value is established in accordance with ASTM D2517.
In the absence of an established HDB, the value is 11,000 psi (75.8
MPa).
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MANDATORY APPENDIX E
FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Table H-1 begins on the following page.
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Table E-1
Flexibility Factor, k, and Stress Intensification Factor, i

Stress Intensification
Factor, i [Notes (1), (2)]

[Notes (1), (2), (10)]

Flexibility Flexibility
Factor, Out-Plane, In-Plane, Characteristic,
Description k i, i; h Illustration
~ ry
Welding elbow or pipe bend 1.65 0.75 0.9 T Ry /-IL
[Notes (1)=(5)] — EWP) EWE) — = 2
? 7 h 7 ) T
_ Rq 7bend
radips
Clodely spaced miter bend 1.52 0.9 09 cot O Ts
skry(1+tan @) - — 7 -
[otes (1), (2), (3), (5)] hs/6 h2/3 h2/3 2
Single miter bend or widely
spaced miter bend 1.52 0.9 0.9 1 +,c0t@T
skr,(1+tan6) 5/6 2/3 2/3 5
[Notes (1), (2), (5)] " g g "
Welding tee per ASME B16.9 with
rd = d/8 0.9 39¢ '\ 1 T
]2 15T ! e i 4
[otes (1), (2), (6)] >
Reinpforced fabricated tee with = 1 5/2
0.9 3, . 1 T+ /2t
ppd or saddle [Notes (1), (2), 1 =/ Tady + /a e
N-(9 —
P-on h 7,
Unrginforced fabricated tee 1 0.9 304, T
[fotes (1), (2), (9)] 23 tor g
Extifuded outlep 47
rl = 0.054 0.9 3. 1 )T ] ¥
T} < 15T 1 ) Yalo + 74 I Py - b
2)1 ¢ i
[oteS{1), (2), (6)] W
"o
Welded-in contour insert 4T
ro 2 d/8 0.9 3,01 T VLA
i 1 = Yy i Ya 44— ﬁ
T, > 1.5T 23 " @_‘1r' ro
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Table E-1
Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Stress Intensification

Factor, i [Notes (1), (2)]

Flexibility Flexibility
Factor, Out-Plane, In-Plane, Characteristic,
Description k i, i; h Ilustration
iy
Branch welded-on fitting (inte-
grally reinforced) in accordance 4 0.9 0.9 T ———— - _';Q"‘l_
. = N [ote Rl £
with MBS SP-97 [Notes (1), (2), h2/3 h2/3 v , _L 2
(9, 1]
Flexibility
Factor, Stress Intensification
Description k Factor, i THustration
Butt weld| [Notes (1), (12)]
T 2 0.2B7 in. (6.02 mm), 1 1.0
Omax < Vie in. (1.59 mm),
and 6,,),/T< 0.13 —
T > 0.247 in. (6.02 mm), T j ( T
Smax < 13£n. (3.18 mm), 1.9 max. or - —t -
and 6,,J/T = any value L [0.9 + 2.7(Save/TI], o
T < 0.2B7 in. (6.02 mm), but not less thah
Smax < Y16 in. (1.59 mm), 10
and 8,.4/T < 0.33
1
1.9 max. or —
T
Tapered fransition per ASME D s ¢
B16.25|[Note (1)] 1.3 + 0.0036 =2 + 3.6—
T T
Concentrif reducer per 1
ASME B16.9 [Notes (1), 2.0 max. or T.
1 —
(13)] BRI
Do \/2 T f \O‘Q_L_
Zo2 B
0.5 + 0.0la[ T, ] Doy - L1 [ Dy
Double-wElded slip-on flange 1 12
[Note ([L4)] ’
Socket wglding flange or fitting 1 2.1 max. or 2.1 T /C, but
[Notes [14), (15)] not less than 1.3
Lap joint flange (withW”/ASME
B16.9 lap jojnt'stub) 1 1.6
[Note ([L4)]
Threadedlpipejoint-or T 3
threaded flange [Note (14)] '
Corrugated straight pipe, or
corrugated or creased bend 5 2.5

[Note (16)]
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Table E-1
Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

100
80 Flexibility factor for
elbows, k = 1.65/h
60 e
\ e Flexibility factor for
40 / miters, k = 1.52/h /6
Stress intensificatign
factor, i = 0.9/h /3

Stress intensification
factor, i = 0.75/h%/3

and flexibility factor, k

Stress intensification factor, /,

N
AN

1 AN

0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 06 081.0 16 2
Characteristic, h
Chart A

1.00 /, f
0.75 - /
/

\

0.50

e
0.375 - —
/ ™ 2 Ends flanged ¢4 = h'3

Chart B

T N

NN 1 End flanged ¢4 =h V6

Corr factor, ¢4

0.25

GENERAL NOTE: The stress intensification and flexibility factors from ASME B31] may be used instead of the stress intensification and flexibility
factors herein. When using the stress intensification factors from ASME B31], the maximum of in-plane (i;) and out-plane (i,) stress intensification
factors shall be used in calculating stresses in accordance with para. 833.2 or para. A842.2.2. Alternatively, stress intensification factors and
branch connection flexibility factors may be developed using ASME B31], Nonmandatory Appendix A.

149


https://asmenormdoc.com/api2/?name=ASME B31.8 2022.pdf

ASME B31.8-2022

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

NOTES:
(1) The nomenclature is as follows:

Dy = outside diameter, in. (mm)
d = outside diameter of branch, in. (mm)
R; = bend radius of welding elbow or pipe bend, in. (mm)
rp = radius of curvature of external contoured portion of outlet, measured in the plane containing the axes of the header and branch, in. (mm)
r, = mean radius of matching pipe, in. (mm)
s = Initer spacing at centerline, in. (mm)
T = pominal wall thickness of piping component, in. (mm)
= for elbows and miter bends, the nominal wall thickness of the fitting, in. (mm)
= for welding tees, the nominal wall thickness of the matching pipe, in. (mm)
= for fabricated tees, the nominal wall thickness of the run or header (provided that if thickness is greater than that of matching pipe, in¢reased
hickness must be maintained for at least one run outside diameter to each side of the branch outside diameter); in. (mm)
T. = the crotch thickness of tees, in. (mm)
t, = pad or saddle thickness, in. (mm)
a = feducer cone angle, deg
6 = nismatch, in. (mm)
0 ne-half angle between adjacent miter axes, deg

(2) The flgxibility factor, k, applies to bending in any plane. The flexibility factors, k, and stress intensifieation factors, i, shall not be legs than
unity;|factors for torsion equal unity. Both factors apply over the effective arc length (shown by‘heavy centerlines in the illustrations) for
curvedl and miter bends and to the intersection point for tees. The values of k and 7 can be read\directly from Chart A by entering with the
charagteristic, h, computed from the formulas given.

(3) Wherg¢ flanges are attached to one or both ends, the values of k and i shall be corrected-by,the factors, C,, which can be read directly from
Chart|B, entering with the computed h.

(4) The d¢signer is cautioned that cast buttwelded fittings may have considerably heavier walls than that of the pipe with which they arg used.
Large|errors may be introduced unless the effect of these greater thicknesses'is considered.

(5) Inlarge diameter thin-wall elbows and bends, pressure can significantly affect-the magnitudes of k and i. To correct values from thg table,

dividg k by
73 \L/3
NS
Ee T rn
dividg i by
5/2 2/3
1+325] 2 (2) R
Ee T 1)
wherd

E, = dold modulus of elasticity, psi (MPa)
P = dage pressure, psi (MPa)

(6) If the pumber of displacement.cycles is less than 200, the radius and thickness limits specified need not be met. When the radius and
thicknless limits are not met and the number of design cycles exceeds 200, the out-plane and in-plane stress intensification factors ghall be
calculiited as 1.12/h%/® an@(0.67/h*/3) + Y, respectively.

(7) When|t, > 14T, use h-2&05T/r,.

(8) The njinimum value,of the stress intensification factor shall be 1.2.

(9) Whenjthe branch‘to-run diameter ratio exceeds 0.5, butis less than 1.0, and the number of design displacement cycles exceeds 200, the out-
plane hnd in-planestress intensification factors shall be calculated as 1.8/h*/3 and (0.67/h*/*) + Y, respectively, unless the transitign weld
between thebranch and run is blended to a smooth concave contour. If the transition weld is blended to a smooth concave contour, th¢ stress

qificatioh factors in the table still apply.

(10) ber-of-displacementeyrelesisie harn—200-theradivsand-thickne i pecified-need-not-be-met—When-theradius and
thickness limits are not met and the number of design displacement cycles exceeds 200, the out-plane and in-plane stress intensification
factors shall be calculated as 1.8/h*/° and (0.67/h*/®) + Y, respectively.

(11) The designer must be satisfied that this fabrication has a pressure rating equivalent to straight pipe.

(12) The stress intensification factors apply to girth butt welds between two items for which the nominal wall thicknesses are between 0.875T

and 1.10T for an axial distance of \/D,T. D, and T are nominal outside diameter and nominal wall thickness, respectively. 5,y is the average
mismatch or offset.
(13) The equation applies only if the following conditions are met:
(a) Cone angle o does not exceed 60 deg, and the reducer is concentric.
(b) The larger of D,;/T and D,,/T does not exceed 100.
(c¢) The wall thickness is notless than T throughout the body of the reducer, exceptin and immediately adjacent to the cylindrical portion on the
small end, where the thickness shall not be less than TZ.
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Table E-1
Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOTES: (Cont'd)
(14) For some flanged joints, leakage may occur at expansion stresses otherwise permitted herein. The moment to produce leakage of a flanged
joint with a gasket having no self-sealing characteristics can be estimated by the following equation:

My = (C/4)(S14p - PA)

where
A, = total area of flange bolts, in.? (mm®)

> ide-of-gasket-contaet—in—(mm>)

|C = bolt circle, in. (mm)

., = moment to produce flange leakage, in.-lb (mm-N)
P = internal pressure, psi (MPa)
5, = bolt stress, psi (MPa)

(15) dy is the fillet weld length. For unequal lengths, use the smaller leg for C,.
(16) Hactors shown apply to bending. Flexibility factor for torsion equals 0.9.
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MANDATORY APPENDIX F
EXTRUDED HEADERS AND WELDED BRANCH CONNECTIONS!

(22) F-1 EXTRUDED HEADERS

Definitions and limitations applicable to Figures F-1
through H-4 are as follows:
D = optside diameter of run, in. (mm)

n

ty

= optside diameter of branch pipe, in. (mm)

cprroded internal diameter of run, in. (mm)
cprroded internal diameter of branch pipe, in.
(nm)

cprroded internal diameter of extruded outlet
njeasured at the level of the outside surface of
rfin, in. (mm)

hpight of the extruded lip. This mustbe equal to or
greater than r,, except as shown in limitation (b)
of r,, in. (mm).

hpight of the reinforcement zone, in. (mm)
0J7./dT,

hhlf width of reinforcement zone (equal to D,), in.
(nm)

rqdius of curvature of external contoured portion
of outlet measured in the plane containing the
akes of the run and branch, in. (mm). Thisis
stibject to the following limitations:

(a) Minimum Radius. This dimension shall not
e less than 0.05d, except thaton branch
ameters larger than 30 in. (762 mm), it need
bt exceed 1.50 in. (38.1 mm).

(b) Maximum Radius. For outlet pipe sizes NPS
(DN 200) and larger, this dimension shall not
kceed 0.10d + 0.50nn¢ (0.10d + 12.7 mm). For
itlet pipe sizeg“smaller than NPS 8 (DN 200),
his dimension ‘shall not be greater than 1.25
1. (31.75 mm).

(c) Whenrthe external contour contains more
than one radius, the radius on any arc sector of
pbpreXimately 45 deg shall meet the require-

S Qo

O @ @

—

[s5)

T, = corroded finished thickness of extrudéd putlet
measured at a height equal to rsabovie the
outside surface of the run, in. (mr)

T, = actual thickness of the run wall, not including the
corrosion allowance, in. (mm)

t, = required nominal wall¢hickness of thg run

according to the steel pipe design formtila of
para. 841.1.1, but net including any allowance
for corrosion or_under-thickness tolerange, in.

(mm)

F-2 EXAMPLES-ILLUSTRATING THE APPLICATION

OF THECRULES FOR REINFORCEMENT O
WELDED BRANCH CONNECTIONS

F-2.1.Example 1

An NPS 8 outlet is welded to an NPS 24 header.

F

The

Header material is API Spec 5L X46 with a 0.312 in.
nominal wall thickness. The outlet is API Spg¢c 5L

Grade B (Seamless) Schedule 40 with a 0.372

2 in.

nominal wall thickness. The working pressure if 650
psig. The fabrication is in Location Class 1. Using
para. 841.1, the longitudinal weld joint quality factor,
E, is 1.00. The temperature is 100°F. Design factors F =

0.60, E = 1.00, and T = 1.00. For dimension{
Figure F-6.
F-2.1.1 Header. Nominal wall thickness require
PD 650 X 24

t= = = 0.2
2SFET 2 X 46,400 X 0.60 X 1.00 X 1.00

Excess thickness in header wall:
H—t= 0312 — 0.280 = 0.032 in.

F-2.1.2 Outlet. Nominal wall thickness requirec

, see

80 in.

l:

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

= actual thickness of branch wall, not including

corrosion allowance, in. (mm)

required nominal wall thickness of branch pipe
according to the steel pipe design formula of
para. 841.1.1, but not including any thickness
for corrosion, in. (mm)

! See para. 831.6.

0 QL&D
OS50 O UZ0

T 2x 35,500 X 0.60 X 1.00 X 1.00

tp

Excess thickness in outlet wall:
B —t;, =0.322 — 0.132 = 0.190 in.

Q.
I

7.981 in.

= 0.132 in.

inside diameter of opening = 8.625 - 2 x 0.322
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Figure F-1 Required area:
Limits of Reinforcement Zone Ay = Ag — A — Ay = 2235 — 0255 — 0226

-2
Limits of ¢ = 1.754 in.
reinforcement of branch
zone Use a reinforced plate that is 0.250 in. thick (minimum

frle—ad, practicable) x 15.5 in. in diameter.

Taper bore inside Area = (15.500 - 8.625) X 0.250 = 1.719 in.2

7 diameter (if required)
L to match branch pipe;
N 1 '3 max.taper Fillet welds (assuming two /; In. welds each side):
L
Tro g2 1 e
[._2_.4 _t,__j _ 1,025 x 0.25) X 4 = 0.125n,
I [ Corrosion allowance
D je————r1 =D,
D,
¢ Total A3 provided. 21.844 in.2
See also Figure F-5.
F-2.1M Example IM (22)
F-2.1.3 Reinforcement Required A DN 200 outlet‘is welded to a DN 600 hdader. The

header material is API Spec 5L Grade L320 wlith a 7.92
mm nomjnal wall thickness. The outlet is ARl Spec 5L
Grade 245 (Seamless) with a 8.18 mm nominal wall
thickness. The working pressure is 4.48 MPa. The fabrica-

Ag = dt = 7.981 x 0280 = 2235 in.

F-2.1.4 Reinforcement Provided by Header tiopis'in Location Class 1. Using para. 841.1, the longitu-
5 dinal weld joint quality factor, E, is 1.00. The tegnperature
A= (H-t)d=0032 X 7.981 =0255in. is 37.8°C. Design factors F=0.60, E=1.00,and T { 1.00. For

dimensions, see Figure F-6.

F-2.1.1M Header. Nominal wall thickness rgquired:

F-2.1.5 Effective Area in Outlet PD 4.48 X 609.6
t= = = [7.112 mm
Height L = 2'5B + M(assume Y, in-pad) 2SFET 2 X 320 X 0.60 X 1.00 X 1.00
= (21/2 X 0.322) + 025 Excess thickness in header wall:
= 1.05S in.

H—-t=7925 — 7.112 = 0.813 mm

Lol g _ . _ .
or L 1 27H = 2.5 x 0.312 = 0,7804n. Use L = 0.780 in. F-2.1.2M Outlet. Nominal wall thickness rg¢quired:
, = 2(B — ;)L = 2 X 0.190 X 0.780 = 0.296 in. 448 x 219.1

t, = = 3.339 mm
2 X 245 X 0.60 X 1.00 X 1.00

Y

Thls must be multiplied by 35,500/46,400 [see
para.|831.4.1(f)]. Excess thickness in outlet wall:

Bffectiye W = 0296 X 2200 = 0226 in2 B =t = 8179 = 3.339 = 4840 mm
) d = inside diameter of opening = 219.08 -|2 x 8.179
= 202.72 mm
Figure F-2 F-2.1.3M Reinforcement Required

Method of Establishing T, When the Taper Encroaches on
the Crotch Radius

Ap =dt =202.72 X 7.112 = 1 441.7 mm?

F-2.1.4M Reinforcement Provided by Header
Al = (H — t)d = 0.813 X 202.72 = 164.81 mm>

Y/
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Figure F-3
Example Showing Constant Inside Diameter of Outlet

- . .
|

Reinforcement

c Corrosion allowance

GENERAL NOTE: Illustration is drawn for condition where K = 1.00.

Figure F-4
Example Showing Tapered Inside Diameter of Outlet

ol
'l Reinforcement

/

I'1 >

D Dc Corrosion allowance

GENERAL NOTE: Illustration is drawn for condition where K = 1.00.
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Figure F-5
Rules for Reinforcement of Welded Branch Connections
L =smaller of 27/, H

L 5/\/
or2y, B+M

e p— | g e} e

Area of reinforcement enclosed by = lines.
Reinforcement area required Ag = dt

Area available as reinforcement = Ay + 43 +'Ag

Aj = (H-1t) (d) (If negative, use zerofor value of Aq)
A =2(B-tp)L
Az = summation of area of allladded reinforcement, including

weld areas that lie within the area of reinforcement
Aq + Ay + Az must be eqUal to or greater than Ag

where
B = nominal wall thickness of branch
d = the greater of the length of the finished opening

in the header wall measured parallel to the axis
of/the.run or the inside diameter of the branch
connection
H_='nominal wall thickness of header
M = actual (by measurement) or nominal
thickness of added reinforcement
= required nominal wall thickness of the header
(under the appropriate section of this Code)
tp, = required nominal wall thickness of the branch
(under the appropriate section of this Code)

~

. 41
(/////r //////
! | " 4r A1\ | t L
2z H fe— 0 —te— d ——————]
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Figure F-6
Figure for Examples 1 and 1M

~—— 8.625 in.—————

(219.17 mm)
B=0322in of |« | —~ |~ B=0322in.
(8.179 mm) l«——d =7.981 in. — (8.179 mm)
-4 [~ % (202.72 mm) Az
f i T & I "
Y " 7777777777771 " 1
1 1 J ; T
- A _
f, g | ' R 1| £
= f~—d=7.981 in.—+— d=7.981in. —»] £
a8 | (202.72 mm) (202.72 mm) e
I 2 fe——15.962 in. 3 3
= (405.435 mm) [ e
a

F-2.1.5M Effective Area in Outlet

Height L

orL=2Y%

A2=2

Height L = 21/23 + M (assume 6.35 mm pad)
= (2', x 8.179) + 635 = 26.797 mm

H=25%x7.92=19.812 mm. Use L =19.812 mm.
B — t;)L = 2 X 4.840 X 19.812 = 191.78 mm>

This thust be multiplied by 245/320 [see

para. 831

Require
A3

Use a rq

4.1(6)].

24
Effective A’y = 191.78 X 22 = 14683 mm>
320
d area:
AR — A] — Ay = 1441.7— 164.81 — 146.83

1130.1 mm?

inforced plate thatis 6.35 mm thick (minimum

practicable) x 393.7 mm}in diameter.

Arep = (3937 5219.1) X 6.35 = 1 108.9 mm?

Fillet welds{assuming two 6.35-mm welds each side):

ll/ﬁmﬂ X 6135) X 4=28065mm?

F-2.2 Example 2

An NPS T6 outlet is welded to an NPS 24 header.
12 in.
bc 5L

header material is API Spec 5L X46 with a 0.3
nomin&l wall thickness. The outlet is API Sp
Grade B (Seamless) Schedule 20 with a 0.31
neminal wall thickness. The working pressure i
psig. The fabrication is in Location Class

The

2 in.

5 650
1. By

para. 831.4.2, the reinforcement must be of the conjplete

encirclement type. Using para. 841.1, the longity
weld joint quality factor, E, is 1.00. The temperat
100°F. Design factors F = 0.60, E = 1.00, and T =
For dimensions, see Figure F-7.

dinal

lire is

1.00.

F-2.2.1 Header. Nominal wall thickness required:

PD 650 X 24

2SFET 2 X 46,400 X 0.60 X 1.00 x 1.00

Excess thickness in header wall:
H—t= 0312 — 0.280 = 0.032 in.

F-2.2.2 Outlet. Nominal wall thickness requiredl:

B 650 X 16
2 X 35,500 X 0.60 X 1.00 X 1.00

tp

Total Ay provided = 1 189.5 mm?

See also Figure F-5.

Excess thickness in outlet wall:
B — t;, = 0.312 — 0.244 = 0.068 in.

15.376 in.

156
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80 in.

inside diameter of opening=16.000 — 2 X 0.312
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.2.3 Reinforcement Required

AR = dt = 15.376 X 0.280 = 4.305 in2

F-2.2.4 Reinforcement Provided

(22)

Ap = (H — £)d = 0.032 X 15376 = 0.492in.2

F-2.2.5 Effective Area in Outlet

F-2.2M Example 2M
A DN 400 outlet is welded to a DN 600 he

ader. The

header material is API Spec 5L Grade L320 with a 7.92

mm nominal wall thickness. The outlet is AP

[ Spec 5L

Grade L245 (seamless) with a 7.92 mm nominal wall thick-

ness. The working pressure is 4.48 MPa. The fab

rication is

in Location Class 1. By para. 831.4.2, the reinforcement

must be of the complete encirclement type. U

sing para.

841.1, the longitudinal weld joint quality factor, E, is

or

A

Th
para.

K

Height L = 21/2B + M (assume 5/ 16 in. plate)

= (2.5 X 0.312) + 0.312 = 1.092 in.
3 21/2H = 2.5 X 0.312 = 0.780 in. Use L = 0.780 in.

b, = 2(B — )L = 2 X 0.068 X 0.780 = 0.106 in.>

s must be multiplied by 35,000/46,000 [see
831.4.1(f)].

ffective A’y = 0.106 X 35,500/46,400 = 0.081 in.>

Required area:

A3 =

Ap]

Us
(negl

Usg

Twj

AR — A — Ay = 4305 — 0492 — 0.081 = 3.732 in.>

broximate required thickness of reinforcement:
3.732/(30 — 16) = 0.267 in.

e a2 0.312 in. plate minimum requiredilength
bcting welds):

3.732/0.312 = 11.962 in.

6 + 11.962 28 in. (rounded’to the next higher

whole namber)

a plate that is 28.n. long:
Area = 312 X (28 — 16) = 3.744 in.2

b ¥, incWelds to outlet:

5 x (025 x 0.25) x 2 = 0.063 in.2

1.00. The temperature is 37.8°C. Design~{a
0.60, E = 1.00, and T = 1.00. For dimens
Figure F-7.
F-2.2.1M Header. Nominal wall thickness r
PD 4.48 X 609.6

ctors F =
ions, see

equired:

2SFET 2 X 320 %/ 0.60 X 1.00 X
7.112 mm

Excess thickness in_header wall:
H - t=.7.925 — 7.112 = 0.813 mm

F-2.2.2M/Outlet. Nominal wall thickness r¢
448 X 406.4

2 X245 X 0.60 X 1.00 X 1.00

tp

Excess thickness in outlet wall:
B — t;, =7.925 — 6.193 = 1.732 mm

inside diameter of opening = 406.4 - 2
390.55 mm

F-2.2.3M Reinforcement Required
Ag =dt =390.55 X 7.112 =2 777.6 mn|

F-2.2.4M Reinforcement Provided

Aj=(H-t)d=0813 X 390.55=317.52

F-2.2.5M Effective Area in Outlet
Height L = 21/23 + M (assume 7.94 mm pla
= (2.5X7.92) + 7.94 = 27.75 mm

or

L=2,H=25 x 7.92=19.812mm. Use L = I

.00

quired:

3B mm

x 7.925

[3S)

L

mim

te)

9.812 mm.

Th
Mand

Total A3 provided = 3.807 in2

e use of end welds is optional (see
atory Appendix I, Figure 1-3).

Ay =2(B — t,)L = 2 X 1.732 X 19.812 = 68.63 mm>

This must be multiplied by 245/320 [see

para. 831.4.1(f)].

Effective A’y = 68.63 X 245/320 = 52.54 mm?>
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Figure F-7
Figure for Examples 2 and 2M

jee— 16in.

(406.4 mm)

___..’

B=0.312in. .|| | —{le B=0.3121in.
(7.925 mm) d=15.376in.—=d| (7925 mm)
—a'-t—tb (390.55 mm) Agy
e e ¥, R |5 s - — 4
v - Ay
I P R S,
ﬂ—’ _T'— 1\1::11111/1:5/ “‘_17;_‘:1?
ot TS !
e |l !
Mo | l|
od || | |
[} - | | .=
== S
< - Il - - —_ +H ~—§LQ
> [ | i o
He—d=15376in.—f<—d=15376in.— O

(390.55 mm)

30.752 in.——————ﬁ

(781.1 mm)

(390.55 mm) |

-

|
|
|
|
|
|
T

|
|
|
T

Requirgd area:

A3

Approx

Use a

AR — A — Ay = 2777.6 — 317.52 — 52.54
2407.4 mm?>

mate required thickness of reinforcement;
2407.4/(762 — 406.4) = 6.770 mm

.92 mm plate minimum reguired length

(neglectinjg welds):

4064 +

2407.4/7.92 = 303.96 mm

711.2mnr* (rounded to the next higher

wliole number in U.S. Customary units,

03.96

i.e}; equivalent to 28 in.)

Use a plate that is 711.2 mm long:

Area = 7.92 X (7112 — 406.4) = 2 414.0 mm>

Two 6.35-mm welds to outlet:

1y x (635 x 635) x 2 = 40.32 mm>

Total A3 provided = 2454.3 mm>

The use of end welds is optional

Mandatory Appendix I, Figure I-3).

(see
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MANDATORY APPENDIX G
TESTING OF WELDERS LIMITED TO WORK ON LINES OPERATING
AT HOOP STRESSES OF LESS THAN 20% OF THE SPECIFIED

G-1 ]
(a)

after,
ificat
prodt

(b)
12 (D
the pi
includ

(©)
confo
weldd

(d)
subje
test,
the W
long
Crack
testin
coup

(e)
conn
follov

FEST PROCEDURES

Aninitial test shall qualify a welder for work. There-
the welder's work shall be checked either by requal-
on at 1 yr intervals or by cutting out and testing
ction work at least every 6 months.

The test may be made on pipe of any diameter NPS
N 300) or smaller. The test weld shall be made with
pe in a horizontal fixed position so that the test weld
les at least one section of overhead position welding.

The beveling, root opening, and other details must
rm to the procedure specification under which the
r is qualified.

The test weld shall be cut into four coupons and
cted to the root bend test. If as a result of this
h crack develops in the weld material or between
reld and base metal more than 4 in. (3.2 mm)
n any direction, this shall be cause for rejection.
s occurring on the corner of the specimen’during
g shall not be considered. If not mlorge than one
nisrejected, the weld is to be considéred acceptable.

Welders who are to make welded service line
ections to mains shall berequired to pass the
ing tests satisfactorily:

7) Weld a service line-epnnection fitting to a pipe

n having the same diameter as a typical main.
weld shall be made'in the same position as this
bf weld is made/in’ the field.

?) The weld'shall be tested by attempting to break
tting off the run pipe by any available means
king it ‘off).

A sample shall be rejected if the broken weld at the
junctjon/of the fitting and run pipe shows incomplete

secti
This
type

the f
(knod

-yl
MINIMUM-YI1ELD STRENGTH

employed. This test should not be used as a pubstitute
for the original qualifying test:

Two sample welds made by thie welder undef test shall
be taken from steel servicéline. Each sample shall be cut 8
in. (200 mm) long with’the weld located approximately in
the center. One sample-shall have the ends flattened and
the entire joint siubjected to the tensile strepngth test.
Failure must<be in the parent metal and not adjacent
to or in the weld metal to be acceptable. The second
sample.shall be centered in the guided bend testing
machine\and bent to the contour of the die for p distance
of 2.in*(50 mm) on each side of the weld. The sample to be
aCeeptable must show no breaks or cracks aftdr removal
from the bending machine.

When a tensile strength testing machine is nof
two bend test samples will be acceptable in 1
tension and one bending test.

(g) Tests for Copper Joints. Personnel who a1
on copper piping should pass the following teg
torily.

A brazed or soldered copper bell joint shoul
on any size of copper pipe used, with the axis
stationary in the horizontal position. The joint sq welded is
to be sawed open longitudinally at the top of th¢ pipe (the
top being the uppermost point on the circumstaince at time
joint is brazed). The joint should be spread apprt for ex-
amination. The bell end of the joint must be dompletely
bonded. The spigot end of the joint must give eviflence that
the brazing alloy has reached at least 75% of thd total area
ofthe telescoped surfaces. Atleast 50% of the length at the
top of the joint must be joined.

(h) Records shall be kept of the original te

thcpqnpnf tests conducted on the waork of ea

available,
eu of one

e to work
t satisfac-

1 be made
f the pipe

ts and all
th welder.

fusion, overlap, or poor penetration.

(f) For the periodic checking of welders who work on
small service lines only [NPS 2 (DN 50) or smaller in
diameter], the following special field test may be

1 See para. 823.1.
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