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

unifo
curre
and

Amerijican Society of Refrigeration Engineers and complemented the American Standard Code for Mechani

eratid

Supplements 1 and 2 of the 1942 Code, which appeared in 1944 and 1947, respectively, introduced new di

and

contrpl piping. Shortly after the 1942 Code was issued, procedures were-established for handling inquiries|
explapation or interpretation of Code requirements and for publishing such' inquiries and answers in Mecha
neering for the information of all concerned.

By [1948, continuing increases in the severity of service conditions.combined with the development of new
and designs to meet these higher requirements warranted more(extensive changes in the Code than could be
from supplements alone. The decision was reached by the American Standards Association and the sponsor to

the sq

representatives or to designate new ones.

Bed
assoc|
“men]
sectig

Fol
resul
(@)
(b)
ences
(c)
Arg

was dpproved by, the)sponsor organization and by the American Standards Association. It was finally design

Amer
At
sectig

the applicable parts of Section 2, Gas and Air Piping Systems; Section 6, Fabrication Details; and Section 7, M
: Theirts_fﬁﬁ_rﬁhﬂ1—ﬁ—hﬁﬂ—rf_ﬁpea ications and Identification. The purpose was to provide an integrated document for gas transimi

mem}zership of which consisted principally of Standards Committee officers and section chairmen.

mity among sections, eliminating divergent requirements and discrepancies, keeping-the Code :
tdevelopments in welding technique, calculating stress computations, and including reférence to new di
aterial standards. During this period, a new section on refrigeration piping was prepared in cooperatio|

n. This work culminated in the 1942 American Standard Code for Pressure Piping.

Society of
ommittee
r Pressure

evision of the original tentative standard began in 1937. Several more years of effort were) given t¢ securing

\breast of
mensional
n with the
ral Refrig-

mensional

aterial standards, anew formula for pipe wall thickness, and more comprelensive requirements for instrfment and

ctional committee and its several subcommittees and to invite the various interested bodies to rea

ause of the wide field involved, between 30 and 40 different engineering societies, government bure
ations, institutes, and similar organizations had one or more representatives on the sectional committee,
bers-at-large” to represent general interests: Code activities were subdivided according to the scope of t
ns. General direction of Code activities résted with the Standards Committee officers and an executive ¢

owing its reorganization in 1948, Standards Committee B31 made an intensive review of the 1942
ed in

a general revision and extension of requirements to agree with present-day practice

the revision of references to existing dimensional standards and material specifications and the additio
to the new ones

the clarification of\ambiguous or conflicting requirements

bvision was presented for letter ballot vote of Standards Committee B31. Following approval by thisbody,

ican Standard, with the designation B31.1-1951, in February 1951.
ts annual.meeting on November 29, 1951, Standards Committee B31 authorized the separate publig
noftheCode for Pressure Piping addressing gas transmission and distribution piping systems, to be comp

requiring
hical Engi-

materials
provided

Torganize

firm their
Aus, trade
plus afew
he several
bmmittee,

Code that

n of refer-

the project

ated as an

ation of a
leted with
hterials —

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
i 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.

ssion and

. Anew section committee was organized in 1952 to update Section 8 as necessary to address modern materials and
» methods of construction and operation.
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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 1955 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 issp

The 199

TCIrOoTT

5 Edition ofthe Code was a compilation ofthe 1992 Edition and the subsequent three addenda issued

1992 Editlion.

The 19

issuance ¢f the 1995 Edition.

The 20(
of the 194
The 20(

3 Edition of the Code was a compilation of the 1999 Edition and revisions that occurred following the iss
D9 Edition.
7 Edition of the Code was a compilation of the 2003 Edition and revisions that occurted following the iss

of the 2003 Edition.

The 201

0 Edition of the Code was a compilation of the 2007 Edition and revisions that.occurred following the iss

of the 2007 Edition.

The 201
of the 201
The 201
of the 201
The 201
of the 201
The 201
the 2016
The 207
the 2018

2 Edition of the Code was a compilation of the 2010 Edition and revisions that occurred following the iss
0 Edition.

4 Edition of the Code was a compilation of the 2012 Edition and revisions that occurred following the iss
2 Edition.

6 Edition of the Code was a compilation of the 2014 Edition and-revisions that occurred following the iss
4 Edition.

8 Edition of the Code is a compilation of the 2016 Edition‘and revisions that have occurred since the issua
Edition.

0 Edition of the Code is a compilation of the 2018 Edition and revisions that have occurred since the issua
Edition. ASME B31.8-2020 was approved by ANSI on September 18, 2020.

to the

D9 Edition of the Code was a compilation of the 1995 Edition and the revisions that occurred following the
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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 :lﬂ'pnrh'ng Committee meetings. Fnrrﬂ:pnndpnf‘p 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,
aph number(s), the proposed wording, and a detailed description of thé.reasons for the proposal, includijg any

the paragt
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.

documentation.

iry or

ill be

citing

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

an approvj
immediat

Reques
Code and
Cases. Red

Interpretations. Upon request, the B31 Standards Committee will render an interpretation of any requirement

Code. Inte
Committe

Reques
form is ac
automatid

If the In
Committe
ommende

Subject:
Edition:
Question:

ely 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
he paragraph, figure, or table number(s), and be written as a Question and Reply in the same formatas e
uests for Cases should also indicate the applicable\edition(s) of the Code to which the proposed Case a

rpretations can only be rendered in respdnse to a written request sent to the Secretary of the B31 Stan
.

ressible at http://go.asme.org/lnterpretationRequest. Upon submittal of the form, the Inquirer will rece
e-mail confirming receipt.

quirer is unable to use the online 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 InquirerSubmit his/her request in the following format:

Cite the applicable paragraph number(s) and the topic of the inquiry in one or two v
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 suitak
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

ed revision when the need is urgent, or to provide rules not covered by existing provisions. Cases are effective

the
isting
plies.

of the
dards

s for interpretation should preferably be submitted through the online Interpretation Submittal Form. The

ve an

dards
r rec-

ords.
ted.

le for
gnor
thata

Proposed

Background Information:

“ves” or “na” reply is acceptable
4

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.

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

understanding the inquiry. The Inquirer may also include any plans or drawings that are
necessary to explain the question; however, they should not contain proprietary names or

information.

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

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

Attending Committee Meetings. The B31 Standards Committee regularly holds meetings and/or telepho

ences
Secre

that are open to the public. Persons wishing to attend any meeting and/or telephone conference should.g
tary of the B31 Standards Committee.

ne confer-
ontact the
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INTRODUCTION

1 General. The ASME Code for Pressure Piping
consists of many 1nd1v1dually publlshed sectlons, each

made between contracting parties to use another issue, or
unless the regulatory body havmg ]urlsdlctlon imposes

system of units should be used consistently for re

piping. While safety is the primary consideration, this ments applying to a specific installation. The equatipns in
factor alome will not necessarily govern the final specifica- this Code may be used with any €onsistent system offunits.
tions of any piping installation or operation. The Code is It is the responsibility of the\organization performing
not a design handbook. Many decisions that must be made calculations to ensure that7a consistent system of{ units

is used.
Users of this Code dre cautioned against making yise of
revisions without.dssurance that they are acceptaple to

substitute| for sound engineering judgement by the oper- any authorities ‘of jurisdiction where the piping is to
ating company and designer. be installed.
To the greatest possible extent, Code requirements for The Coderis under the direction of ASME Comrpittee

design are 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 compgonent standards, including dimensional and
mechanicgl property requirements

(b) requirements for designing\components and
assembliefs

(c) reqpiirements and data fer.evaluating and limiting
stresses, rieactions, and moyéments associated with pres-

tion, and industrial practice.
When no Section of the ASME Code for Pressure

sure, temperature changés, and other forces Standards are some of the factors to be considerjed by
(d) guidance and limitations on selecting and applying the user in determining the applicability of any Section
materials,| components; and joining methods of this Code

(e) requirements for fabricating, assembling, and
installing piping
1) reql|urements for examining, inspecting, and testing

dicac caon
€HEeS—€6H

piping

(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

xvi

requirement or recommendation in the main text of
the Code. Nonmandatory appendices, which are
writteninmandatory 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
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must give full particulars. (See Nonmandatory Appendix O
covering preparation of technical inquiries.)

The approved reply to an inquiry will be sent directly to
the inquirer. In addition, the question and reply will be
published as part of an Interpretation Supplement to
the Code Section, issued with the revisions.

Requests for interpretation and suggestions for revision
should be addressed to the Secretary, ASME B31

Committee, The American Society of Mechanical Engi-
neers Tiaza Parle Avrnn--n' Neow Vaorlk NV 10016-5000
Fwro-F we, NewYorkNY-10616-5990-

need for the requirements covered by the Case. The provi-
sions of a Case, however, may be used after its expiration
or withdrawal, provided the Case was effective on the
original contract date or was adopted before completion
of the work, and the contracting parties agree to its use.

Materials are listed in the Stress Tables only when 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-
Cifin data to narmit-actablichmant nl-‘allnnyablc tresses or

T IS 1YV CIT

edata-to-permitestablishmentofallow S
nperature

pressure rating, maximum and minimum. ter

4 Qases. A Case is the prescribed form of reply to an limits, and other restrictions. Additional criteria can be
inquify when study indicates that the Codewordingneeds  foynd in the guidelines for addition ‘of new [materials
clariffcation or when the reply modifies existing require- i, the ASME Boiler and Pressure Vessel Code, Section
ments of the Code or grants permission to use new mate- || (To develop usage and gain experience, unligted mate-
rials |or alternative constructions. The Case will be

rials may be used in accordance with para. 811.2.2.)

publlished on the B31.8 Committee Page at
http:{/cstools.asme.org/. 5 Effective Date. This Edition, when issued, contains
A (fase is normally issued for a limited period, after = new Code provisions-It'is a compilation of|the 2018

-";whicln it may be renewed, incorporated in the Code, or
allowled to expire if there is no indication of further

Edition and revisions to the 2018 Edition.

xvii
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ASME B31.8-2020
SUMMARY OF CHANGES

Following approval by the ASME B31 Committee and ASME, and after public review, ASME B31.8-2020 was approved by
the Amerjcan National Standards Institute on September 18, 2020.

ASME B31.8-2020 includes the following changes identified by a margin note, (20).

Page Location Change
xiv Correspondence With the B31 Added
Committee
xvi Introduction In General, paragraph on units of measure added
1 801.4 Revised
1 802.1 (1) Subparagraphs (b)(11) and (b)(13) revised
(2) Subparagraph (b)(14)-added
2 803.1 Definition of gas revised
803.7 Term block revised by errata to block valve and definition
editorially revised
6 804.7.3 Revised in its €ntirety
8 805.1.4 (1) Definitions of arc weld and seam weld revised
(2) Definition of longitudinal weld joint quality factor, E added
8 805.2.1 Term-stand-up pressure test editorially revised
12 805.2.6 Definition of design life editorially revised
16 814.1.1 References updated
17 816 Second paragraph revised
18 817.1.3 Subparagraph (d) revised
22 825.2 Revised in its entirety
22 825.5 Subparagraphs (a) and (b) revised
23 826.3 Subparagraph (d) revised
26 831.3.1 In subpara. (c), second sentence added
29 831.4.2 Subparagraph (k) added
31 832.3 (1) Subparagraph (e) revised
(2) Subparagraph (h) editorially revised
35 834.5 Subparagraph (a) added and subsequent subparagraphs
redesignated
39 B4T.T.1 In subpara. (a)J nomenclature, definition of £ revised
39 841.1.2 (1) In subparas. (b) and (c), first sentence revised
(2) In subpara. (c)(2), last two paragraphs revised
41 841.1.7 Revised
43 841.1.9 (1) In subpara. (b), “upported” corrected by errata to “supported”
(2) Subparagraph (g)(1) revised
43 Table 841.1.7-1 (1) Title revised
(2) Pipe class entries for API 5L revised
45 841.1.10 In subpara. (c), last sentence added
xviii
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Page Location Change

48 841.2.4 Subparagraph (c)(3) revised
50 841.3.1 (1) Subparagraph (a) revised
(2) Subparagraphs (h) and (i) added
51 841.3.2 Subparagraph (c)(3) revised
64 843.4.5 Revised in its entirety
64 843.4.6 Revised
71 846.1.1 First sentence editorially revised
75 849.1.6 Subparagraphs (e) and (f) added
84 851.4.3 (1) Subparagraphs (c) and (d) revised
(2.) In subpara. (e), fifth sentence editorially revised
87 851.12.1 Subparagraph (b) editorially revised
96 856.1 First paragraph editorially revisd
109 A814.1.1 Revised
11( A825 Deleted
11( A826 Former paras. A826.2, A826.2:1,-A826.2.2, and A-826.2)3
redesignated as A826.3, A826.3.1, A826.3.2, and A83p.3.3,
respectively
111 A840.2 Last sentence added
1113 A842.2.2 In subparas. (c).and-(d), equations revised in their entjrety
117 A844.3 Last sentence ‘added
114 A847.1 Revised
118 A847.4 Revised
121 B826.3 Former paragraph B826.2 redesignated
131 Mandatory Appendix A References updated
137 Nonmandatory Appendix C References updated
141 Table D-1 (1) Entries for Type and SMYS revised
(2)ASTM A3333,ASTM A381,ASTM A671, ASTM A672,arjd ASTM
A691 added to Specs
(3) Note 1 revised in its entirety
144 Table E-1 (1) General Note added
(2) Last column head editorially revised
(3) Under description, ninth entry revised
149 F-2 (1) Paragraphs F-2.1, F-2.1M, F-2.2, and F-2.2M revised|in their
entirety
(2) Titles added to Figures F-1, F-2, F-3, F-4, F-6, and §-7
(3) General Note deleted from Figure F-3
158 Mandatory Appendix [ Term sketch revised as illustration throughout
164 Figure I-5 Mlustration (g) revised
19 Figure R Hlustration{b)-captienrevised by-errata
Xix
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General Provisions and Definitions

801 GENERAL 802 SCOPE AND INTENT
801.11 Approved Standards and Specifications 802.1 Scope (20)
Stapdards and specifications approved for use under (a) This Code covers the design, fabrication, installa-

this Code and the names and addresses of the sponsoring  tion, inspection, and testing of pipeline faciljties used
orgarfizations are shown in Mandatory Appendix A. It is for the transportation of gas. This Code alfo covers
not considered practicable to refer to a specific edition of =~ safety aspects of the operation’ and maint¢nance of
each pf the standards and specifications in the individual ~ those facilities. (See Mandatory Appendix Q [for scope

Code |paragraphs. diagrams.)
. . This Code is concerned 'only with certain safgty aspects
801.2 Use of Standards and Specifications of liquefied petroleuna gases when they are vapgorized and
Incorporated by Reference used as gaseous fuels. All of the requirements of NFPA 58

and NFPA 59 and of this Code concerningdesign|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.
801.3 Standard Dimensions (2) piping with metal temperatures abgve 450°F

(232°C). (For low-temperature considerations, see
Adherence to American National Standards Institute section 812.)

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.

(ANS]) dimensions is strongly recommended wherever (3) piping beyond the outlet of the customgr's meter
practicable. Paragraphs or notations specifying these set assembly. (Refer to ANSI Z223.1/NFPA 54)
and pther dimensional standards in-this Code, (4) pipingin oil refineries or natural gasoljne extrac-
however, shall not be mandatory, provided that other  tjon plants, gas treating plant piping other tha;} the main
designs of at least equal strength and tightness,  gasstream pipingin dehydration, and all other grocessing
capable of withstanding the sametest requirements,  plants installed as part of a gas transmission system, gas
are spbstituted. manufacturing plants, industrial plants, or mines. (See
. other applicable sections of the ASME Code for Pressure
(20) 801.4 Units of Measure Piping, B31.)

This Code states values in both USC and SI units. Within (5) vent piping to operate at substantiglly atmo-
the tejxt, the SI units are shown in parentheses or in sepa-  spheric pressures for waste gases of any kind
rate tables. The values stated in each system are not exact (6) wellhead assemblies, including control valves,
equivialents;ttherefore, each system of units should be flow lines between wellhead and trap or sepgrator, off-
used independently of the other. When separate equations ~ shore platform production facility piping, or dasing and
arep tubing in gas or oil wells. (For offshore platform produc-
exec gvaria : : ton-facility piping—see-APFRPI4E:
specific equation. The results obtained from execution of (7) the design and manufacture of proprietary items
these equations may be converted to other units. of equipment, apparatus, or instruments.

When necessary to convert from one system of units to (8) the design and manufacture of heat exchangers.
another, conversion should be made by rounding the  (Refer to appropriate TEMA? standard.)
values to the number of significant digits of implied preci- (9) liquid petroleum transportation piping systems.

sion in the starting value, but to not less than four signifi- ~ (Refer to ASME B31.4.)
cant digits for use in calculations. For factors used in ~ ———
. . . BPV Code references here and elsewhere in this Code are to the ASME
converting USC units to SI units, see Nonmandatory .
Boiler and Pressure Vessel Code.

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

Copyright ASME International
Provided by IHS Markit under license with ASME
No reproduction or networking permitted without license from IHS


https://asmenormdoc.com/api2/?name=ASME B31.8 2020.pdf

ASME B31.8-2020

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

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

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

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

(14) hydrogen piping systems. (Refer to ASME

industrial safety procedures pertaining to work areas,
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

B31.12.)

802.2 Inkent

802.2.1 Adequacy for Normal Conditions. The re-
quirements of this Code are adequate for safety under
conditions usually encountered in the gas industry. Re-
quirements for all unusual conditions cannot be specifi-
cally proviided 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 bge undertaken using supervisory personnel
having the 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 standards expressed or implied herein.

802.2.2
specifies
ments.

(a) For|design and construction, a designer may choose
to use a mpore rigorous analysis to develop designm and
constructjon requirements. When the designer decides
to take thiis approach, the designer shall provide to the
operating company details and calculations showing
that design, construction, examination; and testing are
consistent with the criteria of this Code. These details
shall be adequate for the operating company to verify
the validity of the approach and shall be approved by
the operating company. The ‘details shall be documented
in the engineering design,

(b) For operation (and maintenance, an operating
company |[may choose*to use a more rigorous analysis
to develop operation and maintenance requirements.
When the operating company decides to take this
approach/ the-operating company shall provide details
and calculati
tices are consistent with the objectives of this Code. The
details shall 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

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

as provided for in Chapter V.

802.2.5 Application to Existing Facilities:Provjsions
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. Individuals who performinSpections shall be|qual-
ified by training and/or éxperience to implement the

applicable requirements,and recommendations df this
Code.

802.2.7 Furtherdnformation. For further infor

concerning pipeline integrity, see the nonman
supplement ASME B31.8S.

ation
tory

802.3 ©Offshore Gas Transmission

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

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.

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

gas: as used in this Code, any hydrocarbon vapor or
mixture of hydrocarbon vapors suitable for use fas, or
for processing into, domestic or industrial fyel or
process feedstock and transmitted or distributed fo the
user through a piping system. The common typg¢s are
natural gas, manufactured gas, and liquefied petr¢leum
gas distributed as a vapor, with or without the admixture

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 istapped while it isunder 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 bu tan e or isobutene ),
butylene

(20)
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(including isomers), propane, propylene, and ethane. LPG
can be 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.

operating company: as used in this Code, is the individual,
partnership, corporation, public agency, owner, agent, or
other_entity responsible for the design, construction,

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

pipeline section: a continuous run of pipe between adjacent
compressor stations, between a compressor station and a
block valve, or between adjacent block valves.

segment: alength of pipeline or part of the system that has
unique characteristics in a specific geographic location.

inspelction, testing, operation, and maintenance of the
pipeline facilities.

operdltor: see operating company.

parallel encroachment: as used in this Code, is the portion
of thelroute of a pipeline or main that lies within, runs in a
generfally 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 petroleum
prodycts.

pipelipe: all parts of physical facilities through which gas
movep in transportation, including pipe, valves, fittings,
flanggs (including bolting and gaskets), regulators, pres-
sure yessels, pulsation dampeners, relief valves, appurte-
nanc¢s attached to pipe, compressor units, metering
facilities, pressure-regulating stations, pressure-limiting
statigns, pressure relief stations, and fabricated asseni-
blies. [Included within this definition are gas transmission
and gpthering lines, which transport gas from production
facilities to onshore locations, and gas storage equipment
of thg closed pipe type that is fabricated or forged from
pipe ¢r fabricated from pipe and fittings:

private rights-of-way: as used in this-Code, are rights-of-
way rlot located on roads, streets, or highways used by the
publig, or on railroad rights-of-way.

pipelipe system: either the operator's entire pipeline infra-
structure or large portions.of that infrastructure that have
defingble starting and stopping points.

system: see pipeline system.

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

vaultjanunderground structure that may be entered and
that ib-desiene N L I
(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.

storage field: a geographic field containing a‘wgll or wells
that are completed for and dedicated to’sybsurface
storage of large quantities of gas for laterrecovery, trans-
mission, and end use.

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

transmission system: one_0r‘more segments of pipeline,
usually interconnected-to form a network, that fransports
gas from a gathering syStem, the outlet of a gas processing
plant, or a storage field to a high- or low-presspure 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 sefvice 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 setfassembly.
[See para. 802.1(b)(3).]

high-pressure distribution system: a gas distribuffion piping
system that operates at a pressure higher thar the stan-
dard service pressure delivered to the customer. In such a
system, a service regulator is required on each sprvice line
to control the pressure delivered to the customer.

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

g 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
one or more of the following criteria:
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(a) transports 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 to a distribution system

(2) the point where accumulation and preparation of
gas from separate geographic production fields in reason-
able proximity has been completed

(b) tra ithi
productign or gathering uses such as compressor fuel
gas, gas lift, heating, or other processes, the source of
which is within the gathering system (i.e., upstream of

a transmigsion system).

i (c) is ip conformance with the definition for onshore
-gathering lines as defined in API RP 80. Refer to
;?Figures Q1 and Q-2 for additional clarifications.

j;§803.5 Mjscellaneous Systems

;control piping: all piping, valves, and fittings used to inter-
{connect ajr, gas, or hydraulically operated control appa-
ratus or ihstrument transmitters and receivers.

gas processing plant: a facility used for extracting commer-
cial prodycts from gas.

instrumenft piping: all piping, valves, and fittings used to
connect ifstruments to main piping, to other instruments
and appafatus, or to measuring equipment.

production facility: piping or equipment used in produc-
tion, extraction, recovery, lifting, stabilization, separation;
treating, associated measurement, field compression, gas
lift, gas irfjection, or fuel gas supply. Production facility
piping or ¢quipment must be used in extracting petroleum
liquids or hatural gas from the ground and preparing it for
transportation by pipeline.

sample piging: all piping, valves, and fittings used to collect
samples df gas, steam, water, or ail.

803.6 Mpters, Regulators; and Pressure Relief
Stations

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

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

normal pressure conditions prevail, the pressure-limiting
station may exercise some degree of control of the flow of
the gas or may remain in the wide open position. Included
in the station are piping 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.

pressure-regulating station: consists of equipment
installed for automatically reducing and regulating the
pressure in the downstream pipeline or main to yhich
it is connected. Included are piping andcauxfliary
devices such as valves, control instruments, cqntrol
lines, the enclosure, and ventilation equipmeént.

pressure relief station: consists of equipment instaited to
vent gas from a system being protected to prevent the gas
pressure from exceeding a predetermined limit. The gas
may be vented into the atmosphere or into a lower|pres-
sure system capable of safely absorbing the gas |being
discharged.Includedinthestationare pipingand auxiliary
devices, such as valves,control instruments, controlllines,
the enclosure, and ventilating equipment, installed in
accordance withthe pertinent requirements of this Code.

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

803.7 Valves

blockvalve: avalve 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
reverse direction.

curb valve: a stop valve installed below grade in a s¢rvice
line ator near the property line, accessible through g curb
box or standpipe, and operable by a removable Key or
wrench for shutting off the gas supply to a buillding.
This valve is also known as a curb shutoff or curb|cock.

excess flow valve: avalve designed to automatically stop or
limit the flow in a gas service line when the gas flow
exceeds the maximum anticipated flow during nprmal
operations.

service line valve: a stop valve readily operable and acces-
sible for shutting off the gas to the customer's fuel ling. The
fthe

cfnp valve should belocatedinthe serviceline ahead

fuel line.

monitoring regulator: a pressure regulator installed in
serieswith 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 ofequipment thatunder
abnormal conditions will act toreduce, restrict, or shut off
the supply of gas flowing into a system to prevent the gas
pressure from exceeding a predetermined value. While

service regulator orahead ofthe meter, ifaregulator isnot
provided. The valve isalso known as a service line shutoff,
service line cock, or meter stop.

stop valve: see block valve.

(20)
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803.8 Gas Storage Equipment

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

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

nectefl pipe containers installed at one location and used
only for storing gas.

804 PPIPING SYSTEMS COMPONENT DEFINITIONS
804.1 Plastic Terms and Definitions

plastic (noun): a material that contains as an essential
ingreflient an organicsubstance of high to ultrahigh mole-
cularweight, is solid inits finished state, and at some stage
of itsjmanufacture or processing can be shaped by flow.
The tyvo generaltypes of plasticreferred to in this Code are
thermoplastic and thermosetting.

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

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

804.2 Iron Terms and Definitions

castiron: shall apply to gray castiron, thatisyacast ferrous
material in which a major part of the _carbon content
occurp as free carbon in the form of-flakes interspersed
throughout the metal.

ductile iron: sometimes called hodular iron, a cast ferrous
matefial in which the free graphite present is in a spher-
oidal form, rather than aflake form. The desirable proper-
ties ¢f ductile iron_ are*achieved by chemistry and a
ferritjzing heat treatment of the castings.

804.3 General Terms and Definitions

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

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

pipe: atubular product, including tubing, made for saleas a
production item, used primarily for conveying a fluid and
sometimes for storage. Cylinders formed from plate
during the fabrication of auxiliary equipment are not
pipe as defined herein.

diameter: the as-produced or as-specified outside
diameter of the pipe, not to be confused with the dimen-
sionless NPS (DN). For example, NPS@2 (DN 300) pipe has
a specified outside diameter of 12.750 in. (328.85 mm),
NPS 8 (DN 200) has a specifiedoutside 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 appropriaté number [e.g, NPS 1% (DN 40), NPS
12 (DN 300)}.'See ASME B36.10M, page 1 for pdditional
informatign‘en NPS.

length:apiece of pipe of the length delivered from the mill.
Each'pieceis called alength, regardless of its actyial dimen-
sion!This is sometimes called joint, butlength is preferred.

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

nominal wall thickness, t: the wall thickness corhputed by
or used in the design equation in para. 841.1.1 or
A842.2.2(a) in Chapter VIII. Under this Code,|pipe may
be ordered to this computed wall thicknesf without
adding allowance to compensate for the underthickness
tolerance permitted in approved specifications.

804.6 Mechanical Properties

specified minimum elongation: the minimum ¢longation
(expressed in percent of the gage length) in the tensile
test specimen, prescribed by the specificatigns under
which the material is purchased from the manufacturer.

specified minimum tensile strength: expressed jn pounds
per square inch (MPa), the minimum tensil¢ strength
prescribed by the specification under whigh pipe is
purchased from the manufacturer.

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

cold expanded pipe: seamless or welded pipe thatis formed
and then cold expanded while in the pipe mill so that the
circumference is permanently increased by atleast 0.50%.
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yield strength: expressed in pounds per squareinch (MPa),
the strength at which a material exhibits a specified
limiting permanent set or produces a specified total elon-
gation under load. The specified limiting set or elongation
is usually expressed as a percentage of gage length. Its
values are specified in the various material specifications
acceptable under this Code.

804.7 Steel Pipe

804.7.1] Carbon Steel.” By common custom, steel is
considerged to be carbon steel when no minimum
content i specified or required for aluminum, boron,
chromium, cobalt, molybdenum, nickel, niobium, tita-
nium, turxgsten, 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 0.60
Manganese 1.65
S{licon 0.60

In all carbon steels, small quantities 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 are considered as incidental and are
not normally determined or reported.

804.7.2 Alloy Steel.* By common custon, steel is
consideref to be alloy steel when
(a) thejmaximum of the range given for:the content of
alloying elements exceeds one or more.of the following
limits:

Element Percentage
Cppper 0.60
Manganese 1.65
S{licon 0.60

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

(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
it idably
present in alloy steels. In many applications, thege are
not considered to be important and are not, spefified
or required. 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
names of welded joints are used herein according to
their common usage as defined in API 5L or AWY A3.0
or as specifically defined as follows:

(aJ.combination-welded (COW) pipe: pipe having ¢ne or
two straight seams or one helical seam, produced by a
c¢ombination of gas metal-arc and submergef-arc
welding wherein the gas-metal arc weld bead isnot{com-
pletely removed by the submerged-arc welding passes. A
typical specification is API 5L.

(b) electric-fusion welded (EFW) pipe: pipe havingfa lon-
gitudinal (straight or helical) butt joint wherein cpales-
cence is produced in the preformed tube by manfal or
automatic electric-arc welding. The weld may be ingle
or double pass and may be made with or withopt the
use of filler metal. Typical specifications are ASTM
A134 and ASTM A139, which permit single or dpuble
welds with or without the use of filler metal. Addifional
typical specifications are ASTM A671, ASTM A672, and
ASTM A691, which require both inside and oytside
welds and the use of filler metal. The most common
type of electric-fusion welded pipe is submerggd-arc
welded (SAW) pipe, which is described in (g), and has
typical specifications of ASTM A381 and API 5L.

within the limits of the recognized field of constructional
alloy steels:

(1) aluminum

(2) boron

(3) chromium (up to 3.99%)

(4) cobalt

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

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

{c)electric-inductionwelded (EVj piper pipetaving 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
edges to be welded are mechanically pressed together and
the heat for welding is generated by the resistance to flow
of electric current applied by induction (no electric
contact) or conduction. Typical specifications are ASTM
A53, ASTM A135, ASTM A333, and API 5L.

(20)
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(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 5L.

(2) low-frequency welded (LFW) pipe: EW pipe
produced with a welding current frequency less than
70 kHz as stated in API 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

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

805.1 General
805.1.1 Area

class location: a geographic area along the pipeline clas-
sified according to the number and proximity of buildings
intended for human occupancy and other characteristics
that are considered when prpqrrihing dpqign actors for

electrjc-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-
weldpd by the mechanical pressure developed in
rollirlg the hot-formed skelp through a set of round
pass [welding rolls. Typical specifications are ASTM
A53 gnd API 5L.

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

(9)| submerged-arc welded (SAW) pipe: pipe having one
or twp straight seams, or one helical seam, produced by
the ?bmerged-arc welding process. At least one

submgrged-arc welding pass is made on the outside of
the plipe. In addition, there is at least one additional
SAW |pass on the inside of the pipe, which results in
pipe sometimes described as double submerged-arc
welded (DSAW) pipe. The SAW process.produces
melting and coalescence of metals by, heating them
withgnarcor arcs between a bare metalicorisumable elec-
trode| or electrodes and the work, Wherein the arc and
molt¢n metal are shielded by (@ blanket of granular
flux. Pressure is not used and part or all of the filler
metal is obtained from the eléctrodes. Typical specifica-
tions jare ASTM A381 and\API 5L. API 5L also allows two
straight seams for pipe diameters greater than or equal to
36 in{ (914 mm).

NOTE] Information-en historic pipe manufacturing processes,
including legacy/seams such as lap welded, electric-flash
weldédd, single submerged-arc welded, etc., can be found in
ASME|Research Report, CRTD Vol. 43, “History of Line Pipe
Manuflacturing in North America.”

construction, operating pressures, and methods of testing
pipelines and mains located in the area and applying
certain operating and maintenance requirements.

location class: see class location.

right-of-way (ROW): a strip ofyland on which [pipelines,
railroads, power lines, roads, highways, gnd other
similar facilities are constructed. The ROW dgreement
secures the right to_pass over property dwned by
others. ROW agreements generally allow thle right of
ingress and egress\for the operation and majntenance
of the facility, .and the installation of the fag¢ility. The
ROW widthl\can vary with the construction arld mainte-
nance requirements ofthe facility's operator and is usually
determined based on negotiation with the affefted land-
owner by legal action, or by permitting authority.

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

805.1.3 Plastic Terms and Definitions

adhesivejoint: ajoint made in plastic piping bythle use ofan
adhesive substance that forms a continuous bonfl between
the mating surfaceswithoutdissolving either one of them.

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

heat-fusion joint: a joint made in thermoplastid piping by
heating the parts sufficiently to permit fusion of the mate-
rials when the parts are pressed together.

hydrostatic design basis (HDB): one of a serie§ of estab-
lished stress values (specified in ASTM D2§37) for a
plastic compound obtained by categorizing|the long-
term hydrostatic strength determined in a¢cordance

804.8
For plastic pipe, see para. 805.1.3.

with ASTM D2837. Established HDBs are listed in PPI
TR-4.

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.
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standard dimension ratio (SDR): the ratio of outside pipe
diameter to wall thickness of thermoplastic pipe. It is
calculated by dividing the specified outside diameter of
the pipe by the specified wall thickness.

805.1.4 Fabrication Terms and Definitions

arc weld: a weld made by one of a group of welding
processes that produces coalescence of metals by
heating them with an arc. The processes are used with
or withop application—o
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(A),
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 in the
erected cpndition, thus compensating partially for the
effects prioduced by the expansion due to an increase
in temperature. Cold-spring factor is the ratio of the
amount off cold spring provided to the total computed
temperatyre expansion.

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

girth weld: a complete circumferential butt weld joining
pipe or cgmponents.

heat treatinent: heating and cooling a solid metal or:alloy
in such a yay as to obtain desired properties. Heating for
the sole gurpose of hot working is not considered heat
treatment. If a weldment is heated and cooled in a
controlled manner, then the term “postweld heat treat-
ment” is ysed.

from the electrode and sometimes from a supplemental
source (welding rod, flux, or metal granules).

tie-in: a connection where a gap is left to divide a pipeline
into test sections, or to install a pretested replacement
section, or in the continuousline constructionatalocation
such as a river or highway crossing.

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

weld—aloea d-eoa e meta nmetals
produced either by heating the materials tp the
welding temperature, with or without thecappligation
of pressure, or by the application of pressure plone
and with or without the use of filler material.

welder: one who performs manudler semiautomatic
welding.

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

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

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

wrought: metal in the solid condition that is formef 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

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

hydrostatic test: a pressure test using water as thge test
medium.

hydrotest: see hydrostatic test.

internal design pressure: see design pressure.

seam weld: the longitudinal (straight or helical) seam in , ,
pipe, made inGé® pipe mill for the purpose of making a maximum allowable operating pressure (MAOP)): the
comi)lete iveular cross section maximum pressure at which a pipeline system mlay be

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 abare metal electrode or electrodes
and the weld pool. The arc and molten metal are shielded
by a blanket of granular flux on the workpieces. The
process is used without pressure and with filler metal

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
normal operating cycle.

(20)
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normal operating pressure: the predicted pressure (sum of
static head pressure, pressure required to overcome fric-
tion losses, and any back pressure) at any pointin a piping
system when the system is operating under a set of
predicted steady-state conditions.

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

(U.S. Customary Units)

PD
Sy = ——
H ™=

(SI Units)
PD
Spy =
H ™5 o000t

maximum allowable hoop stress: the maximum hoop stress

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

pressure test: a means by which the integrity of a piece of
equipment (pipe) is assessed, in which the item is filled
with a fluid, sealed, and subjected to pressure. Itis used to
validate integrity and detect construction defects and
defective 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 o1 gas as the test medium.

805.2.2 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.

grourld temperature: the temperature of the earth at'pipe
depth.

minimum design temperature: the lowest_anticipated
material temperature during servicesThe user of this
Codeis cautioned that ambient and-gperating tempera-
ture ¢onditions may exist during construction, start-up,
or shptdown that require special design considerations
or operating restrictions.

tempprature: expressediin degrees Fahrenheit (°F)
[degrgees Celsius (°C)1:
80%.2.3 Stress-Terms and Definitions

bendipg stress<the force per unit area acting at a point
along the length of a member resulting from the
bend1ng moment applied at that point.

depends on the material used, the location efthg pipe, the
operating conditions, and other limitations”i
the designer in conformance with this Gode.

permitted by this €ode forthedesignmofa pipiu}system. It

posed by

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

residual stress: stress presentin an objectin 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 af supports,
and at connections to the pipe.

stress:*the internal resistance of a body to an jexternally
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 increase in stress.

stress concentrator: see stress concentration.

stress level: the level of tangential or hoop strefs, usually
expressed as a percentage of specified minithum yield
strength.

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

805.2.4 Construction, Operation, and Majntenance
Terms and Definitions
abandoned: permanently removed from servide.

actionable anomaly: an anomaly that may excegd accept-
able limits based on the operator's anomaly and pipeline
data analysis.

anomaly: an unexamined deviation from the nofm in pipe

material coatinas or walds.
I £ ARG S

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

hoop stress, Sy [psi (MPa)]: the stress in a pipe of wall thick-
ness, t [in. (mm)], acting circumferentially in a plane per-
pendicular to the longitudinal axis of the pipe, produced by
the pressure, P [psig (kPa)], of the fluid in a pipe of
diameter, D [in. (mm)]; it is determined by Barlow’s
formula:

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

backfill: material placed in a hole or trench to fill excavated
space around a pipeline or other appurtenances.

certification: written testimony of qualification.

consequence: the impact that a pipeline failure could have
on the public, employees, property, and the environment.
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crack: very narrow, elongated defect caused by mechan-
ical splitting into parts.

defect: a physically examined anomaly with dimensions or
characteristics that exceed acceptable limits.

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

discontinuity: an interruption of the typical structure of a
material, such-as-alackof neity-init ]

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

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

homagoa cmnchanicn
t kofhemegeneity-initsmeehanieal;
metallurgical, or physical characteristics. A discontinuity
is not nedessarily 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.

experiencg: work activities accomplished in a specific non-
destructive testing (NDT) method under the direction of
qualified supervision including the performance of the
NDT method and related activities but not including
time spent in organized training programs.

failure: a general term used to imply that a part in service
has become completely inoperable; is still operable but is
incapable|of satisfactorily performing its intended func-
tion; or hgs deteriorated seriously, to the point that it has
become I}Treliable or unsafe for continued use.

severity, and determimning tite Tesutting imtegrity pf the
pipeline through analysis.

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

mechanical damage: a type of metal damage in a plpe or
pipe coating caused by the application ofan externalfforce.
Mechanical damage can include denting, coating rerhoval,
metal removal, metalgmovement, cold working of the
underlying metal, puncturing, and residual stresses.

mitigation: the limitation or reduction ofthe probabillity of
occurrence of expected consequence for a partjcular
event.

nondestructive examination (NDE): a testing method, such
as radiographic, ultrasonic, magnetic, liquid pengtrant,
visual, leak, eddy current, or acoustic emission{ or a
testing technique, such as magnetic-flux lea,t(age,
magnetic-particle inspection, shear-wave ultrasongic, or
contact compression-wave ultrasonic.

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

a crack aq a result of repeated cycles of stress. nondestructive testing (NDT): see nondestructive examnina-
fracture tgughness: the resistance of a material t¢ fail from tion (NDE).

the extension of a crack. pig: a device run inside a pipeline to clean or inspeft the

gouge: mgchanically induced metal loss that'causes loca-
lized elongated grooves or cavities in"a'metal pipeline.

grinding: femoval of material by abfasion, usually utilizing
a rigid abfasive carrier, such as a)disk.

imperfectipn: an anomaly with.characteristics that do not
exceed acpeptable limits¢

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

indicationf a finding of a nondestructive testing technique
or method that-deviates from the expected. It may or may

pipeline, or to batch fluids.

pig trap: anancillary item of pipeline equipment, sudhas a
launcher or receiver, with associated pipework and
valves, for introducing a pig into a pipeline or remjoving
a pig from a pipeline.
pigging: the use ofany independent, self-contained dgvice,
tool, or vehicle that moves through the interior of the pipe-
line for inspecting, dimensioning, cleaning, or drying.

edge,
ning,
perly

qualification: demonstrated and documented know
skills, and abilities, along with documented tra
experience, or both, required for personnel to prd

not be a defeet

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
defects.

fi:n-service pipeline: a pipeline that contains natural gas to
be transported. The gas may or may not be flowing.

inspection: the use ofa nondestructive testing technique or
method.

10
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rupture: a complete failure of any portion of the pipeline
that allows the product to escape to the environment.

scraper trap: see pig trap.

slug: a volume of liquid or gas, completely filling the cross
section of the pipe.
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survey: measurements, inspections, or observations
intended to discover and identify events or conditions
that indicate a departure from normal operation or un-
damaged condition of the pipeline.

training: an organized program developed to impart the
knowledge and skills necessary for qualification.

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

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

crevice corrosion: localized corrosion of a metal surface at,
or immediately adjacent to, an area that is shielded from
full exposure to the environment because of close proxi-
mity of the metal to the surface of another material.

curing: a chemical process of developing the intended
properties of a coating or other material (e.g., resin)

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

80%.2.5 Corrosion Control Terms and Definitions

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

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

over a period of time.
current: a flow of electric charge.

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

depolarization: the removalof factors resisting the current
in an electrochemical cell:

dielectric coating: a codting that does not condyct electri-
city.
dissimilar metals:” different metals that could form an
anode-cathode relationship in an electrolyte when

many| individual anodes. connected<by a metallic path.

cathodic protection (CP): a technique to reduce the corro- electric\potential: a voltage difference existing between
sion qf a metal surface by making that surface the cathode ~ twg,points, such as the pipe and its environment.

of an|electromechanical cell. electrical interference: any electrical disturbance on a
cell: a4 system consisting of an anode and a cathode metallic structure in contact with an electrolyte caused

immersed in an electrolyte so as to create an electrical
circuit. The anode and cathode may be different metals

by stray current(s).

electrical isolation: the condition of being electritally sepa-

or digsimilar areas on the same metal surface. rated from other metallic structures or the environment.
coating: a liquid, liquefiable, or mastic compesition that,  gjectrochemical cell: see cell.
after [application to a surface, is converted.into a solid

ctive, decorative, or functional adherent film.
g also includes tape wrap.

prots
Coati

coating system: the complete number and types of coats
applig¢d to a substrate in a predetermined order. (When
used fin a broader sense, surface preparation, pretreat-
ment§, dry film thickness/and manner of application
are irjcluded.)

corrofion: the deterigration of a material, usually a metal,
that results frem.an electrochemical reaction with its en-
vironment,

corrokion fatigue: fatigue-type cracking of metal caused by
repedted or fluctuating stresses in a corrosive environ-

ct with an
rred to or

electrode: a conductor used to establish conta
electrolyte and through which current is transfg
from an electrolyte.

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

epoxy: type of resin formed by the reaction of a
aromatic polyols (like bisphenol) with epichl
and characterized by the presence of reactiv
end groups.

iphatic or
prohydrin
e oxirane

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

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

corrosion rate: the rate at which corrosion proceeds.

11

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.

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

foreign structure: any metallic structure that is not
intended as a part of a system under cathodic protection.
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galvanic anode: a metal that provides sacrificial protection
to another metal that is more noble when electrically
coupled in an electrolyte. Thistype ofanodeis the electron
source in one type of cathodic protection.

galvanic corrosion: accelerated corrosion of a metal
because of an electrical contact with a more noble
metal and/or a more noble localized section of the
metal or nonmetallic conductor in a corrosive electrolyte.

graphitization: the formation of graphite in iron or steel,

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 electrode/electrolyte inter-
face.

protective coating: a coating applied to a surface to protect
the substrate from corrosion or other damage.

usually frpbm decomposition of iron carbide at elevated
temperatures. This should not be used as a term to
describe graphitic corrosion.

holiday:
exposes

discontinuity in a protective coating that
protected surface to the environment.

hydrogen|embrittlement: a loss of ductility of a metal
resulting 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 thatis external to the electrode
system. (4n example is direct current for cathodic protec-
tion.)

impressed|current anode: an electrode suitable for use as
an anode| when connected to a source of impressed
current, which is generally composed of a substantially
inert matdrial that conducts by oxidation of the electrolyté
and, for this reason, is not corroded appreciably.

intergranylar corrosion: preferential corrosion atoralong
the grain boundaries of a metal (also known as intercrys-
talline cogrosion).

ion: an elgctrically charged atom or group of atoms.

metal loss{any of a number of types.of afiomalies in pipe in
which mdtal has been removed from the pipe surface,
usually dye to corrosion or gouging.

noble: the| positive direction of electrode potential, thus
resembling noble metals,such as gold and platinum.

overvoltage: the change in potential of an electrode from
its equilibrium o6r*steady-state value when current is

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

Fesistivity:

(a) the resistance per unit length of a substancg with
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 protec-
tion current). Resistivity data ane.used to dedign a
groundbed for a cathodic protection System.

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

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

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

stress corrosion cracking (SCC): a form of environmental
attackofthe metal involving aninteraction ofalocal ¢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,
selected to verify that a replaceable or permanent cqmpo-
nent is suitable for the anticipated period of sefvice.
Design life may not pertain to the life of a pigeline
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 mate-
rial returns to its original dimensions without any pgrma-

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.

engineering assessment: a documented assessment using
engineering principles of the effect of relevant variables
upon service or integrity of a pipeline system and

(20)
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conducted by or under supervision of a competent person
with demonstrated understanding of and experience in
the application of engineering and risk management prin-
ciples related to the issue being assessed.

engineering critical assessment: an analytical procedure
based upon fracture mechanics that allows determination
of the maximum tolerable sizes for imperfections, and
conducted by or under supervision of a competent
person with demonstrated understanding of and experi-

B31.8 piping systems should have a written Quality Assur-
ance system in accordance with applicable documents.
Registration or certification of the Quality Assurance
system should be by agreement between the contracting
parties involved.

807 TRAINING AND QUALIFICATION OF
PERSONNEL

ence [in the application of the engineering principles
relatdd to the issue being assessed.

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

probdbility: the likelihood of an event occurring.

risk: 4 measure of potential loss in terms of both the inci-
dent probability (likelihood) of occurrence and the magni-

Each operating company shall have ‘a program to
manage the 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 tasks shall
include operating, mainténance, and construction activ-
ities that could impactthe safety or integrity of p pipeline.

(b) For each task covered by the progran, identify

tude pf the consequences. abnormal operating conditions, and desfribe the
span:|a section of the pipe that is unsupported. process used/to ensure that individuals wh¢ perform
these tasks.are able to recognize and react to syich condi-

strain: the change in length of a material in response to an
applied force, expressed on a unitlength basis [e.g.,, inches
per innch (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

shall r shall not: used to indicate that atprovision is man-

tions. An‘abnormal operating condition is defindd in ASME
B31Q as a condition that may indicate a malfunction of a
component or deviation from normal operationf that may
(1) indicate a condition exceeding design limits
(2) result in hazard(s) to persons, property, 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
(1) initial qualification

datory. (2) subsequent or ongoing qualification

shoulll, should not, or it is recommended: used to indicate (3) suspension or revocation of qualifications

that 4 provision is not manddtory but recommended as (4) reinstatement of qualifications

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

806 QUALITY ASSURANCE (f) Establish a process to periodically evaluate the

Quplity Contrel-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
systel D . sriodic audits a
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,
assembly, erection, inspection, examination, testing,
installation, operation, and maintenance application for

e 13

effectiveness of the qualification program,
provisions for updating the program base
results of effectiveness appraisals.

(g) Describe how program requirements arg commu-

including
d on the

() Identify the documentatio 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
in procedures established for operating and maintenance
functions. The training shall be comprehensive and
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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.

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
mateftials 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
FEQUIPMENT
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 rg¢ferenced in this Code butthatdo not conform to the
standards and are relatively-unimportant from a safety
standpoint because of thejr’small size or because of
the conditions under which they are to be used

(d)| items of a typé for which no standard or specifica-
tion ik referenced'in'this Code (e.g, gas compressor)

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

(f) lunidentified or used pipe

811.2 Procedures for Qualification

811.2.2 Nonconformance (Important Itéms). Impor-
tant items of a type for which standards or; spefifications
are referenced in this Code, such as‘pipe, valves, and
flanges, but that do not conform to standards o1 specifica-
tionsreferenced in this Code [para.811.1(b)] shall be qual-
ified as follows:

A material conforming tora written specifi
does not vary substantially from a reference
or specification and.that meets the minimu
ments of this Code with respect to quality of|materials
and workmanship may be used. This paraggaph shall
not be constrifed to permit deviations that wjould tend
to affect weldability or ductility adversely. If the devia-
tions tend to reduce strength, full allowance for the reduc-
tion shall be provided for in the design.

tion that
standard
require-

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

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

(b) they are used at unit stresses not greater
of those allowed by this Code for comparable

(c) their use is not specifically prohibited by

than 50%
materials
this Code

811.2.4 No Standards or Specifications Régferenced.
Items of a type for which no standards or spefifications
are referenced in this Code [para. 811.1(d)] anfl proprie-
tary items [para. 811.1(e)] may be qualified by the user
provided

(a) the user conducts an investigation an
needed) that demonstrate that the item of material 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

1 tests (if

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 [para. 811.1(a)]
may be used for appropriate applications, as prescribed
and limited by this Code without further qualification. (See
section 814.)
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pressure relief devices)

811.3 Unidentified or Used Pipe

Unidentified or used pipe [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
9°C), a fracture control program shall be estab-
e program shall address parent materials, the

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

Providgd the manufacturer's fracturetoughnesstesting
of refererice material (material standards and specifica-
tions referenced in Mandatory Appendix A or
Nonmandatory Appendix C) is performed at or below
the pipeline minimum design temperature and meets
the requiements 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 by Charpy testing at or below the minimum
design temperature.

813 MARKING

standardg and specifications to which the items were
manufactpired or ih‘accordance with the requirements
of MSS SH-25.

813.2 Dip Stamping

(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,
incluading e-aceepta o—thi e—shalnot 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 gaidelines 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 referencegl, 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 5L
ASTM A53/A53M

Line Pipe
Steel, Black and Hot-Dipped,

Zinc-Coated, Welded and
Seamless Pipe

ASTM A106/A106M Seamless Carbon Steel Pige for

High-Temperature Serv

ASTM A134 Steel, Electric-Fusion (Arc)-
Welded Pipe (Sizes NPY 16
and Over)

ASTM A135/A135M Electric-Resistance-Welded
Steel Pipe

ASTM A139/A139M Electric-Fusion (Arc)-Welded

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
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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

(20)
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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

ASTM A672/A672M

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 III.

815 EQUIPMENT SPECIFICATIONS

Temperatures Except for the piping components and structural mate-

ASTM_AG91/AG91M Carhon and Allaw Stee] Pine rials listed in Mandatory Appendix A and Nonmandatory

7 Electric-Fusion-Welded .for Appendix C, it is not intended to include in [this Code

High-Pressure Service at High complete specifications for equipment. Certdin details

Temperatures 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

(b)| Cold expanded pipe shall meet the mandatory re-  herein, particularly if they<affect the safdty of the

quirements of API 5L. piping system in which.they are to be insftalled. In

814.1.2 Ductile Iron Pipe. Ductile iron pipe manufac- other cases where .this COdf? gives no_speciﬁ_cations for

tured|in accordance with ANSI A21.52, Ductile-Iron Pipe, the part1cu¥a_r equlpmfent item, the intent i3 that the

Centrjfugally Cast, for Gas, may be used. safety provisions of this Code shall govern, nS(_)far as

they are applicable. In any case, the safety of gquipment

814.1.3 Plastic Pipe and Components installed in@ piping system shall be equivalent to that of
(a)| Plastic pipe and components manufactured in other pareg of the same system.

accorflance with the following standards may be used:
(1) For polyethylene (PE) pipe, use 816, TRANSPORTATION OF LINE PIPE
Provisions should be made to protect the pipe, bevels,
ASTM D2513  Polyethylene (PE) Gas Pressure Pipe, corrosion coating, and weight coating (if applicqble) from

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 Fjttings

(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 A3/of that specification.

814

(a)| In addition to complying with the provisions of
para.|8141)3, the user shall thoroughly investigate the
specif L . "
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.

.1.4 Qualification of Plastic Piping Materials
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damage during any transportation (highway, rgil, 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 5L[I, APl RP
5L1 or API RP 5LW, as applicable. Where it is nqt possible
to establish that pipe wasloaded and transported in accor-
dance with the above referenced recommendeg practice,
the pipe shall be hydrostatically tested for atleagt 2 hr to at
least 1.25 times the maximum allowable operdting pres-
sure ifinstalled in a Class 1 Location, or to atleast 1.5 times
the maximum allowable operating pressure ifingtalled ina
Class 2, 3, or 4 Location.

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

aportion
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 iscommensurate 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

(20)
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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

(a) carpful visual examination indicates that it is in
good conldition 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
prescribed in para. 817.1.3(e)

(20) © 817.1.3| Midrange Hoop Stress Service Level [Greater
-Than 6,000 psi (41 MPa) but Less Than 24,000 psi (165
‘MPa)]. Unjidentified steel pipe and unidentified new steel
Z_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
dimits:
" (a) Inspection. 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) Bephding Properties. For pipe NPS 2 (DN 50) and
smaller, 3 sufficient length of pipe shall be bent cold
through 9p degaround acylindricalmandrel, 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
prescribed in Mandatory Appendix H shall be made. The
pipe shallfmeet 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 strength.

(c) Determination of Wall-Thickness. Unless the nominal
wall thickness is known with certainty, it shall be deter-
mined by measuring the thickness at quarter points on one
end of each piece of'pipe. If the lot of pipe is known to be of
uniform grade; size, and nominal thickness, measurement
shall be made on not less than 10% of the individual

(d) Longitudinal Weld Joint Factor, E. If the type of lon-
gitudinal joint can be determined with certainty, the corre-
sponding longitudinal weld joint quality factor, E
(Table 841.1.7-1 in Chapter IV), may be used. Otherwise,
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

ith-requirements—o 04—TFhe-qualifyring weld
shall be made under the most severe conditionsypinder
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’requiregents
set forth in API 1104 are met. Atceast 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 testiwill be required for|each
400 lengths of pipe. If in testing the weld the requirenents
of API 1104 cannot be inet, the weldability may be ¢stab-
lished by making chemical tests for carbon and mangpnese
(see para.823.2,3),and proceeding in accordance with the
provisions of¢he/BPV Code, Section IX. The number of
chemical tests shall be the same as required for cifcum-
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 of Yield Strength. When the manufac-
turer's specified minimum yield strength, tensile str¢ngth,
or elongation for the pipe is unknown, and no phlysical
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 API 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 random.

(3) If the yield-tensile ratio exceeds 0.85, the pipe
shall not be used, except as provided in para. 817|1.2.

(h) SValue.For pipe of unknown specification, the 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.

lengths, but not Tess than 10 lengths; thickness of the
other lengths may be verified by applying a gage set to
the minimum thickness. Following such measurement,
the nominal wall thickness shall be taken as the next
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.
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Table 817.1.3-1 Tensile Testing

Lot

Number of Tensile Tests, All Sizes
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

10 lengths or less
11 to 100 lengths

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 orused 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 thereuse of the pipe in the sameline or in aline 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-

TIT

ification—and-all-used-pipe—the

ipe—thestrength-ef-whichis
impaijred 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
beingplaced in service. The test pressure used shall estab-
lish tHe maximum allowable operating pressure, subject to
limitdtions described in para. 841.1.3.

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

(1) where the operating hoop stress exceeds 40%
SMYS| for NPS 16 and larger
?) where the operating hoop stress exceeds 72%

dance with para. 841.3.4 or 841.3.5.

817.2.2 Known Specifications. Used pipe jof known
specifications may be reused in accordance with{the provi-
sions and specifications of para. 842.1provided a careful
inspection indicates the pipe isisound and pg¢rmits the
makeup of tight joints.

817.3 Reuse of Plastic Piping

Used plastic pipe ‘and tubing of known spefifications
and dimensions-that have been used in ndtural gas
service onlydnay be reused, provided that jall of the
following are true:

(a) ltméetstherequirements of ASTM D2518 or ASTM

SMYS. for sizes smaller than NPS 16 (Class 1 Division 1 F2945 for new thermoplastic pipe or tubing] or ASTM
locatipns) . .

(B) where the minimum design temperature is belo D2a1¥ for new thermosetting pipe.
~20°F (_;vgcc) fnimu 18 P uret w (b) A careful inspection indicates thatitis fre¢ of visible

defects.
(c) ltisinstalled and tested in accordance wiith the re-
quirements of this Code for new pipe.

19
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Chapter Il
Welding

820 WELDING

This Ch
both wro
welded a
and fittin
slip-onfla
lines and
Chapter d
the manu

apter addresses the welding of pipe joints in
ght and cast steel materials and covers butt-
d fillet-welded joints in pipe, valves, flanges,
bs, and fillet-welded joints in pipe branches,
hges, socket weld fittings, etc., as applied in pipe-
connections to apparatus or equipment. This
oes not apply to the welding of the seam in
facture of pipe.

821 GENERAL

When vilves or equipment are furnished with welding
ends suitable for welding directly into a pipeline, the
design, composition, welding, and stressreliefprocedures
must be shich 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 proee-
dure qualffication requirements of this Code. The welds
may be prpduced by position welding or roll welding, or a

combination of position and roll welding,

8212 W

Prior t¢ welding of any pipe,-piping components, or
related equipment covered by this-Code, a welding proce-
dure shall] be established and’qualified. Each welder or
welding dperator shall be.qualified for the established
procedur¢ before performing any welding on any pipe,
piping components;or related equipment installed in
accordande with this’ Code.

lding Procedure

821.3 Weld Acceptance

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 1104 shall be used.
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821.4 Welding Qualifications

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

821.5 Welding Safety

Prior to welding in or aroGnd a structure of
containing gas facilities, a.thorough check shj
made to determine the passible presence ofa combu
gas mixture. Welding shall begin only when safe
tions are indicated.

821.6 Welding-Terms

Definitions pertaining to welding as used in this
conform to the standard definitions established
American Welding Society and contained in AWS

822 PREPARATION FOR WELDING
822.1 Butt Welds

(a) Some acceptable end preparations are sho
Figure 1-4.

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

822.2 Fillet Welds

Minimum dimensions for filletweldsused in the

shall

area
1l be
stible
rondi-

Code
y the
A3.0.

vn in

ns for
PSS Or

aftach-
ment of slip-on flanges and for socket welded joinﬁts are

shown in Figure I-6. Similar minimum dimensions fo
welds used in branch connections are shown in Figuy
and I-2.

822.3 Seal Welds

rfillet
esl-1

. Seal

welding of threaded joints is permitted, but the seal

welds shall not be considered as contributing to the

strength of joints.
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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

Welders whose work is limited to piping operating at

months or more. All welders shall be requalified at least
once each year.

823.4 Qualification Records

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

hoop
minimum yield strength shall be qualified under any of
the references given in para. 823.2.1 or in accordance
with Mandatory Appendix G.

stress levels of less than 209% of the cpnriﬁnd

Requirements for Qualifying Procedures
and Welders on Piping Systems Operating at
Hoop Stresses of 20% or More of the
Specified Minimum Yield Strength

823.2

- 823.2.1 Qualifying Standards. Welding procedures
‘and welders performing work for new construction
iand qut-of-service pipelines shall be qualified under
the BPV Code, Section IX or API 1104. For in-service
welding, welding procedures and welders shall be qual-
ified inder Appendix B of API 1104. Procedures qualified
under Appendix B are suitable for weld deposition repair,
provifled the procedure is appropriate for the remaining
wall thickness to which it is being applied.

823.2.2 Compressor Station Piping. When welders
qualified under API 1104 are employed on compressor

rs. The references given in para. 823.2.1 contain
bns titled “Essential Variables” applicable to
br qualification. These §hall be followed, except
that for purposes of this Code, all carbon steels that
have [a carbon contentnot exceeding 0.32% by heat
analyis and acarbonequivalent (C + %,Mn) not exceeding
0.65% by heat analysis are considered to come under
material groupingP=No. 1. Alloy steels having weldability
charagcteristicsShown to be similar to these carbon steels
shall|be ywelded, preheated, and stress relieved as
prescribed-herein for such carbon steel. There may be

Slgnlf_r‘anf differences-inthe base metal cf—rnngfh encom

secti
weld

tests.

824 PREHEATING
824.1 Carbon Steels

Carbon steels having a e¢arbon 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 thle welding
procedure. Preheating shall also be required|for steels
having lower,cdrbon content or carbon equivalents
when the welding procedure indicates that| chemical
composition,dmbientand /or metal temperaturg, material
thickness, or weld-end geometry require such freatment
to produce satisfactory welds.

In excess

824.2 Dissimilar Materials

When welding dissimilar materials having different
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 th¢ tempera-
ture does not fall below the prescribed minimyim during
the actual welding operations.

824.4 Temporary Monitoring

The preheating temperature shall be checked
of temperature-indicating crayons, thermocouy
eters, or other suitable methods to ensurg
required preheat temperature is obtained pr
maintained during the welding operation.

by the use
le pyrom-

that the
or to and

825 STRESS RELIEVING

passed by these P-No. 1 materials, and although itis notan
essential variable to welder qualification, it may require
separate procedure qualification in accordance with para.
823.2.1.

823.3 Welder Requalification Requirements

Welder requalification tests shall be required if there is
some specific reason to question a welder's ability or if the
welder is not engaged in a given process of welding for 6
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825.1 Carbon Steels

Welds in carbon steels having a carbon contentin excess
0f 0.32% (ladle analysis) or a carbon equivalent (C + %,Mn)
in excess of 0.65% (ladle analysis) shall be stress relieved
asprescribedinthe BPV Code, Section VIII. Stress relieving
may also be advisable for welds in steel having lower
carboncontentor carbon equivalent when adverse condi-
tions cool the weld too rapidly.
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825.2 Wall Thickness

Welds in all carbon steels shall be stress relieved when
the nominal wall thickness exceeds 1Y, in. (32 mm),
except the stress relieving requirements may be
waived if it can be shown that a satisfactory weldment
is produced without the use of postweld heat treatment.
Such a demonstration shall be conducted on materials and
under conditions that simulate, as closely as practical, the
actual production welding as described in the welding

(b) When stressrelieving takes place in a joint between
dissimilar metals having different stressrelieving require-
ments, the material requiring the higher stress relieving
temperature shall govern.

(c) The parts heated shall be brought slowly to the
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 wall thickness, but in no

case less than 1/2 hr, and shall be allowed to cool
zand 1l

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 metallurgical
and mechgnical properties are within the limits specified
for the bdse materials and intended service, and

(b) an ¢ngineering analysis is conducted to ensure that
the mechdnical properties of the weldment and the resi-
dual stresses without postweld heat treatment are satis-
factory for the intended service. In some cases,
measurement of residual stresses 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 used in applying the rules in paras. 825.1
and 825.7 shall be

(a) thelthicker of the two parts being joined, measured
at the weld joint

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

825.4 Dissimilar Materials

If either
requires
relieving,

material in welds between dissimilarmaterials
stress relieving, the joint shall\require stress

825.5 Connections and Attachments

All welding of connections*and attachments shall be
stress reljeved when thejpipe is required to be stress
relieved By the rules ¢f*para. 825.3, with the following
exceptions:

(a) fillgt welds'riot over % in. (13 mm) leg size that

attach connections not over NPS 2 (DN 50) pipe size has been accomplished.
(b) groEve welds not over % in. (10 mm) groove size
that atta 826 WELD INSPECTION REQUIREMENTS

attachments

825.6 Stress Relieving Temperature

(a) Stress relieving shall be performed at a tempera-
ture of 1,100°F (593°C) or greater for carbon steels,
and 1,200°F (649°C) or greater for ferritic alloy steels.
The exact temperature range shall be stated in the proce-
dure specification.
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825.7 Methods of Stress Relieving

(a) Heat the complete structure as aunit!

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

(c) Heat a part of the work by‘slowly heating a ci
ferential band containing the-weld at the center. The
of the band that is heated-to the required temperature
shall be at least 2 in~(51 mm) greater than the width
of the weld reinforcement. Care should be taken to
obtain a uniform temperature around the entire circum-
ference ofthe 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 re:Eeved

Id or
other

"cum-
width

by‘heating a circumferential band around the pipe on
which the branch or attachment iswelded with the aftach-
ment at the middle of the band. The width of the band shall
be at least 2 in. (51 mm) greater than the diameter pf the
weld joining the branch or attachment to the headef. The
entire band shall be brought up to the required tenjpera-
ture and held for the time specified.

825.8 Equipment for Local Stress Relieving

(a) Stress relieving may be accomplished by electric
induction, electric resistance, fuel-fired ring burners,
fuel-fired torches, or other suitable means of heating,
provided that a uniform temperature is obtainef and
maintained during the stress relieving.

(b) The stress relieving temperature shall be checked

by the use of thermocouple pyrometers or other sujitable
equipment to ensure that the proper stress relieving cycle

826.1 Visual Inspection

Visual inspection of welds must be conducted by a
person qualified by appropriate training and experience.
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826.2 Inspection of Welds on Piping Systems
Intended to Operate at Hoop Stress Levels of
Less Than 20% of the Specified Minimum
Yield Strength

The quality of welds shall be checked visually on a
sampling basis, and defective welds shall be repaired
or removed from the line.

826.:

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

(a)| The quality of each weld shall be examined by visual
inspeftion.

(b)] In addition, a certain percentage of the welds shall
be examined through radiographic examination, ultra-
sonic|testing, magnetic-particle testing, or other compar-
able @nd acceptable methods of nondestructive testing.
The frepanning method of nondestructive testing is
prohipited.

The following minimum number of field butt welds shall
be selected on a random basis by the operating company
from pach day's construction for examination. Each weld
so selected shall be examined over its entire circumfer-
ence ¢r else the equivalent length of welds shall be exam-
ined if the operating company chooses to examine only d
part ¢f the circumference of each. The same minimum
percentages shall be examined for double ending atrail-
head jor yard.

(i1) 10% of welds in Location Class 1;
() 15% of welds in Location Class 2.
(13) 40% of welds in Location Class. 3.

(4) 75% of welds in Location Class 4.

(5) 100% of the welds in compressor stations and at
major or navigable river crossings, major highway cross-
ings, and railroad crossings, if practical, but in no case less
than 90%. All tie-in welds not subjected to a pressure
proof test shall be examined.

(c) All welds that are inspected must either meet the
standards of acceptability of API 1104 or be appropriately
repaired and reinspected. The results of the inspection

(d) Whenradiographic, ultrasonic, or magnetic particle
examination is used, a procedure meeting/the require-
ments of API 1104 shall be followed.

(e) When pipe size isless than NPS® (DN 150), or when
the construction projectinvolvessuch a limited humber of
welds that nondestructive inSpection would He imprac-
tical, and the pipe is inténded to operatg at hoop
stress levels of 40% ortless of the specified minimum
yield strength, then provisions (b) and (c) are not man-
datory, provided the welds are inspected viqually and
approved by a qualified welding inspector.

(f) In addition to the nondestructive inspgction re-
quirements outlined above, the quality of welds shall
be continually controlled by qualified personrel.

827 REPAIR OR REMOVAL OF DEFECTIVE WELDS
IN PIPING INTENDED TO OPERATE AT HOOP
STRESS LEVELS OF 20% OR MORE DF THE
SPECIFIED MINIMUM YIELD STRENGTH

Defective welds shall be repaired or removed]Ifarepair
is made, it shall be in accordance with API 1104. Welders
performing repairs shall be qualified in accordance with
para. 823.2.
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Chapter lll
Piping System Components and Fabrication Details

830 GEN

(a) Th¢ purpose of this Chapter is to provide a set of
standards| for piping systems covering
(1) specifications for and selection of all items and
accessorig¢s thatare a part of the piping system, other than
the pipe itself
(2) dcceptable methods of making branch connec-

ERAL

tions

(3) provisions to care for the effects of temperature
changes

(4) approved methods for support and anchorage of

exposed dnd buried piping systems

(b) Thik Chapter does not include
(1) pipe materials (see Chapter I)
(2) welding procedures (see Chapter II)

esign of pipe (see Chapter IV)

(6) special conditions for sour gas application-(see
Chapter IX)

831 PIPING SYSTEM COMPONENTS

All confponents of piping systems;-ineluding valves,
flanges, fittings, headers, special assemblies, etc., shall
be desigan in accordance withthe’applicable require-
ments ofthis section and recognized engineeringpractices
to withstand operating pressures and other specified
loadings.

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

831.1 Valves and

831.1.1 Valves Without Threads. Valves shall conform
to standards and specifications referenced in this Code
and shall be used only in accordance with the service rec-
ommendations of the manufacturer.

(a) Valves manufactured in accordance with the
following standards may be used:
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API 6A Specification for Wellhead apnd

Christmas Tree Equipment
API 6D/ISO 14313
ASME B16.33

Specification for Pipeline Vallves

Manually Opérated Metallic
Valves for(Use in Gas Pipi
Systemsup to 175 psi (Si
NPSY%, Through NPS 2)

Valves — Flanged, Threaded
Welding End

Large Metallic Valves for Gals
Distribution: Manually
Operated, NPS 21/2 (DN 6
NPS 12 (DN 300), 125 psig
bar) Maximum

Gas

g
es

ASME B16.34 and

ASME B16.38

b) to
(8.6

ASME B16.40 Manually Operated
Thermoplastic Gas Shutoffs and
Valves in Gas Distribution

Systems

MSS SP-70 Gray Iron Gate Valves, Flanged

and Threaded Ends

Gray Iron Swing Check Valvgs,
Flanged and Threaded Ends

Gray Iron Plug Valves, Flanged
and Threaded Ends

MSS SP-71

MSS SP-78

(b) Valves having shell (body, bonnet, cover, a

conforming to ASME B16.1, ASME B16.33, A
B16.34, ASME B16.38, ASME B16.40, or API 6
14313 may be used at pressures not exceeding 8
the pressure ratings for comparable steel valyes at
their listed temperature, provided the pressure| does
X 000 D S00~KRP [ ng1s not
employed on any ductileiron componentin the fabrication
of the valve shells 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
stations.

831.1.2 Threaded Valves. Threaded valves shall be
threaded according to ASME B1.20.1, API 5L, or API 6A.

ptexceed 1,000 psig (6 900 KPa), anmd weld

’

24
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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-
mance 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-
turer’s written specification.

correspond to the inside diameter of the pipe used.
For permissible welding end treatment, see Figure I-5.

(f) Cast iron, ductile iron, and steel flanges shall have
contact faces finished in accordance with MSS SP-6.

(g) Nonferrous flanges shall have contact faces finished
in accordance 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 inner edge

831.7 Fltanges : g asket, the
. bolting may be of alloy steel (ASTM A19B). When

831.2.1 Flange Types and Facings using a ring gasket, the bolting shall be(ofcarbon steel,
(a)| The dimensions and drilling for all line or end equivalent to ASTM A307 Grade B, without heatftreatment

flangg¢s shall conform to one of the following standards:

other than stress relief.

(i) When bolting together twp, €lass 250 iptegral or

ASME B16.1 Gray Iron Pipe Flanges and threaded companion cast iron flanges havipg ¢ in.
Flanged Fittings: Classes 25, (1.6 mm) raised faces, thie’bolting shall be pf carbon
125, and 250 steel equivalent to ASTMVA307 Grade B, without heat
- : treatment other than stress relief.
ASME B16.5 Pl};ﬁéﬁl;%&;;;(};?}?fgjgh (i) Class 150 steel'flanges may be bolted to|Class 1125
NPS 24 Metric/Inch cast iron flanges. When such construction is used, the 76
Standard in. (1.6 mm}raised face on the steel flang¢ shall be
i i removed{When bolting such flanges togethg¢r using a
ASME B16.24 Cast Copper Alloy Pipe Flanges ot ring.gasket extending to the inner edge df the bolt
and Flanged Fittings: Classes holes; the bolting shall be of carbon steel equivalent to
150, 300, 600, 900, 1500, ASTM A307 Grade B, without heat treatmgnt other
and 2500 than stress relief. When bolting such flangeg together
ASME B16.42 Ductile Iron Pipe Flanges and using a full-face gasket, the bolting may be 3lloy steel
Flanged Fittings: Classes 150 (ASTM A193).
and 300 (k) Class 300 steel flanges may be bolted to|Class 250
ASME B16.47 Large Diameter Steel Flanges: cast iron flanges. Where such construction is|used, the
NPS 26 Through.NPS 60 bolting shall be of carbon steel, equivalent{ to ASTM
Metric/Inch Standard A307 Grade B, without heat treatment other than
ASME B31.8, Table I-1 Lightweight Flanges stress relief. Good practice indicates that the raised

MSS [SP-44 Steel Pipeline Flanges

Flahges cast or forged integral with pipe, fittings, or
valvep 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
presspre classes covered by these standards.

(c) | Lapped flanges are permitted in sizes and pressure

face on the steel flange should be removed, Hut also in
this case, bolting shall be of carbon steel equivalent to
ASTM A307 Grade B.

(1) Forged steel welding neck flanges having
diameter and drilling the same as that of ASME B16.1, but
with modified flange thickness, hub dimendions, 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 castiron pipe flanges, provided

(1) the minimum flange thickness, T, is nof less than
that specified in Mandatory Appendix I for lightweight

hn outside

classesestablished i ASME-B16:5:

(d) Slip-on welding flanges are permitted in sizes and
pressure classes established in ASME B16.5. Slip-on
flanges of rectangular section may be substituted for
hubbed slip-on flanges, provided the thickness is
increased as required to produce equivalent strength
as determined by calculations made in accordance with
the BPV Code, Section VIII.

(e) Welding neck flanges are permitted in sizes and
pressure classes established in ASME B16.5, ASME
B16.47, and MSS SP-44. The bore of the flange should

25

tlanges

(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) Flanges made of ductile iron shall conform to the

requirements of ASME B16.42. Bolting requirements for
ductile iron flange joints shall be the same as those for
carbon and low alloy steel flanges as specified in
para. 831.2.2.
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831.2.2 Bolting

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

(b) For all 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 ofheat treated carbon steel conforming
to ASTM A449. Bolting, however, for ASME B16.5, Class
150 and 300 flanges at temperatures between -20°F and

(b) Pressure

(1) Gaskets shall be made of materials suitable for
the design and test pressures of the systems in which
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 notbe used for
flanges lighter than Class 150, or when ASTM A307 Grade
B bolts or equivalent are used.

400°F (-49°C and 204°C) may be made of ASTM A307
Grade B material.

(c) Allgy-steel bolting material conforming to ASTM
A193 or [ASTM A354 shall be used for insulating
flanges if fuch bolting is made % in. (3.2 mm) undersized.

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

(e) All ¢arbon and alloy-steel bolts, stud bolts, and their
nuts shallf be threaded in accordance with the following
thread setfies and dimension classes as required by ASME
B1.1.

(1) darbon Steel. All carbon-steel bolts and stud bolts
shall have|coarse threads having Class 2A dimensions, and
their nutg shall have Class 2B dimensions.

(2) Alloy Steel. All alloy-steel bolts and stud bolts of 1
in. (25 mrp) and smaller nominal diameter shall be of the
coarse-thfead 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
Standardqheavy hexagonal nuts conforming to thedimen-
sions of ASME B18.2.1 and ASME B18.2.2.

(g) Nuts cut from bar stock in such amanner that the
axis will He parallel to the direction ¢f 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 exceed250 psig (1 720 kPa). Such
nuts shall[not be used for joints in which both flanges are
steel and|the pressure-éxceeds 250 psig (1 720 kPa),
except that for nut sizes % in. (12.7 mm) and smaller,
these limitations,de not apply.

831.2.3| Gaskets for the temperatures, pressures, gas compos
fluids, and other conditions to which they m
(a) Generat

() Tomnaoratiiyag
(e e
(1) Gasket materials shall be capable of maintaining
their desired mechanical and chemical properties for 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 gaskets
(either plain or corrugated)iis not pressure lirhited,
except as noted in (b)(2),.previded thatthe 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
castiiron flanges. Flat ring gaskets with an oytside
diameter extending to the inside of the bolt holes may
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 con
sion on the gasket, metallic gaskets of a width less th
full male face of the flange may be used with raised face,
lapped, or large male and female facings. The width pf the
gasket for small male and female or for tongue-and-gfoove
joints shall be equal to the width of the male face or tdngue.
(4) Rings for ring joints shall be of dimensions ¢stab-
lished in ASME B16.20. The material for these ringg shall
be suitable for the service conditions encounterel and
shall be softer than the flanges.
(5) Special Gaskets. Special gaskets, including|insu-
lating gaskets, may be used, provided they are sujtable
tion,
hy be

pres-
an the

(1) Gasket materials shall be capable of maintaining
their serviceability once installed and exposed 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.
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subjected.

831.3 Fittings Other Than Valves and Flanges
831.3.1 Standard Fittings

(a) The minimum metal thickness of flanged or
threaded fittings shall not be less than specified for the
pressures and temperatures in the applicable ASME stan-
dards or the MSS standard practice.
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(b) Steel buttwelding fittings shall comply with either
ASME B16.9 or MSS SP-75 and shall have pressure and
temperature ratings based on stresses for pipe of the
same or equivalent material. For adequacy of fitting
design, the actual bursting strength of fittings shall at
least equal the computed bursting strength of pipe of
the designated material and wall thickness. Mill hydro-
static testing of factory-made steel buttwelding fittings
is not required, but all such fittings shall be capable of
withstanding-a-field-te HFe-e6ua he testpre
sure ¢stablished by the manufacturer, without failure or
leakage, and without impairment of their serviceability.

(c)| Factory-made wrought steel buttwelding induction
bend$ or hot bends shall comply with ASME B16.49. Bends
requiled to be suitable for segmentation shall also comply
with $upplemental Requirement SR15.3 in ASME B16.49.

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

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

(f)| Thermoplastic fittings shall comply with ASTM
D251B or ASTM F2945.

(g)| 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
differng 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
(a)

meet

(b)

Welded branch connections on steelpipe must
the design requirements of paras. 8314 and 831.5.
Threaded taps in cast iron pipe.for.branch connec-
tions [are permitted without reinfofcément to a size not
more| than 25% of the nominal.diameter of the pipe;
howejer, where climate service conditions or soil condi-
tions rreate abnormal or unusual external loadings on cast
iron pipe, unreinforced threaded taps for branch connec-
tions pre permitted only.on cast iron pipe NPS 8 (DN 200)
and larger in diameter, provided that the tap size is no
greater than 25%->of the nominal pipe diameter.
(c)| Existingthreaded taps in castiron pipe may be used
for replacement branch connections when careful inspec-
tion ghows there are no cracks or other deterioration in

831.3.4 Openings for Gas Control Equipment in Cast
Iron Pipe. Threaded taps used for gas control equipment
in cast iron pipe (i.e.,, bagging off a section of main) are
permitted without reinforcement to a size not more than
25% of the nominal diameter of the pipe, except that NPS 1
Y, in. (DN 32) taps are permitted in NPS 4 (DN 100) pipe.
Taps larger than those permitted herein shall use a rein-
forcing sleeve.

Welding

(a) This section covers piping systemco
other than assemblies consisting of pipe”an
joined by circumferential welds.

(b) All welding shall be performed using p
and operators that are qualifiedin accordanc
requirements of section 823.

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

(d) Prefabricated units, other than regularly
tured buttwelding fittings, that employ plate arjd longitu-
dinal seams 4s contrasted with pipe that [has been
produced and‘tested under one of the spedifications
listed in this Code, shall be designed, constructed, and
tested under requirements of the BPV Code. BPV Code
requiréments 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 s pressure
test without failure, leakage, distress, or distorftion other
than elastic distortion at a pressure equal to thq test pres-
sure of the system in which it is installed, either before
installation or during the system test. When such units are
to be installed in existing systems, they shall b¢ pressure
tested before installation, if feasible; otherwise,they shall
withstand a leak test at the operating pressure pf the line.

831.3.6 Pressure Design of Other P
Containing Components. Pressure-containin
nents that are not covered by the standards
Mandatory Appendix A and for which design
or procedures are not given herein may be us
the design of similarly shaped, proportioned,
components has been proven satisfactory by successful
performance under comparable service cqnditions.
(Interpolation may be made between similarly shaped

mponents
d fittings

rocedures
e with the

manufac-

ressure-
g compo-

listed in
equations
ed where
and sized

the

(d) Threaded taps in ductile iron pipe are permitted
without reinforcement to a size not more than 25% of
the nominal diameter of the pipe, except that 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 designed for the
operating conditions of the pipeline or main and are
suitable for that purpose.

0 0 T | - 41 .
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components withrsmattdifferencesinsizeor proportion.)
In the absence of such service experience, the pressure
design shall be based on an analysis consistent with
the general design philosophy embodied in this Code
and substantiated by at least one of the following:

(a) proof tests, as described in the BPV Code, Section
VIII, Division 1, UG-101

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

(c) engineering calculations
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831.3.7 Closures

(a) Quick Opening Closures. A quick opening closure is a
pressure-containing component (see para. 831.3.6) used
for repeated access to the interior of a piping system. It is
not the intent of this Code to impose the requirements of a
specific design method on the designer or manufacturer of
a quick opening closure.

Quick opening closures shall have pressure and
temperature ratings equal to or in excess of the design
requirempnts of the piping system to which they are
attached.

Quick dpening closures shall be equipped with safety
locking devices in compliance with the BPV Code,
Section VIII, Division 1, UG-35.2.

Weld end preparation shall be in accordance with
Figure 1-4,

(b) Closure Fittings. Closure fittings commonly referred
to as “weld caps” shall be designed and manufactured in
accordarjce with ASME B16.9 or MSS SP-75. [See
para. 831{3.1(b).]

(c) Clodure 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
accordange with the BPV Code, Section VIII, Division 1. For
closure hgads 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
provisionf of section 841 and shall not exceed a hoop

control the stress levels in the pipe within safe limits.
The construction shall accommodate the stresses in
the remaining pipe wall due to the opening in the pipe
or header, the shear stresses produced by the pressure
acting on the area of the branch opening, and any external
loadings due to thermal movement, weight, vibration, etc.
The following paragraphs provide design rules for the
usual combinations of the above loads, except for exces-
sive external loads.
i ion of
a welded branch connection shall be determined\yy the
rule that the metal area available for reinforcemeént 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 aneay A, is defiy
the product of d times t:

AR=dt

ed as

where
d = the greater of the length of the finished openfing in
the header wallimeasured parallel to the axisjof the
run or theinside diameter of the branch connec-

tion
t = the hominal header wall thickness requir
para:841.1.1 for the design pressure and temnj
ture

bd by
pera-

When the pipe wall thickness includes anallowange for
corrosion or erosion, all dimensions used shall result after

stress level of 60% SMYS. on . !
Ifweldg are used in the fabrication ofthese heads, they) the anticipated corrosion or erosion has taken place.
shall be inspected in accordance with the provisions ofithe (d) The area available for reinforcement shall he the

BPV Code} Section VIII, Division 1.

Closurg heads shall have pressure and temperature
ratings equal to or in excess of the designirequirement
of the pipliing system to which they aresattached.

(d) Fabricated Closures. Orange-peel bull plugs and
orange-pedel swages are prohibited on-systems operating

sum of

(1) the cross-sectional area that results from any
excess thickness available in the header thicknesg over
the minimum required for the header as defined fin (c)
and that lies within the reinforcement area as d¢fined
in (e)

at hoop stress levels of 20% dr more of the specified (2) the cross-sectional area that results from any
minimum|yield strength of the )pipe material. Fish tails excess thickness available in the branch wall thidkness
and flat closures are perndittéd on pipe NPS 3 (DN 75) over the minimum thickness required for the branch

and smaller operating-at.less than 100 psi (690 kPa).

and that lies within the reinforcement area as dé¢fined

Fish tails dn pipe largér.than NPS 3 (DN 75) are prohibited. 11 (&)

Flat closures on pipe larger than NPS 3 shall be designed (3) the cross-sectional area of all added reinfgrcing

according|to the-BPV Code, Section VIII, Division 1. [See ~ metal thatlies within the reinforcement area, as defiped in

©] (e), including that of solid weld metal that is conveption-
(e) Bolted Blind. F'Inngp Connections. Bolted blind ﬂ:mgn ally attached to the header and/or branch

connections shall conform to para. 831.2.

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 in the
form of a single connection or in a header or manifold as a
series of connections, the design must be adequate to

(e) The area of reinforcement, shown in Figure F-5, is
defined as a rectangle whose length shall extend a
distance, d, on each side of the transverse centerline of
the finished opening and whose width shall extend a
distance of 2% times the header wall thickness on
each side of the surface of the header wall. In no case,
however, shall itextend more than 21/2 times the thickness
ofthe branch wall from the outside surface of the header or
of the reinforcement, if any.

w28
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(f) The material of any added reinforcement shall have
an allowable working stress at least equal to that of the
header wall, except that material of lower allowable stress
may be used if the area is increased in direct ratio of the
allowable stress for header and reinforcement material,
respectively.

(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 te-therelative engtho he-pine-andreinforcemen
matefials at the operating temperatures, and provided it

(h)| When rings or saddles cover the weld between
bran¢h and header, a vent hole shall be provided in
the 1ing or saddle to reveal leakage in the weld
betwpen branch and header and to provide venting
durifjg welding and heat treating operations. Vent
holeq should be plugged during service to prevent
crevice corrosion between pipe and reinforcing
memper, but no plugging material that would be
capable of sustaining pressure within the crevice
should be used.

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

() |The branch shall be attached by a weld for the-full
thickmess of the branch or header wall plus a fillet weld,
W5, ap shown in Figures I-1 and I-2. The use of concave
fillet welds is preferred to further minimize/cqorner stress
conc¢ntration. Ring or saddle reinforcement shall be
attached as shown by Figure I-2. When a full fillet is
notuged, itis recommended that the\edge of the reinforce-
ment e relieved or chamfered at approximately 45 deg to
merge with the edge of the fillet.

(k)| Reinforcement rings-and saddles shall be accurately
fitted|to the parts to whichthey are attached. Figures I-2
and I3 illustrate some’acceptable forms of reinforcement.

(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, partial saddles, or other types of loca-
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

(c) The reinforcementmember may be ofthg complete
encirclement type, pad type, saddle type, orweldli
fitting type. The edges of reinforcement members should
be tapered to the header thickness. Itisrecomme¢nded that
legs of fillet welds joining the reinforcing member and
header do not exceed the thickness of the hegder.

(d) Reinforcement calctlations are not required for
openings 2 in. (51 mm) and smaller in diameter;
however, care should.betaken to provide suitable protec-
tion against vibrations and other external forcef to which
these small openings are frequently subjected

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

(f)<The inside edges of the finished opening shall, when-
evérpossible, be rounded to a %4 in. (3.2 mm) raflius. Ifthe
encircling member is thicker than the header and is
welded to the header, the ends shall be tapered down
to the header 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 m
however, reinforcement may be required f
cases involving pressures over 100 psig (
thin wall pipe, or severe external loads. ,

(h) If a reinforcement member is required, and the -
branch diameter is such that a localized type of|reinforce-
ment member would extend around more thgn half the
circumference of the header, then a completg encircle-
ment type of reinforcement member shall be us¢d, regard-
less of the design hoop stress, or a smoothly fontoured

aindatory;
r special ::
590 kPa), '

(1) |Branch connections attached atan angle less than 85 wrought steel tee of proven design may be uged.
deg t¢ the run/become progressively weaker as the angle (i) The reinforcement may be of any type meeeting the
decreses. Any such design mustbe given individual study, requirements of para. 831.4.1.
and sufficient reinforcement mustbe provided to compen- (i) For hot tap or plugging fittings of tee-type config-

sate fpr\the inherent weakness of such construction. The

urations (see Figure I-3.1), where the reinforcing sleeve is

use of encircling ribs to support the flat or re-entering
surfaces is permissible and may be included in the
strength calculations. The designer is cautioned 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 connections must
meetthe special requirements of the following paragraphs
as given in Table 831.4.2-1:

29

pressurized and thicker than the header, and the applica-
tion results in additional loading such as that from hot
tapping and plugging equipment, the following require-
ments 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-
ness of the pipe. This will result in a minimum effective
weld throat of 0.7t.
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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 30%
0%

831.4.2())

See paras. 831.4.2(c), 831.4.2(d),
831.4.2(e), and 831.4.2(j)

More than

831.4.2(j)

See paras. 831.4.2(b), 831.4.2(e),
and 831.4.2(j)

831.4.2())

Seeparas. 831.4.2(a), 831.4.2(¢€),831.4.2(f),
and 831.4.2(j)

(2) The maximum leg dimension of the end fillet
welds sh3ll be 1.4t plus the gap observed or measured
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, beveled,
or chamfgred 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 ackcommodate the fillet weld, but the face dimen-
sion should not exceed 1.4 times the calculated thickness
required o meet the maximum hoop stress of the pres-
surized slpeve. The leg of the fillet deposited on the end
face need hotbe carried out fully to the shoulder ofthe face
if doing sp would result in an oversized fillet weld.

(4) Because each installation may be unique, the
taper or ¢hamfer shall be the responsibility of the-user
or otherwjise by agreement between user and manufac-
turer.

(k) MS$ SP-97 fittings may be used up to'one-half the
size of thg run pipe provided the following requirements
are met:

(1) The branch outlet fitting design by either calcu-
lation or grooftesting shall meet.SP-97 requirements and
fully reinforce the hole cut into’the pipe.

(2) The material of the fitting shall be equal to or
greater i} strength than‘the run pipe to which it will
be welded. If the preperties of the fitting do not match
that of the pipe, additional reinforcement to compensate
for the lower strength shall be added proportionally.

(3) Hittings shall be fitted and installed using a full
penetrati i i
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.

30

831.5 Reinforcement of Multiple-Openings

(a) When two or more adjacentbranches are spaged at
less than 2 times their average diameter (so that{ their
effective areas of reinforeement overlap), the grqup 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
no case shall any portion of a cross section be consiflered
to apply-to more than one opening or be evaluated|more
than once in a combined area.

{b) When more than two adjacent openings are|to be
provided with a combined reinforcement, the minimum
distance between centers of any two of these openings
shall preferably be at least 1%, times their avprage
diameter, and the area of reinforcement between |them
shall be at least equal to 50% of the total required for
these two openings onthe crosssectionbeing considered.

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

(d) Any number of closely spaced adjacent openipgs in
any arrangement may be reinforced as if the group|were
treated as oneassumed opening of adiameterenclosjngall
such openings.

831.6 Extruded Outlets
(a) The rules in this paragraph apply to steel extfuded

An extruded outlet is defined as an outlet in which the
extruded lip at the outlet has a height above the surface of
the run thatis equal to or greater than the radius of curva-
ture of the external contoured portion of the outlet. (See
Figures F-1 through F-4 and nomenclature.)

(b) These rules do not apply to any nozzles or branch
connections in which additional nonintegral material is
applied in the form of rings, pads, or saddles.
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(c) Theserulesapply only to cases where the axis of the
outletintersects and is perpendicular to the axis of the run.
(d) FiguresF-1through F-4 define the pertinentdimen-
sions and limiting conditions.
(e) Required Area. The required area is defined as
A = Kt,D,
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

where
K

the maximum or minimum design temperatures and
the expected average installation temperature. For
more precise thermal expansion coefficients for specific
materials, refer to authoritative source data, such as publi-
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.

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

(f) |Reinforcement Area. The reinforcement area shall be
the sum of areas A; + A, + A3 as defined as follows:
(1) AreaA, isthe arealying within the reinforcement
zone fesulting from any excess thickness available in the
run wall, i.e.,

A = Dy(T, — t,)

) AreaA, is the area lying within the reinforcement
zone fesulting from any excess thickness available in the
brandh pipe wall, i.e.,

Ay =2L(Ty — tp)

3) AreaAjisthearealying within the reinforcement
zone [resulting from excess thickness available in the
extrufed outlet lip, i.e,,

A3 = 21,(T, — tp)

(9)| Reinforcement of Multiple Openings. The rules in
para.|831.5 shall be followed, except that the required
area gnd reinforcementarea shall be-asigiven in this para-
grapl.

(h)| In addition to the abovesthe manufacturer shall be
responsible for establishing and marking on the section
contajning extruded outlets the following: the design pres-
sure and temperaturesand that these were established
undef provisions.of this Code. The manufacturer's
name| or trademark-shall be marked on the section.

832 EXPANSION AND FLEXIBILITY
832.1 Application

832.3 Flexibility Requirements

(a) Piping systems shall be designed tohave
flexibility to prevent thermal expansien.or c¢ntraction
from causing excessive stresses inthe ‘piping material,
excessive bending or unusual loads at’joints, ofr undesir-
able forces or moments at points_of connectior} to equip-
ment or at anchorage or guide points. Formal cdlculations
shall be performed wheré.reasonable doubt ekists as to
the adequate flexibility of-.the system. See para| 833.7 for
further guidance.

(b) Flexibility shall be provided by the use
loops, or offséts, or provision shall be made
thermal changes by the use of expansion|joints or
couplings*of the lip joints type or expansion joints of
the belows type. If expansion joints are used, anchors
or tiesof sufficient strength and rigidity shall bg installed

sufficient

of bends,
to absorb

Table 832.2-1 Thermal Expansion or Contrdction of
Piping Materials — Carbon and Low Alloy
High Tensile Steel and Wrought Iro

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

832.2 Amount of Expansion or Contraction

The thermal expansion and contraction of the more
common carbon and low alloy steels may be calculated
using 6.5 x 107° in./in./°F (1.17 x 10~° cm/cm/°C) as
the coefficient of thermal expansion. The expansion or
contraction to be considered is the difference between
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Approximate Expansioh or
Temperature, Contraction, in./100 ft (mm/m)
°F (°C) Above or Below 32°F (P°C)

-125 (-87) 1.2 (1.0)
-100 (-74) 1.0 (0.8)
-75 (-60) 0.8 (0.7)
-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 (52) 0.7 (0.6)
150667 69108
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 (177) 2.6 (2.2)
400 (204) 3.0 (2.5)
450 (232) 3.5 (2.9)

(20)


https://asmenormdoc.com/api2/?name=ASME B31.8 2020.pdf

ASME B31.8-2020

Table 832.5-1 Modulus of Elasticity for Carbon
and Low Alloy Steel

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

alues

Temperature, Modulus of Elasticity, . . . .
°F (°C) psi x 10°(GPa) (c) Consideration shall be given to the load-carrying
2100 (-73) 302 (208) capacity of attached rotating and pressure-containing
70 (21) 295 (203) equipment and the supporting structure.
AUEED L) 832.5 Modulus of Elasticity
300 (149) 28.3 (195)
400 (204) 27.7 (191) The modulus of elasticity for carbon and low alloy steel
5d0 (260) 27.3 (188) at various temperatures 1s given in Table 852.5-1, V
between listed temperatures may be linearly interpdlated.
, , 833 DESIGN FOR LONGITUDINAL STRESS
to provid¢ for end forces due to fluid pressure and other

causes.

(c) In dalculating the flexibility of a piping system, the
system shgll be treated as a whole. The significance of all
parts of the line and all restraints, such as rigid supports or
guides, shall be considered.

(d) Calgulations shall take into account stress intensi-
fication factors found to exist in components other than
plain strajght pipe. Credit may be taken for the extra flex-
ibility of such components. The flexibility factors and
stress intensification factors shown in Table E-1 may
be used.

(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 terpperature to the maximum design temperature
shall be cpnsidered in all expansion stress calculations;
whether piping is cold sprung or not. Should installation,
start-up, pr shutdown temperatures be outside)of the
design tgmperature range, the maximum.possible
temperatyre range shall be considered. In addition to
the exparlsion of the line itself, the linear and angular
movemerjts of the equipment to,which it is attached
shall be cpnsidered.

(g) Flexibility calculations shall be based on the
modulus|of elasticity corresponding to the lowest
temperatyre of the operatienal cycle.

(h) To modify the effect of expansion and contraction,
runs of pipe may be cold sprung. Cold spring may be taken
into account in the.calculations of the reactions, provided
an effectiye method of obtaining the designed cold spring
is specified and used.

833.1 Restraint

(a) The restraint condition js.a factor in the struftural
behavior of the pipeline. The:degree of restraint may be
affected by aspects of pipeline construction, support
design, soil propertiesf.and terrain. Section 833 is pppli-
cable to all steel piping/within the scope of this Code. For
purposes of design, this Code recognizes two |axial
restraint conditions, “restrained” and “unrestrajned.”
Guidance in.categorizing the restraint condition follows:

(b) Piping in which soil or supports prevent axial dis-
placement or flexure at bends is “restrained.” Restrained
piping may include the following:

(1) straight sections of buried piping

(2) bends and adjacent piping buried in stiff or
consolidate soil

(3) sections of aboveground piping on rigid sug

(c) Piping that is freed to displace axially or fi
bends is “unrestrained.” Unrestrained piping
include the following:

(1) aboveground piping that is configured to a
modate thermal expansion or anchor movements th
flexibility

(2) bends and adjacent piping buried in s
unconsolidated soil

(3) anunbackfilled section of otherwise buried|pipe-
line that is sufficiently flexible to displace laterally dr that
contains a bend

(4) pipe subject to an end cap pressure force

ports
ex at
may

Ccom-
rough

ft or

833.2 Calculation of Longitudinal Stress
Components

832.4 Reactions

(a) Reaction forces and moments to be used in the
design of restraints and supports for a piping system,
and in evaluating the effects of piping displacements
on connected equipment shall consider the full range
of thermal displacement conditions plus weight and
external loads. Cold spring may be useful for maintaining
reactions within acceptable limits.
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(a) The longitudinal stress due to internal pressure in
restrained pipelines is

Sp = 0.3S8y

where Sy is the hoop stress, psi (MPa)
(b) The longitudinal stress due to internal pressure in
unrestrained pipeline is

Sp = 0.55y
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where Sy is the hoop stress, psi (MPa) 833.3 Summation of Longitudinal Stress in
(c) Thelongitudinal stress due to thermal expansion in Restrained Pipe
restrained pipe is
(a) The netlongitudinal stresses in restrained pipe are

S = Ea(Ty - T
T = Ea(Ti = 1) SL=Sp+ ST+ Sy + Sp

where
= the elastic modulus, psi (MPa), at the ambient ~ Note that Sg, S1, S7, or Sy can have negative values.
temperature (b) The maximum permitted value of |S;| is 0.9S5T,
T, = the pipe temperature at the time of installation, =~ Where S is the specified minimum yield strength, psi
tie=im, or burlai, F{°C) (P'{Pa}, per—para: 84111{(:), and—Fis-the—ter perature
T, |= the warmest or coldest pipe operating tempera-  derating factor per para. 841.1.8.
ture, °F (°C) (c) Residual stresses from constructien |are often

a |= the coefficient of thermal expansion, 1/°F (1/°C)  present; for example, bending in buried pipelines
where spanning or differential settlement occurs.

If a|section of pipe can operate either warmer or colder ~ These stresses are often difficult-to evaluate dccurately,
than the installed temperature, both conditions for T, may ~ but can be disregarded in most gases. It is the engineer's
need Ito be examined. responsibility to determinéwhether such stresges should

(d)| The nominal bending stress in straight pipe or be evaluated.
largefradius bends due to weight or other external

loadslis 833.4 Combined. Stress for Restrained Pipe
Sg=M/Z (a) The combined biaxial stress state of the lipeline in
the operating mode is evaluated using the calqulation in
where either (1)"or (2):
M E thebending momentacross the pipe cross section, ()ymax. {ISg — Sgl, ISHl, ISLI}
lIb-in. (N-m) ) 2.1/2
Z E the pipe section modulus, in.? (cm?) (2) [S” = StSu + Sy”]
The maximum permitted value for the fombined
(e)| The nominal bending stress in fittings and compo<," biaxial stress is kST where S is the specified minimum
nents| due to weight or other external loads is yield strength, psi (MPa), per para. 841.1.1(a)), T is the
Sg = Mp/Z temperature 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 (Q) is calculated considering both the tensile
)2 ) 212 :
Mg # [(0.75i;M;)° + (0.75i,M)* + M1, Ib-in. (N-m) and compressive values of Sg.
(e) Stresses induced by loads that do not ocfur simul-

wherg¢ My, is the resultant intensified moment.across the
fitting or component. The resultant moment shall be calcu-
lated [as

where 0.75i =2 1.0 and taneously need not be considered to be additive.
i;] = in-plane stréss‘intensification factor from (f) The biaxial stress evaluation described above
Mandatory-Appendix E applies only to straight sections of pipe.
i,| = out-of-plane stress intensification factor from
Mandatory Appendix E 833.5 Design for Stress Greater Than Yield
]IWWi - igsginie bending moment, lb-in. (N-m) (a) The limits in paras. 833.3 and 833.4 may be

out-pf-plane e moment, lp-in. (N-m) exceeded where due consideration is given to the ductility

" " pipe body
materials; and to the avoidance of buckles, swelling, or
coating damage.

(b) The maximum permitted strain is limited to 2%.

(f) The stress due to axial loading other than thermal
expansion and pressure is
Sy = R/A
833.6 Summation of Longitudinal Stresses in

where Unrestrained Pipe
A = pipe metal cross-sectional area, in.? (mm?)

R = external force axial component, Ib (N)

(a) The net longitudinal stress in unrestrained pipe is
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St = Sp + Sx + Sp, psi

(b) The maximum permitted longitudinal stress in
unrestrained pipe is S; < 0.755T, 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.

833.7 Flexibility Analysis for Unrestrained Piping

(a) Thereisno need for formal flexibility analysis for an

unrestrai ipi

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

(2) chn be readily judged adequate by comparison
with prevjously analyzed systems

(3) i$ 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

DY <
L -0)

D = ngminal outside diameter of pipe, in. (mm)

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

developed length of piping between anchors, ft
(m)
U = straight line separation between anchors, ft (m)
Y = rejultantoftotal displacement strains, in. (mm), to

bel absorbed by the system

b.
1]

NOTE: No general proof can be offered that this empirical equa-
tion always yields conservative results. It is not applicable to
systems uged in severe cyclic conditions. It should-be used
with cautipn in configurations such as unequal leg U-bends
having L/l > 2.5; nearly straight “sawtooth® runs; where i 2
5 due to thin-walled design; or where displacements not in
the directipn connecting anchor points.constitute a large part
of the tota] displacement. There is no‘\assurance that terminal
reactions will be acceptably low,even if a piping system falls
within the |limitations of (3).

(b) Any piping system.hat does not meet one of the
criteria in| (a) should undergo a flexibility stress analysis
by a simplffied, approximate, or comprehensive method as
deemed appropriate.

833.8 Flexibility Stresses and Stresses Due to

Mg = [(i,-M,-)2 + (i,M,)% + Mtz]l/z, Ib-in. (N-m)

(b) The cyclic stress range Sg < S, where
Sa =f[1.25(Sc + Sh) - S1]

f=6N"%2<10

ected
service life of the piping system
S. = 0.33S,T at the minimum installed dr operating

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

temperature
S, = longitudinal stress calculated accordipg to

para. 833.6(a), psi (MPd)
S, = specified minimum-ultimate tensile strength, psi
(MPa)
temperature derating factor per para. 841{1.8

~
[}

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

N=Ng+ Y [FN]fori=1,2,..n

where
Ng = number of cycles of maximum computed ptress
range, Sg
N; = number of cycles associated with stress range, S;
ri = Si/Se
S; = any computed stress range smaller than g, psi
(MPa)

833.9 Local Stresses

(a) High local stresses are usually generated at ftruc-
tural discontinuities and sites of local loadings. Although
they may exceed the material yield strength, such stgesses
may often be disregarded because they are localized in
influence and may be self-limiting or relieved by local
deformation.Examplesinclude stressesin branch connec-
tions caused by pressure or external loads, or stresses at
structural discontinuities. This Code does not|fully
address the maximum allowable value for local stresses.

Periodic or Cyclic Fatigue Loading

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

Sg = Mg/Z

where M is the resultant intensified moment range from
one stress state to another. The resultant intensified
moment shall be calculated as

It is the engineer's responsihility to determine whether
such stresses must be evaluated.

(b) The maximum allowable sum of circumferential
stress due to internal pressure and circumferential
through-wall bending stress caused by surface vehicle
loads or other localloads is 0.9ST, 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.

(c) Local stresses in (a) or (b) caused by periodic or
repetitive loads may require further limitations in consid-
eration of fatigue.
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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,
soil overburden, external hydrostatic pressure, and buoy-
ancy. Examples of displacement-controlled loading

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.

inclufle differential temperature loads in restrained  834.2 Provision for Expansion
pipe gections and bending caused by ground movements. Supports, hangers, and anchors should be 5o ipstalled as
_(b)| To prevent local buckling where the dominantlon- ¢ ¢ interfere with the free expansion‘and confraction of
gftud. nal load is ca}lsed by' force-contrf)llt'ed loadlng,' lpn- the piping between anchors. Suitable'spring hangers, sway
gitudinal compressive strains shall be limited to a critical bracing, etc, shall be provided where necessafy.
buckling strain determined in accordance with an estab-
lishei‘method. In the absence of more detailed informa-  834.3 Materials, Design, and |nsta|_[ati(Iy
tion, the compressive strain limit, scf"", should be taken as
All permanent hangers; supports, and anchors shall be
D fabricated from dufable incombustible mat¢rials and
. ¢ (pi - Po>D designed and installed in accordance with good engi-
ec;“t = 0.45 — 0.0020 + 2,400 — neering practice for the service conditions inyolved. All
parts of thé supporting equipment shall be|designed
and installed so that they will not be disengaged by move-
for ment of‘the supported piping.
( )D 834.4 Forces on Pipe Joints
& < 04 (a) All exposed pipe joints shall be able to sustain the
2S maximum end force, b (N), due to the internal pressure,
and i.e., the design pressure, psig (kPa), times the internal area
of the pipe, in.? (mm?), as well as any additional forces due
2 to temperature expansion or contraction or to the weight
ec?rit - 04t — 00020 + 2’400(%) of pipe and contents. . .
D E (b) 1f compression or sleeve-type couplings dre used in
exposed piping, provision shall be made to syistain the
for longitudinal forces noted in (a). If such provigion is not
(p. _ p)D made in the manufacture of the coupling| suitable
Xt 9 (504 bracing or strapping shall be provided, but sych design
2§ must not interfere with the normal performapce of the
coupling nor with its proper maintenance. Attachments
where :
D | nominal ouéQ diameter of pipe, in. (mm) must meet the requirements of para. 834.5.
E|= elast'icmod'ulus ofsteel,'psi (MPa) (Table' 832.5-1) 834.5 Attachment of Supports or Anchofs
pi |F maximum internal design pressure, psig (MPa)
Po [F minimum external hydrostatic pressure, psig (a) The method of attachment of supports arjd anchors
(MBa) to pipe shall be such that the pipe can be visuallylinspected
S |= ‘specified minimum vyield strength, psi (MPa) for external corrosion and wear at the interface pfthe pipe
t = nominal wall thickness, in. (mm) and the support or anchor, or shall be such that corrosion

. (c) To prevent global lateral instability in pipelines
. subjected to axial compression, the pipeline section
: shall be designed to limit the maximum allowable net
i compressive stress to two-thirds of the critical buckling
stress determined in accordance with an established
method.
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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 50% of the specified minimum yield strength,
structural supports or anchors may be welded directly
to the pipe. Proportioning and welding strength require-
ments of such attachments shall conform to standard
structural practice.

(20)
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(c) Ifthe pipe is designed to operate at a hoop stress of
50% or more of the specified minimum yield strength,
structuralsupportsoranchorsshall 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.

settlements may produce added bending stresses in
the pipe. Lateral thrusts at branch connections may
greatly increase the stresses in the branch connection
itself, unless the fill is thoroughly consolidated or
other provisions are made to resist the thrust.

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

835 ANCHORAGE FOR BURIED PIPING

835.1 Geéneral

Bends dr 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

Ifthe pipe is anchored by bearing at the bend, care shall
be taken fto distribute the load on the soil so that the
bearing pfessure is within safe limits for the soil involved.

straint Due to Soil Friction

there is doubt as to the adequacy of restraint
calculations shall be made, and indicated
shall be installed.

835.3 R

Where
friction,
anchoring

835.4 F:[rces on Pipe Joints

If anc
para. 835

orage is not provided at the bend (see
2), pipe joints that are close to the points of
thrust origin shall be designed to sustain the longitudinal
pullout force. If such provision is not made in the manu-
facture ofthe joints, suitable bracing or strapping shall be
provided.

835.5 Sy
(a) In

stressed
support

pports for Buried Piping

pipelines, especially those that are highly
om internal pressure, uniform and adequate
f the pipe in the trench is essential. Unequal

nckfill
st be
r and
bnts.

o Whenmopeningsare made imacomnsotidated b
to connect new branches to an existing line, care\m
taken to provide firm foundation for both theé headgd
the branch to prevent vertical and lateral movem

835.6 Interconnection of Underground Line11
inal

Underground lines are subjected to longitu
stresses due to changes in presSure and temperature.
For long lines, the friction,of the earth will prpvent
changes in length fromthese stresses, except for
several hundred feetjadjacent to bends or ends. At
these locations, the movement, if unrestrained, mfay be
of considerable magnitude. If connections are mgde at
such a location to a relatively unyielding line or [other
fixed object; it is essential that the interconnection
shall haye*ample flexibility to compensate for pogsible
moveément, or the line shall be provided with an
anchor sufficient to develop the forces necessdry to
limit the movement.

836 LIQUID REMOVAL EQUIPMENT

Liquid removal equipment shall be manufactuged in
accordance with the BPV Code, Section VIII, ekcept
that those constructed of pipe and fittings withoyt 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 pf 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.
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Chapter IV
Design, Installation, and Testing

840 DESIGN, INSTALLATION, AND TESTING

840.1 General Provisions

(a)| The design requirements of this Code are intended
to bel adequate for public safety under all conditions
encoyntered in the gas industry. Conditions that may
cause additional stress in any part of a line or its appur-
tenances shall be provided for, using good engineering
practice. Examples of such conditions include long self-
suppo¢rted spans, unstable ground, mechanical or sonic
vibration, weight of special attachments, earthquake-
induded stresses, stresses caused by temperature differ-
ences, and the soil and temperature conditions found in
the Arctic. Temperature differences shall be taken as the
differgnce between the lowest and highest expected metal
templrature during pressure test and/or operating
servi¢es having due regard to past recorded temperature
data and the possible effects of lower or higher air and
grourjd temperature.

(b)| The quality of the gas to be transported in the pipe-
line, gr by the pipeline system, shall be consideréd when
desighing facilities. Measures shall be taken to\control or
minirhize adverse effects of the gas properties or gas
comppsition when any of the following may be a concern:
7) Gas Composition. Uncontrolled or unexpected
variations in heating value may result in problems at
the end user's burner tip or¢process. Noncombustible
comppunds (e.g., nitrogen, nitrogen compounds, carbon
dioxidle, etc.) may reducethe heating value and increase
the specific gravity of the'gas stream. Carbon dioxide con-
tributes to internalegfrosion in the presence of free water.
Increased specific.gravity of the gas stream may foretell
the cqgndensingofheavy hydrocarbons at cooler tempera-
tures{whichumay negatively affect operations. A change in
specificgravity may affect pipeline and compressor capac-
ity ca i
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
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explosive limit can create an explosive condition. (See
section 864 and paras. 841.2.7 and 850:6.)

(4) Water Vapor Content and Free Liguids. free water
and hydrocarbons at certain combinations of [pressures
and temperatures may produce hydrates, which are crys-
talline solids that may cause partial or complete pipeline
blockages, that may lead to@disruption of pipeline opera-
tions.

Based on the characteristics of the gas stream (i.e.,
heating value, specific gravity, temperature, free liquid,
odorization, ,impurities, and other obje¢tionable
substances) -appropriate precautions shall be donsidered
to address any problems that might adversely|affect the
pipeline\system or the end user.

(c)<The most significant factor contributing to the
failure of a gas pipeline is damage to the lile caused
by the activities of people along the route of the line.
Damage will generally occur during constriuction of
other facilities associated with providing the services
associated with human dwellings and comrnercial or
industrial enterprises. These services, such|as water,
gas and electrical supply, sewage systems,|drainage
lines and ditches, buried power and commpunication
cables, streets and roads, etc., become more [prevalent
and extensive, and the possibility of damage tq the pipe-
line becomes greater with larger concentrations of build-
ings intended for human occupancy. Deternmining the
Location Class provides a method of assessing the
degree of exposure of the line to damage.

(d) A pipeline designed, constructed, and operated in
accordance with therequirementsof Location (lass 1 [see
para. 840.2.2(a)] is basically safe for pressurg contain-
ment in any location; however, additional measures
are necessary to protect the integrity of the line in the
presence of activities that might cause damage. One of
the measures required by this Code is to Jower the
Stress level in relation to increased public activity. This
activity is quantified by determining Location Class
and relating the design of the pipeline to the appropriate
design factor.

(e) Early editions ofthis 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
Classes established-in-compliance-with-previeus-edition
of this Cogle may continue to use the Location Classes so
determingd, provided that when observed increases in the
number ofbuildings intended for human occupancy occur,
the Locatipn Class determination shall be as presented in
para. 840{2.

840.2 Buildings Intended for Human Occupancy
840.2.1
(a) To

General

etermine the number ofbuildings intended for

areas such as wasteland, deserts, mountains, grazing land,
farmland, and sparsely populated areas.
(1) Class 1, Division 1. This Divisionis a Location Class
1 where the design factor of the pipe is greater than 0.72
but equal to or less than 0.80. (See Table 841.1.6-2 for
exceptions to design factor.)
(2) Class 1, Division 2. This Divisionis aLocation Class
1 where the design factor of the pipe is equal to or less than
0.72. (See Table 841.1.6-2 for exceptions to design factor.)
bLocation-Class2 ation-Cla isany+mi (1.6
km) section thathas more than 10 but fewer than 46 build-
ings intended for human occupancy. A Location €lass 2 is
intended to reflect areas where the degree of pepulation is
intermediate between Location Class 1 andLocatior Class
3, such as fringe areas around cities and towns, indystrial
areas, ranch or country estates, ete.
(c) Location Class 3. A Location Class 3 is any 1 nji (1.6
km) section that has 46 or.more buildings intendé¢d for
human occupancy exceptwhen a Location Class 4 pr¢vails.
A Location Class 3 is intended to reflect areas sych as

2 A q 10

human ocfupancy for an onshore pipeline, lay out a zone suburban housing developments, shopping centers resi-
Y4 mi (0.4 km) wide along the route of the pipelinewiththe  dential areas, industrial areas, and other populated|areas
pipeline oh the centerline of this zone, and divide the pipe- not meeting kocation Class 4 requirements.

line into rgndom sections 1 mi (1.6 km) in length such that (d) Location Class 4. Location Class 4 includes [areas
the indiviglual lengths will include the maximum number  where multistory buildings are prevalent, where fraffic

of buildings intended for human occupancy. Count the

is heaviysor dense, and where there may be numgrous

number ¢f buildings intended for human occupancy  other utilities underground. Multistory means fdur or
within eafh 1 mi (1.6 km) zone. For this purpose, each  mpgre floors aboveground including the first or ground
separate dwelling unit in a multiple dwelling unitbuilding ~floor. The depth of basements or number of basgment
is to be colinted as a separate building intended for human floors is immaterial.
occupancy.

(b) It i§ not intended here that a full 1 mi (1.6 kmJof  840.3 Considerations Necessary for

lower str¢ss level pipeline shall be installed if there are
physical barriers or other factors that will limitthefurther
expansion] of the more densely populated.area to a total
distance of less than 1 mi (1.6 km). Itis intended, however,
that wherg no such barriers exist, amplé allowance shall
be made |n determining the limits of the lower stress
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 bejdentifiedas-aLocation Class 2 or Location Class
3, the Lochtion Class2 or Location Class 3 may be termi-
nated 660 ft (200 m) from the nearest building in the
cluster.

Concentrations of People in Location Class 1

or2

(a) In addition to the criteria contained in para. $40.2,
additional consideration must be given to the pofsible
consequences of a failure near areas where a concg¢ntra-
tion of people is likely, such as a church, school, myltiple
dwelling unit, hospital, or recreational area of an|orga-
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 nrganvn)r‘ nature-in-Location Class—1 -or -2l shall

i (d) Forpipetimesshortertiamtmi-tt-6kmjirtengtis=
Lbcation Class that is typical of the Location Class that
would be required for 1 mi (1.6 km) of pipeline traversing
the area shall be assigned.

840.2.2 Location Classes for Design and Construction

(a) Location Class 1. A Location Class 1 is any 1 mi (1.6
km) section that has 10 or fewer buildings intended for
human occupancy. A Location Class 1 is intended to reflect
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meet requirements for Location Class 3.

(c) Concentrations of people referred to in (a) and (b)
are notintended to include groups of fewer than 20 people
perinstance orlocation butare intended to cover people in
an outside area as well as in a building.
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840.4 Intent

(a) Iltshould be emphasized that Location Class (1, 2, 3,
or 4) asdescribed in the previous paragraphs is defined as
the general description of a geographic area having certain
characteristics as a basis for prescribing the types of
design, construction, and methods of testing to be used
in those locations or in areas that are comparable. A
numbered Location Class, such as Location Class 1,
refers only to the geography of that location or a

S = specified minimum yield strength, psi (MPa),
stipulated in the specifications under which the
pipe was purchased from the manufacturer or
determined in accordance with paras.
817.1.3(h) and 841.1.4. The specified minimum
yield strengths of some of the more commonly
used piping steels whose specifications are incor-
porated by reference herein are tabulated for

convenience in Mandatory Appendix D.
perature dnrnﬁ“n factor cl-\l-ﬂ;vled from

similar area and does not necessarily indicate that a
desigh factor of 0.72 will suffice for all construction in
that particular location or area [e.g., in Location Class
1, all jaerial crossings require a design factor of 0.6; see
para.|841.1.9(b)].

(b)| When classifying locations for determining the
desigh factor for pipeline construction and testing that
should be prescribed, due consideration shall be given
to the¢ possibility of future development of the area. If
at thg time of planning a new pipeline this future devel-
opment appears likely to be sufficient to change the Loca-
tion (lass, this shall be taken into consideration in the
desigh and testing of the proposed pipeline.

841 STEEL PIPE

841.1 Steel Piping Systems Design Requirements
841.1.1 Steel Pipe Design Formula

(a)| The design pressure for steel gas piping systems-or
the npminal wall thickness for a given design pressure

tom
T cCThp T CTrocrrg TattoT otar

Table 841.1.8-1
t = nominal wall thickness, in. (mm)

tion of the principal loading or stress. The user ig alerted to
be aware of thé standard test orientation used to determine
conformance of pipe to the minimum strength refjuirement
of the selected grade, and to consider whether the intended
uses oranticipated service conditions of the pipeljne system
warrait supplemental testing of the strength properties in
othier orientations.

(b) Where D/t < 30, the following alternative pressure
design formula may be used:

(U.S. Customary Units)

shall pe determined by the following formula (forlimita- 2S¢
tions,| see para. 841.1.3): P= FET
(U.S. Customary Units)
(SI Units)
25t
Y p o 20008t
D—t
(SI Units)
Nomenclature is the same as specified in para.
AT 841.1.1(a).
P'= —FET (c) The design factor for pipelines in Locati¢n Class 1,
Division 1 is based on gas pipeline operational gxperience
where at operation levels in excess of those previougly recom-
D # nbéminal outside diameter of pipe, in. (mm) mended by this Code.
E f longitudinal weld joint guality factor obtained It should be noted that the user may be rgquired to
from Table 841.1.7-1 [see also para. 817.1.3(d)] change out such pipe or reduce pressure to 0.72 SMYS
F = design factor obtained from Table 841.1.6-1. In  maximum in accordance with para. 854.2.
setting the values of the design factor, F, due
consideration has been given and allowance 841.1.2 Fracture Control and Arrest
has been made for the various underthickness (a) Fracture Toughness Criterion. A fracture toughness
tolerances provided for in the pipe specifications  criterion or other method shall be specified to control frac-
listed and approved for usage in this Code. ture propagation when one of the following is true:
P = design pressure, psig (kPa) (see also para. 841.1.3) (1) apipeline is designed to operate either at a hoop
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stress over 40% through 80% of SMYS in sizes NPS 16 (DN
400) or larger
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(2) apipeline is designed to operate at a hoop stress
over 72% through 80% of SMYS in sizes smaller than NPS
16 (DN 400)

(3) a pipeline is designed with a minimum design
temperature below -20°F (-29°C) as outlined in
section 812

When a fracture toughness criterion is used, control
can be achieved by ensuring that the pipe has adequate

(SI Units)
CVN = 3.57 x 10~45%/2p1/2
where
CVN = full-size Charpy V-notch absorbed energy,

ft-Ib (J)

- g 5 " D = nominal outside diameter of pipe, in. (mm)
Fluctllle and by either spec1fy1ng.ade.quate toughness or t = nominal wall thickness, in. (mm)
installing erack-arrestors-on-the pipelineto-stop-propaga =
0 = maximum allowable hoop stress, ksi [MPa)

tion.

(b) Brittle Fracture Control. To ensure that the pipe has
adequate |ductility, fracture toughness testing shall be
performefl in accordance with the testing procedures
of Annex |G of API 5L or other equivalent alternatives.
If the opdrating temperature is below 50°F (10°C), an
approprijte lower test temperature shall be used when
determining adherence to the minimum impact values
in (c) and hear appearance as outlined below. The appro-
priate lower test temperature shall be taken to be at or
below th¢ lowest expected metal temperature during
pressure testing (if with air or gas) and during service,
having rejgard to past recorded temperature data and
possible eéffects of lower air and ground temperatures.
The averdge shear value of the fracture appearance of
three Chdrpy 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%. Altgrnatively, when drop-weight tear testing is
specified, pt least 80% of the heats shall exhibit a fracture
appearange shear area of 40% or more at the specified test
temperatyre.

(c) Dudtile Fracture Arrest. To ensure that thé pipeline
has adeqyate toughness to arrest a ductile, fracture, the
pipe shall be tested in accordance with the ‘procedures
of Annex G of API 5L. The all-heat\average of the
Charpy e)lergy values shall meet or ‘exceed the energy
value calqulated using one of the.following equations
that have|been developed invarious pipeline research
programs

(1) Battelle Columbus-Laboratories (BCL) (AGA)

(U.S. Customary Units)

CVN = 1.08 x 10~ 26%(Dt/2)1/3

NOTE: If full-size test pieces are used and the-CYN-abgorbed
energy value derived from these equations.exceeds 7# ft-lb
(100 J), the arrest toughness value requires correctjon. A
specialist should be consulted to determine such corrections.

For API 5L pipe, the minimum impact values shall be
the greater ofthose given by the.equations above or fthose
required by Annex G of APL5L,\which contains additional
acceptable methodologies for'establishing minimun or all
heat average Charpy energy values.

For pipe manufaétured to other standards whefe the
minimum impagt-yalues are specified within that{ stan-
dard, those minimum requirements shall be maintained.
In cases where the pipe manufacturing standard dogs not
specify the'minimum impact requirements, the minjmum
impact@equirements of API 5L shall be used.

NOTE>The limitations to only PSL 2 pipe in Annex G of API|SL are
not applicable.

(d) Mechanical Crack Arrestors. Mechanical frack
arrestors consisting of sleeves, wire-rope wrap, Heavy-
wall pipe, or other suitable types have been shoyn to
provide reliable methods of arresting ductile fracture.
The mechanical crackarrestors shall be placed atintervals
along the pipeline.

CAUTION: The requirements specified in (c) assume the
pipeline is transporting essentially pure methane and
the pipe is similar in fracture behavior to that uged to
develop the empirical equations above. The presepce of
heavier hydrocarbons can cause the gas to exhibit two-
phase behavior on sudden decompression and| thus
requires a greater Charpy energy to arrest propagating
pipe fracture. Likewise, pipe with heavy wall thickness
greater than 1.25 in. (32 mm) or that has been cgntrol
rolled or quench and tempered may not behave as indjcated
by the equations and may also require a greater Charpy
energy to arrest a propagating fracture. Calculations

(SI Units)

CVN = 3.57 x 10~ 6%(Dt/2)!/3

(2) American Iron and Steel Institute (AISI)
(U.S. Customary Units)

CVN = 2.40 x 10~ 263/2p1/2
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ustbeperfe i decomp o exhi-
bits two-phase behavior, and an assessment must be made
as to the applicability of the arrest equations where addi-
tional toughness may be required. Otherwise, mechanical
crack arrestors [see (d)] should be installed, or the
Charpy toughness requirements for arrest should be veri-
fied through experiments or additional calculations.

NOTE: The empirical equations specified in (c) were developed
using conventional line pipe wall thicknesses. The user of this
Code is advised that lowering of the test temperature to below
the minimum design temperature is sometimes necessary to
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accurately simulate the performance of materials when the pipe
wall thickness is significantly greater than the size of the test
specimens.

841.1.3 Limitations on Design Pressure, P, in
Para. 841.1.1. The design pressure obtained by the
formula in para. 841.1.1 shall be reduced to conform
to the following:

(a) P for furnace buttwelded pipe shall not exceed the
restrictions of para. 841.1.1 or 60% of mill test pressure,

841.1.5 Additional Requirements for Nominal Wall
Thickness, t, in Para. 841.1.1

(a) The nominal wall thickness, ¢, required for pressure
containment as determined by para. 841.1.1 may not be
adequate for other forces to which the pipeline may be
subjected. [See para. 840.1(a).] Consideration shall also
be given to loading due to transportation or handling
of the pipe during construction, weight of water during
testing, and soil loading and other secondary loads

whichever is the lesser.

(b)| P shall not exceed 85% of the mill test pressure for
all other pipes provided; however, that pipe, mill tested to
a pressure less than 85% of the pressure required to
prodyce a hoop stress equal to the specified minimum
yield,| may be retested with a mill type hydrostatic test
or tefted in place after installation. In the event the
pipe Is retested to a pressure in excess of the mill test
presspre, then P shall not exceed 85% of the retest pres-
sure rather than the initial mill test pressure. It is man-
datorj to use aliquid asthe test mediuminall testsin place
after Installation where the test pressure exceeds the mill
test gressure. This paragraph is not to be construed to
allow an operating pressure or design pressure in
excesp of that provided for by para. 841.1.1.

841.1.4 Limitations on Specified Minimum Yield
Strength, S, in Para. 841.1.1

(a)| If the pipe under consideration is not new pipée
purchased under a specification approved and listed in
this Cpde, the value of S may be determined in accordance
with pne of the following:

(1) Svalue fornew pipe qualified underpara.811.2.2
(£) Svalue for reuse of steel pipe qualified under one
of the¢ provisions of para. 817.1
(3) S value for pipe of unknown specification as
determined by para. 817.1.3(h)

during operation. [See para. 841.1.11(e) for puggested
methods to provide additional protection.}] Congideration
should also be given to welding or mechanical jJoining re-
quirements. Standard wall thickness, ds prescribed in
ASME B36.10M, shall be the least nominal wall thickness
used for threaded and grooved pipe.

(b) Transportation, installation, or repair of|pipe shall
not reduce the wall thickfiess at any point to a thickness
less than 90% of the nofninal wall thickness as determined
by para. 841.1.1 for the-design pressure to whidh the pipe
is to be subjected:

841.1.6 -Design Factors, F, and Location Classes. The
design factorin Table 841.1.6-1 shall be used for|the desig-
nated Location Class. All exceptions to basic des)gn factors
to betused in the design formula are giver] in Table
841.1.6-2.

841.1.7 Longitudinal Weld Joint Quality [Factor, E.
The longitudinal weld joint quality factor, Eghall be in
accordance with Table 841.1.7-1.

841.1.8 Temperature Derating Factor. Th¢ tempera-
ture derating factor shall be in accordance with
Table 841.1.8-1.

(b)| When pipe that has been ¢old worked for meeting
the specified minimum yield strength is subsequently . .

) Table 841.1.6-1 Basic Design Factor, |[F
heateld to a temperature higher than 900°F (482°C) for 9 !
any period of timesor over 600°F (316°C) for more Location Class Design Fgctor, F
than [l hr, the maximum allowable pressure at which it Location Class 1, Division 1 0.8
can be used shall-not exceed 75% of the value obtained Location Class 1, Division 2 0.7%
by use of the steel pipe design formula given in Location Class 2 0.6
para.[84 111 Location Class 3 0.5

(c)|Insno case where the Code refers to the specified Location Class 4 0.4
mini ITUIII valuc Uf d lllb‘b}ldllibdl Pl Upl‘.‘l ty b}ldll thl‘.‘

higher actual value of a property be substituted in the
steel pipe design formula given in para. 841.1.1. If the
actual value is less than the specified minimum value
of a mechanical property, the actual value may be used
where it is permitted by the Code, such as in para.
817.1 regarding the reuse of steel pipe.
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Table 841.1.6-2 Design Factors for Steel Pipe Construction

Location Class

1
Facility Div. 1 Div. 2 2 3 4

Pipelines, mains, and service lines [see para. 840.2.2] 0.80 0.72 0.60 0.50 0.40
Crossings of roads, railroads without casing:

(a) Private roads 0.80 0.72 0.60 0.50 0.40

(b) Unimproved public roads 0.60 0.60 0.60 0.50 0.40

(c) Ropds, highways, or public streets with hard surface and railroads 0.60 0.60 0.50 0.50 0.40
Crossings of roads, railroads with casing:

(a) Private roads 0.80 0.72 0.60 0.50 0.40

(b) Unimproved public roads 0.72 0.72 0.60 0.50 0.40

(c) Ropds, highways, or public streets with hard surface and railroads 0.72 0.72 0:60 0.50 0.40
Parallel endroachment of pipelines and mains on roads and railroads:

(a) Private roads 0.80 0.72 0.60 0.50 0.40

(b) Unimproved public roads 0.80 0.72 0.60 0.50 0.40

:' (c) Ropds, highways, or public streets with hard surface and railroads 0.60 0.60 0.60 0.50 0.40
Fab-ﬁicated hssemblies [see para. 841.1.9(a)] 0.60 0.60 0.60 0.50 0.40
Pipelines of bridges [see para. 841.1.9(b)] 0.60 0.60 0.60 0.50 0.40
Pressure/flpw control and metering facilities [see para. 841.1.9(d)] 0.60 0.60 0.60 0.50 0.40
Corlépresso station piping 0.50 0.50 0.50 0.50 0.40
Liqﬁid remgval equipment constructed of pipe and fittings without internal welding 0.50 0.50 0.50 0.50 0.40
[see section 836]

Near conceptration of people in Location Classes 1 and 2 [see para: 840.3(b)] 0.50 0.50 0.50 0.50 0.40

42
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(20) Table 841.1.7-1Longitudinal Weld Joint Quality Factor, E 841.1.9 Additional Design Information or Instruc- (20)
Spec. No. Pipe Class E Factor Ll
ASTM A53 Seamless 1.00 (a) Fabricated Assemblies. When fabricated assemblies,
Electric-resistance welded 1.00 such as connections for separators, main line valve assem-
Furnace-buttwelded, continuous weld 0.60 blies, cross connections, river crossing headers, etc., are to
ASTM A106  Seamless 1.00 be installed in areas defined in Location Class 1, a design
ASTM A134  Electric-fusion welded 0.80 fa?ctor of 0.6 is required througho_ut the assembly and for. a
ASTM A135  Electric-resistance welded 1.00 dlstan(:‘e eq}lal to the lesser of 5 dlameters or10ft (_3 m)in
e . Y e each direction be;llond the last ﬁFtlng. A shorter dlstan.ce
may be used provided that combined stresses dare consid-
S R Sl 1.00 ered in the design of the installation. Transitiojl pieces at
Electric-resistance welded 1.00 the end of an assembly and elbows used\in plgce of pipe
ASTM|A381  Submerged-arc welded 1.00 bends are not considered fittings under the requirements
ASTM[A671  Electric-fusion welded of this paragraph. Also see section 822.
Classes 13, 23, 33, 43, 53 0.80 (b) Pipelines or Mains on Bridges. The design factor for
Classes 12, 22, 32, 42, 52 1.00 pipelines or mains supported by railroad, yehicular,
ASTM |A672  Electric-fusion welded pedestrian, or pipeline bridges shall be determined in
Classes 13, 23, 33, 43, 53 0.80 accordance with the Location Class prescribed for the
Classes 12, 22, 32, 42, 52 1.00 area in which the bridge is located. In Locatign Class 1,
ASTM 4691  Electric-fusion welded however, a design. factor .of 0.6 shall be u'sed.
Classes 13, 23, 33, 43, 53 0.80 (c) Decompresrszon. Coc?lzng. _W.hen reduction of pressure
Classes 12, 22, 32, 42, 52 100 fiue to deprgssu.rlzatlon is anticipated to r(?51'11t n a signif-
. icant reduction in the temperature of the piping|system or
APLSL Electric-resistance welded 1.00 any portion thereof, the user of this Code is captioned to
Seamless 1.00

_ evaluate the effects of decompression and dssociated
S“bmerged;lar; “{elded (straight 1.00 coaling on material serviceability and induced stresses.
seam or helical seam) (d) Design of Metering and Pressure/Flow (ontrol

Furnace-buttwelded, continuous weld 0.60 (1) All piping and piping components, {ip to and
Combination welded 1.00 including the outlet stop valve(s) of individpal meter
GENERAL NOTE: Definitions for the various classes of welded-pipe and pressure/flow control runs, shall meet pr exceed
are given in para. 804.7.3. the maximum design pressure of the inlgt piping
system. Threaded reducing bushings should not be
used in pressure/flow control facilities wher¢ they are
subject to high frequency piping vibrations. The design
Table 841.1.8-1 Temperature Derating Factor, requirements of para. 840.3 and Table 841.1]6-2 apply

T, for Steel Pipe to the design requirements of this section.
Teiperature Derating (2) All piping shall be tested in accordgnce with
Temperature, °F (°C) Factor, T para. 841.3 and the Location Class requir¢ments of
250 (121) or lower 1.000 Table 841.1.6-2. Instrumentation devices such as trans-
300 (149) 0.967 mitters, recorders, controllers, etc., excluding festing in-
330 (177) 0.933 strumentation, sh.ould be isolated from the pip ng during
400 (204) T the test. Test fluids shall be removed from giping and
piping components and the piping purged with natural

430 (232) 0.867 ) o ;

gas before placing the facilities in service.
GENERAL NOTE: For intermediate temperatures, interpolate for (3) The corrosion control measures in Chapter VI, as
derating factor. appropriate, must he applied to meter and prnlure/ﬂow

control piping.

(e) Metering Facilities. Particular consideration and
attention shall be given to sizing meter run blowdowns
and/or 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
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(1) Meter proving reduces measurement uncer-
tainty. Where meter design, size, and flow rate allows,
consider installing meter proving taps.

(2) Upstream dry gas filter(s) should be considered
when installing rotary or turbine meters. Particulates and
pipeline dust can contaminate meter lubricating oil and
damage bearings and other internal meter components.

(g) Pressure/Flow Control Facilities

(1) Overpressure protection shall be provided by the
use of one-er-mere-of-thefollowing:

(-a) a monitor regulator in series with a control-
ling regulator (each regulator run).

(-b) adequately sized relief valve(s) downstream
of the cortrolling regulator(s).

(-cJ overpressure shutoff valve(s) upstream or
downstream of the controlling regulator(s). Installation
of alarm devices that indicate primary (controlling) regu-
lator failufe is useful and should be considered for moni-
toring regulator systems.

(2) Hach regulator supply, control, and sensing line
shall havela separate isolation valve for isolation purposes
during regulator setup and maintenance and to prevent a
safety device (i.e., monitor, regulator) from becoming
unintentipnally inoperable due to plugging or freezing
of instrunpent lines.

(3) Steps shall be taken to prevent the freezing-up
(internal and external) of regulators, control valves, in-
strumentgdtion, pilot controls, and valve actuation equip-
ment cauged by moisture saturated instrument air or gas,

(5) Qasvelocities in piping should not exceed 100 ft/
sec (30 mfs) at peak conditions. Lower velocities are rec-
ommended. High gas velocities in piping increase turbu-
lence and pressure drop and contributeto excessive sound
pressure(levels (aerodynamic-noise) and can cause
internal piping erosion.

(h) Other (Nonmandatory).Considerations for Pressure/

other applicable electrical codes. Additional API and
AGA references are listed in Nonmandatory Appendix C.
(2) Electronic control, monitoring, and gas measure-
ment equipment shall be properly grounded and isolated
from piping to help prevent overpressure/accidental
shutoff situations caused by equipment failure due to
lightning strikes and electrical transients and to
prevent safety hazards caused by fault currents. Electrical
isolation equipment for corrosion control purposes
: g1 i iei rle eeifically

designed to be used in combustible atmospheres:
(3) Uninterruptible power sources or redundant
backup systems should be considered to'help prevent
overpressure/unintentional shutoff situations cqused
by power outages.
(4) A useful reference for elecCtronic gas megsure-
ments is API Manual of Petrogleum Measurement |Stan-
dards, Chapter 21 — Flow Measurement Using
Electronic Metering Systémis, Section 1 — Electronic
Gas Measurement.
(j) Pipeline Installation by Directional Drilling
(1) Qualifications. Drilling contractors shall majntain
written design)and installation procedures addrgssing
crossings tonbe completed by the directional dyilling
method. ‘Drilling equipment operators and perspnnel
responsible for establishing the location of the| pilot
headand reamer during drilling operations shall be|qual-
ified by training and experience in the implementation of
the contractor's procedures.
(2) Geotechnical Evaluations. Geotechnical eyalua-
tions should be considered at the crossing locatjon to
establish subsurface conditions.
(3) Installation Forces and Stresses. Loads or, and
stressesin, the pipe string duringinstallation shall bg eval-
uated to ensure protection of the pipe against yidlding,
buckling, collapse, and undesired movement gf the
pipe string due to the combined effects of external|pres-
sure, friction, axial forces, and bending. (See directional
drilling references in Nonmandatory Appendix C.)

(4) Protective Coating. The frictional and abgasive

::IfFIow Control Facilities forces that may be exerted on the pipe coating during
| (1) Hiltration of gas, particularly for instrumentation, installation shall be considered when specifying the
/instrument regulators, etc., should be considered where type of coating system to be applied to the pipje and

‘particulafe contaminants are a present or potential
‘problem.
(2) Ipstallation of conical reducers immediately

weld joints. During installation, care shall be taken to
protectthe quality and integrity of the external corrpsion
coating.

‘downstream of a regulator or control valve will allow
'a more gradual expansion of gas to larger piping and
reduce turbulence and pressure drop during gas expan-
sion.
(i) Electrical Facilities and Electronic Equipment for
Pressure/Flow Control and Metering Facilities
(1) All electrical equipment and wiring installed in
pressure/flow control facilities and metering facilities
shall conform to the requirements of NFPA 70 and

44

(5] Additional Evaluation Measures. ITnaddition 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 string prior to installation
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(-c) passinganinternal 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 accuracy of the methods to be employed in locating
existing structures, maintaining required clearances from
ex1st1ng structures, tracklng the p051t10n of the pllot head
br durmg pullback
Brior to the commencement ofdrilling operations, the
locatipn of all subsurface structures in near proximity to
the design drill path shall, where practical, be exposed to
permjt a visual confirmation of the structure's location.
Brior 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
from [the design path.

(k)| Other (Nonmandatory) Considerations for Pressure
Cycle[Fatigue of Longitudinal Pipe Seams. Line pipe longi-
tudinpl 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
contajning longitudinal seams where the expected lifetime
accuInulation of full MAOP cycles may exceed the
following number of occurrences:

(U.S. Customary Units)

_ 60x 10"
(F x s)3 x 95

(SI Units)
98 x 10!
(F x-Sy x O3
where
F F design factorfrom Table 841.1.6-1

N F equivalentinumber of cycles during the expected
service life’ of the piping system

S ¥ specified minimum yield strength, psi (MPa),
stipulated in the specification under which the
pipe was purchased from the manufacturer or

screening criterion, pressure cycles larger than 50% ofthe
MAOP in magnitude should be counted as full MAOP
cycles. Seam welds that are not oriented parallel to the
longitudinal axis of the pipe are exempt from the evalua-
tion.

841.1.10 Protection of Pipelines and Mains From
Hazards

( a) When plpellnes and mains must be 1nstalled where

floods, unstable soil, landslldes earthqua <
events (such as surface faulting, soil liquéfa¢tion, and
soil and slope instability characteristics); or other condi-
tions that may cause serious movement of, or|abnormal
loads on, the pipeline, reasonable precautions shall be
taken to protect the pipelin€,/such as incregasing the
wall thickness, constructing revetments, preventing
erosion, and installing-anchors.

(b) Where pipelines-and mains cross areaf that are
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) Betause submarine crossings may be $ubject to
washouts due to the natural hazards of chanpes in the
waterway bed, water velocities, deepening of the
channel, or changing of the channel locatipn 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
bed locations. The depth of the line, location of the
bends installed in the banks, wall thickness of the pipe,
and weighting of the line shall be selected |based on
the characteristics of the waterway. In additjon to the
above hazards, pipe exposed to cross-currents may be
susceptible to vortex-induced vibration (“vortex shed-
ding”) in some flow regimes. This can cauge fatigue
damage in girth welds in the exposed spaps. When
these exposed span conditions are encountered, analyses
shall be undertaken to determine whether thi§ phenom-
enon is anticipated for the given pipe configuration and
orientation and the anticipated water velocity donditions.
Should conditions exist that could resultin the pjpe under-
going vibration and consequent fatigue damagg, counter-
acting measures (burial, reburial, or vortexishedding
devices) shall be installed to reduce the potential for
damage. API RP 1133 may be used for additiona1 guidance.

determined 1n accordance with paras.
817.1.3(h) and 841.1.4
t = nominal wall thickness, in. (mm)

The pipeline is considered not susceptible to fatigue in
the longitudinal seams due to pressure cycles if the pipe-
line has been exposed to a hydrostatic test at a pressure
level at least 1.25 times the MAOP, and the expected life-
time accumulation of full MAOP cycles is N or fewer, or the
design factor, F, is 0.4 or less. For purposes of applying this

(d) Where pipelines and mains are exposed, such as at
spans, trestles, and bridge crossings, the pipelines and
mains shall be reasonably protected by distance or barri-
cades from 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
mains shall be reasonably protected from vortex-induced
vibration. Such vibration can cause fatigue damage in girth
weldsin the exposed span. Analyses shall be undertaken to

(20)
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determine whether this phenomenonis 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
consequent fatigue damage, counteracting measures
(strakes, vibration dampeners, or other vortex-shedding
devices) shall be installed or the natural frequency of the
piping system changed to reduce the potential for damage.

for Buried Steel Pipelines and

(a) Cover Requirements for Mains. Buried mains shall be
installed with a cover notless than 24 in. (610 mm). Where
this cover provision cannot be met, or where external
loads maly be excessive, the main shall be encased,
bridged, dr designed to withstand any such anticipated
external [loads. Where farming or other operations
might result in deep plowing, in areas subject to
erosion, gr in locations where future grading is likely,
such as ropd, highway, railroad, and ditch crossings, addi-
tional protection shall be provided. [See (e) for suggested
methods to provide additional protection.]

(b) Coyer Requirements for Pipelines. Except for
offshore pipelines, buried pipelines shall be installed
with a cover notlessthanthatshownin Table 841.1.11-1.

Where these cover provisions cannot be met or where
external Joads may be excessive, the pipeline shall be
encased, jpridged, or designed to withstand any such
anticipatgd external loads. In areas where farming or
other opefrations might result in deep plowing, in areas
subject to| erosion, or in locations where future grading
is likely, quch 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) Clgarance Between Pipelines or"Mains and Other
Underground Structures

(1) There shall be atleast®'in: (150 mm) of clearance
wherever|possible between-any buried pipeline and any
other undprground structure not used in conjunction with
the pipeline. When such’ clearance cannot be attained,
precautiops to protect the pipe shall be taken, such as
the installation.oficasing, bridging, or insulating material.

wherever

carrier pipe, the casing shall be designed for this 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 to prevent
water from entering the casing. (Requirements for cross-
ings within casing of railroads and highways are shown in
Table 841.1.6-2.)

(e) Additional Underground Pipe Protection. The pipe
design factor, F, shall be in accordance with Table
-6 0 ossing—ofroadsandra . The
guidance provided by API RP 1102, Steel Pipglines
Crossing Railroads and Highways; or GRI(Report No.
91/0284, Guidelines for Pipelines Crossing Highays;
or Gas Piping Technology Committee's Guide Material
Appendix G-15, Design of Uncased)Pipelines Crdssing
of Highways and Railroads, may)be considered for
design and installation of pipeline crossing. The pipeline
operator shall evaluate the rfeed for extending additional
pipe protection over thepipéline when the road of rail-
road right-of-way width isundefined based on anticipated
loading from trafficorheavy equipment performing main-
tenance activities~adjacent to the road or railroad
Varying degrees$ of additional protection from third-
party damage to a buried main or pipeline crdssing
within (orparallel to) the right-of-way of road or rajlroad
may_bé’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 used, the potential conflict with the right-off-way
maintenance activities should be recognized. Physical

barrier or marker methods include
(-a) a concrete or steel barrier placed aboye the

QA o h o o o o = Hraad

pipe

(-b) a concrete slab placed vertically adjacent to
the pipe on each side and extended above the fop of
pipe elevation

Table 841.1.11-1 Pipeline Cover Requirement

Cover, in. (mm)

For Rock
Excavation [Not

P (1]

(2) Theresshall be at least 2 in. (50 mm) of clearance Pipe Size
possible between any buried gas main and any NPS 20  Pipe|Size
other underground structure not used in conjunction with | (DN 5dOO) Larger T(l)lan
the main. When such clearance cannotbe attained, precau- . For Norma an NPS 2
. . . Location Excavation Smaller (DN 500)
tions to protect the main shall be taken, such as the instal- — 24 (610 12 (300 18 (260
lation of insulating material or casing. ass () () Gy
(d) Casing Requirements Under Railroads, Highways, ~ 12552 30 (760) 18 (460) 18 (460)
Roads, or Streets. Casings shall be designed to withstand ~ Classes 3 and 4 30 (760) 24 (610) 24 (610)
Drainage ditch at public 36 (910) 24 (610) 24 (610)

the superimposed loads. Where there is a possibility of
water entering the casing, the ends of the casing shall
be sealed. If the end sealing is of a type that will retain
the maximum allowable operating pressure of the
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roads and railroad
crossings (all locations)

NOTE: (1) Rock excavation is excavation that requires blasting.
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(-c) damage-resistant coating material, such as
concrete

(-d) extra depth of cover additional to that
required in (b)

(-e) buried high-visibility warning tape placed
parallel to and above the pipe

(-f) pipe casing [see (d) and para. 861.1.6]

(2) A heavier wall thickness than is required by the

pipe design factor, F, in accordance with Table 841.1.6-1 or
Table

) Pipeline alignment should be as straight and per-
pendicular to the road or railroad alignment as possible to
prompte reliable marking of the pipe location through the
right-of-way and at the right-of-way limits.

Additional underground pipe protection shall be used in
conjynction with an effective educational program
(para} 850.4.4), periodic surveillance of pipelines (para.
851.1)), pipeline patrolling (para. 851.2), and utilization
of prpgrams that provide notification to operators
regarfling impending excavation activity, if available.

841.1.12 Design Factors Summary. Design factors are
summarized in Table 841.1.6-2.

841.2 Installation of Steel Pipelines and Mains

841.2.1 Construction Specifications. All construction
workperformed on piping systems in accordance with the
requirements of this Code shall be done under construc-
tion gpecifications. The construction specifications shall
covern| all phases of the work and shall be in sufficient
detail to cover the requirements of this Code.

84]
(a)

inspe

.2.2 Inspection Provisions

The operating company shall provide suitable
ction. Inspectors shall be qualified either by experi-
ence ¢r training. The inspector shall‘have the authority to
order the repair or removal-and“replacement of any
component found that failssto’meet the standards of
this (ode.

(b)| The installation inspéction provisions for pipelines
and ofther facilities t6.operate at hoop stresses of 20% or
more|of the specified minimum yield strength shall be
adequate to make possible at least the following inspec-
tions|at sufficiently frequent intervals to ensure good
quality of-workmanship:

7 )\Inspect the surface of the pipe for serious surface

(5) Inspect the completed welds before they are
covered with coating.

(6) Inspect the condition of the ditch bottom just
before the pipe is lowered in, except for offshore pipelines.

(7) Inspectthe fit ofthe pipe to the ditch before back-
filling, except for offshore pipelines.

(8) Inspect all repairs, replacements, or changes
ordered before they are covered.
(9) Perform such special tests and inspections as are
j ificati ; estructive
testing of welds and electrical testing of the\protective
coating.

(10) Inspect backfill material prior td use and
observe backfill procedure to ensure’no damgge occurs
to the coating in the process of backfilling.

841.2.3 Bends, Miters, and'Elbows in Steel| Pipelines
and Mains. Changes in diréction 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,
other evidencé-of mechanical damage.

(2) The maximum degree of bending on 3
bend may be determined by either m
Table841.2.3-1. The first column exprg
maximum deflection in an arc length equal to the
nominal outside diameter, and the secondl column
expresses the minimum radius as a functipn of the
nominal outside diameter.

(3) A field cold bend may be made to [a shorter
minimum radius than permitted in (1), proyided the
completed bend meets all other requiremernts of this
section, and the wall thickness after bending Is not less
than the minimum permitted by para. 841{1.1. This
may be shown through appropriate testing.

(4) For pipe smaller than NPS 12 (DN 30p), the re-
quirements of (4) must be met, and the wall thickness after
bending shall not be less than the minimum pefmitted by
para. 841.1.1. This may be shown through agpropriate
testing.

cracks, or

field cold
pthod in
sses the

Table 841.2.3-1 Pipeline Field Cold Bend Requrements

nimum
Radius of
Besd in Pipe

defects just prior to the coating operation. [See
para. 841.2.4(b)(1).]

(2) Inspect the surface of the pipe coating as it is
lowered into the ditch to find coatinglacerations thatindi-
cate the pipe mighthave beendamaged after being coated.

(3) Inspect the fitup of the joints before the weld is
made.

(4) Visually inspect the stringer beads before subse-
quent beads are applied.
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Deflection of Diameters
Longitudinal [See para.
Nominal Pipe Size Axis, deg 841.2.3(a)(3)]
Smaller than NPS 12 See para. 18D
(DN 300) 841.2.3(a)(4)

NPS 12 (DN 300) 3.2 18D

NPS 14 (DN 350) 2.7 21D

NPS 16 (DN 400) 2.4 24D

NPS 18 (DN 450) 2.1 27D

NPS 20 (DN 500) and larger 1.9 30D
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(5) Except for offshore pipelines, when a circumfer-
ential weld occursin abend section, it shall be subjected to
radiography examination after bending.

(6) All hot bends shall be made in accordance with
ASME B16.49.

(7) Wrinkle bends shall not be used.

(8) Incidental ripples in the pipe surface may occur
along the inside radius during the forming of cold field
bends in some pipe. Ripples having a dimension measured
from peak-+te Frete ding-1% ipe-outsi
diameter [are considered acceptable for all gas service.
Largerripjples may be permitted based on an engineering
analysis that considers the effects of pipeline construction
and operdtion on the reliability of pipe affected by such
features. t’l addition, the bend shall meet all other provi-
sions of this section.

(b) Miters. Mitered bends are permitted, provided the
following [limitations are met:

(1) Inh systems intended to operate at hoop stress
levels of #0% 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

(1) The field inspection provided on each job shall be
suitable to reduce to an acceptable minimum the chances
that gouged or grooved pipe will get into the finished pipe-
line or main. Inspection for this purpose just ahead of the
coating operation and during the lowering-in and backfill
operation is required.

(2) When pipe is coated, inspection shall be made to
determine that the coating machine does not cause
harmful gouges or grooves.

carefully examined prior to the repair of the céating to
determine if the pipe surface has been damaged.
(b) Field Repair of Gouges and Grooves
(1) Injurious gouges or grooves shall be remgved.
(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 prescribgpd by
this Code for the conditions of usage. [See para.
841.1.5(b).]
(3) When the conditions outlined in (2) canrot be
met, the damaged portion of pipe shall be cut ou'r 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 ¢f the
pipewall (as opposed to a scratch or gouge, which

12%, deg. reduces the pipe wall thickness). The depth of 4 dent
(3) In systems intended to operate at hoop stress shall be measured as the gap between the lowest|point
levels of less than 10% of the specified minimum yield of the dent and a prolongation of the original coptour

strength, [the total deflection angle at each miter shall
not exceefl 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.

(5) (are shall be taken in making mitered joints to
provide pfoper spacing and alignment and full penetra-
tion.

(c) Elbows. Factory-tnade, wrought-steel welding
elbows or transverse(segments cut therefrom may be
used for changes/in_direction, provided that the arc
length me¢asured along the crotch is at least 1 in. (25
mm) on

841.2.

of the pipe in any direction.

(2) A dent, as defined in (1), that contains a ptress
concentrator such as a scratch, gouge, groove, or ar¢ burn
shall be removed by cutting out the damaged portionjofthe
pipe as a cylinder.

(3) All dents that affect the curvature of the pjipe at
the seam weld or any girth weld shall be removgd. All
dents that exceed a maximum depth of ¥, in. (6{mm)
in pipe NPS 12 (DN 300) and smaller or 2% qf 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 are removed, the damaged portion of the pipe
shall be cutoutas a cylinder. Insert patchingand pounhding
out of the dents is prohibited. “r

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 found 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 during manufac-
ture, hauling, and installation to prevent the gouging or
grooving of pipe.
(a) Detection of Gouges and Grooves

(d) Notches

(1) Notches on the pipe surface can be caused by
mechanical damage in manufacture, transportation, hand-
ling, or installation, and when determined to be mechani-
cally caused, shall be treated the same as gouges and
grooves [see (a)].

(2) Stress 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 is heated sufficiently to change its mechanical
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or metallurgical properties. These imperfections are
termed “metallurgical notches.” Examples include an
arc burn produced by accidental contact with a
welding electrode or a grinding burn produced by exces-
sive force on a grinding wheel. Metallurgical notches may
result in even more severe stress concentrations than a
mechanical notch and shall be prevented or eliminated in
all pipelines intended to operate at hoop stress levels of
20% or more of the specified minimum yield strength.

(e) Elimination-of-Are-Burn :

the arc burn must be cut out as a cylinder and replaced
with @ good piece. Insert patching is prohibited. Care shall
be exgrcised to ensure that the heat of grinding does not
prodyce a metallurgical notch.

841.2.5 Miscellaneous Operations Involved in the
Installation of Steel Pipelines and Mains

(a)
in the|

Handling, Hauling, and Stringing. Care shall be taken
selection ofthe handling equipment and in handling,

841.2.6 Hot Taps. All hot taps shall be installed 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 welding and
cutting with cutting torches can be safely performed
on pipelines, mains, and auxiliary equipment, provided

Tat they ar mpietely 1 fgas or air that is free
from combustible material. Steps shallybe|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 ¢an-be kept full of gas
during a welding or cutting operation, the followling proce-
dures are recommended:

(1) Keep a slight flow:of gas moving towardl the point
where cutting or weldingis being done.

(2) Controlthe gaspressure at the site of t}
a suitable means,

(3) Afteracutis made, immediately close
open ends with tape, tightly fitted canvas, or oth
materials:

(4J)>Do not permit two openings to remain yincovered

{ c 0 D V 1TU Ol @ O

e work by

all slots or
br suitable

haulipg, unloading, and placing the pipe so as not to atthe'same time. This is doubly important if the ftwo open-
damajge the pipe. ings/are at different elevations.

(b)| Installation of Pipe in the Ditch. On pipelines oper- (c) Welding, cutting, or other operations that|could be a
ating pt hoop stress levels of 20% or more of the specified source of ignition shall not be done on a pipeling, main, or

minium yield strength, it is important that stressés
impos$ed on the pipeline by construction be minimized.
Except for offshore pipelines, the pipe shall fit the
ditch{ without the use of external force tg-hold it in
place|until the backfill is completed. When.long sections
of pipe that have been welded alongside.the ditch are

source of gas, unless a suitable means has been provided to
prevent the formation of an explosive mixture i
area.

(d) Insituations where welding or cutting must be done
on facilities that are filled with air and conngected to a

auxiliary apparatus that contains air, if it is com.Eected toa

the work

lowered in, care shall be exercised'so as not to jerk source of gas, and the precautions recohmended

the pjpe or impose any strains thatmay kink or put a above cannot be taken, one or more of the [following

permanentbend in the pipe. Slack loops are not prohibited precautions, depending on circumstances at the jobsite,

by thjs paragraph where laying’ conditions render their ~ are suggested:

use aflvisable. (1) purging of the pipe or equipment ugon which
(c)| Backfilling welding or cutting is to be done with an inert gasjor contin-

(1) Backfilling shall be performed in a manner to

uous purging with air in such a manner that a combustible

provife firm suppert under the pipe. mixture does not form in the facility at the wprk area
() Ifthere are large rocks in the material to be used (2) testing of the atmosphere in the vicinpity of the
for backfill;.caré shall be used to prevent damage to the  zone to be heated before the work is started and at inter-

coating bysuch means as the use of rock shield material, or
by making the initial fill with rock-free material sufficient

vals as the work progresses with a combustible gas indi-
cator or by other suitable means

to prevent damage.

(3) Where the trench is flooded to consolidate the
backfill, care shall be exercised to see that the pipe is
not floated from its firm bearing on the trench bottom.

! 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.

49

(3) careful verification before and during the work
ensuring that the valves that isolate the work from a
source of gas do not leak

(e) Purging of Pipelines and Mains

(1) When a pipeline or main is to be placed in service,
the air in it shall be displaced. The following are some
acceptable methods:
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(-a) Method 1. Introduce a moderately rapid and
continuous flow of gas into one end of the line and vent the
air out the other end. The gas flow shall be continued
without interruption until the vented gas is free of air.

(-b) Method 2. If the vent is in alocation where the
release of gas into the atmosphere may cause a hazardous
condition, then a slug of inert gas shall be introduced
between the gas and air. The gas flow shall then be
continued without interruption until all of the air and

o—facilityThe

841.3 Testing After Construction

841.3.1 General Provisions. All piping systems shall be (20)

tested after construction to the requirements of this Code
except for pre-tested fabricated assemblies and welded
tie-in connections where post construction tie-in
testing is not practical.

Additionally, single lengths or multiple welded lengths
of pipe previously tested in accordance with this Code for
the purposes of repair or replacement do not require a

vented gdses shall be monitored and the vent shall be
closed beffore any substantial quantity of combustible

to the ling is too small to make a procedure similar to but
the reverde of that described in (1) feasible, a slug of inert
be introduced to prevent the formation of an
mixture at the interface between gas and air.
br carbon dioxide can be used for this purpose.
f a pipeline or main containing gas is to be
the operation may be carried out in accordance
pr the line may be first disconnected from all
f gas and then thoroughly purged with air,
inert gas before any further cutting or
done.
a gas pipeline, main, or auxiliary equipment is
with air after having been in service, and there
hable possibility that the inside surfaces of the
facility are wetted with volatile inflammable liquid, or if
such liquids might have accumulated in low places;
purging procedures designed to meet this situation
shall be uged. Steaming ofthe facility until all combustible
liquids hgqve been evaporated and swept qut is recom-
mended. [Filling of the facility with an<inert gas and
keeping it full of such gas during the'progress of any
work thatl may ignite an explosive mixture in the facility
is an alternative recommendation/ The possibility of
striking stfatic sparks within the facility must not be over-
looked as|a possible source 'oftignition.

(f) Whgnever the accidental ignition in the open air of
gas-air mjxture may be likely to cause personal injury or
property damage, precautions, such as the following, shall
be taken:

(1) Prohibit-smoking and open flames in the area.

explosive
Nitrogen

(3) 1
removed,
with (b),
sources
water, of
welding i

41
to be filleg
is a reaso

post construction retest.

(a) The circumferential welds associated|with
connecting pretested assemblies, pretested repair pipe
lengths or sections, and welded tie-in €Cennections not
pressure tested after construction in\accordancg with
para. 841.3.2 or 841.3.3 or leak tested'after constriiction
in accordance with para. 841.3.4or 841.3.5 shall be ¢xam-
ined by radiographic examination, ultrasonic testing,
magnetic particle testing orether comparable and a¢cept-
able nondestructive methods in accordance with paras.
826.3(b), 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 sdrvice.

(c) Pressure testing with water is recommended yhen-
ever possible. However, itis recognized that certain dondi-
tions'may require testing with gases. When a gasis used as
the\test medium, the test pressure shall not exce¢d the
maximum values stated in Tables 841.3.2-1and 841.3.3-1.

The useris cautioned that the release of stored energy in
a gas test failure can be significantly more hazardous than
a similar failure with water. When testing with gas, a
formal risk assessment is recommended, wherein| risks
are identified, and appropriate mitigating meapures
and practices are identified and implemented to minimize
these additional risks.

(d) When pipeline systems are installed in ungtable
soils or the mass of the test medium contributes to|addi-
tional stresses in the pipeline system, the stressgs and
reactions due to expansion, longitudinal pressur¢, and
longitudinal bending shall be investigated prior to
testing. This investigation shall confirm that the test|pres-
sures and loads do not produce unacceptable stresses,
strains, deflections, or other conditions that fould
adversely impact the ability of the system to perform
as required.

(2) Inpstalla metallic bond around the location of cuts ] ) i
in gas pipes to be made by means other than cutting {e}—Festplanning shall-eensider pressure testmedium

torches.

(3) Take precautions to prevent static electricity
sparks.

(4) Provide a fire extinguisher of appropriate size
and type, in accordance with NFPA 10.

temperatures and duration of testing operations to limit
damage to pipe from freezing of the test medium and
prevent detrimental pipeline deformation 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
monitoring the test) shall be designed, fabricated, and
installed in accordance with the provisions of this
Code. Each test assembly shall be designed to operate
at the anticipated maximum test pressure. The operator

B0
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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 testis to be 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—ef-the—te g —sele ath
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
watei could potentially be corrosive or cause operational
problems such as freezing at pressure regulating equip-
ment.

Additional information regarding treatment of residual
fluidg for internal corrosion prevention may be found in
Interfpational Pipeline Conference paper IPC2012-90308,
“Prespure Test Planning to Prevent Internal Corrosion by
Residual Fluids.”

(i) |Prior to placing the pipeline in service, purge with
gas td displace the air and remove any potentially explo-
sive gir-gas mixture. See para. 841.2.7(e).

(c) Where one or both of the conditions in (b) exist, it is
permissible to pressure test using air or nonflammable,
nontoxic gases as the pressure test medium 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.

he-maximy ure-at-which-thepipeline is
to be operated does not exceed 80% of the maximum field
test pressure.

(3) The pipe involved has been confirmed fo be fit for
service and has alongitudinal weld joint quality factor, E of
1.00 (see Table 841.1.7-1).

(d) Before being placed in seryice, a newly cqnstructed
pipeline system shall be stréngth tested for ajminimum
period of 2 hr at a minimum pressure e¥al to or

greater than that specifiéd in Table 841.3.2-1 After stabi-
lization of temperatures and surges from pressuring
operations has been achieved. The minimun] pressure
shall be obtained and held at the highest el¢vation in
the pipeline ‘system.

(e) Testrequirements 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 proyisions of

(20) 841.3.2 Pressure Test Requirements to Prove ; . :
Strength of Pipelines and Mains to Operate at Hoop section 854. LG Tl bEt.we?n tes} pressure
Stresses of 30% or More of the Specified Minimum and operating pressure when the pipeline experiences
Yield|Strength of the Pipe. The following are preésure a future increase in the number of dwellingq intended

test fequirements to prove strength of pipelines and
main$ to operate at hoop stresses of 30%"0r-more of
the specified minimum yield strength of the/pipe:

(a)| The permissible pressure test media are stated in
Table|841.3.2-1. The recommended test medium is water.
Sour gas as defined in section B8B03 and flammable gas
may pnly 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 a safe
distance during the tést'and testing personnel shall be
equigped with appropriate personal protective equip-
mentl Both sour.gas and flammable gas tests must

for human occupancy.

(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 each(side ofthe
crossing.

(h) Other provisions of this Code notwithstanding,
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

standing,

meet|the test{pressure limitations per Table 841.3.3-1. . . : : L !
D e e e tested in conjunction with the adjoining pipeling segments
. S ) as required for Location Class 1.
Table 841.3.2-1 for the pressure testing of pipelines in ! qO " ies shall retain. in their files. f
ClasslLocations 3 and 4 need not apply if, at the time ® perating companies shall retain, in e1r 1les, tor

the pipelines are first ready for pressure testing, one
or both of the following conditions exist:

(1) Ground temperature at pipe depths is sufficiently
low during the test to cause the test medium to change
state and cause damage or blockage that would damage
the pipe or invalidate the test, and use of chemical freeze
depressants is not possible.

(2) Approved water of satisfactory quality is not
reasonably available in sufficient quantity.

51

the usefullife 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 section N-7 of
Nonmandatory Appendix N for a list of suggested
records for retention.
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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 0.6 Water 1.25 x MOP None TP/1.25 or DP

66 A Note1H +25*MOP +25<DP TP/t+:25or BP
3 [Note (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/1.5 or DP

Legend:
DP = |design pressure
MOP = |maximum operating pressure (not necessarily the maximum allowable operating pressure)
TP = |test pressure

GENERAL NOTES:
(a) This Tdble defines the relationship between test pressures and maximum allowable operating pressures subsequent to the test. If an
operatihg company decides that the maximum operating pressure will be less than the design presSure, a corresponding redudtion in
the prefcribed test pressure may be made as indicated in the Pressure Test Prescribed, Minimum'column. If this reduced test pilessure
is used,(however, the maximum operating pressure cannot later be raised to the design pressure without retesting the line to a highjer test
pressurle. See paras. 805.2.1, 845.2.2, and 845.2.3.
(b) Gas pipng within gas pipeline facilities (e.g., meter stations, regulator stations, etc.) is to‘be)tested and the maximum allowable opg¢rating
pressutle qualified in accordance with para. 841.3 and Tables 841.3.2-1 and 841.3.3-1 subject to the appropriate location class, design|factor,
and test medium criteria.
(c) When ahn air or gas test is used, the user of this Code is cautioned to evaluate the ability of the piping system to resist propagating brjittle or
ductile fracture at the maximum stress level to be achieved during the test.

NOTES:
(1) When gressure testing with air or gas, see para 841.3.1(c), paras. 841.3:2(a) through 841.3.2(c), and Table 841.3.3-1.

(2) Comprgssor station piping shall be tested with water to Location€lass 3 pipeline requirements as indicated in para. 843.4.1(c)
(3) For exdeptions, see paras. 841.3.2(b) and 841.3.2(c).

841.3.3| Tests Required to Prove Strength for-Pipe-  metric content of the section and to its location{ This
lines and| Mains to Operate at Hoop Stress Levels of requires the exercise of responsible and experi¢nced
Less Than 30% of the Specified Minimum<Yield Strength  judgement, rather than numerical precision.
of the Pipe, but in Excess of 100 psig (690 kPa). Steel
piping that is to operate at hoop_stress levels of less (c) In all cases where a line is to be stressed in a
than 309 of the specified minimum yield strength in strength proof test to a hoop stress level of 2Q% or
Class 1 Locations shall at least be tested in accordance more of the specified minimum yield strength ¢f the
with para 841.3.4. In Class‘2).3, and 4 Locations, such pipe, and gas or air is the test medium, a leak test
piping shall be tested)in accordance with Table shall be made at a pressure in the range from 100 psig
841.3.2-1), except that gas or air may be used as the (690 kPa) to that required to produce a hoop strgss of
test medijum within;the maximum limits set in Table 20% of the minimum specified yield, or the line|shall

841.3.3-1
841.3.4] Leak Tests for Pipelines or Mains to Operate
at 100 ps - —
Table 841.3.3-1 Maximum Hoop Stress Permissible
(a) Each pipeline and main shall be tested after During an Air or Gas Test

construction and before being placed in operation to Location CI :
demonstrate that it does not leak. If the test indicates ocation Class, Percent o
. Specified Minimum Yield
that a leak exists, the leak or leaks shall be located and Strength
eliminated, unless it can be determined that no undue

h e bli fety exist Test Medium 2 3 4
azard to public safety exists. - -
7
(b) The test procedure used shall be capable of Air or nonflammable nontoxic gas > >0 40
Flammable gas 30 30 30

disclosing all leaks in the section being tested and
shallbe selected after givingdue considerationtothevolu- ~ GENERAL NOTE: Refer to para. 841.3.2(c).
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be walked while the hoop stress is held at approximately
20% of the specified minimum yield.

841.3.5 LeakTestsfor 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 inopera-
tion to demonstrate that it does not leak.

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

(bj]Luas 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
testnjay be used to locate leaks if all joints are accessible
during the test.
(c)| Testing at available distribution system pressures
as pr¢vided for in (b) may not be adequate if substantial
 proteftive coatings are used that would seal a split pipe
seam|]If such coatings are used, the leak test pressure shall
i be 100 psig (690 kPa).

% 841.3.6 Safety During Tests. All testing of pipelines
¢ and mains after construction shall be done with due
regand for the safety of employees and the public
% durinyg the test. When air or gas is used, suitable steps
shall|be taken to keep persons not working on the
testing operations out of the testing area when the
hoop|stress is first raised from 50% of the specified
minirpnum yield to the maximum test stress, and until
the pressure is reduced to the maximum operating pres:
sure.

841.4 Commissioning of Facilities

84].4.1 General. Written procedures shall' be estab-
lishedl for commissioning. Procedures ‘shall consider
the characteristics of the gas to béitransported, the
needfoisolatethe pipeline from otherconnected facilities,
and the transfer of the constructed pipeline to those
responsible for its operation:

Commissioning procedures; devices, and fluids shall be
selected to ensure thatnothing is introduced into the pipe-
line system that will\be 'incompatible with the gas to be
transported, or with the materials in the pipeline compo-
nents

84].4.2-Cleaning and Drying Procedures. Considera-
tion shall be given to the need for cleaning and drying the
pipe anei omponentsveyonata equired-forremova
of the test medium.

841.4.3 Functional Testing of Equipment and
Systems. As a part of commissioning, all pipeline 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
given to performing a final test of pipeline valves
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(c) all necessary safety systems be operatignal
(d) operating procedures be available
(e) a communications system be establishefl
(f) transfer of the completed pipeline’system to those
responsible for its operation

841.4.5 Documentation and)Records. The
commissioning records shall'be maintained as
records:

(a) cleaning and drying procedures

(b) cleaning and drying results

(c) function-testing records of pipeline monitoring

(d) contrelequipment systems

(e) conipleted prestart checklist

following
ermanent

842 “OTHER MATERIALS

842.1 Ductile Iron Piping Systems Requirements
842.1.1 Ductile Iron Pipe Design

(a) Determination of Required Wall Thickneps. Ductile
iron pipe shall be designed in accordance| with the
methods 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 equatipns 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 Confdrmance to
ANSI A21.52. Ductile iron pipe shall be (60-42410) grade
and shall conform to all requirements of AN$I A21.52.

e ile i . ing mechan-

Property Parameter
Minimum tensile strength 60,000 psi (414 MPa)
Minimum yield strength 42,000 psi (290 MPa)
Minimum elongation 10%

(d) Allowable Thickness for Ductile Iron Pipe. The least
ductile iron pipe thicknesses permitted are the lightest
standard class for each nominal pipe size as shown in
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ANSI A21.52. Standard wall thicknesses for 250 psig (1
720 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) Mechanical]joints. 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

of the material as determined by the formulas in para.
841.2.1. For other applications in Class 1 or 2 Locations,
plastic piping may be used within the limitations
prescribed in this Code. Plastic piping shall meet the re-
quirements of a specification listed in Mandatory
Appendix A.

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

Ll ] 7 (subject to the limitations in para. 842.2.2) shall be {leter-

C111/A21.11. : . .
(2) Qther Joints. Ductile iron pipe may be furnished LGl il B g T
with other types of joints provided they are properly qual- (U.S. Customary Units)
ified and meet the appropriate provisions of this Code. 28
Such joints shall be assembled in accordance with appli- pP= (ST)—I- X Dy
cable standards or in accordance with the manufacturer's
written rgcommendations. or
(3) Threaded Joints. The use of threaded joints to o
couple lengths of ductile iron pipe is not recommended. =S ; X Dy
842.1.2] Installation of Ductile Iron Pipe .
(SI Units)
(a) Layliing. Ductile iron pipe shall be laid in accordance 20008
with the applicable field conditions described in ANSI/ P = (_SIT)—_I x Dy
AWWA C150/A21.50.
(b) Covyer. Underground ductile iron pipe shall be or
installed [with a minimum cover of 24 in. (610 mm)
unless pilevented by other underground structures. pP= 2 0008t x Dy
Where sufficient cover cannot be provided to protect D-t
the pipe l}om external loads or damage and the pipe is
not desiged to withstand such external loads, the pipé LAOT . . . . .
shall be chsed or bridged to protect the pipe. D = spec1_ﬁed outside dlametffr, in. [mr_n), in the case
(c) Joint Restraint. Suitable harnessing or buttressing o3 relnfo.rf:ed ther.mosgttlng Dt [RT,‘P] PIpe,
shall be provided at points where the main'déviates R el GO S B i Tl 9l
from a straight line and the thrust, if not restrained, ther.moset Ve
would sefjarate the joints. Dy = dengn factor = 0.32 or 0.40 for PA-11. The
(d) Making Ductile Iron Field Joints: Ductile iron pipe design factf)r 1sa I_"m_lber PR E S S
joints shall conform to para. 842.1.1(e) and shall be to 1, Gl (B l?y e ca!cudated
assembled according to recognized’ American National S L e e
Standardp or in accordance/with the manufacturer's sure. . . .
written racommendations. DR = dimension ratio, the ratio of the average speci-
fied outside diameter to the specified minjmum
842.1.3| Testing Ductile Iron Field Joints. Ductile iron wall thickness
pipe joinfts shall be-leak tested in accordance with P = design pressure, gage, psig (kPa)
para. 841{3.4 or 841.3.5. S = for thermoplastic pipe, hydrostatic design basis
(HDB) determined in accordance with ASTM
842.2 DTSign of Plastic Piping D2837 at a temperature equal to |[73°F
{23°€), 100°F(38°€), 126°F(49°C};140°F

General Provisions.The design requirements of this
section are intended to limit the use of plastic piping
primarily to mains and service lines in typical polyvinyl
chloride (PVC) distribution systems” operating at 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) distribution
systems operating at pressures up to the design pressure

2Under ASTM D2513, PVC piping may be used only for repair and
maintenance of existing PVC installations.
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(60°C), or 180°F (82°C). In the absence of a
HDB established at the specified temperature,
the HDB of a higher temperature may be used in
determining a design pressure rating at the
specified temperature by arithmetic interpola-
tion using the procedure in Part D.2 of PPI TR-3.
For RTP pipe NPS 6 (DN 150) and below, used in
Class 1 and 2 locations, the HDB determined in
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Table 842.1.1-1 Standard Thickness Selection Table for Ductile Iron Pipe

Nominal Pipe Laying

Thickness, in. (mm), for Depth of Cover, ft (m)

Size, NPS (DN) Condition 2%, 3%, 5 8 12 16 20 24
3 (75) A 0.28 (7.1)  0.28 (7.1) 0.28 (71) 028 (7.1)  0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1)
B 028 (71) 028(71) 028(71) 028(71) 0.28(71)  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) 029 (74) 029 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4)
B 0.29 (74) 029 (74) 029 (74) 029 (7.4) 029 (74)  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 031(79) 031(79) 031(79) 031(79) 031(79) 031 (7.9) 0.31 (7.9) 0.31 (7.9)
8 (200) A 033 (84) 033 (84) 033(84) 033 (84) 033(84) 033 (84) 033, (8.4) 0.33 (8.4)
B 033 (84)  0.33 (8.4) 033 (84) 033 (84) 033 (84) 0.33 (8.4) 0.33 (8.4) 0.33 (8.4)
10 {250) A 035(89) 035(89) 035(89) 035(89) 035(89)  0.35 @£9) 0.38 (9.7) 0.38 (9.7)
B 035 (89)  0.35 (89) 035 (89)  035(89) 035 (89) 0.35.(8.9) 0.38 (9.7) 0.38 (9.7)
12 (300) A 037 (94) 037 (94) 037 (94) 037 (94) 037 (9.4)¢ Y(0.37 (9.4) 0.40 (10.2) [0.43 (10.9)
B 037 (9.4) 037 (9.4) 037 (9.4) 037 (94) 037 (9.4) 0.37 (9.4) 040 (10.2) [0.40 (10.2)
14 {350) A 036 (9.1) 036 (9.1) 036 (9.1) 036 (9.1) <0B39(9.9) 042 (10.7) 045 (11.4) [0.45 (11.4)
B 036 (9.1) 036 (9.1) 036 (9.1)  0.36 (9.1) “\\ 0.36 (9.1) 042 (10.7)  0.42 (10.7) [0.45 (11.4)
16 (400) A 037 (9.4) 037 (94) 037 (94)  037.94) 040 (10.2) 043 (10.9) 046 (11.7) [0.49 (12.4)
B 037 (94) 037 (94) 037 (94)  037(9.4) 040 (10.2) 043 (10.9) 046 (11.7) [0.49 (12.4)
18 {450) A 038 (9.7) 038(9.7) 038 (9.7)\\" 038 (9.7) 041 (10.4) 047 (11.9) 050 (127) [0.53 (13.5)
B 0.38 (9.7) 0.38 (9.7) 0.38 (97) 0.38 (9.7) 0.41 (10.4) 0.44 (11.2) 0.47 (11.9) 0.53 (13.5)
20 {500) A 039 (9.9) 039 (9.9) <089 (9.9) 039(9.9) 045(11.4) 048 (122) 054 (13.7)
B 039 (9.9) 039 (9.9) ) 039 (9.9) 039 (9.9) 042 (10.7) 048 (122) 051 (13.0)
24 (600) A 044 (11.2) 041N(10.4) 041 (104) 044 (11.2) 0.50 (12.7)  0.56 (14.2)
B 041 (10.4) /041 (10.4) 041 (104) 041 (104) 047 (11.9)  0.53 (13.5)
GENERAL NOTES:
(a) THis Table is taken from ANSI AZ21.52.
(b) Laying Condition A: flat-bottom trench without blocks, untamped backfill.
(c) L:x;;ng Condition B: flat-bottom trench without blocks, tamped backfill.
(d) THe thicknesses in this-table are equal to or in excess of those required to withstand 250 psi (1 720 kPa) working pressufe.
(e) Al} thicknesses shown in this table for the depths of cover indicated are adequate for trench loads, including truck superlgads.
(f) Fdr the basis of-design, 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 A2E52.
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accordance with the listed specification. For all
other RTP pipe, use 11,000 psi (76 MPa).
SDR = standard dimension ratio, the ratio of the
average specified outside diameter to the
minimum specified wall thickness, corre-
sponding to avalue from a common numbering
system that was derived from the American
National Standards Institute preferred
number series 10. In the case of RTP pipe,

of the reinforced thermoset layer to the
minimum specified wall thickness of the rein-
forced thermoset layer. DR may be substituted
for SDR in this calculation when the dimension
ratio is not an above defined “standard” dimen-
sion ratio.

t = [specified wall thickness, in. (mm), in the case of
RTP pipe, the specified wall thickness of the
reinforced thermoset layer

NOTE: Lonfg-term hydrostatic strength at 73°F (23°C) for the
plastic matprials whose specifications are incorporated by refer-
ence herein are given in Mandatory Appendix D.

842.2.2 Thermoplastic Design Limitations

(a) Exdept as provided in (e) and (f), the design pres-
sure may not exceed a gage pressure of 100 psig (689 kPa)
for plastij\ pipe used in

(1) distribution systems
(2) lUocation Classes 3 and 4

(b) Plaktic pipe shall not be used where the design

temperatyre of the pipe will be

(1) Below -40°F (-40°C). In no case shall.the’pipe or
piping components be used in applications‘\beyond the
manufactphirer's recommended ratings for the pipe or
piping component.

2) a'Fove the temperature at which the HDB used in
the design formula is determined.

(c) Thevalue of tfor thermgplastic pipe shallnotbeless
than that [specified in ASTM-D2513.

(d) For|saddle-type séxvice connections made by heat-
fusion techniques, ittmay be necessary for some materials
that are intended for use at high operating pressures to
require a heayier-wall thickness than defined by the pres-
sure designfermula for sizes NPS 2 (DN 50) and smaller.

(4) the design pressure is determined in accordance
with the design equation defined in para. 842.2.1
(f) Polyamide-11 (PA-11) pipe may be operated at
pressures up to its design pressure as determined in
accordance with the design equation defined in
para. 842.2.1.

842.2.3 Reinforced Thermosetting Plastic (RTP)
Design Limitations

3 ; ihes in
distribution systems in Class 3 and 4 Locations)shgll 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 (829C).
(c) The wall thickness for RTP pipe shall not bg 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 in para. 842:2.1.

0l The v e of P for R1P AT ANd ETViCE

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 dorre-
sponding pipe size and wall thickness as indicated in
the referenced standard for the fittings and as determined
inparas. 842.2.1 and 842.2.2. The manufacturer shopild be
consulted for advice on maximum pressure ratings for
fittings not covered by referenced standards.

842.2.5 Valves in Plastic Piping

(a) Valvesinplasticpiping may be made of any sujitable
material and design permitted by this Code. Th¢rmo-
plastic valves shall comply with ASTM D2513 and
ASME B16.40.

(b) Valve installations in plastic piping shall pe so
designed as to protect the plastic material against ¢xces-
sive torsional or shearing loads when the valve or shutoff
is operated, and from any other secondary stressef that
might be exerted through the valve or its enclosure.

842.2.6 Protection From Hazards. Plastic piping shall
conform to the applicable provisions of para. 8411.10.

842.2.7 Cover and Casing Requirements Under|Rail-
roads, Roads, Streets, or Highways. Plastic piping shall

Manufacttrers-of-the—specificpipe-material-should-be
contacted for recommendations or a qualified procedure
shall be used.
(e) The design pressure for PE pipe may exceed a gage

pressure of 100 psig (689 kPa), provided that

(1) the design pressure does not exceed 125 psig
(862 kPa)

(2) the material is a PE material as specified within
ASTM D2513

(3) the pipe size is NPS 12 (DN 300) or smaller

conform to the applicable requirements of
paras. 841.1.11(a) and 841.1.11(d). Where plastic
piping must be cased or bridged, suitable precautions
shall be taken to prevent crushing or shearing of the
piping. (See also para. 842.3.3.)

842.2.8 Clearance 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
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of heat to prevent operating temperatures in excess of the
limitations of para. 842.2.2(b) or 842.2.3(b).

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
[Te Mmaterials being joined. I ne recommendations o
anufacturer shall be considered when determining
ethod to be used.

Joint Requirements

(1) Pipe or tubing shall not be threaded.

?) Solvent cement joints, adhesive joints, and heat-
fusion joints shall be made in accordance with qualified
proceidures that have been established and proven by test
to prqduce gas-tight joints at least as strong as the pipe or
tubing being joined.

(3) Joints shall be made by personnel qualified by
training or experience in the proper procedures required
for tl'I; type of joint involved.

(#) Solvent cement shall be used only on PVC joints.
(I5) Heat-fusion or mechanical joints shall be used
when joining polyethylene or polyamide-11 pipe,
tubing, or fittings. PA-11 components may be joined to
PA-11 components, and PE components may be joined
to PE[ components. PE and PA-11 components shall not
be heat fused to each other. Polyethylene components
madg of different grades of materials may be (ieat
fused] provided that properly qualified procedures for
joining the specific components are used. Any combina-
tion qf 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 Hlastics Pipe Institute (PPI) publishes the following
geneific heat-fusion procedures:

(-a) TR-33, Generic ButtFusion Joining Procedure
lyethylene Gas Piping

(-b) TR-41, Generic Saddle Fusion Joining Proce-
for Polyethylene Gas Piping

(-c) TR-45,Butt Fusion Joining Procedure for Field
Joining of Polyamide-11 (PA-11) Pipe

Husion.of\PE components with different melt cate-
gorigs may ‘require “dissimilar fusion” procedures
provifled by the manufacturer.

for P

dure

(3) The mating surfaces must be clean, dry, and free
of material that may be detrimental to the joint.

(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

joined may be conditioned prior to assembly by warming if
done in accordance with the manufacturer's recommen-
dations.

(7) A solvent cement joint)shall not be
accelerate the setting of the éement.

(8) Safety requireménts in Appendix A
D2513 shall be followedwiien solvent cements

(d) Heat-Fusion Joints

(1) Sound butt heat-fusion joints require the use of a
jointing devicethatholds the heater element sqiiare to the
ends of the piping, can compress the heated end$ together,
and holdsthepiping in proper alignment while the plastic
hardens;

(2) Sound socket heat-fusion joints requirg
ajointing device that heats the mating surfaces
uniformly and simultaneously to essentially
temperature. The completed joint must not be
until properly set.

(3) Care must be used in the heating op
prevent damage to the plastic material from ov
or having the material not sufficiently heated t
sound joint. Directapplication of heat with a tor
open flame is prohibited.

(4) When connecting saddle-type fittings tp pipe NPS
2 (DN 50) and smaller, see para. 842.2.2(e) to mihimize the
possibility of failures.

(e) Adhesive Joints

(1) Adhesives that conform to ASTM D2517 and are
recommended by the pipe, tubing, or fitting manufacturer
shall be used to make adhesive bonded joints

(2) Whendissimilar materialsare bonded fogether, a
thorough investigation shall be made to determine that
the materials and adhesive used are compatible with
each other.

(3) Anadhesive bonded joint may be heated in accor-

heated to

of ASTM
are used.

the use of
fthe joint
the same
disturbed

eration to
erheating
D ensure a
h or other

(6) Flanges or special joints may be used provided
they are properly qualified and used in accordance with
the appropriate provisions of this Code.

(c) Solvent Cement joints

(1) Square cut ends free of burrs are required for a
proper socket joint.

(2) Proper fitbetween 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.
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dance with the pipe manufacturer's recommendation to
accelerate cure.

(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®

3 Refer to the current editions of the AGA Catalog No. XR0104, Plastic
Pipe Manual for Gas Service; ASTM D2513; ANSI/GPTC Z380.1, Guide for
Gas Transmission and Distribution Piping Systems; and technical publica-
tions of plastic pipe and fitting manufacturers.
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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

(-c) Allowance shall be made for thermal expan-
sion and contraction due to seasonal changes in tempera-
ture of installed pipe. The importance of this allowance
increases as the length of the installation increases.
Such allowance is of paramount importance when the

General AS'_I'SIV{ D696, plastic pipe is used for insertion renewal inside
Material x 195 in./in./°F another pipe, because it is not restrained by earth
Designation (x 10> mm/mm/°C) . : .
loading. This allowance may be accomplished by appro-
PA 32312 (PA-11) 8.5 (4.3) priate combinations of
PA 32316 (PA-11) 8.5 (4.3) £ 1) offsets
PE 2406 9.0 (5.0) (.2) anchoring
PE 2606 10.0 (5.6) (-3) aligning the pipe and fitting
PE 2706 10.0 (5.6) (-4) in the case of compression, fittings By the
PE 2708 10.0 (5.6) use of long-style types and placement of the pipe in[slight
PE 3408 9.0 (5.0) axial compression
PE 3608 9.0 (5.0) (-5) expansion-contraction devices, or
PE 3708 9.0 (5.0) (-6) fittings designed<to,prevent pullout
PE 3710 9.0 (5.0) Typical coefficients of thermal expansion, which may be
DE 4708 90 (50) used to make calculations, are given in Table 8422.9-1.
BER 710 LU 842.3 Installation ©of Plastic Piping
PVC 1120 3.0 (1.7) . . . .
PVC 1220 3.5 (1.9) 842.3.1 Construction Specifications. All constryiction
PVC 2116 40 (22) work performed on piping systems in accordance with the
requirements ofthis Code shall be done using constryction

GENERAL NOTES:

(a) Individpal compounds may differ from values in this Table as
much gs +10%. More exact values for specific commercial
products may be obtained from the manufacturers.

(b) Abbrevjations: PA-11 = polyamide-11, PE = polyethylene, PVC =
polyvinlyl chloride.

(1) When compression-type mechanical joints are
used, the| elastomeric gasket material in the fitting
shall be ¢gompatible with the plastic fi.e; the plastic
and the elastomer shall not cause deterioration in one

specifications. The construction specifications shall|cover
the requirements of this Code and shall be in sufficient
detail’to ensure proper installation.

lastic
ge by
ms of

842.3.2 Inspection and Handling Provisions. I
piping components are susceptible to dama
mishandling. Gouges, cuts, kinks, or other for
damage may cause failure. Care shall be exejcised
during handling and installation to prevent such damage.

(a) Plastic pipe and tubing shall be carefully insgected
for cuts, scratches, gouges, and other imperfections hefore
use, and any pipe or tubing containing harmful impgrfec-
tions shall be rejected.

another's|chemical and physical properties over a long
period). (b) Each installation shall be field inspected to fletect
(2) The tubular stiffener tequired to reinforce the harmful imperfections. Any such imperfections found

end of the pipe or tubing.shall extend at least under
that sectlion of the pipe-being compressed by the

shall be eliminated.

(c) Skillful application of qualified techniques and the

gasket or|gripping material. The stiffener shall be free ~ use of proper materials and equipment in good conglition
of rough pr sharp edges and shall not be a force fit in ~ are required to achieve sound joints in plastic piping by
the pipe qr tube, Split tubular fittings shall not be used. the solvent cement, adhesive, or heat-fusion methods.

(3) Yincé-pullout resistance of compression-type
fittings vqries with type and size, all mechanical joints

there
shall

Inspection provisions shall be checked visually. If
is any reason to believe the joint is defective, it

shall be designed and installed to effectively sustain
the longitudinal pullout forces caused by contraction of
the piping or by maximum anticipated external
loading. The installation shall be designed and made to
minimize these forces as follows:

(-a) In the case of direct burial when the pipe is
sufficiently flexible, the pipe may be snaked in the ditch.

(-b) In the case of pipe installed by insertion in
casing, the pipe shall be pushed rather than pulled into
place so as to place it in compression rather than tension.
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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.
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(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

(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

atmo§pheric Corrosion; protected against deterioration
(e.g., |high-temperature degradation); and protected
againpt external damage

(2) installed on a bridge in accordance with GRI
Report 00/0154, Design Guide for Pipes Across Bridges
(3) installed for plastic service lines as permitted in
para. (849.4.2(b)

Rlastic pipe shall not be used to support external
loads} Encased plastic pipe shall be able to withstand
anticjpated temperatures without deteriorating or
decrgasing in strength below the design limitations
statedl in paras. 842.2.2 and 842.2.3. When protecting
against external damage, consideration shall be given
to thp need to isolate the encased segment and to
safely vent or contain gas that may escape the plastic
pipe |n the event of a leak or rupture.

(b)| Belowground Installation. Plastic piping shall notbe
installed in vaults or any other below-grade enclosure
unlesk it is completely encased in gas-tight metal pipe
and metal fittings having adequate corrosion protection:

(c)| Stresses. Plastic piping shall be installed in such a
way that shear or tensile stresses resulting from egnstruc-
tion, backfill, thermal contraction, or externalloading are
minirized. [See para. 842.2.9(f).]

(d)| Direct Burial
(i1) Plastic piping shall be laid-on undisturbed or
well-rompacted soil. If plastic piping is to be laid in
soils that may damage it, the piping shall be protected
by sditable rock-free materials before backfilling is
completed. Plastic pipinigyshall not be supported by
blocking. Well-tamped-earth or other continuous
support shall be uséd.

() The pipingshall be installed with sufficient slack
to provide for’possible contraction. Cooling may be nec-
essary beforethe last connection is made under extremely
high-temperature conditions. [See para. 842.2.9(f).]

3)\When long sections of piping that have been

nrovanloecatinemethods—saas
provenrecathgmetnoas—in oy

(e) Insertion of Casing
(1) The casing pipe shall be preparedito the extent
necessary to remove any sharp edges, projections, or abra-
sive material that could damage the plastic during and
after insertion.
(2) Plastic pipe or tubing/shall be inserteld into the
casing pipe in such a mannet,so as to protect the plastic
during the installation, The leading end of the plastic shall
be closed before insertion. Care shall be taken fo prevent
the plastic piping from bearing on the end of the casing.
(3) The portion of the plastic piping expo$ed due to
the removalofa section of the casing pipe shall pe of suffi-
cient streéngth to withstand the anticipated external
loading.er it shall be protected with a suitablg bridging
piececeapable of withstanding the anticipated external
loading.

(4) The portion of the plastic piping t
disturbed earth shall be adequately protected
ging piece or other means from crushing or she
external loading or settling of backfill.

(5) The piping shall be installed to prjovide for
possible contraction. Cooling may be necessgry before
the last connection is made when the pipe|has been
installed in hot or warm weather. [See para. 8§42.2.9(f).]

(6) 1f water accumulates between the casipg and the
carrier pipe where it may be subjected td freezing
temperatures, the carrier pipe can be consfricted to
the point where the capacity is affected o1l the pipe
wall could be crushed and leak. To avoid thjs, one or
more of the following steps shall be taken:

(-a) The annulus between the carrier] pipe and
casing shall be kept to a minimum so that the|increased
volume of water changing to ice will be insufficient to
crush the carrier pipe.

(-b) Adequate draining for the casin
provided.

hat spans
by a brid-
iring from

b shall be

assembled alongside the ditch are lowered in, care
shall be exercised toavoid any strains thatmay 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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(-cJ Filler such as foam 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 duringinstallation.
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(-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 pipe during trenchless installations. These
measuresrmay-inchide—monitoring-of-the—pullingforee;
use of alweak link at the pulling head, or other

locator, a fracer wire shall be pulled in with the piping, but
with minimal physical contact with the pipe.

(2) Additional Evaluation Measures. The minimum
inspectionand post-inspection testing requirements else-
where in this Code shall be employed.

842.3.4 Bends and Branches. Changes in direction of
plastic piping may be made with bends, tees, or elbows
under the following limitations:

(a) Plastic pipe and tubing may be deflected to a radius
not less than the minimum recommended by the manu-
facturer for the kind, type, grade, wall thickness, and
diameter pf the particular plastic used.

(b) Th¢ bends shall be free of buckles, cracks, or other
evidence pf damage.

(c) Changes in direction that cannot be made in accor-
dance with (a) shall be made with elbow-type fittings:

(d) Field-fabricated miter fittings are not permitted.

(e) Brapch connections shall be made only with'secket-
type tees gr other suitable fittings specifically designed for
the purpdse.

842.3.5 Field Repairs of Gouges and Punctures. Injur-
ious gouges or punctures shall be remeved by cutting out
and replacing the damaged portion as a cylinder or

repaired in accordance with para/852.5.2.

842.3.4 Hot Taps. All-hot taps shall be installed by
trained and experienced, crews.

842.3.7| Purging. Purging of plastic mains and service
lines shall be done“in accordance with the applicable
provision$ of(paras. 841.2.7(e) and 841.2.7(f).

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

3 osha gterial
temperatures above 140°F (60°C), and reinforced th¢rmo-
setting plastic piping shall not be tested, 'at material
temperatures above 150°F (66°C). The durdtion ¢f the
test of thermoplastic piping above 100°F (3[8°C),
however, shall not exceed 96 hr.
(c) Sufficient time for joints to “Set” properly myist be
allowed before the test is initiated.
(d) Plastic pipelines andmains shall be tested at g pres-
sure not less 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 thermosgtting
plastic piping shall not exceed 3.0 times the design|pres-
sure of the pipe
(2) the‘test pressure for thermoplastic piping
not exceed 3.0 times the design pressure of the pjpe at
temperatures up to and including 100°F (38°C) ¢r 2.0
times-the design pressure at temperatures excepding
T00°F (38°C)
(e) Gas, air, or water may be used as the test medium.

shall

842.4.3 Safety During Tests. All testing after conftruc-
tion shall be done with due regard for the saf¢ty of
employees and the public during the test.

842.5 Copper Mains
842.5.1 Design of Copper Mains

(a) Requirements. When used for gas mains, cppper
pipe or tubing shall conform to the following require-
ments:

(1) Copper pipe or tubing shall not be used for nains
where the pressure exceeds 100 psig (690 kPa).
(2) Copper pipe or tubing shall not be used for jmains
where the gas carried contains more than an average|of 0.3
grains of hydrogen sulfide per 100 standard cubic fe¢t (2.8
m?) of gas. This is equivalent to a trace as determinef by a

lead -acetate test

842.4 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 thatthe tie-in sections of piping
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(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
where strain or external loading may damage the piping.

(b) Valves in Copper Piping. Valves installed in copper
lines may be made of any suitable material permitted by
this Code.
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(c) Fittings in Copper Piping. It is recommended 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 material used for
brazing shall be a copper-phosphorus alloy or silver base
alloy. Butt welds are not permissible for joining copper

but cppper pipe with wall thickness equivalent to the
compparable size of Schedule 40 steel pipe, i.e., ranging
from[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 galvanic action
wherg copper is connected underground to steel. [See

para.|861.1.3(a).]

842.5.2 Testing of Copper Mains After Construction.
All cgpper mains shall be tested after construction in
accorflance 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 glear
ces from adjacent property not under control of
the operating company as to minimize the hazard of
communication of fire to the compressor building from
strucfures on adjacent property. Sufficient open space
should be provided around the building to permit the
free thovement 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 ¢r limited combustible materials as defined in NFPA
220.

8438.1.3_EXits. A minimum of two exits shall be
provifeddor each operating floor of a main compressor
building/basements, and any elevated walkway or plat-

All swinging doors located in an exterior wall shall swing
outward.

843.1.4 Fenced Areas. Any fence that may hamper or
prevent escape of persons from the vicinity of a
compressor station in an emergency shall be provided
with a minimum of two gates. These gates shall be
located so as to provide a convenient opportunity for
escape to 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-(dr capable
of being opened from the inside without)a-Key) when
the area within the enclosure is occupied’ Alt¢rnatively,
other facilities affording a similarly convenient exit from
the area may be provided.

843.2 Electrical Facilities

All electrical equipment and wiring installed in gas
transmission and distribution compressoy stations
shall conform to thefrequirements of NFPA 70, insofar
as the equipment commercially available permits.

Electricalinstallationsin hazardouslocationsjs 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) shall be designed to conform to
NFPA 70 for Class I, Division 1 requirements.

843.3 Compressor Station Equipment

843.3.1 Liquid Removal for Gas Treating Facilities.
When condensable vapors are present in the gas
stream in sufficient quantity to liquefy under the antici-
pated pressure and temperature conditions, the suction
stream to each stage of compression (or to ea¢h unit for
centrifugal compressors) shall be protected against the
introduction of dangerous quantities of ¢ntrained
liquids into the compressor. Every liquid $eparator
used for this purpose shall be provided with|manually
operated facilities for removal of liquids therefrom. In
addition, automatic liquid removal facilities, an putomatic
compressor shutdown device, or a high liquid level alarm
shall be used where slugs of liquid might be cqrried into
the compressors.

843.3.2 Fire Protection. Fire protection| facilities
should be provided in accordance with the [American
Insurance Association's recommendations. If the fire

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 doorways located so as to provide a conve-
nient possibility of escape and shall provide unobstructed
passage to a place of safety. Door latches shall be of a type
that can be readily opened from the inside without a key.

pumps—are—a partof suchfacitities;theiroperation
shall not be affected by emergency shutdown facilities.

843.3.3 Safety Devices

(a) Emergency Shutdown Facilities
(1) Except as noted or clarified in (2) through (4),
compressor station shall be provided with an emergency
shutdown system by means of which the gas can be
blocked out of the station and the station gas piping
blown down. Operation of the emergency shutdown

61
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system also shall cause the shutdown of all gas compres-
sing equipment and all gas-fired equipment. Operation of
this system shall de-energize the electrical facilities
located in the vicinity of gas headers and in the
compressor room, except those that provide emergency
lighting for personnel protection and those that are nec-
essary for protection of equipment. The emergency shut-
down system shall be operable from any one of at least two
locations outside the gas area of the station, preferably

piping shdll extend to alocation where the discharge of gas
is not likely to create a hazard to the compressor station or
surrounding area.

(2) Unattended field compressor stations of 1,000 hp
(746 kW) pnd less are excluded from the provisions of (1).

(3) Hach compressor station supplying gas directly
to a distrilpution system shall be provided with emergency
shutdown|facilities located outside the compressor station
buildings py means of which all gas can be blocked out of
the station, provided there is another adequate source of
gas for th¢ distribution system. These shutdown facilities
can be either automatic or manually operated as local
condition$ designate. When no other gas source is avail-
able, no dhutdown facilities that might function at the
wrong time and cause an outage on the distribution
system sHall be installed.

(4) Notwithstanding the exceptions in (2) and (3),
each compressor station handling gas that contains quan-
tities or cqncentrations of hydrogen sulfide and/or liquids
sufficient [to present an environmental or safety hazard
shall be [provided with an emergency shutdown
system. The emergency shutdown system and dutomatic

line of each positive displacement transmission
compressor between the gas compressor and the first
discharge block valve. If a pressure relief valve is the
primary overprotection device, then the relieving capacity
shall be equal to or greater than the capacity of the
compressor. If the relief valves on the compressor do
not prevent the possibility of overpressuring the pipeline
as specified in section 845, arelieving or pressure-limiting
device shall be installed on the pipeline to prevent it from

i ; ety eser v this

Code.

(c) Venting.Ventlines provided to exhaustthe gag from
the pressure reliefvalves to atmosphere shall be ext¢nded
to a location where the gas may be discharged wIchout
undue hazard. Vent lines shall haveysufficient capacity
so that they will not inhibit the/performance ¢f the
relief valve. For additional désign considerationf, see
para. 841.1.9(d).

843.3.5 Fuel Gas, Control. An automatic device
designed to shut off the fuel gas when the engine |stops
shall be provided an each gas engine operating with|pres-
sure gas injection. The engine distribution manifold shall
be automatically vented simultaneously.

843.3.6Cooling and Lubrication Failures. All gas
compréssor units shall be equipped with shutdoywn or
alarm" devices to operate in the event of inadefjuate
cooling or lubrication of the units.

843.3.7 Explosion Prevention

(a) Mufflers. The external shell of mufflers for erjgines
using gas as fuel shall be designed in accordance wit good
engineering practice and shall be constructed of ductile

or manua| blowdown processes and equipment must be materials. It is recommended that all compartments of

designed fo prevent the automatic release-of hydrogen  the muffler be manufactured with vent slots or |holes

sulfide, condensable vapors, or free liquids'into the atmo- in the baffles to prevent gas from being trapped |n the

sphere in|concentrations that may.be-hazardous to the muffler.

operator pr the general public. (b) Building Ventilation. Ventilation shall be ample to
(b) Engine Overspeed Stops-Every compressor prime  engyre that employees are not endangered under nprmal

mover, egcept electrical.induction or synchronous  gperating conditions (or such abnormal conditions as a

motors, shall be provided*with an automatic device
that is designed to shut down the unit before the
maximum safe spéed of either the prime mover or
driven unit, as_established by the respective manufac-
turers, is pxceeded.

blown gasket, packing gland, etc.) by accumulatigns of
hazardous concentrations of flammable or noikious
vapors or gases in rooms, sumps, attics, pits, or simjilarly
enclosed places, or in any portion thereof.

(c) LPG Ventilation. All liquefied petroleum gasg¢s are
heavier than air; hence, structures aboveground for

843.3 4 Pressure-Limiting Requirements—in

Compressor Stations

(a) Pressure Relief. Pressure relief or other suitable
protective devices of sufficient capacity and sensitivity
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
unloading device, shall be installed in the discharge

62

housing regulators, meters, etc., shall have open vents
near the floor level. Such equipment shall not be installed
in pits or in underground vaults, except in cases where
suitable provisions for forced ventilation are made.

(d) LPG Special Precautions. Special care is required in
thelocationofreliefvalvedischarge ventsreleasing LPG to
the atmosphere to prevent accumulation of the heavy
gases at or below ground level. Likewise, special precau-
tions are necessary for adequate ventilation where
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excavations are made for the repair of leaks in an under-
ground LPG distribution system.

843.3.8 Gas Detection and Alarm Systems

(a) Each compressor building in a compressor station
where hazardous concentrations of gas may accumulate
shall have a fixed gas detection and alarm system unless
the building is

(1) constructed so that at least 50% of its upright
side grea permaner pe he atmosphere or
adeqyately ventilated by forced or natural ventilation, or
(P) in an unattended field compressor station loca-
tion gf 1,000 hp (746 kW) or less and adequately venti-
lated

(b)| Except when shutdown of the system is necessary
for maintenance (see para. 853.1.6), each gas detection
and alarm system required by this section shall
7) continuously monitor the compressor building
concentration of gas in air of not more than 25%

lower explosive limit

?) warn persons about to enter the building and
persdns inside the building of the danger if that concen-
tration of gas is exceeded

(c)| The compressor building configuration shall be
consiflered 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 pefsonnel who are inside or immediately outside eac¢h
comppressor building.

y open o OSPp O

for a
of thd

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 coninections to the main pipe-
line shall be of steel and shallluse 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.
831.1{1(b).

(b)| Installation of Gas Piping. The provisions of
para 841.2'shall apply where appropriate to gas
piping in compressor stations.

(c)| Festing of Gas Piping. All gas piping within a

compresser—station chall ha tactad afitnr tnctallatio, 109

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 various buildings and residential areas shall be
provided with master shutoff valves located outside of any
building or residential area.

(b) The pressure-regulating facilities for the fuel gas
system for a compressor station shall be provided with
pressure-Hmiting-devicesto-preventthenormahoperating
pressure of the system from being exceeded by, more than
25%, or the maximum allowable operating/piessure by
more than 10%.

(c) Suitable provision shall be madeto prevent fuel gas
from entering the power cylinders of an engine and
actuating moving parts while work is in prpgress on
the engine or on equipment driven by the engine.

(d) All fuel gas used-for domestic purpjoses at a
compressor stationthat has an insufficient ddor of its
own to serve as & warning in the event of jts escape
shall be odorized.as prescribed in section 854.

843.4.3-Air Piping System

(a) Allair piping within gas compressing stafions shall
be constructed in accordance with ASME B31/3.

(b) The starting air pressure, storage volumeg, 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 powdr cylinder
and muffler. The recommendations of the engjne manu-
facturer may be used as a guide in determining these
factors. Consideration should be given to thp number
of engines installed and to the possibility of |having to
startseveral of these engines within a short peripd of time.

(c) A check valve shall be installed in the sfarting air
line near each engine to prevent backflow from the engine
into the air piping system. A check valve shgll also be
placed in the main air line on the immedigte outlet
side oftheairtank or tanks. It is recommended that equip-
ment for cooling the air and removing the mojsture and
entrained oil be installed between the stdrting air
compressor and the air storage tanks.

(d) Suitable provision shall be made to prevept starting
air from entering the power cylinders of an epgine and
actuating moving parts while work is in prpgress on
the engine or on equipment driven by the engings. Accept-

accordance withthe provisions of para.841.3 for pipelines
and mains in Location Class 3, except that small additions
to operating stations need not be tested where operating
conditions make it impractical to test.

(d) Identification of Valves and Piping. All emergency
valves and controls shall be identified by signs. The func-
tion of all important gas pressure piping shall be identified
by signs or color codes.
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able means of accomplishing this are installing a blind
flange, removing a portion of the air supply piping, or
lockingclosed a stop valve and locking open a vent down-
stream from it.

(e) Air receivers or air storage bottles for use in
compressor stations shall be constructed and equipped
in accordance with the BPV Code, Section VIII.

843.4.4 Lubricating Oil Piping. All lubricating oil
piping within gas compressing stations shall be
constructed in accordance with ASME B31.3.
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(20)  843.4.5 Water Piping. (c) The minimum clearance between containers and
(a) Process Water Piping. Process water piping, the fenced boundaries of the site is fixed by the
including water/glycol, water/ methanol, and similar maximum operating pressure of the holder as shown

water admixture piping within gas compressor stations, in Table 844.3-2.
shall be constructed in accordance with an appropriate
ASME B31 Code Section. (d) The minimum clearance in inches (millimeters)

(b) Plumbing Systems. Plumbing systems, such as between pipe containers or bottles shall be determined
water distribution systems and sanitary drains and by the following formula:

vents, shall be constructed in accordance with the Inter- .
(U.S. Customary Units)

national Mlumbing-Cede-HPC)YnifermPlumbingCede
(UPC), or pther recognized plumbing code in accordance
with the grevailing requirements of the authority having C= 3DPF
jurisdictign. 1,000

(20)  843.4.§ Steam, Steam Condensate, and Hot Water 5/ yjpjts)
Utility/Hpating Piping. All steam, steam condensate,
and hot Water utility/heating water piping within gas

. . 3DPF
compresspr stations shall be constructed in accordance C=—"~
with ASME B31.1 or ASME B31.3. D¥S
843.4.7 Hydraulic Piping. All hydraulic power piping ~ Where
within ga$ compressing stations shall be constructed in C = minimum clearance between pipe containgrs or
accordande with ASME B31.3. bottles, in.(mm)
D = outside)diameter of pipe container or bottlle, in.
844 PIPE-TYPE AND BOTTLE-TYPE HOLDERS (mmy
F = design factor [see (b)]
844.1 Pipe-Type Holders in Rights-of-Way Not P = maximum allowable operating pressure| psig
Under Exclusive Use and Control of the (kPa)
Operating Company

_ _ _ _ _ (e) Pipe containers shall be buried with the top of each
A pipe-type holder that s to be installed in streets, high-_ ™ container not less than 24 in. (610 mm) below the gfound
ways, or ip private rights-of-way not under the exclusive surface.
con_trol 3f}d use of the operat_ing company Slfa“ be (f) Bottles shall be buried with the top of each confainer
designed,finstalled, and tested in accordance/with the  pelow the normal frostline butin no case closer than|24 in.
provisions of this Code applicable to a pipeline ‘installed (610 mm) to the surface.
in the sanje location and operated at the same maximum (g) Pipe-type holders shall be tested inaccordance with
pressure. the provisions of para. 841.3.2 for a pipeline located fin the
same Location Class as the holder site, provided, however,

844.2 Bottle-Type Holders that in any case where the test pressure will produce a
Bottle-tiype holders shall be-lgeated on land owned or ~ hoop stress of 80% or more of the specified minjmum

under th¢ exclusive control\and use of the operating  Yield strength of the pipe, water shall be used gs the
company. test medium.

844.3 Pipe-Type and Bottle-Type Holders on
Property.Under the Exclusive Use and
Controt of the Operating Company

Table 844.3-1 Design Factors, F

(a) Th esign Factors, F
fencing to prevent access by unauthorized persons. For Minimum

(b) A pipe-type or bottle-type holder that is to be For Minimum Clearance  Clearance Between
installed on property under the exclusive control and Between Containers  Containers and Fenced
use of the operating company shall be designed in accor- Holder.Size and 'Fenced Boundaries Boundaries of Site of
dance with construction design factors. The selection of L(gzt;:n of Stl‘:elgngf (f;gmG) m) 10;):; (()?:,(er)
these factors depends on the Location Class in which the ] 0.72 072
site is situated, the clearance between the pipe containers ) )
or bottles and the fence, and the maximum operating pres- . e -
sure, as shown in Table 844.3-1. 3 0.60 0.60

4 0.40 0.40
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Table 844.3-2 Minimum Clearance Between Containers
and Fenced Boundaries

minimum yield strength of the steel, whichever is the
lesser.

845 CONTROL AND LIMITING OF GAS PRESSURE

845.1 Basic Requirement for Protection Against
Accidental Overpressuring

Every pipeline, main, distribution system, customer's
meter and connected facilities, compressor station,

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)
844.4 Special Provisions Applicable to Bottle-

Type Holders Only

A hottle-type holder may be manufactured from steel
that i$ not weldable under field conditions, subject to all of
the fqllowing limitations:

(a)| Bottle-type holders made from alloy steel shall
meet|the chemical and tensile requirements for the
variofyis grades of steel in ASTM A372.

(b)| In no case shall the ratio of actual yield strength to
actua| 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
wireq to the small diameter portion of the bottle end
closure for cathodic protection purposes using a localized
Thermhit welding process (charge not to exceed 15 g).

(d)| Such bottles shall be given a hydrostatic test in the
mill ahd need not be retested hydrostatically at the time of
instalration. The mill test pressure shall not be less than
thatrequired to produce a hoop stress equal to 85% ofthe
specified minimum yield strength of the steel. Careful
inspdction of the bottles at the time of installation
shall pe made, and no damaged bottle shall*be-used.

(e)| Such bottles and connecting piping shall be tested
for tightness after installation using air orgas atapressure
of 50|psi (340 kPa) above the maximum operating pres-
sure.

844.5 General Provisions Applicable to Both Pipe-
Type and Bottle-Type Holders

(a)| No gas containing'more than 0.1 grain of hydrogen
sulfide per 100 stafidard cubic feet (2.8 m*) shall be stored
wher free water'is present or anticipated without
emplpying Suitable means to identify, mitigate, or
prevent detrimental internal corrosion. (See section 864.)

(b)| Provision shall be made to prevent the formation or

pipe-type holder, bottle-type holder, container fabricated
from pipe and fittings, and all special‘equjpment, if
connected to a compressor or to a gas-souice where
the failure of pressure control or@ther caupes might
result in a pressure that would'exceed the maximum
allowable operating pressure.of the facility| (refer to
para. 805.2.1), shall be equipped with suitgble pres-
sure-relieving or pressure-limiting devices. Spegial provi-
sions for service regulators are set forth in parp. 845.2.7.

845.2 Control and Limiting of Gas PressLure

845.2.1 Cantrol and Limiting of Gas Pr
Holders,Pipelines, and All Facilities That
Times Be Bottle Tight. Suitable types of g
devices to prevent overpressuring of such
include

(a) spring-loaded relief valves of types m
provisions of the BPV Code, Section VIII

(b) pilot-loaded back-pressureregulatorsus
valves, so designed that failure of the pilot
control lines will cause the regulator to open

(c) rupture disks of the type meeting the prg
the BPV Code, Section VIII, Division 1

ssure in
Might at
rotective
facilities

peting the

bd asrelief
Eystem or

visions of

845.2.2 Maximum Allowable Operating Priessure 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 a¢cordance
with the requirements of this Code. For a pjpeline or
main, the maximum allowable operating presjsure shall
not exceed the lesser of the following four items:

(a) The design pressure (defined in para. §05.2.1) of
the weakest element of the pipeline or main. |[Assuming
that all fittings, valves, and other accessorjes in the
line have an adequate pressure rating, the maximum
allowable operating pressure of a pipeling or main
shall he the design pressure determined in atcordance

accumulation of liquids in the holder, connecting piping,
and auxiliary equipment that might cause corrosion or
interfere with the safe operation ofthe storage equipment.

Reliefvalves 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
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with para. 841.1.1 for steel or para. 842.2 for plastic.

(b) The pressure obtained by dividing the pressure to
which the pipeline or main is tested after construction by
the appropriate factor for the Location Class involved, as
shown in Table 845.2.2-1.

(c) The maximum safe pressure to which the pipeline
or main should be subjected based on its operating and
maintenance history (for pipelines, see para. 851.1).
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Table 845.2.2-1 Maximum Allowable Operating Pressure
for Steel or Plastic Pipelines or Mains

(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

Location Pressure for Steel Pressure for L .
Class [Note (1)] Plastic the minimum strength test section and shall not be
higher than the pressure required to produce a hoop
T stress equal to the yield strength as determined by
1, Division 1 4 St pressure NA.

1.25

testing. Onlythe firsttesttoyield can be used to determine
maximum allowable operating pressure.
(3) Records of hydrostatic pressure tests and line

repairs-shall be-preserved-aslongas-thefacilitiesinvolved
1, Divisi¢n 2 Test pressure Test pressure LA st 5
T T 1s0 remain in service.
(4) Determine thatall valves, flanges, and other|pres-
sure rated components have adequate ratings.
2 Test pressure Test pressure (5) While the maximum pressure of’a test used to
125 1.50 establish the maximum allowable weorking presspire is
not limited by this paragraph{except by (2), due
caution should be exercised in(selecting the maximum
Test pressure Test pressure test pressure.
3 1.50 1.50 (b) Pipelines Operating.atLess Than 100 psig (699 kPa).
[Note (2)] This paragraph appliesto existingnatural gas pipelinesor
to existing pipelineSbeing converted to natural gas s¢rvice
T where one ormore)factors of the steel pipe design foymula
est pressure Test pressure . . N i
4 150 150 (see para. 841:4.1) is unknov.vn, and the pipeline i to be
operated at.Jess than 100 psig (690 kPa). The maxjmum
[Note (2)] allowable eperating pressure shall be determined by|pres-
NOTES: surestesting the pipeline.

(1) Seeparhp.845.2.3 for test factors applicable to conversion of pipe-
lines wijth unknown factors.

(2) Other fhctors should be used if the line was tested under the
special |conditions described in paras. 841.3.2(d), 841.3.2(i);
and 841.3.3. In such cases, use factors that are consistent
with thle applicable requirements of these sections.

(d) When service lines are connectedfo'the pipeline or
main, the |imitations set forth in paras. 845.2.4(c)(2) and
845.2.4(c](5).

(1) The maximum allowable operating prefssure
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 invplved
as shown in Table 845.2.3-2.

(2) The test pressure to be used in the max|
allowable operating pressure calculation shall He the
test pressure obtained at the high elevation pojnt of
the minimum strength test section and shall rot be
higher than the pressure required to produce alhoop
stress equal to the yield strength as determingd by
testing. Onlythe firsttest toyield can be used to detefmine

imum

845.2.3 Qualification of<a Steel Pipeline or Main to = maximum allowable operating pressure.
Establish the MAOP (3) Records of pressure tests and line repairs shall be
(a) Pipbline Operatifg)at 100 psig (690 kPa) or More. preserved as long as the facilities involved remain in

This paragraph applies to existing natural gas pipelines
or to existing pipélines being converted to natural gas

service.

(4) Determine thatall valves, flanges, and other]
sure rated components have adequate ratings.

pres-

service where_ene or more factors of the steel pipe =) Althoush th . ¢ d
design formula“(see para. 841.1.1) is unknown, and the (5) Although the maximum pressure ofa test uged to

. . N N X establish the maximum allowable workingpressurelis not
pipeline Isto be operated at 100 psig (690 kPaj)or =g

more. The maximum allowable operating pressure
shall be determined by hydrostatic testing of 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 845.2.3-1.
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limited by this paragraph except by (2), due caution
should be exercised in selecting the maximum test pres-
sure.
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Table 845.2.3-1 Maximum Allowable Operating Pressure
for Pipelines Operating at 100 psig (690 kPa) or More

Maximum Allowable
Operating Pressure

Location
Class

Test pressure
1.25

1, Division 1

845.2.4 Control and Limiting of Gas Pressure in High-
Pressure Steel, Ductile Iron, Cast Iron, or Plastic Distri-
bution Systems

(a) Each high-pressure distribution system or main,
supplied from a source of gas that is at a higher pressure
than the maximum allowable operating pressure for the
system, shall be equipped with pressure-regulating
devices of adequate capacity and designed to meet the
pressure, load, and other service conditions under

1, Division 2 Test pressure

which they will operate or to which theymay be subjected.

1.39 (b) In addition to the pressure-regulatinig devices
prescribed in (a), a suitable method shall be| provided
to prevent accidental overpressuring.of‘a high-pressure

2 R R distribution system.

1.67 Suitable types of protectiveydevices to preyent over-

pressuring of high-pressure distribution systems include
(1) relief valves as_prescribed in paras. $45.2.1(a)
3 A €8t pressure; and 845.2.1(b).

s (2) weight-loaded relief valves.

(3) amonitoringregulatorinstalled in seri¢s with the
rima ressure regulator.
4 Lest pressure P (;)y : series reg%llator installed upstreamn] from the

25 primary_régulator and set to limit the pressyre on the
inlet of the primary regulator continuougly to the
maximum allowable operating pressure of the distribu-

Tablq 845.2.3-2 Maximum Allowable Operating Pressure N Sgsmm or less. ic shutoff device installed i .
for Pi;elines Operating at Less Than 100 psig (690 kPa) . (5] an automatic shutofl device Installeq In serles
with the primary pressure regulator and set §o shut off
Location Maximum Allowable when the pressure on the distribution system reaches
Class Operating Pressure the maximum allowable operating pressurfe or less.
This device must remain closed until manually reset. It
1 Test pressure should not be used where it might cause an interruption

125 in service to a large number of customers.

(6) spring-loaded, diaphragm-type relief yalves.
(c) Maximum Allowable Operating Pressure for High-
2 Test pressure Pressure Distribution Systems. This pressur¢ shall be

125 the maximum pressure to which the system can be
subjected in accordance with the requirements of this
Code. It shall not exceed

3 BESRETT (1) the design pressure of the weakest elerhent of the

1.50 system as defined in para. 805.2.1

(2) 60 psig (410kPa)ifthe service lines in fhe system
are not equipped with series regulators or other|pressure-
4 w limiting devices as prescribed in para. 845.2.7(c)

(3) 25 psig (170 kPa) in cast iron systems having
caulked bell and spigotjointsthat have not bee equipped
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with bell joint clamps or other effective leak sealing
methods

(4) the pressure limits to which any joint could be
subjected without possibility of parting

(5) 2 psig (14 kPa) in high-pressure distribution
systems equipped with service regulators not meeting
the requirements of para. 845.2.7(a) and that do not
have an overpressure protective device as required in
para. 845.2.7(b)
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(6) the maximum safe pressure to which the system
should be subjected based on its operation and mainte-
nance history

845.2.5 Control and Limiting of Gas Pressure in Low-
Pressure Distribution Systems

(a) Eachlow-pressure distribution system orlow-pres-
sure main supplied from a gas source that is at a higher
pressure than the maximum allowable operating pressure
for the loyw=pressure system shail be
sure-regylating 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 hddition to the pressure-regulating devices
prescribed in (a), a suitable device shall be provided to
prevent dccidental overpressuring. Suitable types of
protective devices to prevent overpressuring of low-pres-
sure distribution systems include

(1) alliquid seal relief device that can be set to open
accurately and consistently at the desired pressure

(2) weight-loaded relief valves

(3) dn automatic shutoff device as described in
para. 845{2.4(b)(5)

(4) 4 pilot-loaded, back-pressure regulator as
described|in para. 845.2.1(b)

(5) & monitoring regulator as described in
para. 845{2.4(b)(3)

(6) 3 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 lew-pressure gas
burning euipment

(2) a pressure of 2 psig (14°kPa)

845.2.6 Conversion of.Low-Pressure Distribution
Systems to High-Pressure, Distribution Systems

equipped witl pres-

(a) Before converting a low-pressure distribution
system t¢ a high<pressure distribution system, it is
required ghat the\following factors be considered:

(1) the design ofthe system, including kinds of mate-
rial and eguipment used

slightly to permit proper operation of the service regula-
tors.

(4) Isolate the system from adjacent low-pressure
systems.

(5) Atbends 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
increased by steps, with a period to check the effect of the
orevious-inereasebefore-making the next-inerease. The
desirable magnitude of each increase and the length of
the check period will vary depending on condifions.
The objective of thisprocedure isto afford an opporfunity
to discover any unknown open and unregulated connec-
tions to adjacent low-pressure systems or to indiyidual
customers before excessive pressures are reached

845.2.7 Control and Limiting of the Pressure df Gas
Delivered to Domestic, Small Commercial, and $mall
Industrial Customers Fram High-Pressure Distribution
Systems

(a) 1fthe maximum allowable operating pressurefof the
distribution_system is 60 psig (410 kPa) or less, pnd a
service regulator having the following characteristics is
used, no other pressure-limiting device is required:
(1)~a pressure regulator capable of reducing distri-
butionline pressure, psig (kPa), to pressures recomrhend-
edfor household appliances, inches (millimeters) of water
column
(2) a single port valve with orifice diameter no
greater than that recommended by the manufadturer
for the maximum gas pressure at the regulator injet
(3) avalve seat made of resilient material degigned
to withstand abrasion of the gas, impurities in gap, and
cutting by the valve, and designed to resist permanent
deformation when it is pressed against the valve jport
(4) pipe connections to the regulator not exceeding
NPS 2 (DN 50)
(5) the capability under normal operating con(iftions
of regulating the downstream pressure within the neces-
sary limits of accuracy and of limiting the buildup ofjpres-
sure under no-flow conditions to no more than 50% over
the normal discharge pressure maintained undey flow
conditions
(6) a self-contained service regulator wit
external static or control lines

h no

(2) past maintenance records, including results of

any previous leakage surveys
(b) Before increasing the pressure, the following steps

(not necessarily in sequence shown) shall be taken:

(1) Make a leakage survey and repair leaks found.

(2) Reinforce or replace parts of the system found to
be inadequate for the higher operating pressures.

(3) Install a service regulator on each service line,
and test each regulator to determine that it is functioning.
In some cases it may be necessary to raise the pressure
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(b) Ifthe maximum allowable operating pressure of the
distribution system is 60 psig (410 kPa) or less, and a
service regulator not having all of the characteristics
listed in (a) is used, or if the gas contains materials
thatseriously interfere withthe operation of service regu-
lators, suitable protective devices shall be installed to
prevent unsafe overpressuring of the customer's appli-
ances, should the service regulator fail. Some of the
suitable types of protective devices to prevent overpres-
suring of the customers' appliances are
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(1) a monitoring regulator

(2) a relief valve

(3) an automatic shutoff device

These devices may be installed as an integral part of
the service regulator or as a separate unit.

(c) Ifthe maximum allowable operating pressure of the
distribution system exceeds 60 psig (410 kPa), suitable
methods shall be used to regulate and limit the pressure
of the gas delivered to the customer to the maximum safe
valuer-Sueh-meth may-in
(1) a service regulator having the characteristics
listed|in (a) and a secondary regulator located upstream
from the service regulator. In no case shall the secondary

(2) have valves and valve seats that are designed not
to stick in a position that will make the device inoperative
and resultin failure of the device to perform in the manner
for which it was intended

(3) be 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, and can be tested for leakage when in the
closed position

ig 3 = ¢ at-eperation is

not impaired at the minimum design temperature
(b) Rupture discs shall meet the requirements for
design as set out in the BPV Code, Section VII|, Division

regulator be setto maintain a pressure higher than 60 psig 1.

(410(kPa). A device shall be installed between the (c) The discharge stacks, vents, or outlet pjorts of all
secorjdary regulator and the service regulator to limit pressure relief devices shall‘belocated where gas can
the pressure on the inlet of the service regulator to 60 be discharged into the atmosphere withoutundpe hazard.
psig (410 kPa) or less in case the secondary regulator Consideration should*be given to all exposyres in the
fails to function properly. This device may be either a immediate vicinity, including where gas pipelings parallel

reliefjvalve or an automatic shutoff that shuts ifthe pres-
sure ¢n the inlet of the service regulator exceeds the set
presspure [60 psig (410 kPa) or less] and remains closed
until manually reset.

?) aservice regulator and a monitoring regulator set
it to a maximum safe value the pressure of the gas
red to the customer.

3) a service regulator with a relief valve vented to
the oytside atmosphere, with the relief valve setto open so
that the pressure of gas going to the customer shall not
excedd 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
combjnation may be used alone only in cases'where the
inlet pressure on the service regulator does not exceed the
manj}acturer's safe working pressuretrating of the service
regulator, and it is not recommended for use where the
inlet pressure on the service regulator exceeds 125 psig
(860 kPa). For higher inlet pressuires, the method in (1) or

to lim
delivg

(2) should be used.
When the pressure'ofthe gas and the demand by the
er are greatér-than those applicable under the

(d)

overhead electric transmission lines on the same right-of-
way to ensure that'the blowdown connections will direct
the gas awayfrom the electric conductors. Wherg required
to protect/devices, the discharge stacks or vents shall be
protected with rain caps to preclude the entry of water.

(d)The size of the openings, pipe, and fittinjgs located
between the system to be protected and the [pressure-
relieving device and the vent line shall be of|adequate
size to prevent hammering of the valve and to prevent
impairment of relief capacity.

(e) Precautions shall be taken to prevent unguthorized
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 ¢omplying
with this provision are as follows:

(1) Lockthe stop valve in the open positiop. Instruct
authorized personnel of the importance of nof inadver-
tently leaving the stop valve closed and|of being
present during the entire period that the stop valve is
closed so that they can lock it in the open position
before they leave the location.

(2) Install duplicate relief valves, eagh having
adequate capacity by itself to protect the system, and
arrange the isolating valves or three-way valye so that
mechanically it is possible to render only dne safety
device inoperative at a time.

(a) Pressure relief or pressure-limiting devices except
rupture disks shall
(1) be constructed of materials such that the opera-
tion of the device will not normally be impaired by corro-
sion of external parts by the atmosphere or internal parts
by gas
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(f] Precautions shall be taken to prevent unauthorized
operation of any valve that will make pressure-limiting
devices inoperative. This provision applies to isolating
valves, bypass valves, and valves on control or float
lines that are located between the pressure-limiting
device and the system that the device protects. A
method similar to that described in (e)(1) shall be consid-
ered acceptable in complying with this provision.
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(g) When a monitoring regulator, series regulator,
system relief, or system shutoff is installed at a district
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 explosion in a
vault or damage by a vehicle or icing (both internal and
external), from affecting the operation of both the over-
pressure protective device and the district regulator. (See
sections 846 and 847.)

ofthe piping system to transmit gas to the remote location
or to the capacity of the remote relief device, whichever is
less.

845.4.2 Proof of Adequate Capacity and Satisfactory
Performance of Pressure-Limiting and Pressure Relief
Devices. Where the safety device consists of an additional
regulator that is associated with or functions in combina-
tion with one or more regulators in a series arrangement
to control or limit the pressure in a piping system, suitable

(h) Sp C:Gl attcnt‘cn chall ]r\n g-nnn to nnna-v-nl l ines: l\ll h k h ll b d h h k h ll b d d
checks shall be made. These checks shall be conducted to
control lirjes shall be protected from falling objects, exca- . . . . i
vations by others, or other foreseeable causes of damage e e ke
S . tory manner to prevent any pressure in excess ¢f the
and shall be designed and installed to prevent damage to y manne prevent any pressu €

bntrol line from making both the district regu-
he overpressure protective device inoperative.

any one ¢
lator and

Apacity of Pressure-Relieving and

imiting Stations

h pressure relief station, pressure-limiting
station, or group of such stations installed to protect a
piping syqtem or pressure vessel shall have sufficient ca-
pacity and shall be set to operate to prevent the pressure
from excegeding 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
allowable operating pressure plus 4%.
ystems With Pipe or Pipeline Components Oper-
ating at Hoop Stress Levels at or Below 72% of the-SMYS
Other Thqn 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:

(-d) the maximum allowable)operating pressure
plus 10%

(-b) the pressure thdt.produces a hoop stress of
75% of tHe specified migimum yield strength

(3) Low-Pressure Distribution Systems. The required
capacity ghall not be less than the capacity required to
prevent the pressure from exceeding a pressure that
would causecthe unsafe operation of any connected
and prop¢rly-adjusted gas burning equipment.

(4)
protected against overpressure in accordance with the
BPV Code, Section VIII, Division 1.

(b) When more than one pressure-regulating or
compressor station feeds into the pipeline or distribution
system and pressure relief devices are installed at such
stations, the relieving capacity at the remote station
may be taken into account in sizing the relief devices
at each station. In doing this, however, the assumed
remote relieving capacity must be limited to the capacity
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established maximum allowable operating pressnIre of
the system, should any one of the asseciated regujators
malfunction or remain in the widesopen position.

845.5 Instrument, Control,'and Sample Pipi
845.5.1 Scope

(a) The requirements given in this section apply
design of instrumerit, control, and sampling piping fqr safe
and proper operation of the piping itself and do not{cover
design of piping to secure proper functioning of instru-
ments for which the piping is installed.

(b) This.section does not apply to permanently ¢losed
piping-systems, such as fluid-filled, temperature-respon-
sive devices.

-

to the

845.5.2 Materials and Design

(a) The materials employed for valves, fittings, tiibing,
and piping shall be designed to meet the particular ¢ondi-
tions of service.

(b) Takeoff connections and attaching bosses, fittings,
or adapters shall be made of suitable materialand shall be
capable of withstanding the maximum and minjmum
operating pressures and temperatures of the piping or
equipment to which they are attached. They shpll be
designed to satisfactorily withstand all stresses
without failure by fatigue.

(c) A shutoffvalve shall beinstalled in each takeoffline
as near as practicable to the point of takeoff. Blowdown
valves shall be installed where necessary for th¢ safe
operation of piping, instruments, and equipment.

(d) Brasspipe or copper pipe or tubing shall notbe¢ used
for metal temperatures greater than 400°F (204° ).

e m S eposits
shall be pr0v1ded with su1table connectlons for cleamng

(f) Pipe or tubing required under this section may be
specified by the manufacturers of the instrument, control
apparatus, or sampling device, provided that the safety of
the pipe or tubing asinstalled is atleast equal to that other-
wise required under the Code.

(g) Piping that may contain liquids shall be protected
by heating or other suitable means from damage due to
freezing.
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(h) Piping in which liquids may accumulate shall be
provided with drains or drips.

(i) The arrangement of piping and supports shall be
designed to provide not only for safety under operating
stresses, but also to provide protection for the piping
against detrimental sagging, external mechanical injury,
abuse, and damage due to unusual service conditions
other than those connected with pressure, temperature,
and service vibration.

10
ourtaoTt O troTro— ST ot —tantI~ TOTCCT

(6) future developmentin the vicinity of the pipeline

(7) significant conditions that may adversely affect
the operation and security of the line

(b) In lieu of (a), the following maximum spacing

between valves shall be used:

(1) 20mi (32 km)inareas of predominantly Location
Class 1

(2) 15mi (24 km)inareasofpredominantly Location
Class 2

[2) firradominantl
GOt th

7 Location

a)
againpt corrosion. (See section 864.)

(k)| Joints between sections of tubing and/or pipe,
betwegen tubing and/or pipe and valves or fittings shall
be mpde in a manner suitable for the pressure and
temperature conditions, such as by means of flared, flare-
less, gnd compression-type fittings, or equal, or 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.

Cipdtahla mracantionce chall ha +alean +0 ot a ot
p¥ee€ P

10-33-L1 6-1am) aco
TUTHI (O 13} a5 orpre

7J
Class 3
(4) 5 mi (8 km) in areas of predominantly Location
Class 4
The spacing defined herein may be'adjusted
avalve to be installed in a location.that is more

846.1.2 Distribution Mains: Valves on di
mains, whether for operating or emergency
shall be spaced as follows:

(a) High-Pressure Distribution Systems. Valv

to permit
hccessible.

stribution
purposes,

bs shall be

Slip-type expansion joints shall not be used; expansion . A S .
shallrbzy&mpgnsate d Jfor i ﬂexibilit; within installed in high-pressure distribution systems in acces-
the plping or tubing system itsel. sible locationsto reduce the time to shut down g section of

(1) |Plastic shall not be used where operating tempera- main In agspergency. In determm.mg the spaging of Fhe
tures|exceed limitations shown in paras. 842.2.2(b) and valves, consideration should be given to the joperating
842.203(b) ) - pressure-and size of the mains and local physjcal condi-

(m) Plastic piping shall not be painted. If identification e ARG E R T e b G e UL S

other]
mark

than that already provided by the manufacturer's
ng is required, it shall be accomplished by other

might be affected by a shutdown.
(b) Low-Pressure Distribution Systems. Valv
used on low-pressure distribution systems b

bs may be
it are not

mean: required except as specified in para. 846.2.2(3).
4 .

846 VALVES 846.2 Location of Valves
846.]1 Required Spacing of Valves 846.2.1 Transmission Valves

(20)  846.1.1 Transmission Lines. Onshore block valves (a) Sectionalizing block valves shall be accesible and
shall jbe installed in new transmission pipelines at the pl’OteC_tefi from da_mage and tampering. If a Blowdown
time pf construction to isolate thepipeline for mainte-  Valve is involved, it shall be loFated where the gas can
nancg and for response to(operating emergencies.  be blown LY the gt.mosphere without ur.ldue hpzard.
Wher] determining the placemeént ofsuch valves for sectio- (b) Sectionalizing valves may be installed above

nalizipg the pipeline, primiary consideration shall be given

to lodations that provide continuous accessibility to the

valves.
(a)| In determining the number and spacing of valves to

be ingtalled, the‘operator shall perform an assessment that

gives|consideration to factors such as

7).the amount of gas released due to repair and

main

(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) continuity of service

(5) operating and maintenance flexibility of the
system

*See paras. 849.1.2 and 849.1.3 for provisions covering valves in
service lines.
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ground, in a vault, or buried. In all installationf an oper-
ating device to open or close the valve shall pe readily
accessible to authorized persons. All valve$ shall be
suitably supported to prevent settlement or novement
of the attached piping.

(c) Blowdown valves shall be provided so|that each
section of pipeline between main line valvps can be
blown down. The sizes and capacity of the cgnnections
for blowing down the line shall be such that under emer-
gency conditions the section of line 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 automatic
valves presently developed will provide full protection to
a piping system. Their use and installation shall be at the
discretion of the operating company.
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846.2.2 Distribution System Valves

(a) Avalve shall be installed on the inlet piping of each
regulator station controlling the flow or pressure of gas in
adistribution system. The distance between the valve and
the regulator or regulators shall be sufficient to permit the
operation of the valve during an emergency, such asalarge
gas leak or a fire in the station.

(b) Valvesondistribution mains, whether for operating
or emergency purposes, shall be located in a manner that

(f) Whenever a vault or pit opening is to be located
above equipment that could be damaged by a falling
cover, a circular cover should be installed, or other
suitable precautions should be taken.

847.2 Accessibility

Accessibility shall be considered in selecting a site for a
vault. Some of the important factors to consider in
selecting the location of a vault are as follows:

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 operating
stem or mechanism is implied. The box or enclosure shall
be installed in a manner to avoid transmitting external
loads to the main.

847 VAULTS
847.1 Structural Design Requirements

Undergfround vaults or pits for valves and pressure-
relieving| pressure-limiting, or pressure-regulating

Ktreet
Hense

(a) Exposure to Traffic. The location of vaults 1n
intersections or at points where traffic is heavy)or
should be avoided.

(b) Exposure to Flooding. Vaults shouldnotbe locdted at
points of minimum elevation, near catch bdsins, or where
the access cover will be in the courseyof surface waters.

(c) Exposure to Adjacent Subsurface Hazards. Jaults
should belocated as far as is practical from water, elgctric,
steam, or other facilities.

847.3 Vault Sealing; Venting, and Ventilatign

Underground vaults and closed top pits contdining
either a pressure-regulating or reduction station, or a

stations, gtc., shall be designed and constructed in accor-

dance with the following provisions: pressure-limiting or relieving station shall be sg¢aled,
(a) Vaylts and pits shall be designed and constructed in vented, or ventil?ted as follows: . .

accordande with good structural engineering practice to (a) When the internal volume exceeds 200 ft” (5.f m®),

meet the |oads that may be imposed on them. suchivaults or pits shall be ventilated with two ducts each
(b) Sufficient working space shall be provided so that having at least the ventilating effect of an NPS 4 (DN 100)

all of the gquipment required in the vault can be properly _\\P!P€-

installed, pperated, and maintained. (b) The ventilation provided shall be sufficient tojmini-

(c) Inthedesign of vaults and pits for pressure-limiting;
pressure-relieving, and pressure-regulating equipment,
consideration shall be given to the protection;of the
installed ¢quipment from damage, such as that resulting
from an ekplosion within the vault or pit that may cause
portions ¢f the roof or cover to fall inte_the vault.

(d) Pipg entering and within regulator vaults or pits
shall be dteel for NPS 10 (DN 250) and smaller sizes,
except that control and gage\piping may be copper.
Where piping extends through'the vault or pit structure,
provision shall be made t¢ prevent the passage of gases or
liquids thfough the opening and to avert strains in the
piping. Equipmentand piping shall be suitably sustained
by metal,| masoniryyor concrete supports. The control
piping shiall be,placed and supported in the vault or
pit so thaf its~exposure to injury or damage is reduced

mize the possible formation of a combustible atmosphere
in the vault or pit. Vents associated with the pregsure-
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 oy vent
head designed to prevent foreign matter from entering
or obstructing the duct. The effective area df the
opening in such fittings or vent heads shall be atf least
equal to the cross-sectional area of an NPS 4 (DN| 100)
duct. The horizontal section of the ducts shall pe as
short as practical and shall be pitched to prevent thelaccu-
mulation of liquids in the line. The number of bends and
offsets shall be reduced to a minimum, and provjsions

to a minimum.

(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 be 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.
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shatt-be-incorporated-tofaciltitatethreperiodiccleaning
of the ducts.

(d) Such vaults or pits having an internal 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 covers without
open holes through which an explosive mixture might
be ignited. Means shall be provided for testing the internal
atmosphere before removing the cover. If vented, the
proper provision to prevent external sources of ignition
from reaching the vault atmosphere must be provided. If

Copyright ASME International
Provided by IHS Markit under license with ASME
No reproduction or networking permitted without license from IHS


https://asmenormdoc.com/api2/?name=ASME B31.8 2020.pdf

ASME B31.8-2020

ventilated, the provisions of either (a), (b), and (c) or (e)
shall apply.

(e) If vaults or pits referred to in (d) are ventilated by
means of openings in the covers or gratings, and the ratio
of the internal volume in cubic feet (m®) to the effective
ventilating area of the cover or grating in square feet (m?)
is less than 20 to 1, no additional ventilation is required.

(f) Vaults or pits having an internal volume less than 75
ft® (2.1 m*) have no specific requirements.

848.2 Operating Pressures for Customers' Meter
Installations

Iron or aluminum case meters shall not be used at a
maximum operating pressure higher than the manufac-
turer's rating 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 case meters shall not be used at a pressure in
excess of 50% of the pressure used to test the meter

847.4 Drainage and Waterproofing

(a)| Provisions shall be made to minimize the entrance
of water into vaults. Nevertheless, vault equipment shall
always be designed to operate safely if submerged.

(b)| No vault containing gas piping shall be connected by
meang of a drain connection to any other substructure,
such ps a sewer.

(c)|Electrical equipment in vaults shall conform to the
requifements of Class 1, Group D of NFPA 70.

after rebuilding.

d
age

848.3 Protection of Customers' Meter an
Regulator Installations From Danm

848.3.1 Corrosive Area. Meters and service regulators
shall not be installed where'tapid deterioration from
corrosion or other causes,is likely to occyr, unless
proven measures are taken to protect against $uch dete-
rioration.

848.3.2 Protective Device. A suitable protective

848 CUSTOMERS' METERS AND REGULATORS device, such @s a back-pressure regulator or a check
. . valve, shall\be installed downstream of th¢ meter if
848.1 Location for Customers' Meter and and as required under the following conditions:

Regulator Installations

(a).If-the nature of the utilization equipment is such
that it may induce a vacuum at the meter{ install a

(a)| Customers' meters and regulators may be located Mo 1 d f h
cithel inside or outside of buildings, depending on local acb-plreStSI;lre rt;lgu lziltor1 ownstre:aml rct):n_lft ¢ meter.
conditions, except that on service lines requiring series (b) Install a prect vave oF equiva en®
regulation, in accordance with para. 845.2.7(c), the (1) the utilization equipment may induce a back
upsteam regulator shall be located outside of-the pressure.

building.
(b)| When installed within a building, the service regu-
lator $hall be in a readily accessible locationmear the point

(2) the gas utilization equipment is conngcted 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

of gag service line entrance, and whenevér practical, the . :

meters shall be installed at the same-location. Neither three-wayva.lve, e standbysupplyan.d
metefs nor regulators shall be jnstalled in bedrooms, R off'the re.gular gy Ut
closets, or bathrooms; under combustible stairways; in tuted for a check valve if desired.

unventilated or inaccessible-places; or closer than 3 ft 848.3.3 Termination of Vents. All service|regulator
(0.9 m) to sources of ignition, including furnaces and  vents and relief vents, where required, shall terminate
water heaters. On service'lines supplying large industrial in the outside air in rain- and insect-resistant fittings.

customers or installations where gas isused at higher than
standprd service pressure, the regulators may be installed
at other readily accessible locations.

(c)] When‘located outside of buildings, meters and
servi¢e régulators shall be installed in readily accessible
locatipng™where they will be reasonably protected from

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 fegulator
failure resulting in the release of gas occurs. Af locations
where service regulators may be submergé¢d during
floods, either a special antiflood type breather vent

damage.

(d) Regulators requiring vents for their proper and
effective operation shall be vented to the outside atmo-
sphere in accordance with the provisions of para. 848.3.3.
Individual vents shall be provided for each regulator.
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fitting shall be installed or the vent line shall be extended
above the height of the expected flood waters.

848.3.4 Pit and Vault Design. Pits and vaults housing
customers' meters and regulators shall be designed to
support vehicular traffic when installed in the following
locations:

(a) traveled portions of alleys, streets, and highways

(b) driveways
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848.4 Installation of Meters and Regulators

All meters and regulators shall be installed in such a
manner as to prevent undue stresses on the connecting
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 close (all
thread) nipples is prohibited.

849 GAS SERVICE LINES

849.1 General Provisions Applicable to Steel,
Capper, and Plastic Service Lines

849.1.1

(a) Seryice lines shall be installed at a depth that will
protect tHem from excessive external loading and local
activitied, 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
substructjures, less cover is permitted provided such
portions dfthese servicelinesthatare subject to excessive
superimppsed loads are cased or bridged or the pipe is
appropriately strengthened.

(b) Serice 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 tp the customer, the service line shall be
graded sq as to drain into the main of to drips at the
low pointk in the service line.

Installation of Service Lines

849.1.2
Valves

Types of Valves Suitable for Service Line

(a) Valyes used as service line valves shall meet the
applicablg requirements)of section 810 and para. 831.1.
(b) Thd use of soft-seat service line valves is not rec-
ommenddgd when. the design of the valves is such that
exposure|to excessive heat could adversely affect the

(e) The operating company shall make certain that the
service line valves installed on high-pressure service lines
are suitable for this use either by making their own tests or
by reviewing the tests made by the manufacturers.

(f) On service lines designed to operate at pressures in
excess of 60 psig (410 kPa), the service line valves shall be
the equivalent of a pressure-lubricated valve or a needle-
type valve. Other types of valves may be used where tests
by the manufacturer or by the user indicate that they are

849.1.3 Location of Service Line Valves

(a) Service line valves shall be installed’on al| new
service lines (including replacements)‘in a lodation
readily accessible from the outside.

(b) Valves shall be located upstream of the mg
there is no regulator, or upstream of the regula
there is one.

(c) Allservicelines operatingata pressure greate
10 psig (69 kPa) and all service lines NPS 2 (DN §
larger shall be equipped with a valve located onthe s
line outside of thé)building, except that whenever [gas is
supplied to a‘theater, church, school, factory, or jother
building where large numbers of persons assemble, an
outside valve will be required, regardless of the dize of
the service line or the service line pressure.

(d)-Underground valves shall be located in a coyered
durable curb box or standpipe designed to permit peady
operation of the valve. The curb box or standpipe sHall be
supported independently of the service line.

ter if
tor, if

r than
0) or
brvice

849.1.4 Location of Service Line Connections toMain
Piping. It is recommended that service lines be conrjected
to either the top or the side of the main. The connectjion to
the top of the main is preferred to minimize the possjbility
of dust and moisture being carried from the main into the
service line.

849.1.5 Testing of Service Lines After Construgtion

(a) General Provisions. Each service line shall be tested
after construction and before being placed in servjice to
demonstrate that it does not leak. The service line connec-
tion to the main need not be included in this test if itfis not
feasible to do so.

(b) Test Requirements

ability of fhewvalve to prevent the flow of gas. (1) Service lines to operate at a pressure less than 1
(c) Avalveincorporated inameter bar that permitsthe  psig a) that do not have a protective coating capable

meter to be bypassed does not qualify under this Code as a
service line valve.

(d) Service line valves on high-pressure service lines,
installed either inside buildings or in confined locations
outside buildings where the blowing of gas would be haz-
ardous, 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.
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of temporarily sealing a leak shall be given a stand-up air
or gas pressure testat notless than 10 psig (69 kPa) forat
least 5 min.

(2) Service lines to operate at a pressure less than 1
psig (7 kPa) that have a protective coating that might
temporarily seal a leak, and all service lines to operate
at a pressure of 1 psig (7 kPa) or more, shall be given
a stand-up air or gas pressure test for at least 5 min at
the proposed maximum operating pressure or 90 psig
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(620 kPa), whichever is greater. Service lines of steel,
however, that are operating at hoop stress levels of
20% or more of the specified minimum yield strength
shall be tested in accordance with the requirements
for testing mains. (See para. 841.3.)

(3) The requirements of (a) and (b) shall apply to
plastic service lines, except that plastic service lines
shall be tested to atleast 1.5 times the maximum operating
pressure, and the limitations on maximum test pressure,
temp . j j
be observed.

849.1.6 ExcessFlow Valve (EFV) Installation. The use
of EF}s is recognized by the gas industry as an effective
way tp mitigate risks associated with excavation damage,
naturpl force damage, and other outside force damage, e.g,,
lar damage on gas service lines. The following
consiflerations apply to EFV installations:

(a)| The operator should consider installing an EFV on
any new or replaced gas service line. Such a service line
can typically serve the following categories of customers:
) aservice line to a single family residence (SFR).
') a branched gas service line to an SFR installed
rrently with the primary SFR service line. (A
EFV may be installed to protect both service lines.)
3) abranched gas service line to an SFR installed off
a preyiously installed SFR gas service line that does not
contajn an EFV.

(#) multifamily installations with known customer

conc
singld

(c) An operator 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 operator should locate an EFV as near as prac-
tical to the fitting connecting the gas service line to its
source of gas supply.

(e) An operator should perform a functional flow test
for each excess flow valve installed, in accordance with the
manufacturer’s instructions, to verify that the excess flow

(1) will close under excess flow conditio

(2) will properly reset in accordance with
facturer’s instructions

(3) is properly sized for boththe length and the
nominal diameter of a given seryice line

(f) An operator should follow the manu

instructions when

(1) commissioning®a-niew excess valve inftallation

(2) resetting an existing excess flow vialve after
closure

NS
the manu-

facturer’s

849.2 Steel Service Lines
849.2.1.Design of Steel Service Lines

(a)~Steel pipe, when used for service lihes, shall
conform to the applicable requirements of Chppter I.

(b) Steel service pipe shall be designed in afcordance
with the requirements of paras. 841.1.1 and §41.1.9(a).
Where the pressure is less than 100 psig (p90 kPa),

loadsjat time of gas service installation, based on installed’  }4 steel service pipe shall be designed for at|least 100
metef capacity less than 1,000 standard ft>/hr«(28.3 psig (690 kPa) pressure

3 . . '
m”/h) per gas service and where the customer-load is (c) Steel pipe used for service lines shall be ipstalled in

not ekpected to increase significantly over-time.
5) a single small commercial customer-with known
customer load at the time of service installation, based on
installed meter capacity up to 1,000standard ft*/hr (28.3
m?>/h) served by a single gas seryice line and where the
customer load is not expected to increase significantly
over fime.

(b)| Excess flow valvesshould not be installed if one or
more|of the following conditions are present:
7) The gas service line will not operate at a pressure
psig (69 kPa)-or greater throughout the year.
?) The operator has prior experience with contami-
nants|in theéigas stream that could interfere with the EFV's

operdtion-or cause loss of service to a residence.
(?) An EFV could interfere sith necessary npprnfinn

of 10

such a manner that the piping strain or exterrjal loading
shall not be excessive.

(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 exefcised to
prevent damage to the coating during installation.
(2) When a service line is to be installed by boring or
driving, and coated steel pipe is to be used, it shall not be

or maintenance activities, such as removing liquids from
the line.

(4) An EFV meeting performance standards in
para.831.1.4isnot commercially available to the operator,
or

(5) The anticipated maximum flow through the
service line equals or exceeds 1,000 standard ft*/hr
(28.3 m3/h).
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used as the bore pipe or drive pipe and leftin the ground as
part of the service line unless it has been shown that the
coating is sufficiently durable to withstand the boring or
driving operation in the type of soil involved without
significant damage to the coating. Where significant
damage to the coating may result from boring or
driving, the coated service line should be installed in
an oversized bore or casing pipe of sufficient diameter
to accommodate the service pipe.
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(3) In exceptionally rocky soil, coated pipe shall not
be inserted through an open bore if significant damage to
the coating is likely.

(b) Installation of Service Lines Into or Under Buildings

(1) Underground steel service lines, when installed
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

rater uﬁ-n +lnn 11 ]A ine-

(1) the aboveground portion of the plastic service
line is completely enclosed in a conduit or casing of suffi-
cient strength to provide protection from external damage
and deterioration. Where a flexible conduit is used, the top
of the riser must be attached to a solid support. The
conduit or casing shall extend a minimum of 6 in. (150
mm) below grade.

(2) the plasticservice line is not subjected to external
loading stresses by the customer's meter or its connecting

BiBRE

entry Of gas-er-wa

PPt i
(2) Steel service lines, where mstalled underground (c) Installation of Plastic Service Lines Into.ery{/nder
under buildings, shall be encased in a gas-tight conduit. Buildings

When such a service line supplies the building it subtends,
the condujt shall extend into a normally usable and acces-
sibie portion of the building. At the point where the
cori,duit tdrminates, the space between the conduit and
the’servide line shall be sealed to prevent the possible
entrance pf any gas leakage. The casing shall be vented
at a safe location.

849.3 Ductile Iron Service Lines

When used for service lines, ductile iron pipe shall meet
the applidable requirements of section 842. Ductile iron
pipe may be used for service lines except for the portion of
the servide line that extends through the building wall.
Ductile irgn service lines shall not be installed in unstable
soils or uhder buildings.

849.4 Plastic Service Lines
849.4.1 Design of Plastic Service Lines

(a) Plagtic pipe and tubing shall be used for.sérvice
lines onlyf where the piping strain or external loading
will not be excessive.

(b) Plastic pipe, tubing, cements, and_fittings used for
service lirles shall conform to the applieable requirements
of Chapter 1.

(c) Plagtic service lines shall be-designed in accordance
with the 3pplicable requiremeénts’of para. 842.2.

(d) Plastic service linesshall be joined in accordance
with the 3pplicable requirements of para. 842.2.9.

849.4.2 Installation of Plastic Service Lines

(a) Plastic sexvice lines shall be installed in accordance
with the ppllcable requlrements of paras 842.3 and
849.1.1. Ra :
damage to plastic service line piping at the connection
to the main or other facility. Precautions shall be taken
to prevent crushing or shearing of plastic piping due
to external loading or settling of backfill and to
prevent damage or pullout from the connection resulting
from thermal expansion or contraction. [See paras.
842.3.3(d) and (e).]

(b) Notwithstanding the limitations imposed in
para. 842.3.3, a plastic service line may terminate
above ground and outside the building, provided that
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(1) An underground plastic service line installed
through the outer foundation or wall of a building
shall be encased in a rigid sleeve with.suitable protg¢ction
from shearing action or backfill Settlement. The gleeve
shall extend past the outside faceof the foundation a suffi-
cient distance to reach undisturbed soil or thoroughly
compacted backfill. At the point where the sleeve tlermi-
nates inside the foundation or wall, the space betwegn the
sleeve and the seyvice' line shall be sealed to prevent
leakage into the-building. The plastic service line| shall
not be exposed inside the building.

(2) A plastic service line installed undergjound
under a*building shall be encased in a gas{tight
conduit/When such a service line supplies the buflding
it subtends, the conduit shall extend into a normally
usable and accessible portion of the building. At the
point where the conduit terminates, the space between
the conduit and the service line shall be sealpd to
prevent leakage into the building. The plastic sgrvice
line shall not be exposed inside the buildingl The
casing shall be vented at a safe location.

849.5 Copper Service Lines
849.5.1 Design of Copper Service Lines

(a) Use of Copper Service Lines. Copper pipe or tiibing,
when used for service lines, shall conform to the follpwing
requirements:

(1) Copper pipe or tubing shall not be usg
service lines where the pressure exceeds 100
(690 kPa).

(2) Copper pipe or tubing shall not be us¢d for
service lines where the gas carried contains mor¢ than
an average of 0.3 gralns of hydrogen sulflde per 100|stan-
atrace

d for
psig

as determmed by a lead acetate test.
(3) The minimum wall thickness for copper pipe or
tubing used for servicelines shall be not less than type “L”
as specified in ASTM B88.
(4) Copper pipe or tubing shall not be used for
service lines where strain or external loading may
damage the piping.
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(b) Valves in Copper Piping. Valves installed in copper
service lines may be made of any suitable material
permitted by this Code.

(c) Fittings in Copper Piping. It is recommended that
fittings in copper piping and exposed to the soil, such
as service line tees, pressure control fittings, etc., be
made of bronze, copper, or brass.

(d) Joints in Copper Pipe and Tubing. Copper pipe shall
be joined by using either a compression-type coupling or a

ing shall be a copper-phosphorus alloy or silver base
.|Butt welds are not permissible for joining copper
pr tubing. Copper tubing shall not be threaded,
bpper pipe with a wall thickness equivalent to the
comparable size of Schedule 40 steel pipe, i.e., ranging
0.068 in. (1.73 mm) for NPS % (DN 6) to 0.406
0.31 mm) for NPS 12 (DN 300), may be threaded
and ysed for connecting screwed fittings or valves.
Protection Against Galvanic Action Caused by
br. Provisions shall be made to prevent harmful
hic action where copper is connected underground
to steel. [See para. 861.1.3(a).]

84

.5.2 Installation of Copper Service Lines. The
following requirements shall apply to copper service
lines within buildings:

(a)| Copper service lines may be installed within build-
ings, provided that the service line is not concealed and is
suitably protected against external damage.

(b)| An underground copper service line installed
throygh the outer foundation wall of a building ‘shall
be either encased in a sleeve or otherwise pretected
agairjst corrosion. The annular space between the
servi¢e line and sleeve shall be sealed at the’foundation
wall fo prevent entry of gas or water.

(c)| A copper service line installed underground under
buildings shall be encased in a conduitdesigned to prevent
gas l¢aking from the service dine 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.
Servige linesymay be connected to steel mains by

(a)| welding a service line tee or similar device to the
main,|

factured gas system shall be of a type that effectively
resists that type of gas.

(d) weldingasteelserviceline 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 Iron Mains

(a) Service lines may be connected to cast iron and
ductile iron mains by
proyided the

Arillineg (l d
exceed the limita-

diameter of the tapped hole shall not
tions imposed by para. 831.3.3(b), or
(2) using a reinforcing sleeve

(b) Service line connections shall notbe braz¢d directly
to cast iron or ductile iron mains;

(c) Compression fittings,using rubber or riibber-like
gaskets or welded connections may be used fo connect
the service line to the-main connection fitting

(d) Gaskets used imvamanufactured gas system shall be
of a type that effectively resists that type of gps.

pping

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) “A compression-type service line to main donnection
shall be designed and installed to effectively sustain the
longitudinal pullout forces caused by contraction of the

piping or external loading.

849.6.4 Service Line Connections to Copper Mains

(a) Connections using a copper or cast bronze service
line tee or extension fitting sweat-brazed to the copper
main are recommended for copper mains.

(b) Butt welds are not permitted.

(c) Fillet-brazed joints are not recommended.

(d) The requirements of para. 849.5.1(d) shdll apply to

(1) jointsnotspecificallymentionedin (a)through (c)
(2) all brazing material

849.6.5 Plastic Service Line Connections| to Metal
Mains

to metal
fitting as

(a) Plastic service lines shall be connected
mains with a suitable metallic or plastic main
provided in para. 849.6.1, 849.6.2, or 849.6.4 having a
compression end or other suitable transition fitting.

(b) USINg a Service line ctamp or saddie.

(c) using compression fittings with rubber or rubber-
like gaskets or welded connections to connect the service
line to the main connection fitting. Gaskets used in amanu-
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(p] Acompression-type service line to main connection
shall be designed and installed to effectively sustain the
longitudinal pullout forces caused by contraction of the
piping or external loading.
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Chapter V
Operating and Maintenance Procedures

850 OPERATING AND MAINTENANCE
PROCEDURES AFFECTING THE SAFETY OF
GAS TRANSMISSION AND DISTRIBUTION
FACILITIES

85‘_0.1 Geéneral

{a) Be¢ause of many variables, it is not possible to
préscribe in a code a detailed set of operating and main-
tenance grocedures that will encompass all cases. It is
possible,| however, for each operating company to
develop dperating and maintenance procedures based
on; the prjovisions of this Code, its experience, and its
knowledge of its facilities and conditions under which
they are gqperated that will be adequate from the stand-
point of public safety. For operating and maintenance
procedurgs relating to corrosion control, see Chapter VL.

(b) Upgn initiating gas service in a pipeline designed
and constfucted or converted to gas service in accordance
with this (ode, the operating company shall determine the
Location (lass in accordance with Table 854.1-1.

850.2 B

Each operating company having facilities ‘within the
scope of this Code shall

(a) havle a written plan covering operating and main-
tenance grocedures in accordance with the scope and
intent of this Code.

(b) havye a written emergency’plan covering facility
failure or|other emergencies.

(c) opefrate and maintain-its facilities in conformance
with thesg plans.

(d) modify the plans periodically as experience dictates
and as exposure of.the public to the facilities and changes
in operating €enditions require.

(e) prdvide training for employees in procedures

sic Requirements

850.3 Essential Features of the Operating and
Maintenance Plan

The plan prescribed in para. 850.2(a)_shall inclgde

(a) detailed plans and instructiohs for emplpyees
covering operating and maintenance procedurgs for
gas facilities during normal operations and repairs.

(b) items recommended for.inclusion in the plgn for
specific classes of facilities that are given in
paras. 851.2, 851.3, 851.4,°851.5, 851.6, and 860.1{(d).

(c) plans to give particular attention to those portions
ofthe facilities preSenting the greatest hazard to the public
in the event of aniemergency or because of constructjon or
extraordinary maintenance requirements.

(d) previsions for periodic inspections along the
of existing'steel pipelines or mains, operating at al hoop
stress. in excess of 40% of the specified minimum)| 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 854.)

route

850.4 Essential Features of the Emergency Plan

850.4.1 Written Emergency Procedures. Each
ating company shall establish written procedures that
will provide the basis for instructions to appropriate|oper-
ating and maintenance personnel that will minimize the
hazard resulting from a gas pipeline emergency} At a
minimum, the procedures shall provide for the following:

(a) a system for receiving, identifying, and clasdifying
emergencies that require immediate response by the
operating company

(b) indicating clearly the responsibility for instriicting
employeesinthe procedureslisted in the emergency|plans
and for training employeesin the execution of those proce-
dures

oper-

established for their operatingand maintenance functions
thatis comprehensive and designed to prepare employees
for service in their area of responsibility. See section 807
for guidance on the training and qualification of personnel
performing tasks that could impact the safety or integrity
of a pipeline.

(f) keep records to administer the plans and training
properly.
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(cJ indicating clearly those responsible for updating
the plan

(d) establishing a plan for prompt and adequate hand-
ling of all callsthat 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


https://asmenormdoc.com/api2/?name=ASME B31.8 2020.pdf

ASME B31.8-2020

(f) controlling emergency situations, including the
action to be taken by the first employee arriving at the
scene

(g) the dissemination of information to the public

(h) the safe restoration of service to all facilities
affected by the emergency after proper corrective
measures have been taken

(i) reporting and documenting the emergency

850.4.2 Training Program. Each operating company

direct reports of emergencies and to avoid inconsisten-
cies. See para. 850.9.1 for additional guidance.

850.5 Pipeline Failure Investigation

Each operating company shall establish procedures to
analyze all failures and accidents for determining the
cause and to minimize the possibility of a recurrence.
This plan shall include a procedure to select samples
of the failed facility or equipment for laboratory examina-

shall|have a program for informing, instructing, and
training employees responsible for executing emergency
procgdures. The program shall acquaint the employee
with the emergency procedures and how to promptly
and effectively handle emergency situations. The
program may be implemented by oral instruction,
writtén instruction, and, in some instances, group instruc-
tion, followed by practice sessions. The program shall be
established 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)| Each operating company shall establish and main-
tain ljaison with appropriate fire, police, and other public
officidls, entities in or near the pipeline right-of-way (e.g,
electifical and other utilities, highway authorities, and rail:
roads), and news media. See para. 850.9.1 for additional
guidance.

(b)| Each operating company must have a means of
communication with appropriate public officials during
an emergency.

(c)| Emergency procedures, including'the contingency
plan §inder para. B854.5(e), must be prepared in coordi-
nation with appropriate public officials.

850.4.4 Educational Program. An educational
progifam shall be establiShed to enable customers and
the general public tosrecognize a gas emergency and
report it to the appropriate officials. The educational
program shall be tailored to the type of pipeline operation
and the envirgnment traversed by the pipeline and shall
be copductediin each language that is significant in the
community) served. Operators of distribution systems
shall |communicate their programs to consumers and

tion when necessary.

850.6 Prevention of Accidental Ignition

Smoking and all open flames shall‘be prohibited in and
around structures, or areas under the control of the oper-
ating company containing)gas facilities [(such as
compressor stations, metef,and regulator stations, and
other gas handling equipment), where possible leakage
of gas constitutes a hazatd of fire or explosion. Each oper-
ating company shall take steps to minimize the|danger of
accidental ignition)of gas.

(a) Whenahazardousamountofgasistobe viented into
open air, each potential source of ignition shall first be
removed from the area and adequate fire extinguishers
shallcbe)provided. All flashlights, lighting fixtures, exten-
siomr,cords, and tools shall be of a type approved for haz-
drdous atmospheres. Blowdown connectiong that will
direct the gas away from any electrical tramsmission
lines must be installed or used.

(b) Suitable signs and flagmen or guards, if
shall be posted to warn others approaching or e
area of the hazard.

(c) To preventaccidental ignition by electric
adequate bonding cable should be connected tg
of any pipe that is to be parted, tapped, squee
joined, and any cathodic protection rectifiers ih the area
shall be turned off. Where gas pipelines parallel overhead
electric transmission lines on the same right-of-way, the
company operating the pipeline shall ensur¢ that the
current carrying capacity of the bonding donductor
should be atleast one-half of the current carryirlg capacity
of the overhead line conductors. [See a]so 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 giyen to the
static electrical charges that may be present on both the

hecessary,
teringthe

arcing, an
each side
ved-off, or

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
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

79

trrside—and-outsidediameters—of threpipe—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
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
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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.

(e) Should welding be anticipated on a pipeline filled
with gas and the safety check under (d) has been
completed satisfactorily, the gas pressure must be
controlled by a suitable means to keep a slight positive
pressurein the plpehne atthe welding area before startlng
work. Preea ex

(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,
and formalized crossing and encroachment agreements.

(e) monitoring of excavation activities, as well as direct
observation of excavation. Consideration should be given
to the frequency of rnonltormg, criteria for continual
7a 3 pllow
operating company requlrements and documen ation

from occyrring at the weldmg area.

(f) Befgre cutting by torch or welding on a line that may to be maintained during observations.
contain a mixture of gas and air, it shall be made safe by (f) performinginspections of pipelines where thefe are
displacing the mixture with gas, air, or an inert gas. indications that the pipe could have been’damaged as a
Caution must be taken when using an inert gas to result of excavation. If damage occurs that affec{s the

provide aflequate ventilation for all workers in the area.

850.7 Blasting Effects

Each oplerating company shall establish procedures for
protection of facilities in the vicinity of blasting activities.
The operdting company shall

(a) locjte and mark its pipeline when explosives are to
be detondted within distances as specified in company
plans. Consideration should be given to the marking of

integrity of the pipeline, the damage)shall be remediated
in accordance with established procedures.

(g9) maintaining maps indicating the location of] facil-
ities. The maps should be.updated to reflect new and re-
placement facilities.

(h) assessing the effectiveness of the program| This
assessment may.include trending of excavation
damages and_location, investigation of excavation
damages and.identification of root cause, and identifica-

minimumy(blasting distances from the pipelines depending 30“ of I?:EV}‘:_HEVE measure: targeting excavators or loca-
upon the type of blasting operation. 1ons 1 N1gh damage rates.
g B S A'useful reference for identifying elements of an [effec-

(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 soil cpnditions.

(c) confuctaleaksurvey followingeach blasting opéra-
tion near [its pipelines.

850.8 D

Each oplerating company shall have a program to reduce
the risk agsociated 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
systems allow excavators to provide notification to a

mage Prevention Program

tive damage prevention program is the Best Pragtices
Guide, maintained and published by the Common
Ground Alliance.

850.9 Communication Plan

The operator shall develop and implement a commu-
nications plan to provide operating company pers¢nnel,
jurisdictional authorities, emergency response offficials,
potential excavators, public officials, and the gublic
with pipeline safety information to help keep communities
near pipelines safe. The information may be communi-
cated as part of other required communications.

Communications should be conducted as often ap nec-
essary so that appropriate individuals and authdrities
have access to current information about the opergtor's

single point of contact;which in turn forwards the excava- . ) x .
tion details to participating facility owners/operators. system, operation and mamtenar'lce el"forts, and intgrity
(b) identifyingof persons who normally perform exca- el Cns program (as de'sc;rlbed n ASME B31(8S).

vations in the drea in which the operator has facilities, API RP 1162 provides additional guidance.
mcludlng thepubtic;and providing for perfodic commu——850.9.1 Extermat Communications. The following

nication with these parties in accordance with
sgctlon 850.9.

*(c) receiving notifications of planned excavations,
providing the excavators with locations of the operator's
féfcilities through temporary field markings, establishing
lines of communication with the excavator to ensure the
immediate protection and future operation of the facility,
and consideration of monitoring excavation activities.

80

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:

(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
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(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

(g) information about the operator’s damage preven-
tion program, including excavation notification phone
numbers, excavation notification center requirements,
and who to contact if there is any damage

(h)

ganaral tnfarmation ahaott intagritz
T a0

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
by the company, natural hazards, and any other factors
affecting the safety and operation of the pipeline.
Patrols shallbe performed atleast once every yearin Loca-
tion Classes 1 and 2, at least once every 6 months in Loca-

tha onaratar’c
ope

yat
St ar o acroT ottt TOtOT O IIItCETIty

management program and how to obtain a summary ofthe

tion Class 3, and at least once every 3 months.ip Location
Class 4. Weather, terrain, size of line, operating pressures,

integrity management program
(5 itrilforma%ion abgutgthe operator’s emergency and other conditions will be factors imdetermining the
response program need for more frequent patrol. Main-highway$ and rail-
road crossings shall be inspected with greater frequency

(j) |continuing liaison with emergency responders,
including local emergency planning commissions,
regiopal and area planning committees, jurisdictional
emergency planning offices, etc., to share information
on edch party’s capabilities in responding to pipeline
emergencies, pipeline facility information, maps, and
emergency response plans

(k)| dialogue with the public to convey the operator’s
expedtations of the public as to how they can help the
operdtor maintain integrity of the pipeline

850.9.2 Internal Communications. Operating
comppny management and other appropriate personnel
should understand and support the operation and main-
tenance efforts, damage prevention program, emergency.

IPELINE MAINTENANCE

Periodic Surveillance of Pipelines

means of maintaining the integrity of its pipeline
, each opérating company shall establish and
implgment procédures for periodic surveillance of its
facilities. Studies shall be initiated and appropriate
action shall\be taken where unusual operating and main-
tenance ¢onditions occur, such as failures, leakage history,

and more closely than pipelines.in open country.

851.2.1 Maintenance of Cover at Road Crossings and
Drainage Ditches. The ‘opérating company shall deter-
mine by periodic surveys if the cover over the pipeline
at road crossings and drainage ditches has been
reduced below the requirements of the origirlal design.
If the operating company determines that the normal
cover providéd at the time of pipeline constriyiction has
becomeé.unacceptably reduced due to earth removal or
line movement, the operating company shall prdvide addi-
tional protection by providing barriers, culvertg, concrete
pads, casing, lowering of the line, or other suitable means.

851.2.2 Maintenance of Cover in Cross-Country
Terrain. If the operating company learns, as 3 result of
patrolling, that the cover over the pipeline|in cross-
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 unag¢ceptable,
the operating company shall provide additional protec-
tion by replacing cover, lowering the line, or other suitable
means.

851.3 Leakage Surveys

Each operating company of a transmission|line shall
provide for periodic leakage surveys of the line in its oper-
ating and maintenance plan. The types of surveys selected
shall be effective for determining if potentially hazardous
leakage exists. The extent and frequency of thie leakage
surveys shall be determined by the operating| pressure,
piping age, Location Class, and whether the trapsmission

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
maximum allowable operating pressure shall be
reduced commensurate with the requirements described
in para. 845.2.2(c).

81

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
PCC-2, Repair of Pressure Equipment and Piping, and
in the following PRCI documents: Pipeline Repair
Manual (original or updated version), and Pipeline
Defect Assessment — A Review and Comparison of
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Commonly Used Methods. Information on these docu-
ments is found in Mandatory Appendix A.

The use of nonmetallic composite repair is prohibited
for repairing leaks on pipelines operating over 100 psig
(690 kPa). The use of nonmetallic composite repair is not
recommended for repairing cracks or pipe manufacturing
defects in pipelines unless reliable engineering analysis or
testing has shown the effectiveness of the repair device
and installation procedure when applied to such defects.

Re air M atariale ar Aoyt ant £or vahich na ctandardce
p ] FrerS-oF-eqtipment W 10-5tat

If the defect is not a leak, the circumferential fillet welds
are optional in certain cases as described in the following
sections of para. 851.4. If circumferential fillet welds are
made, the sleeve's longitudinal welds shall be butt welds.
The welding procedures for the circumferential fillet
weldsshall be suitable for the materials and shall consider
the potential for underbead cracking. Backup strips are
not required. If the circumferential fillet welds are not
made, the longitudinal welds may be butt welds, or

Ellatc +0 o cida harx Tha iy rantial adgnc 'hich
051614 T V

tar oy

or specifigations are referenced in this Code shall only be
permitted if qualified in accordance with para. 811.2.4.
Such repajrs shall be described in detail in documentation
that is retained by the operating company.

If at arly time a defect mentioned in the following

cumfa
fillets r—The-cireumferential-edges;
made,

would have been sealed had the fillet weld beén
should be sealed with a coating mateniall/$ulch as
enamel or mastic, so that the soil environment will be
kept out of the area under the sleeve,

Prior to the installation of a sleeve;the pipe bodyf shall

subsectidns of para. 851.4 is evident on a pipeline, be inspected by ultrasonic methodsforlaminations where
temporary measures shall be employed immediately to sleeve fillet welds will be depgsited onto the pipe |body.
protect tHe property and the public. If it is not feasible Consideration shall be given to the toughness charac-

to make 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 or repair a likely defect, the operating pressure shall
be at a levgl that provides safety during excavation, inves-
tigation and/or repair operations.

(a) Ifthere is sufficient information about the defect to
determing through engineering analysis the pressure at
which excpvation, investigation, and/or repair operations
may be copducted safely, the pipeline shall be operated at
or below this pressure during these activities.

(b) If there is insufficient information about the defect
to determjne the pressure at which excavation, investiga-
tion, and/jor repair operations may be conducted safely,
the pipeline shall be operated ata pressureno.greater than
80% of the operating pressure at the.time of discovery.
The operfiting pressure shall remain-at or below this
reduced pressure during these activities unless sufficient
informatipn becomes available-to’determine a different
pressure.

Nonleaking corroded areas that must be repaired or
replaced [are defined(in para. 860.2(a). Longitudinal
weld seams are commonly identified by visual inspection,
etchants, pr ultrasoric testing.

A full encirclement welded split sleeve with welded
ends shall have a design pressure at least equal to that

teristics and quality of all seam welds when depq
welds across the seam:in'the course of repairs.

siting

851.4.1 Definition of Injurious Dents and Mechanical
Damage

(a) Dentsare indentations of the pipe or distortipns of
the pipe'Scircular cross section caused by external fprces.

(b) -Plain dents are dents that vary smoothly and Io not
contaih creases, mechanical damage [such as described in
()], corrosion, arc burns, girth, or seam welds.

(c) Mechanical damage is damage to the pipe stirface
caused by external forces. Mechanical damage ingludes
features such as creasing of the pipe wall, gguges,
scrapes, smeared metal, and metal loss not due to ¢orro-
sion. Cracking may or may not be present in conjunction
with mechanical damage. Denting of the pipe may of may
not be apparent in conjunction with mechanical damage.

(d) Plain dents are defined as injuriousif they ex¢eed a
depth of 6% of the nominal pipe diameter. Upon firther
analysis, plain dents of any depth are acceptable and are
not considered injurious provided strain levels asso¢iated
with the deformation do not exceed the following ptrain
limits:

(1) half of the minimum elongation specified for a
tensile strap test in accordance with the pipe product
manufacturing specification or pipe purchase spegifica-
tion

(2) 40% of the average elongation from pipe manu-

required for the maximum allowable operating pressure
of the pipe being repaired [see para. 841.1.1(a)]. If condi-
tions 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,
Article 2.6). Full encirclement sleeves shall not be less than
4 in. (100 mm) in width.
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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
or cleaning device shall also be considered. Any dents that
are not acceptable for this purpose should be removed
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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), or if they exceed a depth of 6% of the
nominal pipe diameter.

(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
any associated indentation of the pipe does not exceed
a depth of 4% of the nominal pipe diameter. Grinding

(g) Pents-thatcontain-stress-corrosion-cracks-or-other is-permitted-to—a—depth-ef 10%ofthenominal pipe
crackp are injurious. wall with no limit on length. Grinding shallyproduce a
(h)| Dents that affect ductile girth or seam welds are smooth contour in the pipe wall. The remaining vall thick-

injurious if they exceed a depth of 2% of the nominal
pipe fliameter, except those evaluated and determined
to be| safe by an engineering analysis that considers
weld uality, nondestructive examinations, and operation
of the pipeline are acceptable provided strain levels asso-
ciated with the deformation do not exceed 4%. It is the
operdtor's responsibility to establish the quality level of
the weld.

ness shall be verified using ultrasonie testjng. After
grinding, the surface shall be inspected fpr cracks
using a nondestructive surface. examinatiop method
capable of detecting cracksjand the surfacg shall be
inspected with a suitableetchant per para. §41.2.4(e).
If grinding within the depth and length limitations fails
to completely remove the damage, the damage shall be
removed or repaifed‘in accordance with (2).

(i) |Dents of any depth that affect nonductile welds, such (-a) For pipelines operating at or ahove 30%
as acgtylene girth welds or seam welds that are prone to SMYS, grinding is permitted to a depth greater than
brittl¢ fracture, are injurious. 10% up t0 a’'maximum of 40% of the pipe wall, with

() |The allowable height of mild ripples in carbon steel
pipe fprmed during the cold bending process can be deter-
mined from Figure 851.4.1-1, where d is the maximum
depth or crest-to-trough dimension of the ripple and D
is the specified outside diameter of the pipe. Ripples in
carbgn steel pipe are acceptable if their height is
below the line shown. Ripples with heights above-the
line njay be shown to be acceptable using a more rigorous
analypis.

metal removal confined to a length given by thd following

equation:
2
] 1

measured maximum depth of ground area, in.

112
L = 1.12{ (D¢)

a/t
1.1a/t — 0.11

where

851.4.2 Permanent Field Repairs of Injurious Dents (mm)
and Mechanical Damage D = nominal outside diameter of the pipe, [in. (mm)
L. g L = maximum allowable longitudinal extent of the
(a)| Injurious d'ents and mechanieal damage shall be ground area, in. (mm)
remoyed or repaired by one of the methods below, or t = nominal wall thickness of pipe, in. (mm)

the operating pressure shallbe reduced. The reduced
presspre shall not exceed80% of the operating pressure

(-b) For pipelines operating below 30% SMYS,

g).(pe 'ienceg by the inj(;lrio'us f;ature at the t.ime of grinding is permitted to lengths and depth$ meeting
1scovery£ ressurecre uction does not constitute a . acceptance criteria of ASME B31G.
ermanent repair, o . .
P (b) Remove?l of injurious dents or mechanical damage (#) Dents containing stress corrosion crarking may
) ) L '8 be repaired by grinding out the cracks to a length and
shall pe performed by taking the pipeline out of service

and cutting)out a cylindrical piece of pipe and replacing
same|with pipe of equal or greater design pressure, or by

depth permitted in para. 860.2(a) for corfosion in
plain pipe. The wall thickness shall be checked ufsing ultra-

4

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
full encirclement steel sleeve with open ends or with ends
welded to the pipe.

83

inspected
for cracks using a nondestructive surface examination
method capable of detecting cracks and the surface
shall be inspected 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).
(d) If a dent or mechanical damage is repaired with a
sleeve not designed to carry maximum allowable oper-
ating line pressure, the dent shall first be filled with an
incompressible filler. If the sleeve is designed to carry

conietacting Aftar grinding +ha cogfocn chall b
SOTHCCStUTN S e C T st s, Tnt-suratt-Sratr ot
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Figure 851.4.1-1 Allowable Ripple Heights

Hoop Stress at MAOP, MPa
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GENERAL NDTE: Source: “Development of Acceptance Criteria for Mild Ripplesin PipelineField Bends” paper [PC02-27124 from the Internptional

Pipeline Co

allowable operating pressure, the incompres-
sible fillef is recommended but not required.

(e) Nonmetallic composite wrap repairs are not accept-
able for repair of injurious dents or mechanical damage,
unless prpven through reliable engineering tests and

maximum

hference 2002. Copyright © 2002 by The American Society of Mechanical Engineers.

(c) If a manufacturing defect is found in a dpuble
submerged-arc welded seam or high-frequency|weld
(HFW) seam, a full encirclement welded split qleeve
shall be installed.

(d) If a manufacturing defect is discovered in [a low

analysis. frequency weld (LFW) seam or any seam having a Jongi-
(f) All repairs under para. 851.4.2 shall\pass nonde- tudinal weld joint quality factor, E less than 1.0 in
structive inspections and tests as provided'in para. 851.5. Table 841.1.7-1, or if hydrogen stress cracking is ffound

851.4.3 Permanent Field Repair ‘of Welds Having
Injurious PDefects

(a) All fircumferential butt'welds found to have unac-
ceptable defects (accordingto API 1104) shall be repaired
in accordance with the/requirements of section 827,
provided| the pipeline can be taken out of service.
Repairs oh welds may be made while the pipeline is in
service, provided the weld is not leaking, the pressure
in the pipeline has been reduced to a pressure that

split
rating

in any weld zone, a full encirclement welded
sleeve designed to carry maximum allowable ope
pressure shall be installed.

(e) Corroded areas may be repaired by fillingthem with
deposited weld metal using a low-hydrogen wglding
process. Repairs shall be accomplished in accorflance
with a written maintenance procedure, which when
followedwill permanently restore therequired wall thick-
ness and mechanical properties of the pipeling. The
welding procedures and welders shall be qualified

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.
(b) Defective welds mentioned in (a), which cannot be
repaired under (a) and where it is not feasible to remove
the defect from the pipeline by replacement, may be
repaired by the installation of a full encirclement
i(velded split sleeve using circumferential fillet welds.
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under para. 823.2.1. The procedures shall provide suffi-
cientdirection for avoidingburn-through and minimizing
the risk of hydrogen cracking on in-service pipelines. For
background information on developing a weld deposition
repair procedure, refer to the PRCI Catalog L51782 docu-
ment, Guidelines for Weld Deposition Repair on Pipelines;

further information on this standard is in Mandatory
Appendix A. This method of repair shall notbe attempted

on pipe that is thought to be susceptible to brittle failure.
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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) 0.270 in. (6.86 mm) 0.240 in. (6.10 mm) 0.205 in. (5.21 mm)
900 (6,200) 0.280 in. (7.11 mm) 0.235 in. (5.97 mm) 0.190 in. (4.83 mm) 0.150 in. (3.81 mm)
0]

tested and inspected as provided in para. 851.5.

851.4.4 Permanent Field Repair of Leaks and
Nonleaking Corroded Areas

service, repairs shall be made by the installation of a
full encirclement welded split sleevef In“thle case of
stress corrosion cracking, the fillet.welds arg optional.
If the fillet welds are made, pressurization of the sleeve

(a)| If feasible, the pipeline shall be taken out of service ~ 1S optional. The same applies, to hydroggn stress
and repaired by cutting out a cylindrical piece of pipeand ~ cracking in hard spots, except that a flat hard spot
replaging with pipe of equal or greater design pressure. shall be protected with a‘lardenable filler or by pres-

(b)| Ifitis not feasible to take the pipeline out of service, surization of a fillet;welded sleeve. Stress [corrosion
repairs shall be made by the installation of a full encircle- cracking may also be repaired pgr para.
mentwelded splitsleeve, unless corrosionisrepairedwith ~ 851.4-2(c)(4), which 'describes repairs for strgss corro-

deposited weld metal in accordance with (e) or unlessa  Sion cracking .in dents.
patchlis chosen in accordance with (f). If nonleaking corro- (c) All TRPYfFS performed 'unde.r (a) and (H) shall be
sion {s repaired with a full encirclement welded split  tested and/inspected as provided in para. 851i5.

sleev

(0
made
leak ¢lamp.

(d)| A small leak may be repaired by welding a nipple
over it to vent the gas while welding and then installing-an
apprdpriate fitting on the nipple.

(e)| Small corroded areas may be repaired by-filling
themwith deposited weld metal from low-hydrogen elec-
trodek. The higher the pressure and the greater the flow
rate, the lesser the chance of burn-throeugh. At 20 V and
100 A, burn-through is unlikely to oceur when the actual
wall thicknesses exist, as shown(in,Table 851.4.4-1.

This method of repair should not be attempted on pipe
that is thought to be susceptible to brittle fracture.

(f) |Leaking or nonleakingcorroded areas on pipe with a
specified minimum yield-strength of not more than 40,000
psi (276 MPa) may betepaired by using a steel plate patch
with rounded corners and with dimensions not in excess
of ong-half the{cireumference of the pipe fillet welded over
the pjtted 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

p, the circumferential fillet welds are optional.
Ifthe leakis due to a corrosion pit, the repair may be
by the installation of a properly designed bolt-on

or Mains

851.5.1 Testing of Replacement Pipe Sections. Whena
scheduled repair to a pipeline or main is made py cutting
out the damaged portion of the pipe as a cylinder and re-
placing it with another section of pipe, the replacement
section of pipe shall be subjected to a pressur¢ test. The
replacement section of pipe shall be tested to th¢ pressure
required for a new pipeline or main installed in} the same
location. The tests may be made on the pipe priof 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 under
controlled fire conditions (gas in the pipeline),|full encir-
clement pressure-containing type B, welded spllit sleeves
(see ASME PCC-2) may be used to join the piple sections
instead of butt welds. All sleeve welds should| be radio-
graphed. (See para. 851.5.2.)

851.5 Testing Repairs to Steel Pipelines

851.5.2 Nondestructive Testing of Repairsg, Gouges,
Grooves, Dents, and Welds. If the defects ar¢ repaired
by welding in accordance with the provfisions of
para. 851.4 and any of its subsections, th¢ welding

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.

851.4.5 Permanent Field Repair of Hydrogen Stress
Cracking in Hard Spots and Stress Corrosion Cracking

(a) If feasible, 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.
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shall be examined in accordance with section 826.

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.
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851.6 Pipeline Leak Records

Records shall be made covering all leaks discovered and
repairs made. All pipeline breaks shall be reported in
detail. These records along with leakage survey
records, line patrol records, and other records relating
to routine or unusual inspections shall be kept in the
file of the operating company, as long as the section of
line remains in service.

(a) Sighs or markers shall be installed where it is
consideref necessary toindicate the presence of a pipeline
at road, hfighway, railroad, and stream crossings. Addi-
tional signs and markers shall be installed along the
remaindet of the pipeline at locations where there is a
probabilitly of damage or interference.

(b) Signs or markers and the surrounding right-of-way

(b) Purge facilities to be commissioned with an inert
material and effectively seal the ends. For facilities
where purging is not necessary and where a need to
restore to service exists, a small amount of gas can
remain in the facility provided the gas amount poses
no potential hazard, and contains no corrosive contami-
nants exceeding pipeline quality standards such as water,
carbon dioxide, and sulfides.

(c) After the facilities have been decommissioned, the

naintenanee e i ied as if

the facility were still in service.

(d) The cathodic protection shall be maintained
the periodic inspections and record keeping to cor
as if the facility were still in service.

(e) For stations where blanket gasyremains, the Emer-
gency Shut Down (ESD) system shall remain in sdrvice.
Some modification to the ESD<system may be required
to allow for a low pressure-ESD. The hazardous gas

with
tinue

shall be maintained so markers can be easily read and are and fire detectors should.remain in service to blow the
not obscufred. units and piping dowr; if necessary.

(c) The signs or markers shall include the words “Gas
(or name |of gas transported) Pipeline” the name of the ~ 851.10 Recommissioning of Transmission
operating|company, and the telephone number (including Facilities

area codle) where the operating company can be
contacted

851.8 At

Each operating company shall have a plan in its oper-
ating and maintenance procedures for abandoning trans-
mission facilities. The plan shall include the following
provisions:

(a) Fadilities to be abandoned shall be disconnected
from all spurces and supplies of gas such as other pipe-
lines, mains, crossover piping, meter stations, control
lines, and|other appurtenances.

(b) Facilities to be abandoned in place-shall be purged

andoning of Transmission Facilities

Operators planning to recommission (reactivate) frans-
mission.-facilities temporarily removed from servicg shall
develop written procedures for recommissioning fadilities
to.service. The procedures shall include the following:

{a) Before afacility is recommissioned, all maintepance
and cathodic protection records shall be reviewled to
ensure that the condition and integrity of the f3cility
has been maintained during the decommissioned ppriod.

(b) Facilities to be recommissioned that have|been
decommissioned for an extended period of time|shall
be repressured incrementally.

(c) A leak survey shall be performed after the facility
has been recommissioned. Any defects or leaks discoyered

of gas with an inert material and the ends shall be sealed,  shall be repaired before the facility is back in full dpera-
except that tion.

(c) Aftér precautions are taken to determine that no
liquid hydrocarbons remain-in the facilities to be aban- ~ 851.11 Repositioning a Pipeline in Service

doned, then such facilities' may be purged with air. If
the facilifies are purged with air, then precautions
must be|taken €o determine that a combustible
mixtureisgnot presentafter purging. [See para.841.2.7(e).]

When repositioning a pipeline in service, the foll
are some of the factors that shall be considered:

(a) deflection

(b) diameter, wall thickness, and grade of pipe

(c) pipeline pressure

wing

85i.9 Decaommissioning 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.
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{d)type of girtir welds

(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
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851.12 Pressure Testing for Integrity Assessment
of In-Service Pipelines

The integrity of an in-service pipeline may be deter-
mined by pressure testing for strength and leaks. Compar-
ison of new 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, however, will not indicate ongoing deterioration of
the pipeline that has not progressed to the point where
defe¢ts fail during the strength test. Refer to
Nonmandatory Appendix N for hydrostatic testing guide-
lines.

(20) 851.12.1 Pressure Test Levels. When establishing test
presspres for a test section, the maximum test pressure
shall be determined by the operator to prevent damage to
the pjpeline and its components. Consideration must be
given|to the effect of test section elevation differences on
the tgst pressure. Whenever test pressure will cause a
hoop|stress in excess of 100% of the SMYS, refer to
sectipn N-5 for guidance on yield monitoring. The
minimum test pressure shall be as required by (a)
through (c).

(a)| To determine the integrity of an in-service pipeline
by striength testing, the pipeline shall be strength tested at
a pressure that will cause a hoop stress of at least 90%_of
the SMYS in the segment with the lowest design or rated
presspre in the section tested except as provided.in (b) or
(©).

(b)| For pipelines in which stress corrosion cracking
(SCC) has been identified, defects may _be mitigated by
pressure testing to a pressure that.will create a hoop
stresg of at least 100% of the SMYS-atthe high pointeleva-
tion.

(c
stres
mine
level

For those in-service pipelines for which the hoop
percent of the SMYS,cannot be accurately deter-
l or those pipelines”that operate at hoop stress
5 lower than‘maximum design pressure, the
minimum strengthtest pressure shall be 1.10 times
the MAOP.
(d)| Following the strength test period, a leak test
should be-péerformed. The leak test pressure should be
at least'1.10 times the MAQP of the pipeline.

(c) The leak test pressure should be maintained for as
long as necessary to detect and locate or evaluate any
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, or performing the
initial pressure test if the pipeline wasnot post-construc-
tion tested, should be based upon an engineering critical
assessment to prevent defects from growing fto critical
sizes. That engineering critical assessment should
include consideration of the following factors

(a) Risk to the Public. The first consideration jn a test or
retest should be the exposure thatthe public could have to
a failure of a given pipeline.

(b) Stress Level of Preyious’Test. Testing shows that the
higher the stress level fthe strength test, the smaller the
remaining flaw will bezSmaller remaining flawswill result
in a longer time before the flaw could be expect¢d to grow
to a critical &ize, if not mitigated. This mpans that
increasing.the)ratio of the test pressure to the|operating
pressure may potentially increase the retest ipterval.

(c) Corrosion Growth Rate. The corrosion growth rate
on a given pipeline depends upon the aggressfveness of
thecorrosive environment and the effectivenest of corro-
sion control measures.

(d) Maintenance. Deterioration of the pipeli
function of the timing and effectiveness of
correct such conditions as corrosion control de
external force damage, and operating conditions that
increase the potential for corrosion. The effg¢ctiveness
of programs to preventdamage by excavation affects pipe-
line maintenance.

(e) Other Inspection Methods. In-line inlspection,
external electrical surveys of coating condjition and
cathodic protection levels, direct inspection of the pipe,
monitoring of internal corrosion, monitoring of gas
quality, and monitoring to detect encroachment are
methods that can be used to predict or confirnj the pres-
ence of defects that may reduce the integrity of the pipe-
line.

eisalsoa
aictions to
ficiencies,

852 DISTRIBUTION PIPING MAINTENAN

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.
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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
the patrolling shall be determined by the severity of
the conditions that could cause failure or leakage and
the subsequent hazards to public safety.
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852.2 Leakage Surveys

Each operating company having a gas distribution
system shall set up in its operating and maintenance
plan a 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
hazardous leakage exists. The following are some proce-

criteria set forth in section M-5 of Nonmandatory
Appendix M.

Prior to taking any repair action, leaks should be
pinpointed but only after it has been established that
animmediate hazarddoesnotexistor has been controlled
by such emergency actions as evacuation, blocking an area
off, rerouting traffic, eliminating sources of ignition, venti-
lating, or stopping the flow of gas. The pinpointing guide-
lines provided in section M-6 of Nonmandatory Appendix

M-<chould be-follawwad
Y SHOtHEGDCTooWea:

dures that nay be culp}u_ycd.

(a) surface gas detection surveys

(b) subsurface gas detector survey (including bar hole
surveys)

(c) vegptation surveys

(d) prepsure drop tests

(e) bubble leakage tests

(f) ultrasonic leakage tests

A detailed description of the various surveys and
leakage détection procedures is shown in Nonmandatory
Appendix|M.

852.2.p Frequency of Surveys. The extent and
frequency of leakage surveys shall be determined by
the charagter of the general service area, building concen-
trations, piping age, system condition, operating pressure,
and any other known condition (such as surface faulting,
subsidende, flooding, or an increase in operating pressure)
that has gignificant 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
surveys ghould be considered following exposure ‘of
the gas djstribution system to unusual stresses (such
as those resulting from earthquakes or blasting). "The
leakage survey frequencies shall be based on operating
experiende, sound judgment, and a knowledge of the
system. Opce established, frequencies shall be reviewed
periodically to affirm that they are still appropriate. The
frequencigs of the leakage survey Shall at least meet the
following;

(a) Distribution systems in‘a principal business district
should be surveyed atleastannually. Such surveys shall be
conducted using a gas detector and shall include tests of
the atmogphere that-will indicate the presence of gas in
holes, atcracksin the pavementand sidewalks,

finding gqs leaks.
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

852.3.1 Leakage Classification and Repair. Leaks
located by surveys and/or investigation should be eval-
uated, classified, and controlled in accordance with the
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852.3.2 Investigation of Reports From Oultside
Sources. Any notification from an outsidessource |(such
as police or fire department, other utility,”contractor,
customer, or general public) reporting.a leak, explpsion,
or fire, which may involve gas pipelines or other gaq facil-
ities, shall be investigated promptly. If the investigation
reveals a leak, the leak should 'be classified and action
should be taken in accordance with the criteria in
section M-5 of Nonmandatery Appendix M.

852.3.3 Odor or Indications From Foreign Sources.
When potentially.hazardous leak indications (such as
natural, sewer) or marsh gas or gasoline vaporg) are
found to originate from a foreign source or facilfjty or
customer<owned piping, they shall be reported Jo the
operatdp of the facility and, where appropriate, o the
police: department, fire department, or other govern-
mental agency. When the company's pipeline is conrlected
to a foreign facility (such as the customer's piping}, nec-
essary action, such as disconnecting or shutting dff the
flow of gas to the facility, shall be taken to eliminate
the potential hazard.

852.3.4 Follow-Up Inspections. While the excayation
is open, the adequacy of leak repairs shall be checKed by
using acceptable methods. The perimeter of the leak area
shall be checked with a gas detector. In the case of a firade
1 leak repair as defined in Nonmandatory Appendlix M,
where there is residual gas in the ground, a follqw-up
inspection should be made as soon as practicable| after
allowing the soil to vent to the atmosphere and stapilize,
but in no case later than 1 month following the reppir. In
the case of other leak repairs, the need for a follgw-up

inspection should be determined by qualified pers¢nnel.

852.4 Requirements for Abandoning,
Disconnecting. and Rein ating Di tion
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 shall also include the following provisions:
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(a) If the facilities are abandoned in place, they shall
be physically disconnected from the piping system. The
open ends 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 a potential combustion hazard shall be consid-
ered and appropriate measures shall be taken.
Abandonment shall not be completed until it has
been determlned that the volume of gas or liquid hydro-

Service lines temporarily disconnected because of main
renewals or other planned work shall be tested from the
point of disconnection to the service line valve in the same
manner as new service lines before reconnecting, except

(a) when provisionsto maintain continuous service are
made, such as by installation of a bypass, any portion of the
original service line used to maintain continuous service
need not be tested; or

(b) when the service line has been designed, installed,

carbons-eentained-within-the-abandened-section Ses
no pgtential hazard. Air or inert gas may be used for
purging, or 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 § combustible 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 gppropriate action shall be taken.

(b)| In cases where a main and the service lines
conngcted to it are abandoned, insofar as service lines
are cpncerned, only the customer's end of such service
lines needs to be sealed as stipulated above.

(c)| Service lines abandoned from the active mains
should be disconnected as close to themainas practicable.

(d)] All valves left in the abandoned segment should be
closedl. If the segment is long and there are few line valves,
consifleration should be given to plugging the segment at
intervals.

(e)| All above-grade valves, risers, and vault and valve
box cpvers shall be removed. Vault and valve box yeids
shall pe filled with suitable compacted backfill material.

852.4.2 Temporarily Disconnected Service. When-
ever $ervice to a customer is temporarily ‘discontinued,
one df the following shall be complied\with:

(a)| The valve that is closed to prevent the flow of gas to
the customer shall be provided witlia locking device or
other|means designed to preventthe opening of the valve
by persons other than thosé authorized by the operating
comppny.

(b)| A mechanical device or fitting that will prevent the
flow ¢f gas shall be-installed in the service line or in the
meter assembly.

(c)| The customer's piping shall be physically discon-
nectdd fromithe gas supply and the open pipe ends

rthin tha ahandonad cactions pcrnr

tactod and maintainad 3 —mnnw-lqnnn A rh-ln +thn re uire_
teStea;aRaattaiieaHacecoraaice—witn—trt q

ments of this Code

852.5 Plastic Pipe Maintenance

852.5.1 Squeezing-Off and Reopening of|
plastic Pipe or Tubing for Pressure Control

Thermo-

(a) Before thermoplasti¢’pipe or tubing is squeezed-off
and reopened, it is required that investigationq and tests
be made to determine that the particular type, grade, size,
and wall thickness, of pipe or tubing of the same manu-
facture can be squeezed-off and reopened withojut causing
failure under-the conditions that will prevail at the time of
the squeezing-off and reopening.

(b) After compliance with (a), whenever thegmoplastic
pipe@r.tubing is squeezed-off and reopened, it is required
that

(1) the work be done with equipment and proce-
dures that have been established and proven |by test to
be capable of performing the operation safely fand effec-
tively

(2) the squeezed-offand reopened area of the pipe or
tubing be reinforced in accordance with the appropriate
provisions of para. 852.5.2, unless it has been determined
by investigation and test that squeeze-off and feopening
do not affect the long-term properties of the pip¢ or tubing

(c) Squeeze-off and reopening shall be don¢ in accor-
dance with ASTM F1041, Standard Guide for Squeeze-Off
of Polyolefin Gas Pressure Pipe and Tubing, and ASTM
F1563, Standard Specification for Tools to Squeeze-Off
Polyethylene (PE) Gas Pipe or Tubing.

(d) Refer to Nonmandatory Appendix C fdr a list of
other pertinent ASTM standards and industry [literature.

852.5.2 Repair of Plastic Pipe or Tubing. If 4t any time
an injurious defect, groove, gouge, or dent i§ found in
plastic pipe or tubing, the damaged or fefective
section shall be replaced unless satisfactory repairs are

equirements for Reinstating Aban-
doned Faulltles 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.
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made.

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.
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Repairs shall be made in accordance with qualified
procedures that have been established and proven by
testand in accordance with the following (special consid-
eration shall be given to ensure that the repair procedure
is applicable at the ambient temperature during the
repair):

(a) The recommendations of the plastic manufacturer
shall be taken into consideration when determining the
type of repair to be made. Special consideration shall be
giventot an 6 :. 3'..'... ho 35e-6 herme
setting plastic pipe.

(b) Ifajppatch or full encirclement sleeve is used, it shall
extend at least % in. (13 mm) beyond the damaged area.

(c) Ifafull encirclement split sleeve is used, the joining
line betwgen the halves of the sleeve shall be as far as
possible from the defect, but in no case closer than 1/2
in. (13 mm). Suitable precautions shall be taken to
ensure a proper fit at the longitudinal seam.

(d) Thg patch or sleeve material shall be the same type
and gradelas the pipe or tubing being repaired. Wall thick-
ness of the¢ patch or sleeve shall be at least equal to that of
the pipe qr tubing.

(e) The method of attachment of the patch or sleeve
shall be [compatible with the material and shall
conform to the applicable provisions of para. 842.2.9
(b). Precgutions shall be taken to ensure a proper fit
and a complete bond between the patch or sleeve and
the pipe peing repaired. The patch or sleeve shall be
clamped |or held in place by other suitable means
during thg setting or curing of the bonding material or
during the hardening of a heat-fusion bond. Excess
solvent cgment shall be removed from the edges.of the
patch or gleeve.

852.6 Piping Maintenance Records

852.6.1 Inspection of Underground Piping. Whenever
any portign or section of an existing underground distri-
bution piging system is uncoveréd\for operating or main-
tenance purposes or for the installation of new facilities,
the following information shall be recorded:

(a) the[condition of theurface of bare pipe, if pitted or
generally |corroded

(b) the[conditiohvof the pipe surface and of the protec-
tive coatipg where the coating has deteriorated to the
extent thdt the pipe is corroding underneath

(c) anyldamaged protective coating

852.7 Cast Iron Pipe Maintenance

852.7.1 Sealing Joints of 25 psig (170 kPa) or More.
Each cast iron caulked bell and spigot joint operating at
pressures of 25 psig (170 kPa) or more that is exposed for
any reason mustbe sealed with a mechanical leak clamp or
a material or device that does not reduce the flexibility of
the joint and permanently seals and bonds.

852.7.2 Sealing Joints Under 25 psig (170 kPa). Each
xstiron-caatied-befl-and-spigotjoimt-operating-at pres-
rany
lking.

sures of less than 25 psig (170 kPa) that is exposed fi
reason must be sealed by a means other than 'cay

852.7.3 Inspection for Graphitization,When a s¢ction
of cast iron pipe is exposed for any reason, an insp¢ction
shall be made to determine if graphitization exists. If/detri-
mental graphitization is found, the affected segment must
be replaced.

852.7.4 Disturbed Pipeline Support. When an |oper-
ating company has knowledge that the support|for a
segment of a buried ecast iron pipeline is disturbed

(a) that segment of the pipeline must be protected as
necessary against’damage during the disturbance

(b) as soon as possible, appropriate steps myst be
taken to previde permanent protection for the disthrbed
segment’/from damage that might result from external
loads

853 MISCELLANEOUS FACILITIES MAINTENANCE

853.1 Compressor Station Maintenance

853.1.1 Compressors and Prime Movers. The stdrting,
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 followed.

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 diskg shall
be operated periodically to determine that they|open
at the correct set pressure. Any defective or inadefquate
equipment found shall be promptly repaired or repjaced.
All remote control shutdown devices shall be inspected
and tested at least annually to determine that they|func-

(d) any repairs made

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.
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tion properly.

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.
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853.1.4 Isolation of Equipment for Maintenance or
Alterations. The operating company shall establish proce-
dures for isolation of units or sections of piping for main-
tenance, and for purging prior to returning units to
service, and shall follow these established procedures
in all cases.

853.1.5 Storage of Combustible Materials. All flam-
mable or combustible materials in quantities beyond
those required for everyday use or other than those

(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.

(b) Each operating company, having prepared such a
plan as prescribed in (a), shall follow the plan and keep
records that detail the inspection and testing work done
and the conditions found.

(c) All unsatisfactory conditions found shall be

nramptlv—corractad
FOrf offrectear

normplly used in compressor buildings shall be stored
in a spparate structure built of noncombustible material
locatgd a suitable distance from the compressor building.
All aboveground oil or gasoline storage tanks shall be
proterted in accordance with NFPA 30.

853.1.6 Maintenance and Testing of Gas Detection
and Alarm Systems. Each gas detection and alarm
system required by this Code shall be maintained to func-
tion rgliably. The operator shall develop maintenance and
calibrfation procedures to periodically verify the opera-
tional integrity of the gas detectors and alarm systems
installed.

853.1.7 Monitoring Effects of Pulsation and Vibra-
tion. [Facilities exposed to the effects of vibration and
pulsdtion induced by reciprocating compression as
well ps vibration induced by gas flow or discharge,
may be susceptible to fatigue crack growth in fabrication
and attachment welds. Susceptible facilities include

(a)| compressor station piping having an observed
historfy of vibration

(b)| blowdown piping

(c)|pulsation bottles and manifolds

(d) piping not meeting the requirements of
para.(833.7(a)

Sugh facilities may warrant engineering assessment
and/o¢r nondestructive examination for fatigue cracking
in falrication and attachmentwelds.

853.2 Procedures for Maintaining Pipe-Type and
Bottle-Type Holders in Safe Operating
Condition

(a)
bottld
plan
of thd

Each operating company having a pipe-type or
-type hiolder shall prepare and place in its files a
for the"systematic, routine inspection and testing
facilities that has the following provisions:

4+
P TTpery ©

853.3 Maintenance of Pressure-Limiting|and

Pressure-Regulating Stations

853.3.1 Conditionand Adequacy. All pressui
stations, relief devices, and ethér pressure-1
stations and equipment shall*be subject to s
periodic inspections and'suitable tests, or re
determine that they afe

(a) in good mechanical condition. Visual inspections
shall be made to determine that equipment i§ properly
installed and protected from dirt, liquids, or other condi-
tions that might prevent proper operation. The following
shall be, incCluded in the inspection where appfopriate:

(1) station piping supports, pits, and yaults for
general condition and indications of ground sgttlement.
Séepara. 853.5 for vault maintenance.

(2) station doors and gates and pit vault
determine that they are functioning properly
access is adequate and free from obstructions.

(3) ventilating equipment installed in station build-
ings or vaults for proper operation and for eyidence of
accumulation of water, ice, snow, or other obstructions.

(4) control, sensing, and supply lines for ¢onditions
that could result in a failure.

(5) all locking devices for proper operatipn.

(6) station schematics for correctness.

(b) adequate from the standpoint of capacity
bility of operation for the service in which
employed and set to function at the correct pressure

(1) Ifacceptable operation is not obtained uring the
operational check, the cause of the malfunction shall be
determined, and the appropriate components shall be
adjusted, repaired, or replaced as requirned. After
repair, the component shall again be chg¢cked for
proper operation.

(2) Atleastance each calendaryear arevigdw shall be

e-limiting
egulating
ystematic,
viewed to

covers to
and that

and relia-
they are

1) Procedures shall be followed to enable the detec-
tion of external corrosion before the strength of the
container has been impaired.

(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.
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made to ensure that the combined capacity of the relief
devices on a piping system or facility is adequate to limit
the pressure atall times to values prescribed by this Code.
This review should be based on the operating conditions
that create the maximum probable requirement for relief
capacity in each case, even though such operating condi-
tions actually occur infrequently and/or for only short
periods of time. Ifitis determined that the relieving equip-
ment is of insufficient capacity, steps shall be taken to
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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-
nation shall be made as to the need for inspection and/or
repairs. Abnormal conditions may include regulator
bodies that are subjected to erosive service conditions
or contaminants from upstream construction and hydro-

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

static testjing.

853.3.3

(a) An
made to d

Stop Valves

inspection and/or test of stop valves shall be
etermine that the valves will operate and are
correctly|positioned. (Caution shall be used to avoid
any undegirable effect on pressure during operational
checks.) The following shall be included in the inspection
and/or tept:

(1) station inlet, outlet, and bypass valves

(2) rlief device isolating valves

(3) cpntrol, sensing, and supply line valves

(b) The final inspection procedure shall include the

following;

(1) & check for proper position of all valves. Special
attention $hall be given to regulator station bypass valves,
relief deyice isolating valves, and valves in control,
sensing, and supply lines.

(2) rstoration of all locking and security devices to
proper pdsition.

853.3.4) Pressure-Regulating Stations

(a) Evdry distribution system supplied by more than
one presgure-regulating station shall be equipped with
telemetering or recording pressure gages, to indicate
the gas pressure in the district.

(b) On distribution systems supplied‘by a single pres-
sure-regylating station, the operating company shall
determing the necessity of installing such gages in the
district. In making this determination, the operating
company|shall take int¢/consideration the operating
conditionf such as the number of customers supplied,
the operating pressures, the capacity of the installation,

etc.
(c) If there“are indications of abnormal high or low
pressureyd, 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.

by adequately trained personnel

(2) accurate system maps for use during‘rout
emergency conditions

(3) valve security to prevent service-interruptions,
tampering, etc., as required

(4) employee training programs.to familiariz¢ per-
sonnel with the correct valve maintenance procedures

(b) Emergency valve maintenance procedures irlclude

(1) written contingency)plans to be followed during
any type of emergency

(2) training pensonnel to anticipate all pot
hazards

(3) furnishing tools and equipment as reqpired,
including auxiliary breathing equipment, to meet gntici-
pated emergency valve servicing and/or maintenanice re-
quirements

853:4.2 Distribution System Valves. Valves, the ise of
which may be necessary for the safe operation of{a gas
distribution system, shall be checked and seryiced,
including lubrication where necessary, at sufficjently
frequent intervals to ensure their satisfactory operjation.
Inspection shall include checking of alignment to permit
use of a key or wrench and clearing from the valve Box or
vault any debris that would interfere with or delay the
operation of the valve. System maps showing valvd loca-
tions should be available.

ne or

bntial

853.4.3 Service Line Valves. Outside shutoff valves
installed in service lines supplying places of public
assembly, such as theaters, churches, schools, and hospi-
tals, shall be inspected and lubricated where requifed at
sufficiently frequent intervals to ensure their satisfctory
operation. The inspection shall determine if the vdlve 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

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

92
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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 avaliation racarde
€ o ecorass

ToreTrerT

(c)

other]

2-color-codin & 37
suitable means of identification.

853.% Vault Maintenance

Eagh vault housing a pressure-limiting, pressure-relief,
or pr¢ssure-regulating station shall be inspected to deter-
mine fits condition each time the equipment is inspected
and tested in accordance with para. 853.3. For any vault
that gersonnel enter, the atmosphere shall be tested for
combpstible gas. If the atmosphere is hazardous, the cause
shall be determined. The vault shall be inspected for
adequate ventilation. The condition of the vault covers
shall pe carefully examined for hazards. Unsatisfactory
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 proce-
dureq developed per para. 850.2(a), giving particular
consifleration to the monitoring of the atmosphere and
protection for personnel in the vault.

854 LOCATION CLASS AND CHANGES IN NUMBER
F BUILDINGS INTENDED FOR HUMAN
CCUPANCY

854.1 Monitoring

(a)| Existing steel pipelines or mdins operating at hoop
stresg levels in excess of 40%-ofspecified minimum yield
strength shall be monitered-to determine if additional
buildiings intended fer\htiman occupancy have been
constructed. The total number of buildings intended
for hiiman occupancy shall be counted to determine
the current Location Class in accordance with the proce-
dureq specified“in paras. 840.2.2(a) and 840.2.2(b).
InCagcordance with the principles stated in
paraf 840.1(c), and with the knowledge that the

Vo

(3) operating and maintenance history. of
line or main.

(4) the maximum operating pressure and [the corre-
sponding operating hoop stress. TheJpressur¢ gradient
may be taken into account in the.section of thie pipeline
or main directly affected by‘thé increasing jumber of
buildings intended for human occupancy.

(5) the actual areataffected by the increpse in the
number of buildings intended for human dccupancy
and physical barfiers or other factors that may limit
the further expansion of the more densely populated area.

(d) Following this study, if a change of Locatipn Class is
indicatedsthe’patrols and leakage surveys shall immedi-
ately be.adjusted to the intervals established by the oper-
ating<coempany for the new Location Class.

the pipe-

854.2 Confirmation or Revision of MAOPR

If the study described in para. 854.1 indicat¢s that the
established maximum allowable operating pressure of a
section of pipeline or main is not commensyrate with
existing Location Class 2, 3, or 4, and such seftion is in
satisfactory physical condition, the maximum |allowable
operating pressure of that section shall be ¢onfirmed
or revised within 18 months following completion of
the study as follows:

(a) Ifthe sectioninvolved has been previously tested in
place for not less than 2 hr, the maximum allowpble 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 highlenough to
allow the pipeline to retain its MAOP or to achieve an ac-
ceptable lower MAOP in the Location Class acfording to
(a), the pipeline may either retain its MAOP qr become
qualified for an acceptable lower MAOP if it is retested
at a higher test pressure for not less than 2 hr jn compli-
ance with the applicable provisions ofthis CodelIfthe new

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 cathodicprotectionrequirements, asadditional 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
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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 0-10 2 46-65 0.667 x test pressure but not greater than 60% SMYS
1 0=10 3 B6F 07667 X TeST Pressure but nov greater than 609% 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 greater than 50% SMYS
NOTES:

(1) At time) of design and construction.
(2) Multistpry buildings become prevalent.

(c) An|MAOP that has been confirmed or revised
according|to (a) or (b) shall not exceed that established
by this Cpde or previously established by applicable
editions [of ASME B31.8. Confirmation or revision
according|to para. 854.2 shall not preclude the application
of section| 857.

(d) WhHere operating conditions require that the
existing maximum allowable operating pressure be main-
tained, and the pipeline cannot be brought into compli¢
ance as provided in (a), (b), or (c), the pipe withinthe
area of the Location Class change shall be replaced
with pip¢ commensurate with the requireménts of
Chapter [V, using the design factor obtained from
Table 841.1.6-1 for the appropriate Logation Class.

854.3 Pressure-Relieving or Pressure-Limiting
Devices

Where the MAOP of a settion of pipeline or main is
revised in accordance with para. 854.2 and becomes
less than|the maximum)allowable operating pressure
of the pigeline or main of which it is a part, a suitable
pressure-felieving‘or pressure-limiting device shall be
installed qln aecordance with provisions of paras. 845.1,

845.2, andl 84572.1.

(a) If the section of pipe is qualified for contjnued
service because of a prior test [para. 854.2(a)], dr can
be brought.into compliance by lowering the maxjmum
allowable operating pressure [para. 854.2(a)], or
testing[para.854.2(b)], no additional valves will normally
be required.

(b) Where a segment of pipeline must be replaged to
maintain the established maximum allowable operating
pressure as provided in para. 854.2(d), consideration
should be given to valve spacing as follows:

(1) Where a short section of line is replaced,|addi-
tional valves will normally not be required.
(2) Where the replacement section involves 1 mi (1.6
km) or more of transmission line, additional valve instal-
lation shall be considered to conform to the spacipg 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 Class¢s 1 or
2, consideration shall be given to the possible gonse-
quence of a failure, even though the probabiljty of
such an occurrence is very unlikely ifthe line is designed,

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:

constructed, and operated in accordance with this Code.

(1) Where such a facility described in (a) results in
frequentconcentrations of people, therequirements 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 publicassembly 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:
hoop |stress level over 60% and up to 72% of SMYS

(-b) 90% of SMYS if the pipeline is operating at a

(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
to this Code may be qualified for service under.this Code as
follows:

(a) Review historical records of the-pipelirje as indi-

hoop tress level over 50% and up to 60% of SMYS, unless cated in para. 855.2

the SfE gment was tested previously to a pressure of at least (b) Inspect all aboveground segments of the pipeline

L5t nefs ﬁhe MAOP . . £ vari . for physical condition. During' the inspectiol:E identify
If the segme.nt. Szl i RE D S el the material where possible for‘comparison with available

stresg levels, the minimum test hoop stress levels stated T

above should be based on the SMYS of the pipe with the () (.)p erating Stress Level Study

higheft operating stress level. (1) Establish thenumber of buildings neaf the pipe-

. 2) Patrolls and lfeakage surveys' are conducted at line or main intended for human occupancy, dnd deter-

m.ter\ als consistent w1th. those established by the oper- mine the design factor for each segment in afcordance

ating|company for Location Class 3. with para, 8402 and Table 841.1.6-1.

(j) Wzlenfthe max(;mum allov.va;le hooi)'stress (2). Conduct a study to compare the propgsed oper-
exceeds 60% of SMYS, adequate perlodic visual Inspec- ating stress levels with those allowed for thg Location
tions|are conducted by an appropriate sampling tech- Class
Elque., or 1nstrum§nted 1r'15p<(eictlons capab:ie of (3) Replace facilities necessary to makg¢ sure the

eteFtlng gouges. an. corr.osmn amage' are ma _e_ L operating stress level is commensurate with the Location
confirm the continuing satisfactory physical condition Class
of thg pipe. L \ (d) If necessary, make inspections of appropriate
. (#) Ifthe n.earby f.a(_:lhty 1S lfkely = encourage ad_dl' sections of underground piping to determine the condi-
tional construction activity, provide appropriate pipeline tion of the pipeline
markprs. (e) Make replacements, repairs, or alteratigns that in
the operating company's judgment are advisaple.
855 PIPELINE SERVICE CONVERSIONS

855.1 General

Th
allow|

intent of this section is to provide requirements to
an operator of a steel pipeline previously used for

(f) Perform a strength testin accordance with this Code
to establish the maximum allowable operating gressure of
the pipeline, unless the pipeline has been |so tested
previously.

(g) Perform aleak test in conformance with

(h) Within 1 yr of the date that the converted

this Code.
pipeline is

servig¢e not covered by this.Code to qualify that pipeline for

servi¢e under this Code: For a dual service pipeline used  placed in gas service, provide cathodic protection as set
alternjately to transpért liquids in conformance with an ~ out in para. 860.2(a), except that wherever fegsible, re-
apprgpriate Code, such as ASME B31.4, and gas under  placement sections and other new piping shall be catho-
this Code, only, the initial conversion to gas service  dically protected as required for new pipelings.

requifes gualification testing.

855.4 Conversion Procedure

855':mmmmudy—ﬁmmmmtﬁmWTteps to be

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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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?)

added to it to make it so detectable. Liquefied petroleum
gases are usually nontoxic, but when distributed for con-
sumer us¢ or used as fuel in a place of employment, they
shall also [be odorized for safety.

Odorizdtion is not required for

(a) gas|in underground or other storage

(b) gas|used for further processing or use where the
odorant yould 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 gas is|delivered for use primarily in one of the above
exempted|activities or facilities and is also used in one of
those actjvities for space heating, refrigeration, water
heating, ¢ooking, and other domestic uses, or if such
gas is usdd for furnishing heat or air conditioning for
office or living quarters, the gas shall be odorized.

856.2 0

Each operating company shall use odorization equip-
ment designed for the type and injection rate of
odorant being used.

orization Equipment

856.3 0

Each oferating company shall use an odorant in accor-
dance with the following requirements;

(a) Thgodorant, when blended withrgasin the specified
amount, shall not be deleterious to hunans or to the mate-
rials pres¢nt in the gas system and,shall not be soluble in
water to agreater extent thanZ% parts of odorant to 100
parts of water by weight.

(b) Thg products of combustion from the odorant shall
be nontokic to humans’ breathing air containing the
products [of combtstion and shall not be corrosive or
harmful tp theumaterials with which such products of
combustign would ordinarily come in contact.

(c) Thg combination of the odorant and the natural

orant Requirements

856.5 Odorant Concentration Tests

Each operating company shall conduct odoranttopcen-
tration tests on gas supplied through its facilitief that
requires odorization. Test points shall be remotely
located from the odorizing equipment-to providg data
representative of gas at all points.of the system.

857 UPRATING

This section of the Code prescribes minimum require-
ments for uprating pipelines or mains to higher max{mum
allowable operating pressures.

857.1 General

(a) A higher maximum allowable operating pr¢ssure
established under this section may not exceed the
design pressure of the weakest element in the segment
tobe uprated. It is not intended that the requirements
of this Code be applied retroactively to such items as
road crossings, fabricated assemblies, minimum ¢over,
and valve spacings. Instead, the requirements for [these
items shall meet the criteria of the operating company
before the uprating is performed.

(b) A plan shall be prepared for uprating that
include a written procedure that will ensure comp
with each applicable requirement of this section.

(c) Before increasing the maximum allowable joper-
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 meapures
shall be taken:

(1) The design, initial installation, method, and date
of previous testing, Location Classes, materials, and gquip-
ment shall be reviewed to determine that the proposed
increase is safe and consistent with the requiremepnts of
this Code.

shall
iance

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.

1Refer to NFPA 58 and NFPA 59,
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(2) The condition of the line 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

(f) |Records for uprating, including each investigation
requiled by this section, corrective action taken, and pres-
sure flest conducted, shall be retained as long as the facil-
ities involved 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

Thée maximum allowable operating pressure may be
incregsed after compliance with para. 857.1(c) and one
of thg following provisions:

(a)| Ifthe physical condition of the line as determined by
para. B57.1(c) indicates the line is capable of withstanding
the de¢sired higher operating pressure, is in general agree<
ment(with the design requirements of this Code, and has
previpusly been tested to a pressure equal to or gredter
than fhat required by this Code for a new line:for the
propgsed maximum allowable operating pressure, the
line may be operated at the higher maximum allowable
operdting pressure.

(b)| Ifthe physical condition of theline as determined by
para. 857.1(c) indicates that the abilify ofthe line to with-
stand the higher maximum operating pressure has not
been|satisfactorily verifiéd)or that the line has not
been|previously tested. to/the levels required by this
Code|for a new line for:the proposed higher maximum
allowpble operating\pressure, the line may be operated
at thg higher maximum allowable operating pressure if
it shall successfully withstand the test required by this
Code for a-fiew line to operate under the same conditions.

(c)|1fthephysical condition of the line as determined by
e — - ;
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) 1fitis 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,
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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

b)-thepressure ements as
provided in para. 857.1(e)

857.3 Uprating Steel or Plastic Pipelines to a
Pressure That Will Produce a Hoop Stress
Less Than 30% of SMYS

(a) This applies to high-pressure steel maing
lines where the higher.maximum allowable
pressure is less than(that required to produfe a hoop
stress of 30% of the(specified minimum yield strength
of the pipe and toyall high-pressure plastic distribution
systems. If thethigher maximum allowable operating pres-
sure of a steel pipeline or main is producing a hpop stress
level more than 30% of the specified minimum yield
strength of the pipe, the provisions of para. 8§57.2 shall
apply.

(b) Before increasing the maximum allowable oper-
ating pressure of a system that has been opprating at
less than the applicable maximum pressure tp a higher
maximum allowable operating pressure, the [following
factors shall be considered:

(1) the physical condition of the line as d
by para. 857.1(c)

(2) information from the manufacturer o supplier
determining that each component of a plastic|system is
capable of performing satisfactorily at the highef pressure

(c) Before increasing the pressure, the following steps
shall be taken:

(1) Install suitable devices on the servide lines to
regulate and limit the pressure of the gas in afcordance
with para. 845.2.7(c) if the new maximum allowjble oper-
ating pressure is to be over 60 psi (410 kPa),

(2) Adequately reinforce or anchor offsdts, bends,
and dead ends in coupled pipe to avoid moyement of
the pipe should the offset, bend, or dead end be
exposed in an excavation.

and pipe-
operating

ptermined

857 H{c)verifies-its-capability of operating-at-a———(3) Inecrease-pressure-in-increments-as-provided in

para. 857.1(e).

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 (750-1050) 0.09 (2.3) 0.09 (2.3) 0.075 (1.9)

468-{12063 8:09-(2:3) 8:69-(2:3) 8:08-{2:6)
54-60 (1350-1500) 0.09 (2.3)

e direct application of para. 842.1.1(a), the
procedures shall be used:

aying Condition. Where the original laying
5 cannot be ascertained, it shall be assumed
tion D (pipe supported on blocks, tamped back-
for cast iron pipe and Condition B (pipe laid
locks, tamped backfill) exists for ductile iron

permit th
following

(1) 1
condition|
that Cond
fill) exists
without b
pipe.

(2) dover. Unless the actual maximum cover depth is
known with certainty, it shall be determined by exposing
the main pr system at three or more points and making
actual measurements. The main or system shall be
exposed in areas where the cover depth is most likely
to be greatest. The greatest measured cover depth
shall be used for computations.

(3) WNominal Wall Thickness. Unless the nominal
thickness is known with certainty, it shall be determined
with ultrasonic measuring devices. The average of-all

;measurenents taken shall be increased by the allowance
‘indicated |in Table 857.4-1.

5 The nominal wall thickness of cast iron.shall be the
;Estandard hickness listed in Table 10 or/Table 11, which-
- everis applicable, of AWWA C101 that{is riearest the value
;E obtained. [The nominal wall thickness,of ductile iron shall
" be the stanndard thickness listed i Table 6 of ANSI/AWWA
:;'C150/A2 .50 nearest the value)obtained.

(4) Manufacturing Process. Unless the cast iron pipe
manufactyiring processis known with certainty, it shall be
assumed [to be pit cast“pipe having a bursting tensile
strength, [S, of 115000 psi (76 MPa) and a modulus of
rupture, R, of 31,000 psi (214 MPa).

(b) Befpre increasing the maximum allowable oper-
ating predsure, the Fn]lnuring measures shall be taken:

(2) Adequately reinforce or anchor offsets, hends,
and dead ends in coupled or bell and spigot pipe to
avoid movement of the pipe, should the offset, pend,
or dead end be exposed by excavation.

(3) Install suitable dévices on the service liges to
regulate and limit the pressure of the gas in accorflance
with para. 845.2.7(c)-if the new and higher maximum
allowable operating pressure is to be over 6( psig
(410 kPa).

(c) If after compliance with (a) and (b) it is established
that the mainsystem is capable of safely withstanding the
proposed new and higher maximum allowable opefating
pressire, the pressure shall be increased as provided in
para. 857.1(e).

857.5 Uprating a Distribution System That Has
Been Operating at Inches (Millimeters) of
Water (Low Pressure) to a Higher Pressure

bd in
ained
st be

(a) In addition to the precautions outlin
para. 857.1(c) and the applicable requirements con
in paras. 857.3 and 857.4, the following steps m
taken:

(1) Install pressure-regulating devices at each cus-
tomer’s meter.

(2) Verify that the segment being uprated is physi-
cally disconnected from all segments of line that will
continue to operate at inches (millimeters) of water.

(b) After performing the stepsoutlinedin (a) above, the
pressure shall be increased in increments as outliged in
para. 857.1(e). After the first incremental increase,
however, steps shall be taken to verify thatthe customer's
regulators are performing satisfactorily.

(1) Review the physical condition as required by
para. 857.1(c).
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Chapter VI
Corrosion Control

860 GENERAL

860.1 Scope

(a)| This Chapter contains the minimum requirements

and

ocedures for corrosion control of exposed, buried,

and qubmerged metallic piping and components. (See
Chapter VIII for special offshore requirements.) This

Chap
for c
inter
desig]

er contains minimum requirements and procedures
bntrolling external (including atmospheric) and
hal corrosion. This Chapter is applicable to the
n and installation of new piping systems and to

the operation and maintenance of existing piping systems.

(b)

under

Every

The provisions of this Chapter should be applied
the direction of competent corrosion personnel.
specific situation cannot be anticipated; therefore,

the application and evaluation of corrosion control prac-

tices1
to be

(c)
perm
comp
have

(d)
mayl
to thi
‘comp
corro
-of thi
‘dureg
‘tenan|
and i
‘quali
‘contr

(e)

cathd

equires a significant amount of competent judgment
effective in mitigating corrosion.

Deviations from the provisions of this Chapter are
ssible in specific situations, provided the operating
any can show that the objectives expressed-herein
been achieved.

Corrosion control requirements and-procedures
in many instances, require measures in addition
ose shown in this Chapteri*Each operating
any shall establish procedures to implement its
sion control program, including the requirements
5 Chapter, to achieve the)desired objectives. Proce-

including those fof. design, installation, and main-
ce of cathodic protection systems, shall be prepared
mplemented by;{or under the direction of, persons
fied by training and/or experience in corrosion
bl methads,

Records' indicating cathodically protected piping,

affect

dic protectlon facilities, and other structures
ih : :

shall be mamtamed by the operatmg company.

7]

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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860.2 Evaluation of Existing Installatior{s

(a) Procedures shall be establishedfor-eval
need for and effectiveness of a corrosion contro
Appropriate corrective action shall be taken c
rate with the conditions found;If the extent of]
has reduced the strength of-a facility below its
allowable operating pressure, that portior
repaired, reconditioned, or replaced, or the
pressure shall be neduced, commensurate
remaining strengthof the corroded pipe. For s
lines, the remaining strength of corroded pip
determinedtin’ accordance with ASME B31G.

(b) Thetecordsavailable as aresult of leaka
and mormal maintenance work in accordd
paras."852.2 and 852.6 shall be continuously
for-evidence of continuing corrosion.

(c) Electrical survey methods may be used :
cation of suspected corrosive areas where surf]
tions permit sufficiently accurate measurem
surveys are most effective in nonurban envi
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 cathod
tion system shall be monitored in accordd
section 863.

(e) Whenever a buried facility is exposg
normal maintenance or construction activitie
inspection shall be made of the coating cong
metalsurface, or both, ifexposed. The extent of

hating the
program.
mmensu-
corrosion
maximum

shall be
operating
with the
teel pipe-
e may be

be SUrveys
nce with
reviewed

is an indi-
Ace condi-
ents. Such
fonments.

ic protec-
nce with

d during
5, a visual
lition, the
hny corro-

sion shall be evaluated in accordance with para. 860.2.

(f) When any part of a pipeline is remove
internal surface is accessible for inspection,
visually examined and evaluated for internal

d and the
t shall be
rorrosion.

discovered,

the gas shall be analyzed to determlne the types and

concentrations of any corrosive agents.
(2) Liquids or solids removed from the p

ipeline by

pigging, draining, or cleanup shall be analyzed as neces-

sary for determining the presence of corrosive
and evidence of corrosion products.

materials
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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 irrngnlnrih'nc shall be removed.-Eurther.infor-

tive measpres may include the following:

(1) provisions for proper and continuous operation
of cathodjc protection facilities

(2) application of protective coating

(3) installation of galvanic anode(s)

(4) application of impressed current

(5) electrical isolation

(6) sfray current control

(7) dther effective measures

mation can be obtained from NACE SP0169.

(b) Suitable coatings, including compatiblefield
and patch coatings, shall be selected, giving consider
to handling, shipping, storing, installation cond
moisture adsorption, operating temperatures of the
line, environmental factors (including the nature
soil in contact with the coating);dadhesion character
and dielectric strength.

(c) Coating shall be applied in a manner that en

joint
ation
ition,
pipe-
bf the
stics,

sures

(8) any cc.)m.bmatlon (,)f i abov'e . effective adhesion to the pipe. Voids, wrinkles, holidays,
(b) WHere it is determined that internal corrosion .
taki 1 1d affect publi . fet and gas entrapment should be avoided.
aking piace C?ltlh ? lfc pubric ;)r :.mp oyee sa f. Y (d) The coating,shall be visually inspected for dpfects
one or mpre of the 1o7lowing protective or corrective before the pipe/is’lowered into the ditch. Insulating type
measures|shall be used to control detrimental internal coatings qx\mains and transmission lines shill be
corrosion . e . inspected-for holidays by the most appropriate
. (@) G corrosion Al g ap s method{Coating defectsor damage that may impair gffec-
“}113 manner ELL L e AL s T L )8 tive corrosion control shall be repaired before the pipe is
the piping systetms. . installed in the ditch.
R e agents Sl rem(?ved by re EoEnized (e) In addition to the provisions of paras. 841.3.2(b),
methods, ?ugh R EROE LA e Bl Gl b S 841.2.5(b), and 841.2.5(c), care shall be exercised in hand-
(3) F1tt1ng§ s.hall LSRN fo.r .removal G i ling, storage, and installation to prevent damage to the
low spots| or piping shall be positioned to reduce sump coating, including measures noted as follows:
ities e . : o
capac; Und . . licati £ (1) Minimize handling of coated pipe. Use equipment
. 4 _[ger some circumstances, appication of a least likely to damage the coating, e.g., belts or cradles
suitable imternal coating may be effective,

piping, distribution mains, service lines, and pipe-type

instead of cables.

(2) Use padded skids where appropriate.

(3) Stack or store pipe in a manner that mini
damage to coating.

861.1.2 Cathodic Protection Requirements. Un
can be shown by tests or experience that cathodic p
tion is not needed, all buried or submerged facilitie
insulating type coatings, except facilities installed
limited service life, shall be cathodically protect
soon as feasible following installation. Minor replace-
ments or extensions, however, shall be protecth as

mizes

ess it
rotec-
b with
for a
ed as

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-
mentswhen selecting the coating materials. The Corrosion
Data Survey, published by NACE International, is a source

100

T T OO U O

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 thatisbarred 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

(aj Tmpressed current catnodic protectionh systems

missipn and distribution systems to locate unintentional

contafts with other metallic structures. If such contacts ~ Shall be designed, installed, and operated so.4s to mini-

exist,|they shall be corrected. See para. 841.1.11(c) for mize adverse effects on existing metallic_strugtures.

cleargnce requirements. (b) Field tests shall be conducted to’ determine the
(b)| Where a gas pipeline parallels overhead electric adverse electrical interference from-foreign structures,

transission lines, consideration shall be given to including DC electrical facilities! The effects sh3ll be miti-

(i) investigating the necessity of protecting insu-  8ated by such means as control bonds, supplementary

lating joints in the pipeline against induced voltages cathodic protection, protective coatings, and nsulating

resulting from ground faults and lightning. Such protec-  devices.

tion can be obtained by connecting buried galvanicanodes 861.1.6 Isolation From Casings. The use qf metallic

to the
the p
tive

pipe near the insulating joints and/or by bridging
peline insulator with a spark gap, or by other effec-

eans.

) making a study in collaboration with the electric
comppny, taking the following factors into consideration
and applying remedial measures as appropriate:

(-a) the need to mitigate induced AC voltages or
their pffects on personnel safety during construction and
operdtion of the pipeline by means of suitable design for
bonding, shielding, or grounding techniques
(-b) the possibility of lightning or fault currents
induding voltages sufficient to puncture pipe ceatings
or pipe
(-c) possible adverse effects on cathedic protec-
communications, or other electronic facilities
(-d) the corrosive effects of high voltage direct

tion,

le from a
however,
 required
tonomical

casings should be)avoided as much as possil
corrosion control standpoint. It is recognized,
that installatien of metallic casings is frequentl
or desirable to facilitate construction, as an e
method)of protecting existing pipelines, to proyide struc-
tural protection from heavy and/or impact loagls to facil-
itate replacement as required by a governmental agency
and as required by the landowner or permit grantor, and
for other reasons. Where metallic casing is Yised, care
should be exercised to ensure that coatilrg on the
carrier pipe is not damaged during installdtion. The
carrier pipe should be insulated from metallic casings,
and the casing ends should be sealed with a durgble mate-
rial to minimize the accumulation of solids and| liquids in
the annular space. Special attention should be gjven to the
casing ends to prevent electrical shorting du¢ to back-

currept (HVDC) power systems filling movement or settling. Where electrical isolation
3) obtaining further information from NACE g notachieved, action shall be taken to correctthe condi-
SP01¥7 and EPRI EL-3106. tion or mitigate corrosion inside of the casing by supple-
mental or localized cathodic protection, installation of a

86]
(a)

.1.4 Electrical Connections and Monitoring Points

Except for offshore pipelines, sufficient test points
should be installed.to show the effectiveness of corrosion
contfol or the’need for cathodic protection. (See
Chapter ViIIfor special considerations for offshore pipe-
lines.

high-resistivity inhibited material in the annulaf space, or
other effective means.

861.1.7 Electrical Interference

(a) Adverse electrical interference from or fto foreign
structures as determined by field tests shall be mitigated.

(b)
installation of electrical leads used for corrosion
control or testing to avoid harmful stress concentration
atthe 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.

Q L N 4o 1o oll 1 : USRI | £
JSPTLIAT dULLTITUUIT ST T EIVEIT LU UIT TIAIIIITT UT
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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 e applied in accordance with established speci-
fications ¢r manufacturer's recommendations.

861.2.4 Air/Electrolyte Interface. Special considera-
tion shall|be given to surfaces near the ground line or
in a splash zone.

861.3 Harsh Environments

Where investigation or experience indicates that the
environment in which the pipe or component is to be
inst.f;lled s substantially corrosive, the following shall
be considpred:

(d) materials and/or component geometry shall be
designed fo resist detrimental corrosion

(h) a stitable coating

(c) cathodic protection

862 CATHODIC PROTECTION CRITERIA
862.1 Stpndard Criteria

A facility is considered to be cathodically protected
when it meets the applicable criteria established in
NACE SP(169.

862.2 Alternative Criteria

Itis nofjintended that cathodic protection be limited to
these crifleria if it can be shown by other means that
adequate [control of corrosion has been achieved.

863 OPHRATION AND _MAINTENANCE OF
CATHODIC PROTECTION SYSTEMS

863.1 In

Inspections_shall be made as required to maintain
continuous and'effective operation of the cathodic protec-

Spection of Equipment

tion
s and

(d) probability of loss or interruption of protec

(e) operating experience, including inspe¢tion
leak investigations

(f) design life of the cathodic protection installa

(g) public or employee safety

tion

863.4 Appropriate Correction Measure

Where the tests or surveys'indicate that ade
protection does not exiSt, appropriate corre
measure shall be taken.

quate
ctive

864 INTERNAL-CORROSION CONTROL
864.1 General

When, corrosive gas is transported, provisions sh
takentoprotectthe piping system from detrimental
sion. Gas containing free water under the conditi
which it will be transported shall be assumed to be ¢
sive, unless proven to be noncorrosive by recognized
or experience.

Internal corrosion control measures shall be evaluated
by an inspection and monitoring program, including but
not limited to, the following:

(a) The inhibitor and the inhibitor injection sy
should be periodically checked.

(b) Corrosioncoupons and testspools shall be removed
and evaluated at periodic intervals.

(c) Corrosion probes should be checked manusz
intervals, or continuously or intermittently moni
recorded, or both, to evaluate control of pipeline in
corrosion.

(d) A record of the internal condition of the pipe, of
leaks and repairs from corrosion, and of gas, liruids,
or solids quantities and corrosivity should be keft and
used as a basis for changes in the pigging schedule| inhi-

all be
orro-
bns at
orro-
tests

ystem

lly at
ored,
rernal

tion system.

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.
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biter-program,-or-gas-treatmentfacilitp———

(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 a pipeline 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 gasis to
be treated to reduce its corrosivity
(a) separators and/or dehydration equipment may be

86*.2.1 Use of Internal Protective Coating. When
internal coating is to be used to protect a piping system

installed
(b) equipment for the removal of other d
material from the gas should be considered

bleterious

(a)| the coating shall meet the quality specifications, and
the njinimum dry film thickness shall be established to 864.2.6 Use of Corrosion-Resistant Matefials. The
protegt the facility from the corrosive media involved, = material of the pipe and otherjequipment exposed to
based on the type of coating and methods of application ~ the gas stream must resist internal corrosion;| therefore
(b)| applied coatings shall be inspected in accordance (a) materials selected, fot, pipe and fittings shall be
with pstablished specifications or accepted practice compatible with the components of the gas, the liquids
(c)| provision shall be made to prevent joint corrosion, carried by the gas, and with each other. A sourde of infor-
such fs cleaning and recoating or the continuing use of a mation on materials ‘performance in corrosiv¢ environ-
suitable inhibitor when coated pipe or other components ~ ments is The Corrosion Data Survey, published by
are jgined by welding or other methods that leave the =~ NACE International.
parent metal exposed (b) whéreplastic, nonferrous, or alloy steel pipe and
(d)| the types of coating and pigging tools used should components are used to prevent or control intexnal corro-

be evaluated and chosen to prevent damage to the internal
coating if pigs or spheres are to be used

864
inhib
(a)

1.2.2 Use of Corrosion Inhibitor. When a corrosion
tor is to be used as an additive to the gas streams
the equipment for the holding, transfer, and injee-

sion,xsuch materials shall have been determined to be
effective under the conditions encountefed. [See
paras. 842.5.1(a)(2) and 849.5.1(a)(2) for limitations
on copper.]

(c) erosion-corrosion effects from high-velocity parti-
cles at probable points of turbulence and impingement

;ion' gfthe inhibitor into the stream shall be includedwthe should be minimized by use of erosion-resistantjmaterials,
es;)gl h . f the infecti Sould b added wall thickness, design or flow configurption, and
(b)| the operatlgn ofthe Injection prograg sabu'd be a size or dimensions of the pipe and fittings.

part of the planning

(c)| sufficient test coupon holders or'other monitoring 864.2.7 High-Temperature Considerations.|When gas
equipment shall be provided to allow for continued or a mixture of gas and liquids or solids knowr] or antici-
program evaluations pated to be corrosive is transported at elevated tempera-

(d)| the corrosion inhibitor Selected shall be of a type  tures, special consideration shall be given to the
that will not cause deterioration of any componentsofthe  identification and mitigation of possible interpal corro-
piping system sion. Such measures are necessary because [corrosion

864.2.3 Use of Pigging Equipment. When a pipeline
pigging system is planned

tures and
onitoring

reaction rates increase with elevated temperd
are not stable. Appropriate mitigation and n
measures are given in section 864.

(a)| scrapertraps for the insertion and removal of pigs,
spheres, or_betH, shall be provided 864.2.8 Low-Temperature Considerations. Where the
(b)| sections of pipeline to be traversed by pigs or  gas stream is chilled to prevent melting of frozen soil
spheres/shall be designed to prevent damage to pigs, surrounding the pipeline, there will not nofmally 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

103

enough freewaterin the gas toresultin internal corrosion
in the presence of contaminants, such as sulfur
compounds or CO,. Ifit 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 structuresto 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 permafrost level or in other unfrozen locations,
such as a stream or lake, to achieve better cathodic current
distribution. Where anodes must be installed in perma-

nently-frozen-greound,—the-volumeof theanede-backfill

the extremely high resistivity of the soil and low ion mobi-
lity, but itf does not reach zero. Significant corrosion can
occur, however, in unfrozen inclusions, discontinuous
permafrdst, or thaw areas such as those that may
occur in the vicinity of rivers, lakes, springs, or pipeline
sections 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
surround]ng frozen soil. Other detrimental effects can
be caused by seasonal thaws that increase biological
and bactdriologic activity in the nonpermafrost areas
or in the [active layer” above underlying permafrost.

Pipeling facilities installed in arctic environments shall
be coated[and cathodically protected in the same manner
as pipelings in temperate locations, and the same consid-
eration shall be given to the need for protection from
internal ahd atmospheric corrosion, except as specifically
provided |n this section.

865.1.1 External Coating Requirements. Coatings for
pipelines|in low-temperature environments shall, be
selected according to the particular requirements of
that environment. These include adhesion, résistance
to cracking or damage during handling and installation
in subfre¢zing temperatures, applicability-of field joint
coatings |or coating repairs, compatibility with any
applied cathodic protection, and resistance to soil stresses
due to frost heave, thaw settlement,'seasonal temperature
changes, ¢r other reasons.

865.1.2 Impressed Current Considerations. Criteria
for cathodic protectionshall be the same as those for pipe-
lines in temperate environments. Because higher driving
voltages are normally required in frozen soils, the voltage
impressed acroSs-the coating should be limited so that the
coating is|net sub]ect to damage due to cathodic overvol-
tage or e :

(a) Impressed current facilities 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.

material should be increased to reduce the effectiveresis-
tance between the anode and the surrounding \earth.
(d) Impressed current facilities using distributied or
deep anode ground beds should be used to protect
buried station facilities and pilings*where usgd to
support aboveground plant faciliti€s. The pilings and
any other adjacent underground metallic facilities| must
be electrically interconnected'to prevent detrinjental
interference.

865.1.3 Galvanic Anode Considerations. Galvanic
anodes (packaged<©r ribbon) may be needed on pipglines
in permafrost.areas to supplement impressed cyrrent
facilities in localized thawedareas. This provides localized
cathodic protection to those sections of pipe that might be
shielded by the extremely high resistivity df the
surrotinding soil.

865.1.4 Monitoring Considerations. Installation of
calibrated current measurement spans should be c¢nsid-
ered in addition to the normal test points. These should be
installed at sufficient intervals to evaluate current glistri-
bution along the protected pipeline and the effefts of
telluric currents prevalent in polar regions. These
spans also provide contact points for measuring indica-
tions of possible coating damage due to stresses infduced
by a frozen environment.

866 STEEL PIPELINES IN HIGH-TEMPERATURE
SERVICE

866.1 Special Considerations for High-
Temperature Service

Special consideration must be given to the corrosion
control requirements of pipelines and other facilities in

submerged plpehne 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.

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

104
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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
and increased cathodic protection current requirements
in elevated temperature service on any IR component of
the pipe-to-soil potential measurement. Possible depolar-
effects due to high-temperature operation shall
also be considered.

866.1.3 Galvanic Anode Considerations. Considera-
tion shall be given to the impact on the performance
of clgse galvanic anodes (especially bracelet or ribbon
type)|subject to elevated temperatures due to their proxi-
mity [to a hot pipeline. Higher temperatures tend to
incregse the current output and rate of degradation of

; most|anode materials. Some anode materials may
* become more noble than steel at temperatures above
140°F (60°C) in certain electrolytes. Zinc anodes
: contajning aluminum are also susceptible to intergranular
* corropion above 120°F (49°C).

- 867 STRESS CORROSION AND OTHER
" PHENOMENA

Enyironmentally induced and other corrosion-related
phengmena, including stress corrosion cracking, corro-
sion fatigue, hydrogen stress cracking, and\hydrogen
embrijttlement, have been identified as causes of pipeline
failurle. Considerable knowledge and\'data have been
acquired and assembled on the§e)phenomena, and
reseafch is continuing as to their\causes and prevention.
Operating companies should be alert for evidence of such
phendmena during all pipe. inspections and at other such
opportunities. Where evidence of such a condition is
found, an investigative\program shall be initiated, and
remefdial measurg€syshall be taken as necessary. Any
suchgvidenceshould be given considerationinall pipeline
failurp investigations. Operating companies should avail

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

tion and coating, operating temperatures,. sty

e prepara-
bss levels,

and soil conditions shall be considered/in pipeline

design and operations.

868 CAST IRON, WROUGHTRON, DUCTI
AND OTHER METALLIC PIPELINES

868.1 Requirements.for Cast Iron and Du

LE IRON,

ctile Iron

Piping Facitities Exposed to Atmosphere

Aboveground cast iron and ductile iron pipe shall be
suitably protécted in areas where severe atrospheric

corrosion niay occur.

868.2 ‘Other Metallic Materials

When a nonferrous metal or ferrous alloy component is

found to have corroded to the point where

public or

employee safety may be affected, it shall be recdnditioned
in accordance with para. 861.3 or replaced. The replace-

ment shall meet one of the following criteria:

(a) It shall be constructed with other materials,
geometry, or both, designed for the remaining life of

the parent facility.
(b) 1t shall be cathodically or otherwise pr

868.3 Installation of Electrical Connecti

(a) Electrical connections may be attache
onto the cast or ductile iron pipe by the

tected.

d directly
Thermit

welding process using copper oxide and gluminum

powder. The size of the Thermit welding ch
not exceed a 32 g cartridge.
(b) All pipe that is bared for test lead conne

arge shall

ctions and

all bared test lead wires shall be protected by] electrical

insulating material compatible with existing c

pating.
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Chapter VII
Intentionally Left Blank

The material previously shown in this Chapter has been This Chapter has been intentionally left blark\dnd is
moved to|other Chapters in this Code. reserved for future use.
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Chapter VIl
Offshore Gas Transmission

A80Q OFFSHORE GAS TRANSMISSION

This Chapter of the Code covers the design, material
requirements, fabrication, installation, inspection,

A803 OFFSHORE GAS TRANSMISSION TEI
DEFINITIONS

accidental loads: any unplanned load.or comb

RMS AND

ination of

testing, and safety aspects of operation and maintenance unplanned loads caused by human intervention or
of offshore gas transmission systems. natural phenomena.
biofouling: an accumulation of deposits. Thi$ includes
A801 GENERAL accumulation and growth ‘of marine organjsms on a
Chapter VIII pertains only to offshore gas transmission subm?rged metafl surfa'ce and the accumy latloln of
systefns as defined in para. AB02.1. With the exception of ~ 4€POsits (usually inorganic) on heat exchanger tubing.
sectigns A840 through A842, AB44, and A847, this Chapter breakaway coupling: a component installed in tHe pipeline
is organized to parallel the numbering and the contentof ~ to allow the pipeline to separate when a pred¢termined
the first six chapters of the Code. All applicable provisions  axial load j5 dpplied to the coupling.
of Chgpters I through VI of this Code are alsorequirements  p, -k1o-a'condition in which the pipeline has Undergone
of this Chapter unless specifically modified herein. With gy fficient plastic deformation to cause permangnt wrink-
the exceptions noted, paragraph designations followthose  jingiin the pipe wall or excessive cross-sectional deforma-
in the first six chapters with the prefix “A” tion caused by bending, axial, impact, and/o1] torsional
loads acting alone or in combination with hydrostatic
A80Z SCOPE AND INTENT pressure.
A802.1 Scope cath.odic disbondment: the loss of adhesion hetween a
coating and the coated surface caused by products of a
For this Chapter, offshore gas transmission systems cathodic reaction.

includle offshore gas pipelines, pipeline risers, platform
piping, offshore gas compressor stations;.pipeline appur-
tenarices, pipe supports, connectors,\and other compo-
nents| as addressed specifically in this Code.

A802

Th
quire
and o
quire
of the|

.2 Intent

 intent of this Chaptér is to provide adequate re-
ments for the safe*and reliable design, installation,
peration of.offshore gas transmission systems. Re-
ments of this Chapter supplement the requirements
remainder of this Code. It is therefore not the intent
of this Chapter to be all inclusive, and provisions must be
made| for-any special considerations that are not specifi-

column buckling: buckling of a beam or pipe under
compressive axial load in which loads causq unstable
lateral deflection; also referred to as “upheaval(buckling.”

connectors: any component, except flanges| used for

mechanically joining two sections of pipe.

disbondment: the loss of adhesion between a c
the substrate.

ating and

documented: the condition of being in written|form.

external hydrostatic pressure: pressure acting on any
external surface resulting from its submergence in water.

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.

(o} Tmanufacturedas acomposite fronrbotirmetal 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: aweld 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
minus all corrosion and erosion allowances. The
minimum|wall thickness is used in the design equations
in para. A842.2.2(d).

near whit
without n
dust, dirt
products,
limited t|
surface [

e blast cleaned: a surface that, when viewed
nagnification, is free of all visible oil, grease,

mill scale, rust, coating, oxides, corrosion
and other foreign matter. Random staining is
0 not more than 5% of each unit area of
hpproximately 9.0 in.? (58 cm?)], and may
consist of light shadows, slight streaks, or minor discolora-
tions causgd by stains of rust, stains of mill scale, or stains
of previoysly applied coating (see NACE No. 2/SSPC-SP
10).

offshore: the area beyond the line of ordinary high water
along the portion of the coast that is in direct contact with
the open $eas and beyond the line marking the seaward

limit of inland coastal waters.

offshore plpeline riser: the vertical or near vertical portion
of an offs’:ore pipeline between the platform piping and
the pipelipe at or below the seabed, including a length ‘of
pipe of af] least five pipe diameters beyond the bottom
elbow, bend, or fitting. Due to the wide variety of config-
urations, he exactlocation of transition between'pipeline,
pipeline riser, and platform piping must be ‘selected on a
case-by-case basis.

offshore [
installed ¢
tion facilif
considere

gf)ﬂ‘shore platform: any mdn-made fixed or permanently
anchored structure, fleating facility, or artificial island
Jocated offshore.

ipeline system: all components of a pipeline
ffshore for transporting.gas other than produc-
y piping. Tanker or barge loading hoses are not
 part of the offshore pipeline system.

pipe collapse: flattening deformation of the pipe resulting
in loss of| cress-sectional strength and circular shape,
which is i i
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
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compressors and piping that are not a part of the produc-
tion facility.

(b) On offshore 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
exactlocation of the transition between the offshore pipe-
line riser(s), the platform piping, and the production

prefabricated piping: a section of riser, platformpipi
subsea pipeline that contains fittings and ‘butt ¥
flanges, and/or mechanical connectorscand’is tyy
fabricated onshore and connected to’the pip
system during installation. Some examples of pre
cated piping include a riser offsét; jumper, expansion
loop, tie-in spool, and prefabricated riser.

g, or
velds,
ically
eline
fabri-

propagating buckle: abucklethat progresses rapidly
apipeline caused by the effect of external hydrostatia
sure on a previously formed buckle, local collapse, or|
cross-sectional defermation.

along
pres-
other

pull tube: a conduit attached to an offshore plafform

through which a riser can be installed.

pull-tube riser: riser pipe or pipes installed through
tube\(e.g., J-tube or I-tube).

return interval: statistically determined time interval
between successive events of design environmental
conditions being equaled or exceeded, typically calculated
as the reciprocal of the annual probability of occurrepce of
the event.

a pull

riser: see offshore pipeline riser.

seafloor bathymetry: refers to water depths along the
line route.

pipe-

soil liquefaction: a soil condition, typically caus
dynamic cyclic loading (e.g., earthquake, waves), {
the effective shear strength in the soil is reduceq
that the soil exhibits the properties of a liquid.

ed by
where
| such

ntains
estor,
ifold,

side
fabri-
Fstem

special assembly: a subsea pipeline section that co
pipeline components such as a buckle or fracture arr
in-line sled, subseatie-in assembly, pipeline end mar
pipeline end termination, in-line valve assembly
valve assembly, or subsea manifold and is typically
cated onshore and connected to the pipeline sy
uring installation.

splash zone: the area of the pipeline riser or other pipeline
components thatis intermittently wet and dry due towave
and tidal action.

steel catenary riser (SCR): a catenary-shaped extension of a
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.

MATERIAL SPECIFICATIONS

Aa1:|
A814.1 Pipe Conforming to Referenced Standards
and Specifications

A8
weld
be us

14.1.1 Steel Pipe. Steel line pipe with a longitudinal
oint quality factor, E of 1.00 in Table 841.1.7-1 shall
ed.

A8111.3 Weight Coating

Co
reinfd

appli
A814.4 Flexible Pipe

Flegible pipe shall be manufactured from materials
meeting the requirements of applicable ASTM or ASME
standards.

crete weight coating materials (cement, aggregate,
rcing steel) shall meet or exceed the requirements of
able ASTM standards.

A814.5 Other Requirements

In dddition to the requirements contained in referenced
standprds, certain other requirements may bé.considered
for pipe and other components used offshore; depending
on water depth, water temperature, internal pressure,
prodyct composition, product temperature, installation
method and/or other loading conditions. Thus, considera-
tion pay include one or more of the following:

(a)| wall thickness tolerafice

(b)| outside diameter tolerance

(c) | out-of-roundness

(d)| maximum anpd minimum yield and tensile strengths

(e)| maximum carbon equivalent

(f) |fracture toughness

(g)| hardness

(h)| pipe-mill hydrostatic testing and other mechanical
testing

AB1Z.4 Requalification of Pieline Svstems

A pipeline system that has previously beenusged for gas
transmission service may be requalified, subject to the
following conditions:

(a) The pipeline system meets.the design ¢
tions in sections A841, A842,.and A843.

(b) The pipeline system meets the hydrotesting re-
quirements in paras. A847%.X.through A847.6. In addition,
if the pipeline system~issmoved, it shall also| meet the
testing for buckles regilirement in para. A847]7.

onsidera-

A820 WELDING OFFSHORE PIPELINES

This section concerns the welding of carbon steel mate-
rials that.are used in a pipeline in the offshor¢ environ-
ment:

A821 GENERAL

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] combina-
tion of processes that produce welds that meet the proce-
dure qualification requirements of this Code and can be
inspected by conventional means.

A821.3 Welding Procedure

(a) Prior to atmospheric welding of any pipe, piping
components, or related equipment, Welding Procedure
Specifications shall be written and the proceflure shall
be qualified. The approved procedure shall ipclude all
of the applicable details listed in API 1104.

(b) Prior to hyperbaric welding of any pipe, piping

A817 CONDITIONS FOR THE REUSE AND
REQUALIFICATION OF PIPE

A817.1 Reuse of Steel Pipe

Used pipe may be reused, subject to the following condi-
tions:

(a) The pipe meets the design considerations in
sections A841, A842, and A843.
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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 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.
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(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 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

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
be verified by sufficient data to establish probabilities for
the proposed inspection error allowance.

A830 PIPING SYSTEM COMPONENTS AND

working cenditiens:
A823 QUALIFICATION OF PROCEDURES AND
WELDERS

Qualifig
accordan
except pa

(a) We
sphericw

ation of procedures and welders shall be in
ce with the requirements of section 823,
Fas. 823.1 and 823.2 do not apply offshore.
ding procedures and welders performing atmo-
blding under this section shall be qualified under
API 1104/ except that for applications in which design,
materials,|fabrication, inspection, and testing are in accor-
dance with the BPV Code, Section VIII, welding procedures
and welddrs shall be qualified under the BPV Code, Section
IX.

(b) Wdlding procedures and welders performing
hyperbaric welding under this section shall be qualified
in accordgnce with the testing provisions of API 1104 as
supplemepted by AWS D3.6, Specification for Underwater
Welding fpr Type “0” Welds.

A825 STRESS RELIEVING
DELETED

A826 INSPECTION OF WELDS

A826.3 Inspection and Tests for Quatity Control of

elds on Piping Systems

A826.3/1 Extentof Examination. One hundred percent
of the total number of field welds'on offshore pipelines and
pipeline cpmponents thatakre'subjected to loading by pipe-
line interral pressure.shall be nondestructively inspected,
if practical, but in ne case shall less than 90% of such welds
be inspedted. The inspection shall cover 100% of the
length of suclinspected welds.

A826.312 Standard of Acceptability. All weldsthatare

FABRICATION DETALLS

A830.1 General

The purpose of sections A831 through A835
provide a set of criteria for system Cemponents
used in an offshore application.

is to
to be

A831 PIPING SYSTEM COMPONENTS

Cast iron or ductile irgn:shall not be used in flnges,
fittings, or valve shell éomponents.

All system components for offshore applicationg shall
be capable of safely resisting the same loads as the pipe in
the run in which they are included, except “weak Jinks”
(e.g., breakaway couplings) designed into a system fo fail
under specific loads. Consideration should be given to
minimizing stress concentrations.

System components that are not specifically cove
section 831 shall be validated for fitness by either

(a) documented full scale prototype testing ¢
components or special assemblies, or

(b) ahistory of successful usage ofthese componejnts or
special assemblies produced by the same design me¢thod.
Care should be exercised in any new application of exiisting
designs to ensure suitability for the intended servjice.

red in

f the

A831.1 Valves and Pressure-Reducing Devices

dards
tions

A831.1.1 Valves. In addition to the valve stan
listed in para. 831.1.1(a), the following specificz
may be used:

API Spec 6DSS/
ISO 14723

API Spec 17D

Specification for Subsea
Pipeline Valves

Design and Operation of

Subsea Production Systems
— Subsea Wellhead anld

inspected must meet the standards of acceptability of API
1104 or the BPV Code, Section VII, as appropriate for the
service of the weld, or be appropriately repaired and rein-
spected or removed.

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 1104. Such alternative acceptance standards
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A832 EXPANSION AND FLEXIBILITY

Thermal expansion and contraction calculations shall
consider the temperature differential between material
temperature during operations and material temperature
during installation.
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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).

A835 ANCHORAGE FOR BURIED PIPING

Thermal expansion and contraction calculations shall
consider the effects of fully saturated backfill material

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

(c) marine soils

(d) wind

(e) ice

(f) seismic activity

() nlatforans pantion

on soff restraint.

When a submerged pipeline is to be laid across a known
fault gone, or in an earthquake-prone area where new
faultd are a possibility, consideration shall be given to
the nleed for flexibility in the pipeline system and its
compponents to minimize the possibility of damage due
to seismic activity.

The¢ requirements of para. 835.5(c) for header and
bran¢h connections are not applicable to offshore
submlerged piping systems. An appropriate means of
preventing undue stresses at offshore submerged
piping connections is to provide adequate flexibility at
brandh connections on the seabed.

A84Q DESIGN, INSTALLATION, AND TESTING

A84Q.1 General Provisions

The design, installation, and testing of offshore gas
trangmission systems shall be in accordance with
Chapter IV as specifically modified by the provisions of
Chapter VIII. Also, all provisions of Chapter IV that
depech]l on Location Class do not apply to offshore gas
transmission systems, except that offshore-pipelines
apprpaching shoreline areas shall be additionally
designed and tested consistently with-Location Class
provisions as determined in para. A840.2.

A840.2 Shoreline Approaches

Offfhore pipelines approaching shoreline areas shall be
additionally designed and-tested consistently with Loca-
tion (Jlass provisions'as-determined in section 840, except
that

(a)| offshore€ pipelines in Location Classes 3 and 4 may
alterrjatively \be” hydrostatically tested to a pressure not
less than‘t:25 times the maximum operating pressure so
long as the provisions of section A826 are met

{g)platformmetion
(h) temperature

(i) pressure

(j) water depth

(k) support settlement

() accidental loads

(m) commercial shipping

(n) fishing/shrimping attiyities

The design of offshore:pipelines is often controlled by
installation considerations rather than by operating load
conditions.

Additional information for design conditions can be
found in APFRP 1111, para. 4.1.

A841.2Installation Design Consideratio]:s

The-design of an offshore pipeline system syitable for
safe‘installation and the development of offshore pipeline
construction procedures shall be based on congideration
of the parameters listed in paras. A841.2.1 through
A841.2.5. These parameters shall be considered to the
extent that they are significant to the proposged system
and applicable to the method of installation beihg consid-
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 due to
weight coating manufacturing tolerances gnd water
absorption shall also be considered.

A841.2.2 Profile. Variations in water depth|along the
pipeline route shall be considered. The effect oftides shall
be included for locations where such variations are a
significant fraction of the water depth. Bottpm slope,
obstructions, or irregularities that affect inistallation
stresses shall be considered.

A841.2.3 Environmental Loads. Local environmental

(b) for offshore pipelines, the provisions of section
A847 supersede para. 841.3.2
API RP 1133 may be used for additional guidance.

A841 DESIGN CONSIDERATIONS
A841.1 Design Conditions

A number of physical parameters, henceforth referred
to as design conditions, govern design ofthe offshore pipe-
line system so that it meets installation, operation, and

forces inctuding those induced by wind, wave, currents,
ice, seismic activity, and other natural phenomenon are
subjecttoradical change in offshore areas. These potential
changes should be considered during installation design
and contingency planning.

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.

111
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Vessel motions shall be considered if they are expected
toresultin pipe stresses or pipe/coating damage sufficient
to impair the serviceability of the pipeline.

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

The effects of prestressing, such as permanent curva-
tures induced by installation, should be considered when
they affect the serviceability of the pipeline.

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

1)) trelching and backfilling

A841.3
A841.3

perational Design Considerations

1 Loading Classifications. All parts of the
offshore pipeline and riser system shall be designed
for the most critical combinations of operational and
design environmental loads, acting concurrently, to
which th¢ system may be subjected. Wind, wave, and
current ¢lesign loads should be based on a design
return interval no less than five times the design life of
the pipelipe 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 stprms, then the system shall be designed for
concurrent action of operational and design environmen-
tal loads.

If the operating philosophy is such that operations will
be reduc\{d or discontinued during design storm condi-
tions, then the system shall be designed for

(a) full{operational loads plus maximum coincidental
environmgntal loads

(b) dejign environmental loads plus appropriate
reduced dperational loads

Directignality of waves, winds, and currents shall be
consideref to determine the mostcritical expected combi-
nation of gbove loadings.

A841.3
shall be cg
line syste
excluding
ings).

Loads 4
include
(a) weﬂfht of.unsupported span of pipe, including (as

2 Operational Loads. Qperational loads that
nsidered are those forcesimposed on the pipe-
m under static environmental conditions (i.e.,
wind, waves, current, and other dynamic load-

hat should be-considered as operational loads

appropriate) the weight of
(1) pipe

(b) current

(c) wind

(d) seismic events

(e) accidental loadings (e.g., trawl boards and ang

(f) dynamic soil-induced loadings (e.g.; mudslide
liquefaction)

(g) ice loads (e.g., weighty floating impacts
scouring)

hors)
s and

and

A842 STRENGTH CONSIDERATIONS

Design and installation analyses shall be basgd on
accepted engineering methods, material strength, and ap-
plicable design/conditions.

A842.1 Strength Consideration During Installation

The following subsections define the minimum
requirements against failure due to yielding or bu
duringall phases of pipeline system installation (i.e.,
ling, laying, trenching, etc., through testing).

A842.1.1 Buckling. The pipeline should be des
and installed in a manner to prevent buckling d
installation. Design and procedures for installation
should account forthe effect of external hydrostatic|pres-
sure, bending moment, axial, and torsional loads andl pipe
out-of-roundness. Consideration should also be giyen to
the buckle propagation phenomenon.

Additional information for calculating buckling stx
due to bending and external pressure can be found
RP 1111, para. 4.3.2.3.

A842.1.2 Collapse. The pipe wall thickness sh
designed to resist collapse due to external hydrdg
pressure. Considerations shall include the effe
mill tolerances in the wall thickness, out-of-round

and any other applicable factors.
Additional information for r‘lncigning to pr

safety
ckling
hand-

igned
uring

esses
n API

all be
static
cts of
Iness,

tvent

(2) coatings and their absorbed water
(3) attachments to the pipe
(4) transported contents
(b) internal and external 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)
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collapse can be found in API RP 1111, para. 4.3.2.2.

A842.1.3 Allowable Longitudinal Stress. The
maximum longitudinal stress due to axial and bending
loads during installation shall be limited to a value
that prevents pipe buckling and will notimpair 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.
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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
shall be limited to a value that prevents pipe buckling and
will not impair the serviceability of the installed pipeline.

A842.1.5 Installation Fatigue. Anticipated stress fluc-
tuations of sufficient magnitude and frequency to induce
significant fatigue shall be considered in design.

through 833.6 are superseded by the provisions of (b),
(c), and (d) that follow (see also Table A842.2.2-1).

(a) Hoop Stress. For pipelines, risers, and platform
piping, the tensile hoop stress due to the difference
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 positive and
compression is negative.

A842.1.6 Special Assemblies. Installation of pipelines
with $pecial assemblies are subject to the same require- Sn < BST (1)
ment$ stated in paras. A842.1.1 through A842.1.5.
(U.S. Customary Units)
A842.1.7 Residual Stresses. The pipeline system shall
normplly be installed in a manner so as to minimize resi- B
dual stresses. The exception shall be when the designer Sp= (P~ Pe)z— )
purppsefully plans for residual stresses (e.g., cold t
springing of risers and pull-tube risers). When residual (SI Units)
stresses are significant, they should be considered in
the dperating design of the pipeline system (see D
ara.|A842.2). S,=(P,—P (3)
p ) w= (P ) > 000¢
A842.1.8 Flexible Pipe. The manufacturers recom-
mended maximum loadings and minimum bending  Or
ra'ldius shall be a(?hered to during installation. Flexible (U.S. Giistomary Units)
pipe shall be designed or selected to prevent collapse
due tp the combined effects of external pressure, axial
forcef, and bending. Installation procedures shall be Sp= (B — Pe)ﬁ (4)
designed to prevent buckling (see API RP 17B). 2t
A842.2 Strength Considerations During GG
Operations S, = (B - B) 50;0: ©)
A842.2.1 Operational and Design Criteria
(a)| Failure Modes. Pipelines, risers, and-platform piping where ] ] . L
shall pe designed against the following possible modes of D = nominal outside diameter of pipe, in. (mm)
failurp, as appropriate: F; = hoop stress design factor from Table A842.2.2-1
1) excessive yielding P, = external pressure, psig (kPa)
(2) buckling P; = internal design pressure, psig (kPa)
(3) fatigue failure S = specified minimum yield strength, psi| (MPa)
4) ductile fractire Sn = hoop stress, psi (MPa)
(I5) brittle fracture T = temperature derating factor from Tablg841.1.8-1
(6) loss oftin=place stability
(7) propagdting fracture
(B) corrosion
(9)\eollapse . L
(b) Other Comsiderations. Furthermore, consideration —— rabte-A842:2:2-1 Besign-Faetors for Offshore Pipelines,
shall be given to impacts due to Platform Piping, and Pipeline Risers
(1) foreign objects Hoop Stress, Longitudinal = Combined
(2) anchors Location F, Stress, F, Stress, F3
(3) trawlboards Pipeline 0.72 0.80 0.90
(4) vessels, ice keels, etc. Platform piping 0.50 0.80 0.90 [Note (1)]

A842.2.2 Design Against Yielding. Pipelines, risers,
and platform piping shall be designed against yielding
in accordance with this paragraph. The combined
stress calculations and allowables of paras. 833.2

Copyright ASME Intemational
Provided by IHS Markit under license with ASME
No reproduction or networking permitted without license from IHS

113

and risers

NOTE: (1) The wall thickness used in the calculation of combined
stress for platform piping and risers shall be based upon
minimum wall thickness, tn.
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t = nominal wall thickness, in. (mm) where
A = cross-sectional area of pipe material using ¢, in.2
2
NOTE: It is recommended that eq. (2) or eq. (3) be used for D/t (mm®) . .
greater than or equal to 30 and that eq. (4) or eq. (5) be used for F3 = combined stress design factor from
D/t less than 30. Table A842.2.2-1

F, = axial force, b (N)
I; = in-plane stress intensification factor from
Mandatory Appendix E

i, = out-plane stress intensification factor from
Mandator—Anpand

-k
TaraatoTry rpptitate T

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

B M; = in-plane bending moment, in.-lb (N-m)
ISzl < FpS M, = out-plane bending moment, in.-Ib (N*m)
M, = torsional moment, in.-lb (N-m)
where _ _ _ _ S = specified minimum yield strength, psi (MPa)
4 5 Fr(;SS-SECZtIOI’lal area of pipe material using ¢, S, = axial stress, psi (positivertensile or negative
e (mm ) _ compressive) (MPa)
F, q longitudinal stress design factor from = F,/A
Table A842.2.2-1 S, = resultant bending stress, psi (MPa)
F, 4 axial force, Ib (N) = [(i; M)? + (i, M) 1Y%z
i; 4 in-plane stress intensification factor from S, = hoop stress using t, psi (MPa)
Mandatory Appendix E S. = longitudinal Stress, psi (positive tensile or jnega-

3 out-plane stress in.tensification factor from tive compFessive) (MPa)
Mandatory Appendix E -

X g ) =S4 + §,)0r'S, — Sp, whichever results in the larger
M; 4 in-plane bending moment, in.-lb (N-m) e
M,

», 3 out-plane bending moment, in.-lb (N-m) S, = torsional stress, psi (MPa)
S A specified minimum yield strength, psi (MPa) M,/22
S, 9 axial stress, psi (positive tensile or negative t>= nominal wall thickness, in. (mm)
compressive) (MPa) z = section modulus of pipe using t, in.> (cm¥)

3 Fa/A

S, o resultant bending stress, psi (MPa)

A [Gi M)? + (ibMo)*] Y/%/2

Simax 5 maximum longitudinal stress, psi (positive
tensile or negative compressive) (MPa)

g S, +S,0rS, - S, whichever resultsin the larger
stress value

t § nominal wall thickness, in. (mm) (Shl — S8 + SLZ + 3St2)l/ 2 <ES
z 9 section modulus of pipe using ¢, in. (cm?) -

| | 4 absolute value

Alternatively, the Maximum Distortional EnergyTheory
(Von Mises combined stress) may be used for lirhiting
combined stress values. Accordingly, the combined
stress should not exceed values given by

(d) Combined Stress for Risers and Platform Piping. The
combined stress shall not exceed the value given by the

Additiopal information fordongitudinal load design can : : .
maximum shear stress equation (Tresca combined

be found jn API RP 1111;)para. 4.3.1.2.

t :
(c) Compbined Stress for Pipelines. The combined stress stress)
shall not ¢xceed the-value given by the maximum shear
stress eqyation (Tresca combined stress):
1 /2‘
2
2[( Eat/) I s}]
| l\ 2/
S+, S-S\ e
. L+h_[(L_h) + 5,2 | <Ess
2 2
1/2
2
N N
L+ Sp +[<L h) + 5,2
2 2
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SL(mwt) — Sh(mwt) 2 i
2 5 + St(mwt)2 1

A842.2.3 Alternate Design for Strain. In situations
where the pipeline experiences a predictable noncyclic
displacement of its support (e.g., fault movement along
the pipeline route or differential subsidence along the

SL(mwt) + Sh(mwt) line) or pipe sag before support contact, the longitudinal
2 ) and combined stress limits need not be used as criteria for
) 1/2 safety againslt egcessive yielding, so long as th.e conse-
mae] | ((S20met) = Shmt) 2 Y <FEg quences.of yleldlng are nqt L:letrlmen.tal to the 11.1teg.r1ty
5 t(mwt)? ! of the pipeline. The permissible maximum longitudinal
e strain-depends—onthe—duectility-of-the—material, any
}‘ SL(mwt) + Sh(mwt) previously experienced plastic strain, and thf buckling
—2']"' behavior of the pipe. Where plastic strains-are anticipated,
the pipe eccentricity, pipe out-of-roundnesg, and the
(s _s 2 1/2 ability of the weld to undergo such strains without detri-
M +S 2‘ mental effect should be considered. Similarly, the same
| e Homwt) criteria may be applied to the/pipe during construction
) (e.g., pull-tube or bending<shoe risers).
et , , . A842.2.4 Design Against Buckling and Ovalization.
Agpwy) = CI‘OSS.-St;CthIlZ;l area of pipe material using  ayqidance of buckling-of the pipeline and riger during
Emins 1n. (mm*) . operation shall be-considered in design. Modes dfbuckling
F3 = combined stress design factor from .. may be possible include
Ta'ble AB42.2.2-1 (a) local‘buckling of the pipe wall
F‘,’ n ?Xlal force, 1b [N,) . (b) propagation buckling following local buickling
I; = in-plane stress intensification factor from (c) column buckling
. Mandatory Apper.ldlx E_ L. Additional information for determining|buckling
I, = out-plane stress intensification factor from téndencies can be found in API RP 1111, parps. 4.3.2.3
Mandatory Appendix E and 4.3.2.4, and Annex D.
M; = in-plane bending moment, in.-lb (N-m)
M, = out-plane bending moment, in.-Ib (N-m) A842.2.5 Design Against Fatigue. Stress fliictuations
M, = torsional moment, in.-lb (N-m) of sufficient magnitude and frequency to induce signifi-
S = specified minimum yield strength, psi (MPa)  cant fatigue should be considered in design.
Satlhwey = axial stress, psi (positive tensile ot negative Loadings that may affect fatigue include
compressive) (MPa) (a) pipe vibration, such as that induced by vortex shed-
= Fo/Ammwy ding
Spanwe) = resultant bending stress;psi (MPa) (b) wave action
= [(EM)*+(ieMo)*1"* ) Zimwe) Pipe and riser spans shall be designed so that vortex
Shohwy = hoop stress using-t.,i psi (MPa) induced resonant vibrations are prevented, whenever
Siawwe = longitudinal stress; psi (positive tensile or practical. When doing so is impractical, the tota] resultant
negative compressive) (MPa) stresses shall be less than the allowable|limits in
= Samwe) *+ Shlymt) O Sagmwt) = Shimwep Which- para. A842.2.2, and such that fatigue failure should not
ever reSults in the larger combined stress ~ result during the design life of the pipeline.
value Additional information for fatigue analysis cah be found
Sethwy) = torsional stress, psi (MPa) in API RP 1111, para. 4.5.
3 Mf/ ?Z(mwt) . . A842.2.6 Design Against Fracture. Materials used for
Frin' = minimum wall thlck_ness, n. [mm). o o pipelines transporting gas or gas-liquid mixtures under
Zopwy) = Section modulus of pipe using tmin, in. (cm?) high pressure should have rnncnnnhly high esistance

Alternatively, the Maximum Distortional Energy Theory
(Von Mises combined stress) may be used for limiting
combined stress values. Accordingly, the combined
stress should not exceed values given by

2 2 2172
(sh(mwt) = SL(mwt)Sh(mwt) T SL(mwt)” + 3St(mwt) ) < ES
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to propagating fractures at the design conditions, or
other methods shall be used to limit the extent of a frac-
ture.

A842.2.7 Design of Clamps and Supports. Clamps and
supports shall be designed such that a smooth transfer of
loads is made from the pipeline or riser to the supporting
structure without highly localized stresses due to stress
concentrations. When members are to be welded to the
pipe they shall fully encircle the pipe and be welded to the
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pipe by a full encirclement weld. The support shall be
attached to the encircling member and not the pipe.

All welds to the pipe shall be nondestructively tested.
Clamps and supports shall be designed in accordance with
the requirements of API RP 2A-WSD, Section 3.

Clamp and support design shall consider the corrosive
effects of moisture retaining gaps and crevices and galva-
nically dissimilar metals.

A842.2.8 Design of Connectors and Flanges. Connec-

It is the further intent of this section to make the
designer aware of personnel safety during the design
and operation of offshore compression facilities.

A843.1.1 Location of Compressor Facilities. The
compressor facilities located on platforms should be
designed to facilitate free movement of fire fighting or
other emergency equipment.

A843.1.2 Enclosures. All enclosures located on an

tors and flanges shall be such that smooth transfer ofloads
is made without high localized stresses or excessive defor-
mation offthe attached pipe.

Connegtors and flanges shall have a level of safety
against fajlure by yielding and failure by fatigue thatis
comparablle to that of the attached pipeline or riser.

A842.2
tors. Wh
subject
devices
damage t

A842.2

9 Design of Structural Pipeline Riser Protec-
bre pipeline risers are installed in locations
o impact from marine traffic, protective
thall be installed in the zone subject to
h protect the pipe and coating.

10 Design and Protection of Special Assem-
blies. Design of connections and special assemblies
shall comsider the additional forces and effects
imposed by a subsea environment. Such additional consid-
erations include design storm currents and potential for
seabed mlovement in soft sediments, soil liquefaction,
increased potential corrosion, thermal expansion and
contractign, and stress due to installation procedures.
In areas ¢f active fishing, protective measures may beé
appropriate for connections and special assemblies:

A842.2]
site make
significan
used for
results ve
considere
tion of fle
permeabl
combined
and very
where sud
ible pipe 4
Spec 17].

11 Design of Flexible Pipe. Due to its compo-
Lp, the mechanical behavior of flexible pipe is
ly different from steel pipe. Flexible pipe may be
bffshore pipelines if calculations and/or test
rify that the pipe can safely withstand loadings
d in paras. A841.3.2 and.A841.3.3. In the selec-
kible pipe, consideration’should be given to its
e nature. The possibility of implosion under the
conditions of high'pressure, high temperature,
rapid depressurization should be investigated
h conditions may be expected. Selection of flex-
hall be‘invdccordance with API RP 17B and API

stible
\ 220,
forms
ed in

TToTTOTC-pPTacroTTIT

or limited combustible material as defined in NFP4
Chapter 2. Design of enclosures on offshore\plat
shall consider the loading conditions defin
para. A841.3.

A843.1.3 Exits. A minimum of two exits shall be
provided for each operatingrlevel of a compressor
building. Any elevated walkway, including engine
catwalks more than 10 ft{3'm) above the deck, shall
also be provided with twg-exits. The maximum didtance
from any point within-the compressor building to an exit
shallnot exceed 75%t (23 m). Enclosure exits shall be finob-
structed and located so as to provide a convenient route of
escape and. shall provide continuous unobstryucted
passage to.a,place of safety. Exit doors located on exferior
walls shall swing outward and shall be equipped with
latchés that can be readily opened from the ipside
without a key.

A843.1.5 Hazard Analysis for Offshore Compressor
Stations. A hazard analysis for offshore compressor
stations shall be conducted in accordance with API RP
14] to meet the requirements of API RP 14C.

A843.2 Electrical Facilities

All electrical equipment and wiring installed on offshore
compression platforms shall conform to the requirements
of NFPA 70, if commercially available equipment pefmits.

Electrical installations in offshore hazardous locqtions
as defined in NFPA 70, Chapter 5, Article 500 and that are
to remain in operation during compressor station ¢mer-
gency shutdown as provided in para. A843.3.3(a) sHall be
designed to conform to NFPA 70, for Class I, Division I
requirements.

The guidelines of API RP 14F should be conside
electrical facility design.

red in

A843 COMPRESSOR STATIONS

A843.1 Compressor Station Design

The requirements of this paragraph recognize the
unique design conditions and space limitations
imposed when designing offshore compression facilities
and therefore relate only to offshore compression facil-
ities.
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A843.3 Compressor Station Equipment
A843.3.3 Safety Devices

(a) Emergency Shutdown Facilities. All gas compression
equipment shall be provided with an emergency shut-
down system that will block out the gas going to and
from the compressor station. Operation of the emergency
shutdown system shall cause the shutdown of all gas
compression equipment and all gas-fired equipment
and shall de-energize the electrical facilities in the
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compressor building, except for those that provide emer-
gency lighting for personnel protection and those that are
necessary for protection of equipment. The emergency
shutdown system shall be operable from a minimum of
twolocationson 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-
tions. Blowdown piping shall extend to a location where
the discharge of gas is not likely to create a hazard to the
platferm ilities—Consideratio ! giv
potential entrained liquids, prevailing winds, and location
of cr¢w quarters if part of the platform facility. Under
condftions of heavy liquid entrainment and poor
prevdiling wind conditions, a separate structure for a

than five times the design life or 100 yr, whichever is
smaller. Portions of the pipeline system to be trenched
shall be designed for wave and current conditions
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 mostunfavorable condition selection
shall account for the timing of occurrence of the wave and

A844.2 Stability Against Waves and. Curfents

A844.2.1 Submerged Weight. The submerged weight
of the pipe may be designed (such as by weight ¢oating) to

blowdown facility shall be considered. resist or limit movement to acceptable values.|Hydrody-
A8#3.3.4 Pressure-Limiting Requirements for namic forces shall be based on the wave and current values
Offshiore Compression Facilities for the design storm condition for the specifi¢ location.
Wave and current directionality and concurrency shall

Venting. Pressure relief valves shall be vented to atmo- be considered.

spherje such that no hazard is created. Vent lines, common
headgrs, and platform blowdown lines shall have suffi-
cient|capacity so that they will not interfere with the
performance of the relief device.

A844
Pip
gover

ON-BOTTOM STABILITY

eline design for lateral and vertical stability is
ned by seafloor bathymetry, soil characteristics,
and by hydrodynamic, seismic, and soil behavior
events having a significant probability of occurrence
durinig thelife ofthe system. Design conditions to consider
are provided in the following subsections.

The pipeline system shall be designed to/prevent hori-
zontall and vertical movements, or shall be designed so
that pny movements will be limited to values not
causing allowable stresses tolbe exceeded (see
sectign A842).

Typical factors to be consideréd in the stability design
incluie

(a)| wave and current forces

(b)| scour and resultant spanning

(c)|liquefaction

(d)| slope failure

Stability may.be obtained by such means including, but
not limited-to, pipe submerged weight, trenching of pipe
below grade, and anchoring.

A844.2.2 Bottom Soils. The pipe-soil infteraction
factors that-are used shall be representative of the
bottom cenditions at the site.

A844:2.3 Trenching. The pipeline and ity appurte-
nances may be trenched below bottom [grade to
provide stability. The pipeline must be dedigned for
wave and current stability prior to trenching. Suich stabil-
ity, however, need only be based on environmental condi-
tions expected during the period of pipe exposure.

A844.2.4 Backfilling. Backfilling or other
coverings, when necessary, shall be accomyp
using such materials and procedures to
damage to the pipeline and coatings.

protective
lished by
preclude

A844.2.5 Anchoring. Anchoring may be us¢d instead
of or in conjunction with submerged weight tq maintain
stability. The anchors shall be designed to yithstand
lateral and vertical loads expected from the design
storm condition. Anchors shall be spaced to prevent exces-
sive stresses in the pipe sections between an¢hors. The
anchoring system and adjacent pipe shall be| designed
to prevent scour and resultant spanning from pverstres-
sing the pipe. The effect of anchors on the cathodlic protec-
tion system shall be considered.

A844.3 Shore Approaches

When calcutating iydrodynamic forces, the spatial
variance of wave forces along the length of the pipeline
may be taken into account.

Additional information on hydrostatic stability can be
found in API RP 1111, para. 4.4.2.

A844.1 Design Storm Conditions

Design wave and current conditions for portions of a
pipeline that will not be trenched shall be based on a
storm having a minimum return interval of no less
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Pipe in the shore approach zone shall be trenched or
bored to the depth necessary to prevent scouring, span-
ning, or stability problems that affect integrity and safe
operation of the pipeline during its anticipated service
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 guidance.

(20)
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A844.4 Slope Failure

The pipeline shall be designed for slope failure in zones
of known or anticipated occurrence, such as mudslide
zones and areas of seismicslumping. 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.

A847.2 Test Pressure

The installed pipeline system (including any SCR up to
its hang-off point) shallbe 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 portions of plat-
form piping that have been pretested to 1.5 times the

A844.5 $oil Liquefaction

Design for the effects of liquefaction shall be performed
for areas ¢f known or expected occurrence. Soil liquefac-
tion normally results from cyclic wave overpressures or

maximum allowable operating pressure need-1ot be
tested after installation if all items are tied in.by connec-
tors, flanges, or welds that have been radiographically
inspected.

CAUTION: When an external pressure;P., greater than zero

seismic lpading of susceptible soils. The bulk specific ~ isusedinthe hoop stressformula inpara. A842.2.2(a), there
gravity of| the pipeline shall be designed, or alternative is a possible con.lbmatlon of coenditions wl.lere thel yield
methods [shall be selected to ensure both horizontal strer_lgth of the pipe could bg Qx¢eded during the 3_'dr°'

d tidal stabili static test. Therefore, thé ‘heop stress and combpined
anS Yer _1( ad s . a2 diti dt dict th stress shallbe checked to confirm that they are within allow-

elsmiq design conditions used to predict the occur-  gpje Jimits to prevent pipe yielding, considering both the
rence of Bottom liquefaction or slope failure shall have internal and external-pressures when determining the
the same [recurrence interval as used for the operating maximum hydrostatic test pressure.

stress calfulations for the pipeline. Occurrence of soil
liquefactipn 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

Offshorje transmission lines shall be equipped with
other components to shut off the flow of gas
hore platform in an emergency.

Block valves shall be accessible and protected from
hd tampering. If a blowdown valve is involved,
ocated where the gas can be blown'to the atmo-

tions the section of line canbe'blown down as rapidly as is
practicable.

A847 TESTING

A847.1 General Provisions

A847.3 Test Medium

The test medium for all offshore pipelines will be water.
Additives to mitigate the effects of corrosion, biofduling,
and freezing should be considered. Such additives should
be suitable for the methods of disposal of the test medium.

In arctic areas where freezing of water is a hazard, the
use of air, inertgas, or glycol is allowable. Platform gds and
compression piping may be tested with inert gas.

A847.4 Test Procedure

The hydrostatic pressure test shall be conducted in

- Blowdown valves shall be provided so that each section ac.co.rdance w1t.l(11 a fspec1f1ed procedure that shall, at a
 of pipeling between main line valvés can be blown down, ~ THfmum, provide tor . .
The sizes|and capacity of the éonnections for blowing (a) performance of the testafter installation and hefore
down the [line shall be such tatunder emergency condi- initial operation of the pipeline system except as provided

in para. A847.2.

(b) maintenance ofthe test and recording of resut;cs on
the pipeline system for a minimum of eight contipuous
hours at or above the specified pressure. All variagtions
in test pressure shall be accounted for.

(c) maintenance of the test and recording of resullts on
prefabricated piping and special assemblies [for a

All offshore pipelines, including prefabricated piping
and special assemblies, shall be tested after installation
and prior to operation within the provisions of this
Section. Prefabricated, pretested portions of offshore
pipeline risers, jumpers, special assemblies, expansion
loops, and tie-in spools may be excluded from the pipeline
system hydrostatic test when inclusion is impracticable.
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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 rupture or haz-
ardous leak occurs that renders the test invalid. Retesting
shall commence after repairs have been made.

(20)
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A847.5 Records

The operating company shall maintain in its file, for the
useful life of each pipeline, records showing the type of test
fluid, the test procedure, the test pressure, and the dura-
tion of the test.

A847.6 Tie-Ins
It is recogmzed that it may not be p0551b1e to hydro-

esting of tie-in welds may be exempted 1f the tie-in

A850.4 Essential Features of the Emergency Plan

A850.4.3 Liaison. Each operating company shall estab-
lish and maintain liaison with available offshore fire-
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 publlc operatmg in the offshore area to recog-

. . seney e-appropriate offi-
cials. The educatlonal program called for nder this

sure {
weld }s inspected by radiographic and/or other applicable  section should be tailored to the type of pipelineloperation
NDT methods. and the environment traversed by the pipeline gnd should
. be conducted in each language that'is significant in the
A847.7 Testing for Buckles community served. Operators of,transmissiop systems
Teqting for buckles, dents, and other diameter restric- should communicate their programs to peopl¢, contrac-
tions fhall be performed after installation. Testing shallbe ~ tors, or others that usuallygyork in the offshore area of
accorplished by passing a deformation detection device ~ concern. The programs-of operators in the ame area
through the pipeline section, or by other methods capable should be coordinated te’properly direct reports of emer-
of detfecting a change in pipe diameter. Pipe having exces-  gencies and to avoid inconsistencies.
sive deformation that affects the serviceability of the pipe- p
line ficilities shall be repaired or replaced. Consideration A850.7 Blasting Effects
should also be given to repairing excessive ovality that Each opérating company shall establish procpdures for
may interfere with pigging operation or internal inspec-  protection of facilities in the vicinity of blasting|activities.
tion. The, operating company shall
(@) locate and mark its pipeline when explosfves are to
A85Q0 OPERATING AND MAINTENANCE be detonated within distances as specified in| company
PROCEDURES AFFECTING THE SAFETY OF plans. Consideration should be given to the rIarking of
GAS TRANSMISSION FACILITIES minimum blasting distances from the pipelines depending
on the type of blasting operation.
A850.1 General (b) determine the necessity and extent of observing or
. . . monitoring blasting activities based on the prpximity of
All provisions of Chapter V, which depehd.on Location 4po plast considering the pipe materials, the joperating
Class) do not apply to of.fsho_re gas transm1§51on syster.ns, conditions, the size of charge, and soil conditions. Consid-
excepjt that offshore pipelines approaching shorelme eration should be given to
areas shall at.idltlonal.ly be operat.e(.i and mamtal.ned (1) the effect of shock waves on the pip¢line from
consistently with Location Class.previsions as determined blasting
in seqtion 840. (2) conducting aleak survey following completion of
AB50.3 Essential Fedtures of the Operating and e Plasting program
Maintenagge*Plan A851 PIPELINE MAINTENANCE
Th¢ plan prescribed in para. 850.2(a) shall include
(a)| detail¢d’ plans and instructions for employees ~ A851.2 Pipeline Patrolling
covering Operating and maintenance procedu.res for Each operating company shall maintain a perjodic pipe-
gas f4cilities during normal operations and repairs

(b)
specific classes of facilities, which are given in
paras. A851.2 and A851.4, and section A860

(c) plans to give particular attention to those portions
of the facilities presenting the greatest hazard to the public
and environment in the event of an emergency or because
of construction or extraordinary maintenance require-
ments

(d) provisions for periodicinspections along the route
of existing pipelines

Copyright ASME International
Provided by IHS Markit under license with ASME
No reproduction or networking permitted without license from IHS

119

and adja-

. . oo line patrolling program to observe conditions o j
ithms-recommended-forinclusion-in-the-plan-for cent to the pipeline right-of-way, indication of leaks,

construction activity other than that performed by the
company, and any other factors affecting the safety
and operation of the pipeline. These inspections should
be made as often as necessary to maintain the integrity
of the pipeline. Records of these inspections shall be main-
tained for the life of the facility. Provisions of paras. 851.2,
851.2.1, and 851.2.2 do not apply to this Chapter.
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A851.4 Above-Water and Hyperbaric Repair
Procedures for Steel Pipelines

All above-water and hyperbaric repair procedures for
steel pipelines shall conform to the requirements of
para. 851.4.

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 usefofafultencirciementsptitsteeveofappropriate
design ingtalled 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.

Any offshore below-water repair procedures shall
conform to para. 851.4 provisions.

Repairg 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 cpmpany's safety requirements, and the hazards
to public pafety and environment.

Evacuation and repair operations should not result in
imposed loads or deformations that would impair the
integrity [of the pipe materials, weight, or protective
coating.

Theuse
ejectors, j

of subsurface equipment equipped with cutters,
pts, or air suction systems should be carefully
controlled and monitored to avoid damaging the pipeline,
external goating, or cathodic protection system.

When lifting or supporting pipe during repairs, the
curvaturd of a pipe sag bend and overbend should be
controllel and maintained within limits to minimize
pipe coating damage, overstressing, denting or buckling
during the repair operation, and lifting equipment should
be selectdd accordingly.

Wave and current loads should be considered in deter-
mining total imposed stresses and eyclical loads in both
surface ald subsurface repairs.

Personnel working on pipeline repairs should under-
stand the| need for careful-job planning, be briefed on

procedurgs to be followed in accomplishing repairs, (2) If repairs are made below water, inspecti
and follow necessaty precautionary measures and proce- evidence of external corrosion or coating deterio
dures. shall be made, and necessary corrective action sh

When pipe isTepaired, damaged coating should also be  taken to maintain the corrosion protection of the pip
repaired.[Replacement pipe and components shall be

A851.7 Pipeline Markers and Signs

Permanent markers are not required for offshore pipe-
lines; however, suitable signs should be posted on plat-
forms to serve as a hazard area warning. Where
appropriate, signs should display the operating
company identification and emergency communication
procedures.

A854 LOCATION CLASS

There are no operating Location Classes offshoi]

A860 CORROSION CONTROL OF OFFSHORE
PIPELINES

A860.1 Scope

Since offshore pipelines_eannot be readily insp
after installation and therelis the possibility of d3
to the coating systemg special consideration shoy
given to the selection,design, and application of corr
control coatings;.the cathodic protection system
other corrosion design elements.

ected
mage
1d be
osion
, and

A860.2 Evaluation of Existing Installations

(a)~Monitoring. The operating company must r¢
monitoring, investigation, inspections, and corrg
action to control corrosion. Such activities sh
performed at periodic intervals sufficient to e
that adequate corrosion control is maintained.
it is determined that corrosion that is taking place
be detrimental to public or employee safety, the f:
shall be repaired or replaced, and corrosion cg
measures applied or augmented.

(b) Examination When Exposed

(1) When a pipeline is lifted above water for
tenance or repair, the operating company shall vi
inspect for evidence of coating deterioration, exfernal
corrosion, and, where possible, the condition df any
exposedanode.If excessive corrosion is present, remhedial
action shall be taken as necessary.

ly on
ective
a1l be
hsure
Vhere
b may
hcility

ntrol

main-
sually

bn for
ration
all be
eline.

protected from corrosion.

A851.4.6 Offshore Repair of Flexible Pipe. If the oper-
ability of the flexible pipe is impaired (i.e., major structural
damage), the pipe shall be repaired by replacement of the
damaged section. In the event of surface cuts and abra-
sions in the protective coating that do not expose the load
carrying members to potential corrosion, the repair shall
be performed in a manner recommended by the manu-
facturer.
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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 shallbe protected
from the particularly corrosive conditions of the salt water
atmosphere and cyclic wetting and drying.
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A861.1.1 Coatings

(a) Coating Design. The design of coating systems for
offshore installation should reflect the type of environ-
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

minimize the interference effect on other pipelines or
structures.

(c) Galvanic Anodes. Where galvanic anodes are used
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

temp{rature temperature-of the-pipeline-and-the- marine-enyironment.
(;U sufficient ductility to minimize detrimental (d) Other. Consideration should be given toythe effects
cracking on cathodic protection of variations in (0xygeh content,
(5) sufficient toughness to withstand damage during temperature, and water/soil resistivity lof the [particular

installation

offshore environment in which the pipeline id| installed.

6) resistance to future deterioration in a submerged A861.1.3 Electrical Isolation,) Underwater pipeline

envirpnment systems shall be electrically isolated from othgr metallic

(7) ease of repair structures so that cathodi¢protection can be effective. An

(b)| Cleaning and Surface Preparation. There may be exception can be madéwhen both the foreign| structure

additjonal cleaning and surface preparation require- and the pipeline are\designed to be protected|as a unit.
ment{s, such as a near white metal finish and an Other general considerations include the following:

anchgr pattern to promote a good bond for all epoxy- (a) Tie-Ins{solation from foreign pipelineq at tie-ins

. baseq thin film coatings. Welds should be inspected for may be madde) by installing insulation flangefs, unions,

. irregplarities that could protrude through the pipe or other insulating devices. When making a tie-in of a

coating, and any such irregularities should be removed. coated line to a bare line, the two lines shall be dlectrically

i (c)|Application and Inspection. The coating should be
. appli¢d under controlled conditions and have a high resis-
tancqd 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 noted shall be repaired and retested.

isolated.

(b) Foreign Pipeline Crossings. When crossing a foreign
pipeline, care shall be exercised to ensure adequate sep-
aration between the two lines so that the possibility for
electrical interference is minimized.

(c) Pipeline Riser Support and Secondary Pipjng. When

WeigIts or weight coating shall not damage the protective installing riser piping at platforms, supportirlg devices
coating during application or installation. such as clamps and pipe supports shall idolate the

(d)| Coating for Weld Joints, Appurtenances, and piping from the structure. Insulating devicef shall be
Patching. Weld joints and appurtenances shall be installed where electrical isolation of a portjon of the

coated with material that is compatible with the basic

piping system from production piping, tanks, and other

coating. A holiday detector, designed for the type of  facilities is necessary to facilitate application gf cathodic
field [joint material applied;"may be used to detect protection. Electrical interference between electrically
flaws| and flaws shall be repaired and retested. isolated structures shall be minimized. Wjring and

(e)| Field Inspection. The pipe shall be visually inspected piping connections to an isolated pipeline ghall also
prior [to installation te‘ensure that unacceptable damage have insulation between the pipeline and the| platform.

has npt occurred during loading, welding, or other laying
activities prior to’sibmergence of the pipe. Any significant
damajge to the’coating shall be repaired with material
compptible'with the pipeline coating. Care should be exer-
cised|to.minimize damage to the coating system, partic-

ularlydiwring laying and trenching of the pipe

htion, and
hisolation

Tests shall be made to ensure adequate isol
appropriate action shall be taken to ensure suc
when necessary.

A861.1.4 Electrical Connections and Mpnitoring
Points. Test leads shall be installed so thaf they are

A861.1.2 Cathodic Protection Requirements

(a) Design Criteria. An offshore facility is considered to
be cathodically protected when it meets the applicable
criteria of NACE SP0115/ISO 15589-2.

(b) Impressed Currents. Where impressed current
systems are used, the system shall be designed to mini-
mize outages, and the output shall be such that the design
criterion is met. Also, consideration should be given to

121

mechanically secure, electrically conductive, and acces-
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.

A861.1.7 Electrical Interference. Periodic tests shall
be made to ensure that electrical isolation from foreign
pipelines or other structures remains complete. Some
indications of electrical interference are changes in
pipe-to-electrolyte potential, changes in current
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magnitude or direction, localized pitting, and coating
breakdown. 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). Ifelectrical 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.

places where moisturecollects. Where atmosphericcorro-
sion is found, prompt corrective action shall be taken.
Corrective action shall consist of painting, replacement
of components as necessary, or other action deemed
appropriate by the operating company.

A862 CATHODIC PROTECTION CRITERIA
A862.1 Criteria

A861.2 Above-Water Atmospheric Protection

A861.2]1 Coatings. The splash zone area, where the
pipeline i$ intermittently wet and dry, shall be designed
with additional protection against corrosion. This shall be

inspections shall be made periodically of all
atmospheric corrosion. This inspection shall
ose areas most susceptible to corrosion such
, flange bolts, areas under pipe straps;areas

piping for
include th
as flanged
where pipe is in contact with supports, and other

The applicable criteria for cathodic protection are
fied in NACE SP0115/1SO 15589-2.

Speci-

A862.3 Electrical Checks

The operating company shall take, electrical red
periodically at each test location-available to e
that the cathodic protection l€vel meets the appl
criteria in NACE SP0115/1S0-15589-2.

Before each electrical test/is performed, an insp
shall be made to ensure ‘electrical continuity and
good contact to the pipelines is made by the test co
tion.

dings
nsure
cable

bction
that a
nnec-

A864 INTERNAL CORROSION CONTROL
A864.1",General

The design and maintenance of offshore pipeling
ities that may carry natural gas containing carbon di
chlorides, hydrogen sulfide, organic acids, solids or
pitates, sulfur-bearing compounds, oxygen, or free
require special consideration for the control of in
corrosion.

facil-
bxide,
preci-
water
fernal
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Chapter IX
Sour Gas Service

B80Q SOUR GAS SERVICE

Chapter IX pertains only to gas pipeline service that
contains hydrogen sulfide levels defined as “sour gas”
in this Chapter.

B801 GENERAL

Thil
conte
of the
of thi
graph
the p

If a
not h
provi
If a pg
graph
sour

s Chapter is organized to parallel the numbering and
nt of the first six chapters of the Code. All provisions
first six chapters of the Code are also requirements
5 Chapter unless specifically modified herein. Para-
headings follow those in the first six chapters with
refix “B.”
paragraph appearing in Chapters I through VI does
hve a corresponding paragraph in this Chapter, the
sions apply to sour gas service without modification.
ragraph in this Chapter has no corresponding para-
in Chapters I through VI, the provisions apply to
bas only.

B802 SCOPE AND INTENT

B802
Thi

.1 Scope

, s Chapter of the Code covers the'design, material
:ﬁrequ rements, fabrication, installation, inspection,
‘testinlg, and safety aspects of opetation and maintenance
<of soyr gas systems.

.2 Intent

e intent of this(Chapter is to provide adequate re-
ments for the_safe and reliable design, installation,
tion, and maintenance of sour gas service pipeline
systems. Requirements of this Chapter supplement the
requirenients of the remainder of this Code. It is not
the i;ll:cent of this Chapter to be all inclusive. Provisions

‘B802

Thg
quire
operd

B803 SOUR GAS TERMS AND DEFINITIO

chloride stress corrosion cracking: cracking ¢
under the combined action of tensilesstress and
in the presence of chlorides and an.electrolyt
water).

NS

f a metal
corrosion
e (usually

diffusion: the flow of the gas‘through a substance in which
the gas actually migrates.through the crystal lattice of the
substance rather than‘through a geometrical lgak (mole-
cular diameters versus hole dimension).

hardness: resistance of metal to plastic deformation
usually by indentation. For carbon steels, harfdness can
be related tovthe ultimate tensile strength.

BrinellHardness Number (BHN): a value to e
hardness of metals obtained by forcing a hard s
spécified diameter into the metal under a sped
For the standard 3 000 kg load, numbers range
945.

Microhardness: any hardness measuremen{
indentor load less than 10 kg.

Rockwell Hardness: a series of hardness
metals.

(a) The Rockwell “C” (HRC) scale uses a cong
indentor and aload of 150 kg. The scale starts at
steels and reaches a maximum of about 67 for
alloys.

(b) The Rockwell “B” (HRB) scale uses a hard/metal ball
indentor and starts at 0 for extremely soft metals and
reaches a maximum of 100 for soft steels apd alloys.
HRB 100 = HRC 20.

Vickers Hardness HV 10: a value achieved b
diamond pyramid indentor with a load of 10

heat-affected zone (HAZ): the portion of the base
was not melted during brazing, cutting, or w¢
whose microstructure and properties were a
the heat of these processes.

kpress the
teel ball of
ified load.
rom 81 to

using an
scales for

b diamond
20 for soft
very hard

y use of a
kg.

metal that
lding, but
ffected by

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.
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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. [t 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
apparatus or equipment.

activity.

microstru
and alloy4
acterized
of solid s

Cture: the grain size and morphology of metals
as revealed after polishing and etching; char-
by grains or regions that exhibit distinct phases
lutions of constituent elements.

partial pr
such as hy
pressure
mol fracti
sulfide in

bssure: the contribution of a single component,
drogen sulfide, in a mixture of gases to the total
bf the mixture, determined by multiplying the
on (mol percent divided by 100) of hydrogen
the gas by the total system pressure.

radius of gxposure (ROE): when dealing with sour gas, the
distance from a point of release at which the hydrogen
sulfide doncentrations reached a specified level
(frequently 100 ppm or 500 ppm) determined by disper-
sion calculations.

sour gas: g
(450 kPa)
Pa) or gre
and natur
containing

sulfide stress cracking (SSC): a corrosion-related cracking
mechanism caused by exposure of susceptible materials to
sulfide ions in the presence of free water.

as containing hydrogen sulfide (H,S) at 65 psia
or greater at a partial pressure of 0.05 psia (350
ater. See NACE MR0175/1SO 15156, Petroleum
al gas industries — Materials for use in H,S;
b environments in oil and gas production,

B813 MARKING

meeting NACE MR0175/1SO 15156 shall be so
with a permanent tag-er marking.

Valves
identified

B814 MATERIAL SPECIFICATIONS

B814.1 Ripe Conforming to Referenced Standards
and Specifications

Materi
MRO0175/

hls.must meet the requirements of NACE
SO 151C4

B821.Z Welding Processes

This paragraph does not apply to the welding
seam in the manufacture of pipe, but the usér|is caut
to ensure that such seams are suitable forsour gas s
in their installed condition.

bf the
ioned
brvice

B821.4 Weld Acceptance

The standards of acceptability for welds of g
systems as established in:API 1104 or the BPV
Section VIII, Division 1'shall be used; however, addi
requirements for hardness and residual stress sho
considered.

iping
Code,
ional
1d be

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
oughly cleaned to bright metal on the inside su;
back 1 in. (25 mm) from the weld bevel.

thor-
faces

B823 QUALIFICATION OF PROCEDURES ANL
WELDERS

The requirements of para. 823.1 shall not apply to this
section,

B823.2 Requirements for Qualification of
Procedures and Welders on Sour Gas Pjping
Systems

B823.2.1 Qualifying Standard. All procedur
performance qualifications shall be based on destr
mechanical test requirements

b and
ictive

DU—TO1TO0Os

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 WELDING AND INSPECTION TESTS

B826.3 Inspection and Tests for Quality Control of (20)

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 4 Locations, compressor stations,
major or navigable river crossings, railroad crossings, and
road crossings, 100% of all field welds shall be checked by
nondestructive inspection. Nondestructive inspection

B824.5 Hydrogen Bake Out of Used Pipe

Pipe that has been used in sour gas service shall be
heated for at least 20 min at 400°F (204°C) or higher
to drjve off any hydrogen in the metal. Heating shall
be ddne just prior to welding. This heating should be
in addition to and immediately preceding any preheating
specified in the welding procedure for new pipe.

B825 STRESS RELIEVING

B825.1 Carbon Steels

Th¢ chemistry of the steel and welding procedure shall
be controlled to limit the hardness of the weldment as
required by para. B823.2.4. When the effectiveness of
such [controls is questionable, consideration shall be
given| to stress relieving welds in sour gas service. In
genetral, temper bead welding, peening procedures, or
low-ffemperature postweld heat treatment does nat
provifle the equivalent protection from service cracking
as dops a full thermal stress relief.

B825.6 Stress Relieving Temperature

(a) Stress relieving is normally ‘performed at a
temperature of 1,100°F (593°C) for)carbon steels and
1,20(0°F (649°C) for ferritic alloy)steels. Other stress
relieing procedures may be Substituted when properly
suppprted with metallurgical evidence. The exact
temperature range shallibe sstated in the procedure spec-
ification.

(b)| When stress relieving a joint between dissimilar
metals having, different stress relieving requirements,
the mpaterial requiring the higherstressrelieving tempera-
ture ghall.govern. Special considerations may be required
for aystenitic and other high alloys.

(c)-The eate att-be g
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 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.

Pa C DTOoTUg OWTY O

may be conducted before or after stress relieying.

B830 PIPING SYSTEM COMPONENTS AND
FABRICATION DETAILS

Inaddition to section 830, allcomponents shall meet the
requirements of NACE MR01%75/1SO 15156 ps appro-
priate.

B831 PIPING SYSTEM COMPONENTS

B831.1 Valves and Pressure-Reducing Devices
B831.1.3) Pressure-Reducing Devices

(a) Instruments, instrument tubing, controllers, gages,
and other components that become a part of th¢ pressure
containment system shall meet NACE MR0175/]S0 15156
requirements.

(b) Most copper-based alloys suffer severe cdrrosion in
sour service. Use of such alloys in any componerjts shall be
investigated for suitability.

B831.2 Flanges
B831.2.2 Bolting

(h) Bolting exposed to sour gas and denied adcess to air
due to thermal insulation, flange protectors, pr certain
design features shall meet the requirement§ of NACE
MRO0175/1SO 15156 as appropriate. Designers should
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 shall be
appropriate for such deration. Bolting opened to atmo-
sphere may be conventional ASTM A193 grade B7 bolting.

B840 DESIGN, INSTALLATION, AND TESTING

ition, 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.
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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

B842 OTHER MATERIALS

Materials shall meet the requirements of NACE
MRO0175/ISO 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

condition._Hot bends may be needed to meet NACE
MRO0175/[[SO 15156 requirements. The first prototype Crossings. ) L
bend may| be needed for testing to ensure hardness re- (9) New construction for sour gasapplications S ll.use
quirements of NACE MR0175/ISO 15156 and that both OHIXS:‘\T??;I\;ZD821571§§81Y eth.ylene, Y F294_5 pOiy m}ide,
toughness and tensile properties are still acceptable. or lastic oi (maintenance or repai¥only) ther-
Neither wrinkle bends nor miter bends are permitted Ly et o) O
for sour gas lines. B842.2.9 Plastic Pipe and Tubing Joints and Copnec-
B841.2/4 Pipe Surfaces Requirements Applicable to tlons
Pipelines and Mains to Operate at a Hoop Stress of (b) Joint Requirements. Alhjoining procedures shall be
20% or More of the Specified Minimum Yield Strength  qualified using destructive test specimens of fullfscale
(e) Arc|Burns. Additionally, arc burns have been found plastic pipe joints.. Polyethyler.le.and polyamide pipe
to cause serious stress concentration in pipelines and in forkSO‘gl gas Sel(’iwfe m?’ﬁ Pe ]Omﬁddby butt {:Sl-oni
sour gas lines, and shall be prevented or eliminated in all S_OC, ST s SO O T a0l e il
lines. fittings when recommended by the manufactuger as
Arc buins may be removed by grinding, chipping, or sultabl;fo;; pour Igas. Service.
machininlg. The resulting cavity shall be thoroughly () _Yschanica ]oxm?s . .
cleaned anhd checked for complete removal of damaged {&} Steel to plastic transition fittings for soyr gas
material By etching with a 10% solution of ammonium service shall be factory made. Joints made from field4fabri-
persulfate or a 5% solution of nitric acid in alcohol gated fittings are prohibited.
nital). If removal of damaged material is complete, the . . e s .
Eavit)y mby be merged ngoothly i theporiginal B842.4 Testing Plastic Piping After Construttion
contour of the pipe by grinding, provided the remdining B842.4.2 Test Requirements
wall thickness is within specified limits. (f) All plastic pipe installed for sour gas service shall be
B841.2|6 Hot Taps. In addition to para. 841.2.6 of  leak tested with air for 12 hr minimum at a pressufe not
Chapter I}, it should be noted that hottapping of sour less than 1.5 times the maximum allowable opergating
gas lines|presents special health and metallurgical = pressure or 50 psig (340 kPa), whichever is greatgr.
concerns [and shall be done only(tg written operating
company ppproved plans. B843 COMPRESSOR STATIONS
B841.277 Precautions to:Avoid Explosions of Gas-Air  B843.3 Compressor Station Equipment
Mixtures|or Uncontrolled-Fires During Construction . I
Operatiorfs 9 B843.3.1 Gas Treating Facilities
(a) In|additigito the precautions outlined in (c) Metallic Materials. All metallic materials in cgntact
para. 841|2.7¢a)0F Chapter IV, it should be noted that with pressurized sour gas shall meet the requirements of
welding gndscutting on sour gas lines presents special NACE MR0175/ISO 15156 as apphcable
: . s = pr use

health and : 3
only to written operatlng company approved plans.

B841.3 Testing After Construction

B841.3.1 General Provisions. In addition to
para. 841.3.1 of Chapter 1V, it should be noted that
testing with sour gas presents special health and metal-
lurgical concerns and shall be done only to written oper-
ating company approved plans.
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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

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 ofthe lines and equip-

the Pacqni]l-ﬂiffnrd equation given as follows:

7) Each operator shall determine the hydrogen
e concentration in the gaseous mixture in the
m. Suitable standards are GPA Plant Operations
Manual, Section C, and GPA Standard 2265.

?) Radius of Exposure Equations

(-a) Radius of exposure equation to the 100 ppm
pf H,S after dispersal:

sulfid
syste
Test

(
level

X = [(1.589)MQ 6258

(-b) Radius of exposure equation to the 500 ppm
of H,S after dispersal:

X = [(0.4546)MQ*6258

level

wherg

M E mol fraction of hydrogen sulfide in the gaseous
mixture

Q F maximum volume determined to be available for
escape in cubic feet per day corrected to 14.65 psia
and 60°F

X E radius of exposure (ROE) in feet

(B) Metric Equations for Radius of Exposure

(-a) 100 ppm level of H,S after dispersal:
X, = [(8.404)MQ, 1228

(-b) 500 ppm level of H,S. after dispersal:
X,y = [(2408)MQ, 10628

ment

(c) safety precautions

(d) operation of safety equipment-and’ lif]
systems

(e) corrective action and shutdown procedures

e support

B851 PIPELINE MAINTENANCE
B851.7 Pipeline Markers

(d) Inaddition to each signrequired in para. §
Chapter V, for,operations where the 100 ppm
exposure is-greater than 50 ft (15 m), a “POI
sign shall¢bevinstalled.

All surface facilities shall also be marked with “POISON
GAS"signs.

51.7(c) of
radius of
SON GAS”

B851.10 Sour Gas Pipeline Blowdown

When blowing down sour gas lines, consideration shall
be given to the use of suitable permanent or femporary
flare systems.

B854 LOCATION CLASS AND CHANGES
NUMBER OF BUILDINGS INTENDEI
HUMAN OCCUPANCY

N
D FOR

B854.5 Concentrations of People in Location
Classes 1 and 2

es should
within ¥,
her inhab-
k; or simi-

(c) Security. Unattended fixed surface facilit|
be protected from public access when located

fencing

wherg _ o mile (400 m) of a residential, commercial, or ot
M| = mf)l fraction of hydrogen sulfide in the gaseous ited or occupied structure; bus stop; public par]
mixture larly populated area.
Qm| = maximdm volume determined to be available for (1) The protection should be provided by
escape in CUbiC meters per day corrected to 101 514 Jocking or removal of valves and instrufnentation
kPa and 15.6°C and plugging of ports, or other similar means
X,, = radius of exposure (ROE] in 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 ppmradius 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 B850.1-1 100 ppm ROE Table B850.1-3 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 0.05
1,798 1 0.1 1,207 0.1 0.1
4924 5 0.1 3,305 0.5 0:1
7,997 10 0.1 5,100 1 0.1
11,423 20 0.1 13,962 5 0.1
15,109 30 0.1 21,544 10 0.1
2,175 1 0.2 1,863 0:1 0.2
7,997 5 0.2 5,100 0’5 0.2
11,423 10 0.2 7,869 1 0.2
18,490 20 0.2 21,544 5 0.2
23,315 30 0.2 33,244 10 0.2

Table B850.1-2 500 ppm ROE Table B850.1-4 Metric Example for 500 ppm ROE

\ Oms H
o e s Ex, i ol
’ . m (1,000,000) Fraction
fi (1,000,000) Fraction
o . e 357 0.1 0.05
1458 . o 979 05 0.05
2,450 10 0.05 1,510 1 0.05
3,472 20 0.05 4135 > 0.05
4,474 30 0.05 6,380 10 0.05
doo . o1 552 0.1 0.1
2450 \ o1 1,510 05 0.1
3,472 10 0.1 2,330 1 0.1
5,357 20 0.1 6,380 > 0.1
6404 %0 o1 9,845 10 0.1
e . 02 851 0.1 0.2
3,472 5 02 2,330 o o
5,357 10 0.2 3,596 1 0.2
8,266 20 02 9,845 > 0.2
10654 20 0 15,191 10 02
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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.

B86(

B86(

Thil
tutive

CORROSION CONTROL OF SOUR GAS
PIPELINES
.1 Scope

s section contains the minimum additive or substi-
requirements for corrosion control of external and

intermal corrosion of sour gas piping and components.

Wher
provi

B86(

Du
frequ
whic
given

Als
sour §
tion ¢

e specific provisions are not set forth herein, the
kions of section 860 of Chapter VI shall apply.

.4 Special Considerations

b to the corrosivity of hydrogen sulfide and the
ent presence of carbon dioxide and salt water,
h also are corrosive, special emphasis shall be
to internal corrosion mitigation and monitoring.
p, due to the corrosive and hazardous nature of the
bas, special consideration shall be given to the selec-
f the corrosion allowance.

B861 EXTERNAL CORROSION CONTROL FOR

B86

canb
tion i
insuld
limitd
soon
mino
as co

Af
catho

o}

STEEL PIPELINES
1 Buried/Submerged Installations

1.1.2 Cathodic Protection Requirements. Unless it
b shown by tests or experierice)that cathodic protec-
5 not needed, all buried or submerged facilities with
ting type coatings, except facilities installed for a
d service life, shall\be cathodically protected as
as feasible foHowing installation, except that
I replacementstor extensions shall be protected
ered by pard. 860.3.

cility installed for a limited service life need not be
dically:protected if it can be shown that the facility

will
harm

ot.experience corrosion that will cause it to be

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.
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B864.2 Design of New Installations

New installations should be designéd with

(a) suitable dedicated fittings for(corrosion
injection

(b) suitable dedicated fittings and valves to
retrieve corrosion measuring devices such as p
coupons

B867 STRESS CORROSION AND OTHER
PHENOMENA

Sour gaslines, particularly when combined w|
dioxide-and produced salt water, can suffer frg
corrosion-related phenomena.

(a) “Hydrogen-Related Problems. The corrosio
inthe presence of the sulfide ion permits a high
liberated hydrogen atoms to enter the steel. The
causes many problems that have been given
names, including the following:

(1) Sulfide stress cracking (SSC) occurs

inhibitor

nsert and
robes and

ith carbon
m several

n reaction
amount of
hydrogen

different

when the

alloys are too hard and/or too highly stressed in the pres-

ence of corrosion with sour gas. NACE MR0175/
outlines all of the acceptable materials combi
resist this type of cracking.

(2) Hydrogen-induced cracking (HIC) ocg
hydrogen causes inclusions in the steel to d¢
Multiple shear cracks then develop to link the
tions creating a stair step crack system. Use of
tant materials should be considered for sour g

(3) Stress-oriented hydrogen-induced
(SOHIC) is another variant of HIC. SOHIC is HIC
by high-tensile stress.

(4) Hydrogen blistering consists of hydro
diffusing inside the steel to delaminated areas a
bining to form molecules of hydrogen gas. The

S0 15156
hations to

urs when
laminate.
delamina-
HIC resis-
is service.
cracking
enhanced

ben atoms
hd recom-

resulting
 inside or

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
such as thermowells, use of alloys not resistant to chloride
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stress cracking above 140°F (60°C) is discouraged in wet
sour gas systems.

(c) Microbiologically Induced Corrosion (MIC). Micro-
biologic activity can create severe pitting-type corrosion
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

The
rials
appli
after

se references may be immediately applied to mate-
purchased for use under this Code and shall be
bd to all materials purchased at least 12 months
the date of issuance of the reference's latest
editign, 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
issuapnce of a new edition or addenda may be used,
provifled the component or pipe is inspected and deter-
mined to be satisfactory for the service intended by the
user.

Stapdards are incorporated in this Code by reference,
and the names and addresses of the sponsoring organi-
zations are shown in this Appendix. It is not practical to
refer [to a specific edition of each publication throughout
the Code text; instead, the specific edition reference dates
are sHown herein. Reference shall be limited to the specific
editidn 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 to
ensure that the integrity of the pipeline system is not
comppomised. If anewer or amended editionof'a standard
is not| ANSI approved, then the user shall use the specific
editign reference date shown herein:

An asterisk (*) indicates that the specific edition of the
standard has been accepted as an American National Stan-
dard by the American National Standards Institute (ANSI).

A-1 AGA

AGA
Ma|

*ANS

*ANS
3),
Pip

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)

Catalog No. XR0603 (October 2006), Plastic Pipe
hual for Gas-Service

Z223.1/NFPA 54 (2015), National Fuel Gas Code
/GPTC.Z380.1 (2015, including Addenda 1 through
GPT.C’Guide for Gas Transmission and Distribution
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A-2 API

*API Manual of Petroleum Measurément Jtandards
(second edition, February 1, 2013), Chapter 21 —
Flow Measurement Using.Electronic Metering
Systems, Section 1 — Electfonic Gas Measufrement

API RP 2A-WSD (22nd edition, November 2014), Recom-
mended Practice for\Planning, Desighing and
Constructing Fixed-Offshore Platforms — Working
Stress Design

API RP 5L1 (seventh edition, September 2009, 1
May 2015), Recommended Practice for Railr¢
portation‘of Line Pipe

API RP.5LT (first edition, March 2012), Reco
Practice for Truck Transportation of Line P

*APLRP 5LW (third edition, September 2009, r
May 2015), Recommended Practice for Tran
of Line Pipe on Barges and Marine Vessels

API RP 14C (seventh edition, March 2001, reaffirmed
March 2007), Recommended Practice for|Analysis,
Design, Installation, and Testing of Basic Surface
Safety Systems for Offshore Production Platforms

*API RP 14E (fifth edition, October 1991, rpaffirmed
January 2013), Recommended Practicg for the
Design and Installation of Offshore Production Platform
Piping Systems

API RP 14F (fifth edition, July 2008, reaffir

eaffirmed
ad Trans-

mmended
pe

eaffirmed
sportation

Floating Offshore Petroleum Facilities for Unclassified
and Class I, Division 1 and Division 2 Locatjons

API RP 14] (second edition, May 2001, reaffirm¢d January
2013), Recommended Practice for Design and Hazards
Analysis for Offshore Production Facilities

APIRP 17B (fifth edition, May 2014), Recommended Prac-
tice for Flexible Pipe

" r d January
2013), Guidelines for the Definition of Onshore Gas
Gathering Lines

API RP 1102 (seventh edition, December 2007, including
Errata through March 2014, reaffirmed December
2012), Steel Pipelines Crossing Railroads and Highways

*API RP 1110 (sixth edition, February 2013), Recom-
mended Practice for the Pressure Testing of Steel Pipe-
lines for the Transportation of Gas, Petroleum Gas,
Hazardous Liquids, Highly Volatile Liquids, or
Carbon Dioxide

(20)
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API RP 1111 (fifth edition, September 2015), 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), Recommended Practice, Public Aware-
ness Programs for Plpehne Operators

*API Spe 4 e :
Errata through Aprll 2015) Spec1f1cat10n for Lme Plpe

*API Spec| 6A/1SO 10423:2009 (Modified) (20th edition,
Octobey 2010, including Errata and Addenda through
Februdry 2016), Specification for Wellhead and
Christnfas Tree Equipment

API Spec 6D (24th edition, August 2014, including Errata
and Addenda through June 2016), Specification for
Pipelin¢ and Piping Valves

*API Spelc 6DSS/ISO 14723:2009 (second edition,
December 2009), Specification for Subsea Pipeline
Valves

17D/ISO 13628-4 (second edition, May 2011,

ing Errata and Addenda through October 2015),
Design aind Operation of Subsea Production Systems —
Subsea [Wellhead and Tree Equipment

API Spec 17] (fourth edition, May 2014), Specification for
Unbonded Flexible Pipe

API Std 10104 (21st edition, September 2013, including
Errata aind Addenda through May 2016), Welding of
Pipeling¢s and Related Facilities

Publisher] American Petroleum Institute (API), 1220 L
Street, NW, Washington, DC 20005 (www.api.org)

*ASME B16.33-2012, Manually Operated Metallic Gas
Valves for Use in Gas Piping Systems up to 175 psi
(Sizes NPS %, Through NPS 2)

*ASME B16.34-2013, Valves — Flanged, Threaded, and
Welding End

*ASME B16.38-2012, Large Metallic Valves for Gas Distri-
bution: Manually Operated, NPS 2% (DN 65) to NPS 12
(DN 300), 125 psig (8.6 bar) Maximum

*ASME B16.40-2013, Manually Operated Thermoplastic

*ASME B16.42-2011, Ductile Iron Pipe Flanges
Flanged Fittings: Classes 150 and 300

*ASME B16.47-2011, Large Diameter Steel Flanged:
26 Through NPS 60 Metric/Inch Standard

*ASME B16.49-2012, Factory-Made,(Wrought Steel,| Butt-
welding Induction Bends for Transportation and Distri-
bution Systems

*ASME B18.2.1-2012 (including Errata through July
2013), Square, Hex, Heavy Hex, and Askew [Head
Bolts and Hex, Heavy Hex, Hex Flange, Lobed Head,
and Lag Screws (Inch Series)

*ASME B18.2.2-2015, Nuts for General Applica
Machine Serew Nuts, Hex, Square, Hex Flangg
Coupling*Nuts (Inch Series)

*ASME B31G-2012, Manual for Determinin
Remaining Strength of Corroded Pipelines: Supple
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 Determinatign for
Metallic Piping Components

*ASME B31Q-2014, Pipeline Personnel Qualificatig

*ASME B31.1-2016, Power Piping

*ASME B31.3-2014, Process Piping

ions:
, and

o the
ment

n

; A-3 ASME *ASME B31.4-2016, Pipeline Transportation Systerps for
i » Liquids and Slurries
:+ *ASME B1.1-2003 (R2008), Unified Iach Screw Threads *ASME B31.85-2016, Managing System Integrity df Gas
#  (UN angl UNR Thread Form) Pipelines
*ASME B1.20.1-2013, Pipe Threads, General Purpose *ASME B31.12-2019, Hydrogen Piping and Pipelinfs
(Inch) . *ASME B36.10M-2015, Welded and Seamless Wrpught
» *ASME B16.1-2015, Graydron Pipe Flanges and Flanged Steel Pipe
- Fittings; Classes 25,125, and 250 _ *ASME BPV Code: Section I, Materials; Section VIIL Rules
ASME lB] 6.5-2013,-Pipe Flange.s and Flanged Fittings: for Construction of Pressure Vessels; and Sectipn IX,
" NPS '/, [Throughd¥PS 24 Metric/Inch Standard . Qualification Standard for Welding, Brazing, and
ASMI_E B16.9,2012, Factory-Made Wrought Buttwelding Fusing Procedures; Welders; Brazers; and Welding,
* Fittings X onia o R o AL . Brazing, and Fusing Operators (2015)
Aill\l/IE Bdl 203 Porged ittings: Secket- Welding and— 1oy Research Report CRTD Vol 43, History ofine Pipe
reade

*ASME B16.20-2012, Metallic Gaskets for Pipe Flanges:
Ring-Joint, Spiral-Wound, and Jacketed

*ASME B16.21-2016, Nonmetallic Flat Gaskets for Pipe
Flanges

*ASME B16.24-2011, Cast Copper Alloy Pipe Flanges and
Flanged Fittings: Classes 150, 300, 600, 900, 1500, and
2500
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Manufacturing in North America,” 1996 (ISBN-13:978-
0791812334)

ASME SI-1 (1982), ASME Orientation and Guide for Use of
SI (Metric) Units

*ASME PCC-2-2015 (including Supplement 1), Repair of
Pressure Equipment and Piping


https://asmenormdoc.com/api2/?name=ASME B31.8 2020.pdf

ASME B31.8-2020

IPC2002-27124, “Development of Acceptance Criteria for
Mild Ripplesin Pipeline Field Bends,” Proceedings of IPC
2002, Fourth International Pipeline Conference,
September 2002

[PC2012-90308, “Pressure Test Planning to Prevent
Internal Corrosion by Residual Fluids,” Proceedings
of IPC 2012, Ninth International Pipeline Conference,
September 2012

Publisher: The American Society of Mechanical Engineers

AE an o a 00 -

(AS? : e o 6
(wyww.asme.org)
A-4 ASTM

and Seamless

ASTM A105/A105M-14, Standard Specification for
Carbon Steel Forgings for Piping Applications

ASTM A106/A106M-15, Standard Specification for Seam-
les$ Carbon Steel Pipe for High-Temperature Service

ASTM A134-96(R2012), Standard Specification for Pipe,
Stepl, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and
Over)

ASTM A135/A135M-09(R2014), Standard Specification
for|Electric-Resistance-Welded Steel Pipe

ASTM A139/A139M-16, Standard Specification for Elec-
trig-Fusion (Arc)-Welded Steel Pipe (Sizes NPS 4 and
Over)

ASTM A193/A193M-16, Standard Specification forAlloy-
Steel and Stainless Steel Bolting Materials-for High
Temperature or High-Pressure Service“and Other
Sp¢cial Purpose Applications

ASTM A194/A194M-16, Standard_Specification for
Carbon and Alloy Steel Nuts for Bolts'for High Pressure
or High Temperature Service, or)Both

ASTM A307-14, Standard Specification for Carbon Steel
Bolts, Studs, and Threaded Rod 60 000 PSI Tensile
Strength

ASTM A320/A320M-153;Standard Specification for Alloy-
Stepl and Stainless Steel Bolting for Low-Temperature
Service

ASTM A333/A333M-16, Standard Specification for Seam-
less andiWelded Steel Pipe for Low-Temperature

Service
AST}\' A2CA4 11 Ctandard Conifinati s £ (Vo nan o

ASTM A395/A395M-99(R2014), Standard Specification
for Ferritic Ductile Iron Pressure-Retaining Castings
for Use at Elevated Temperatures

ASTM A449-14, Standard Specification for Hex Cap
Screws, Bolts and Studs, Steel, Heat Treated, 120/
105/90 ksi Minimum Tensile Strength, General Use

ASTM A671/A671M-16, Standard Specification for Elec-
tric-Fusion-Welded Steel Pipe for Atmospheric and
Lower Temperatures

M_A A I\ d

6 6/2M-14-Standard-Spe ation for Elec-
tric-Fusion-Welded Steel Pipe for High{Pressure
Service at Moderate Temperatures
ASTM A691/A691M-09(R2014), Standard Specification
for Carbon and Alloy Steel Pipe) Electrig-Fusion-
Welded for High-Pressure Service at High [Tempera-
tures
ASTM B88-14,Standard Spécification for Seaml¢ss Copper
Water Tube
ASTM D696-16, Standard Test Method for Cogfficient of
Linear Thermal¢Expansion of Plastics Betwg¢en -30°C
and 30°C With\a Vitreous Silica Dilatometer
ASTM D1598-15a, Standard Test Method for Time-to-
Failure©fPlasticPipe Under Constantlntern];Pressure

*ASTMD2513-14%%, Standard Specification for|Polyethy-
lene(PE) Gas Pressure Pipe, Tubing, and Fittings
*ASTM D2517-06(R2011), Standard Specifi¢ation for
Reinforced Epoxy Resin Gas Pressure Pipe and Fittings
*ASTM D2837-13%}, Standard Test Method for Obtaining
Hydrostatic Design Basis for Thermoplastic Pipe Mate-
rials or Pressure Design Basis for Thermoplastic Pipe
Products
ASTM F1041-02(R2016), Standard Guide for Squeeze-Off
of Polyolefin Gas Pressure Pipe and Tubing
*ASTM F1563-01(R2011), Standard Specifi¢ation for
Tools to Squeeze-Off Polyethylene (PE) G3s Pipe or
Tubing
*ASTM F1802-04(R2010), Standard Test Mgthod for
Performance Testing of Excess Flow Valves
*ASTM F2138-12, Standard Specification for Excess Flow
Valves for Natural Gas Service
*ASTM F2817-13, Standard Specification for Holy (Vinyl
Chloride) (PVC) Gas Pressure Pipe and Fitting$ for Main-
tenance or Repair
ASTM F2945-15, Standard Specification for Polyamide 11
Gas Pressure Pipe, Tubing, and Fittings
Publisher: American Society for Testing and |Materials

A354-11 Standard-Specificationfor Quenched-and
Tempered Alloy Steel Bolts, Studs, and Other Externally
Threaded Fasteners

ASTM A372/A372M-15, Standard Specification for
Carbon and Alloy Steel Forgings for Thin-Walled Pres-
sure Vessels

ASTM A381/A381M-18, Standard Specification for Metal-
Arc-Welded Steel Pipe for Use With High-Pressure
Transmission Systems
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(ASTM International]), T00 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

A-5 AWS

*AWS A3.0M/A3.0:2010, Standard Welding Terms and
Definitions, Including Terms for Adhesive Bonding,
Brazing, Soldering, Thermal Cutting, and Thermal
Spraying
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*AWS D3.6M:2010 (including Errata), Underwater
Welding Code

Publisher: American Welding Society (AWS), 8669 NW
36th Street, No. 130, Miami, FL 33166 (www.aws.org)

A-6 AWWA

ANSI A21.14-1979, Ductile-Iron Fittings 3-Inch Through
24-Inch for Gas®

GRI-91/0284 (1991), Guidelines for Pipelines Crossing
Highways"

Publisher: Gas Technology Institute (GTI), 1700 South
Mount Prospect Road, Des Plaines, IL 60018
(www.gastechnology.org)

A-11 IAPMO

Uniform Plumbing Code (UPC), 2018

ANSI A21{52-1991, Ductile-Iron Pipe, Centrifugally Cast,
for Gas
*ANSI/AW
Ductile-
*ANSI/AN
Ductile-
AWWA (]
Pipe1
Publisher

YWA C111/A21.11-12,Rubber-Gasket Joints for
Iron Pressure Pipe and Fittings

VWA C150/A21.50-14, Thickness Design of
Iron Pipe

01-1976(R1977), Thickness Design of Cast Iron

American Water Works Association (AWWA),

6666 West Quincy Avenue, Denver, CO 80235
(www.gwwa.org)

A-7 CGA

Best Practices Guide (version 13.0, 2016)

Publisher| Common Ground Alliance (CGA), 2200 Wilson
Boulevlard, Suite 102-172, Arlington, VA 22201

(www.dommongroundalliance.com)

A-8 EPR]

EPRI EL-B106 (1983) (also published as PRCI~AGA-
L51418), Power Line-Induced AC Potential on
Natura] Gas Pipelines for Complex Rights-of-Way
Configurations

Publisher] Electric Power Research Institute (EPRI), 3420

Hillview Avenue, Palo Alto, CA-94304 (www.epri.com)

A-9 GP

GPA Plant Operations.Test Manual, Section C, Test for
Hydrogpn Sulfide’in LPG and Gases (Tutweiler Method)
GPA Standard“2265-68, Determination of Hydrogen

Sulfid¢ and’ Mercaptan Sulfur in Natural Gas
(;Cadmi.nm Sulfate=lodometric-Titration Mn{-]«nr‘)

Publisher: International Association of Plumbin
Mechanical Officials (IAPMO), 4755 E. Philade
St., Ontario, CA 91761 (www.iapmo.org)

b and
Iphia

A-12 ICC

International Plumbing Code (IR€), 2015

Publisher: International Gode' Council (ICC), 500
Jersey Avenue, NW6th Floor, Washingto
20001 (www.iccsafeiorg)

New
h, DC

A-13 IEEE

*IEEE/ASTM SI 10-2010, American National Standajrd for
Metric, Practice

Publisher: Institute of Electrical and Electronics
neers, Inc. (IEEE), 445 Hoes Lane, Piscataws
08854 (www.ieee.org)

Engi-
¥, NJ

A-14 MSS

tes of
alves

MSS SP-6-2012, Standard Finishes for Contact Fa
Pipe Flanges and Connecting-End Flanges of V
and Fittings

*MSS SP-25-2013, Standard Marking System for V|
Fittings, Flanges, and Unions

*MSS SP-44-2010 (including May 2011 errata), Steel
line Flanges

MSS SP-70-2011, Gray Iron Gate Valves, Flange
Threaded Ends

MSS SP-71-2011 (including Errata through Feb
2013), Gray Iron Swing Check Valves, Flange
Threaded Ends

MSS SP-75-2014, High-Strength, Wrought, Butt-Wjg

Fittings
<)

alves,
Pipe-
l and

ruary
1 and

blding

Pulﬂisher: Gas Processors Association (GPA), 6526 East
QOth Street, Tulsa, OK 74145 (www.gpaglobal.org)

A-io GTI

GRI-00/0154 (2000), Design Guide for Polyethylene Gas
Pipes Across Bridges

1 This publication has been superseded, withdrawn, or is no longer in
print.
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MSS SP-78-2011, Gray Iron Plug Valves, Flanged and
Threaded Ends

MSS SP-97-2019, Integrally Reinforced Forged Branch
Outlet Fittings - Socket Welding, Threaded and Butt-
welding Ends

MSS SP-115-2010, 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)
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A-15 NACE

*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

NACE Corrosion Data Survey (1985)

NACE SP0169-2013, Control of External Corrosion on
Underground or Submerged Metalhc P1p1ng Systems
NAC
Lig tnmg Effects on Metalllc Structures and Corrosron

Control Systems

*NACE SP0115-2015/1SO 15589-2:2012, Petroleum,
Petrochemical and Natural Gas Industries — Cathodic
Prdtection of Pipeline Transportation Systems — Part
2: Offshore Pipelines2

Publisher: National Association of Corrosion Engineers
(NACE International), 15835 Park Ten Place,
Hopiston, TX 77084-4906 (www.nace.org)

A-16| NFPA

*NFPA 10-2013, Standard for Portable Fire Extinguishers

*NFPA 30-2015, Flammable and Combustible Liquids
Code (including Errata 1)

*NFPA 58-2014, Liquefied Petroleum Gas Code (including
Amendments 1-4 and Errata 1-2)

*NFPA 59-2015, Utility LP-Gas Plant Code

*NFPA 59A-2016, Standard for the Production, Storage,
and Handling of Liquefied Natural Gas (LNG)

*NFPA 70-2014, National Electrical Code (in€luding
Amendments 1-8)

*NFPA 220-2015, Standard on Types of Building Construc-
tio

Publi
Ba
(wy

bher: National Fire Protection Association (NFPA), 1
tterymarch Park, Quinfy; MA 02169-7471
wvw.nfpa.org)

A-17 PPI

Handbook of Polyethylene Pipe, second edition,
November 2007 (including Errata Sheet, June 6, 2012)

TR-3/2016, Policies and Procedures for Developing
Hydrostatic Design Basis (HDB), Pressure Design
Basis (PDB), Strength Design Basis (SDB), and
Minimum Required Strength (MRS) Ratings for Ther-
moplastlc Plplng Materials or Plpe

asis (HDB),

h Design

DB) and

For Ther-

Hydrostatlc De51gn Stress (HDS) Streng
Basis (SDB), Pressure Design Basis/(H
Minimum Required Strength (MRS)‘Ratings
moplastic Piping Materials or Pipe

TR-33/2012, Generic Butt Fusipn Joining Pro
Polyethylene Gas Pipe

TR-41/2002, Generic Saddle Fusion Joining Pro
Polyethylene Gas Piping

TR-45/2016, Butt Fusion Joining Procedure
Joining of Polyamide-11 (PA-11) Pipe

Publisher: Plastics Pipe Institute (PPI), 105 Ded
Suite 825,-{rving, TX 75062 (www.plasticpi

edure for
cedure for
for Field

ker Court,
be.org)

A-18.-PRCI

PRCI PR-185-9734 (PRCI Catalog L51782), Guidlelines for
Weld Deposition Repair on Pipelines (1998

PRCI PR-186-0324 (PRCI Catalog L52047), Upd
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)
Repair Manual (1994)

Publisher: Pipeline Research Council International (PRCI),
3141 Fairview Park Drive, Suite 525, Falls Ghurch, VA
22042 (www.prci.org)

ated Pipe-

Pipeline
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MANDATORY APPENDIX B
NUMBERS AND SUBJECTS OF STANDARDS AND SPECIFICATIONS
THAT APPEAR IN MANDATORY APPENDIX A

The infprmation 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 as American National Standards by the American
National Standards Institute (ANSI).

C-1 AGA

AGA (atalog XL1001 (December 2010, including Errata 1
and 2), Classification of Locations for Electrical Installa-
tioms in Gas Utility Areas

Directional Drilling Damage Prevention Guidelines for the
Natural Gas Industry (December 2004)

Publisher: American Gas Association (AGA), 400 North
Capitol Street, NW, Washington, DC 20001
(wyww.aga.org)

C-2 API

API 2A-LRFD (first edition, July 1993, including Errata
and Supplements through February 1997);"Recom-
mended Practice for Planning, Designing, and
Comstructing Fixed Offshore Platforms ™= Load and
Registance Factor Design1

*API RP 500 (third edition, December 2012, including
ErratathroughJanuary2014), Recommended Practices
for(Classification of Locations for Electrical Installations
at Petroleum Facilities Classified as Class I, Division 1
and Division 2

API Spec 5B (15th edition, April 2008, reaffirmed April
2015), Specification for Threading, Gauging, and
Thread Inspection of Casing, Tubing, and Line Pipe
Thyeads

Publisher: American Petroleum Institute (API), 1220 L
Street;, NW, Washington, DC 20005 (www.api.org)

Publisher: American Society of Civil Engineers (ASCE),
1801 Alexander Bell Drive, Reston;yVA 20191
(www.asce.org)

C-4 ASME

*ASME B1.20.3-1976-(R2013), Dryseal Pipg Threads
(Inch)

*ASME B16.32011, Malleable Iron Threade
Classes 150)and 300

*ASME B16.4-2011, Gray Iron Threaded Fittings: Classes
125 and 250

*ASME B16.14-2013, Ferrous Pipe Plugs, Bushings, and
Locknuts With Pipe Threads

*ASME B16.15-2013, Cast Copper Alloy Threaddd Fittings:
Classes 125 and 250

*ASME B16.18-2012, Cast Copper Alloy Solder Joint Pres-
sure Fittings

*ASME B16.22-2013, Wrought Copper and Copper Alloy
Solder-Joint Pressure Fittings

*ASME B16.25-2012, Buttwelding Ends

*ASME B31.12-2014, Hydrogen Piping and Pipelines

*ASME Research Report, History of Line Pipe| Manufac-
turing in North America (1996)

Publisher: The American Society of Mechanical [Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

Fittings:

C-5 ASTM

ASTM A6/A6M-16, Standard Specification for General Re-
quirements for Rolled Structural Steel Bats, Plates,
Shapes, and Sheet Piling

C-3 ASCE

ASCE Manuals and Reports on Engineering Practices No.
89 — Pipeline Crossings Handbook (June 1996)

1 This publication has been superseded, withdrawn, or is no longer in
print.
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ASTM AZU/AZ0M-T5, Standard Specification for General
Requirements for Steel Plates for Pressure Vessels
ASTM A29/A29M-15, Standard Specification for General
Requirements for Steel Bars, Carbon and Alloy, Hot-
Wrought

ASTM A36/A36M-14, Standard Specification for Carbon
Structural Steel

ASTM A47/A47M-99(R2014), Standard Specification for
Ferritic Malleable Iron Castings


https://asmenormdoc.com/api2/?name=ASME B31.8 2020.pdf

ASME B31.8-2020

ASTM A48/A48M-03(R2012), Standard Specification for
Gray Iron Castings
ASTM A125-96(R2013)*, Standard Specification for Steel
Springs, Helical, Heat-Treated
ASTM A126-04(R2014), Standard Specification for Gray
Iron Castings for Valves, Flanges, and Pipe Fittings
ASTM A181/A181M-14, Standard Specification for
Carbon Steel Forgings, for General-Purpose Piping
ASTMA182/A182M -16, Standard Spec1f1cat10n for Forged
or Rolled d :
Fittings,
Service
ASTM A1l
for Cup)
ASTM A2]
Welded
ASTM A2
Casting|
Temper]
ASTM A2
Castingj
Contai
Service
ASTM A2%
sure Ve
Nickel
ASTM A234/A234M-15, Standard Specification for Piping
Fittingg of Wrought Carbon Steel and Alloy Steel for
Moderate and High-Temperature Service

and Valves and Parts for ngh-Temperature

D7/A197M-00(R2015), Standard Specification
ola Malleable Iron

1-75(R1985), Standard Specification for Spiral-
Steel or Iron Pipe(1)

|6/A216M-16, Standard Specification for Steel
5, Carbon, Suitable for Fusion Welding, for High-
ature Service

| 7/A217M-14, Standard Specification for Steel
5, Martensitic Stainless and Alloy, for Pressure-
ning Parts, Suitable for High-Temperature

5/A225M-12, Standard Specification for Pres-
ssel Plates, Alloy Steel, Manganese-Vanadium-

ASTM A576-90b(R2012), 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

ASTM A984/A984M-03(R2009), Standard Specification
for Steel Line Pipe, Black, Plain-End, Electric-Resis-
tance-Weldedl

tion for Steel Lme Plpe Black Plam End Longlt
and Helical Seam, Double Submerged-Arc(Weldg

ASTM A1006/A1006M-00(R2010), Standard Spe
tion for Steel Line Pipe, Black, Plain-End, Laser
Welded'

ASTM B21/B21M-14, Standard Specification for
Brass Rod, Bar, and Shapes

ASTM B42-15a, Standard.Specification for Sea
Copper Pipe, Standard-Sizes

ASTM B43-15, Standard Specification for Seamles
Brass Pipe, Standard’ Sizes

ASTM B61-15, Stanidard Specification for Steam or
Bronze Castings

ASTM B62-15, Standard Specification for Compo
Bronze<or Ounce Metal Castings

ASTM.B68/B68M-11, Standard Specification for Sealess
Copper Tube, Bright Annealed

ASTM B75/B75M-11, Standard Specification for Seanless
Copper Tube

ifica-
Beam

Naval

mless

s Red

Valve

sition

ASTM A242/A242M-13, Standard Specification for High; ASTM B249/B249M-15a, Standard Specificatign for
Strength Low-Alloy Structural Steel General Requirements for Wrought Coppey and
ASTM A283/A283M-13, Standard Specification for_ Low Copper-Alloy Rod, Bar, Shapes, and Forgings
and Intermediate Tensile Strength Carbon Stéel'Plates =~ ASTM B251-10, Standard Specification for Genergl Re-
ASTM A285/A285M-12, Standard Specification for Pres- quirements for Wrought Seamless Copper and
sure Vessel Plates, Carbon Steel, Lows*and Inter- Copper-Alloy Tube
mediatg¢-Tensile Strength ASTM B584-14, Standard Specification for Copper|Alloy
ASTM A350/A350M-15, Standard“Specification for Sand Castings for General Applications
Carbon and Low-Alloy Steel.Forgings, Requiring Publisher: American Society for Testing and Matgrials
Notch Toughness Testing for Riping Components (ASTM International), 100 Barr Harbor Drive, P.O.
ASTM A377-03(R2014), Standard Index of Specifications Box C700, West Conshohocken, PA 19428-2959
for Ductile-Iron Pressure-Pipe (www.astm.org)
ASTM A420/A420M-16, Standard Specification for Piping
Fittingg of Wrought*Carbon Steel and Alloy Steel for
Low-Temperature’Service C-6 AWWA
ASTM A487/A487M-14, Standard Specification for Steel .
Casting} Suitable for Pressure Service AWWA C207013 Stfel Plff Flanfefﬁf?r Wat1er1:w0rks
ASTM A5 Service Sizes—4—in—Threugh1+44in—3460 mm

2-03(R2015), Standard Specification for Rivets,
Steel, Structural

ASTM A515/A515M-10(R2015), Standard Specification
for Pressure Vessel Plates, Carbon Steel, for Inter-
mediate- and Higher-Temperature Service

ASTM A516/A516M-10(R2015), Standard Specification
for Pressure Vessel Plates, Carbon Steel, for Moderate-
and Lower-Temperature Service

ASTM A575-96 (R2013)el, Standard Specification for
Steel Bars, Carbon, Merchant Quality, M-Grades
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Through 3,600 mm)

Publisher: American Water Works Association (AWWA),
6666 West Quincy Avenue, Denver, CO 80235
(www.awwa.org)
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C-7 GTI

GRI-00/0192.01 (2001), GRI Guide for Locating and Using
Pipeline Industry Research. Section 1: Fracture Propa-
gation and Arrest

GRI-00/0192.02 (2001), GRI Guide for Locating and Using
Pipeline Industry Research. Section 2: Defect Assess-
ment

GRI-00/0192.03 (2001), GRI Guide for Locating and Using

GRI-00/0192.17 (2001), GRI Guide for Locating and Using
Pipeline Industry Research. Section 17: Geographical
Information Systems

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)

Pipplinp Indlmtry Research. Section 3: Idpnfifying Types

of Defects and Causes of Pipeline Failures

ting

0/0192.05 (2001), GRI Guide for Locating and Using
line Industry Research. Section 5: Line Pipe
0/0192.06 (2001), GRI Guide for Locating and Using
line Industry Research. Section 6: Welding
0/0192.07 (2001), GRI Guide for Locating and Using
eline Industry Research. Section 7: Fittings and
ponents

0/0192.08 (2001), GRI Guide for Locating and Using
line Industry Research. Section 8: Pipeline Repair

0/0192.10 (2001), GRI Guide for Locating and Using
line Industry Research. Section 10: Corrosion

0/0192.11 (2001), GRI Guide for Locating and Using
line Industry Research. Section 11: Stress Corro-

0/0192.12 (2001), GRI Guide for Locating and Using
line Industry Research. Section 12: Industry Statis-

0/0192.13 (2001), GRI Guide for)Locating and Using
line Industry Research. Section 13: Offshore Pipe-

0/0192.14 (2001), GRIGuide for Locating and Using

Pipeline Industry Reséarch. Section 14: In-Line Inspec-
tio
GRI-(00/0192.15 (2001), GRI Guide for Locating and Using

line Industry Research. Section 15: Special Situa-

C-8 MSS

*MSS SP-55-2011, Quality Standard for Steel C:
Valves, Flanges, Fittings, and Other Piping Co
— Visual Method for Evaluation.of Surface Irr¢

MSS SP-61-2013, Pressure/Testing of Valves

Publisher: Manufacturers Standardization Soc
Valve and Fittings Irdustry, Inc. (MSS), 127 P
NE, Vienna, VA 22180 (www.msshq.org)

istings for
mponents
pgularities

ety of the
ark Street,

C-9 OTHER PUBLICATIONS

ANSI Z17.1-1973, American National Standard for
Préferred Numbers®

Publisher: American National Standards Instity
25 West 43rd Street, New York, NY 10036
si.org)

te (ANSI),
(www.an-

Horizontal Directional Drilling — Good Practi¢es Guide-
lines (third edition, 2008)

Publisher: HDD Consortium, available throu
American Society for Trenchless Teg
(NASTT), 14500 Lorain Avenue #110063,

OH 44111 (www.nastt.org)

gh North
hnology
Cleveland,

Integrity Characteristics of Vintage Pipelines
Publisher: The INGAA Foundation, Inc. (ING
Street, NW, Washington, DC 20001 (www.i

2005)
AA), 20 F

gaa.org)

PRCI PR-227-03110 (PRCI Catalog L52290), Imstallation
of Pipelines Using Horizontal Directional Drilling — An
Engineering Design Guide (2008)

Publisher: Pipeline Research Council Internatiopal (PRCI),
3141 Fairview Park Drive, Suite 525, Falls Ghurch, VA
22042 (www.prci.org)
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MANDATORY APPENDIX D
SPECIFIED MINIMUM YIELD STRENGTH FOR STEEL PIPE
COMMONLY USED IN PIPING SYSTEMS!

See Taljles D-1 and D-2 on the following pages.

1See 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 5L [Note (2)] A25 LFW, HFW, SMLS, CW 25,400 (175)
API 5L [Note (2)] A LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 30,500 (210)
API 5L [Note (2)] B LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 35,500 (245)
API 5L [Note (2)] X42 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 42,100 (290)
API 5L [Note (2)] X46 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH 46,400 (320)
ARI 5L [Note (2)] X52 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH
ARI 5L [Note (2)] X56 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH
ARI 5L [Note (2)] X60 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH
ARI 5L [Note (2)] X65 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH
ARI 5L [Note (2)] X70 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH
ARI 5L [Note (2)] X80 LFW, HFW, SMLS, SAWL, SAWH, COWL, COWH
ASTM A53 A ESF
ASTM A53 B E S
ASTM A106 A SMLS
ASTM A106 B SMLS
ASTM A106 C SMLS
ASTM A134 SRR EFW
ASTM A135 A EW
ASTM A135 B EW
ASTM A139 A EFW
ASTM A139 B EFW
ASTM A139 C EFW
ASTM A139 D EFW
ASTM A139 E EFW 52,000 (3p0)
ASTM A333 1 SMLS, EW 30,000 (2p5)
ASTM A333 3 SMLS, EW 35,000 (2¢0)
ASTM A333 4 SMLS 35,000 (2¢0)
ASTM A333 6 SMLS, EW 35,000 (2¢0)
ASTM A333 7 SMLS, EW 35,000 (2¢0)
ASTM A333 8 SMLS, EW 75,000 (5[L5)
ASTM A333 9 SMLS, EW 46,000 (3[L5)
ASTM A333 10 SMLS, EW 65,000 (4p0)
ASTM A333 11 SMLS, EW 35,000 (2¢0)
ASTMA381 Class Y-35 SAW 35,000 (2¢0)
ASTM A381 Class Y-42 SAW 42,000 (2p0)
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)

Copyright ASME International
Provided by IHS Markit under license with ASME
No reproduction or networking permitted without license from IHS

141

(20)


https://asmenormdoc.com/api2/?name=ASME B31.8 2020.pdf

ASME B31.8-2020

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 A671 EFW [Note (3)]
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:

fusion
MLS =
W with

(1) Abbrevjations: SAW = submerged-arc welded; SAWL = SAW with straight seam; SAWH = SAW with helical seam; EFW = electric|
welded| EW or E = electric-resistance welded; LFW = EW welded with low frequency; HFW = EW welded with high frequency; S or
seamlegs; CW or F = furnace butt-welded, continuous weld; COW = combination welded; COWL = COW with straightseam; COWH)=CO
helical feam.

(2) Interm¢diate grades are available in API 5L.

(3) See apjlicable plate specification for SMYS.

Table D2 HDB Values for Thermoplastic Materials
Plastiq Pipe Material

Designatipn (D2513 for PE
and F2945 for PA-11) HDB at 73°F (23°C), psi (MPa)

PA 32312 (PA-11) 2,500 (17.2)

PA 32316 (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) Long-Tdrm Hydrostatic Strength Values for Thermoplastic Pipes
Covered by>ASTM D2513. The values apply only to materials
and pipesTneeting at-tieTequirenmentsof threbasic materiats

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

Tatllle E-1 begins on the following page.

e
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(20) Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i

Stress Intensification

Factor, i [Notes (1) and (2)]

Flexibility Flexibility
Factor, Qut-Plane, In-Plane, Characteristic,
Description k iy i; h Illustration
a7
Welding elbow or pipe bend 1.65 0.75 0.9 TR ¢ ,
- — 573 SCYEY ] 2
[Notes (1)-(5)] h 273 273 2 /%—r
S e 152 09 09 cot§ Ts
[Notes|(1), (2), (3), and (5)] K6 e W2/3 2 1,2
Single mifer bend or widely
spaced|miter bend 1.52 0.9 0.9 1+cotdT
s2r,(l+tan 6) 5/6 2/3 2/3 S
[Notes|(1), (2), and (5)] g h h 2
Welding tlee per ASME B16.9 with _LT
ro 2 d/B 0.9 : — ]
R T == 1%
[Notes [(1), (2), and (6)] 2 N K ;
) o
Reinforced fabricated tee with 0.9
pad or[saddle [Notes (1), (2), 1 = Yaiot+ Ya
(7)-0) IR
S}
r
Unreinforced fabricated tee 1 0.9 3.y T “ 2
[Notes [(1), (2), and (9)] 273 s P !“ 4
T
7
Extruded|outlet 47
ro 2 0.95d 0.9 PPN ro|T | T
— 1 —_— s + A 1+ 0 +-
T<15T 2/3 [ v Te 1o
[Notes |(1), (23ra0d"(6)] W
r
o
Welded-in contour insert T
r,2d/8 0.9 3,001 T \ v
T.2 15T 1 27 Akt 44— > ° o
[Notes (1), (2), and (10)] 2
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Stress Intensification

Factor, i [Notes (1) and (2)]

Flexibility Flexibility
Factor, Out-Plane, In-Plane, Characteristic,
Description k iy i; h Illustration
o iy
Branch welded-on fitting (inte- ] B
grallyreinforced) inaccordance 1 0.9 0.9 33 T -&:-— c————

. y —_— —_— 3= r
with MSS SP-97 [Notes (1), (2), 273 273 Y _At I 2
(93 amd (1] \I[/

Flexibility
Factor, Stress Intensification
Description k Factor, i Illustration
But weld [Notes (1) and (12)]
T2 0.237 in. (6.02 mm), 1 1.0
Sihax < Y46 in. (1.59 mm),
anjd 8,/ T< 0.13 -
T b 0.237 in. (6.02 mm), T 5 ( T
Sufax < Y% in. (3.18 mm), 1.9 max. or —_ —1 B
and 8,/T = any value 4 [0.9 + 2.7(8aye/T)], 3
T |k 0.237 in. (6.02 mm), but not less\than
Salux < Y16 in. (1.59 mm), &
and Gavg_/T <033
1
1.9 max. or - B
T
Tapg¢red transition per ASME D s _
B16.25 [Note (1)] 1.3 + 0.0036= + 3.6—
T T -r Q
Congentric reducer per 1 .
A$ME B16.9 [Notes (1) and 2.0 max. or ﬂ
() AE G T
D, )2 1 f \ah ]
02
05 + 0.0Ia( T, ] D131 _/_f Dyy
Douple-welded slip-on flange 1 1.2
[Note (14)] ’
SocKet welding flange orfitting 1 2.1 max. or 2.1 T /C, but
[Notes (14) and (¥5)] not less than 1.3
Lap [joint flange, (with VASME
B16.9 lap joint stub) 1 1.6
[Note (14)]
Thr¢aded-pipe joint or 1 23
thireadéd 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, kK = 1.65/A
60 Wa

Flexibility factor for5
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, &

Stress intensification factor, /,

N
N

1 NN

0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 06 0.81.0 15 2
Characteristic, h
Chart A

7“

\

1.00
}
0.75 / /

G‘ _—

[ # /

g "

8 os0f—

- // \

Q

© L0375 / \\\ 1 End flanged ¢q = h'V6
/ BN 2-Endsfranged T3 =5

0.25
ChartB

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 A842.2.2. Alternatively, stress intensification factors may be

developed using ASME B31], Nonmandatory Appendix A.

NOTES:
(1) The nomenclature is as follows:
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOTES: (Cont'd)

(2)

3
4
(5

(6

N
(8)
9

(10)

(11)
(12)

(13)

Dy = outside diameter, in. (mm)
d = outside diameter of branch, in. (mm)
R; = bend radius of welding elbow or pipe bend, in. (mm)
ro = 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 = miter spacing at centerline, in. (mm)
T = nominal 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)

etween the brapch and run is blended to a smooth concave contour. If the transition weld is blended to a smooth concave conto
iptensification _factors in the table still apply.

If the number of displacement cycles is less than 200, the radius and thickness limits specified need not be met. When thg
ickness liniits are not met and the number of design displacement cycles exceeds 200, the out-plane and in-plane stress in
ctofs-shall be calculated as 1.8/h** and (0.67/h*/%) + Y,, respectively.

he designer must be satisfied that this fabrication has a pressure rating equivalent to straight pipe.

for fabricated tees, the nominal wall thickness of the run or header (provided that if thickness is greater than that of matching pipe, increased
thickness must be maintained for at least one run outside diameter to each side of the branch outside diameter), in. fmm)

. = the crotch thickness of tees, in. (mm)

t. = pad or saddle thickness, in. (mm)

a = reducer cone angle, deg

6 = mismatch, in. (mm)

6 = one-half angle between adjacent miter axes, deg

The flexibility factor, k, applies to bending in any plane. The flexibility factors, k, and stress intensification/factors, i, shall not|be less than

Unity; factors for torsion equal unity. Both factors apply over the effective arc length (shown by heavy centerlines in the illusfrations) for

durved and miter bends and to the intersection point for tees. The values of k and i can be read directly from Chart A by ente!ring with the

dharacteristic, h, computed from the formulas given.

Where 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

(hart B, entering with the computed h.

The designer is cautioned that cast buttwelded fittings may have considerably heavierwalls'than that of the pipe with which tlfey are used.

Ilarge errors may be introduced unless the effect of these greater thicknesses is/Considered.

Ih large diameter thin-wall elbows and bends, pressure can significantly affect thie'mdgnitudes of k and i. To correct values frqm the table,

divide k by

- 6[&](’:2)7/3[1{1 )1/3
E N\T r
divide i by
5/2( p. \2/3
v 2)(2)( 2]
e\ T n
where
B, = cold modulus of elasticity, psi (MPa)
P = gage pressure, psi (MPa)

If the number of displacement cycles s, less than 200, the radius and thickness limits specified need not be met. When th¢ radius and
ickness limits are not met and thé number of design cycles exceeds 200, the out-plane and in-plane stress intensification fagtors shall be
Iculated as 1.12/h%3 and (0:67/h?/*) + Y,, respectively.

en t, > 1%T, use h = 4.05F/r;.
he minimum value of the, stress intensification factor shall be 1.2.
en the branch-to-rundiameter ratio exceeds 0.5, butis less than 1.0, and the number of design displacement cycles exceeds 200, the out-

lane and in-plane stress intensification factors shall be calculated as 1.8/h?/3 and (0.67/h*3) + %, respectively, unless the trahsition weld

hr, the stress

radius and
lensification

The stress intensification factors apply to girth butt welds between two items for which the wall thicknesses are between 0.875

and 1.10T

for an axial distance of /D, T . D, and T are nominal outside diameter and nominal wall thickness, respectively. 5, is the average mismatch

or offset.

The equation applies only if the following conditions are met:

(a) Cone angle a does not exceed 60 deg, and the reducer is concentric.
(b) The larger of D,;/T and D,,/T does not exceed 100.

(c) Thewall thickness is notlessthanT, throughout the body of the reducer, exceptin and immediately adjacent to the cylindrical portionon the

small end, where the thickness shall not be less than T 5.

(14) For some flanged joints, leakage may occur at expansion stresses otherwise permitted herein. The moment to produce leakage of a flanged

Copyright ASME International

joint with a gasket having no self-sealing characteristics can be estimated by the following equation:
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont'd)

NOTES: (Cont'd)

whereAp

"US ﬁu}.

Sh

My = (C/4)(SpAp — PA,)

total area of flange bolts, in.2 (mm?)

area to outside of gasket contact, in.? (mm?)
bolt circle, in. (mm)

moment to produce flange leakage, in.-lb (mm-N)
internal pressure, psi (MPa)

bolt stress, psi (MPa)

(15) G is the fillet weld length. For unequal lengths, use the smaller leg for C,.
(16) Factogs shown apply to bending. Flexibility factor for torsion equals 0.9.
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MANDATORY APPENDIX F
EXTRUDED HEADERS AND WELDED BRANCH CONNECTIONS®

corroded finished thickness of extrqued outlet

F-1 EXTRUDED HEADERS T, =
L. o . . measured at a height equal to.rg dbove the
hDeilIl)lltlonS and hfmllltatlolns applicable to Figures F-1 outside surface of the run, in! (i)
LG are as ollows: ) T, = actual thickness of the run wall, not induding the
b= outS}de dl.ameter of run, in. (@m). corrosion allowance, in:(mm)
d|= outside dllameter of.branch PIpE, 1n. (mm) t, = required thickness of/the run accordjng to the
D.[= corroded internal diameter of run, in. (mm) steel pipe design/formula para. 84[.1.1, but
de |= E:orrt;ded internal diameter of branch pipe, in. not including any*allowance for cornrosion or
mm . .
nder-thickness' tolerance, in.
D, [= corroded internal diameter of extruded outlet 4 ! in. (mm)
‘r’l’fn""si‘r‘lre(‘r’n;t)the level of the outside surface of ¢ 5 pxpMPIESILLUSTRATING THE APPLICATION
h, [= height ofthe extruded lip. This mustbe equal to or OF THE RULES FOR REINFORCEMENT OF
greater than r,, except as shown in limitation (b) WELDED BRANCH CONNECTIONS
of r,, in. (mm).
L|= height of the reinforcement zone, in. (mm) F-2.1 Example 1
= 0.7,/dT, An NPS 8 outlet is welded to an NPS 24 hdader. The
ri|= halfwidth of reinforcement zone (equal to D,), in. .+ header material is API 5LX 46 with a 0.312 in. wall.
(mm) The outlet is API 5L Grade B (Seamless) Scltedule 40
r, |= radius of curvature of external contoured portion WiFh a 0.322 ln W.all' jI'h'e workir}g pressufre is §50
of outlet measured in the plane containing the psig. The fabrication is in Location Class| 1. Using
axes of the run and branch, in. (mm),This is para. 841.1, the longitudinal weld joint quality factor, E
subject to the following limitations: is 1.00. The temperature is 100°F. De'sign fz.ctors F =
(a) Minimum Radius. This dimension shall not 0_-60' E = 1.00, and T = 1.00. For dimensjions, see
be less than 0.05d, except.that on branch Figure F-6.
diameters larger than 30.in. (762 mm), it need F-2.1.1 Header. Nominal wall thickness required:
not exceed 1.50 in. (38.1.mm). PD 650 X 24
(b) Maximum Radius. For outlet pipe sizes NPS t= = F 0.280 in.
8 (DN 200) and larger, this dimension shall not 2SFET 2 X 46,400 X 0.60 X 1.00 X 1.00
exceed 0.10d +0.50 in. (0.10d + 12.7 mm). For . . )
outlet pipe sizés smaller than NPS 8 (DN 200), 2Rl B AT )
this dimension shall not be greater than 1.25 H —t= 0312 — 0.280 = 0.032 in.
in. (31.75*mm). . . .
(c)"When the external contour contains more F-2.1.2 Outlet. Nominal wall thickness reqpired:
thian one radius, the radius on any arc sector of ty = 650 X 8.625 — 0.182 in.
approximately 45 deg shall meet the require- 2 X 35,500 X 0.60 X 1.00 x 1.00
Ments of (a) and (D)- _ _
(d) Machining shall not be employed to meet Excess thickness in outlet wall:
the above requirements. B — t;, = 0.322 — 0.132 = 0.190 in.
T, = actual thickness of branch wall, not including
corrosion allowance, in. (mm) d = inside diameter of opening = 8.625 - 2 x 0.322
t, = required thickness of branch pipe according to = 7.981 in.
the steel pipe design formula of para. 841.1.1,
but not including any thickness for corrosion, F-2.1.3 Reinforcement Required
in. (mm) Ag = dt = 7.981 X 0.280 = 2.235 in.2
1See para. 831.6.
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Figure F-1 Limits of Reinforcement Zone

B31.8-2020

Area = (15.500 o 8.625) X 0.250 = 1.719 in2

Limits of ¢ Fillet welds (assuming two %, in. welds each side):
reinforcement of branch

zone - 1,025 x 025) x 4 = 0.125 in.2

30 deg ™ Ale—d,
I
Taper bore inside
K diameter (if required) ) 2

L to match branch pipe; Total A3 provided = 1.844 in.

‘ ' 1:3 max. taper

_‘,:_L- - rl; —'I7g’ U, l JECAIsU I'Igure r-J.

[F 1 t———  Corrosion allowance F-2.1M Example 1M
D I jl¢———— r1 = DO .

D, A DN 200 outlet is welded to a DN 600 header. The
header material is API 5L Grade L320 with a 7.92 mm
wall. The outlet is API 5L Grade 1245 (Seamless) with
a 8.18 mm wall. The working préssure is 4.48MPa.
The fabrication is in Loeation Class 1. Using
para. 841.1, the longitudinalyweld joint quality fagtor, E

F-2.1.4| Reinforcement Provided by Header is 1.00. The temperature’is 37.8°C. Design factoxs F =
Ak (H =) d=0032 x 7.981 = 0255 2 0:60, E = 1.00, and~T*= 1.00. For dimensiong, see
Figure F-6.
F-2.1.1M Headeér. Nominal wall thickness requited:
F-2.1.5| Effective Area in Outlet t= PR 448 X 609.6 = 7.114 mm
2SEET 2 X 320 X 0.60 X 1.00 X 1.00
Height L = 2Y,B + M(assume Y, in. pad)
_ (21/2 X 0.322) + 025 Excess thickness in header wall:
or L = 2%H = 2.5 x 0.312 = 0.780 in. Use L = 0.780 in! F-2.1.2M Outlet. Nominal wall thickness required:
4.48 X 219.1
Ay =P(B — tp)L =2 X 0.190 X 0.780 = 0.296 in? ty = = 3.339 mm)
2 X 245 X 0.60 X 1.00 X 1.00
This must be multiplied by 35,500/46,400 [see Excess thickness in outlet wall:
para. 831(4.1(f)].
BETY B — t}, = 8.179 — 3.339 = 4.840 mm
Effective A5 = 0.296 X —2>— (=10.226 in.2
) d = inside diameter of opening = 219.08 - 2 x 8179
= 202.72 mm
Requirgd area:
A3 =|Agp — A} — A'9,72235 — 0255 — 0.226 F-2.1.3M Reinforcement Required
=|1.754in2 Ag = dt = 202.72 X 7.112 = 1 441.7 mm>
Use a rginforcedplate that is 0.250 in. thick (minimum
practicable) x~155 in. in diameter.
F-2.1.4M Reinforcement Provided by Header
A; = (H — t)d = 0.813 X 202.72 = 164.81 mm"”
Figure F-2 Method of Establishing T, When the Taper
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F-2.1.5M Effective Area in Outlet
Height L

Height L = ZI/ZB + M (assume 6.35 mm pad)
(2, x 8.179) + 6.35 = 26.797 mm

orL=2"%H=25x792=19.812 mm. Use L = 19.812 mm.
Ay = 2(B — t,)L = 2 X 4.840 X 19.812 = 191.78 mm>
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Figure F-3 Example Showing Constant Inside Diameter of Outlet

Reinforcement

d |
—l zone

[ 2
Required area
A=Kt, D,
|
D \
D, Corrosion allowance

GENERAL NOTES: Illustration is drawn for condition where K = 1.00.

Figure F-4 Example Showing Tapered Inside Diameter of Outlet

'I Reinforcement
zone

Ple I8 =
D D Corrosion allowance
[+

GENERAL.NOTE: Illustration is drawn for condition where K = 1.00.

This must be multiplied by 245/320 [see Ay = Ap — A — A’ = 14417 — 164.81 — 146.83
para. 831.4.1(f)]. = 1130.1 mm?

; , 245 2
Effective A"y = 191.78 X Bl 146.83 mm Use a reinforced plate that is 6.35 mm thick (minimum
practicable) x 393.7 mm in diameter.
Required area: Area = (393.7 — 219.1) X 6.35 = 1 108.9 mm?>

Fillet welds (assuming two 6.35-mm welds each side):
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Figure F-5 Rules for Reinforcement

of Welded Branch Connections

L =smaller of 21/, H
or2'y, B+Mm

L

Reinforcement area required Ag =

Ay =2(B-t)L

where

B
d

connection

(635 x 635) x 4=280.65 mm>

Area available as reinforcement = Ay + Ay + Ag
Aq = (H- 1) (d) (If negative, use zero for value of A¢)

Az = summation of area of all added,reinforcement, including

weld areas that lie within the area of reinforcement
Aq + Ay + Az must be equal to or\greater than Ag

nominal wall thickness of branch

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

H = nominal.wall thickness of header

M = actual.lby measurement) or nominal
thickness of added reinforcement

t £ 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)

~_ As
|
41
(/11117 //////
} | ~4r A1\ | t /t
22 d & -
T4 1§
Area of reinforcement enclosed by —— lines.

dt

0.312 in. wall. The working pressure is 650 psig. The|fabri-
cation is in Location Class 1. By para. 831.4.2, the| rein-

Total A3 provided = 1 189.5 mm?

See also Figure F-5.

F-2.2 Example 2

An NPS 16 outlet is welded to an NPS 24 header. The
header material is API 5L X46 with a 0.312 in. wall. The
outlet is API 5L Grade B (Seamless) Schedule 20 with a
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forcement must be of the complete encirclement type.
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 dimensions,
see Figure F-7.

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
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Figure F-6 Figure for Examples 1 and 1M

je~—8.625 in.- |

ess thickness in header wall:
H—t=0.312 — 0.280 = 0.032 in.

F-2.2.2 Outlet. Nominal wall thickness required:
i, = ORASIO = 0244 in.
2 X 35,500 X 0.60 X 1.00 X 1.00
Exdess thickness in outlet wall:

F-2

B — t;, = 0.312 — 0.244 = 0.068 in.

= inside diameter of opening=16.000 —2/X 0.312
= 15.376 in.

.2.3 Reinforcement Required
Ag = dt = 15.376 X 0.280 = 4.305 in.2
.2.4 Reinforcement.Provided

A = (H — )d&0.032 X 15376 = 0.492in.2

.2.5 Effective Area in Outlet

Height'L = 2 1/2B + M (assume S16in. plate)

= (2.5 X 0.312) + 0.312 = 1.092 in.

Effective A’y = 0.106 X 35,500/46,400 = 0.041 in.2

Required area:
A3 = AR - Al - AIZ = 4305 — 0.492 — 0.081 =

Approximate required thickness of reinforc
3.732/(30 — 16) = 0.267 in.

Use a 0.312 in. plate minimum requirg
(neglecting welds):

3.732/0.312 = 11.962 in.

16 + 11.962 = 28 in. (rounded to the next H

whole number)

Use a plate that is 28 in. long:
Area = 0.312 X (28 — 16) = 3.744 in.}

Two Y, in. welds to outlet:

1/ x (025 % 025) X 2 = 0063 in2

3.732 in.2

Pment:

d length

igher

or

L= 21/2H = 2.5 X 0.312 = 0.780 in. Use L = 0.780 in.

Ay = 2(B — )L = 2 X 0.068 X 0.780 = 0.106 in.>

This must be multiplied by 35,000/46,000 [see

para. 831.4.1(f)].
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Total A3 provided = 3.807 in.*

The use of end welds is optional (see Figure I-3).

F-2.2M Example 2M

A DN 400 outlet is welded to an DN 600 header. The
header material is API 5L Grade L320 with a 7.92 mm wall.
The outletis API 5L Grade L245 (seamless) witha 7.92 mm

wall. The working pressure is 4.48 MPa. The fab

rication is

in Location Class 1. By para. 831.4.2, the reinforcement
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Figure F-7 Figure for Examples 2 and 2M

- 16in._—___ ]

must be gf the complete encirclement type. Using para.
841.1, the longitudinal weld joint quality factor, E is
1.00. Theg temperature is 37.8°C. Design factors F =
0.60, E 4 1.00, and T = 1.00. For dimensions, see
Figure F-7.

F-2.2.1M Header. Nominal wall thickness required:

gk PO 4.48 X 609.6
T 2SFET ™ 2 x 320 x 0.60 x 1.00x '1.00
= 7.112 mm

Excess thickness in header wall:
H—t=7925 — 7.112~=-0.813 mm

F-2.2.2M Outlet. Nominalwall thickness required:
4.48 X\406.4
D X 245 X_0.60" X 1.00 X 1.00

ty = = 6.193 mm

Excess thickness‘in outlet wall:
B'<t, = 7.925 — 6.193 = 1.732 mm

F-2:2.5M Effective Area in Outlet
Height L = 21/23 + M (assume 7.94 mm plate)
= (2.5%X7.92) + 7.94 = 27.75 mm
or

L=2Y,H =25 x 7.92=19.812 mm. Use L = 19.812 mm.

Ay = 2(B — )L = 2 X 1.732 X 19.812 = 68.63 mfn>

This must be multiplied by 245/320|[see
para. 831.4.1(f)].

Effective A’y = 68.63 X 245/320 = 52.54 mm?
Required area:

Ay = Ag — A — A"y = 2777.6 — 317.52 — 52.44
= 2407.4 mm?

Q.
1

= inside diameter of opening = 406.4 - 2 x 7.925
390.55 mm

F-2.2.3M Reinforcement Required
Ap =dt = 390.55 X 7.112 =2 777.6 mm>
F-2.2.4M Reinforcement Provided
A =(H-t)d=0813 X 390.55 = 317.52 mm>

Approximate required thickness of reinforcement:
2407.4/(762 — 406.4) = 6.770 mm
Use a 7.92 mm plate minimum required length
(neglecting welds):
2407.4/7.92 = 303.96 mm
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406.4 + 303.96 = 711.2 mm (rounded to the next higher 1/2 X (635 X 6.35) X 2 = 40.32 mm2
whole number in U.S. Customary units,

i.e, equivalent to 28 in.)

. _ 2
Use a plate that is 711.2 mm long: e s

Area = 7.92 X (711.2 — 406.4) = 2414.0 mm? The use of end welds is optional (see Figure I-3).

Two 6.35-mm welds to outlet:

155
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ASME B31.8-2020

MANDATORY APPENDIX G
TESTING OF WELDERS LIMITED TO WORK ON LINES OPERATING
AT HOOP STRESSES OF LESS THAN 20% OF THE SPECIFIED

I PROCEDURES

nitial test shall qualify a welder for work. There-
wvelder's work shall be checked either by requal-
t 1 yr intervals or by cutting out and testing
n work at least every 6 months.
test may be made on pipe of any diameter NPS
0) or smaller. The test weld shall be made with
a horizontal fixed position so that the test weld
L least one section of overhead position welding.
beveling, root opening, and other details must
o the procedure specification under which the
qualified.
test weld shall be cut into four coupons and
to the root bend test. If as a result of this
test, a crdck develops in the weld material or between
the weld |and base metal more than % in. (3.2 mm)
long in any direction, this shall be cause for rejection:
Cracks ocfurring on the corner of the specimen:during
testing shall not be considered. If not more than one
couponisfejected, theweldistobe considered acceptable.
(e) Welders who are to make weld€d-service line
con}necti ns to mains shall be required to pass the
following [tests satisfactorily:

:f (1) Weld a service line connection fitting to a pipe
section hpving the same diameter as a typical main.
This weld shall be made in\tHe same position as this
type of wgld is made in the field.

(2) The weld shall be tested by attempting to break
the fitting off the run pipe by any available means
(knocking it off).

A sampplé-shall be rejected if the broken weld at the
junction of the fitting and run pipe shows incomplete

G-1 TES]

(a) An
after, the
ification 3
productio

(b) Thd
12 (DN 3
the pipe if
includes a|

(c) The
conform t
welder is

(d) Thd
subjected

MINIMUM-YIELD-STRENGTH"

employed. This test should not be used-as a substitute
for the original qualifying test.

Two sample welds made by the wélder under tes
be taken from steel service linel:\Each sample shallbe cut 8
in. (200 mm) long with theaveld located approximately in
the center. One sample shall have the ends flattened and
the entire joint subjected to the tensile strength test.
Failure must be ifi-the parent metal and not adjacent
to or in the wéld metal to be acceptable. The spcond
sample shall be centered in the guided bend t¢sting
machine and'bent to the contour of the die for a distance
of 2 in. (50'mm) on each side of the weld. The samplgto be
accepfable must show no breaks or cracks after removal
from the bending machine.

When a tensile strength testing machine is notava
two bend test samples will be acceptable in lieu
tension and one bending test.

(g) Tests for Copper Joints. Personnel who are to
on copper piping should pass the following test saf
torily.

A brazed or soldered copper bell joint should be
on any size of copper pipe used, with the axis of th
stationary in the horizontal position. The joint so wel
to be sawed open longitudinally at the top of the pip
top being the uppermost point on the circumstance a
jointis brazed). The joint should be spread apart for §
ination. The bell end of the joint must be comp
bonded. The spigot end of the joint must give evi
that the brazing alloy has reached at least 75%
total area of the telescoped surfaces. At least 5
the length at the top of the joint must be joined.

(h) Records shall be kept of the original tests ahd all

cnhcpnlnnnf tests conducted on the work of each wielder.

 shall

lable,
bf one

work
isfac-

made
e pipe
ded is
e (the
ttime
bXam-
letely
dence
Of the
% of

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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ASME B31.8-2020

MANDATORY APPENDIX H
FLATTENING TEST FOR PIPE'

H-1 TEST PROCEDURES

(a)| The flattening test shall be made on standard
weight and extra strong pipe over NPS 2 (DN 50). It
shall hot be required for double extra strong pipe.

(b)| For a lap-welded and buttwelded pipe, the test
sectign shall be 4 in. to 6 in. (100 mm to 150 mm) in
length, and the weld shall be located 45 deg from the
line df direction of the applied force.

(c)|For electric-resistance welded pipe, both crop ends
from|each length of pipe shall be flattened between
parallel plates with the weld at the point of maximum
bendng until the opposite walls of the pipe meet. No
opening in the weld shall take place until the distance
betwg¢en the plates is less than two-thirds of the original

- outsidle diameter of the pipe. No cracks or breaks in the
- metal other than in the weld shall occur until the distance
 betwgen the plates is less than one-third of the original
- outsidle diameter of the pipe, but in no case less than five
~ times| the thickness of the pipe wall. Evidence of lamina-
= tion dr burnt material shall not develop during the'entire
- flattehing process, and the weld shall not show injurious
defects.

(d)| For seamless pipe the test section shall be not less
than 2% in. (64 mm) in length.

(e) The test shall consist of flattening a séction of pipe
between parallel plates until the opposite-wallg§ meet. For
welded pipe, no opening in the weld shall take place until
the distance between the plates is lessthan three-fourths
of the original outside diameterforbuttwelded pipe, and
two-thirds of the outside didmeter for lap-wglded and
electric-resistance welded pipes. No cracks pr breaks
in the metal other than.in the weld shall ogcur until
the distance between the plates is less than three-fifths
of the outside diameter for buttwelded pipe,| and one-
third of the outside diameter for lap-welded|and elec-
tric-resistaneewelded (Grades A and B) pipes. [For seam-
less (Grades Arand B) pipe, no breaks or cracks ir) the metal
shall occur until the distance between the plates is less
than‘that shown by the following:

1+e)t
L+
e+ t/D

where
D = actual outside diameter of pipes, in. [2.375 in.
(60.33 mm) nominal]
e = deformation per unit length (constant for a given
grade of steel, 0.09 for Grade A and 0.07 for Grade
B)
distance between flattening plates, in. [(mm)
nominal wall thickness of pipe, in. (min)

H
t

! See para. 817.1.3(b).
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(20)

120% of s
wall thicknesses ofthe adjoining ends do not vary more
“than Y i
: provided
“in welding;
'(b)(1) through (b)(4) will apply.

ASME B31.8-2020

MANDATORY APPENDIX |
END PREPARATIONS FOR BUTTWELDING

I-1 EXPLANATORY NOTES

I-1.1 Ge:[eral

This A
welding
unequal
Figures I-

(a) Thd
preparati
materials

pendix applies to end preparation for butt-
sections having unequal thicknesses and
specified minimum yield strengths (see
1 through 1-4).

illustrations in Figure I-5 illustrate acceptable
bns for joining pipe ends by buttwelding for
having unequal wall thicknesses and/or with
unequal strengths (specified minimum yield strength).

(b) Th¢ thickness of the sections to be joined beyond
the joint design area shall comply with the design require-
ments of this Code.

(c) When the specified minimum yield strengths of the
sections o be joined are unequal, the deposited weld
metal shdll have mechanical properties at least equal
to those gf the section having the higher strength.

(d) Th¢ transition between ends of unequal thickness
may be acfomplished by taper or welding as illustrated ot
by means|of a prefabricated transition ring.

(e) Shafp notches or grooves at the edge of the.weld
where it joins a slanted surface shall be avoided!

(f) For|joining unequal thicknesses of equal specified
minimum|yield strengths, the rules given‘herein apply,
except thé¢re is no minimum angle limitto the taper.

(g) Th¢ maximum thickness, tp; for design purposes
shall not pe greater than 1.5t.

.I-1.2 Unequal Internal Diameters

(a) For|piping to opérate at hoop stresses of less than

ecified minimum yield strength, if the nominal

. (32.mm), no special treatment is necessary
hdegqurate penetration and bond is accomplished

(b) Forhoop stresslevels 20% or more of the specified
minimum yield strength
(1) If the nominal wall thickness of the adjoining
ends does not vary more than %, in. (2.38 mm), no
special treatment is necessary, provided full penetration
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and bond isaccomplished in welding. See illustration
Figure I-5.

(2) Where the nominal internal offset is/greate
34, in. (2.38 mm) and there is no access tdthe insideof the
pipe for welding, the transition must,bé-made by aftaper
cut on the inside end of the thicker$ection. See illustration
(b) of Figure I-5. The taper anglé shall be not greater than
30 deg nor less than 14 deg:

(3) Where the nominalinternal offset is morg
3/32 in. (2.38 mm) but does‘not exceed one-half the th
section, and there is access to the inside of the pi
welding, the transition may be made with a tapered weld
as shown in illtstration (c) of Figure I-5. The land ¢n the
thicker section must be equal to the offset plus the land on
abutting section.

(4)7Where the nominal internal offset is morg than
one*half the thinner section and there is access fo the
inside of the pipe for welding, the transition mpy be
made with a taper cut on the inside end of the thicker
section as shown in illustration (b) of Figure I-5, [or by
a combination taper weld to one-half the thinner
section and a taper cut from that point as shown in illus-
tration (d) of Figure I-5.

(@) of

rthan

than
inner
be for

I-1.3 Unequal External Diameters

(a) Where the external offset does not exceed ong-half
the thinner section, the transition may be made by w¢lding
as shown by illustration (e) of Figure I-5, providdd the
angle of rise of the weld surface does not exce¢d 30
deg and both bevel edges are properly fused.

(b) Where there is an external offset exceeding on
the thinner section, that portion of the offset over %,
be tapered as shown in illustration (f) of Figure I{5.

I-1.4 Unequal Internal and External Diameters

ffset,
the joint design shall be a combination of illustrations (a)
through (f) of Figure I-5, i.e., illustration (g). Particular
attention must be paid to proper alignment under
these conditions. See also Figure I-6 and Tables I-1
and [-1M.
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Figure I-1 Welding Details for Openings Without Reinforcement Other Than That in Header and Branch Walls

GENERAL NOTES:

(@) When a welding saddle is use
(b) W; = 3B/8, but not less than
(¢) N = Y%g in. (1.59 mm) min,, ¥

Branch

N

45 deg, min.

-

7]

\"' ) / 45 deg, min.

2
X
T

Header

d, it shall be inserted over this type of connection.
Y, in. (6.35 mm),
in. (3.18 mm) max., unless back welded or backing strip is used.
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