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FOREWORD

The need for a national code for pressure piping became increasingly evident from 1915 to

1925. To meet this need, the American Engineering Standards Committee [later changed to the
merican Standards Association now the American National Standards Institute (AT\TQT\] initiated

Project B31 in March 1926 at the request of the American Society of Mechanical Engineers and
with that Society as sole sponsor. After several years of work by Sectional Committee B31 and
ts subcommittees, a first Edition was published in 1935 as an American Tentative Standard Code
for Pressure Piping.

A revision of the original tentative standard began in 1937. Several more years of effort were
biven to securing uniformity among sections, eliminating divergent requirements and-discrepan-
cies, keeping the Code abreast of current developments in welding technique, cdleulating stress
computations, and including reference to new dimensional and material standards. During this
period, a new section on refrigeration piping was prepared in cooperation-with the American
Society of Refrigeration Engineers and complemented the American Standard Code for Mechanical
Refrigeration. This work culminated in the 1942 American Standard Code for Pressure Piping.
Supplements 1 and 2 of the 1942 Code, which appeared in 1944 and-1947, respectively, introduced
hew dimensional and material standards, a new formula for/pipe wall thickness, and more
comprehensive requirements for instrument and control piping. Shortly after the 1942 Code was
jssued, procedures were established for handling inquiries requiring explanation or interpretation
pf Code requirements and for publishing such inquiries @nd answers in Mechanical Engineering
for the information of all concerned.

By 1948, continuing increases in the severity of service conditions combined with the develop-
ment of new materials and designs to meet thesé.higher requirements warranted more extensive
changes in the Code than could be provided from supplements alone. The decision was reached
by the American Standards Association and\the sponsor to reorganize the sectional committee
and its several subcommittees and to invite the various interested bodies to reaffirm their represen-
fatives or to designate new ones.

Because of the wide field involved, Between 30 and 40 different engineering societies, govern-
ment bureaus, trade associations, institutes, and similar organizations had one or more representa-
tives on the sectional commiftee, plus a few “members-at-large” to represent general interests.
Code activities were subdivided according to the scope of the several sections. General direction
pbf Code activities rested with the Standards Committee officers and an executive committee,
membership of which consisted principally of Standards Committee officers and section chairmen.

Following its reerganization in 1948, Standards Committee B31 made an intensive review of
the 1942 Code that'resulted in

(a) a genefal revision and extension of requirements to agree with present-day practice

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

(¢ the clarification of ambiguous or conflicting requirements

A rev1sron was presented for letter ballot vote of Standards Cornmlttee B31 Followrng approval

Association. It was finally designated as an Arnerlcan Standard in February 1951 W1th the
designation B31.1-1951.

Standards Committee B31 at its annual meeting of November 29, 1951, authorized the separate
publication of a section of the Code for Pressure Piping addressing gas transmission and distribu-
tion piping systems, to be complete with the applicable parts of Section 2, Gas and Air Piping
Systems; Section 6, Fabrication Details; and Section 7, Materials — Their Specifications and
Identification. The purpose was to provide an integrated document for gas transmission and
distribution piping that would not require cross-referencing to other sections of the Code.

The first Edition of this integrated document, known as American Standard Code for Pressure
Piping, Section 8, Gas Transmission and Distribution Piping Systems, was published in 1952 and

viii
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consisted almost entirely of material taken from Sections 2, 6, and 7 of the 1951 Edition of the
Pressure Piping Code.

A new section committee was organized in 1952 to update Section 8 as necessary to address
modern materials and methods of construction and operation.

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

T December 1978, theAmmericanr Natiorat-Standards-Committee B3t-was reorgamnizedasthe
ASME Code for Pressure Piping, B31 Committee. The code designation was also changed<iq
ANSI/ASME B31.

The 1989 Edition of the Code was a compilation of the 1986 Edition and the subsequent addendd
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 issued to the 1989 Edition.

The 1995 Edition of the Code was a compilation of the 1992 Edition and ¢hé subsequent threg
addenda issued to the 1992 Edition.

The 1999 Edition of the Code was a compilation of the 1995 Editien-and the revisions tha
occurred following the issuance of the 1995 Edition.

The 2003 Edition of the Code was a compilation of the 1999 Editior’ and revisions that occurred
following the issuance of the 1999 Edition.

The 2007 Edition of the Code was a compilation of the 2003/Edition and revisions that occurred
following the issuance of the 2003 Edition.

The 2010 Edition of the Code was a compilation of theé.2007 Edition and revisions that occurred
folowing the issuance of the 2007 Edition.

The 2012 Edition of the Code was a compilation ‘of the 2010 Edition and revisions that occurred
following the issuance of the 2010 Edition.

The 2014 Edition of the Code was a compilation of the 2012 Edition and revisions that occurred
following the issuance of the 2012 Edition,

The 2016 Edition of the Code is a compilation of the 2014 Edition and revisions that have occurred
since the issuance of the 2014 Edition; This Edition was approved by ANSI on August 26, 2016

ix
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INTRODUCTION

The ASME Code for Pressure Piping consists of many
individually published sections, each an American
National Standard. Hereafter, in this Introduction and

another issue, or unless the regulatory body having juris-
diction imposes the use of another issue or different
requirements

in the text of this Code Section, B31.8, when the word
“Code” ig used without specific identification, it means
this Codg Section.

The Code specifies engineering requirements deemed
necessary for the safe design and construction of pres-
sure pipihg. While safety is the primary consideration,
this factdr alone will not necessarily govern the final
specifications of any piping installation or operation.
The Codg is not a design handbook. Many decisions
that mus{ be made to produce a sound piping installa-
tion and fnaintain system integrity during operation are
not specified in detail within this Code. The Code does
not servel as a substitute for sound engineering judge-
ment by the operating company and designer.

To the greatest possible extent, Code requirements for
design arp stated in terms of basic design principles and
formulas] These are supplemented as necessary with
specific rpquirements to ensure uniform application of
principle$ and to guide selection and application of pip-
ing elemgnts. The Code prohibits designs and practices
known tq be unsafe and contains warnings where catu*
tion, but not prohibition, is warranted.

This Cpde Section includes

(a) ref¢rences to acceptable material specifications
and component standards, including dimensional and
mechanidal property requirements

(b) requirements for designinglcomponents and
assembligs

(c) reqpirements and data for.evaluating and limiting
stresses, feactions, and movements associated with pres-
sure, temjperature changes,wand other forces

(d) gufidance and(limitations on selecting and
applying|materialsxeomponents, and joining methods

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

(f) requitements for examining, inspecting, and test-

Users of this Code are cautioned against makinig use
of revisions without assurance that they are-aceeptable
to any authorities of jurisdiction where thie|piping is to
be installed.

The Code is under the direction of ASME
Committee B31, Code for PressurePiping, which isforga-
nized and operates under procedures of The Amgrican
Society of Mechanical Engineers that have been adcred-
ited by the American Natiohal Standards Institutq. The
Committee is a continiing one and keeps all {Code
Sections current with new developments in mat¢rials,
construction, andihdustrial practice.

When no Section of the ASME Code for Pregsure
Piping specifically covers a piping system, the usgr has
discretion'to select any Section determined to be gener-
ally applicable; however, it is cautioned that supplgmen-
taryg xéquirements to the Section chosen mdy be
negessary to provide for a safe piping system fdr the
intended application. Technical limitations of the|vari-
ous Sections, legal requirements, and possible applica-
bility of other Codes or Standards are some of the factors
to be considered by the user in determining the applica-
bility of any Section of this Code.

Appendices

This Code contains two kinds of appendices: mgnda-
tory and nonmandatory. Mandatory appendices cqntain
materials the user needs to carry out a requiremg¢nt or
recommendation in the main text of the (fode.
Nonmandatory appendices, which are written in fman-
datory language, are offered for application at the fiser’s
discretion.

Interpretations and Revisions

ing pipin

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

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

It is 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 made between contracting parties to use

Xiv

The Committee has established an orderly procedure
to consider requests for interpretation and revision of
Code requirements. To receive consideration, inquiries
must be in writing and must give full particulars. (See
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.
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Requests for interpretation and suggestions for revi-
sion should be addressed to the Secretary,
ASME B31 Committee, The American Society of
Mechanical Engineers, Two Park Avenue, New York,
NY 10016-5990.

Cases

A Case is the prescribed form of reply to an inquiry

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
sufficient usage in piping within the scope of the Code
has been shown. Materials may be covered by a Case.
Requests for listing shall include evidence of satisfactory
usage and specific data to permit establishment of allow-
able stresses or pressure rating, maximum and minimum

when study indicates that the Code wording needs clari-
ficatipn or when the reply modifies existing require-
ments of the Code or grants permission to use new
mateyials or alternative constructions. The Case will be
published on the B31.8 Committee Page at
http:} /cstools.asme.org/.

A (Case is normally issued for a limited period, after
which it may be renewed, incorporated in the Code, or
allowed to expire if there is no indication of further need
for the requirements covered by the Case. The provisions
of a |Case, however, may be used after its expiration

temperature tmits, amd-other TestrictionsAdditional
criteria can be found in the guidelines for ;]ldition of
new materials in the ASME Boiler and(Pressyire Vessel
Code, Section II. (To develop usage and igain experience,
unlisted materials may be used ifaccordqnce with

para. 811.2.2)

Effective Date

This Edition, when‘issued, contains new Cq
sions. Itis a compilation of the 2014 Edition and
to the 2014 Edition:

de provi-
revisions

XV
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ASME B31.8-2016
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.8-2016

was approved by the American National Standards Institute on August 26, 2016.
ASME B31.8-2016 consists of editorial changes, revisions, and corrections identified by a margin
hote, (16), placed next to the affected area.
Page Location Change
iV, XV Introduction Updated
il 802.1 Subparagraph (b)(2) revised
D 802.2 New para. 802.2.2 addéed, and remaining
paragraphs redesignated
§ 803.4 Definition of gatheéring system revised in
its entirety,
J 805.2.3 Definition of hoop stress, Sy [psi (MPa)]
revised
15 813.3 Added
16 814.1.3 Subparagraph (a)(2) revised
18 817.3 Subparagraph (a) revised
DO 823.2.1 Revised
D5, 26 831.3.1 Subparagraph (f) revised
D7 831.4.1 Subparagraphs (b) and (e) revised
B4 834.5 Subparagraph (b) revised
B7, 38 841.12 Subparagraph (c) revised in its entirety
39 84115 Subparagraph (a) revised
10 Table 841.1.6-2 “Pressure/flow control and metering
facilities” row revised
19 Table 841.3.2-1 General Note (b) revised
b2 Table 842.1.1-1 Last row revised
b3 842.2.1 Definition for S revised
842.2.2 (1) Subparagraph (c) revised
(2) Table 842.2.2-1 deleted
54 842.2.3 (1) Subparagraph (c) revised
(2) Table 842.2.3-1 deleted
842.2.9 (1) Subparagraphs (b)(5) and (c)(3)
revised
(2) Subparagraph (b)(5)(-c) added
56, 57 Table 842.2.9-1 Second row added
842.3.3 Former subpara. (d)(1) deleted, and

XVi

remaining subparagraphs redesignated
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Page Location Change
59 843.3.1 Subparagraph (b) revised
61 843.4.6 Revised
67 845.4.1 Subparagraphs (a)(1), (a)(2), and (a)(3)
revised
103, 104 A801 Revised
A303 Detinitions 10T mininiiim wall THickiess,
tmins prefabricated piping; and special
assembly added
109-111 A842.1.6 Revised
A842.2.2 Revised in its entirety
Table A842.2.2-1 Note (1) revised
A842.2.10 First sentence revised
121 B842.2.2 Subparagraph(g) revised
B842.2.9 Subparagraph”(b) revised
125-129 Mandatory Appendix A Updated
131-133 Nonmandatory Updated
Appendix C
136 Table D-2 (1) Headers revised
(2) Second row added
138-141 Table E-1 “Tapered transition per ASME B16.25”
sketch and Note (1) revised
143, 145, 147 F-2.1 Last sentence revised
F-2.15 Last sentence revised
F-2.1M Last sentence revised
F-2:1.5M Last sentence revised
175 N-1 Last sentence revised
183-191 Index Updated

Xvii
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GAS TRANSMISSION AND DISTRIBUTION PIPING SYSTEMS

801 | GENERAL

801.1 Approved Standards and Specifications

Stgndards and specifications approved for use under
this Code and the names and addresses of the sponsor-
ing ofganizations are shown in Mandatory Appendix A.
It is [not considered practicable to refer to a specific
editipn of each of the standards and specifications in
the individual Code paragraphs.

801.2 Use of Standards and Specifications
Incorporated by Reference

Some standards and specifications cited in Mandatory
App¢ndix A are supplemented by specific requirements
elsewhere in this Code. Users of this Code are advised
agairlst attempting direct application of any of these
standards without carefully observing the Code’s réfer-
ence [to that standard.

801.8 Standard Dimensions

Adherence to American National. Standards Institute
(ANS$I) dimensions is strongly reecommended wherever
practicable. Paragraphs or notations specifying these
and ¢ther dimensional standards in this Code, however,
shall|not be mandatory, provided that other designs of
at legst equal strength and tightness, capable of with-
standing the same test'requirements, are substituted.

801.4 SI (Metric) Conversion

For facters\ised in converting U.S. Customary units
to SI|units) See Nonmandatory Appendix J.

General Provisions and Definitions

vaporized and used as gaseousfuels. All of thie require-
ments of NFPA 58 and NFPA59’and of this {ode con-
cerning design, constrdetion, and operation and
maintenance of pipingsfacilities shall apply fto piping
systems handling butahe, propane, or mixturgs of these
gases.
(b) This Code (does not apply to
(1) desigitand manufacture of pressure vgssels cov-
ered by thig BPV Code'
(2 piping with metal temperatures abgve 450°F
(232°C)/(For low-temperature considerations,|see para.
812)
(3) piping beyond the outlet of the cystomer’s
meter set assembly (Refer to ANSI Z223.1/NFPA 54.)
(4) piping in oil refineries or natural|gasoline
extraction plants, gas treating plant piping dther than
the main gas stream piping in dehydration, ang all other
processing plants installed as part of a gas trapsmission
system, gas manufacturing plants, industrial jplants, or
mines (See other applicable sections of the AQME Code
for Pressure Piping, B31.)
(5) vent piping to operate at substantidlly atmo-
spheric pressures for waste gases of any kind
(6) wellhead assemblies, including contrpol valves,
flow lines between wellhead and trap or sepdrator, off-
shore platform production facility piping, or cpsing and
tubing in gas or oil wells (For offshore platform produc-
tion facility piping, see API RP 14E.)
(7) the design and manufacture of proprietary
items of equipment, apparatus, or instruments
(8) the design and manufacture of heat exchangers
(Refer to appropriate TEMA? standard.)

802 SCOPE AND INTENT
802.1 Scope

(a) This Code covers the design, fabrication, installa-
tion, inspection, and testing of pipeline facilities used
for the transportation of gas. This Code also covers safety
aspects of the operation and maintenance of those facili-
ties. (See Mandatory Appendix Q for scope diagrams.)

This Code is concerned only with certain safety
aspects of liquefied petroleum gases when they are

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

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

(11) carbon dioxide transportation piping systems

1 BPV Code references here and elsewhere in this Code are to
the ASME Boiler and Pressure Vessel Code.

2 Tubular Exchanger Manufacturers Association, 25 North
Broadway, Tarrytown, NY 10591.
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(12) liquefied natural gas piping systems (Refer to
NFPA 59A and ASME B31.3.)
(13) cryogenic piping systems

802.2 Intent

802.2.1 Adequacy for Normal Conditions. The
requirements of this Code are adequate for safety under
conditions usually encountered in the gas industry.
Requirements for all unusual conditions cannot be spe-

not intended that this Code be applied retroactively to
established operating pressures of existing installations,
except as provided for in Chapter V.

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

802.2.6 Qualification of Those Performing

cifically grovided for, nor are all details of engineering
and consfruction prescribed; therefore, activities involv-
ing the design, construction, operation, or maintenance
of gas transmission, gathering, or distribution pipelines
should bg¢ undertaken using supervisory personnel hav-
ing the experience or knowledge to make adequate pro-
vision fpr such unusual conditions and specific
engineerjng and construction details. All work per-
formed yvithin the scope of this Code shall meet or
exceed the safety standards expressed or implied herein.

802.2)2 More Complete Analysis. The Code gener-
ally spedifies a simplified approach for many of its
requirements.

(a) Fof design and construction, a designer may
choose to|use a more rigorous analysis to develop design
and congtruction requirements. When the designer
decides t¢ take this approach, the designer shall provide
to the op¢rating company details and calculations dem-
onstrating that design, construction, examination, and
testing arp 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 e docu-
mented in the engineering design.

(b) Forjoperation and maintenance, an epérating com-
pany ma choose to use a more rigdrous analysis to
develop |operation and maintenance requirements.
When thle operating company 'décides to take this
approach}, the operating company shall provide details
and calcfilations demonstrating that such alternative
practices fare consistent with the objectives of this Code.
The detai|s shall be documented in the operating records
and retaihed for the lifetime of the facility.

802.2.3 Safety.” This Code is concerned with
(a) saf¢ty of the general public.
(b) employee safety to the extent that it is affected by

inspections—Individuatswhoperfornrinspectiorrs shall
be qualified by training and/or experience to implgment
the applicable requirements and recommefidations of
this Code.

802.2.7 Further Information. For\further inf¢rma-
tion concerning pipeline integrity,see.the nonmandatory
supplement ASME B31.8S, Managing System Int¢grity
of Gas Pipelines.

802.3 Offshore Gas Transmission

See Chapter VIII for-additional requirements and defi-
nitions applicablelto offshore gas transmission systems.

803 PIPING SYSTEMS DEFINITIONS

803.1 General Terms and Definitions

carbgh, dioxide: a heavy, colorless gas that does nof sup-
pett combustion, dissolves in water to form carponic
dacid, and is found in some natural gas streams.

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

guas: as used in this Code, is any gas or mixture of [gases
suitable for domestic or industrial fuel and transnpitted
or distributed to the user through a piping systen]. The
common types are natural gas, manufactured gag, and
liquefied petroleum gas distributed as a vapor, wjth or
without the admixture of air.

hot taps: branch piping connections made to operjating
pipelines, mains, or other facilities while they gre in
operation. The branch piping is connected tp the
operating line, and the operating line is tapped while
it is under pressure.

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

liquefied petroleum gases (LPG): composed predomirjantly

basic design, quality of materials and workmanship, and
requirements for testing, operations, and maintenance
of gas transmission and distribution facilities. Existing
industrial safety procedures pertaining to work areas,
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

of the following hydrocarbons (either by themselves or
as mixtures): butane (normal butane or isobutene),
butylene (including isomers), propane, propylene, and
ethane. LPG can be stored as liquids under moderate
pressures [approximately 80 psig (550 kPa) to 250 psig
(1720 kPa)] at ambient temperatures.

listed specification: a specification listed in Mandatory
Appendix A.

operating company or operator: as used herein, is the indi-
vidual, partnership, corporation, public agency, owner,
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agent, or other entity responsible for the design, con-
struction, inspection, testing, operation, and mainte-
nance of the pipeline facilities.

parallel encroachment: as used in this Code, is the portion
of the route of a pipeline or main that lies within, runs in
a generally parallel direction to, and does not necessarily
cross the rights-of-way of a road, street, highway, or
railroad.

petroleum: crude oil, condensate, natural gasoline, natu-
ral ggs liquids, liquefied petroleum gas, and liquid petro-
leum| products.

pipelipe: all parts of physical facilities through which gas
movg¢s in transportation, including pipe, valves, fittings,
flanges (including bolting and gaskets), regulators, pres-
sure fessels, pulsation dampeners, relief valves, appur-
tenarjces attached to pipe, compressor units, metering
facilifies, pressure-regulating stations, pressure-limiting
statigns, pressure relief stations, and fabricated assem-
blies{ Included within this definition are gas transmis-
sion|and gathering lines, which transport gas from
prodfiction facilities to onshore locations, and gas stor-
age gquipment of the closed pipe type that is fabricated
or forged from pipe or fabricated from pipe and fittings.

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

systef or pipeline system: either the operator’s entire pipe<
line ihfrastructure or large portions of that infrastructute
that have definable starting and stopping points:

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

vault] an underground structure that may be entered
and that is designed to contain piping\and piping com-
ponents (such as valves or pressute regulators).

803.2 Piping Systems

comppnent or pipeline 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 ¢losures.

pipelipe facility;\new and existing pipelines, rights-of-
way, [and anyéquipment, facility, or building used in
the tfanspertation of gas or in the treatment of gas during
the cpurse of transportation.

transmission line: a segment of pipeline installed in a
transmission system or between storage fields.

transmission system: one or more segments of pipeline,
usually interconnected to form a network, that trans-
ports gas from a gathering system, the outlet of a gas
processing plant, or a storage field to a high- or low-
pressure distribution system, a large-volume customer,
or another storage field.

803.5 Distribution Systems

gas main or distribution main: a segment of ‘pipeline in a
distribution system installed to convey gas to ihdividual
service lines or other mains.

gas service line: the piping installed between a main,
pipeline, or other source of ‘stipply and the fmeter set
assembly. [See para. 802.1(b)(3).]

high-pressure distributign-system: a gas distribution piping
system that operate§iata pressure higher thar] the stan-
dard service pressure delivered to the customgr. In such
a system, a sefyice regulator is required on eath service
line to contto) the pressure delivered to the cistomer.

low-pressure distribution system: a gas distributipn piping
system in which the gas pressure in the maing and ser-
vige lines is substantially the same as that de]ivered to
the customer’s appliances. In such a system,|a service
regulator is not required on the individual serfice lines.

803.4 Gathering Systems

gas storage line: a pipeline used for convdying gas
between a compressor station and a gas well used for
storing gas underground.

gathering line: a segment of pipeline installed ir] a gather-
ing system.
gathering system: one or more segments of pipgline, usu-
ally interconnected to form a network, that meets one
or more of the following criteria:
(a) transports gas from one or more production facili-
ties to the inlet of a gas processing plant. [If no gas
processing plant exists, the gas is transportpd to the
most downstream of one of the following;:
(1) the point of custody transfer of gas syitable for
delivery to a distribution system
(2) the point where accumulation and preparation

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

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

storage field: a geographic field containing a well or wells
that are completed for and dedicated to subsurface stor-
age of large quantities of gas for later recovery, transmis-
sion, and end use.

of gas—from—separate—geographicproduction fields in
reasonable proximity has been completed

(b) transports gas within the gathering system for pro-
duction 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 trans-
mission system).

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

(16)


https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

ASME B31.8-2016

803.5 Miscellaneous Systems

control piping: all piping, valves, and fittings used to
interconnect air, gas, or hydraulically operated control
apparatus or instrument transmitters and receivers.

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

instrument piping: all piping, valves, and fittings used to
connect instruments to main piping, to other instru-

pressure system capable of safely absorbing the gas
being discharged. 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.

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

ments anfi-apparatus, of to Measuring equipment.

production facility: piping or equipment used in produc-
tion, extraction, recovery, lifting, stabilization, separa-
tion, trpating, associated measurement, field
compresgion, gas lift, gas injection, or fuel gas supply.
Productign facility piping or equipment must be used
in extracting petroleum liquids or natural gas from the
ground ahd preparing it for transportation by pipeline.

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

803.6 erters, Regulators, and Pressure Relief
Stations

customer’s meter: a meter that measures gas delivered to
a customg¢r for consumption on the customer’s premises.

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

monitoring regulator: a pressure regulator installed in
series with another pressure regulator that automatically
assumes fontrol of the pressure downstream of the sta-
tion, in cpse that pressure exceeds a set maxintam.

pressure-lfmiting station: consists of equiptent that under
abnormal conditions will act to redueej.restrict, or shut
off the sypply of gas flowing into-a'system to prevent
the gas pfessure from exceeding-a predetermined value.
While nofmal pressure conditions prevail, the pressure-
limiting dtation may exercise\some degree of control of
the flow |of the gas or may remain in the wide open
position. [ncluded inthe)station are piping and auxiliary
devices, puch asvalves, control instruments, control
lines, the pnclosureyand ventilating equipment, installed
in accordance~with the pertinent requirements of this
Code.

803.7 Valves

block or stop valve: a valve installed for tHe purpgse of
blocking or stopping the flow of gas int-apipe.

check valve: a valve designed to permit flow in one dlirec-
tion and to close automatically te prevent flow in the
reverse direction.

curb valve: a stop valve installed below grade in a s¢rvice
line at or near the property line, accessible throfigh a
curb box or standpipeyand operable by a removable key
or wrench for shufting off the gas supply to a building.
This valve is alSo known as a curb shutoff or curb [cock.

service line valve: a stop valve readily operable and gcces-
sible for the'purpose of shutting off the gas to the¢ cus-
tomer ‘s fuel line. The stop valve should be located in
the service line ahead of the service regulator or ghead
ofithe meter, if a regulator is not provided. The valve is
also known as a service line shutoff, service line copk, or
meter stop.

803.8 Gas Storage Equipment

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

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

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

804 PIPING SYSTEMS COMPONENT DEFINITIONS

pressure-regulating station: consists of equipment
installed for automatically reducing and regulating the
pressure in the downstream pipeline or main to which
itis connected. Included are piping and auxiliary devices
such as valves, control instruments, control lines, the
enclosure, and ventilation equipment.

pressure relief station: consists of equipment installed 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

804.1 Plastic Terms and Definitions

plastic (noun): a material that contains as an essential
ingredient an organic substance of high to ultrahigh
molecular weight, is solid in its finished state, and at
some stage of its manufacture or processing, can be
shaped by flow. The two general types of plastic referred
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.
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thermosetting plastic: plastic that is capable of being
changed into a substantially infusible or insoluble prod-
uct when cured under application of heat or chemical
means.

804.2 Iron Terms and Definitions

cast iron: shall apply to gray cast iron, that is, a cast
ferrous material in which a major part of the carbon
content occurs as free carbon in the form of flakes inter-

nominal wall thickness, t: the wall thickness computed
by or used in the design equation in para. 841.1.1 or
A842.2.2(a) in Chapter VIIL. Under this Code, pipe may
be ordered to this computed wall thickness without add-
ing allowance to compensate for the underthickness tol-
erance permitted in approved specifications.

804.6 Mechanical Properties

specified minimum elongation: the minimum elongation

311 1 3 1
Sper cU UITOUZIout Uic Iictdl.

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

804.B General Terms and Definitions

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

proprietary items: items made and marketed by a com-
panylhaving the exclusive or restricted right to manufac-
ture and sell them.

804.4+ Pipe Terms and Definitions

cold efxpanded pipe: seamless or welded pipe thatis formed
and then cold expanded while in the pipe mill so that
the cjrcumference is permanently increased by at least
0.50%.

miter| two or more straight sections of pipe matched-and
joinefl on a line bisecting the angle of junction so“as to
prodfice a change in direction.

pipe: p tubular product, including tubing, ‘made for sale
as a [production item, used primarily,for conveying a
fluidfand sometimes for storage. Cylinders formed from
plate| during the fabrication of auxiliary equipment are
not pipe as defined herein.

804.5 Dimensional Terms‘and Definitions

diamgter or nominal outsiidé diameter: the as-produced or
as-specified outside'diameter of the pipe, not to be con-
fused with the dimensionless NPS (DN). For example,
NPS [12 (DN 300) pipe has a specified outside diameter
of 12)750 in. (323.85 mm), NPS 8 (DN 200) has a specified
outside diameter of 8.625 in. (219.08 mm), and NPS 24

(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 ih pounds
per square inch (MPa), the minimum tensil¢ strength
prescribed by the specificatiorpunder which pipe is pur-
chased from the manufacttrer:

specified minimum yieldSstrength (SMYS): expressed in
pounds per square-ineh (MPa), the minimjum yield
strength prescribéd by the specification under which
pipe is purchased/from the manufacturer.

tensile strerfgth: expressed in pounds per sqpare inch
(MPa), the highest unit tensile stress (referrpd to the
originalcross section) a material can sustafin before
failure.

yield strength: expressed in pounds per sqfiare inch
(MPa), the strength at which a material exhibifs a speci-
fied limiting permanent set or produces a spedified total
elongation under load. The specified limiting spt or elon-
gation is usually expressed as a percentagp of gage
length. Its values are specified in the varioug material
specifications acceptable under this Code.

804.7 Steel Pipe

804.7.1 Carbon Steel? By common customn, steel is
considered to be carbon steel when no minimum content
is specified or required for aluminum, boron, chromium,
cobalt, molybdenum, nickel, niobium, titanigim, tung-
sten, vanadium, zirconium, or any other element added
to obtain a desired alloying effect; when the|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 percgntages:

Element Percentage
(DN|600) pipe has a specified outside diameter of —
24.000 in. (609.90 mm). “opper v-6U
Manganese 1.65
length: a piece of pipe of the length delivered from the Silicon 0.60

mill. Each piece is called a length, regardless of its actual
dimension. This is sometimes called joint, but length is
preferred.

nominal pipe size (NPS) or diameter nominal (DN): a dimen-
sionless designator of pipe. It indicates a standard pipe
size when followed by the appropriate number [e.g.,
NPS 1% (DN 40), NPS 12 (DN 300)]. See ASME B36.10M,
page 1 for additional information on NPS.

In all carbon steels, small quantities of certain residual
elements unavoidably retained from raw materials are
sometimes found but are not specified or required, such
as copper, nickel, molybdenum, chromium, etc. These

3 From Steel Products Manual, Section 6, American Iron and Steel
Institute, August 1952, pp. 5 and 6.
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elements are considered as incidental and are not nor-
mally determined or reported.

804.7.2 Alloy Steel.” By common custom, steel is
considered to be alloy steel when the maximum of the
range given for the content of alloying elements exceeds
one or more of the following limits:

(b) electric-flash-welded pipe: pipe having a longitudinal
butt joint wherein coalescence is produced simultane-
ously over the entire area of abutting surfaces by the heat
obtained from resistance to the flow of electric current
between the two surfaces, and by the application of
pressure after heating is substantially completed. Flash-
ing and upsetting are accompanied by expulsion of
metal from the joint. A typical specification is API 5L.

(c) electric-fusion-welded pipe: pipe having a longitudi-

Element Percentage
Copper 0.60
lVlangd[leE 1.60
Silicon 0.60

or in whiich a definite range or a definite minimum
quantity jof any of the following elements is specified
or requir¢d within the limits of the recognized field of
constructjonal alloy steels:

(a) aluminum

(b) borpn

(c) chrpmium (up to 3.99%)

(d) cobalt

(e) colimbium

(f) molybdenum

(g) mnickel

(h) titanium

(i) tungsten

(j) vanpdium

(k) zirdonium

or any other alloying element added to obtain a desired
alloying ¢ffect.

Small quantities of certain elements are unavoidably
present i alloy steels. In many applications, theselare
not consiflered to be important and are not specified or
required.| When not specified or required, they should
not exceegd 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 sage as,defined in AWS A3.0, or as specifically
defined gs follows:

(a) douple submerged-arc-welded pipe: pipe having a lon-
gitudinal| or/helical butt joint produced by at least two

Tiat bUtt jOint WheTellt coatescernce 15 produced ip the
preformed tube by manual or automatic electrjc-arc
welding. The weld may be single or double @hd mfay be
made with or without the use of filler-metal. Typical
specifications are ASTM A134 and ASTM A139, which
permit single or double weld withor without the use
of filler metal. Additional typical specifications are
ASTM A671 and ASTM A672;which require both inside
and outside welds and the-tise of filler metal.
(1) spiral-welded pipe<-also made by the eleftric-
fusion-welded processiwith either a butt joint, a lapfjoint,
or a lock-seam/joint. Typical specification$ are
ASTM A134, ASTM A139 (butt joint), API 5L| and
ASTM A211 (kutt joint, lap joint, or lock-seam joint).
(d) electricsresistance-welded pipe: pipe produced in
individuallengths or in continuous lengths from doiled
skelpcand subsequently cut into individual lengthg. The
resulting lengths have a longitudinal butt joint wherein
coalescence is produced by the heat obtained from fesist-
ance of the pipe to the flow of electric current in a dircuit
of which the pipe is a part, and by the applicatipn of
pressure. Typical specifications are ASTM [A53,
ASTM A135, ASTM A984, and API 5L.
(e) furnace buttwelded pipe
(1) bell-welded: furnace-welded pipe produged in
individual lengths from cut-length skelp. The pipe’s lon-
gitudinal butt joint forge welded by the mechanicalfpres-
sure is developed in drawing the furnace-heated [skelp
through a cone-shaped die (commonly known as a|weld-
ing bell), which serves as a combined forming and weld-
ing die. Typical specifications are ASTM A53 and API5L.
(2) continuous-welded: furnace-welded pipd pro-
duced in continuous lengths from coiled skelp and sub-
sequently cut into individual lengths. The piipe’s
longitudinal butt joint is forge-welded by the mechgnical
pressure developed in rolling the hot-formed $kelp

1ah o cat of g dipacc wza ldina allc Th 1ealc C\.iﬁ-

passes, one of which is on the inside of the pipe. Coales-
cence is produced by heating with an electric arc or arcs
between the bare metal electrode or electrodes and the
work. The welding is shielded by a blanket of granular,
fusible material on the work. Pressure is not used, and
filler metal for the inside and outside welds is obtained
from the electrode or electrodes. Typical specifications
are ASTM A381, ASTM A1005, and API 5L.

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

throushasetofround passweldingrolls—Typicalsf
cations are ASTM A53 and API 5L.

(f) laser beam welded pipe: pipe having a longitudinal
butt joint made with a welding process that utilizes a
laser beam to produce melting of full thickness of edges
to be welded, followed by the fusion of those edges. A
typical specification is ASTM A1006.

(g) seamless pipe: a wrought tubular product made
without a welded seam. It is manufactured by hot-
working steel and, if necessary, by subsequently cold-
finishing the hot-worked tubular product to produce
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the desired shape, dimensions, and properties. Typical
specifications are ASTM A53, ASTM A106, and API 5L.

804.8
For plastic pipe, see para. 805.1.3.

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

that will cause failure of the pipe at an average of
100,000 hr when subjected to a constant hydrostatic
pressure. (See Mandatory Appendix D.)

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

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

diameter to wall thickness of thermoplastic pipe. It is
calculated hv d1v1r‘]1n0' the Qﬁpmﬁpr] outside diameter of

—

805.
805.1.1 Area

locatipn class or class location: a geographic area along the

ity of buildings intended for human occupancy and
othe1) characteristics that are considered when prescrib-
ing design factors for construction, operating pressures,
and methods of testing pipelines and mains located in
the drea and applying certain operating and mainte-
nance requirements.

right{of-way (ROW): a strip of land on which pipelines,
railrqads, power lines, roads, highways, and other simi-
lar facilities are constructed. The ROW agreement
secuiles the right to pass over property owned by others.
ROW agreements generally allow the right of ingress
and pgress for the operation and maintenance of the
facility, and the installation of the facility. The ROW
width can vary with the construction and maintenance
requ Lments of the facility’s operator and is usually
deteffmined based on negotiation with the affected land-
owngr by legal action, or by permitting authority.

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

805.1.3 Plastic Terms and Definitions

adhesjve joint: a joint made in plastic piping by the use
of an| adhesive substance that forms a continuous bond
betwpen the mating suifaces without dissolving either
one ¢f them.

dimension ratio (DR); the ratio of outside pipe diameter
to wall thickness-of thermoplastic pipe. It is calculated
by dividingtthe’specified outside diameter of the pipe
by the specified minimum wall thickness.

heat fusion joint: a joint made in thermoplastic piping by

the pipe by the spec1f1ed wall thickness.

805.1.4 Fabrication Terms and Definitions

arc welding or arc weld: a group of wélding prodesses that
produces coalescence of metals, by ‘heating them with
an arc. The processes are used‘with or without the appli-
cation of pressure and with o' without filler metal.

butt joint: a joint betweefitwo members aligned approxi-
mately in the same plane. See Figs. 1(A), 2(A), 3, 51(A),
and 51(B) in AWS<A3.0.

butt weld: a nenstandard term for a weld in a putt joint.

cold-springing’ where used in the Code, the fabrication
of piping to an actual length shorter than ity nominal
length.and forcing it into position so that it ip stressed
in the erected condition, thus compensating partially
for' the effects produced by the expansion dlue to an
increase in temperature. Cold-spring factor i the ratio
of the amount of cold spring provided to the fotal com-
puted temperature expansion.

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

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

heat treatment: heating and cooling a solid metgl or alloy
in such a way as to obtain desired propertie§. Heating
for the sole purpose of hot working is not cpnsidered
heat treatment. If a weldment is heated and cpoled in a
controlled manner, then the term postweld heaf| treatment
is used.

seam weld: the longitudinal or helical seam in pjpe, made
in the pipe mill for the purpose of making alcomplete
circular cross section.

stress rplipwing' hpnfing ametal to a suitable temperature,

heating the parts sufficiently to permit fusion of the
materials when the parts are pressed together.

hydrostatic design basis (HDB): one of a series of estab-
lished stress values (specified in ASTM D2837) for a
plastic compound obtained by categorizing the long-
term hydrostatic strength determined in accordance
with ASTM D2837. Established HDBs are listed in
PPI TR-4.

long-term hydrostatic strength: the estimated hoop stress
in pounds per square inch (MPa) in a plastic pipe wall

holding at that temperature long enough to reduce resid-
ual stresses, and then cooling slowly enough to minimize
the development of new residual stresses.

submerged arc welding: an arc welding process that uses
an arc or arcs between a bare metal electrode or elec-
trodes 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 from the electrode and sometimes from a supple-
mental source (welding rod, flux, or metal granules).
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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 continuous line construction at a loca-
tion such as a river or highway crossing.

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

weld: a localized coalescence of metals or nonmetals pro-
duced either by heating the materials to the welding

temperature with or without the applirnfinn of pres-

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

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

pressure test: a means by which the integrity of a piece
of Pqnipmpn’r (pipp\ is assessed. in which the item is

sure, or By the application of pressure alone and with
or withotit the use of filler material.

welder: one who performs manual or semiautomatic
welding.

welding dperator: one who operates adaptive control,
automati¢, mechanized, or robotic welding equipment.

welding pfocedures: the detailed methods and practices
involved [in the production of a weldment.

wrinkle bepd: a pipe bend produced by a field machine or
controlledl process that may result in prominent contour
discontinjities on the inner radius. The wrinkle is delib-
erately irftroduced as a means of shortening the inside
meridian|of the bend. Note that this definition does not
apply to|a pipeline bend in which incidental minor,
smooth rjpples are present.

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

805.2 Design

805.2J1 Pressure Terms and Definitions

design prégssure or internal design pressure: the’ maximum
pressure permitted by this Code, as detétmined by the
design procedures applicable to the materials and loca-
tions inv¢lved. It is used in calculations or analysis for
pressure design of a piping compenent.

hydrostatir test or hydrotest: d\pressure test using water
as the tegt medium.

maximum|allowable operating pressure (MAOP): the maxi-
mum prepsure at which a pipeline system may be oper-
ated in agcordancé with the provisions of this Code.

maximum)| alléwgble test pressure: the maximum internal
fluid pregsureé permitted by this Code for a pressure test

filled with a fluid, sealed, and subjected to pregsure.
It is used to validate integrity and detect constryction
defects and defective materials.

standard service pressure: sometimes called the n¢rmal
utilization pressure, the gas pressure ayutility undertakes
to maintain at its domestic customers” meters.

standup pressure test: a proceduré used to demonstrate
the leak tightness of a loWspressure, gas service line,
using air or gas as the test medium.

805.2.2 Temperature Terms and Definitions

ambient temperatfite: the temperature of the surrounding
medium, usually used to refer to the temperature ¢f the
air in whichha structure is situated or a device opefates.

ground temtperature: the temperature of the earth af pipe
depth.

minimum design temperature: the lowest anticipated nate-
fial temperature during service. The user of this [Code
is cautioned that ambient and operating temperature
conditions may exist during construction, start-yp, or
shutdown that require special design consideratigns or
operating restrictions.

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

805.2.3 Stress Terms and Definitions

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

(°F)

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
thickness, t [in. (mm)], acting circumferentially in a plane
perpendicular to the longitudinal axis of the pipe} pro-

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.

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

duced by the pressure P Iosie (kPa)l _of the fluid in a
duced-bythe pressure P [psickPay of the flui

pipe of diameter, D [in. (mm)], and is determined by
Barlow’s formula:

(U.S. Customary Units)

PD

Su = o

(SI Units)

PD
(SH ~2 OOOt)

(16)
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maximum allowable hoop stress: the maximum hoop stress
permitted by this Code for the design of a piping system.
It depends on the material used, the location of the pipe,
the operating conditions, and other limitations imposed
by the designer in conformance with this Code.

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

residual stress: stress present in an ob]ect in the absence

factu 1ng or constructlon processes

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

stresg the internal resistance of a body to an externally
applied force, expressed in units of force per unit area
(psi ¢r MPa). It may also be termed unit stress.

stress| concentrator or stress concentration: a discontinuity
in a ptructure or change in contour that causes a local
increpse in stress.

stress| level: the level of tangential or hoop stress, usually
expr¢ssed as a percentage of specified minimum yield
strength.

tensilp stress: the applied pulling force divided by the
origihal cross-sectional area.

805.2.4 Construction, Operation, and Maintenance
Terms and Definitions

abandoned: permanently removed from service:

actionpable anomaly: an anomaly that may*exceed accept-
able limits based on the operator’s anemaly and pipeline
data janalysis.

anomply: an unexamined deyiation from the norm in
pipe [material, coatings, or(welds.

anomply and pipeline datasgnalysis: the process through
which anomaly and-pipeline data are integrated and
analyzed to furtherclassify and characterize anomalies.

backfll: materidl placed in a hole or trench to fill exca-
vated space‘areund a pipeline or other appurtenances.

certiflcatiofiy written testimony of qualification.

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

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

examznatlon the direct phys1ca1 inspection of a pipeline,
: s e,examina-
tion (NDE) techmques or methods

experience: work activities accomplished in p specific
nondestructive testing (NDT) methed under fthe direc-
tion of qualified supervision including the petformance
of the NDT method and related‘activities but njot includ-
ing time spent in organized tfaining progrants.

failure: a general term used\to imply that a partlin service
has become completely-inoperable; is still opg¢rable but
is incapable of satisfactorily performing its [intended
function; or has deteriorated seriously, to the point that
it has becomé unreliable or unsafe for continfied use.

fatigue: the)process of development of, or enlargement
of, a crack'as a result of repeated cycles of stfess.

fracture’toughness: the resistance of a material t¢ fail from
the‘éxtension of a crack.

gouge: mechanically induced metal loss that cafises local-
ized elongated grooves or cavities in a metal|pipeline.

grinding: removal of material by abrasion, usuglly utiliz-
ing a rigid abrasive carrier, such as a disk.

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

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

indication: a finding of a nondestructive tesfing tech-
nique or method that deviates from the expectged. It may
or may not be a defect.

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

in-service pipeline: a pipeline that contains natyral gas to

41 M il L M 1. fasl 111
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on the public, employees, property, and the
environment.

crack: very narrow, elongated defect caused by mechani-
cal 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 diame-
ter and is concave inward.

1ok o d— T PRE P :
petransportet. e gasmay-or-may mnotoerowing.

inspection: the use of a nondestructive testing technique
or method.

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
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of techniques, evaluating the results of the examinations,
characterizing the evaluation by defect type and severity,
and determining the resulting integrity of the pipeline
through analysis.

leak: an unintentional escape of gas from the pipeline.
The source of the leak may be holes, cracks (including
propagating and non-propagating, longitudinal, and
circumferential), separation or pull-out, and loose
connections.

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

805.2.5 Corrosion Control Terms and Definitions

anode: 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 enter the solution at the anode.

bracelet anodes: galvanic anodes with geometry suitable

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

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

nondestruftive examination (NDE) or nondestructive testing
(NDT): a|testing method, such as radiography, ultra-
sonic, magnetic testing, liquid penetrant, visual, leak
testing, efldy current, and acoustic emission, or a testing
techniqug, such as magnetic flux leakage, magnetic par-
ticle inspection, shear-wave ultrasonic, and contact
compression-wave ultrasonic.

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

pig trap or|scraper trap: an ancillary item of pipeline equip£
ment, su¢h as a launcher or receiver, with associated
pipeworl{ and valves, for introducing a pig intoapipe-

line or removing a pig from a pipeline.

pigging: the use of any independent, self-contained
device, tqol, or vehicle that moves thr¢tigh the interior
of the pipeline for inspecting, dimensioning, cleaning,
or drying.
qualificatipn: demonstrated and-decumented knowledge,
skills, anf abilities, along with documented training,
experiende, or both, reqtired for personnel to properly
perform the duties of(a specific job or task.

rupture: alcompletetailure of any portion of the pipeline
that allows thesproduct to escape to the environment.

slug: a vglume’of liquid or gas, completely filling the

for directattachment around the circumference of ajpipe-
line. These may be half-shell bracelets consisting-gf two
semicircular sections or segmented bracelets gons|sting
of a large number of individual anodes:-

cathodic protection (CP): a technique to'reduce the qorro-
sion of a metal surface by makingthat surface the|cath-
ode of an electromechanical cell.

cell or electrochemical cell: a system consisting of an gnode
and a cathode immersed.inian electrolyte so as to ¢reate
an electrical circuit. THe anode and cathode may be dif-
ferent metals or dissimilar areas on the same fnetal
surface.

that,
solid
Coat-

coating: a liquid, liquefiable, or mastic composition
after application to a surface, is converted into a
protective;, decorative, or functional adherent film.
ing als¢“includes tape wrap.

coating system: the complete number and types of|coats
applied to a substrate in a predetermined order. (When
used in a broader sense, surface preparation, prefreat-
ments, dry film thickness, and manner of applidation
are included.)

corrosion: the deterioration of a material, usually a rpetal,
that results from an electrochemical reaction with its
environment.

corrosion fatigue: fatigue-type cracking of metal cqused
by repeated or fluctuating stresses in a corrosive |envi-
ronment and is characterized by shorter life than would
be encountered as a result of either the repeated or
fluctuating stress alone or the corrosive envirorjment
alone.

corrosion inhibitor: a chemical substance or combinfation
of substances that, when present in the environment or
on a surface, prevents or reduces corrosion.

corrosion rate: the rate at which corrosion proceed|

1°2]

cross sectiotrof-the—pipe:

survey: measurements, inspections, or observations
intended to discover and identify events or conditions
that indicate a departure from normal operation or
undamaged condition of the pipeline.

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

ultrasonic: high-frequency sound. Ultrasonic examina-
tion is used to determine wall thickness and to detect
the presence of defects.
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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
proximity 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) over
a period of time.
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current: a flow of electric charge.

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

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

dielectric coating: a coating that does not conduct
electricity.

holiday: a discontinuity in a protective coating that expo-
ses unprotected 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.

dissifilar metals: different metals that could form an
anode—cathode relationship in an electrolyte when con-
nectdd by a metallic path.

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

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

electrfcal isolation: the condition of being electrically sepa-
rated from other metallic structures or the environment.

electrpde: a conductor used to establish contact with an
electfolyte and through which current is transferred to
or frgm an electrolyte.

electrplyte: a medium containing ions that migrate in an
electfic field.

epoxy: type of resin formed by the reaction of aliphatic or
aromjatic polyols (like bisphenol) with epichlorohydrin
and ¢haracterized by the presence of reactive oxirane
end groups.

erosign: the progressive loss of material from;\a solid
surface due to mechanical interaction between that sur-
face and a fluid, a multicomponent fluid, of solid parti-
cles ¢arried with the fluid.

fault purrent: a current that flowsAfrem one conductor to
grouhd or to another conduetor“due to an abnormal
conngction (including an arc)between the two. A fault
currgnt flowing to groundiay be called a ground fault
currgnt.

film:
foreign structitre» any metallic structure that is not
intenided as a patt of a system under cathodic protection.

h thin, not neeéssarily visible layer of material.

galvapic dnode: a metal that provides sacrificial protection
to arfother metal that is more noble when electrically

implcaotd crrentaretectrceuTre t buy})}icd by a device
employing a power source that is externaldd the elec-
trode system. (An example is direct curfent fof cathodic
protection.)

impressed current anode: an electrode stiitable fof use as an
anode when connected to a source of impressed current,
which is generally composed/of a substantjally inert
material that conducts by ‘eXidation of the dlectrolyte
and, for this reason, is:net corroded appreciaply.

intergranular corrosion: preferential corrosion af or along
the grain boundafies of a metal (also known asfintercrys-
talline corrosien).

ion: an elégtrically charged atom or group of ptoms.

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

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

ode from
rurrent is

overvoltage: the change in potential of an elect
its equilibrium or steady-state value when
applied.

paint: a pigmented liquid or resin applied to a|substrate
as a thin layer that is converted to an opaque polid film
after application. It is commonly used as a decorative
or protective coating.

pipe-to-soil potential: the electric potential difference
between the surface of a buried or submerge¢l metallic
structure and the electrolyte that is measured with refer-
ence to an electrode in contact with the electfolyte.

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

polarization: the change from the open-circuit| potential
as a result of current across the electrode/glectrolyte

coupled in an electrolyte. This type of anode is the elec-
tron 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,
usually from decomposition of iron carbide at elevated
temperatures. This should not be used as a term to
describe graphitic corrosion.
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interface.

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

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

(b) a measure of the ability of an electrolyte (e.g.,
soil) to resist the flow of electric charge (e.g., cathodic
protection current). Resistivity data are used to design
a groundbed for a cathodic protection system.
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rust: corrosion product consisting of various iron oxides
and hydrated iron oxides. (This term properly applies
only to iron and ferrous alloys.)

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

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

stress corrosion cracking (SCC): a form of environmental

tension or compression test, it is also called Young’s
Modulus or the coefficient of elasticity.

probability: the likelihood of an event occurring.

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

span: a section of the pipe that is unsupported.

strain: the change in length of a material in response to

attack of|the metal involving an interaction of a local
corrosive|environment and tensile stresses in the metal,
resulting|in formation and growth of cracks.

805.2

brittle fifacture: fracture with little or no plastic
deformatjon.

6 Engineering Terms and Definitions

design lifg a period of time used in design calculations,
selected for the purpose of verifying that a replaceable
or permapent component is suitable for the anticipated
period of|service. Design life may not pertain to the life
of a pipeline system because a properly maintained and
protected pipeline system can provide service
indefinitgly.

ductility:
deformed

h measure of the capability of a material to be
plastically before fracturing.

elastic distortion: changes of dimensions of a material
upon thelapplication of a stress within the elastic range.
Following the release of an elastic stress, the material
returns t¢ its original dimensions without any perma:
nent defqrmation.

elastic linfit: the maximum stress to which al material
may be subjected without retention of any permanent
deformatjon after the stress is removed.

elasticity: |the property of a material that allows it to
recover ifs original dimensions following deformation
by a stregs below its elastic lindit:

engineering assessment: a documented assessment using
engineering principles of the effect of relevant variables
upon seryice or integfity of a pipeline system and con-
ducted by or undef<supervision of a competent person
with denjonstratedtinderstanding of and experience in
the application~of engineering and risk management
principles feldated to the issue being assessed.

an applied force, expressed on a unit length basis|(e.g.,
inches per inch or millimeters per millimeter):

805.2.7 Miscellaneous Terms and Definitions

shall or shall not: used to indicate that.;a provision is
mandatory.

should, should not, or it is recomiended: used to indicate
that a provision is not mandatery but recommended as
good practice.

806 QUALITY ASSURANCE

Quality Contrel’systems consist of those planned, sys-
tematic, and preventative actions that are required to
ensure thatymaterials, products, and services will|meet
specified requirements. Quality Assurance systems and
procédures consist of periodic audits and check§ that
ensure the Quality Control system will meet all fof its
stated purposes.

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

Organizations performing design, fabricaftion,
assembly, erection, inspection, examination, tegting,
installation, operation, and maintenance applicati¢n for
B31.8 piping systems should have a written Quality
Assurance system in accordance with applicable ¢locu-
ments. Registration or certification of the Quality
Assurance system should be by agreement betwegn the
contracting parties involved.

807 TRAINING AND QUALIFICATION OF
PERSONNEL

engineering critical assesment: an analytical procedure
based upon fracture mechanics that allows determina-
tion of the maximum tolerable sizes for imperfections,
and conducted by or under supervision of a competent
person with demonstrated understanding of and experi-
ence in the application of the engineering principles
related to the issue being assessed.

modulus of elasticity: a measure of the stiffness or rigidity
of a material. It is actually the ratio of stress to strain
in the elastic region of a material. If determined by a

12

807.1 Program

Each operating company shall have a program to man-
age the qualification of personnel who perform
operating, maintenance, and construction activities that
could impact the safety or integrity of a pipeline. The
program shall address, at a minimum, the following
elements:

(a) Identify those tasks for which the qualification
provisions of the program apply. The tasks shall include
operating, maintenance, and construction activities that
could impact the safety or integrity of a pipeline.
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(b) For each task covered by the program, identify
abnormal operating conditions, and describe the process
used to ensure that individuals who perform these tasks
are able to recognize and react to such conditions. An
abnormal operating condition is defined in ASME B31Q
as a condition that may indicate a malfunction of a
component or deviation from normal operations that
may

(1) indicate a condition exceeding design limits

(f) Establish a process to periodically evaluate the
effectiveness of the qualification program, including
provisions for updating the program based on the results
of effectiveness appraisals.

(¢) Describe how program requirements are commu-
nicated to affected individuals and how changes to pro-
gram requirements are managed and communicated.

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

(2) Tesult in hazard(S) t0 persons, property, or the
envifonment
(c)] Identify training requirements for personnel
involved in performing tasks covered by the program.
(d)| Describe the evaluation process and critera used
to ddtermine
1) initial qualification
2) subsequent or ongoing qualification
3) suspension or revocation of qualifications
4) reinstatement of qualifications
Establish organizational responsibilities for car-
out each program element.

(e)
rying

807.2 Operating and Maintenance Function

In addition to the requirements in para. 807.1, each
operating company shall provide training for employees
in procedures established for operdating andl mainte-
nance functions. The training,‘shall be compyrehensive
and designed to prepare employees for servige in their
area of responsibility.

807.3 Reference

A useful reference for managing personnel |qualifica-
tions is ASME B31Q), Pipeline Personnel Qualification.

13
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Chapter |
Materials and Equipment

810 MATERIALS AND EQUIPMENT

standard or specification and that meets the minimum

It is infended that all materials and equipment that
will became a permanent part of any piping system
constructpd under this Code shall be suitable and safe
for the cqnditions under which they are used. All such
materials|land equipment shall be qualified for the condi-
tions of their use by compliance with certain specifica-
tions, stapdards, and special requirements of this Code,
or otherwise as provided herein.

811 QUALIFICATION OF MATERIALS AND
EQUIPMENT
811.1 C3tegories
Materigls and equipment fall into the following six
categoriep pertaining to methods of qualification for use
under this Code:
(a) iterhs that conform to standards or specifications

dards and are relatively unimpertant from a
dpoint because of their small-size or because
of the copditions under which they @are-to be used

(d) iterps of a type for which nostafidard or specifica-
tion is referenced in this Code(e\g7, gas compressor)

(e) proprietary items (seedefihition, para. 804.3)

(f) uniglentified or used.pipe
811.2 Procedures for-Qualification

Prescriped procedures for qualifying each of these six
categoriep are givefyin the following paragraphs.

811.2/1 Conformance. Items that conform to stan-
dards of specifications referenced in this Code

requirements of this Code with respect to quality of
materials and workmanship may be used. This |para-
graph shall not be construed to permit deviation$ that
would tend to affect weldability or ductility adversely.
If the deviations tend to reduce strength; full allowance
for the reduction shall be provided. for in the desjgn.
(b) When petitioning the Section Committde for
approval, the following requiretments shall be nfet. If
possible, the material shallbe identified with a comjpara-
ble material, and it showld be stated that the mdterial
will comply with that specification, except as rfoted.
Complete information as to chemical composition and
physical propéxties shall be supplied to the Section
Committee, afid its approval shall be obtained hefore
this materialis used.

Rel-
stan-
ised,

811(2.3 Nonconformance (Unimportant Items).
atively unimportant items that do not conform to a
dard or specification [para. 811.1(c)] may be
provided that

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

(b) they are used at unit stresses not greater tham 50%
of those allowed by this Code for comparable matgrials
(c) their use is not specifically prohibited by this|Code

811.2.4 No Standards or Specifications Referen¢ed.
Items of a type for which no standards or specificgtions
are referenced in this Code [para. 811.1(d)] and pr¢prie-
tary items [para. 811.1(e)] may be qualified by th¢ user
provided

(a) the user conducts an investigation and tegts (if
needed) that demonstrate that the item of materjal or
equipment is suitable and safe for the proposed s¢rvice
(e.g., clad or duplex stainless steel pipe); or

(b) the manufacturer affirms the safety of the|item
recommended for that service (e.g., gas compressorls and
pressure relief devices)

table

[para. 811.1(4)] TITay be—tsed—for a})pluplialc aPPIiLa-
tions, as prescribed and limited by this Code without
further qualification. (See section 814.)

811.2.2 Nonconformance (Important Items). Impor-
tant items of a type for which standards or specifications
are referenced in this Code, such as pipe, valves, and
flanges, but that do not conform to standards or specifi-
cations referenced in this Code [para. 811.1(b)] shall be
qualified as described in (a) or (b) below:

(1) A material conforming to a written specification
that does not vary substantially from a referenced

14

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.

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
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this Code are cautioned to consider the effects of low
temperature and the potential impact on fracture per-
formance at low temperatures.

Whenever the minimum design temperature is below
—20°F (-29°C), a fracture control program shall be estab-
lished. The program shall address parent materials, the
parent material seam weld (if present), circumferential
butt welds, attachment welds, and any weld heat-
affected zone (HAZ).

classes, or types for which the material is marked,
including those acceptable to this Code, shall not be used
or substituted for those in the selected specification.

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

Multiple marking shall be in accordance with the
material specification, if allowed. Otherwise, multiple
marking shall be in accordance with the guidelines set
out in BPV Code, Section II, Part D, Appendix 7.

Ofprimmary importance i thefracturecomntrot-pro=
grany is the prevention of brittle fracture initiation that
can dccur at small stress concentrations. As a minimum,
the frjacture control program shall require Charpy impact
energy testing at or below the minimum design temper-
aturd. The specific energy requirement is a function of
the sfrength of the material, its thickness, and the design
stresg. See para. 841.1.2 for additional requirements rela-
tive fo fracture control for pipe.

Pr¢vided the manufacturer’s fracture toughness test-
ing of reference material (material standards and specifi-
catigns referenced in Mandatory Appendix A or
Nongnandatory Appendix C) is performed at or below
the gipeline minimum design temperature and meets
the r¢quirements of the fracture control plan, additional
toughness testing of the material is not required. The
weldjng procedure for circumferential welds shall be
qualified as conforming to the fracture control program
by (harpy testing at or below the minimum design
temperature.

813

813.

All valves, fittings, flanges, bolting \pipe, and tubing
shallpe marked in accordance withrthe marking sections
of the standards and specificationgto which the items
were|manufactured or in acqordance with the require-
ments of MSS SP-25.

MARKING
I Scope

813.

Dip stamping;ifiused, shall be done with dies
having blunt erounded edges to minimize stress
concentrations’

P Die Stamping

813.B Multiple Marking of Materials or Components

814 MATERIAL SPECIFICATIONS

For a listing of all referenced material specjfications,
see Mandatory Appendix A. Fona listing of tandards
for other commonly used matetials that are not refer-
enced, see Nonmandatory, Appendix C.

814.1 Pipe Conforming'to Referenced Standards and
Specifications

Pipe that is quatified under para. 811.1(a) mafy be used.
814.1.1 /Steel Pipe

(a) Steelpipe manufactured in accordance
following standards may be used:

ARPSL [Note (1)]
ASTM A53/A53M

with the

Line Pipe
Steel, Black and Hot-IDipped,
Zinc-Coated, Welded and
Seamless Pipe
Seamless Carbon Steell Pipe for
High-Temperature Sefvice
Steel, Electric-Fusion {Arc)-
Welded Pipe (Sizes NPS 16
and Over)
Electric-Resistance-Wglded
Steel Pipe
Electric-Fusion (Arc)-Welded
Steel Pipe (Sizes NPS|4 and
Over)
Seamless and Welded| Steel
Pipe for Low-Temperature
Service
Metal-Arc-Welded Stgel Pipe
for Use With High-Prgssure
Transmission Systems
Electric-Fusion-Weldefl Steel

ASTM A106/A106M

ASTM A134

ASTM A135/A135M

ASTM A139/A139M

ASTM A333/A333M

ASTM A381

ASTM A671

Mc i.CliCllD Ul LUlllt)UllCllib lllall\td adS lllCCiillS tllc
requirements for two or more specifications (or grades,
classes, or types) are acceptable, provided

(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) The appropriate design values and material prop-
erties from only the selected applicable specification (or
grade, class, or type) shall be used. Design values and
material properties from other specifications, grades,

15

Pipefor Atmospheric and
Lower Temperatures
Electric-Fusion-Welded Steel
Pipe for High-Pressure Service
at Moderate Temperatures
Carbon and Alloy Steel Pipe,
Electric-Fusion-Welded for
High-Pressure Service at High
Temperatures
Electric-Resistance-Welded
Steel Line Pipe

ASTM A672

ASTM A691

ASTM A984
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ASTM A1005 Longitudinal and Helical
Double Submerged-Arc
Welded Steel Line Pipe

ASTM A1006 Laser Beam Welded Steel Line
Pipe

NOTE:

(1) The provisions of API 5L, 45th edition, apply unless otherwise
provided for, prohibited by, or limited by this edition of
ASME B31.8.

Certain details of design and fabrication, however, nec-
essarily refer to equipment, such as pipe hangers, vibra-
tion dampeners, electrical facilities, engines,
compressors, etc. Partial specifications for such equip-
ment items are given herein, particularly if they affect
the safety of the piping system in which they are to
be installed. In other cases where this Code gives no
specifications for the particular equipment item, the
intent is that the safety provisions of this Code shall

(b) Cold expanded pipe shall meet the mandatory
requiremgnts of API 5L.

814.12 Ductile Iron Pipe. Ductile iron pipe manu-
factured| in accordance with ANSI A21.52, titled
Ductile-Ifon Pipe, Centrifugally Cast, for Gas, may be
used.

814.1]3 Plastic Pipe and Components
(a) Plastic pipe and components manufactured in
accordange with the following standards may be used:
(1) Hor polyethylene (PE) pipe, use
ASTM D2513  Polyethylene (PE) Gas Pressure Pipe,
Tubing, and Fittings
(2) Hor polyamide-11 (PA-11) pipe, use
ASTM D2517 Reinforced Epoxy Resin Gas Pressure
Pipe and Fittings
Polyamide 11 Gas Pressure Pipe,
Tubing, and Fittings

ASTM F2945

(b) Thgrmoplastic pipe, tubing, fittings, and cements
conformihg to ASTM D2513 shall be produced in accort
dance with the in-plant quality control program recém-
mended {n Annex A3 of that specification.

814.14 Qualification of Plastic Piping Materials

(a) In addition to complying with the provisions of
para. 814{1.3, the user shall thoroughly investigate the
specific plastic pipe, tubing, or fitting) to be used and
shall determine material serviceability for the conditions
anticipat¢d. The selected matérial shall be adequately
resistant fo the liquids andychémical atmospheres that
may be epcountered.

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

GOVEITT, Tsofar—as Lhey are dPthLd‘Ultf. T arty Casg, the
safety of equipment installed in a piping systeim|shall
be equivalent to that of other parts of the sdme ‘syptem.

816 TRANSPORTATION OF LINE PIPE

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

Any line pipe to be transported by railroad, ihland
waterway, or by marine transportation shall be Igaded
and transportedSih accordance with API RP 51 or
API RP 5LW. Where it is not possible to establish that
pipe was loaded and transported in accordance|with
the above.referenced recommended practice, the| pipe
shall beshydrostatically tested for at least 2 hr to af least
1.25.fimes the maximum allowable operating pressure
if dnstalled in a Class 1 Location, or to at least 1.5 fimes
the maximum allowable operating pressure if installed
in a Class 2, 3, or 4 Location.

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

817.1.1 Equivalent Service Level. Removal of g por-
tion of an existing steel line and reuse of the pipe, in
the same line or in a line operating at the same or Jower
rated pressure, is permitted, provided that the frgcture
toughness of the removed pipe is commensurate| with
or exceeds that of the line operating at the same or Jower
rated pressure and the used pipe meets the restri¢tions
of paras. 817.1.3(a), (f), and (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 pgrmit-
ted subject to the same para. 817.1.3 restrictions gabove
and any derations as required by Table 841.1.8-1.
Removed pipe that is reinstalled in the same lodation

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

Except for the piping components and structural
materials listed in Mandatory Appendix A and
Nonmandatory Appendix C, it is not intended to include
in this Code complete specifications for equipment.
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need not be retested. Used pipe installed elsewhere is
subject to paras. 817.1.3(i) and (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) careful visual examination indicates that it is in
good condition and free from split seams or other defects
that would cause leakage
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(b) if the pipe is to be welded and is of unknown
specification, it shall satisfactorily pass weldability tests
prescribed in para. 817.1.3(e)

817.1.3 Midrange Hoop Stress Service Level [Greater
Than 6,000 psi (41 MPa) but Less Than 24,000 psi
(165 MPa)]. Unidentified steel pipe and unidentified
new steel pipe may be qualified for use at hoop stress
levels above 6,000 psi (41 MPa) or for service involving

Table 817.1.3-1 Tensile Testing
Lot

Number of Tensile Tests, All Sizes

10 lengths or less
11 to 100 lengths

1 set of tests from each length

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

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

Greater than 100 lengths

close|
within the limits outlined below:

(a)| Inspection. All pipe shall be cleaned inside and
outsife, if necessary, to permit good inspection. All pipe
shall|be visually inspected to determine that it is reason-
ably round and straight and to discover any defects that
might impair its strength or tightness.

(b)| Bending Properties. For pipe NPS 2 (DN 50) and
smaller, a sufficient length of pipe shall be bent cold
throygh 90 deg around a cylindrical mandrel, the diame-
ter of which is 12 times the nominal diameter of the pipe,
withgut developing cracks at any portion and without
opening the weld.

For pipe larger than NPS 2 (DN 50), flattening tests
as prescribed in Mandatory Appendix H shall be made.
The pipe shall meet the requirements in this test, except
that the number of tests required to determine flattening
propgrties shall be the same as required in (g) below to
detegmine yield strength.

(c)| Determination of Wall Thickness. Unless the nemi-
nal wall thickness is known with certainty, it shall be
detefmined by measuring the thickness at quarter points
on ope end of each piece of pipe. If thie lot of pipe
is knjown to be of uniform grade, siz¢,,and nominal
thickhess, measurement shall be made\on not less than
10% |of the individual lengths)but not less than
10 le§gths ; thickness of the other lehgths may be verified

1. 1 1 1 1 1 1 1
LUlllllg O CI05C UCI[LUI[S U)/ LI PIULCUL{ICb dlild

by applying a gage set to thesminimum thickness. Fol-
lowing such measuremefit,"the nominal wall thickness
shall[be taken as the.nexXt commercial wall thickness
beloy the average ©f-all the measurements taken, but
in nq case greater_than 1.14 times the least measured
thickhess for/all pipe smaller than NPS 20 (DN 500),
and 1o greater'than 1.11 times the least measured thick-
ness [for ‘alh pipe NPS 20 (DN 500) and larger.

(d)LLongitudinal Joint Factor 1f the type of longitudinal

welding will be permitted in the field~and
same procedure as to be used in the fiéld. The
be considered weldable if the requiréments s¢t forth in
API 1104 are met. At least one-such test weld shall be
made for each 100 lengths of pipe on sizes lqrger than
NPS 4 (DN 100). On sizesdNPS 4 (DN 100) anfl smaller,
one test will be required\for each 400 lengthfs of pipe.
If in testing the weld.th€ requirements of API 1104 cannot
be met, the weldability may be established by making
chemical tests(for carbon and mangarjese (see
para. 823.2,3),<and proceeding in accordance| with the
provisions)ofthe BPV Code, Section IX. The jumber of
chemical, tésts shall be the same as required fqr circum-
ferenitial weld tests stated above.

(f) Surface Defects. All pipe shall be exarpined for
gouges, grooves, and dents and shall be qualified in
accordance with the provisions of para. 841.204.

(g) Determination of Yield Strength. When the manu-
facturer’s specified minimum yield strength, tensile
strength, or elongation for the pipe is unknown, and no
physical tests are made, the minimum yield strength
for design shall be taken as not more than 24,000 psi
(165 MPa). Alternatively, the tensile properti¢s may be
established as follows:

(1) Perform all tensile tests prescribed by API 5L,
except that the number of such tests shall be fas shown
in Table 817.1.3-1.

(2) All test specimens shall be selected a

(3) If the yield—tensile ratio exceeds 0.85} the pipe
shall not be used, except as provided in para} 817.1.2.

(h) S Value. For pipe of unknown specifichtion, the
yield strength, to be used as S in the foymula of
para. 841.1.1, in lieu of the specified minimum yield
strength, shall be 24,000 psi (165 MPa), or d¢termined

as follows

Lusing the
pipe shall

random.

joint can be determined with certainty, the correspond-
ing longitudinal joint factor, E (Table 841.1.7-1 in
Chapter IV), may be used. Otherwise, E shall be taken
as 0.60 for pipe NPS 4 (DN 100) and smaller, or 0.80 for
pipe larger than NPS 4 (DN 100).

(e) Weldability. Weldability shall be determined as fol-
lows. A qualified welder shall make a girth weld in the
pipe. The weld shall then be tested in accordance with
requirements of API 1104. The qualifying weld shall be
made under the most severe conditions under which
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Determine the average value of all yield strength tests
for a uniform lot. The value of S shall then be taken as
the lesser of the following;:

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

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

(i) Hydrostatic Test. New or used pipe of unknown
specification and all used pipe, the strength of which is
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impaired by corrosion or other deterioration, shall be
retested hydrostatically either length by length in a mill-
type test or in the field after installation before being
placed in service. The test pressure used shall establish
the maximum allowable operating pressure, subject to
limitations described in para. 841.1.3.

(j) Fracture Control and Arrest. Without fracture
toughness testing per para. 841.1.2, unidentified steel
pipe and new or used pipe of unknown specification

provided careful inspection indicates that the pipe is
sound, permits the makeup of tight joints, and has an
actual net wall thickness equal to or exceeding the
requirements of para. 842.1.1(d). The pipe shall be leak-
tested in accordance with para. 841.3.4 or 841.3.5.

817.2.2 Known Specifications. Used pipe of known
specifications may be reused in accordance with the
provisions and specifications of para. 842.1 provided a
careful inspection indicates the pipe is sound and per-

shall not petsed i the fottowing appiications:

(1) Where the operating hoop stress exceeds 40%
SMYS foi NPS 16 and larger

(2) where the operating hoop stress exceeds 72%
SMYS fo1 sizes smaller than NPS 16 (Class 1 Division 1
locations

(3) Wwhere the minimum design temperature is
below —20°F (-29°C)

817.2 Re¢use of Ductile Iron Pipe

817.2{1 Equivalent Service Level. The removal of a
portion gf an existing line of unknown specifications
and the feuse of the pipe in the same line or in a line
operating at the same or lower pressure is permitted,

mits the makeup of tight joints.

817.3 Reuse of Plastic Piping

Used plastic pipe and tubing of knownspecificdtions
and dimensions that have been used in natural gas ser-
vice only may be reused, providedithat all of the fgllow-
ing are true:

(a) It meets the requiremernts of ASTM D25[13 or
ASTM F2945 for new thefmoplastic pipe or tubing, or
ASTM D2517 for new theérmosetting pipe.

(b) A careful inspection indicates that it is free of
visible defects.

(c) It is installed and tested in accordance with the
requirements of this Code for new pipe.

18
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Chapter Il
Welding

820 WELDING

821.6 Welding Safety

821 | GENERAL

821.1 General Requirements

Thjs Chapter addresses the welding of pipe joints in
both |wrought and cast steel materials and covers butt
and fillet welded joints in pipe, valves, flanges, and
fittings and fillet weld joints in pipe branches, slip-on
flanges, socket weld fittings, etc., as applied in pipelines
and fonnections to apparatus or equipment. When
valvgs or equipment are furnished with welding ends
suitaple for welding directly into a pipeline, the design,
composition, welding, and stress relief procedures must
be sych that no significant damage will result from the
weldfng or stress relieving operation. This Chapter does
not apply to the welding of the seam in the manufacture
of pipe.

821.2 Welding Processes

The welding may be done by any process or combina-
tion ¢f processes that produce welds that meet theproce-
dure [qualification requirements of this Code:The welds
may pe produced by position welding or roll welding,
or a fombination of position and roll ‘welding.

821.B Welding Procedure

Prior to welding of any pipe, piping components, or
relat¢d equipment coveréd)by this Code, a welding pro-
cedute shall be established and qualified. Each welder
or w¢lding operatorshall be qualified for the established
procgdure before.performing any welding on any pipe,
pipinlg components, or related equipment installed in
accofdance.with this Code.

821.

Prior to welding in or around a structure{or|area con-
taining gas facilities, a thorough check shall be made to
determine the possible presence of a combuptible gas
mixture. Welding shall begin only when safe donditions
are indicated.

821.7 Welding Terms

Definitions pertainingto'welding as used in|this Code
conform to the standard definitions established by the
American Welding Seciety and contained in AWS A3.0.

822 PREPARATION FOR WELDING
822.1 ‘Butt Welds

(a) ‘Some acceptable end preparations are
Mandatory Appendix I, Fig. I-4.

(b) Mandatory Appendix I, Fig. I-5 shows gcceptable
end preparations for buttwelding of pieces havfing either
unequal thickness or unequal yield strength, [or both.

shown in

822.2 Fillet Welds

Minimum dimensions for fillet welds used in the
attachment of slip-on flanges and for sockgt welded
joints are shown in Mandatory Appendix I} Fig. I-6.
Similar minimum dimensions for fillet w¢lds used
in branch connections are shown in Mandatory
Appendix I, Figs. I-1 and 1-2.

822.3 Seal Welds

Seal welding shall be done by qualified welders. Seal
welding of threaded joints is permitted, buf the seal
welds shall not be considered as contributiphg to the
strength of joints.

823 QUALIFICATION OF PROCEDURES AND

} 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.

821.5 Welding Qualifications

All welding done under this Code shall be performed
under a standard referenced in para. 823.1.1 or 823.2.1,
whichever is applicable.

19

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 hoop stress levels of less than 20% of the specified
minimum yield strength shall be qualified under any of
the references given in para. 823.2.1 or in accordance
with Mandatory Appendix G.
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823.2 Requirements for Qualifying Procedures and
Welders on Piping Systems Operating at Hoop
Stresses of 20% or More of the Specified
Minimum Yield Strength

823.2.1 Qualifying Standards. Welding procedures
and welders performing work for new construction and
out-of-service pipelines shall be qualified under
Section IX of the BPV Code or API 1104. For in-service

824 PREHEATING
824.1 Carbon Steels

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

welding, f¥elding procedures and welders shall be quali-
fied under Appendix B of API1104. Procedures qualified
under Appendix B are suitable for weld deposition
repair, pgovided the procedure is appropriate for the
remaining wall thickness to which it is being applied.

823.22 Compressor Station Piping. When welders
qualified junder API 1104 are employed on compressor
station piping, their qualification shall have been based
on the dpstructive mechanical test requirements of
API 1104

823.2{3 Variables for the Separate Qualification of
Welders. | The references given in para. 823.2.1 contain
sections tjtled “Essential Variables” applicable to welder
qualification. These shall be followed, except that for
purposes|of this Code, all carbon steels that have a car-
bon contgnt not exceeding 0.32% by heat analysis and
a carbon pquivalent (C + Y, Mn) not exceeding 0.65% by
heat analysis are considered to come under material
grouping| P-No. 1. Alloy steels having weldability char&
acteristicy demonstrated to be similar to these carbon
steels shdll be welded, preheated, and stress relieved as
prescribefl herein for such carbon steel. There.may be
significant differences in the base metal strength encom-
passed by these P-No. 1 materials, andyalthough it is
not an espential variable to welder qalification, it may
require s¢parate procedure qualification in accordance
with parg. 823.2.1.

823.3 Welder Requalification Requirements

Welder] requalification tests shall be required if there
is some specific teason to question a welder’s ability or
if the weldler isyot engaged in a given process of welding
for 6 months or more. All welders shall be requalified

procedure indicates that chemical anpncifi(\n, ambient
and/or metal temperature, material thickness, Qryweld-
end geometry require such treatment to prodtie fsatis-
factory welds.

824.2 Dissimilar Materials

When welding dissimilar matérials having different
preheating requirements, the_material requiring the
higher preheat shall governs

824.3 Suitable Methods

Preheating may be)accomplished by any suitable
method, provided that it is uniform and that the tefpper-
ature does notfall below the prescribed minimunj dur-
ing the actual welding operations.

824.4 Temporary Monitoring

The. preheating temperature shall be checked by the
use of temperature-indicating crayons, thermocpuple
pyrometers, or other suitable methods to ensurg that
the required preheat temperature is obtained prjor to
and maintained during the welding operation.

825 STRESS RELIEVING
825.1 Carbon Steels

Welds in carbon steels having a carbon contgnt in
excess of 0.32% (ladle analysis) or a carbon equiyalent
(C + % Mn) in excess of 0.65% (ladle analysis) shpll be
stress relieved as prescribed in the BPV Code, Sgction
VIIL. Stress relieving may also be advisable for welds in
steel having lower carbon content or carbon equivyalent
when adverse conditions cool the weld too rapidly.

825.2 Wall Thickness

Welds in all carbon steels shall be stress relieved fwhen
the nominal wall thickness exceeds 1% in. (32 mm).

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 contrac-
tor shall, during the construction involved, maintain a
record of the welders qualified, showing the dates and
results of tests.
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825.3 Different Wall Thicknesses

When the welded joint connects parts that are of differ-
ent thicknesses but of similar materials, the thickness to
be used in applying the rules in paras. 825.1 and 825.2
shall be

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

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

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

825.5 Connections and Attachments

All welding of connections and attachments shall be
stress_relieved when the pipe is required to be stress

be at least 2 in. (51 mm) greater than the diameter of
the weld joining the branch or attachment to the header.
The entire band shall be brought up to the required
temperature 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,

relieyed by the rules of para. 825.3, with the following
exceptions:

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

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

825.

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

(b) When stress relieving takes place in a joint
betwpen dissimilar metals having different stress reliev-
ing r¢quirements, the material requiring the higher stress
relieying temperature shall govern.

(c)] The parts heated shall be brought slowly _t6 the
required temperature and held at that temperature for
a petiod of time proportioned on the basis of at least
1 hr/in. (1 h/25 mm) of pipe wall thickness, but in no
case Jess than % hr, and shall be allewed to cool slowly
and ymiformly.

b Stress Relieving Temperature

825.

(a)| Heat the complete'structure as a unit.

(b)] Heat a complete section containing the weld or
weldp to be stress-relieved before attachment to other
sectipns of work.

(c)| Heat'a-part of the work by slowly heating a circum-

ferential band containing the weld at the center. The
widthofthe band thatisheated tothe raqniroﬂ] fnmparn-

Y Methods of Stress (Relieving

provided that a uniform temperature is obtdined and
maintained during the stress relieving.

(b) The stress relieving temperature-shall bg checked
by the use of thermocouple pyrometers Or othgr suitable
equipment to ensure that the proper stress relieying cycle
has been accomplished.

826 WELD INSPECTION REQUIREMENTS
826.1 Visual Inspection

Visual inspection of welds must be condufted by a
person qualified by appropriate training and experience.

Intended to Operate at Hoop Stress Levels of
Less Than 20% of the Specified Minimum
Yield Strength

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

826.2 ‘Inspection of Welds on Piping Syste¥
i

826.3 Inspection and Tests for Quality Contfol of
Welds on Piping Systems Intended td Operate
at Hoop Stress Levels of 20% or Moreg of the
Specified Minimum Yield Strength

(a) The quality of each weld shall be exanined by
visual inspection.

(b) Inaddition, a certain percentage of the welds shall
be examined through radiographic examinatjon, ultra-
sonic testing, magnetic particle testing, or oth¢r compa-
rable and acceptable methods of nondestructiye testing.
The trepanning method of nondestructive festing is
prohibited.

The following minimum number of field butt welds
shall be selected on a random basis by the pperating
AAAAAAA davis-constry

company—from-each-day nstrucHonf ination.

Honfor axa
oF-exa!

ture 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 cir-
cumference of the pipe. The temperature shall diminish
gradually outward from the edges of this band.

(d) Branches or other welded attachments for which
stress relief is required may be locally stress relieved by
heating a circumferential band around the pipe on which
the branch or attachment is welded with the attachment
at the middle of the band. The width of the band shall

21

Each weld so selected shall be examined over its entire
circumference or else the equivalent length of welds
shall be examined if the operating company chooses to
examine only a part of the circumference of each. The
same minimum percentages shall be examined for dou-
ble ending at railhead or yard.

(1) 10% of welds in Location Class 1.

(2) 15% of welds in Location Class 2.

(3) 40% of welds in Location Class 3.

(4) 75% of welds in Location Class 4.
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(5) 100% of the welds in compressor stations, and
at major or navigable river crossings, major highway
crossings, 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 appropri-
ately repaired and reinspected. The results of the inspec-
tion shall be used to control the quality of welds.

hoop stress levels of 40% or less of the specified mini-
mum yield strength, then provisions (b) and (c) above
are not mandatory, provided the welds are inspected
visually and approved by a qualified welding inspector.

(f) In addition to the nondestructive inspection
requirements outlined above, the quality of welds shall
be continually controlled by qualified personnel.

827 REPAIR OR REMOVAL OF DEFECTIVE WELDS

(d) WHen radiographic examination is employed, a
procedurg meeting the requirements of API 1104 shall
be followed.

(e) Wheen pipe size is less than NPS 6 (DN 150), or
when thg construction project involves such a limited
number ¢f welds that nondestructive inspection would
be impraftical, and the pipe is intended to operate at

IN PIPING INTENDED TO OPERATE AT HUE)P
STRESS LEVELS OF 20% OR MORE OF‘THE

SPECIFIED MINIMUM YIELD STRENGTH

Defective welds shall be repaired or/zemoved| If a
repair is made, it shall be in accordance ‘with API|1104.
Welders performing repairs shalldbe-qualified in dccor-
dance with para. 823.2.

22
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Chapter Il
Piping System Components and Fabrication Details

conngctions

changes

830 PIPING SYSTEM COMPONENTS AND ASME B16.33 Manually Operated Metallic Gas
FABRICATION DETAILS Valves for Use in Gas, Pliping
830.]1 General i}ylgée{/nsT up to }117151 lgssiz( pizes
. . . 5 Throug
(a)| The purpose of this Chapter is to provide a set of ASME B16.34 Valves — Flagged, Threaded,
standards for piping systems covering .
1) fications F d selecti ¢ all it d and Weldirig End
speciications 1ot anc selection of a® 1ems an ASME B16.38 Large Metallic Valves fgr Gas
accessories that are a part of the piping system, other Distribution: Manually
than lthe pipe itself , Opérated, NPS 2% (DN|65) to
2) acceptable methods of making branch NPS 12 (DN 300), 125 psig
o for the eff ¢ (8.6 bar) Maximum
3) provisions to care for the effects of temperature ASME B16.40 Manually Operated
Thermoplastic Gas Shufoffs and
4) approved methods for support and anchorage Valves in Gas Distribution
of exposed and buried piping systems Systems
(b)| This Chapter does not include MSS, SP=70 Gray Iron Gate Valves, Flanged
1) pipe materials (see Chapter I) and Threaded Ends
2) welding procedures (see Chapter II) MSS SP-71 Gray Iron Swing Check|Valves,
3) .de51gn Qf pipe (see Chapter 'IY) Flanged and Threaded Ends
4) installation and testing of piping systems (see>~" pNSS SP-78 Gray Iron Plug Valves, Flanged

Chapter 1V)
5) special conditions for offshore application (see
Chagpter VIII)

6) special conditions for sour gas application (see
Chapjter IX)

831 | PIPING SYSTEM COMPONENTS

Al] components of piping systems, including valves,
flangges, fittings, headers, spécial assemblies, etc., shall
be d¢signed in accordance'\with the applicable require-
mentp of this section andwrecognized engineering prac-
tices{ to withstand operating pressures and other
specified loadingg.

Componentstshall be selected that can withstand the
design, operating, and test conditions of the system in
which the eomponent is to be used without failure or
leakage-and without impairment of their serviceability.

and Threaded Ends

(b) Valves having shell (body, bonnet, cover, and/or
end flange) components made of cast ductile iron in
compliance with ASTM A395 and having dimensions
conforming to ASME B16.1, ASME B16.33, ASMIE B16.34,
ASME B16.38, ASME B16.40, or API 6D/ISO 14313 may
be used at pressures not exceeding 80% of th¢ pressure
ratings for comparable steel valves at their listed temper-
ature, provided the pressure does not exceed [I,000 psig
(6 900 kPa), and welding is not employed on any ductile
iron component in the fabrication of the valv¢ shells or
their assembly as part of the piping system.

(c) Valves having shell components made of cast iron
shall not be used in gas piping components for|compres-
sor stations.

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

831.1 Valves and Pressure-Reducing Devices

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

(a) Valves manufactured in accordance with the fol-
lowing standards may be used:

API 6A Specification for Wellhead and
Christmas Tree Equipment

API 6D/ISO 14313  Specification for Pipeline Valves

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

831.2 Flanges

831.2.1 Flange Types and Facings
(a) The dimensions and drilling for all line or end
flanges shall conform to one of the following standards:
ASME B16.1 Gray Iron Pipe Flanges
and Flanged Fittings:
Classes 25, 125, and 250
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ASME B16.5 Pipe Flanges and Flanged
Fittings: NPS A Through
NPS 24 Metric/Inch
Standard

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

Ductile Iron Pipe Flanges

ASME B16.24

ASME B16.42

Ye-in. (1.6-mm) raised faces, the bolting shall be of car-
bon steel equivalent to ASTM A307 Grade B, without
heat treatment other than stress relief.

(j) Class 150 steel flanges may be bolted to Class 125
cast iron flanges. When such construction is used, the
Ye-in. (1.6-mm) raised face on the steel flange shall be
removed. When bolting such flanges together using a
flat ring gasket extending to the inner edge of the bolt
holes, the bolting shall be of carbon steel equivalent to

and Flanged Fittings:
Classes 150 and 300
Large Diameter Steel
Flanges: NPS 26 Through
NPS 60 Metric/Inch
Standard

Lightweight Flanges

ASME B16.47

ASME B31.8, Mandatory
Appendix I, Table I-1

MSS SP-44 Steel Pipeline Flanges

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

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

(c) Lagped flanges are permitted in sizes and pressure
classes egtablished in ASME B16.5.

(d) Slig-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 plip-on flanges, provided the thickhess is
increased| as required to produce equivalent strength as
determinpd by calculations made in accordance with
Section VIII of the BPV Code.

(e) Welding neck flanges are permitted in sizes and
pressurg classes established~in ASME B16.5,
ASME B16.47, and MSS SP44) The bore of the flange
should crrespond to thetvinside diameter of the pipe
used. Fgr permissiblewelding end treatment, see
Mandatoty Appendix}/Fig. I-5.

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

(g) Nohferrous flanges shall have contact faces fin-
ished in dccordance with ASME B16.24.

ASTMAS307 Grade B, without heattreatment other than
stress relief. When bolting such flanges together)using
a full-face gasket, the bolting may be @loy [steel
(ASTM A193).
(k) Class 300 steel flanges may be bolted to Clags 250
cast iron flanges. Where such construction is usedl, the
bolting shall be of carbon steel, equiyalent to ASTM|A307
Grade B, without heat treatment other than stress relief.
Good practice indicates that'the raised face on the steel
flange should be removed,:but also in this case, bplting
shall be of carbon steel equivalent to ASTM |A307
Grade B.
(I) Forged steelywelding neck flanges having an out-
side diameter and drilling the same as that of
ASME B16.3,but with modified flange thickness, hub
dimensions; and special facing details, may be used to
bolt agdinhst flat-faced cast iron flanges and may operate
at the pressure-temperature ratings given in
ASME B16.1 for Class 125 cast iron pipe flahges,
provided
(1) the minimum flange thickness, T, is not lesg than

that specified in Mandatory Appendix I for lightweight
flanges
(2) flanges are used with nonmetallic full-fac¢ gas-
kets 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 fo the
requirements of ASME B16.42. Bolting requiremerits for
ductile iron flange joints shall be the same as thoge for
carbon and low alloy steel flanges as specifipd in
para. 831.2.2.

831.2.2 Bolting
(a) For all flange joints, the bolts or stud bolts|used
shall extend completely through the nuts.
(b) For all flange joints other than those described in

Qaa N

(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
of the bolt holes. When using a full-face gasket, the
bolting may be of alloy steel (ASTM A193). When using
a ring gasket, the bolting shall be of carbon steel, equiva-
lent to ASTM A307 Grade B, without heat treatment
other than stress relief.

(i) When bolting together two Class 250 integral or
threaded companion cast iron flanges having

pards. 001.41\11) thruugh \k), the bUlIiIlg bildl‘l bt’ Ilade
of alloy steel conforming to ASTM A193, ASTM A320,
or ASTM A354, or of heat treated carbon steel conform-
ing to ASTM A449. Bolting, however, for ASME B16.5,
Class 150 and 300 flanges at temperatures between —20°F
and 400°F (-29°C and 204°C) may be made of
ASTM A307 Grade B material.

(c) Alloy-steel bolting material conforming to
ASTM A193 or ASTM A354 shall be used for insulating
flanges if such bolting is made '4-in. (3.2-mm)
undersized.


https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

ASME B31.8-2016

(d) The 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 carbon and alloy-steel bolts, stud bolts, and
their nuts shall be threaded in accordance with the fol-
lowing thread series and dimension classes as required
by ASME B1.1.

(1) Carbon Steel. All carbon-steel bolts and stud
bolts shall have coarse threads having Class 2A dimen-

(d) Types

(1) The use of metal or metal-jacketed gaskets
(either plain or corrugated) is not pressure limited,
except as noted in (b)(2), provided that the gasket mate-
rial is suitable for the service temperature. These types
of gaskets are recommended for use with the small male
and female or the small tongue-and-groove facings.
They may also be used with steel flanges with lapped,
large male and female, large tongue-and-groove, or

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

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

(¢)| Nuts cut from bar stock in such a manner that the
axis yvill be parallel to the direction of rolling of the bar
may pe used in all sizes for joints in which one or both
flanges are cast iron and for joints with steel flanges
wherje the pressure does not exceed 250 psig (1 720 kPa).
Such| nuts shall not be used for joints in which both
flanges are steel and the pressure exceeds
250 [psig (1720 kPa), except that for nut sizes
% in] (12.7 mm) and smaller, these limitations, de not

apply.

831.2.3 Gaskets
(a)| General
1) Gasket materials shall be capable of maintaining
serviceability once installed/and exposed to the
and fluids contained in. the piping system.
2) ASME B16.20 and\ASME B16.21 are standards
that[provide guidance.for applicable gaskets and
matefials.

(b)| Pressure
1) Gaskétssshall be made of materials suitable for
the design.and test pressures of the systems in which
they Jare ‘installed.

their
gases

)XMetallic gaskets other than ring-type or spirally

Taised-face facings.
(2) Full-face gaskets should be used with'pll bronze
(or copper alloy) flanges and with Class25and|Class 125
cast iron flanges. Flat ring gaskets with ah outdide diam-
eter extending to the inside of the boltholes mgy be used
with cast iron flanges, with raised-face steql flanges,
or with lapped steel flanges, provided that the bolting
requirements of ASME B16.5, para. 5.3.5 are followed.
(3) For steel flangesto secure higher unit{compres-
sion on the gasket, metallic gaskets of a widtl less than
the full male face-of the flange may be used wfith raised
face, lapped, erlarge male and female facings. The width
of the gasket for small male and female or fdr tongue-
and-groove joints shall be equal to the width of the male
face or\tongue.
(4) Rings for ring joints shall be of dijnensions
established in ASME B16.20. The material for these rings
shall be suitable for the service conditions en¢ountered
and shall be softer than the flanges.
(5) Special Gaskets. Special gaskets, includling insu-
lating gaskets, may be used, provided they ane suitable
for the temperatures, pressures, gas compositipn, fluids,
and other conditions to which they may be spibjected.

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 specifipd for the
pressures and temperatures in the applicable
ASME standards or the MSS standard practige.

(b) Steel buttwelding fittings shall comply with either
ASME B16.9 or MSS SP-75 and shall have pregsure 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 oqna] the nnmpn{-oﬂ k11ro+ing c{-raﬂg{-h r\‘:}' lpe of the

wound metal gaskets shall not be used with
ASME Class 150 or lighter flanges. Metallic gaskets shall
not be used for flanges lighter than Class 150, or when
ASTM A307 Grade B bolts or equivalent are used.
(c) Temperature

(1) Gasketmaterials 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.

25

designated material and wall thickness. Mill hydrostatic
testing of factory-made steel buttwelding fittings is not
required, but all such fittings shall be capable of with-
standing a field test pressure equal to the test pressure
established by the manufacturer, without failure or leak-
age, and without impairment of their serviceability.

(c) Factory-made wrought steel buttwelding induc-
tion bends or hot bends shall comply with ASME B16.49.

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

(16)
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(e) Ductile iron flanged fittings shall comply with the
requirements of ASME B16.42 or ANSI A21.14.

(f) Thermoplastic fittings shall comply with
ASTM D2513 or ASTM F2945.

(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
differing from those of regular shapes specified in the

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

applicablp ASME and MSS standards, the provisions of
para. 831|3.6 shall apply.

831.3/3 Branch Connections

(1) Welded branch connections on steel pipe must
meet the [design requirements of paras. 831.4 and 831.5.

(b) Thieaded taps in cast iron pipe for branch connec-
tions are [permitted without reinforcement to a size not
more than 25% of the nominal diameter of the pipe;
however,|where climate service conditions or soil condi-
tions credte abnormal or unusual external loadings on
cast iron|pipe, unreinforced threaded taps for branch
connections are permitted only on cast iron pipe
NPS 8 (ON 200) and larger in diameter, provided that
the tap size is no greater than 25% of the nominal pipe
diameter|

(c) Exifting threaded taps in cast iron pipe may be
used for feplacement branch connections when careful
inspection shows there are no cracks or other deteriora-
tion in the main immediately surrounding the opening.

(d) Thieaded taps in ductile iron pipe are permitted
without feinforcement to a size not more than 25% of
the nomnjinal diameter of the pipe, except(that
1%-in. (ON 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) Meghanical fittings may be used.for making hot
taps on pipelines and mains, provided-they are designed
for the oplerating conditions of the.pipeline or main and
are suitalple for that purposes

831.3
Iron Pipe
ment in ¢

Openings for.Gas Control Equipment in Cast

Threaded taps used for gas control equip-
st iron pipé\(i-€., bagging off a section of main)
are permjtted withoiit reinforcement to a size not more
than 25% of the\nhominal diameter of the pipe, except
that 1Y-in. (DXND32) taps are permitted in NPS 4 (DN 100)
pipe. Taps larger than those permitted above shall use

(e) Every pretfabricated unit produced under this sec-
tion of the Code shall successfully withstand a\prgssure
test without failure, leakage, distress, or distortion other
than elastic distortion at a pressure equal’to the test
pressure of the system in which it is_inistalled, ¢ither
before installation or during the systein test. When| such
units are to be installed in existing systems, they shiall be
pressure tested before installation, if feasible; othegwise,
they shall withstand a leaklest at the operating pressure
of the line.

831.3.6 Pressure Design of Qther
Pressure-Containing Components. Pressure-contdining
components that are not covered by the standards |isted
in Mandatory Appendix A and for which design qua-
tions or procedures are not given herein may be|used
where the design of similarly shaped, proportioned, and
sized“components has been proven satisfactory by suc-
cessful performance under comparable service dondi-
tions. (Interpolation may be made between simfilarly
shaped components with small differences in sigze or
proportion.) In the absence of such service experfence,
the pressure design shall be based on an analysis copsist-
ent with the general design philosophy embodied ih this
Code and substantiated by at least one of the folloing;:

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

(b) experimental stress analysis, as describ
Annex 5.F of Section VIII, Division 2 of the BPV

(c) engineering calculations

bd in
Code

831.3.7 Closures
(a) Quick Opening Closures. A quick opening clpsure
is a pressure-containing component (see para. 831.3.6)
used for repeated access to the interior of a piping sys-
tem. It is not the intent of this Code to impose the
igner

vorlnivomoﬂi-c ofa cpnni{:ir‘ desienmethod onthe de.
S

a reinforcing sleeve.

831.3.5 Special Components Fabricated by Welding

(a) This section covers piping system components
other than assemblies consisting of pipe and fittings
joined by circumferential welds.

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

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

26

or manufacturer of a quick opening closure.

Quick opening closures shall have pressure and tem-
perature ratings equal to or in excess of the design
requirements of the piping system to which they are
attached.

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

Weld end preparation shall be in accordance with
Mandatory Appendix I, Fig. I-4.
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(b) Closure Fittings. Closure fittings commonly
referred to as “weld caps” shall be designed and manu-
factured in accordance with ASME B16.9 or MSS SP-75.
[See para. 831.3.1(b).]

(c) Closure Heads. Closure heads such as flat, ellipsoi-
dal [other than in (b)], spherical, or conical heads are
allowed for use under this Code. Such items may be
designed in accordance with Section VIII, Division 1
of the BPV Code. For closure heads not designed to

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

ARZdi‘

where

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

connection

Sectipn VIII, Division 1 of the BPV Code, the maximum
allowable stresses for materials used in these closure
headp shall be established under the provisions of sec-
tion $41 and shall not exceed a hoop stress level of 60%
SMYB.

If elds are used in the fabrication of these heads,
they shall be inspected in accordance with the provisions
of Section VIII, Division 1 of the BPV Code.

Clgsure heads shall have pressure and temperature
ratings equal to or in excess of the design requirement
of the piping system to which they are attached.

(d)| Fabricated Closures. Orange-peel bull plugs and
orange-peel swages are prohibited on systems operating
at hdop stress levels of 20% or more of the specified
minifnum yield strength of the pipe material. Fish tails
and flat closures are permitted on pipe NPS 3 (DN 75)
and pmaller operating at less than 100 psi (690 kPa).
Fish tails on pipe larger than NPS 3 (DN 75) are prohib-
ited. [Flat closures on pipe larger than NPS 3 shall be
designed according to Section VIII, Division 1 of.the
BPV [Code. [See (c).]

(e)| Bolted Blind Flange Connections. Bolted blind flange
conngctions shall conform to para. 831.2.

831.4 Reinforcement of Welded Branch Connections

831.4.1 General Requirements. All welded branch
conngctions shall meet the/following requirements:

(a)] When branch conriections are made to pipe in the
form|of a single connegtion or in a header or manifold
as a geries of connections, the design must be adequate
to coptrol the stress”levels in the pipe within safe limits.
The ¢onstruction shall accommodate the stresses in the
remajining*pipe wall due to the opening in the pipe or
headpr,.the’shear stresses produced by the pressure act-
ing ointhe area o ing e
loadings due to thermal movement, weight, vibration,
etc. The following paragraphs provide design rules for
the usual combinations of the above loads, except for
excessive external loads.

(b) The reinforcement required in the crotch section
of a welded branch connection shall be determined by
the rule that the metal area available for reinforcement
shall be equal to or greater than the required area as
defined in this paragraph as well as in Mandatory
Appendix F, Fig. F-5.

the nominal header wall thickness(¥efjuired by
para. 841.1.1 for the design-pressure and
temperature

When the pipe wall thickness includes an allowance
for corrosion or erosion, all dimensions used shall result
after the anticipated corrosion ot erosion has taken place.

(d) The area available_fer'reinforcement shill be the
sum of

(1) the cross-sectional area that results ffrom any
excess thickness @vyailable in the header thickiness over
the minimunirequired for the header as defiped in (c)
and that lies within the reinforcement area as defined
in (e)

(2)ythe cross-sectional area that results [from any
exeess thickness available in the branch wall [thickness
over the minimum thickness required for the branch
and that lies within the reinforcement area as defined
in (e)

(3) the cross-sectional area of all added r¢inforcing
metal that lies within the reinforcement area, 4s defined
in (e), including that of solid weld metal that s conven-
tionally attached to the header and/or branch

(e) The area of reinforcement, shown in Mandatory
Appendix F, Fig. 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 ahd 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 it extend more than
2Y% times the thickness of the branch wall froth the out-
side surface of the header or of the reinforceme¢nt, if any.

(f) The material of any added reinforcenpent shall
have an allowable working stress at least equa] to that of
the header wall, except that material of lower pllowable
stress may be used if the area is increased in djirect ratio
frmtorcement

U C d d
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 area is made in direct pro-
portion to the relative strength of the pipe and reinforce-
ment materials at the operating temperatures, and
provided it has welding qualities comparable to those
of the pipe. No credit shall be taken for the additional
strength of material having a higher strength than that
of the part to be reinforced.

OWdpDIt S O
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(h) When rings or saddles cover the weld between
branch and header, a vent hole shall be provided in the
ring or saddle to reveal leakage in the weld between
branch and header and to provide venting during weld-
ing and heat treating operations. Vent holes should be
plugged during service to prevent crevice corrosion
between pipe and reinforcing member, but no plugging
material that would be capable of sustaining pressure
within the crevice should be used.

Table 831.4.2-1 Reinforcement of Welded Branch
Connections, Special Requirements

Ratio of Nominal Branch

Ratio of Design Diameter to Nominal Header

Hoop Stress to Diameter
Minimum Specified More Than
Yield Strength in 25% Through  More Than
the Header 25% or Less 50% 50%

20% or less (), () @), () ), ()

i) The[useofTibsor gussets sttt ot beconsidered a5 - > .
W bsOTg . More than 20% @, (0, 0 .0 (). (]
contributjng to reinforcement of the branch connection. through 50%

This doep not prohibit the use of ribs or gussets for More than 50% (0, (), @), ) ®), @, () ~@) @,
purposes|other than reinforcement, such as stiffening.

(j) Thelbranch shall be attached by a weld for the full
thickness|of the branch or header wall plus a fillet weld,
W3, as sHown in Mandatory Appendix I, Figs. I-1 and
I-2. The upe of concave fillet welds is preferred to further
minimizg corner stress concentration. Ring or saddle
reinforcement shall be attached as shown by Fig. I-2.
When a full fillet is not used, it is recommended that
the edge ¢f the reinforcement be relieved or chamfered at
approxinjately 45 deg to merge with the edge of the fillet.

(k) Reinforcement rings and saddles shall be accu-
rately fitfed to the parts to which they are attached.
Mandato}y Appendix I, Figs. I-2 and I-3 illustrate some
acceptable forms of reinforcement.

(I) Brafch connections attached at an angle less than
85 deg tq the run become progressively weaker as the
angle decfreases. Any such design must be given individ-
ual study] and sufficient reinforcement must be provided
to compensate for the inherent weakness of such.gon-
struction] The use of encircling ribs to support.the'flat
or re-enfering surfaces is permissible and may be
included |in the strength calculations. The designer is
cautioned that stress concentrations near“the ends of
partial rilps, straps, or gussets may defeat their reinforc-
ing value|

831.4]2 Special Requirements. In addition to the
requirements of para. 831.4¢l;\branch connections must
meet the|special requirements of the following para-
graphs ag given in Table'831.4.2-1:

(a) Smpothly conteured wrought steel tees of proven
design afe preferred. When tees cannot be used, the
reinforcirlg member shall extend around the circumfer-
ence of thetheader. Pads, partial saddles, or other types

(0, ()

GENERAL NOTE:  The letters in the table correspond to the subpara-
graphs of para. 831.4.2.

member and header do not.exceed the thickness ¢f the
header.

(d) Reinforcement caletilations are not required for
openings 2 in. (51 mm) and smaller in diameter; how-
ever, care should be taken to provide suitable protgction
against vibrations and other external forces to which
these small openings are frequently subjected.

(e) Allkwelds joining the header, branch, and reipforc-
ing member shall be equivalent to those shoyn in
Mandatory Appendix I, Figs. I-1, I-2, and I-3.

(f) The inside edges of the finished opening fhall,
whenever possible, be rounded to a Y in. (3.2|mm)
radius. If the encircling member is thicker thap the
header and is welded to the header, the ends shall be
tapered down to the header thickness, and contirjuous
fillet welds shall be made. In the case of hot tap or
plugging fittings, use special requirement (j).

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

(h) 1f a reinforcement member is required, anfl the
branch diameter is such that a localized type of reinforce-
ment member would extend around more than hdlf the
circumference of the header, then a complete endircle-
ment type of reinforcement member shall be fised,
regardless of the design hoop stress, or a smoothlyf con-
toured wrought steel tee of proven design may be jused.

(i) The reinforcement may be of any type meetir|g the

of localized-reinforcementare }JLU}libith.

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

(c) The reinforcement member may be of the complete
encirclement type, pad type, saddle type, or welding
outlet fitting type. The edges of reinforcement members
should be tapered to the header thickness. It is recom-
mended that legs of fillet welds joining the reinforcing

28

lUl.iuiltflllClli.b Uf pdld. 831.4.1.

(j) Forhot tap or plugging fittings of tee-type configu-
rations (see Fig. I-3.1), where the reinforcing sleeve is
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 ¢ is
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the actual wall thickness of the pipe. This will result in
a minimum effective weld throat of 0.7t.

(2) The maximum leg dimension of the end fillet
welds shall 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 1.0¢t.

(3) If necessary, the fittings shall be tapered, bev-
eled, or chamfered at their ends to a minimum approxi-

surface of the run that is equal to or greater than the
radius of curvature of the external contoured portion of
the outlet. (See Mandatory Appendix F, Figs. 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.

(c) These rules apply only to cases where the axis of
the outlet intersects and is perpendicular to the axis of

mate[angte of 45 deg (WItlt Tespect t0 the end face):
Tapefing, beveling, or chamfering should provide at
least|a nominal face to accommodate the fillet weld,
but the face dimension should not exceed 1.4 times the
calcylated thickness required to meet the maximum
hoop|stress of the pressurized sleeve. The leg of the fillet
depogpited on the end face need not be carried out fully
to the shoulder of the face if doing so would result in
an oyersized fillet weld.

4) Because each installation may be unique, the
taper or chamfer shall be the responsibility of the user
or dtherwise by agreement between user and
mantifacturer.

831.

(a)| When two or more adjacent branches are spaced
at legs than two times their average diameter (so that
theirjeffective areas of reinforcement overlap), the group
of openings shall be reinforced in accordance with
para| 831.4. The reinforcing metal shall be added as\a
combined reinforcement, the strength of which shall
equal the combined strengths of the reinforcements that
would be required for the separate openings. Ih'no case
shall|any portion of a cross section be ¢onsidered 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 reinforeement, the minimum
distapce between centers of-any two of these openings
shall[preferably be at least1’4times their average diame-
ter, and the area of reinforcement between them shall
be at| least equal to50% of the total required for these
two ppenings on (the'cross section being considered.

(c)| When the'distance between centers of two adjacent
openfngs is 1¢s§ than 1% times their average diameter,
as considéred under (b), no credit for reinforcement shall
be gjvenfor any of the metal between these two

b Reinforcement of Multiple Openings

the run.
(d) Figures F-1 through F-4 define the’pertinent
dimensions and limiting conditions.
(e) Required Area. The required afea is defihed as

A = KD,

where
K = 1.00 when d/D~>'0.60
0.6 + %d/D when d/D > 0.15
exceedin@)0.60
0.70-when d/D < 0.15

and not

reinforce-
than the

The design must meet the criterion that the
mentlarea defined in (f) below is not less
required area.

(f) Reinforcement Area. The reinforcement
be the sum of areas A; + A, + A3 as defined

(1) Area A, is the area lying within the
ment zone resulting from any excess thicknesg
in the run wall, i.e.,

hrea shall

below:

reinforce-
available

Ay =Dy (T, - 1)

reinforce-
available

(2) Area A, is the area lying within the
ment zone resulting from any excess thicknes
in the branch pipe wall, i.e.,

Ay = 2L (Ty - ty)
(3) Area Aj is the area lying within the [reinforce-
ment zone resulting from excess thickness ayailable in

the extruded outlet lip, i.e.,

Az = 21, (T, = t)

openings.

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

831.6 Extruded Outlets

(a) Therules in this paragraph apply to steel extruded
outlets in which the reinforcement is integral.

An extruded outlet is defined as an outlet in which
the extruded lip at the outlet has a height above the
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(g) Reinforcement of Multiple Openings. The rules in
para. 831.5 shall be followed, except that the required
area and reinforcement area shall be as given in
para. 831.6.

(h) Inaddition to the above, the manufacturer shall be
responsible for establishing and marking on the section
containing extruded outlets the following: the design
pressure and temperature, and that these were estab-
lished under provisions of this Code. The manufacturer’s
name or trademark shall be marked on the section.
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Table 832.2-1 Thermal Expansion or Contraction
of Piping Materials
Carbon and Low Alloy
High Tensile Steel and Wrought Iron

Approximate Expansion or

exists as to the adequate flexibility of the system. See
para. 833.7 for further guidance.

(b) Flexibility shall be provided by the use of bends,
loops, or offsets, or provision shall be made to absorb
thermal changes by the use of expansion joints or cou-
plings of the lip joints type or expansion joints of the
bellows type. If expansion joints are used, anchors or
ties of sufficient strength and rigidity shall be installed
to provide for end forces due to fluid pressure and other

Temperature, Contraction, in./100 ft (mm/m)
°F (°C) Above or Below 32°F (0°C)
-125 (-87) 1.2 (1.0)
-100 (=74) 1.0 (0.8)
-7b (-60) 0.8 (0.7)
-5 (-45) 0.6 (0.5)
0[(-18) 0.2 (0.2)
32 (0) 0.0 (0.0)
6P (16) 0.2 (0.2)
140 (38) 0.5 (0.4)
125 (52) 0.7 (0.6)
150 (66) 0.9 (0.8)
175 (79) 1.1 (0.9)
2qo (93) 1.3 (1.1)
225 (107) 1.5 (1.3)
259 (121) 1.7 (1.4)
300 (149) 2.2 (1.8)
350 (177) 2.6 2.2)
400 (204) 3.0 (2.5)
459 (232) 3.5 (2.9)

832 EXPANSION AND FLEXIBILITY

832.1 Application

Section| 832 is applicable to piping meeting the defini-
tion of ufrestrained 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.aniay be calculated
using 6.5 x 107 in./in./°F (1.1Z. & 107° cm/cm/°C) as
the coefficient of thermal expahsion. The expansion or
contractign to be considered)is the difference between
the maxilmum or miniptum' design temperatures and
the expedted average ihstallation temperature. For more
precise tHermal expansion coefficients for specific mate-
rials, refef to autheritative source data, such as publica-
tions of |the-National Institute of Standards and
Technology:-A-table containing approximate amounts of

TATISES.

(c) In calculating the flexibility of a piping ‘syptem,
the system shall be treated as a whole. The signififance
of all parts of the line and all restraints, such as|rigid
supports or guides, shall be considered.

(d) Calculations shall take into a¢éount stress infensi-
fication factors found to exist in components othey than
plain straight pipe. Credit may.be taken for the |extra
flexibility of such components,The flexibility factors and
stress intensification faéters shown in Table E-1| may
be used.

(e) Properties of pipe and fittings for these calcula-
tions shall be based on nominal dimensions, and the
joint factor E‘shall be taken as 1.00.

(f) The total range in temperature from minijmum
design temperature to the maximum design temjpera-
ture shall be considered in all expansion stress calcula-
tions; whether piping is cold-sprung or not. Should
installation, start-up, or shutdown temperatures b¢ out-
side of the design temperature range, the maximum
possible temperature range shall be considered. In pddi-
tion to the expansion of the line itself, the linear and
angular movements of the equipment to whicl it is
attached shall be considered.

(g) Flexibility calculations shall be based on the mod-
ulus of elasticity corresponding to the lowest temjpera-
ture of the operational cycle.

(h) In order to modify the effect of expansior) and
contraction, runs of pipe may be cold-sprung. {old-
spring may be taken into account in the calculatiqns of
the reactions, provided an effective method of obtaining
the designed cold-spring is specified and used.

832.4 Reactions

(a) Reaction forces and moments to be used inh the
design of restraints and supports for a piping syptem,

: . . 1 1 £ 1 |
expansioiror corntracton per trrt Lcus'ul tor—serectecr

temperatures is provided in Table 832.2-1.

832.3 Flexibility Requirements

(a) Piping systems shall be designed to have sufficient
flexibility to prevent thermal expansion or contraction
from causing excessive stresses in the piping material,
excessive bending or unusual loads at joints, or undesir-
able forces or moments at points of connection to equip-
ment or at anchorage or guide points. Formal
calculations shall be performed where reasonable doubt

andHnrevaluating-the-effeets-of piping-displacements on
connected equipment shall consider the full range of
thermal displacement conditions plus weight and exter-
nal loads. Cold-spring may be useful for maintaining
reactions within acceptable limits.

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

(c) Consideration shall be given to the load-carrying
capacity of attached rotating and pressure-containing
equipment and the supporting structure.
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Table 832.5-1 Modulus of Elasticity for
Carbon and Low Alloy Steel

833.2 Calculation of Longitudinal Stress
Components

Temperature, Modulus of Elasticity, (a) The longitudinal stress due to internal pressure in
°F (°C) psi X 10° (GPa) restrained pipelines is
-100 (-73) 30.2 (208) S, = 0.3Sy
70 (21) 29.5 (203) ’
320000 ((1943;) ;Z'g 838; where Sy is the hoop stress, psi (MPa)
. 5 . . . .
400 (204) 27.7 (191) ‘m( fﬂ) LTh.e k:n%iiuﬁl}?fl; stress due to internal pressure in
500 (260 373 (189) errestratred-pipelinets

832.

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

b Modulus of Elasticity

833 | DESIGN FOR LONGITUDINAL STRESS

833.1 Restraint

(a)| The restraint condition is a factor in the structural
behayior of the pipeline. The degree of restraint may:
be affected by aspects of pipeline construction, support
design, soil properties, and terrain. Section 833 is appli-
cabld to all steel piping within the scope of ASME B31.8.
For gurposes of design, this Code recognizes two axial
restraint conditions, “restrained” and “unrestrained.”
Guidance in categorizing the restraint.condition is given
below.

(b)| Piping in which soil or supports prevent axial dis-
placgment or flexure at bends.is/'restrained.” Restrained
piping may include the following;:

1) straight sectiens\of buried piping

2) bends and-adjacent piping buried in stiff or con-
solidpte soil

3) sections of aboveground piping on rigid
suppprts

(c)| Piping that is freed to displace axially or flex at

bends_ is “unrestrained.” IInrestrained piping mav

S, = 0.554

where Sy is the hoop stress, psi (MPa)
(c) The longitudinal stress due\to-thermal ¢
in restrained pipe is

Xpansion

St =&a(l; - Ty)

where

E = the elastic modulus, psi (MPa), at the ambient
temperature

T, = thepipe temperature at the time of ingtallation,
tie-in, or burial, °F (°C)

T, =\the warmest or coldest pipe operating
temperature, °F (°C)

@ = the coefficient of thermal expansion,

1/°F (1/°C)

or colder
ns for T,

If a section of pipe can operate either warme
than the installed temperature, both conditig
may need to be examined.

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

Sp = M/Z

where

M = the bending moment across the pipe
tion, Ib-in. (N-m)
the pipe section modulus, in.* (cm?)

CrOSs sec-

z

(e) The nominal bending stress in fittings anid compo-
nents due to weight or other external loads i

SB = MR/Z

where Mp is the resultant intensified moment hcross the

include the following:

(1) aboveground piping that is configured to
accommodate thermal expansion or anchor movements
through flexibility

(2) bends and adjacent piping buried in soft or
unconsolidated soil

(3) an unbackfilled section of otherwise buried
pipeline that is sufficiently flexible to displace laterally
or that contains a bend

(4) pipe subject to an end cap pressure force
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fitting or component. The resultant moment shall be
calculated as

Mg = [(0.75i; M)? + (0.75i, M,)> + M{*]'/?, Ib-in. (N-m)

in-plane stress intensification factor from
Mandatory Appendix E

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

out-of-plane bending moment, Ib-in. (N-m)
torsional moment, Ib-in. (N-m)

The product 0.75i > 1.0
(f) The stress due to axial loading other than thermal
expansion and pressure is

pipe body materials; and to the avoidance of buckles,
swelling, or coating damage.
(b) The maximum permitted strain is limited to 2%.

833.6 Summation of Longitudinal Stresses in
Unrestrained Pipe

ss in

1(a),
per

Sx = R/A (a) The net longitudinal stress in unrestrained pipe is
where S, = Sp+ Sy 4 Sy nsi
A = pipe metal cross-sectional area, in.” (mm~) ;
R = extemal force axial component, Ib (N) (b) The maximum permitted longitudinal str
833.3 Smmation of Longitudinal Stress in ur}re:‘stralnec.l pipeis S; < O.7§ST, where S is the spetified
Réstrained Pipe mlgm}urr.l y1te}11d s’fcrength, pt31 (MP;), p? parz}. 811.]
an is the temperature depating factor
(1) Th¢ netlongitudinal stresses in restrained pipe are para. 841.1.8. P 8
Sp = Sp+ S+ Sx+Sp . . -
833.7 Flexibility Analysis_for.Unrestrained Piping
N?Z? t,?;( fﬁ;jﬁ’n i;oéei; ?tatrel;li\;iuréeg?tll;e Iveiliu()eséST (a) There is no need fopformal flexibility analydis for
L e trained pipi tem that
where S|is the specified minimum yield strength, an u?]r)es;amle' }ilpmg 5ys fm 2 ‘thout sienificant
psi (MPa), per para. 841.1.1(a), and T is the temperature UP1CAZes of replaces Withou® significant
derating factor per para. 841.1.8 change a systemn operating with a successful record

(c) Redfidual stresses from construction are often pres-
ent; for ¢xample, bending in buried pipelines where
spanningjor differential settlement occurs. These stresses
are often lifficult to evaluate accurately, but can be disre-
garded ir) most cases. It is the engineer’s responsibility
to deternjine whether such stresses should be evaluated.

833.4 (q
(a) The

mbined Stress for Restrained Pipe

combined biaxial stress state of the pipeline
in the opgrating mode is evaluated using the célcuilation
in either 1) or (2) below:

(1) max. {|Sy - Si|, |Sul,

1/2
(2) [f L2 -5 SH + SHz]

The mgximum permitted value foy the combined biax-
ial stress |s kST where S is the specified minimum yield
strength, psi (MPa), per para.841.1.1(a), T is the tempera-
ture derating factor per para. 841.1.8, and k is defined
in (b) andl (c) below.

Si|} or

(2) canbe'readily judged adequate by compgrison
with previously analyzed systems

(3)7is of uniform size, has no more than two
of fixation and no intermediate restraints, and
within the limitations of the following emp
€quation

oints
falls
rical

DY <K
L - uy
where
D = nominal outside diameter of pipe, in. (mjm)
K = 0.03, for U.S. Customary units (208, for SI finits)
listed in the equation above
L = developed length of piping between anghors,
ft (m)
U = straight line separation between anchors, ft (m)
Y = resultant of total displacement strains, in. (mm),

(b) Forlloads of leng duration, the value of k shall not to be absorbed by the system
exceed 0.90. . 1 iodic loads of sh d NOTE: No general proof can be offered that this empirical equa-
. (¢) For| ocgasional nonperiodic loads of short dura- tion always yields conservative results. It is not applicable fo sys-
tion, the value-of k shall not exceed 1.0. tems used in severe cyclic conditions. It should be used with
(d) S trtayaboveiscatculated—consideringboththe Taution i configurations such as unequat tegU-berdshaving

tensile and compressive values of Sg.

(e) Stresses induced by loads that do not occur simul-
taneously need not be considered to be additive.

(f) The biaxial stress evaluation described above
applies only to straight sections of pipe.

833.5 Design for Stress Greater Than Yield

(a) The limits in paras. 833.3 and 833.4 may be
exceeded where due consideration is given to the ductil-
ity and strain capacity of seam weld, girth weld, and

32

L/U > 2.5; or nearly-straight “saw-tooth” runs; or where i > 5 due
to thin-walled design; or where displacements not in the direction
connecting anchor points constitute a large part of the total dis-
placement. There is no assurance that terminal reactions will be
acceptably low even if a piping system falls within the limitations
of (a)(3).

(b) Any piping system that does not meet one of the
criteria in (a) should undergo a flexibility stress analysis
by a simplified, approximate, or comprehensive method
as deemed appropriate.
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833.8 Flexibility Stresses and Stresses Due to
Periodic or Cyclic Fatigue Loading

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

SE = ME/Z

where M is the resultant intensified moment range from

(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 local loads 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 con-

frace ctotn to oot oy Tho waca leant dtn il
tFes55-5tate—toahother—rnefeStrantthtrensiriee

one §
moment shall be calculated as

Mg = [(M)* + (i,M,)* + MP]'/?, Tb-in. (N'm)

(b)| The cyclic stress range Sg < S4, where
Sa = f[1.25 (5. + Sp) — Si]
f=6N"*<10

N|= equivalent number of cycles during the
expected service life of the piping system

S.|= 0.33 5,T at the minimum installed or operating
temperature

Sp|= 0.33 5,T at the maximum installed or operating
temperature

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

S,|= specified minimum ultimate tensile strength,
psi (MPa)

T|= temperature derating factor per para. 841.1:8

(c)] When the computed stress range variés, Sg is

definfed as the greatest computed stress range:TFhe value
of Nlin such cases can be calculated as

N = Ng + X [r’Nj] fori =932, ... n

where
Ni| = number of cycles of maximum computed stress
range, Sg
Nj = number of dyeles associated with stress
range, S;
rl = Si/Sk
S| = any computed stress range smaller than S,
psi(MPa)
833.9 (Local Stresses

sideratiorn of fatigte:

833.10 Buckling and Lateral Instability

In order to prevent buckling in the form of wrinkling
of the pipe wall or lateral instability, the mhaximum
allowable net compressive stressis % of the critiical buck-
ling stress estimated using a‘stiitable stability|criterion.

834 SUPPORTS AND-ANCHORAGE FOR EXPOSED
PIPING

834.1 General

Piping and-equipment shall be supported in § substan-
tial and wiorkinanlike manner, so as to prevent{or reduce
excessivie. vibration, and shall be anchored stfficiently
to prevent undue strains on connected equipment.

834.2 Provision for Expansion

Supports, hangers, and anchors should be sg installed
as not to interfere with the free expansion angl contrac-
tion of the piping between anchors. Suitablle spring
hangers, sway bracing, etc., shall be provided where
necessary.

834.3 Materials, Design, and Installation

All permanent hangers, supports, and anchors shall
be fabricated from durable incombustible matprials and
designed and installed in accordance with gpod engi-
neering practice for the service conditions invplved. All
parts of the supporting equipment shall be|designed
and installed so that they will not be disengaged by
movement of the supported piping.

834.4 Forces on Pipe Joints

(a) All exposed pipe joints shall be able to sfistain the
maximum end force, Ib (N), due to the internal pressure,
i.e., the design pressure, psig (kPa), times the internal

2 2

(a) Higtrtocat stresses are usually generated at struc-
tural discontinuities and sites of local loadings.
Although they may exceed the material yield strength,
such stresses may often be disregarded because they
are localized in influence and may be self-limiting or
relieved by local deformation. Examples include stresses
in branch connections caused by pressure or external
loads, or stresses at structural discontinuities. This Code
does not fully address the maximum allowable value
for local stresses. It is the engineer’s responsibility to
determine whether such stresses must be evaluated.
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area of the pipe, It (), a5 well asany additional
forces due to temperature expansion or contraction or
to the weight of pipe and contents.

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

(16)

ASME B31.8-2016

834.5 Attachment of Supports or Anchors

(a) If the 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.

(b) If the pipe is designed to operate at a hoop stress
of 50% or more of the specified minimum yield strength,

thrust origin shall be designed to sustain the longitudi-
nal pullout force. If such provision is not made in the
manufacture of the joints, suitable bracing or strapping
shall be provided.

835.5 Supports for Buried Piping

(a) In pipelines, especially those that are highly
stressed from internal pressure, uniform and adequate
support of the pipe in the trench is essential. Unequal

structurgl supports or anchors shall not be welded
directly tp the pipe. Where it is necessary to provide a
welded aftachment, structural supports or anchors shall
be weldegl to a member that fully encircles the pipe. The
connectign of the pipe to the encircling member shall
be by cornjtinuous, rather than intermittent, welds or by
use of a holted or clamped mechanical connection.

835 ANCHORAGE FOR BURIED PIPING
835.1 General

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

835.2 A;[chorage at Bends

If the pipe is anchored by bearing at the bend, care
shall be taken to distribute the load on the soil so that
the bearihg pressure is within safe limits for the soil
involved.

835.3 Reéstraint Due to Soil Friction

Where [there is doubt as to the adequacy of restraint
friction,|calculations shall be made, and*indicated
anchoring shall be installed.

835.4 Fdrces on Pipe Joints

If anchorage is not provided)at the bend (see
para. 8352), pipe joints that,are close to the points of

settlements may produce added bending stressés.n the
pipe. Lateral thrusts at branch connections may gfeatly
increase the stresses in the branch conriection {tself,
unless the fill is thoroughly consolidated{or other provi-
sions are made to resist the thrust.

(b) Rock shield shall not be draped over the| pipe
unless suitable backfill and padding are placed in the
ditch to provide a continuotis\and adequate suppprt of
the pipe in the trench.

(c) When openings are' made in a consolidated bgckfill
to connect new branches to an existing line, care[must
be taken to provide.firm foundation for both the header
and the brancH to prevent vertical and ldteral
movements:

835.6.'Interconnection of Underground Lines

Underground lines are subjected to longituflinal
stresses due to changes in pressure and temperature.
For long lines, the friction of the earth will pr¢vent
changes in length from these stresses, except for sqveral
hundred feet adjacent to bends or ends. At these|loca-
tions, the movement, if unrestrained, may be of congider-
able magnitude. If connections are made at sfich a
location to a relatively unyielding line or other |fixed
object, it is essential that the interconnection shall have
ample flexibility to compensate for possible movement,
or the line shall be provided with an anchor suffjcient
to develop the forces necessary to limit the movement.
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Chapter IV
Design, Installation, and Testing

840 DESIGN, INSTALLATION, AND TESTING (4) Water Vapor Content and Free Liquids. Free water
and hydrocarbons at certain combinationsof [pressures
and temperatures may produce hydrates,“which are

(a)| The design requirements of this Code are intended ~ crystalline solids that may cause partial or|complete
to bq adequate for public safety under all conditions  pipeline blockages, that may lead(to a disrpiption of
encoyintered in the gas industry. Conditions that may  pipeline operations.

840.1 General Provisions

caus¢ additional stress in any part of a line or its appurte- Based on the characteristies. of the gas stfeam (i.e.,
nances shall be provided for, using good engineering  heating value, specific gravity,temperature, ffee liquid,
practiice. Examples of such conditions include long self- ~ odorization, impurities,‘and other objectionfable sub-
suppprted spans, unstable ground, mechanical or sonic ~ stances), appropriate precautions shall be congidered to
vibration, weight of special attachments, earthquake-  address any problems that might adversely faffect the
induged stresses, stresses caused by temperature differ-  pipeline system px'the end user.

enceg, and the soil and temperature conditions found (c) The mostsignificant factor contributing to the fail-

in the Arctic. Temperature differences shall be taken as  ure of a gas pipeline is damage to the line qaused by
the difference between the lowest and highest expected ~ the activities of people along the route of| the line.
metgl temperature during pressure test and/or  Damage will generally occur during construction of
operating services having due regard to past recorded  other facilities associated with providing th¢ services
temperature data and the possible effects of lower or  ,a§sociated with human dwellings and commercial or
highé¢r air and ground temperature. industrial enterprises. These services, such as Water, gas
(b)] The quality of the gas to be transported in theZ,  and electrical supply, sewage systems, drainjage lines
pipeline, or by the pipeline system, shall be consideted  and ditches, buried power and communicatipn cables,
when designing facilities. Measures shall be taken to streets and roads, etc., become more prevalent gnd exten-
control or minimize adverse effects of the gas properties  sive, and the possibility of damage to the| pipeline
or gds composition when any of the following may be = becomes greater with larger concentrations of puildings
a corjcern: intended for human occupancy. Determining the
1) Gas Composition. Uncontrolléd, or unexpected  Location Class provides a method of assepsing the
ions in heating value may result in problems at  degree of exposure of the line to damage.
dnd user’s burner tip or process. Noncombustible (d) A pipeline designed, constructed, and|operated
bounds (e.g., nitrogen, nitrogen compounds, carbon  in accordance with the requirements of Locati¢n Class 1
ide, etc.) may reduce the heating value and increase  [see para. 840.2.2(a)] is basically safe for pregsure con-
the specific gravity of the/gas stream. Carbon dioxide  tainment in any location; however, additional[measures
ibutes to internalicorrosion in the presence of free  are necessary to protect the integrity of the line in the
watet. Increased specific gravity of the gas stream may  presence of activities that might cause damage. One of
foretell the condensing of heavy hydrocarbons at cooler  the measures required by this Code is to lower]the stress
temperatures\which may negatively affect operations.  level in relation to increased public activity. Thiis activity
A chiange Sin\ specific gravity may affect pipeline and  is quantified by determining Location Class anid relating
compressor capacity calculations. For effects of heavy  the design of the pipeline to the appropriate design
hydr e : i 3 e aretor-
arrest, see the “Caution” at the end of para. 841.1.1. (e) Early editions of this Code used the term
(2) Hydrogen Sulfide Content. Hydrogen sulfide is ~ “population density index” to determine design, con-
highly toxic and contributes to corrosion in the presence  struction, testing, and operation requirements. They also
of water. Refer to Chapter IX, Sour Gas Service, for  used the term “Location Class” in prescribing design
specific provisions related to hydrogen sulfide. pressure, type of construction, and maximum allowable
(3) Oxygen Content. Oxygen contributes to corro-  operating pressure. To simplify use of this Code, the
sion problems in the presence of free water at certain = term “population density index” was eliminated.
temperatures. Certain mixtures of oxygen and gas above =~ Construction Types A, B, C, and D were eliminated and
the lower explosive limit can create an explosive  replaced with the same terminology used for
condition. (See section 864 and paras. 841.2.7 and 850.6.)  design—location class.
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(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.

(¢) Pipelines constructed prior to the publication of
this Edition and designed in accordance with Location
Classes established in compliance with previous edi-
tions of this Code may continue to use the Location
Classes so determined, provided that when observed
increasesf fidingsi
occupandy occut, the Location Class determination shall
be as prepented in para. 840.2.

840.2 Buildings Intended for Human Occupancy

840.2]1 General

(a) To determine the number of buildings intended
for humgn occupancy for an onshore pipeline, lay out
a zone %-ni (0.4-km) wide along the route of the pipeline
with the|pipeline on the centerline of this zone, and
divide thp pipeline into random sections 1 mi (1.6 km)
in length|such that the individual lengths will include
the maxinum number of buildings intended for human
occupandy. Count the number of buildings intended for
human ogcupancy within each 1-mi (1.6-km) zone. For
this purpose, each separate dwelling unit in a multiple
dwelling |unit building is to be counted as a separate
building fintended for human occupancy.

(b) 1t i3 not intended here that a full 1 mi (1.6 km) of
lower str¢ss level pipeline shall be installed if there are
physical barriers or other factors that will limit the fur-
ther expdqnsion of the more densely populated area to
a total digtance of less than 1 mi (1.6 km). It is ifitended,
however,|that where no such barriers exist, ample allow-
ance shal] be made in determining the limits'of the lower
stress degign to provide for probable further develop-
ment in the area.

(c) Whien a cluster of buildings.ihtended for human
occupandy indicates that a basi¢l-mi (1.6 km) of pipeline
should b¢ identified as a Location Class 2 or Location
Class 3, the Location Class*2 or Location Class 3 may
be terminjated 660 ft (200'm) from the nearest building
in the clyster.

(d) Forl pipelinesShorter than 1 mi (1.6 km) in length,
a Locatign (lass that is typical of the Location Class
that woulld\be required for 1 mi (1.6 km) of pipeline

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 Division is a Location
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.)

(b) Location Class 2. A Location Class 2 is any
1-mi (1.6-km) section that has more than 10 but fewer
than 46 buildings intended for human occupancy. A

cities and towns, industrial areas, ranch\6r co
estates, etc.

(c) Location Class 3. A Location Class 3 i any
1-mi (1.6-km) section that has 46/or more builglings
intended for human occupangylexcept when a Lodation
Class 4 prevails. A Location Class 3 is intended to teflect
areas such as suburbanthotising developments, $hop-
ping centers, residential areas, industrial areas, and jother
populated areag,not meeting Location Clgss 4
requirements.

(d) LocationnClass 4. Location Class 4 includes |areas
where multistory buildings are prevalent, where fraffic
is heavy or'dense, and where there may be numprous
otherqutilities underground. Multistory means four or
maore-floors aboveground including the first or ground
floor. The depth of basements or number of basgment
floors is immaterial.

840.3 Considerations Necessary for Concentrations
of People in Location Class 1 or 2

(a) In addition to the criteria contained in para. $40.2,
additional consideration must be given to the posible
consequences of a failure near areas where a conc¢ntra-
tion of people is likely, such as a church, school, multiple
dwelling unit, hospital, or recreational area of an jorga-
nized character in Location Class 1 or 2.

If the facility is used infrequently, the requiremnents
of (b) need not be applied.

(b) Pipelines near places of public assembly o1 con-
centrations of people, such as churches, schools, thulti-
ple dwelling unit buildings, hospitals, or recreafional
areas of an organized nature in Location Class 1 or 2
shall meet requirements for Location Class 3.

(o) Concentrations of neonle referred toin (a) at d (b)
r r 7

traversing the area shall be assigned.

840.2.2 Location Classes for
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 areas such as wasteland, deserts, mountains,
grazing land, farmland, and sparsely populated areas.
(1) Class 1, Division 1. This Division is a Location
Class 1 where the design factor of the pipe is greater than

Design and

above are not intended to include groups of fewer than
20 people per instance or location but are intended to
cover people in an outside area as well as in a building.

840.4 Intent

(a) It should be emphasized that Location Class (1, 2,
3, or 4) as described 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
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tobe used in those locations or in areas that are compara-
ble. A numbered Location Class, such as Location
Class 1, refers only to the geography of that location or
a similar area and does not necessarily indicate that a
design factor of 0.72 will suffice for all construction in
that particular location or area [e.g., in Location Class 1,
all aerial crossings require a design factor of 0.6; see
para. 841.1.9(b)].

(b) When classifying locations for determining the

T = temperature derating factor obtained from
Table 841.1.8-1
t = nominal wall thickness, in. (mm)

CAUTION: This cautionary note is nonmandatory. Steel pipe
may exhibit pronounced differences in strength between the
longitudinal and circumferential directions. The orientation of
the strength test is established by the pipe product specification
depending on pipe size and method of pipe making. Conse-
quently, pipe may have a qualified strength in an axis orientation
that does not conform to the orientation of the principal loading

desigm 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|the time of planning a new pipeline this future
development appears likely to be sufficient to change
the Lpcation Class, this shall be taken into consideration
in the design 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 th¢ nominal wall thickness for a given design pressure
shallpe determined by the following formula (for limita-
tions{ see para. 841.1.3):

(U.S.|Customary Units)

2S5t
P = FFET
(SI Units)
2 000St
(P = D FET)
where

D = nominal outside diameteér of pipe, in. (mm)

E F longitudinal joint’ factor obtained from
Table 841.1.7-1 {see also para. 817.1.3(d)]

F = design factof) obtained from Table 841.1.6-1. In
setting thie ‘Walues of the design factor, F, due
consideration has been given and allowance has
beenmade for the various underthickness toler-
ances provided for in the pipe specifications
listed and approved for usage in this Code.

or stress. The user is alerted to be aware of the-staindard test
orientation used to determine conformance of pipe-tp the mini-
mum strength requirement of the selected grade) and|to consider
whether the intended uses or anticipated service copditions of
the pipeline system warrant supplementaltesting of the strength
properties in other orientations.

(b) The design factor for pipelines in Locatign Class 1,
Division 1 is based on gaspipeline operational experi-
ence at operation levelsiin excess of those previously
recommended by this-Code.

It should be nofed that the user may be rgquired to
change out such pipe or reduce pressure to ({72 SMYS
maximum in ‘accordance with para. 854.2.

841.4.2 Fracture Control and Arrest
(a)Epacture Toughness Criterion. A fracture foughness
criterion or other method shall be specified fo control
fracture propagation when one of the following is true:
(1) apipelineis designed to operate either at a hoop
stress over 40% through 80% of SMYS in siz¢s NPS 16
(DN 400) or larger
(2) apipeline is designed to operate at a hpop stress
over 72% through 80% of SMYS in sizes smaller than
NPS 16 (DN 400)
(3) a pipeline is designed with a minimym design
temperature below -20°F (-29°C) as ouflined in
section 812
When a fracture toughness criterion is usefl, control
can be achieved by ensuring that the pipe has|adequate
ductility and by either specifying adequate foughness
or installing crack arrestors on the pipelirfe to stop
propagation.
(b) Brittle Fracture Control. To ensure that the pipe has
adequate ductility, fracture toughness testing shall be
performed in accordance with the testing ppocedures
of supplementary requirements SR5 or SR6 ¢f API 5L
(43rd edition) or Annex G of API 5L (45th edlition), or

P =—desigm—pressure, psig_(kPa) (see also
para. 841.1.3)

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. 8§17.1.3(h)
and 841.1.4. The specified minimum yield
strengths of some of the more commonly used
piping steels whose specifications are incorpo-
rated by reference herein are tabulated for con-

venience in Mandatory Appendix D.

otherequivatent atternatives. If the operating tempera-
ture is below 50°F (10°C), an appropriate lower test tem-
perature shall be used when determining adherence to
the minimum impact values in (c) and shear appearance
as outlined below. The appropriate lower test tempera-
ture shall be taken to be at or below the lowest expected
metal temperature during pressure testing (if with air or
gas) and during service, having regard to past recorded
temperature data and possible effects of lower air and
ground temperatures. The average shear value of the
fracture appearance of three Charpy specimens from

(16)
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each heat shall not be less than 60%, and the all-heat
average for each order per diameter, size, and grade
shall not be less than 80%. Alternatively, when drop-
weight tear testing is specified, at least 80% of the heats
shall exhibit a fracture appearance shear area of 40% or
more at the specified test temperature.

(c) Ductile Fracture Arrest. To ensure that the pipeline
has adequate toughness to arrest a ductile fracture, the
pipe shall be tested in accordance with the procedures
of supp i
(43rd edition) or Annex G of API 5L (45th edition). The
all-heat ayerage of the Charpy energy values shall meet
or exceed the energy value calculated using one of the
following equations that have been developed in various
pipeline tesearch programs:

(U.S. Cusfomary Units)
(1) Battelle Columbus Laboratories (BCL) (AGA)

CVN = 1.08 x 1072¢?R"/341/3
(2) American Iron and Steel Institute (AISI)
CVN = 3.39 x 1024%/2R"/2

(SI Units
(3) Hattelle Columbus Laboratories (BCL) (AGA)

CVN = 357 x 107°¢?R/341/3
(4) American Iron and Steel Institute (AISI)
CVN = 5.04 x 10~*¢%/2R"/?

where
CVN = full-size Charpy V-notch absorbed ehergy,

ft-1b (J)

R F pipe radius, in. (mm)

= nominal wall thickness, jn.\(hm)

o ¥+ maximum allowable hoop-stress, ksi (MPa)

~
i

For AHI 5L pipe, the minimum impact values shall
be the greater of those givehby the equations above or
those required by API 5L for PSL 2 pipe. Annex G of
API 5L (45th edition) ¢ontains additional acceptable
methodologies fortestablishing minimum or all heat
average (Charpytenergy values.

For pige manufactured to other standards where the

CAUTION: The requirements specified in (c), Ductile Fracture
Arrest, assume the pipeline is transporting essentially pure meth-
ane and the pipe is similar in fracture behavior to that used to
develop the empirical equations above. The presence of heavier
hydrocarbons can cause the gas to exhibit two-phase 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 control rolled or quench and tempered may not behave as
indicated by the equations and may also require a greater Charpy
energy to arrest a propagating fracture. Calculations must be
performed to determine if the decompression exhibits twoiphase
behavior, and an assessment must be made as to the applicability
of the arrest equations where additional toughness mjay be
required. Otherwise, mechanical crack arrestors [sée (d) dbove]
should be installed, or the Charpy toughnessréquirements for
arrest should be verified through experiments or addifional
calculations.

NOTE: The empirical equations specified in (c), Ductile Facture
Arrest, were developed utilizing-conventional line pipe wall thick-
nesses. The user of this Code.is-advised that lowering of the test
temperature to below the minimum design temperature is{some-
times necessary to accurately simulate the performance of rhateri-
als when the pipe wall thickness is significantly greater than the
size of the test spécimens.

841.1;3 Limitations on Design Pressure,|P, in
Para. 841,171. The design pressure obtained bl the
formul@’in para. 841.1.1 shall be reduced to confofm to
the following;:

(n) P for furnace buttwelded pipe shall not exceqd the
restrictions of para. 841.1.1 or 60% of mill test pregsure,
whichever is the lesser.

(b) P shall not exceed 85% of the mill test prgssure
for all other pipes provided; however, that pipe} mill
tested to a pressure less than 85% of the pregsure
required to produce a hoop stress equal to the spefified
minimum yield, may be retested with a mill type hjydro-
static test or tested in place after installation. Ih the
event the pipe is retested to a pressure in excess ¢f the
mill test pressure, then P shall not exceed 85% ¢f the
retest pressure rather than the initial mill test pregsure.
It is mandatory to use a liquid as the test mediym in
all tests in place after installation where the test prgssure
exceeds the mill test pressure. This paragraph is not to
be construed to allow an operating pressure or design
pressure in excess of that provided for by para. 841.1.1.

minimunp impact values are specified within that stan- 841.1.4 Limitations on Specified Minimum |Yield
dard, th&mmmwﬂemﬂl 11

In cases where the pipe manufacturing standard does
not specify the minimum impact requirements, the mini-
mum impact requirements of API5L (45th edition) shall
be utilized.

(d) Mechanical Crack Arrestors. Mechanical crack
arrestors consisting of sleeves, wire-rope wrap, heavy-
wall pipe, or other suitable types have been shown to
provide reliable methods of arresting ductile fracture.
The mechanical crack arrestors shall be placed at inter-
vals along the pipeline.

(a) If the pipe under consideration is not new pipe
purchased under a specification approved and listed in
this Code, the value of S may be determined in accor-
dance with one of the following:

(1) S value for new pipe qualified under
para. 811.2.2(a) or 811.2.2(b)

(2) S value 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)
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Table 841.1.6-1 Basic Design Factor, F

Design Factor,

Location Class F
Location Class 1, Division 1 0.80
Location Class 1, Division 2 0.72
Location Class 2 0.60
Location Class 3 0.50
Location Class 4 0.40

841.1.8 Temperature Derating Factor. The temper-
ature derating factor shall be in accordance with
Table 841.1.8-1.

841.1.9 Additional
Instructions
(a) Fabricated Assemblies. When fabricated assemblies,
such as connections for separators, main line valve
assemblies, cross connections, river crossing headers,
etc., are to be installed in areas defined in Location

Design Information or

(b)] When pipe that has been cold worked for meeting
the specified minimum yield strength is subsequently
heatdd to a temperature higher than 900°F (482°C) for
any period of time or over 600°F (316°C) for more than
1 hr, |the maximum allowable pressure at which it can
be uspd shall not exceed 75% of the value obtained by use
of the steel pipe design formula given in para. 841.1.1.

(c)]In no case where the Code refers to the specified
minimum value of a mechanical property shall the
highér actual value of a property be substituted in the
steel |pipe design formula given in para. 841.1.1. If the
actudl value is less than the specified minimum value
of a ;echanical property, the actual value may be used
wher it is permitted by the Code, such as in para. 817.1
reganding the reuse of steel pipe.

Ij!41.1.5 Additional Requirements for Nominal Wall
ThicKness, t, in Para. 841.1.1

(a)] The nominal wall thickness, t, required for pres-
sure |containment as determined by para. 841.1. 1 may
not He adequate for other forces to which the pipeline
may [be subjected. [See para. 840.1(a).] Consideration
shallfalso be given to loading due to transportation or
handling of the pipe during construction, weight of
watef during testing, and soil loading and other second-
ary lpads during operation. [See Jpara. 841.1.11(e) for
suggested methods to provide) additional protection.]
Congideration should also/be given to welding or
mecHanical joining requirements. Standard wall thick-
ness,|as prescribed iy ASME B36.10M, shall be the least
nomfnal wall thickness used for threaded and
grooyed pipe,

(b)| Transpofitation, installation, or repair of pipe shall
not reduge the wall thickness at any point to a thickness
less than.90% of the nominal wall thickness as deter-

Class 1, a design factor of 0.6 is required; throughout
the assembly and for a distance equal to‘thq lesser of
5 diameters or 10 ft (3 m) in each dirédtion b¢yond the
last fitting. A shorter distance ma¥;be used|provided
that combined stresses are considered in the |design of
the installation. Transition pieces-at the end of hon assem-
bly and elbows used in placé of pipe bends are not
considered fittings under'thé requirements of this para-
graph. Also see section’;822.
(b) Pipelines or Muinis on Bridges. The desjgn factor
for pipelines or mains supported by railroad, pehicular,
pedestrian, of¢pipeline bridges shall be detefmined in
accordange,'with the Location Class prescribgd for the
area in,which the bridge is located. In Location Class 1,
however, a design factor of 0.6 shall be used.
(c) Decompression Cooling. When reduction of pres-
sure due to depressurization is anticipated tq result in
a significant reduction in the temperature of the piping
system or any portion thereof, the user of this Code is
cautioned to evaluate the effects of decompression and
associated cooling on material serviceabflity and
induced stresses.
(d) Design of Metering and Pressure/Flow Cogtrol
(1) All piping and piping components, fip to and
including the outlet stop valve(s) of individpal meter
and pressure/flow control runs, shall meet pr exceed
the maximum design pressure of the inlet pipinjg system.
Threaded reducing bushings should not bg used in
pressure/flow control facilities where they ape subject
to high frequency piping vibrations. The desigh require-
ments of para. 840.3 and Table 841.1.6-2 apply to the
design requirements of this section.
(2) All piping shall be tested in accordgnce with
para. 841.3 and the Location Class requirgments of
Table 841.1.6-2. Instrumentation devices suchH as trans-
mitters, recorders, controllers, etc., excludinjg testing

1 -1 Q41 1 1 £ +1 i . - Jos ol
min Uy IJCU.CL OT1.1.1 1UL UIT ucalsu Pltbbult W WILIUIT
the pipe is to be subjected.

841.1.6 Design Factors, F, and Location Classes.
The design factor in Table 841.1.6-1 shall be used for the
designated Location Class. All exceptions to basic design
factors to be used in the design formula are given in
Table 841.1.6-2.

841.1.7 Longitudinal Joint Factor. The longitudi-
nal joint factor shall be in accordance with
Table 841.1.7-1.

mstromentation; shoutdbetsotatedfronrthe 1% ping dur-
ing the test. Test fluids shall be removed from piping
and piping components and the piping purged with
natural gas before placing the facilities in service.

(3) The corrosion control measures in Chapter VI,
as appropriate, must be applied to meter and
pressure/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
displacement meters. Rapid depressurization of meter
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Table 841.1.6-2 Design Factors for Steel Pipe Construction

Location Elass

1
Facility Div. 1 Div. 2 2 3 4

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

(@) 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) Roadyq, highways, or public streets with hard surface and railroads 0.60 0.60 0.50 0.50 0.40
Crossings df roads, railroads with casing:

(@) 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) Roadq, 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:

(@) 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) Roady, highways, or public streets with hard surface and railroads 0.60 0.60 0.60 0.50 0.40
Fabricated fissemblies [see para. 841.1.9(a)] 0.60 0.60 0.60 0.50 0.40
Pipelines op bridges [see para. 841.1.9(b)] 0.60 0.60 0.60 0.50 0.40
Pressure/flow control and metering facilities/[see-para. 841.1.9(d)] 0.60 0.60 0.60 0.50 0.40
Compressof station piping 0.50 0.50 0.50 0.50 0.40
Liquid sepdrators constructed of pipe/and fittings without internal welding 0.40 0.40 0.40 0.40 0.40

[see pard. 843.3.1(b)]
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

40
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Table 841.1.7-1 Longitudinal Joint Factor, E

runs can damage or destroy meters due to meter
overspin and high differentials and can endanger
personnel.
(f) Other (Nonmandatory) Considerations for Metering
Facilities
(1) Meter proving reduces measurement uncer-
tainty. Where meter design, size, and flow rate allows,

Spec. No. Pipe Class EFactor  onsider installing meter proving taps.

ASTM A53 Seamless 1.00 (2) Upstream dry gas filter(s) should be considered
Electric-resistance-wetded 1.00 when 1nstalling rotary or turbine meters. 1’3 rticulates
Furnace-buttwelded, continuous weld 0.60 and pipeline dust can contaminate meter Jubtcating oil

ASTMAL06 — Seamless 1.00 and damage bearings and other-internpl meter

ASTM |A134 Electric-fusion arc-welded 0.80

ASTM |A135 Electric-resistance-welded 1.00 components.

ASTM [A139 Electric-fusion arc-welded 0.80 (§) Pressure/Flow Control Facilities

ASTM |A333 Seamless 1.00 (1) Overpressure protectionshall be prqvided by
Electric-resistance-welded 1.00 the use of

ASTMA381  Submerged-arc-welded 1.00 (-a) a monitor regtlator in series with f control-

ASTM [A671 Electric-fusion-welded ling regulator (each regulator run).

Classes 13, 23, 33, 43, 53 0.80 ) X
Classes 12, 22, 32, 42, 52 1.00 (-b) adequately-sized relief valve(s) dopnstream

ASTM |A672 Electric-fusion-welded of the controlling-tegulator(s).

Classes 13, 23, 33, 43, 53 0.80 (-c) overpressure shutoff valve(s) upjstream or

Classes 12, 22, 32, 42, 52 1.00 downstreatn 0f the controlling regulator(s). Irjstallation
ASTM ;691 Electric-fusion-welded of alarm devices that indicate primary (contro|ling) reg-

Classes 13, 23, 33, 43, 53 0.80 \ . .

Classes 12, 22, 32, 42, 52 1.00 ulatqr f:.allure is useful and should be considered for

ASTM[A984  Electric-resistance-welded 1.00 monitoring regulator systems.

ASTM|A1005  Double submerged-arc-welded 1.00 (2) Each regulator supply, control, and sepsing line

ASTMA1006  Laser beam welded 1.00 shall have a separate isolation valve for isoldtion pur-

API 5L Electric welded 1.00 poses during regulator setup and maintenange and to
Seamless o 1.00 prevent a safety device (i.e., monitor, reguldtor) from
Submerged-arc-welded (longitudinal 100 . . . . .

seam or helical seam) becomlr}g umr}ten’uonally 'moperable due to|plugging
Furnace-buttwelded, continuous weld 0.60 or freezing of instrument lines.
(3) Steps shall be taken to prevent the|freezing-

GENERAL NOTE: Definitions for the various classes“ef welded pipe up (internal and external) of regulators, conttol valves,

are giyen in para. 804.7.3. instrumentation, pilot controls, and valve actuation

equipment caused by moisture saturated instrjument air
or gas, pipeline gas, or external ambient condlitions.
(4) Sound pressure levels of 110 dBA ar|d greater
shall be avoided to prevent damage to control equipment
and piping.
(5) Gas velocities in piping should n¢t exceed
100 ft/sec (30 m/s) at peak conditions. Lower|velocities
are recommended. High gas velocities in piping increase
turbulence and pressure drop and contribute| to exces-
Table 841.1.8-1 Temperature Derating Factor, sive sound pressure levels (aerodynamic nois¢) and can
T, for Steel Pipe cause internal piping erosion.

Temperature Derating

Temperature, °F (°C) Factor, T
250 (121) or lower 1.000
300 (149) 0.967
350 (177) 0.933
400 (204) 0.900
450 (232) 0.867

GENERAL NOTE: For intermediate temperatures, interpolate for derat-
ing factor.

41

(}L) Otl’tcl \/I\VTUILIILMILdutUIy/\ Culmidc:utiuuo ful PT’ESSMTE/
Flow Control Facilities

(1) Filtration of gas, particularly for instrumenta-
tion, instrument regulators, etc., should be considered
where particulate contaminants are a present or poten-
tial problem.

(2) Installation of conical reducers immediately
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
expansion.
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(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 other
applicable electrical codes. Additional API and AGA
references are listed in Nonmandatory Appendix C.
(2) Electronic control, monitoring, and gas mea-
surement equipment shall be properly grounded and

(-b) pressure testing (pretest) of the fabricated
pipe string prior to installation
(-c) passing an internal sizing plate, caliper tool,
or instrumented inspection device through the pipe
string following installation
(6) Damage Prevention. To minimize the potential
for damage to existing surface or subsurface structures,
design of the crossing plan and profile shall consider
the accuracy of the methods to be employed in locating

isolated frempipineteohelp-preventoverpressures
accidentall shutoff situations caused by equipment fail-
ure due tp lightning strikes and electrical transients and
to prevent safety hazards caused by fault currents. Elec-
trical isolation equipment for corrosion control purposes
should ngt be installed in buildings unless specifically
designed|to be used in combustible atmospheres.

(3) Uninterruptible power sources or redundant
backup sfystems should be considered to help prevent
overpresgure /unintentional shutoff situations caused by
power oytages.

(4) A useful reference for electronic gas measure-
ments i API Manual of Petroleum Measurement
Standards, Chapter 21 — Flow Measurement Using
Electroni¢ Metering Systems, Section 1 — Electronic Gas
Measurerpent.

(j) Pipdline Installation by Directional Drilling

(1) Qualifications. Drilling contractors shall main-
tain written design and installation procedures
addressir|g crossings to be completed by the directional
drilling nmpethod. Drilling equipment operators and per-
sonnel responsible for establishing the location of the
pilot headl and reamer during drilling operations shall
be qualifipd by training and experience in the implemen-
tation of fthe contractor’s procedures.

(2) Geotechnical Evaluations. Geotechnical evalua-
tions should be considered at the crossing location to
establish [subsurface conditions.

(3) Ipstallation Forces and Stresses. Loads on, and
stresses ih, the pipe string during-installation shall be
evaluated to ensure protection of the pipe against yield-
ing, buckling, collapse, and-tindesired movement of the
pipe strinjg due to the comibined effects of external pres-
sure, friction, axial forees, and bending. (See directional
drilling references’ih. Nonmandatory Appendix C.)

forces thd
installati

eXISTiNgG Structures, maintaining required clearpnces
from existing structures, tracking the positiengf the
pilot head and reamer during drilling opefationd, and
tracking of the reamer during pullback,

Prior to the commencement of drilling ‘eperatior|s, the
location of all subsurface structurés-in near proximity
to the design drill path shall, where(practical, be exposed
to permit a visual confirmation of the structure’s
location.

Prior to initiating the-redming operation, congider-
ation shall be given tothe potential impact of the gpera-
tion on all adjacent-structures due to any realized
deviations from the design path.

(k) Other (Nonmandatory) Considerations for Pr¢ssure
Cycle Fatiguewf Longitudinal Pipe Seams. Line pipe Jongi-
tudinal séams are not generally regarded as susceptible
to fatigue due to operational pressure cycles in|most
natural gas service. Evaluation of the potentigl for
fatigue crack growth due to pressure cycles is rgcom-
mended for pipe containing longitudinal seams where
the expected lifetime accumulation of full MAOP ¢ycles
may exceed the following number of occurrences

(U.S. Customary Units)

6.0 x107
(F x ) x 103

(SI Units)
N = 98 x 107
(F x S)% x 193
where
F = design factor from Table 841.1.6-1

coating.

(4) HrotectivenCoating. The frictional and abrasive N = equivalent number of cycles during the exppcted

t may be exerted on the pipe coating during service life of the piping system
n'shall be considered when specifying the type S = specified minimum yield strength, psi (MPa),
of coating system to be applied to the pipe and weld stipulated In the specification under which the
joints. During installation, care shall be taken to protect pipe was purchased from the manufacturer or
the quality and integrity of the external corrosion determined in accordance with paras. 817.1.3(h)

and 841.1.4
(5) Additional Evaluation Measures. In addition to t = nominal wall thickness, in. (mm)

the minimum inspection and post-inspection testing
requirements 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
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The pipeline is considered not susceptible to fatigue
in the longitudinal seams due to pressure cycles if the
pipeline has been exposed to a hydrostatic test at a
pressure level at least 1.25 times the MAOP, and the
expected lifetime accumulation of full-MAOP cycles is
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N or fewer, or the design factor, F, is 0.4 or less. For
purposes of applying this screening criterion, pressure
cycles larger than 50% of the MAOP in magnitude
should be counted as full- MAOP cycles. Seam welds
that are not oriented parallel to the longitudinal axis of
the pipe are exempt from the evaluation.

841.1.10 Protection of Pipelines and Mains From
Hazards

Table 841.1.11-1 Pipeline Cover Requirements

Cover, in. (mm)

For Rock
Excavation [Note (1)]

(a)Whenpipetinesand-mainsmust-be-instalted
where they will be subject to natural hazards, such as
washouts, floods, unstable soil, landslides, earthquake-
relate¢d events (such as surface faulting, soil liquefaction,
and $oil and slope instability characteristics), or other
conditions that may cause serious movement of, or
abnofmal loads on, the pipeline, reasonable precautions
shall|be taken to protect the pipeline, such as increasing
the wall thickness, constructing revetments, preventing
erosipn, and installing anchors.

(b)) Where pipelines and mains cross areas that are
nornjally under water or subject to flooding (i.e., lakes,
bays, or swamps), sufficient weight or anchorage shall
be applied to the line to prevent flotation.

(c)] Because submarine crossings may be subject to
washouts due to the natural hazards of changes in the
watefway bed, water velocities, deepening of the chan-
nel, qr changing of the channel location in the waterway,
design consideration shall be given to protecting the
pipeline or main at such crossings. The crossing shall
be located in the more stable bank and bed locations.
The dlepth of the line, location of the bends installed in
the banks, wall thickness of the pipe, and steighting of
the line shall be selected based on the characteristics of
the wWaterway.

(d)] Where pipelines and mains @re*exposed, such as
at spans, trestles, and bridge drossings, the pipelines
and inains shall be reasonably protected by distance or
barrifades from accidental\damage by vehicular traffic
or other causes.

841.1.11 Cover,.Elearance, and Casing Requirements
for Buried Steel Pipelines and Mains

(a)] Cover Requirements for Mains. Buried mains shall
be inktalled-with a cover not less than 24 in. (610 mm).
Whetethis cover provision cannot be met, or where

Pipe Size Pipe Size

NPS 20 Larger Than
For Normal (DN 500) and NPS 20

Location Excavation Smaller (DN 500)

cass—+ 24616} 12366} 18 (460)
Class 2 30 (760) 18 (460) 18 (460)
Classes 3 and 4 30 (760) 24 (610) 24 (610)
Drainage ditch at public 36 (910) 24 (6110) 24 (610)

roads and railroad
crossings (all
locations)

NOTE:
(1) Rock excavation is excavation that requires blasting

Where thies¢ cover provisions cannot be mef or where
external Isads may be excessive, the pipeling shall be
encased, bridged, or designed to withstand |any such
anticipated external loads. In areas where fgrming or
other operations might result in deep plowing, in areas
stibject to erosion, or in locations where futune grading
is likely, such as at roads, highways, railroad frossings,
and ditch crossings, additional protection shdll be pro-
vided. [See (e) for suggested methods to proyide addi-
tional protection.]

(c) Clearance Between Pipelines or Mains
Underground Structures

(1) There shall be at least 6 in. (150 mm) of|clearance
wherever possible between any buried pipeline and any
other underground structure not used in conjunction
with the pipeline. When such clearance cannot be
attained, precautions to protect the pipe shall|be taken,
such as the installation of casing, bridging, or jnsulating
material.

(2) There shall be at least 2 in. (50 mm) of|clearance
wherever possible between any buried gas main and
any other underground structure not used i} conjunc-
tion with the main. When such clearance dannot be
attained, precautions to protect the main shall be taken,

nd Other

extetnal loads mny bhe ovr‘occivo, the main shall be
encased, bridged, or designed to withstand any such
anticipated external loads. Where farming or other oper-
ations might result in deep plowing, in areas subject to
erosion, or in locations where future grading is likely,
such as road, highway, railroad, and ditch crossings,
additional protection shall be provided. [See (e) for sug-
gested methods to provide additional protection.]

(b) Cover Requirements for Pipelines. Except for off-
shore pipelines, buried pipelines shall be installed with
a cover not less than that shown in Table 841.1.11-1.

sueh-as-the-nstallation-ef-nsulatingmaterial-or casing.

(d) Casing Requirements Under Railroads, Highways,
Roads, or Streets. Casings shall be designed to withstand
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 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
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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 841.1.6-2 for the crossing of roads and railroads.
The guidance provided by API RP 1102, Steel Pipelines
Crossing Railroads and Highways; or GRI Report
No. 91/0284, Guidelines for Pipelines Crossing

841.2 Installation of Steel Pipelines and Mains

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

841.2.2 Inspection Provisions

Highways; or Gas Piping Techrotogy Committee s
Guide Material Appendix G-15, Design of Uncased
Pipelines|Crossing of Highways and Railroads, may be
considergd for design and installation of pipeline cross-
ing. The |pipeline operator shall evaluate the need for
extending additional pipe protection over the pipeline
when the road or railroad right-of-way width is unde-
fined based on anticipated loading from traffic or heavy
equipment performing maintenance activities adjacent
to the road or railroad.

Varying degrees of additional protection from third-
party damage to a buried main or pipeline crossing
within (of parallel to) the right-of-way of road or railroad
may be aghieved using the following techniques, or vari-
ants ther¢of, singly or in combination:

(1) A physical barrier or marker may be installed
above or pround the pipe (see para. 851.7). If a physical
barrier is|used, the potential conflict with the right-of-
way mairjtenance activities should be recognized. Physi-
cal barrigr or marker methods include

(-a) a concrete or steel barrier placed above the
pipe

(-b) a concrete slab placed vertically adjacerit to
the pipe jon each side and extended above the)top of

pipe elevption

(-c) damage-resistant coating material, such as
concrete

(-q) extra depth of cover-additional to that
required [n (b)

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

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

(2) A heavier wallthickness than is required by the
pipe design factor) £ »in accordance with Table 841.1.6-1
or Table $41.1.6-2:

(3) Hipelihe alignment should be as straight and
perpenditular to the road or railroad alignment as possi-

(a) The operating company shall provide suijtable
inspection. Inspectors shall be qualified either by‘eXperi-
ence or training. The inspector shall have the)authority
to order the repair or removal and replacement gf any
component found that fails to meet the standards qgf this
Code.

(b) The installation inspection“provisions for [pipe-
lines and other facilities to opérate at hoop stresges of
20% or more of the specified minimum yield str¢ngth
shall be adequate to maKepossible at least the follqwing
inspections at sufficiently frequent intervals to epsure
good quality of workmanship:

(1) Inspectthe surface of the pipe for serious s
defects just ‘prior to the coating operation.
para. 841.2:4(b)(1).]

(2)-Inspect the surface of the pipe coating a
lowered into the ditch to find coating laceration
indicate the pipe might have been damaged after
coated.

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

(4) Visually inspect the stringer beads before sjbse-
quent beads are applied.

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

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

(7) Inspect the fit of the pipe to the ditch b
backfilling, except for offshore pipelines.

(8) Inspect all repairs, replacements, or cha
ordered before they are covered.

(9) Perform such special tests and inspections s are
required by the specifications, such as nondestryctive
testing of welds and electrical testing of the protgctive
coating.

rface
[See

5 it is
that
being

efore

nges

ble to promote 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 conjunction with an effective educational program
(para. 850.4.4), periodic surveillance of pipelines
(para. 851.1), pipeline patrolling (para. 851.2), and utili-
zation of programs that provide notification to operators
regarding impending excavation activity, if available.

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

44

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

841.2.3 Bends, Miters, and Elbows in Steel Pipelines
and Mains. Changes in direction may be made by the
use of bends, miters, or elbows under the limitations
noted below:

(a) Bends

(1) A bend shall be free from buckling, cracks, or
other evidence of mechanical damage.
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Table 841.2.3-1 Pipeline Field Cold Bend
Requirements

Minimum Radius of

engineering analysis that considers the effects of pipeline
construction and operation on the reliability of pipe
affected by such features. In addition, the bend shall
meet all other provisions of this section.
(b) Miters. Mitered bends are permitted, provided the
following limitations are met:
(1) In systems intended to operate at hoop stress
levels of 40% or more of the specified minimum yield
strength, mitered bends are not permitted. Deflections

Deflection of Bend in Pipe
Longitudinal Diameters
Nominal Pipe Size Axis, deg [see 841.2.3(a)(3)]
Smaller than NPS 12 841.2.3(a)(4) 18D
(DN 300)
NPS 12 (DN 300) 3.2 18D
NPS 1% (DN 350) 2.7 21D
NPS 16 (DN 400) 2.4 24D
NPS 1B (DN 450) 2.1 27D
NPS 2p (DN 500) 1.9 30D
and| larger

2) The maximum degree of bending on a field cold
bend may be determined by either method in
Tablg841.2.3-1. The first column expresses the maximum
defleftion in an arc length equal to the nominal outside
diameter, and the second column expresses the mini-
mumn radius as a function of the nominal outside
diamfeter.
3) A field cold bend may be made to a shorter
minijnum radius than permitted in (2) above, provided
the cpmpleted bend meets all other requirements of this
sectipn, and the wall thickness after bending is not less
than the minimum permitted by para. 841.1.1. This may
be d¢monstrated through appropriate testing.
4) For pipe smaller than NPS 12 (DN 300);“the
requirements of (1) above must be met, and-the wall
thickhess after bending shall not be less than‘the mini-
mun permitted by para. 841.1.1. This may be demon-
strat¢d through appropriate testing.
5) Except for offshore pipelines)when a circumfer-
ential weld occurs in a bend section, it shall be subjected
to ragliography examination after bending.
6) All hot bends shallbé made in accordance with
ASME B16.49.
7) Wrinkle bends\shall be permitted only on sys-
tems|operating at’hoop stress levels of less than 30% of
the specified minimum yield strength. When wrinkle
bendk are made in welded pipe, the longitudinal weld
shall[be located on or near to the neutral axis of the bend.
Wrinkle bends with sharp kinks shall not be perm1tted
Spacing
of the pipe bend, and the peak to—peak dlstance between
the wrinkles shall exceed the diameter of the pipe. On
pipe NPS 16 (DN 400) and larger, the wrinkle shall not
produce an angle of more than 1% deg per wrinkle.
(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 mea-
sured from peak to valley not exceeding 1% of the pipe
outside diameter are considered acceptable for all gas
service. Larger ripples may be permitted based on an

caused by misalighment up to 3 deg are not cpnsidered
as miters.
(2) In systems intended to operate.at hgop stress
levels of 10% or more but less than hoop stress levels
of 40% of the specified minimum .yield strgngth, the
total deflection angle at each'fiter shall npt exceed
12% deg.
(3) In systems intendéd to operate at hgop stress
levels of less than 10%:0f the specified minimum yield
strength, the total deflection angle at each npiter shall
not exceed 90 deg,
(4) In syStems intended to operate at hgop stress
levels of 10%)or more of the specified mininjum yield
strength, the minimum distance between mifters mea-
sured at the crotch shall not be less than jone pipe
diameter.
(5) Care shall be taken in making mitered joints to
provide proper spacing and alignment [and full
penetration.
(c) Elbows. Factory-made, wrought-steel welding
elbows or transverse segments cut therefrorh may be
used for changes in direction, provided that the arc
length measured along the crotch is at least 1 ir}. (25 mm)
on pipe sizes NPS 2 (DN 50) and larger.

841.2.4 Pipe Surface Requirements Applicable to
Pipelines and Mains to Operate at a Hoop Strefss 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 al] harmful
defects of this nature must be prevented, elimfinated, or
repaired. Precautions shall be taken during mafpufacture,
hauling, and installation to prevent the gquging or
grooving of pipe.

(a) Detection of Gouges and Grooves
( 1 ) The field 1nspect10n prov1ded on eac} | job shall
, imum the
Chances that gouged or grooved pipe w1ll get into the
finished pipeline 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.

(3) Lacerations of the protective coating shall be
carefully examined prior to the repair of the coating to
determine if the pipe surface has been damaged.
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(b) Field Repair of Gouges and Grooves
(1) Injurious gouges or grooves shall be removed.
(2) Gouges or grooves may be removed by grinding
to a smooth contour, provided that the resulting wall
thickness is not less than the minimum prescribed by this
Code for the conditions of usage. [See para. 841.1.5(b).]
(3) When the conditions outlined in (b)(2) cannot
be met, the damaged portion of pipe shall be cut out as
a cylinder and replaced with a good piece. Insert patch-

Code for the conditions of use.' In all other cases, repair
is prohibited, and the portion of pipe containing the arc
burn must be cut out as a cylinder and replaced with a
good piece. Insert patching is prohibited. Care shall be
exercised to ensure that the heat of grinding does not
produce a metallurgical notch.

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

ing is prqhibited.
(c) Dents

(1) A dent may be defined as a depression that
produces|a gross disturbance in the curvature of the pipe
wall (as ¢pposed to a scratch or gouge, which reduces
the pipe wall thickness). The depth of a dent shall be
measured as the gap between the lowest point of the
dent and|a prolongation of the original contour of the
pipe in any direction.

(2) A dent, as defined in (c)(1), that contains a stress
concentrgtor such as a scratch, gouge, groove, or arc burn
shall be r¢moved by cutting out the damaged portion of
the pipe s a cylinder.

(3) All dents that affect the curvature of the pipe
at the lopgitudinal weld or any circumferential weld
shall be femoved. All dents that exceed a maximum
depth of | in. (6 mm) in pipe NPS 12 (DN 300) and
smaller of 2% of the nominal pipe diameter in all pipe
greater than NPS 12 (DN 300) shall not be permitted in
pipelines| or mains intended to operate at hoop stress
levels of 0% or more of the specified minimum yield
strength. When dents are removed, the damaged portion
of the pipe shall be cut out as a cylinder. Insert patching
and pournding out of the dents is prohibited.

(d) Nofches

(1) Notches on the pipe surface qan be caused by
mechanigal damage in manufactufe,transportation,
handling| or installation, and when*determined to be
mechanidally caused, shall be treated the same as gouges
and grooyes [see (a) above].

(2) $tress concentrations that may or may not
involve a geometrical’hotch may also be created by a
involving thetmal energy in which the pipe sur-

electrode ora grmdmg burn produced by excessive force
on a grinding wheel. Metallurgical notches may result
in even more severe stress concentrations than a mechan-
ical 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 Arc Burns. The metallurgical notch
caused by arc burns shall be removed by grinding, pro-
vided the grinding does not reduce the remaining wall
thickness to less than the minimum prescribed by this

46

(a) Handling, Hauling, and Stringing. Care shall be
taken in the selection of the handling equipment-and in
handling, hauling, unloading, and placing theé\pipe so
as not to damage the pipe.

(b) Installation of Pipe in the Ditch(On pipelines
operating at hoop stress levels of 20% or more ¢f the
specified minimum yield strengthjit is importan} that
stresses imposed on the pipelinéby construction bg min-
imized. Except for offshorespipélines, the pipe shpll fit
the ditch without the use ‘gD external force to hold it in
place until the backfillis ¢ompleted. When long segtions
of pipe that have beén welded alongside the ditgh are
lowered in, care-shall be exercised so as not tq jerk
the pipe or impose any strains that may kink or put a
permanentbend in the pipe. Slack loops are not pyohib-
ited by this)paragraph where laying conditions r¢nder
their use advisable.

() Backfilling

(1) Backfilling shall be performed in a manner to
provide firm support under the pipe.

(2) If there are large rocks in the material to be
for backfill, care shall be used to prevent damage
coating by such means as the use of rock shield ma
or by making the initial fill with rock-free material
cient to prevent damage.

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

used
o the
erial,
suffi-

841.2.6 Hot Taps. All hot taps shall be installed by
trained and experienced crews.

841.2.7 Precautions to Avoid Explosions of G3s—Air

Mixtures or Uncontrolled Fires During Construction
Operations
(a) Operations such as gas or electric welding and

cuttmg w1th cuttmg torches can be safely perfofmed
a and a : pided
that they are completely full of gas or air - that s free from
combustible material. Steps shall be taken to prevent a
mixture of gas and air at all points where such operations
are to be performed.

! Complete removal of the metallurgical notch created by an arc
burn can be determined as follows: After visible evidence of the
arc burn has been removed by grinding, swab the ground area
with a 20% solution of ammonium persulfate. A blackened spot
is evidence of a metallurgical notch and indicates that additional
grinding is necessary.
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(b) When a pipeline or main can be kept full of gas
during a welding or cutting operation, the following
procedures are recommended:

(1) Keep a slight flow of gas moving toward the
point where cutting or welding is being done.

(2) Control the gas pressure at the site of the work
by a suitable means.

(3) After a cut is made, immediately close all slots
or open ends with tape, tightly fitted canvas, or other

supplied to the line is too small to make a procedure
similar to but the reverse of that described in (1) above
feasible, a slug of inert gas should be introduced to
prevent the formation of an explosive mixture at the
interface between gas and air. Nitrogen or carbon diox-
ide can be used for this purpose.

(3) If a pipeline or main containing gas is to be
removed, the operation may be carried out in accordance
with (b), or the line may be first disconnected from all

suitaple materials.
4) Do not permit two openings to remain uncov-
ered [at the same time. This is doubly important if the
two ppenings are at different elevations.

(c)] Welding, cutting, or other operations that could
be a pource of ignition shall not be done on a pipeline,
main}, or auxiliary apparatus that contains air, if it is
conngcted to a source of gas, unless a suitable means has
been([provided to prevent the formation of an explosive
mixthire in the work area.

(d)] In situations where welding or cutting must be
done|on facilities that are filled with air and connected
to a pource of gas, and the precautions recommended
above cannot be taken, one or more of the following
precgutions, depending on circumstances at the jobsite,
are siggested:

1) purging of the pipe or equipment upon which
weldjng or cutting is to be done with an inert gas or
contihuous purging with air in such a manner that. g
comBustible mixture does not form in the facility at the
work area

2) testing of the atmosphere in the vicinity-of the
zone|to be heated before the work is started and at
interyals as the work progresses with a combustible gas
indicptor or by other suitable means

3) careful verification before @nd during the work
ensufing that the valves that isolate the work from a
sourde of gas do not leak

(e)| Purging of Pipelines ahd)Mains
1) When a pipeling\or main is to be placed in ser-
vice, [the air in it shall\be displaced. The following are
somgq acceptable methods:

(-a) Methoid 1. Introduce a moderately rapid and
contihuous flelw of gas into one end of the line and vent
the ajr out the other end. The gas flow shall be continued
withputsinterruption until the vented gas is free of air.

the release of gas into the atmosphere may cause a haz-
ardous condition, then a slug of inert gas shall be intro-
duced between the gas and air. The gas flow shall then
be continued without interruption until all of the air
and inert gas have been removed from the facility. The
vented gases shall be monitored and the vent shall be
closed before any substantial quantity of combustible
gas is released to the atmosphere.

(2) In cases where gas in a pipeline or main is to
be displaced with air and the rate at which air can be

SOUTICES Of gas ardther thoroughty purged) with air,
water, or inert gas before any further cutting or welding
is done.
(4) If a gas pipeline, main, or auxiliary efuipment

is to be filled with air after having been in sefvice, and
there is a reasonable possibility that the inside surfaces
of the facility are wetted with(yolatile inflaminable lig-
uid, or if such liquids might have accumulatpd in low
places, purging procedutes designed to meet this situa-
tion shall be used. Steaming of the facility unt}l all com-
bustible liquids have'been evaporated and swept out is
recommended:. Filling of the facility with an|inert gas
and keepingit-full of such gas during the pfogress of
any work that may ignite an explosive mixtfire in the
facilityJis.an alternative recommendation. Th¢ possibil-
ity of\striking static sparks within the facility| must not
be'overlooked as a possible source of ignitiomn.
(f) Whenever the accidental ignition in thg open air
of gas—air mixture may be likely to cause personal injury
or property damage, precautions, such as the following,
shall be taken:
(1) Prohibit smoking and open flames inj the area.

(2) Install a metallic bond around the Igcation of
cuts in gas pipes to be made by means other than cutting
torches.
(3) Take precautions to prevent static ¢lectricity
sparks.
(4) Provide a fire extinguisher of appropriate size
and type, in accordance with NFPA 10.

841.3 Testing After Construction

841.3.1 General Provisions. All piping systems
shall be tested after construction to the requirpments of
this Code except for pre-tested fabricated assemblies
and welded tie-in connections where post co
tie-in testing is not practical.

Additionally, single lengths or multiple wel

for the purposes of repair or replacement do not require
a post construction retest.

(a) The circumferential welds associated with con-
necting pretested assemblies, pretested repair pipe
lengths or sections, and welded tie-in connections not
pressure tested after construction shall be inspected by
radiographic or other accepted nondestructive methods
in accordance with para. 826.2.

(b) Nonwelded tie-in connections not pressure tested
after construction shall be leak tested at not less than
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the pressure available when the tie-in is placed into
service.

(c) Pressure testing with water is recommended
whenever possible. However, it is recognized that cer-
tain conditions may require testing with gases. When a
gas is used as the test medium, the test pressure shall
not exceed the maximum values stated in
Tables 841.3.2-1 and 841.3.3-1.

The user is cautioned that the release of stored energy

1 test foileapn oo o cignafinontlyy oo e oo d o o
1N a gas testratrtre-eatroe-sightticahtry more nazaraous

Sour gas as defined in para. B803 and flammable gas may
only be used for testing purposes in Location Class 1,
Division 2 locations. When either of these media are
utilized, the public shall be removed to a safe distance
during the test and testing personnel shall be equipped
with appropriate personal protective equipment. Both
sour gas and flammable gas tests must meet the test
pressure limitations per Table 841.3.3-1.

(b) The pressure test medium requirements of

than a simpilar failure with water. When testing with gas,
a formal fisk assessment is recommended, wherein risks
are identified, and appropriate mitigating measures and
practices |are identified and implemented to minimize
these additional risks.

(d) WHen pipeline systems are installed in unstable
soils or the mass of the test medium contributes to addi-
tional strpsses in the pipeline system, the stresses and
reactions|due to expansion, longitudinal pressure, and
longitudipal bending shall be investigated prior to test-
ing. This|investigation shall confirm that the test pres-
sures and loads do not produce unacceptable stresses,
strains, fleflections, or other conditions that could
adversely impact the ability of the system to perform
as required.

(e) Test planning shall consider pressure test medium
temperatpires and duration of testing operations to limit
damage fo pipe from freezing of the test medium and
prevent detrimental pipeline deformation due to desta-
bilization of permafrost soils.

(f) Each test assembly (a fabrication that is not part
of the peInanent facility used for filling, pressuring.and
monitorig the test) shall be designed, fabricatéd;“and
installed jn accordance with the provisions of this Code.
Each test|assembly shall be designed to operate at the
anticipated maximum test pressure. The operator is
encouraged to consider pretesting of-the’ test assembly
prior to its use to reduce risk to testing personnel. Pre-
testing of|the test assembly is required when the pressure
test is to pe conducted with a'sour gas medium. Subse-
quent ret¢sting prior to reuse'should be considered if the
test assernbly is suspected-to have undergone damage
during o1 between tests)

(g) Tedt assemblies should be located considering
accessibillity, sources of test medium, and the elevation
profile of the test segment. Selected locations should
provide testing flexibility while limiting test pressures

Table 841.3.2-1 for the pressure testing of pipelirfes in
Class Locations 3 and 4 need not apply if, at\the time
the pipelines are first ready for pressure testing, gne or
both of the following conditions exist:

(1) Ground temperature at piperdepths is puffi-
ciently low during the test to causéjthe test medigim to
change state and cause damage/or blockage that would
damage the pipe or invalidate the test, and use of chemi-
cal freeze depressants is.not’ possible.

(2) Approved water' of satisfactory quality is not
reasonably available in sufficient quantity.

(c) Where orfe or both of the conditions in (b) [exist,
it is permissiblé to pressure test using air or nonflajnma-
ble, nontexic¢'gases as the pressure test medium proyided
that all-of ‘the following conditions exist:

(1) The maximum hoop stress during pressurg test-
ing\is less than 50% of the specified minimum |yield
strength in Class 3 Locations, and less than 40% ¢f the

specified minimum yield strength in Class 4 Locations.

(2) The maximum pressure at which the pipeline
is to be operated does not exceed 80% of the maximum
field test pressure.
be fit
1.00

(3) The pipe involved has been confirmed to
for service and has a longitudinal joint factor o
(see Table 841.1.7-1).

(d) Before being placed in service, a newly|
structed pipeline system shall be strength tested
minimum period of 2 hr at a minimum pressure
to or greater than that specified in Table 841.3.2-1
stabilization of temperatures and surges from prgssur-
ing operations has been achieved. The minimum [pres-
sure shall be obtained and held at the highest elevation
in the pipeline system.

con-
for a
pqual
after

(e) Test requirements as a function of Location [Class

between the THITHITTUIT te5t Pressure and the setected
maximum test pressure.

841.3.2 Pressure Test Requirements to Prove
Strength of Pipelines and Mains to Operate at Hoop
Stresses of 30% or More of the Specified Minimum Yield
Strength of the Pipe. The following are pressure test
requirements to prove strength of pipelines and mains to
operate at hoop stresses of 30% or 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.
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are summarized in Table 841.3.2-1.

(f) In selecting the test pressure, the designer or
operating company should be aware of the provisions
of section 854 and the relationship between test pressure
and operating pressure when the pipeline experiences
a future increase in the number of dwellings intended
for human occupancy.

(¢) Other provisions of this Code notwithstanding,
pipelines and mains crossing highways and railroads
may be pretested independently or tested in conjunction
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Table 841.3.2-1 Test Requirements for Steel Pipelines and Mains to Operate at Hoop.Stres
of 30% or More of the Specified Minimum Yield Strength of the Pipe

Ses (16)

1 2 3 4 5 6
Maximum p Test P ibed
Design Factor, Permissible Test ressure Test Prescribe Maximum Allowable Operating

Locatipn Class F Medium Minimum Maximum Pressure, the Lpsser of

1, Diyision 1 0.8 Water 1.25 x MOP None TP =~ 1.25 of DP

1, Diyision 2 0.72 Water 1.25 x MOP Nane TP = 1.25 of DP

0.72 Air or Gas 1.25 x MOP 1.25 x DP TP + 1.25 of DP

[Note (1)]
2 0.6 Water 1.25 X MQR None TP + 1.25 of DP
0.6 Air [Note (1)] 1.25 X ¢MOP 1.25 x DP TP + 1.25 of DP

3 [Ndte (2)] 0.5 Water [Note (3)] 1.50.%XMOP 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:

(@) THis Table defines the relationship between test-pressures and maximum allowable operating pressures subsequent to the fest. If an
oferating company decides that the maximumeoperating pressure will be less than the design pressure, a corresponding redluction in
the prescribed test pressure may be made-as indicated in the Pressure Test Prescribed, Minimum column. If this reduced tept pressure
is|lused, however, the maximum operating pressure cannot later be raised to the design pressure without retesting the line {o a higher
tept pressure. See paras. 805.2.1(d),-845.2.2, and 845.2.3.

(b) Gas piping within gas pipeline facilities (e.g., meter stations, regulator stations, etc.) is to be tested and the maximum alloWable
oplerating pressure qualified‘in accordance with para. 841.3 and Tables 841.3.2-1 and 841.3.3-1 subject to the appropriate |location
class, design factor, andwtest medium criteria.

(© When an air or gas testis used, the user of this Code is cautioned to evaluate the ability of the piping system to resist propagating
brjttle or ductile fractlré at the maximum stress level to be achieved during the test.

NOTES:

(1) When pressdre testing with air or gas, see paras. 841.3.1(c) and 841.3.2(a) through (c), and Table 841.3.3-1.

(2) Cgmpressar station piping shall be tested with water to Location Class 3 pipeline requirements as indicated in para. 843.5.1(c).

(3) For exéeptions, see paras. 841.3.2(b) and (c).

49
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with the adjoining pipeline segments in the same man-
ner and to the same pressure as the pipeline on each
side of the crossing.

(h) Other provisions of this Code notwithstanding,
fabricated assemblies, including main line valve assem-
blies, cross connections, river crossing headers, etc.,
installed in pipelines in Location Class 1 and designed
in accordance with a design factor of 0.60 as required
in para. 841.1.9(a), may be pretested independently or

Table 841.3.3-1 Maximum Hoop Stress
Permissible During an Air or Gas Test

Location Class, Percent of
Specified Minimum Yield

tested in|conjunction with the adjoining pipeline seg-
ments as|required for Location Class 1.

(i) Opdrating companies shall retain, in their files, for
the usefuy] life of each pipeline and main, records show-
ing the procedures used and the data developed in estab-
lishing the maximum allowable operating pressure of
that pipleline or main. Refer to section N-7 of
Nonmanglatory Appendix N for a list of suggested rec-
ords for fetention.

841.3.3 Tests Required to Prove Strength for
Pipelines| and Mains to Operate at Hoop Stress Levels
of Less Than 30% of the Specified Minimum Yield
Strength of the Pipe, but in Excess of 100 psig
(690 kPa). Steel piping that is to operate at hoop stress
levels of |ess than 30% of the specified minimum yield
strength in Class 1 Locations shall at least be tested
in accordance with para. 841.3.4. In Class 2, 3, and 4
Locationg, such piping shall be tested in accordance with
Table 841.3.2-1, except that gas or air may be used as
the test medium within the maximum limits set in
Table 841].3.3-1.

841.344 Leak Tests for Pipelines or Mains.to-Operate
at 100 psig (690 kPa) or More

(a) Eadh pipeline and main shall be'tested after con-
struction pnd before being placed in operation to demon-
strate thaf it does not leak. If thetestindicates that a leak
exists, the leak or leaks shall beecated and eliminated,
unless it |can be determined\that no undue hazard to
public safety exists.

(b) Thg¢ test procedure’used shall be capable of disclos-
ing all ldaks in the’section being tested and shall be
selected dfter giving due consideration to the volumetric
content of the“Section and to its location. This requires
the exercise‘of responsible and experienced judgement

Strength
Test Medium 2 3 4
Air or nonflammable 75 50 40
nontoxic gas
Flammable gas 30 30 30
GENERAL NOTE: Refer to para. 841.3.2(c).
841.3.5 LeakTests for Pipelines and Mains to Operate

at Less Than 100 psig (690 kPa)

(a) Each pipeline, main, and reldted equipmen} that
will operate at less than 100,psi. (690 kPa) shall be fested
after construction and before*being placed in opefation
to demonstrate that it,dees not leak.

(b) Gas may be used'as the test medium at the maxi-
mum pressure available in the distribution syst¢m at
the time of the\test. In this case, the soap bubblp test
may be used to locate leaks if all joints are accepsible
during the ‘test.

(c) Testing at available distribution system pregsures
as pigvided for in (b) may not be adequate if substantial
protective coatings are used that would seal a splif pipe
seam. If such coatings are used, the leak test prgssure
shall be 100 psig (690 kPa).

841.3.6 Safety During Tests. All testing of pip¢lines
and mains after construction shall be done with due
regard for the safety of employees and the public during
the test. When air or gas is used, suitable steps|shall
be taken to keep persons not working on the tgsting
operations out of the testing area when the hoop ptress
is first raised from 50% of the specified minimum|yield
to the maximum test stress, and until the pressiire is
reduced to the maximum operating pressure.

841.4 Commissioning of Facilities

841.4.1 General. Written procedures shall be gstab-
lished for commissioning. Procedures shall consider the
characteristics of the gas to be transported, the nged to
isolate the pipeline from other connected facilitied, and
the transfer of the constructed pipeline to those responsi-

rather than numerical precision.

(c) In all cases where a line is to be stressed in a
strength proof test to a hoop stress level of 20% or more
of the specified minimum yield strength of the pipe,
and gas or air is the test medium, a leak test shall be
made at a pressure in the range from 100 psig (690 kPa)
to that required to produce a hoop stress of 20% of the
minimum specified yield, or the line shall be walked
while the hoop stress is held at approximately 20% of
the specified minimum yield.

50

ble for its operation.

Commissioning procedures, devices, and fluids shall
be selected to ensure that nothing is introduced into the
pipeline system that will be incompatible with the gas
to be transported, or with the materials in the pipeline
components.

841.4.2 Cleaning and Drying Procedures. Consider-
ation shall be given to the need for cleaning and drying
the pipe and its components beyond that required for
removal of the test medium.
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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 includ-
ing safety systems such as pig trap interlocks, pressure
and flow-monitoring systems, and emergency pipeline
shutdown systems. Consideration should also be given
to performing a final test of pipeline valves before the
gas is introduced to ensure that each valve is operating

(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
ANSI A21.52. Standard wall thicknesses for
250 psig (1720 kPa) maximum working pressure and
standard laying conditions at several depths of cover
are shown in Table 842.1.1-1.

(e) Ductile Iron Pipe Joints

(1) Mechanical Joints. Ductile iron pipe with

corr Lly.
8}1.4.4 Start-Up Procedures and Introduction of
Trangported Gas. Written start-up procedures shall be
prepgred before introducing the transported gas into the
system and shall require the following;:

(a) the system be mechanically complete and
opergtional

(b)) all functional tests be performed and accepted

(c)] all necessary safety systems be operational

(d)| operating procedures be available

(e)]a communications system be established

(f) | transfer of the completed pipeline system to those
respqnsible for its operation

841.4.5 Documentation and Records. The following
comrpissioning records shall be maintained as perma-
nent frecords:

(a)| cleaning and drying procedures

(b)| cleaning and drying results

(c)] function-testing records of pipeline monitoring

(d)] control equipment systems

(e)| completed prestart checklist

842 | OTHER MATERIALS

842.1 Ductile Iron Piping Systems-Requirements

842.1.1 Ductile Iron Pipe(Design

(a)| Determination of Required Wall Thickness. Ductile
iron pipe shall be desigiied/in accordance with the meth-
ods det forth in ANSI/AWWA C150/A21.50.

(b)| Allowable Values of s and f. The values of design
hoopstress, s, anddesign bending stress, f, at the bottom
of the pipeytd be used in the equations given in
ANS[/ AWWA C150/A21.50, are

mechanical joints shall conform to the requirpments of
ANSI A21.52 and ANSI/AWWA Gl11)A21.11.
Mechanical joints shall be assembled in accordance with
“Notes on Installation of Mechanical Jpints” in
ANSI/AWWA C111/A21.11.

(2) Other Joints. Ductile irdrrpipe may be furnished
with other types of joints prévided they are| properly
qualified and meet the appropriate provisions of this
Code. Such joints shallbe'assembled in accordance with
applicable standardserin accordance with thefmanufac-
turer’s written recommendations.

(3) Threaded “Joints. The use of threaded joints to
couple lengths of ductile iron pipe is not recompmended.

842.1.2 Installation of Ductile Iron Pipe

(a)Laying. Ductile iron pipe shall be laid|in accor-
dange with the applicable field conditions depcribed in
ANSI/AWWA C150/A21.50.

(b) Cover. Underground ductile iron pip¢ shall be
installed with a minimum cover of 24 in. (610 m{m) unless
prevented by other underground structures. Where suf-
ficient cover cannot be provided to protect the pipe from
external loads or damage and the pipe is not|{designed
to withstand such external loads, the pipe shalll be cased
or bridged to protect the pipe.

(c) Joint Restraint. Suitable harnessing or bittressing
shall be provided at points where the mair| deviates
from a straight line and the thrust, if not rpstrained,
would separate the joints.

(d) Making Ductile Iron Field Joints. Ductile
joints shall conform to para. 842.1.1(e) ang
assembled according to recognized American
Standards or in accordance with the manu
written recommendations.

842.1.3 Testing Ductile Iron Field Joints.| Ductile
iron pipe joints shall be leak tested in accordpance with
para. 841.3.4 or 841.3.5.

iron pipe

shall be
National
acturer’s

1,000 A A AT
o — 10,0UU Pbl (110 Vil d)

f = 36,000 psi (248 MPa)

(c) Standard Ductile Iron Strength and Conformance to
ANSI A21.52. Ductile iron pipe shall be (60-42-10) grade
and shall conform to all requirements of ANSI A21.52.
Grade (60-42-10) ductile iron has the following mechani-
cal properties:

60,000 psi (414 MPa)

42,000 psi (290 MPa)
10%

Minimum tensile strength
Minimum yield strength
Minimum elongation
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842.2 Design of Plastic Piping

General Provisions.The design requirements of this sec-
tion are intended to limit the use of plastic piping pri-
marily to mains and service lines in typical PVC
(polyvinyl chloride) distribution systems® operating at
a pressure of 100 psig (690 kPa) or less, PE (polyethylene)

2 Under ASTM D2513, PVC piping may be used only for repair
and maintenance of existing PVC installations.
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Standard Thickness Selection Table for Ductile Iron Pipe

Thickness, in. (mm), for Depth of Cover, ft (m)

Nominal Pjpe Laying
Size, NPS (DN) Condition 2/, 3!/, 5 8 12 16 20 24
3 (79 A 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1)  0.28(7.1) 0.28(7.1) 0.28 (71)  0.28(7.1)
B 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28.(7.1) 0.28((7.1)
4 (10q) A 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29 (7.4) 0.29|(7.4)
B 0.29 (7.4) 0.29 (7.4) 0.29 (7.4)  0.29 (7.4)  0.29 (7.4)  0.29 (7.8) » 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) 0.31A7:9) 0.31 (7.9) 0.31)(7.9)
B 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 0.31 (7.9) 03371 (7.9) 0.31 (7.9) 0.31{(7.9)
8 (204 A 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0.33(8.4) 0.33(8,4) ~J0.33(8.4) 0.33(8.4) 0.33[(8.4)
B 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0.33 (8.4) 0.33/8.4) 0.33 (8.4) 0.33 (8.4) 0.33((8.4)
10 (25Q) A 0.35 (8.9) 0.35 (8.9) 0.35(8.9) 0.35(8.9 0.35(.9 0.35(.9 0.38(9.7) 0.38(9.7)
B 0.35 (8.9) 0.35 (8.9) 0.35(8.9) 0.35(8.9), <0.35(8.9 0.35(.9 0.38(9.7) 0.38/(9.7)
12 (30q) A 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.40 (10.2) 0.43(10.9)
B 0.37 (9.4) 0.37 (9.4) 0.37 (9.4)  0.37%(9.4) 0.37 (9.4) 0.37 (9.4) 0.40 (10.2) 0.40((10.2)
14 (35@) A 0.36 (9.1) 0.36 (9.1) 0.36 (9.1) 0.36 (9.1) 0.39 (9.9) 0.42 (10.7) 0.45 (11.4) 0.45|(11.4)
B 0.36 (9.1) 0.36 (9.1) 0.36 (9.1).\N0.36 (9.1)  0.36 (9.1) 0.42 (10.7) 0.42 (10.7) 0.45((11.4)
16 (40Q) A 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37 (9.4) 0.40(10.2) 0.43 (10.9) 0.46 (11.7) 0.49)(12.4)
B 0.37 (9.4) 0.37 (9.4) 0.37:69.4) 0.37 (9.4) 0.40 (10.2) 0.43 (10.9) 0.46 (11.7) 0.49((12.4)
18 (45Q) A 0.38 (9.7) 0.38 (9.7) 0:38 (9.7) 0.38 (9.7) 0.41 (10.4) 0.47 (11.9) 0.50 (12.7) 0.53((13.5)
B 0.38 (9.7) 0.38 (9.7) 0.38 (9.7) 0.38(9.7) 0.41 (10.4) 0.44 (11.2) 0.47 (11.9) 0.53((13.5)
20 (504) A 0.39 (9.9) 0.39Y9.9) 0.39 (9.9) 0.39 (9.9) 0.45 (11.4) 0.48 (12.2) 0.54 (13.7)
B 0.39 (9.9) 0.39°(9.9) 0.39 (9.9) 0.39(9.9) 0.42 (10.7) 0.48 (12.2) 0.51 (13.0)
24 (60q) A 0.44 (11:2)../0.41 (10.4) 0.41 (10.4) 0.44 (11.2) 0.50 (12.7) 0.56 (14.2)
B 0.41,10.4) 0.41 (10.4) 0.41 (10.4) 0.41 (10.4) 0.47 (11.9) 0.53 (13.5)
GENERAL NPTES:
(@) This Table is taken from=ANSI A21.52.
(b) Laying fondition A: flatbottom trench without blocks, untamped backfill.
() Laying [onditionBx flat-bottom trench without blocks, tamped backfill.
(d) The thigknesses\in'this Table are equal to or in excess of those required to withstand 250 psi (1 720 kPa) working pressure.
(e) All thicknesses shown in this Table for the depths of cover indicated are adequate for trench loads, including truck superloads.
(f) For 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 A21.52.
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distribution systems operating at a pressure of 125 psig
(860 kPa) or less, and PA-11 (polyamide 11) distribution
systems operating at pressures up to the design pressure
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 limita-
tions prescribed in this Code. Plastic piping shall meet
the requirements of a specification listed in Mandatory
Appendix A.

and 2 locations, the HDB determined in accor-
dance with the listed specification. For all other
RTP pipe, use 11,000 psi (76 MPa).

standard dimension ratio, the ratio of the aver-
age specified outside diameter to the minimum
specified wall thickness, corresponding to a
value from a common numbering system that
was derived from the American National
Standards Institute preferred number series 10.

SDR =

842.2.1 Plastic Pipe and Tubing Design Formula.
The ¢lesign pressure for plastic gas piping systems or
the nominal wall thickness for a given design pressure
(subjgct to the limitations in para. 842.2.2) shall be deter-
mined by the following formulas:

(U.S.|Customary Units)

2S

P=pr=1%

Dy

or

25t
D-t

P = XDf

(SI Units)

= ©pR -1 X Pr

<p

specified outside diameter, in.(mm), in the case
of reinforced thermosetting plastic (RTP) pipe,
the specified outside diameter of the reinforced
thermoset layer

design factor =-0.32 or 0.40 for PA-11. The
design factor iSsavnumber less than or equal to
1 that is multiplied by the calculated maximum
pressure (fo)obtain the design pressure.
dimension ratio, the ratio of the average speci-
fied\outside diameter to the specified minimum
wall’thickness

= design pressure, gage, psig (kPa)

( 2000S

or

20005t

D—1t XDf

wherne

DR |=

n

I the case of RTPpipe, SDRIsthe ratio of
the average outside diameter of théxeinforced
thermoset layer to the minimuf spedified wall
thickness of the reinforced thetmoset(layer. DR
may be substituted for SDR-n this cglculation
when the dimensionratio is not in above
defined “standard’” dimension ratio.
specified wall thickness, in. (mm), i the case
of RTP pipe, theispecified wall thickrless of the
reinforced thermoset layer

NOTE: Long-termfhydrostatic strength at 73°F (23°C) for the plas-
tic materials whose specifications are incorporated by reference
herein are given)in Mandatory Appendix D.

842:2.2" Thermoplastic Design Limitations
(a)<Except as provided in (e) and (f), the depign pres-
sufémay not exceed a gage pressure of 100 psig (689 kPa)
for plastic pipe used in
(1) distribution systems
(2) Location Classes 3 and 4
(b) Plastic pipe shall not be used where the design
temperature of the pipe will be
(1) below —40°F (—40°C). In no case shal] the pipe
or piping components be used in applicatior}s beyond
the manufacturer’s recommended ratings foy the pipe
or piping component.
(2) above the temperature at which the FIDB used
in the design formula is determined.
(c) The value of t for thermoplastic pipe shall not be
less than that specified in ASTM D2513.
(d) For saddle-type service connections madle by heat
fusion techniques, it may be necessary for sonje materi-
als that are intended for use at high operating[pressures
to require a heavier wall thickness than defined by the
pressure design formula for sizes NPS 2 (DIN 50) and
smaller. Manufacturers of the specific pipe| material
should be contacted for recommendations or qualiﬁed

= for thermopiastic pipe, hydrostaticdesign basis
(HDB) determined in accordance with
ASTM D2837 at a temperature equal to 73°F
(23°C), 100°F (38°C), 120°F (49°C), 140°F (60°C),
or 180°F (82°C). In the absence of a HDB estab-
lished at the specified temperature, the HDB of
a higher temperature may be used in determin-
ing a design pressure rating at the specified
temperature by arithmetic interpolation using
the procedure in Part D.2 of PPI TR-3. For RTP
pipe NPS 6 (DN 150) and below, used in Class 1
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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

(4) the design pressure is determined in accordance
with the design equation defined in para. 842.2.1

(16)
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(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

(a) The value of P for RTP mains and service lines in
distribution systems in Class 3 and 4 Locations shall not

842.2.9 Plastic Pipe and Tubing Joints and
Connections
(a) General Provisions. Plastic pipe, tubing, and fit-
tings may be joined by the solvent cement method, adhe-
sive method, heat-fusion method, or by means of
compression couplings or flanges. The method used
must be compatible with the materials being joined. The
recommendations of the manufacturer shall be consid-
ered when determining the method to be used.

exceed 100 psig (689 kPa) except as prescribed in (d)

(b) Reipforced 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
recommephded by the manufacturer, up to 180°F (82°C).

(c) The wall thickness for RTP pipe shall not be less
than that{specified in ASTM D2517.

(d) RTP pipe may be operated at pressures up to its
design pjessure as determined in accordance with the
equation [in para. 842.2.1.

842.2|4 Design Pressure of Plastic Fittings. The
maximum pressure rating for fittings shall be the same
value as [the maximum design pressure of the corres-
ponding pipe size and wall thickness as indicated in the
referencefl standard for the fittings and as determined
in paras. [842.2.1 and 842.2.2. The manufacturer should
be consulted for advice on maximum pressure ratings
for fittings not covered by referenced standards.

842.25 Valves in Plastic Piping

(a) Valyes in plastic piping may be made of any suits
able matgrial and design permitted by this Code. Ther=
moplasti¢ valves shall comply with ASTM D2518 and
ASME B16.40.

(b) Valye installations in plastic piping shall be so
designed|as to protect the plastic materjalagainst exces-
sive torsigpnal or shearing loads when thevalve or shutoff
is operat¢d, and from any other secondary stresses that
might be|exerted through the yalve or its enclosure.

842.2{6 Protection From\Hazards. Plastic piping
shall conform to the)applicable provisions of
para. 841}1.10.

842.2.7 Covetr and Casing Requirements Under
Railroads}, Roads, Streets, or Highways. Plastic piping
shall copform ‘to the applicable requirements of
paras. 84].1¥11(a) and (d). Where plastic piping must be

(b) Joint Requirements
(1) Pipe or tubing shall not be threaded.
(2) Solvent cement joints, adhesive joints,/and|heat-
fusion joints shall be made in accordance-with qualified
procedures that have been establishéd and prov¢n by
test to produce gas-tight joints atdeast as strong as the
pipe or tubing being joined.
(3) Joints shall be made by personnel qualifi¢d by
training or experience in the’proper procedures required
for the type of joint inyolved.
(4) Solvent cement shall be used only on PVC jpints.
(56) Heat-fusion or mechanical joints shall be[used
when joining polyethylene or polyamide 11 pipe, tybing,
or fittings.\PA-11 components may be joined to PA-11
components, and PE components may be joinpd to
PE components. PE and PA-11 components shall not
be heat-fused to each other. Polyethylene compopnents
made of different grades of materials may be heat-flused,
provided that properly qualified procedures for joining
the specific components are used. Any combination of
PE materials with an ASTM D2513, Table 4, |Pipe
Category, melt index category C may be joined by heat
fusion procedures such as those detailed in PPI TR-33.
The Plastics Pipe Institute (PPI) publishes the follqwing
generic heat-fusion procedures:
(-a) TR-33, Generic Butt Fusion Joining Procgdure
for Polyethylene Gas Piping

(-b) TR-41, Generic Saddle Fusion Jo

Procedure for Polyethylene Gas Piping
(-c) TR-45, Butt Fusion Joining Procedute for
Field Joining of Polyamide-11 (PA-11) Pipe
Fusion of PE components with different melt cqtego-
ries may require “dissimilar fusion” procedureq pro-
vided by the manufacturer.
(6) Flanges or special joints may be used proyided
they are properly qualified and used in accordancd with

ning

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
Underground Structures. Plastic piping shall conform
to the applicable provisions of para. 841.1.11(c). Suffi-
cient clearance shall be maintained between plastic pip-
ing and steam, hot water, or power lines and other
sources of heat to prevent operating temperatures in
excess of the limitations of para. 842.2.2(b) or 842.2.3(b).
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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 fit between the pipe or tubing and mat-
ing socket or sleeve is essential to a good joint. Sound
joints cannot normally be made between loose or very
tight-fitting components.

(3) The mating surfaces must be clean, dry, and free
of material that may be detrimental to the joint.

(16)
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(4) Solvent cements that conform to ASTM D2513
and are recommended by the pipe or tubing manufac-
turer shall be used to make cemented joints.

(5) A uniform coating of the solvent cement is
required on both mating surfaces. After the joint is made,
excess cement shall be removed from the outside of
the joint. The joint shall not be disturbed until it has
properly set.

(6) The solvent cement and piping components to

(1) When compression-type mechanical joints are
used, the elastomeric gasket material in the fitting shall
be compatible with the plastic (i.e., the plastic and the
elastomer shall not cause deterioration in one another’s
chemical and physical properties over a long period).

(2) The tubular stiffener required to reinforce the
end of the pipe or tubing shall extend at least under
that section of the pipe being compressed by the gasket
or gripping material. The stiffener shall be free of rough

be joifted may be conditioned prior to assembly by i} the pipe
warnning if done in accordance with the manufacturer’s  or tube. Split tubular fittings shall not be.tised.

recorhmendations.
7) A solvent cement joint shall not be heated to
accelerate the setting of the cement.
8) Safety requirements in Appendix A of
ASTM D2513 shall be followed when solvent cements
are used.

(d)| Heat-Fusion Joints
1) Sound butt heat-fusion joints require the use of
a jointing device that holds the heater element square
to the ends of the piping, can compress the heated ends
together, and holds the piping in proper alignment while
the plastic hardens.
2) Sound socket heat-fusion joints require the use
of a jpinting device that heats the mating surfaces of the
joint |uniformly and simultaneously to essentially the
samg temperature. The completed joint must not be dis-
turbgd until properly set.
3) Care must be used in the heating operation-to
prevént damage to the plastic material from overheating
or hgving the material not sufficiently heated td-ensure
a soynd joint. Direct application of heat withra’torch or
other open flame is prohibited.
4) When connecting saddle-type, fittings to pipe
NPSP (DN 50) and smaller, see para, 842.2.2(e) to mini-
mize|the possibility of failures.

(e)| Adhesive Joints
1) Adhesives that conferm to ASTM D2517 and
are r¢commended by thé pipe, tubing, or fitting manu-
factufer shall be used‘te make adhesive bonded joints.
2) When dissimilar materials are bonded together,
a thqrough investigation shall be made to determine
that the materials and adhesive used are compatible
with [each ‘other.
3)-An adhesive bonded joint may be heated in

accondance with the pipn manufacturer’s recommenda-

(3) Since pull-out resistance of compregsion-type
fittings varies with type and size, all méchanjical joints
shall be designed and installed to,effectively shistain the
longitudinal pull-out forces catfsed by contraction of the
piping or by maximum anti¢ipated external loading.
The installation shall be designed and made tofminimize
these forces as follows:

(-a) In the caSe-of direct burial when the pipe is
sufficiently flexiblé, the pipe may be snaked in|the ditch.
(-b) In¢thecase of pipe installed by inpertion in
casing, the pipe shall be pushed rather than ppulled into
place so asto place it in compression rather thah tension.
(3¢) Allowance shall be made for thernjal expan-
sion and contraction due to seasonal changes inf tempera-
ture’of installed pipe. The importance of this allowance
increases as the length of the installation incregases. Such
allowance is of paramount importance when the plastic
pipe is used for insertion renewal inside another pipe,
because it is not restrained by earth loading. This allow-
ance may be accomplished by appropriate fombina-
tions of
(-1) offsets
(-2) anchoring
(-3) aligning the pipe and fitting
(-4) in the case of compression, fittirjgs by the
use of long-style types and placement of the pipe in
slight axial compression
(-5) expansion—contraction devices, pr
(-6) fittings designed to prevent pull-out
Typical coefficients of thermal expansion, which may
be used to make calculations, are given in Table|842.2.9-1.

842.3 Installation of Plastic Piping

842.3.1 Construction Specifications. All|construc-

tion 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 publications of plastic pipe and fitting
manufacturers.

tion work performed on piping systems in accordance
with the requirements of this Code shall be done using
construction specifications. The construction specifica-
tions shall cover the requirements of this Code and shall
be in sufficient detail to ensure proper installation.

842.3.2 Inspection and Handling Provisions. Plastic
piping components are susceptible to damage by mis-
handling. Gouges, cuts, kinks, or other forms of damage
may cause failure. Care shall be exercised during han-
dling and installation to prevent such damage.
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Table 842.2.9-1 Nominal Values for
Coefficients of Thermal Expansion of
Thermoplastic Pipe Materials

Nominal
Coefficients of
Thermal Expansion

tittings 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
atmospheric corrosion; protected against deterioration
(e.g., high-temperature degradation); and protected

General ASTM D696,
Material x 107 in./in./°F
Designation (x 10~ mm/mm/°C)
PA|32312 (PA-11) 8.5 (4.3)
PA[32316 (PA-11) 8.5 (4.3)
PE| 2406 9.0 (5.0)
PE| 2606 10.0 (5.6)
PE| 2706 10.0 (5.6)
PE| 2708 10.0 (5.6)
PE|3408 9.0 (5.0)
PE|3608 9.0 (5.0)
PE|3708 9.0 (5.0)
PE|3710 9.0 (5.0)
PE|4708 9.0 (5.0)
PE|4710 9.0 (5.0)
PVC 1120 3.0 (1.7)
PVLC 1220 3.5 (1.9)
PVC 2116 4.0 2.2)

GENERAL NPTES:

(@ Individdial compounds may differ from values in this Table as
much as +10%. More exact values for specific commercial
products may be obtained from the manufacturers.

(b) Abbrevfations: PA-11 = polyamide 11, PE = polyethylene,
PVC = |polyvinyl chloride.

(a) Plagtic pipe and tubing shall be carefully inspected
for cuts, |scratches, gouges, and other imperféctions
before use, and any pipe or tubing containing harmful
imperfections shall be rejected.

(b) Eadh installation shall be field dhspected to detect
harmful fmperfections. Any such~imperfections found
shall be gliminated.

(c) Skillful application of qualified techniques and the
use of prpper materials afnd‘eéquipment in good condi-
tion are r¢quired to achie¥e sound joints in plastic piping
by the solvent cement;,adhesive, or heat fusion methods.
Inspectioh provisiens shall be checked visually. If there
is any regson to:-believe the joint is defective, it shall be
removed |and réplaced.

(d) Care-shall be-exercised—to-avoid rough handling

acainst external- damace
O (2]

(2) installed on a bridge in accordange)|with
GRI Report 00/0154, Design Guide for Pipes Across
Bridges

(3) installed for plastic service lin€s’as permitted
in para. 849.4.2(b)

Plastic pipe shall not be used<to support extprnal
loads. Encased plastic pipe shall be able to withstand
anticipated temperatureswithout deteriorating or
decreasing in strength pelow the design limitations
stated in paras. 842.2:2 and 842.2.3. When protécting
against external damage, consideration shall be given
to the need to isoldte the encased segment and to gafely
vent or contain’ gas that may escape the plastic pfpe in
the event ofia leak or rupture.

(b) Belowground Installation. Plastic piping shall not
be installed in vaults or any other below-grade enclpsure
unless it is completely encased in gas-tight metal pipe
and metal fittings having adequate corrosion proteftion.

(c) Stresses. Plastic piping shall be installed in sjuch a
way that shear or tensile stresses resulting from| con-
struction, backfill, thermal contraction, or externallload-
ing are minimized. [See para. 842.2.9(f).]

(d) Direct Burial

(1) Plastic piping shall be laid on undisturbpd or
well-compacted soil. If plastic piping is to be lgid in
soils that may damage it, the piping shall be protected
by suitable rock-free materials before backfilling is|com-
pleted. Plastic piping shall not be supported by blogking.
Well-tamped earth or other continuous support|shall
be used.

(2) The piping shall be installed with sufficient
slack to provide for possible contraction. Cooling may
be necessary before the last connection is made
under extremely high-temperature conditions| [See
para. 842.2.9(f).]

\/Q\ When ]r\ng sections—of p;p;ng that have been

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.

(f) Plastic pipe and tubing shall be adequately sup-
ported during storage. Thermoplastic pipe, tubing, and

assembled alongside the ditch are lowered in, care shall
be exercised to avoid any strains that may overstress or
buckle the piping or impose excessive stress on the joints.

(4) Backfilling shall be performed in a manner to
provide firm support around the piping. The material
used for backfilling shall be free of large rocks, pieces
of pavement, or any other materials that might damage
the pipe.

(56) Where flooding of the trench is done to consoli-
date the backfill, care shall be exercised to see that the

(16)
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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 installa-
tion of electrically conductive material, such as tracer
wire or plastic coated metallic tape with the plastic pipe
to facilitate locating it with an electronic pipe locator.
Alternative proven locating methods may be used.

(e) Insertion of Casing

necegsary to remove any sharp edges, projections, or
abragive material that could damage the plastic during
and after insertion.

2) Plastic pipe or tubing shall be inserted into the
casinfg pipe in such a manner so as to protect the plastic
durir)g the installation. The leading end of the plastic
shall[be closed before insertion. Care shall be taken to
prevént the plastic piping from bearing on the end of
the cpsing.

3) The portion of the plastic piping exposed due
to th¢ removal of a section of the casing pipe shall be of
suffigient strength to withstand the anticipated external
loading, or it shall be protected with a suitable bridging
piece capable of withstanding the anticipated external
loading.

4) The portion of the plastic piping that spans dis-
turbgd earth shall be adequately protected by a bridging
piece or other means from crushing or shearing from
exterpal loading or settling of backfill.

5) The piping shall be installed to provide fof\pos-
sible|contraction. Cooling may be necessary before the
last cpnnection is made when the pipe has beén-installed
in hqgt or warm weather. [See para. 842.2.9(f).]

6) If water accumulates betweeh, the casing and
the cprrier pipe where it may be subjected to freezing
templeratures, the carrier pipe canbe constricted to the
poin{ where the capacity is @ffected or the pipe wall
could be crushed and leak. To avoid this, one or more
of the following steps shall be taken:

(-a) The annultis* between the carrier pipe and
casing shall be kept\to a minimum so that the increased
voluine of water'changing to ice will be insufficient to
crusl the cartier pipe.

(-b)SAdequate draining for the casing shall be

annulus between the casing and the carrier pipe.
(f) Trenchless Installations — Plastic Pipe. For general
installation requirements, see para. 841.1.9(j). In addi-
tion, 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 abrasive surfaces that may damage the pipe during
installation.
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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 over-
stressing plastic pipe during trenchless installations.
i ftort e pulling
or other
book of

force, use of a weak link at the pulling hea
methods. For further information, see ‘Ha
Polyethylene Pipe.

(-d) For locating the pipe with’an electfonic pipe
locator, a tracer wire shall be ptiled in with the piping,
but with minimal physical cofitact with the gipe.

(2) Additional Evaluatiow Measures. The minimum
inspection and post-inspection testing requirements
elsewhere in this Cade-shall be employed.

842.3.4 BendS)and Branches. Changes in
of plastic piping may be made with bends
elbows under'the following limitations:

(a) Rlastic pipe and tubing may be defldcted to a
radius.not less than the minimum recommended by the
manufacturer for the kind, type, grade, wall thickness,
and diameter of the particular plastic used.

(b) The bends shall be free of buckles, crack:
evidence of damage.

(c) Changes in direction that cannot be mad¢ in accor-
dance with (a) above shall be made with elbow-type
fittings.

(d) Field-fabricated miter fittings are not pprmitted.

(e) Branch connections shall be made gnly with
socket-type tees or other suitable fittings specifically
designed for the purpose.

direction
, tees, or

5, or other

842.3.5 Field Repairs of Gouges and Punctures.
Injurious gouges or punctures shall be removed by cut-
ting out and replacing the damaged portion as p cylinder
or repaired in accordance with para. 852.5.2.

842.3.6 Hot Taps. All hot taps shall be inptalled by
trained and experienced crews.

842.3.7 Purging. Purging of plastic mainf and ser-
pplicable

842.4 Testing Plastic Piping After Construction

842.4.1 General Provisions

(a) Pressure Testing. All plastic piping shall be pres-
sure tested after construction and before being placed
in operation 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 neces-
sary appurtenances, it is not required that the tie-in


https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

ASME B31.8-2016

sections of piping 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 sec-
tion and its location.

(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

lasti 1ol hall tbe tested at te-=
(b) Thfrmnp astic p1p1ngc allno e-tested-atmate.

rial temperatures above 140°F (60°C), and reinforced
thermosetting plastic piping shall not be tested at mate-
rial templeratures above 150°F (66°C). The duration of
the test of thermoplastic piping above 100°F (38°C), how-
ever, shall not exceed 96 hr.

(c) Sufficient time for joints to “set” properly must be
allowed lpefore the test is initiated.

(d) Plaptic pipelines and mains shall be tested at a
pressure hot less than 1.5 times the maximum operating
pressure|or 50 psig (340 kPa), whichever is greater,
except thpat

(1) the test pressure for reinforced thermosetting
plastic piping shall not exceed 3.0 times the design pres-
sure of the pipe

(2) the test pressure for thermoplastic piping shall
not exceed 3.0 times the design pressure of the pipe at
temperatures up to and including 100°F (38°C) or
2.0 times [the design pressure at temperatures exceeding
100°F (38pC)

(e) Gag, air, or water may be used as the test medium_

842.4

struction
of emplo

3 Safety During Tests. All testing after-con-
shall be done with due regard for thesafety
yees and the public during the test.

842.5 (Cq

842.5]1 Design of Copper Mains
(a) Regpirements. When used fof gas mains, copper

pper Mains

pipe or|tubing shall conform to the following
requirements:
(1) Qopper pipe jox<tubing shall not be used for

mains where the pressure exceeds 100 psig (690 kPa).

COPper pipe or tubing.Copper tubing sttt ot be
threaded, but copper pipe with wall thickness eqtiyalent
to the comparable size of Schedule 40 steél\pipdg, 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 connectingfscrewed fittinigs or
valves.

(e) Protection Against Galvanie Corrosion. Provjision
shall be made to prevent harmful galvanic action yhere
copper is connected mnderground to steel.[[See
para. 861.1.3(a).]

842.5.2 Testingof Copper Mains After Constructjon.
All copper mains’/shall be tested after constructipn in
accordance with the provisions of para. 841.3.5.

843 . COMPRESSOR STATIONS
843.1 Compressor Station Design

843.1.1 Location of Compressor Building. Ejxcept
for offshore pipelines, the main compressor building for
gas compressor stations should be located at such|clear
distances from adjacent property not under contfol of
the operating company as to minimize the hazard of
communication of fire to the compressor building{from
structures on adjacent property. Sufficient open ppace
should be provided around the building to permiit the
free movement of firefighting equipment.

843.1.2 Building Construction. All compressqr sta-
tion buildings that house gas piping in sizes larger than
NPS 2 (DN 50) or equipment handling gas (except efquip-
ment for domestic purposes) shall be constructpd of
noncombustible or limited combustible materigls as

1l be

(2) Qopper pipé or tubing shall not be used for  defined in NFPA 220.
mains wff ere the gas carried contair.ls more than an aver- 843.1.3 Exits. A minimum of two exits sh
age.of 0.3 grains 30f hydrogen' sglﬁde per 100 standard  provided for each operating floor of a main compiessor
cubic feet2.8-m)-of gas—Thisisequivalent to-atrace buitding, basements; arnd any clevated watkway o

as determined by a lead acetate test.

(3) Copper tubing or pipe for mains shall have a
minimum wall thickness of 0.065 in. (1.65 mm) and shall
be hard drawn.

(4) Copper pipe or tubing shall not be used for
mains 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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plat-
form 10 ft (3 m) or more above ground or floor level.
Individual engine catwalks shall not require two exits.
Exits of each such building may be fixed ladders, stair-
ways, 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 convenient possibility of escape and shall pro-
vide unobstructed passage to a place of safety. Door
latches shall be of a type that can be readily opened from
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the inside without a key. All swinging doors located in
an exterior wall shall swing outward.

843.1.4 Fenced Areas. Any fence that may hamper
or prevent escape of persons from the vicinity of a com-
pressor 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

pumps are a part of such facilities, their operation shall
not be affected by emergency shutdown facilities.

843.3.3 Safety Devices
(a) Emergency Shutdown Facilities
(1) Except as noted or clarified in (a)(2) through
(a)(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

200 ft (61 m) of anv COMPressor p]anf ]’mﬂding shall
openloutward and shall be unlocked (or capable of being
opengd from the inside without a key) when the area
within the enclosure is occupied. Alternatively, other
facilifies affording a similarly convenient exit from the
area may be provided.

843.2 Electrical Facilities

Al] electrical equipment and wiring installed in gas
transjmission and distribution compressor stations shall
confgrm to the requirements of NFPA 70, insofar as the
equipment commercially available permits.

Elgctrical installations in hazardous locations as
definfed in NFPA 70 and that are to remain in operation
during compressor station emergency shutdown as pro-
videdl in para. 843.3.3(a)(1) shall be designed to conform
to NFPA 70 for Class I, Division 1 requirements.

843.B Compressor Station Equipment

843.3.1 Gas Treating Facilities

(a)| Liquid Removal. When condensable vapors are
presgnt in the gas stream in sufficient quantityto'liquefy
undefr the anticipated pressure and températtire condi-
tions| the suction stream to each stage of compression
(or tp each unit for centrifugal compressors) shall be
protgcted against the introduction ‘of/dangerous quanti-
ties df entrained liquids into the‘compressor. Every lig-
uid geparator used for this-purpose shall be provided
with manually operated facilities for removal of liquids
thereffrom. In addition, automatic liquid removal facili-
ties, pn automatic ¢ompressor shutdown device, or a
high [liquid level(alarm shall be used where slugs of
liquid might bécarried into the compressors.

(b)| Liquid ‘Refnoval Equipment. Liquid separators shall
be manufagtured in accordance with Section VIII of the
BPV |Cede, except that those constructed of pipe and

pipingblowndown—Operationof-the-emergancy shut-
down system also shall cause the shutdowi|of all gas
compressing equipment and all gas-fited equipment.
Operation of this system shall de-energize the electrical
facilities located in the vicinity of gas-headers and in the
compressor room, except thoserthat provide emergency
lighting for personnel protection and those thqt are nec-
essary for protection of eqtipment. The emerggncy shut-
down system shall be operable from any one pf at least
two locations outside the gas area of the statiC}prefera-

bly near exit gates'in the station fence, but not fnore than
500 ft (150 m) from the limits of the stations. Blowdown
piping shall'extend to a location where the digcharge of
gas is notiKely to create a hazard to the cqmpressor
station(0r surrounding area.

(2) Unattended field compressor st
1,000 hp (746 kW) and less are excluded from
sions of (a)(1).

(3) Each compressor station supplying ggs directly
to a distribution system shall be provided wjith emer-
gency shutdown facilities located outside the|compres-
sor station buildings by means of which all gas can be
blocked out of the station, provided there it another
adequate source of gas for the distribution systpm. These
shutdown facilities can be either automatic or manually
operated as local conditions designate. Wher} no other
gas source is available, no shutdown facilities hat might
function at the wrong time and cause an outdge on the
distribution system shall be installed.

(4) Notwithstanding the exceptions in (a)(2) and
(a)(3), each compressor station handling gas|that con-
tains quantities or concentrations of hydroggn sulfide
and/or liquids sufficient to present an envijonmental
or safety hazard shall be provided with an emergency
shutdown system. The emergency shutdown system

and automatic or manual blowdown procgsses and
nq1 11'pmon+ must be desicned-to provon{- the-hutomatic

itions of
the provi-

fittings without any components welded to the inside
of the pipe may be constructed in accordance with
ASME B31.8 utilizing a design factor of 0.4. The designer
of the liquid removal equipment shall apply an appro-
priate corrosion allowance and shall address all liquid
and water hammer loads so that Code-allowable stresses
are not exceeded.

843.3.2 Fire Protection. Fire protection facilities
should be provided in accordance with the American
Insurance Association’s recommendations. If the fire
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O
release of hydrogen sulfide, condensable vapors, or free
liquids into the atmosphere in concentrations that may
be hazardous to the operator or the general public.

(b) Engine Overspeed Stops. Every compressor prime
mover, except electrical induction or synchronous
motors, shall be provided with an automatic device that
is designed to shut down the unit before the maximum
safe speed of either the prime mover or driven unit, as
established by the respective manufacturers, is
exceeded.
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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

) p

unloading device, shall be installed in the discharge line
of each ppsitive displacement transmission compressor
between the gas compressor and the first discharge block
valve. If a| pressure relief valve is the primary overprotec-
tion devige, then the relieving capacity shall be equal to
or greatef than the capacity of the compressor. If the
relief valyes on the compressor do not prevent the possi-
bility of qverpressuring the pipeline as specified in sec-
tion 845,|a relieving or pressure-limiting device shall
be installed on the pipeline to prevent it from being
overpressured beyond the limits prescribed by this
Code.

(c) Venfing. Vent lines provided to exhaust the gas
from the|pressure relief valves to atmosphere shall be
extended|to a location where the gas may be discharged
without yindue hazard. Vent lines shall have sufficient
capacity po that they will not inhibit the performance
of the reljef valve. For additional design considerations,
see para.|841.1.9(d).

843.3\5 Fuel Gas Control. An automatic deviée
designed|to shut off the fuel gas when the engine stops
shall be provided on each gas engine operating>with
pressure gas injection. The engine distribution manifold
shall be qutomatically vented simultanegusly.

843.3|6 Cooling and Lubrication Failures. All gas
compressor units shall be equipped with shutdown or
alarm deyices to operate in the event of inadequate cool-
ing or lubrication of the units:

843.3/7 Explosion Prevention

(a) Mufflers. The extegnal shell of mufflers for engines
using gag as fuel shall be designed in accordance with
good engineeringpractice and shall be constructed of
ductile mjaterials: It is recommended that all compart-
ments of |the.muffler be manufactured with vent slots

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
the location of relief valve discharge vents releasing LPG
to the atmosphere to prevent accumulation of the heavy
gases at or below ground level. Likewise, special precau-

vations are made for the repair of leaks(i
underground LPG distribution system.

843.3.8 Gas Detection and Alarm Systems
(a) Each compressor building in a compressor sfation
where hazardous concentrations of,gas may accumjulate
shall have a fixed gas detection/and“alarm system ynless
the building is
(1) constructed so that)at least 50% of its ugright
side area is permanently open to the atmosphdre or
adequately ventilated by forced or natural ventilatipn, or
(2) in an unattéended field compressor station|loca-
tion of 1,000-hp/ (746 kW) or less and adequptely
ventilated
(b) Except'when shutdown of the system is necgssary
for maintenance (see para. 853.1.6), each gas detgction
andhalarm system required by this section shall
(1) continuously monitor the compressor building

for a concentration of gas in air of not more thar} 25%
of the lower explosive limit
(2) warn persons about to enter the building and
persons inside the building of the danger if that cohcen-
tration of gas is exceeded
(c) The compressor building configuration shall be
considered in selecting the number, type, and placgment
of detectors and alarms.
(d) Alarm signals shall be unique and immedjately
recognizable, considering background noise and [ight-
ing, to personnel who are inside or immediately oytside
each compressor building.

843.4 Compressor Station Piping

843.4.1 Gas Piping. The following are genera| pro-
visions applicable to all gas piping:
(a) Specifications for Gas Piping. All compressof sta-
tion gas piping, other than instrument, control, and|sam-

or holes ilrthebafflesto 1.)1cvcu't Bas fromr lucius 'ual.}tjcd
in the muffler.

(b) Building Ventilation. Ventilation shall be ample to
ensure that employees are not endangered under normal
operating conditions (or such abnormal conditions as a
blown gasket, packing gland, etc.) by accumulations
of hazardous concentrations of flammable or noxious
vapors or gases in rooms, sumps, attics, pits, or similarly
enclosed places, or in any portion thereof.

(c) LPG Ventilation. All liquefied petroleum gases are
heavier than air; hence, structures aboveground for

plepiping, uptoarcdt irctuding comrectionsto the main
pipeline shall be of steel and shall use a design factor, F,
per Table 841.1.6-2. Valves having shell components
made of ductile iron may be used subject to the limita-
tions 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) Testing of Gas Piping. All gas piping within a com-
pressor station shall be tested after installation in accor-
dance with the provisions of para. 841.3 for pipelines and
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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
function of all important gas pressure piping shall be
identified by signs or color codes.

843.4.2 Fuel Gas Piping. The following are specific

piping, or locking closed a stop valve and locking open
a vent downstream from it.

(e) Air receivers or air storage bottles for use in com-
pressor stations shall be constructed and equipped in
accordance with Section VIII of the BPV Code.

843.4.4 Lubricating Oil Piping. All lubricating oil
piping within gas compressing stations shall be con-
structed in accordance with ASME B31.3.

provfsmamﬁﬂmmsmmﬁﬂgﬁ%mr s
4. ater Piping.  All water piping Within gas

ing gnly:

(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
prespure-limiting devices to prevent the normal
operating pressure of the system from being exceeded
by mpre than 25%, or the maximum allowable operating
presgure by more than 10%.

(c)| Suitable provision shall be made to prevent fuel
gas from entering the power cylinders of an engine and
actudting moving parts while work is in progress on the
enginje or on equipment driven by the engine.

(d)| All fuel gas used for domestic purposes at a com-
pressor station that has an insufficient odor of its own
to sefve as a warning in the event of its escape shall be
odor{zed as prescribed in section 856.

843.4.3 Air Piping System

(a)] All air piping within gas compressing stations
shall[be constructed in accordance with ASME B31.3.

(b)] The starting air pressure, storage volure, and size
of cqnnecting piping shall be adequate to rotate the
engine at the cranking speed and for the number of
revolutions necessary to purge(the fuel gas from the
power cylinder and muffler.(The recommendations of
the dgngine manufacturer_ay be used as a guide in
determining these factors. Consideration should be
given) to the numbex~of engines installed and to the
possipility of having. to start several of these engines
within a short period of time.

(c)] A checkevalve shall be installed in the starting air
line hear-each engine to prevent backflow from the
enginesinto the air piping system. A check valve shall

compressing stations shall be constructed in-agcordance
with ASME B31.1.

843.4.6 Steam Piping. All steanppiping within gas
compressing stations shall be constructed in agcordance
with ASME B31.1 or ASME B31:3.

843.4.7 Hydraulic Pipings All hydraulic ppwer pip-
ing within gas compressing stations shall be constructed
in accordance with ASME B31.3.

844 PIPE-TYPE AND BOTTLE-TYPE HOLDEtS

844.1 Pipe-Type Holders in Rights-of-Way Npt Under
Exclusive Use and Control of the Operating
Company

A pipe-type holder that is to be installed |n streets,
highways, or in private rights-of-way not {inder the
exclusive control and use of the operating comjpany shall
be designed, installed, and tested in accordgance with
the provisions of this Code applicable to a pipeline
installed in the same location and operated af the same
maximum pressure.

844.2 Bottle-Type Holders

Bottle-type holders shall be located on lanjd owned
or under the exclusive control and use of the pperating
company.

844.3 Pipe-Type and Bottle-Type Holders on| Property
Under the Exclusive Use and Control pf the
Operating Company

(a) The storage site shall be entirely surroufided with
fencing to prevent access by unauthorized pdrsons.
(b) A pipe-type or bottle-type holder that is to be

installed on property under the exclusive cantrol and

also
outlet side of the air tank or tanks. It is recommended
that equipment for cooling the air and removing the
moisture and entrained oil be installed between the start-
ing air compressor and the air storage tanks.

(d) Suitable provision shall be made to prevent start-
ing air from entering the power cylinders of an engine
and actuating moving parts while work is in progress
on the engine or on equipment driven by the engines.
Acceptable means of accomplishing this are installing
a blind flange, removing a portion of the air supply

1 J ] M S 4l : ot
Cpracea T e ant ait- e o1 e mnearate

use of the operating company shall be designed in accor-
dance with construction design factors. The selection of
these factors depends on the Location Class in which
the site is situated, the clearance between the pipe con-
tainers or bottles and the fence, and the maximum
operating pressure, as shown in Table 844.3-1.

(c) The minimum clearance between containers and
the fenced boundaries of the site is fixed by the maxi-
mum operating pressure of the holder as shown in
Table 844.3-2.

(16)
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Table 844.3-1 Design Factors, F

Design Factors, F

For Minimum
Clearance Between
Containers and Fenced

For Minimum Clearance
Between Containers and

Holders Only

minimum yield strength of the pipe, water shall be used
as the test medium.

844.4 Special Provisions Applicable to Bottle-Type

A bottle-type holder may be manufactured from steel

shall

bngth

pttles
eved,

Holder Size  Fenced Boundaries of Site Boundaries of Site of that is not weldable under field conditions, subject to
Location of 25 ft (7.6 m) to 100 ft (30 m) all of the following limitations:
Class 100 ft (30 m) and Over (a) Bottle-type holders made from alloy steel
1 0.72 0.72 meet the chemical and tensile requirements for the vari-
2 0.60 0.72 ous grades of steel in ASTM A372.
3 0.60 0.60 (b) In no case shall the ratio of actual yield str
4 0.40 0.40 to actual tensile strength exceed 0.85.
(c) Welding shall not be performed ©n such b,
after they have been heat treated and /'orstress reli
Table|844.3-2 Minimum Clearance Between except that it shall be permissible to.attach small c

Containers and Fenced Boundaries

Minimum
Clearance, ft (m)

Maximum Operating
Pressure, psig (kPa)

-

5s than 1,000 (6 900)
000 (6 900) or more

25 (7.6)
100 (30)

(d) Thq
between
by the fo

(U.S. Cus

(SI Units

O o
I Il
o o5

i1

minimum clearance in inches (millimeters)
bipe containers or bottles shall be determined

lowing formula:
fomary Units)
3DPF
€= 1,000
3DPF
(C G 895)

hinimum clearance between pipe containers or
ottles, in. (mm)

utside diameteb of pipe container or bottle,
. (mm)

esign factor-[see (b) above]
haximuih”allowable operating pressure,
sig (kPa)

F =4
P =n

s
(e) Pip

each container not less than 24 in. (610 mm) below the
ground surface.

(f) Bottles shall be buried with the top of each con-
tainer below the normal frost line but in no case closer
than 24 in. (610 mm) to the surface.

(g) Pip

e-type holders shall be tested in accordance

with the provisions of para. 841.3.2 for a pipeline located
in the same Location Class as the holder site, provided,

however,

that in any case where the test pressure will

produce a hoop stress of 80% or more of the specified

wires to the small diameter portion of the bottl
closure for cathodic protection, purposes using a
ized thermit welding procéss,(charge not to exceed

(d) Such bottles shall\be given a hydrostatic t

the mill and need notbe retested hydrostatically
time of installation: The mill test pressure shall 1}
less than that equired to produce a hoop stress
to 85% of the Specified minimum yield strength
steel. Careful inspection of the bottles at the tix
installation shall be made, and no damaged bottle
be used:

pper
b end

local-
15 g).
bst in
ht the
ot be
pqual
f the
ne of
shall

(e) Such bottles and connecting piping shall be tested

for tightness after installation using air or gas at a
sure of 50 psi (340 kPa) above the maximum opefating
pressure.

844.5 General Provisions Applicable to Both Pip

Type and Bottle-Type Holders
(a) No gas containing more than 0.1 grain of hyd

sulfide per 100 standard cubic feet (2.8 m?) shj
stored when free water is present or anticipated wi
employing suitable means to identify, mitigate, o
vent detrimental internal corrosion. (See section §

(b) Provision shall be made to prevent the form

or accumulation of liquids in the holder, conng
piping, and auxiliary equipment that might cause q
sion or interfere with the safe operation of the st
equipment.

Relief valves shall be installed in accordance

pres-

e-

ogen
111 be
thout
- pre-
64.)

ation
cting
OrTO-
brage

with

provisions of this Code that will have relieving cay

adequate to limit the pressure imposed on the ﬂilling
= ' ' t ine and thereby on the storage holder to o of the
design pressure of the holder or to the pressure that

produces a hoop stress of 75% of the specified minimum
yield strength of the steel, whichever is the lesser.

845 CONTROL AND LIMITING OF GAS PRESSURE
845.1 Basic Requirement for Protection Against

Accidental Overpressuring

acity

Every pipeline, main, distribution system, customer’s

meter and connected facilities, compressor station, pipe-
type holder, bottle-type holder, containers fabricated
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from pipe and fittings, and all special equipment, if
connected to a compressor or to a gas source where the
failure of pressure control or other causes might result

Table 845.2.2-1 Maximum Allowable Operating
Pressure for Steel or Plastic Pipelines or Mains

. . Location Pressure for Steel Pressure for
in a pressure that would exce.ed the maximum allowable Class [Note (1)] Plastic
operating pressure of the facility (refer to para. 805.2.1),
shall be e'qu'i}')ped w.ith suitable presgu.re-relieving O 1 Division 1 Test pressure N.A.
pressure-limiting devices. Special provisions for service 1.25
regulators are set forth in para. 845.2.7.
1. Division 2 Test pressure Test pressure
845 ’ 1.25 1.50
845.2.1 Control and Limiting of Gas Pressure in 5 Test pressure T¢st pressure
Holders, Pipelines, and All Facilities That Might at Times 1.25 1.50
Be Bottle Tight. Suitable types of protective devices to Test MNote (3] st
prevent overpressuring of such facilities include 3 £ presslurseo %3 —(%
(a)| spring-loaded relief valves of types meeting the ' '
provisions of BPV Code, Section VIII . Test presstire [Note (2)] T¢st pressure
(b)| pilot-loaded back-pressure regulators used as 150 1.50
relief| valves, so designed that failure of the pilot system
or control lines will cause the regulator to open NOTES:
(c)| rupture disks of the type meeting the provisions (1) See para. 845.2.3for test factors applicable to conyersion of
of BV Code, Section VIII, Division 1 pipelines wig utkhown factors. =~
(2) Other factots, should be used if the line was tested [under the
845.2.2 Maximum Allowable Operating Pressure for specialconditions described in paras. 841.3.2(d) apd (i), and

Steel or Plastic Pipelines or Mains. This pressure is by
definfition the maximum operating pressure to which
the gipeline or main may be subjected in accordance
with [the requirements of this Code. For a pipeline or
main| the maximum allowable operating pressure shall
not exceed the lesser of the following four items:

(a)] The design pressure (defined in para. 805.2¢1) of
the weakest element of the pipeline or main. Assuming
that all fittings, valves, and other accessories.ithe line
havelan adequate pressure rating, the maximum allow-
able pperating pressure of a pipeline,of main shall be
the design pressure determined ifitaccordance with
para|841.1.1 for steel or para. 842:2for plastic.

(b)| The pressure obtained by dividing the pressure to
which the pipeline or main-is-tested after construction
by thp appropriate factor£or the Location Class involved,
as shown in Table 845.2.271.

(c)] The maximumsafe pressure to which the pipeline
or mgin should be.suibjected based on its operating and
maintenance Aistory (for pipelines, see para. 851.1).

(d)] When ‘sefvice lines are connected to the pipeline
or mhpin,‘the limitations set forth in paras. 845.2.4(c)(2)
and (c)(5).

841:3:3.In such cases, use factors that are consistgnt with the
applicable requirements of these sections.

Table 845.2.3-1 Maximum Allowable O
Pressure for Pipelines Operating
100 psig (690 kPa) or More

erating

Location Maximum Allowablé
Class Operating Pressure
T
1, Division 1 Test pressure
1.25
s Test pressure
1, Division 2 _—
1.39
) Test pressure
1.67
3 Test pressure
2.0
4 Test pressure

2.5

845.2.3 Qualification of a Steel Pipeline or Main to
Establish the MAOP
(a) Pipeline Operating at 100 psig (690 kPa) or More.
This paragraph applies to existing natural gas pipelines
or to existing pipelines being converted to natural gas
service where one or more factors of the steel pipe design
formula (see para. 841.1.1) is unknown, and the pipeline
is to be operated at 100 psig (690 kPa) or more. The
maximum allowable operating pressure shall be deter-
mined by hydrostatic testing of the pipeline.

63

(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.
(2) The test pressure to be used in the maximum

allowable operating pressure calculation shall be the
test pressure obtained at the high elevation point of the
minimum strength test section and shall not be higher
than the pressure required to produce a hoop stress equal


https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

ASME B31.8-2016

Table 845.2.3-2 Maximum Allowable Operating
Pressure for Pipelines Operating at Less Than
100 psig (690 kPa)

Location
Class

Maximum Allowable
Operating Pressure

Test pressure
1.25

Test pressure

(4) Determine that all valves, flanges, and other
pressure rated components have adequate ratings.

(56) Although the maximum pressure of a test uti-
lized to establish the maximum allowable working pres-
sure is not limited by this paragraph except by (b)(2)
above, due caution should be exercised in selecting the
maximum test pressure.

845.2.4 Control and Limiting of Gas Pressure in

1.25

Test pressure
1.5

Test pressure
1.5

to the yield strength as determined by testing. Only the
first test ffo yield can be used to determine maximum
allowablg operating pressure.

(3) Records of hydrostatic pressure tests and line
repairs ghall be preserved as long as the facilities
involved [remain in service.

(4) Determine that all valves, flanges, and other
pressure fated components have adequate ratings.

(5) While the maximum pressure of a test used to
establish [the maximum allowable working pressure is
not limited by this paragraph except by (a)(2) above,
due cautjon should be exercised in selecting the maxi-
mum tes{ pressure.

(b) Pipglines Operating at Less Than 100 psig (690 kPa).
This parajgraph applies to existing naturalgas pipelines
or to exigting pipelines being converted\to' natural gas
service where one or more factors of the steel pipe design
formula (pee para. 841.1.1) is unknown, and the pipeline
is to be ¢perated at less than 100-psig (690 kPa). The
maximum allowable operatifig)pressure shall be deter-
mined by pressure testing:the pipeline.

(1) The maximum allowable operating pressure
shall be Jimited to_the“pressure obtained by dividing
the presspire to which the pipeline or main is tested by
the appropriate-factor for the Location Class involved
as shown in Table 845.2.3-2.

High-Pressure Steel, Ductile Iron, Cast lron, or Plastic
Distribution 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-regulpting
devices of adequate capacity and designed to meet the
pressure, load, and other servicéconditions under yhich
they will operate or to which\they may be subjecfed.
(b) Inaddition to the pressure-regulating devicep pre-
scribed in (a), a suitable' method shall be provided to
prevent accidental overpressuring of a high-pregsure
distribution system.
Suitable types of protective devices to prevent [over-
pressuring of high-pressure distribution sysjtems
include

(1)<xelief valves as prescribed in paras. 845.p.1(a)
and“(b).

(2) weight-loaded relief valves.

(3) a monitoring regulator installed in series|
the primary pressure regulator.

(4) a series regulator installed upstream from the
primary regulator and set to limit the pressure on the
inlet of the primary regulator continuously to the naxi-
mum allowable operating pressure of the distribution
system or less.

(56) an automatic shutoff device installed in peries
with the primary pressure regulator and set to shut off
when the pressure on the distribution system repches
the maximum allowable operating pressure or less| This
device must remain closed until manually redet. It
should not be used where it might cause an interruption
in service to a large number of customers.

(6) spring-loaded, diaphragm-type relief valyes.
(c) Maximum Allowable Operating Pressure for High-

Pressure Distribution Systems. This pressure shall fe the
maximum pressure to which the system can he subikected

with

(2) Ttetestpressuretobe used i the TraximromT
allowable operating pressure calculation shall be the
test pressure obtained at the high elevation point of the
minimum strength test section and shall not be higher
than the pressure required to produce a hoop stress equal
to the yield strength as determined by testing. Only the
first test to yield can be used to determine maximum
allowable operating pressure.

(3) Records of pressure tests and line repairs shall
be preserved as long as the facilities involved remain in
service.
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in accordance with the requirements of this Code. It
shall not exceed

(1) the design pressure of the weakest element of
the system as defined in para. 805.2.1

(2) 60 psig (410 kPa) if the service lines in the system
are not equipped with series regulators or other
pressure-limiting devices as prescribed in
para. 845.2.7(c)

(3) 25 psig (170 kPa) in cast iron systems having
caulked bell and spigot joints, which have not been
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equipped 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

(56) 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)

(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 function-
ing. In some cases it may be necessary to raise the pres-
sure slightly to permit proper operation of the service

(6) the maximuin saie pressure to witich 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)] Each low-pressure distribution system or low-
presqure main supplied from a gas source that is at a
high¢r pressure than the maximum allowable operating
presgure for the low-pressure system shall be equipped
with |pressure-regulating devices of adequate capacity.
Thes¢ devices must be designed to meet the pressure,
load,|and other service conditions under which they will
have(to operate.

(b)| In addition to the pressure-regulating devices pre-
scribed in (a), a suitable device shall be provided to
prevént accidental overpressuring. Suitable types of pro-
tective devices to prevent overpressuring of
low-pressure distribution systems include
1) aliquid seal relief device that can be set to open
accutately and consistently at the desired pressure
2) weight-loaded relief valves
3) an automatic shutoff device as described in
845.2.4(b)(5)

4) a pilot-loaded, back-pressure regulator as
desctibed in para. 845.2.1(b)
5) a monitoring regulator Jas described in

para,

para/ 845.2.4(b)(3)
6) a series regulator as described in

para/ 845.2.4(b)(4)
(c)| Maximum Allowable’ Operating Pressure for Low-

Pressyre Distribution Systems. The maximum allowable
operdting pressute for a low-pressure distribution sys-
tem ghall not/exceed either of the following:

1) a pressure that would cause the unsafe opera-
tion [of any* connected and properly adjusted low-
presgure gas burning equipment

Tegulators.
(4) Isolate the system from adjacent\]low-pressure
systems.
(5) Atbends or offsets in coupled or'bell gnd spigot
pipe, reinforce or replace anchorages’ determined to be
inadequate for the higher presstres.
(c) The pressure in the system being convefrted shall
be increased by steps, withi.a period to check|the effect
of the previous increage before making the nex increase.
The desirable magnitude of each increase and the length
of the check period will vary depending on cpnditions.
The objective/0f this procedure is to afford an| opportu-
nity to diséover any unknown open and unjregulated
connections to adjacent low-pressure systems pr to indi-
vidual ¢ustomers before excessive pressures arg reached.

845.2.7 Control and Limiting of the Press
Delivered to Domestic, Small Commercial,
Industrial Customers From High-Pressure Di
Systems

(a) If the maximum allowable operating pressure of
the distribution system is 60 psig (410 kPa) of less, and
a service regulator having the following charpcteristics
is used, no other pressure-limiting device is gequired:

(1) a pressure regulator capable of reducing distri-
bution line pressure, psig (kPa), to pressur¢s recom-
mended for household appliances, inches (millimeters)
of water column

(2) a single port valve with orifice diajmeter no
greater than that recommended by the manufgcturer for
the maximum gas pressure at the regulator inlet

(3) avalve seat made of resilient materiall designed
to withstand abrasion of the gas, impurities if gas, and
cutting by the valve, and designed to resist permanent
deformation when it is pressed against the valve port

(4) pipe connections to the regulator not ¢xceeding
NPS 2 (DN 50)

re of Gas
nd Small
stribution

2) a pressure of 2 psig (14 kPa)

845.2.6 Conversion of Low-Pressure Distribution

Systems to High-Pressure Distribution Systems
(a) Before converting a low-pressure distribution sys-

tem to a high-pressure distribution system, it is required
that the following factors be considered:

(1) the design of the system, including kinds of
material and equipment used

(2) past maintenance records, including results of
any previous leakage surveys

65

5)—the Lapa'uﬂiLy trcerTormrat operating condi-
tions of regulating the downstream pressure within the
necessary limits of accuracy and of limiting the buildup
of pressure under no-flow conditions to no more than
50% over the normal discharge pressure maintained
under flow conditions
(6) a self-contained service regulator with no exter-
nal static or control lines
(b) If the 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


https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

ASME B31.8-2016

listed in (a) is used, or if the gas contains materials
that seriously interfere with the operation of service
regulators, suitable protective devices shall be installed
to prevent unsafe overpressuring of the customer’s
appliances, should the service regulator fail. Some of
the suitable types of protective devices to prevent over-
pressuring of the customers” appliances are

(1) a monitoring regulator

(2) a relief valve

corrosion of external parts by the atmosphere or internal
parts by gas

(2) have valves and valve seats that are designed
not to stick in a position that will make the device inoper-
ative and result in 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

(3) L autuulati\, Dllutuff dCViLC

These ¢levices may be installed as an integral part of
the servige regulator or as a separate unit.

(c) If the maximum allowable operating pressure of
the distripution system exceeds 60 psig (410 kPa), suit-
able methods shall be used to regulate and limit the
pressure |of the gas delivered to the customer to the
maximum safe value. Such methods may include

(1) { service regulator having the characteristics
listed in (p) and a secondary regulator located upstream
from the gervice regulator. In no case shall the secondary
regulato} be set to maintain a pressure higher than
60 psig (410 kPa). A device shall be installed between
the seconflary regulator and the service regulator to limit
the pressiire on the inlet of the service regulator to 60 psig
(410 kPa)or less in case the secondary regulator fails to
function [properly. This device may be either a relief
valve or an automatic shutoff that shuts if the pressure
on the inlet of the service regulator exceeds the set pres-
sure [60 gsig (410 kPa) or less] and remains closed until
manually] reset.

(2) a service regulator and a monitoring regulator
set to limjt to a maximum safe value the pressure ofthe
gas delivpred to the customer.

(3) a service regulator with a relief valve vented to
the outsidle atmosphere, with the relief valvie set to open
so that the pressure of gas going to thle ctistomer shall
not exceed a maximum safe value. Therelief valve may
be either|built into the service regulator or may be a
separate yinit installed downstream from the service reg-
ulator. THis combination may be used alone only in cases
where the inlet pressure-pn*the service regulator does
not exceqd the manufacturer’s safe working pressure
rating of the servicexegtilator, and it is not recommended

the customer are greater than those apphcable under
the provisions of (a), (b), and (c), the requirements for
control and limiting of the pressure of gas delivered are
included in para. 845.1.

845.3 Requirements for Design of Pressure Relief
and Pressure-Limiting Installations
(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

operate, and can be tested for leakage when in the qlosed

position
(4) be designed and installed such that_opefation

is not impaired at the minimum design-temperatire

(b) Rupture discs shall meet the xequirements for
design as set out in BPV Code, Section VIII, Divisjon 1.

(c) The discharge stacks, vents,‘or outlet ports jof all
pressure relief devices shall belocated where gas dan be
discharged into the atmosphere without undue hgzard.

Consideration shouldi{be given to all exposuges in
the immediate vicinityy including where gas pip¢lines
parallel overhead €lectric transmission lines on the[same
right-of-way tofensure that the blowdown connegtions
will direct the{gas away from the electric conduftors.
Where required to protect devices, the discharge dtacks
or vents shall be protected with rain caps to preflude
the entry of water.

(d)“The size of the openings, pipe, and fittings located
between the system to be protected and the pregsure-
relieving device and the vent line shall be of adefjuate
size to prevent hammering of the valve and to prevent
impairment of relief capacity.

(e) Precautions shall be taken to prevent unauthdrized
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 protgction
from its source of pressure. Acceptable methods forfcom-
plying with this provision are as follows:

(1) Lock the stop valve in the open position. Intruct
authorized personnel of the importance of not inadver-
tently leaving the stop valve closed and of being piesent
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, each having ade-
quate Capac1ty by itself to protect the system and

: 6 v that
mecharucally it is poss1ble to render only one safety
device inoperative at a time.

(f) Precautions shall be taken to prevent unauthorized
operation of any valve that will make pressure-limiting
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 simi-
lar to that described in (e)(1) shall be considered accept-
able in complying with this provision.
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(g) When a monitoring regulator, series regulator, sys-
tem 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 explo-
sion in a vault or damage by a vehicle or icing (both
internal and external), from affecting the operation of
both the overpressure protective device and the district
regulator. (See sections 846 and 847.)

(h) i i i ;
All cpntrol lines shall be protected from falling objects,
excayations by others, or other foreseeable causes of
damgge and shall be designed and installed to prevent
damage to any one control line from making both the
district regulator and the overpressure protective device
inopg¢rative.
845.4+ Capacity of Pressure-Relieving and

Pressure-Limiting Station and Devices

845.4.1 Required Capacity of Pressure-Relieving and
Presgure-Limiting Stations

(a)| Each pressure relief station, pressure-limiting sta-
tion, [or group of such stations installed to protect a
pipinig system or pressure vessel shall have sufficient
capag¢ity and shall be set to operate to prevent the pres-
sure from exceeding the following levels:

1) Systems With Pipe or Pipeline Components
Opergting at Hoop Stress Levels Over 72% of the SMYS!
The Iinequired capacity shall not be less than the capacity
required to prevent the pressure from exceeding-the
maximum allowable operating pressure plus 4%
2) Systems With Pipe or Pipeline Cawiponents
Opergting at Hoop Stress Levels at or Below’72% of the
SMYP Other Than in Low-Pressure Distribution Systems.
The Iinequired capacity shall not be less'than the capacity
required to prevent the pressure)from exceeding the
lesset of the following two items:

(-a) the maximum allowable operating pressure
10%

(-b) the pressure that produces a hoop stress of
bf the specified ' minimum yield strength
3) Low-Pressure Distribution Systems. The required
capagity shallnot be less than the capacity required to
prevént thepressure from exceeding a pressure that
would cause the unsafe operation of any connected and
properiyadjusted-gas-burningequipment:

(4) Pressure Vessels. Pressure vessels shall be pro-
tected against overpressure in accordance with the BPV
Code, Section VIII, Division 1.

(b) When more than one pressure-regulating or com-
pressor 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 of the

plus

75%
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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 addi-
tional regulator that is associated with or functions in
combination with one or more regulators in a series
imi re in a piping
system, suitable checks shall be made. Thepe checks
shall be conducted to determine that the-equipment will
operate in a satisfactory manner to prevent any pressure
in excess of the established maximum afllowable
operating pressure of the system, should any pne of the
associated regulators malfunetion’or remain infthe wide-
open position.

845.5 Instrument, Cantrol, and Sample Pipihg
845.5.1 Scope

(a) The requirements given in this section| apply to
the design-of instrument, control, and samplihg piping
for safe.and proper operation of the piping fitself and
do not cover design of piping to secure proper|function-
ing-of instruments for which the piping is ingtalled.

(b) This section does not apply to permanently closed
piping systems, such as fluid-filled, temperature-
responsive devices.

845.5.2 Materials and Design

(a) The materials employed for valves, fittings, tub-
ing, and piping shall be designed to meet the particular
conditions of service.

(b) Takeoff connections and attaching bosses, fittings,
or adapters shall be made of suitable materialland shall
be capable of withstanding the maximum and minimum
operating pressures and temperatures of the piping or
equipment to which they are attached. They shall be
designed to satisfactorily withstand all stresses without
failure by fatigue.

(c) A shutoff valve shall be installed in ea¢h takeoff
line as near as practicable to the point of takepff. Blow-
down valves shall be installed where necessafry for the
safe operation of piping, instruments, and equipment.
(d) Brass pipe or copper pipe or tubing shpll not be
edfor metal temperatures greater than 400°F (204°C).
(e) Piping subject to clogging from solids or deposits
shall be provided with suitable connections for cleaning.

(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 as installed is at least equal to that
otherwise 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.

(6) future development in the vicinity of the
pipeline

(7) significant conditions that may adversely affect
the operation and security of the line

(b) In lieu of (a) above, the following maximum spac-

ing between valves shall be used:

(1) 20 mi (32 km) in areas of predominantly
Location Class 1

(2) 15 mi (24 km) in areas of predominantly

(j) Suifable precautions shall be taken to protect
against cprrosion. (See section 864.)

(k) Joinjts between sections of tubing and/or pipe,
between fubing and/or pipe and valves or fittings shall
be made |n a manner suitable for the pressure and tem-
perature ¢onditions, such as by means of flared, flareless,
and compression-type fittings, or equal, or they may
be of thg brazed, screwed, or socket-welded type. If
screwed-¢nd valves are to be used with flared, flareless,
or compression-type fittings, adapters are required.

Slip-type expansion joints shall not be used; expansion
shall be cpmpensated for by providing flexibility within
the piping or tubing system itself.

() Plagtic shall not be used where operating tempera-

tures exc¢ed limitations shown in paras. 842.2.2(b) and
842.2.3(b).
(m) Plastic piping shall not be painted. If identifica-

tion othet than that already provided by the manufactur-
er’s marking is required, it shall be accomplished by
other mefns.

846 w:lLVEs4
846.1 R

846.1/1 Transmission Lines. Onshore block valves
shall be installed in new transmission pipelines at the
time of donstruction for the purpose/of isolating the
pipeline for maintenance and for response to operating
emergendies. When determining the placement of such
valves fof sectionalizing the\pipeline, primary consider-
ation shall be given to locations that provide continuous
accessibiliity to the valves.

(a) In determining-the number and spacing of valves
to be instglled, theoperator shall perform an assessment
that gives consideration to factors such as

(1) thevamount of gas released due to repair and

quired Spacing of Valves

Location Class 2
(3) 10 mi (16 km) in areas of predomin

Location Class 3
(4) 5 mi (8 km) in areas of predominantly Lodation
Class 4
The spacing defined above may/be adjusted to permit
a valve to be installed in aslocation that is more
accessible.

hntly

846.1.2 Distribution Mains. Valves on distribution
mains, whether for operating or emergency purposes,
shall be spaced as/folows:

(a) High-Pressure\Distribution Systems. Valves shhll be
installed in high-pressure distribution systems in
accessible logations to reduce the time to shut dqwn a
section of'main in an emergency. In determining the
spacing’of the valves, consideration should be given to
the operating pressure and size of the mains and|local
physical conditions as well as the number and type of
consumers that might be affected by a shutdown

(b) Low-Pressure Distribution Systems. Valves mpy be
used on low-pressure distribution systems but afe not
required except as specified in para. 846.2.2(a).

846.2 Location of Valves

846.2.1 Transmission Valves

(a) Sectionalizing block valves shall be accessible and
protected from damage and tampering. If a blow¢lown
valve is involved, it shall be located where the ggs can
be blown to the atmosphere without undue hazatd.

(b) Sectionalizing valves may be installed above
ground, in a vault, or buried. In all installations an
operating device to open or close the valve shall be
readily accessible to authorized persons. All valved shall
be suitably supported to prevent settlement or rhove-
ment of the attached piping.

maintenance bIOWdoOWTs, 1€aks, or Tuptures

(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
blowdowns)

(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.

68

ferBlowdownvatves-shatt-be-providedso-that each
section of pipeline between main line valves can be
blown down. The sizes and capacity of the connections
for blowing down the line shall be such that under
emergency 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) A valve shall be installed on the inlet piping of
each regulator station controlling the flow or pressure
of gas in a distribution system. The distance between the
valve and the regulator or regulators shall be sufficient to
permit the operation of the valve during an emergency,
such as a large gas leak or a fire in the station.

(b) Valves on distribution mains, whether for
operating or emergency purposes, shall be located in a

(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 suit-
able 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:

manifier that will provide ready access and facilitate their
operfation 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.

Urlderground vaults or pits for valves and pressure-
relieying, pressure-limiting, or pressure-regulating sta-
tions| etc., shall be designed and constructed in accor-
dancp with the following provisions:

(a)| Vaults and pits shall be designed and constructed
in acgordance with good structural engineering practice
to meet the loads that may be imposed on them.

(b)| Sufficient working space shall be provided so that
all offthe equipment required in the vault can be properly
installed, operated, and maintained.

(c)| In the design of vaults and pits for pressure-
limiting, pressure-relieving, and pressure~regulating
equipment, consideration shall be given te/the protec-
tion pf the installed equipment from‘damage, such as
that fesulting from an explosion within the vault or pit
that tnay cause portions of the roof or cover to fall into
the viault.

(d)| Pipe entering and within regulator vaults or pits
shall[be steel for NPS {0 (DN 250) and smaller sizes,
except that control-and gage piping may be copper.
Whefe piping extends through the vault or pit structure,
provision shalldbe.made to prevent the passage of gases
or liquids thtdugh the opening and to avert strains in
the piiping.-Equipment and piping shall be suitably sus-
tainefd tby~metal, masonry, or concrete supports. The
contrelpipingshattbeple 8 ecHir-the-va
or pit so that its exposure to injury or damage is reduced
to a minimum.

(e) Vault or pit openings shall be located so as to
minimize 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.

| Structural Design Requirements

69

(a) Exposure to Traffic. The location of vaults in street
intersections or at points where traffic is heavy or dense
should be avoided.

(b) Exposure to Flooding. Vaults shiould not e located
at points of minimum elevationjnear catch pasins, or
where the access cover will be'in the course pf surface
waters.

(c) Exposure to Adjacent:Subsurface Hazards. Vaults
should be located as faras is practical from wiater, elec-
tric, steam, or other\facilities.

847.3 Vault Sealing, Venting, and Ventilation

Underground vaults and closed top pits cpntaining
either a pressure-regulating or reduction stafion, or a
pressure-limiting or relieving station shall e sealed,
vented, or ventilated as follows:

(1) When the internal volume exceeds 200 ff (5.7 m?),
such vaults or pits shall be ventilated with fwo ducts
each having at least the ventilating effect of pn NPS 4
(DN 100) pipe.

(b) The ventilation provided shall be sufficiegnt to min-
imize the possible formation of a combustible atmo-
sphere in the vault or pit. Vents associated|with the
pressure-regulating or pressure-relieving equipment
must not be connected to the vault or pit vertilation.

(c) The ducts shall extend to a height abgve grade
adequate to disperse any gas—air mixtures that might
be discharged. The outside end of the duct$ shall be
equipped with a suitable weatherproof fitting or vent
head designed to prevent foreign matter fronm entering
or obstructing the duct. The effective area of the opening
in such fittings or vent heads shall be at leas} equal to
the cross-sectional area of an NPS 4 (DN 100)[duct. The
horizontal section of the ducts shall be as short|as practi-
cal and shall be pitched to prevent the accumplation of
liquids in the line. The number of bends afd offsets
T rstoris shall be
periodic cleaning of the

d pc ICcUuccu U d U , d
incorporated to facilitate 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
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from reaching the vault atmosphere must be provided.
If ventilated, the provisions of either (a), (b), and (c)
above or (e) below shall apply.

(e) If vaults or pits referred to in (d) above are venti-
lated 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.

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 after rebuilding.

(f) Vaylts or pits having an internal volume less than
75 ft* (2.1 m?) have no specific requirements.

847.4 Drainage and Waterproofing

(a) Provisions shall be made to minimize the entrance
of water into vaults. Nevertheless, vault equipment shall
always b¢ designed to operate safely, if submerged.

(b) Nojvault containing gas piping shall be connected
by meang of a drain connection to any other substruc-
ture, such as a sewer.

(c) Elegtrical equipment in vaults shall conform to the
requiremgnts of Class 1, Group D of NFPA 70.

848 CUSTOMERS’ METERS AND REGULATORS

848.1 Lgcation for Customers’ Meter and Regulator
Installations

(a) Cugtomers’ meters and regulators may be located
either insjde or outside of buildings, depending on(local
conditions, except that on service lines requiringseries
regulatiqn, in accordance with para. 845:2.7(c), the
upstream regulator shall be located eutside of the
building.

(b) WHen installed within a building; the service regu-
lator shall be in a readily accessible location near the
point of gas service line entrafice; and whenever practi-
cal, the meters shall be installed at the same location.
Neither meters nor regulators shall be installed in bed-
rooms, clpsets, or bathrooms; under combustible stair-
ways; in junventilated or inaccessible places; or closer
than 3 ft (.9 m)t@sources of ignition, including furnaces
and wat¢r heaters. On service lines supplying large
industrial ctistomers or installations where gas is used

848.3 Protection of Customers’ Meter and Regulator

Installations From Damage

848.3.1 Corrosive Area. Meters andiservice regula-
tors shall not be installed where rapid deterioration from
corrosion or other causes is likely t0-gccur, unless pfoven
measures are taken to protect against such deteriorgtion.

848.3.2 Protective Device. A suitable protgctive
device, such as a back*préssure regulator or a ¢heck
valve, shall be installed.downstream of the meter {f and
as required undex/theé following conditions:

(a) If the natfire of the utilization equipment is
that it may ind@ice a vacuum at the meter, install a
pressure regulator downstream from the meter.

(b) Install a check valve or equivalent if

(@)-the utilization equipment may induce a
presstre.

(2) the gas utilization equipment is connecte
source of oxygen or compressed air.

(3) liquefied petroleum gas or other supplementary
gas is used as standby and may flow back into the heter.
A three-way valve, installed to admit the standby stipply
and at the same time shut off the regular supply, can
be substituted for a check valve if desired.

such
back-

back-

] to a

848.3.3 Termination of Vents. All service regulator
vents and relief vents, where required, shall ternfinate
in the outside air in rain- and insect-resistant fitfings.
The open end of the vent shall be located where tle gas
can escape freely into the atmosphere and away|from
any openings into the buildings if a regulator failure
resulting in the release of gas occurs. At locations where
service regulators may be submerged during flpods,
either a special antiflood type breather vent fittingl shall
be installed or the vent line shall be extended aboye the
height of the expected flood waters.

at higher than standard service pressure, the regulators
may be installed at other readily accessible locations.

(c) When located outside of buildings, meters and
service regulators shall be installed in readily accessible
locations where they will be reasonably protected from
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.

70

848.3.4 Pit and Vault Design. Pits and vaults hous-
ing customers’ meters and regulators shall be designed
to support vehicular traffic when installed in the follow-
ing locations:

(a) traveled portions of alleys, streets, and highways

(b) driveways

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
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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,
Copper, and Plastic Service Lines

84

(a) Serv1ce lines shall be installed at a depth that will
protdct them from excessive external loading and local
activjties, such as gardening. It is required that a mini-
mun] of 12 in. (300 mm) of cover be provided in private
property and a minimum of 18 in. (460 mm) of cover
be ptovided in streets and roads. Where these cover
requirements cannot be met due to existing substruc-
tures| less cover is permitted provided such portions of
thesd service lines that are subject to excessive superim-
posedl loads are cased or bridged or the pipe is appropri-
ately|strengthened.

(b)] Service lines shall be properly supported at all
poinfs on undisturbed or well-compacted soil so that
the piipe will not be subject to excessive external loading
by tHe backfill. The material used for the backfill shall
be fr¢e of rocks, building materials, etc., that may cause
damage to the pipe or the protective coating.

(c)] Where there is evidence of condensate in the gas
in sufficient quantities to cause interruptions in the gas
supply to the customer, the service line shall be graded
so as|to drain into the main or to drips at the low._points
in the service line.

849.1.2 Types of Valves Suitable for“Service Line
Valves
(a)| Valves used as service line Yalves shall meet the

applicable requirements of section)810 and para. 831.1.
(b)| The use of soft seat serviceline valves is not recom-
mendled when the design.of the valves is such that expo-
sure fo excessive heat could adversely affect the ability
of the valve to prevent.the flow of gas.
(c)| A valve incorporated in a meter bar that permits

the rheter to be-bypassed does not qualify under this
as a setvice line valve.

Serviee line valves on high-pressure service lines,
led either inside buildings or in confined locations

Cods

(d)
insta
outsi g
hazardous, shall be designed and constructed to mini-
mize the possibility of the removal of the core of the valve
accidentally or willfully with ordinary household tools.

(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
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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 suitable for this kind of service.

849.1.3 Location of Service Line Valves

(a) Service line valves shall be installed on all new
service lines (including replacements) in a location
readily accessible from the outside.
meter if
bulator, if

there is no regulator or upstream of the (re
there is one.

(c) All service lines operating at a pressufe greater
than 10 psig (69 kPa) and all servicelimes NPS (DN 50)
or larger shall be equipped with ‘awalve located on the
service line outside of the building, except that fvhenever
gas is supplied to a theater; church, school, factory, or
other building where large humbers of persons assem-
ble, an outside valve will be required, regardless of the
size of the service lifie or the service line pregsure.

(d) Underground valves shall be located in p covered
durable curb.box or standpipe designed to permit ready
operation-ofithe valve. The curb box or standpipe shall
be supported independently of the service linpe.

849:1.4 Location of Service Line Connections to Main
Piping. It is recommended that service lings be con-
nected to either the top or the side of the main. The
connection to the top of the main is preferred to mini-
mize the possibility of dust and moisture beifg carried
from the main into the service line.

849.1.5 Testing of Service Lines After Conptruction
(a) General Provisions. Each service line shall be tested
after construction and before being placed In service
to demonstrate that it does not leak. The sefvice line
connection to the main need not be included in this test
if it is not feasible to do so.
(b) Test Requirements
(1) Service lines to operate at a pressure|less than
1 psig (7 kPa) that do not have a protective coating
capable of temporarily sealing a leak shall be given a
standup air or gas pressure test at not less thqn 10 psig
(69 kPa) for at least 5 min.
(2) Service lines to operate at a pressure|less than
1 psig (7 kPa) that have a protective coating that might
temporarily seal a leak and all service lines o operate
ata o7k att be given
a standup air or gas pressure test for at least 5 min at
the proposed maximum operating pressure or 90 psig
(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) above shall
apply to plastic service lines, except that plastic service
lines shall be tested to at least 1.5 times the maximum
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operating pressure, and the limitations on maximum
test pressure, temperature, and duration set forth in
para. 842.4.2 shall be observed.

849.2 Steel Service Lines

849.2.1 Design of Steel Service Lines

(a) Steel pipe, when used for service lines, shall con-
form to the applicable requirements of Chapter I

(b) Steel service pipe shall be designed in accordance
with the jrequirements of paras. 841.1.1 and 841.1.9(a).
Where thie pressure is less than 100 psig (690 kPa), the
steel serviice pipe shall be designed for at least 100 psig
(690 kPa) pressure.

(c) Stegl pipe used for service lines shall be installed
in such ajmanner that the piping strain or external load-
ing shall jnot be excessive.

(d) AlljJunderground steel service lines shall be joined
by threaded and coupled joints, compression-type fit-
tings, or By qualified welding or brazing methods, proce-
dures, 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 lifie in a bore, care shall be exercised to prevent
damage fo 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 uged as the bore pipe or drive pipe and left in
the grour)d as part of the service line unless it has been
demonstyjated that the coating is sufficiently durable-to
withstandl the boring or driving operation in the'\type of
soil involyed without significant damage to the-eoating.
Where significant damage to the coating may, result from
boring of driving, the coated serviceline should be
installed jn an oversized bore or casiig pipe of sufficient
diameter|to accommodate the service pipe.

(3) Inexceptionally rocky $oil, coated pipe shall not
be inserted through an open‘bore if significant damage
to the cojting is likely.

(b) Insfallation of Service Lines Into or Under Buildings

(1) Undergroundsteel service lines, when installed
below grade throdgh the outer foundation wall of a
building, [shall be'either encased in a sleeve or otherwise
protected againhst corrosion. The service line and/or

849.3 Ductile Iron Service Lines

When used for service lines, ductile iron pipe shall
meet the applicable requirements of section 842. Ductile
iron pipe may be used for service lines except for the
portion of the service line that extends through the build-
ing wall. Ductile iron service lines shall not be installed
in unstable soils or under buildings.

849.4 Plastic Service Lines

849.4.1 Design of Plastic Service Lines

(a) Plastic pipe and tubing shall be used for;sg
lines only where the piping strain or externallo
will not be excessive.

(b) Plastic pipe, tubing, cements, and fittings us¢d for
service lines shall conform to the applicable require-
ments of Chapter I.

(c) Plastic service lines shall, be” designed in gccor-
dance with the applicable requirements of para. §42.2.

(d) Plastic service lines(Shall be joined in accordlance
with the applicable requitements of para. 842.2.9.

849.4.2 Installation of Plastic Service Lines
(a) Plastic seryicé lines shall be installed in accordlance
with the applicable requirements of paras. 842.3 and
849.1.1. Particular care must be taken to prevent damage
to plastic.service line piping at the connection to the
main opother facility. Precautions shall be taken t¢ pre-
vent ¢rushing or shearing of plastic piping due to ¢xter-
nalloading or settling of backfill and to prevent damage
or pullout from the connection resulting from th¢rmal
expansion or contraction. [See paras. 842.3.3(d) andl (e).]
(b) Notwithstanding the limitations imposgd in
para. 842.3.3, a plastic service line may terminate gbove
ground and outside the building, provided that
(1) the aboveground portion of the plastic s¢rvice

line is completely enclosed in a conduit or casihg of
sufficient strength to provide protection from exfernal
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 plastic service line is not subjected to ¢xter-

nal loading stresses by the customer’s meter or it con-
necting piping.
(c) Installation of Plastic Service Lines Into or Under
Buildings
(1) An underground plastic service line installed
through the outer foundation or wall of a building| shall

rvice
hding

sleeve shal-beseated-at-the-fotmndation-wat-to-prevent
entry of gas or water into the building.

(2) Steel service lines, where installed underground
under buildings, shall be encased in a gas-tight conduit.
When such a service line supplies the building it sub-
tends, 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 sealed to prevent
the possible entrance of any gas leakage. The casing
shall be vented at a safe location.
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be encased in a rigid sleeve with suitable protection
from shearing action or backfill settlement. The sleeve
shall extend past the outside face of the foundation a
sufficient distance to reach undisturbed soil or thor-
oughly compacted backfill. At the point where the sleeve
terminates inside the foundation or wall, the space
between the sleeve and the service 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 underground
under a building shall be encased in a gas-tight conduit.
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When such a service line supplies the building it sub-
tends, 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 sealed to prevent
leakage into the building. The plastic service line shall
not be exposed inside the building. The casing shall be
vented at a safe location.

849.5 Copper Service Lines

(b) An underground copper service line installed
through the outer foundation wall of a building shall
be either encased in a sleeve or otherwise protected
against corrosion. The annular space between the service
line and sleeve shall be sealed at the foundation wall to
prevent entry of gas or water.

(c) A copper service line installed underground under
buildings shall be encased in a conduit designed to pre-
vent gas leaking from the service line from getting into

849.5.1 Design of Copper Service Lines

(a)| Use of Copper Service Lines. Copper pipe or tubing,
when used for service lines, shall conform to the follow-
ing rpquirements:

1) Copper pipe or tubing shall not be used for
ce lines where the pressure exceeds
sig (690 kPa).

2) Copper pipe or tubing shall not be used for
servife lines where the gas carried contains more than
an ayerage of 0.3 grains of hydrogen sulfide per 100
standard cubic feet (2.8 m®) of gas. This is equivalent to
a trage as determined by a lead-acetate test.

3) The minimum wall thickness for copper pipe
or tubing used for service lines shall be not less than
type|“L” as specified in ASTM B88.

4) Copper pipe or tubing shall not be used for
servife lines where strain or external loading may dam-
age the piping.

(b)| Valves in Copper Piping. Valves installed in coppet
servife lines may be made of any suitable material pes-
mittdd by this Code.

(c)| Fittings in Copper Piping. It is recommepnded that
fittings in copper piping and exposed to thesoil, such
as sdrvice line tees, pressure control fittings, etc., be
madg¢ of bronze, copper, or brass.

(d)| Joints in Copper Pipe and Tubing.y Copper pipe shall
be jojned by using either a compression-type coupling
or a hrazed or soldered lap joint; The filler material used
for bfazing shall be a coppér—phosphorus alloy or silver
base |alloy. Butt weldsaxe’ not permissible for joining
copper pipe or tubing. Copper tubing shall not be
threalded, but copperpipe with a wall thickness equiva-
lent fo the comparable size of Schedule 40 steel pipe,
i.e., rpanging from 0.068 in. (1.73 mm) for NPS % (DN 6)
to 0.406 ir(10.31 mm) for NPS 12 (DN 300), may be
threaded and used for connecting screwed fittings or
valves

serv
100 ¢

the building. When joints are used, they_shall be of
brazed or soldered type in accordafjce with
para. 849.5.1(d).

849.6 Service Line Connections)to.Mains

849.6.1 Service Line Connections to Steel Mains.
Service lines may be conileCted to steel main$ by

(a) welding a servjicelline tee or similar Hevice to
the main.

(b) using a service line clamp or saddle.

(c) using cempression fittings with rubber ¢r rubber-
like gaskets'owelded connections to connect the service
line to_thel main connection fitting. Gaskets used in a
manufactured gas system shall be of a type that effec-
tively'resists that type of gas.

(d) welding a steel service line directly to
(see para. 831.4.2 and Table 831.4.2-1).

the main

849.6.2 Service Line Connection to Cast|lron and
Ductile Iron Mains
(a) Service lines may be connected to cast|iron and

ductile iron mains by
(1) drilling and tapping the main, proyided the
diameter of the tapped hole shall not exceed the limita-
tions imposed by para. 831.3.3(b), or
(2) using a reinforcing sleeve
(b) Service line connections shall not be brazed
directly to cast iron or ductile iron mains.
(c) Compression fittings using rubber or
gaskets or welded connections may be used
the service line to the main connection fitting.
(d) Gaskets used in a manufactured gas sygtem shall
be of a type that effectively resists that type ¢f gas.

riibber-like
I) connect

849.6.3 Service Line Connections to Plastic Mains

(e) Protection Against Galvanic Action Caused by
Copper. Provisions shall be made to prevent harmful
galvanic action where copper is connected underground
to steel. [See para. 861.1.3(a).]

849.5.2 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.
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tr—Plasticor metatservice times—shatt-beTonnected
to plastic mains with suitable fittings.

(b) A compression-type service line to main connec-
tion 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.
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(b) Butt welds are not permitted.
(c) Fillet-brazed joints are not recommended.
(d) The requirements of para. 849.5.1(d) shall apply to
(1) joints not specifically mentioned in (a)
through (c)
(2) all brazing material
849.6.5 Plastic Service Line Connections to Metal
Mains

(a) Plastic—service lines shall be connected to metal

provided in para. 849.6.1, 849.6.2, or 849.6.4 having a
compression end or other suitable transition fitting.

(b) A compression-type service line to main connec-
tion shall be designed and installed to effectively sustain
the longitudinal pullout forces caused by contraction of
the piping or external loading.

mains wi[h a suitable metallic or plastic main fitting as
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Chapter V
Operating and Maintenance Procedures

nclude
yees cov-

850 OPERATING AND MAINTENANCE 850.3 Essential Features of the Operating and
PROCEDURES AFFECTING THE SAFETY OF GAS Maintenance Plan
TRANSMISSION AND DISTRIBUTION The plan prescribed in para. 850.2(a)cshall
FACILITIES (a) detailed plans and instructions for,empl
ering operating and maintenance pirocedurds for gas
850.1 General facilities during normal operations and repaifs.
(b) items recommended for/inclusion in the plan for
(a)| Because of many variables, it is not possible to  specific classes of facilities‘that are given in pafas. 851.2,

presdribe in a code a detailed set of operating and main-
tenance procedures that will encompass all cases. It is
possfble, however, for each operating company to
develop operating and maintenance procedures based
on the provisions of this Code, its experience, and its
knowledge of its facilities and conditions under which
they pre operated that will be adequate from the stand-
poin{ of public safety. For operating and maintenance
procedures relating to corrosion control, see Chapter VI.

(b)] Upon initiating gas service in a pipeline designed
and fonstructed or converted to gas service in accor-
dange with this Code, the operating company shall
detefmine the Location Class in accordance wjith
Tablq 854.1-1.

850.2 Basic Requirements

Earh operating company having facilities within the
scop¢ of this Code shall

(a)| have a written plan cevering operating and main-
tenarjce procedures in accordance with the scope and
intenft of this Code.

(b)| have a written/emergency plan covering facility
failuge or other emergencies.

(c)

operateand maintain its facilities in conformance

with [thesesplans.
(d)] modify the plans periodically as experience dic-
tatesland expo 2Wa he publi othe facilities and

changes in operating conditions require.

(e) provide training for employees in procedures
established for their operating and maintenance func-
tions that is 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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851.3, 851.4, 851.5, 851.6;-and 860.1(d).
(c) plans to give particular attention to thos¢ portions
of the facilities presenting the greatest hazard to the
public in the event of an emergency or becaupe of con-
struction or'extraordinary maintenance requifements.
(d) provisions for periodic inspections along the route
of existing steel pipelines or mains, operating|at a hoop
stress.in excess of 40% of the specified minimjum yield
strenigth of the pipe material to consider the possibility
of Location Class changes. It is not intended fhat these
inspections include surveys of the number of puildings
intended for human occupancy. (See section $54.)

850.4 Essential Features of the Emergency Plan

850.4.1 Written Emergency Procedures. Each

mize the hazard resulting from a gas pipeline efnergency.
At a minimum, the procedures shall provide for the
following:

(a) asystem for receiving, identifying, and
emergencies that require immediate respo
operating company

(b) indicating clearly the responsibility for ifistructing
employees in the procedures listed in the emergency
plans and for training employees in the exgcution of
those procedures

dlassifying
se by the

the plan

(d) establishing a plan for prompt and adequate han-
dling of all calls that concern emergencies whether they
are from customers, the public, company employees, or
other sources

(e) establishing a plan for the prompt and effective
response to a notice of each type of emergency

(f) controlling emergency situations, including the
action to be taken by the first employee arriving at
the scene
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(g) the dissemination of information to the public

(h) the safe restoration of service to all facilities
affected by the emergency after proper corrective mea-
sures have been taken

(i) reporting and documenting the emergency

850.4.2 Training Program. Each operating company
shall have a program for informing, instructing, and
training employees responsible for executing emergency
procedures, The program shall acquaint the employee

This plan shall include a procedure to select samples of
the failed facility or equipment for laboratory examina-
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 operating company containing gas facilities (such
as compressor stations, meter and regulator stafions,

with the [emergency procedures and how to promptly
and effectively handle emergency situations. The pro-
gram may be implemented by oral instruction, written
instructign, and, in some instances, group instruction,
followed| by practice sessions. The program shall be
establish¢d and maintained on a continuing basis with
provision for updating as necessitated by revision of the
written gmergency procedures. Program records shall
be maintgined to establish what training each employee
has receiyed and the date of such training.

850.4]3 Liaison

(a) Eadh operating company shall establish and main-
tain liaisqn with appropriate fire, police, and other pub-
lic officials, entities in or near the pipeline right-of-way
(e.g., eledtrical and other utilities, highway authorities,
and railrgads), and news media.

(b) Eadh operating company must have a means of
communjcation with appropriate public officials during
an emergency.

(c) Emprgency procedures, including the contingency,
plan undgr para. B854.5(e), must be prepared in coetdi-
nation wjth appropriate public officials.

850.4)4 Educational Program. An educational pro-
gram shall be established to enable customers and the
general public to recognize a gas emergeincy and report
it to the gppropriate officials. The edudational program
shall be failored to the type of pipeline operation and
the envirpnment traversed by-the' pipeline and shall be
conductefl in each language\that is significant in the
community served. Operators of distribution systems
shall communicate theirprograms to consumers and the
general public in their distribution area. Operators of
transmisgion systems shall communicate their programs
to residerits along'their pipeline rights-of-way. Operators
of sour ghsipipelines subject to Chapter IX shall notify

and other gas handling equipment), where possible|leak-
age of gas constitutes a hazard of fire or explesien|Each
operating company shall take steps to minimize the
danger of accidental ignition of gas.

(2) When a hazardous amount of-gas is to be vented
into open air, each potential source’of ignition shall first
be removed from the area and@dequate fire extinguish-
ers shall be provided. All flashlights, lighting fixfures,
extension cords, and toels’shall be of a type apptoved
for hazardous atmospheres. Blowdown connection that
will direct the gas away from any electrical transmission
lines must be instdlled or used.

(b) Suitablesighs and flagmen or guards, if necepsary,
shall be posted to warn others approaching or entering
the area 6f-the hazard.

(chAe’prevent accidental ignition by electric afcing,
an.adequate bonding cable should be connected tq each
side of any pipe that is to be parted, tapped, squepzed-
off, or joined, and any cathodic protection rectifiers in
the area shall be turned off. Where gas pipelines pdrallel
overhead electric transmission lines on the same fight-
of-way, the company operating the pipeline shall ensure
that the current carrying capacity of the bonding copduc-
tor should be at least one-half of the current carpying
capacity of the overhead line conductors. [Seq also
para. 861.1.3(b).] The bonding connection is to be ain-
tained while the pipeline is separated. When plasti¢ pipe
is being parted, tapped, or joined, attention myst be
given to the static electrical charges that may be piesent
on both the inside and outside diameters of the |pipe.
These charges can be dissipated by using antistatic fluids
or a water-and-detergent solution in combination| with
a moisture retaining material that must be in cqntact
with the exposed pipe and the earth. Cutting tools and
squeeze-off and tapping equipment used on plasti¢ pipe
where static r’hm‘gpq may bhe present shall he gl nded

residents—=affected 1|J_y the Luu'Liuscuu_y Plau urrcer
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 operators in the same area
shall be coordinated to properly direct reports of emer-
gencies and to avoid inconsistencies.

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.
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to drain these charges from the pipe.

(d) When cutting by torch or welding is to be per-
formed, a thorough check shall first be made for the
presence of a combustible gas mixture in the area outside
of the pipeline. If found, the mixture shall be eliminated
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) above has been
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completed satisfactorily, the gas pressure must be con-
trolled by a suitable means to keep a slight positive
pressure in the pipeline at the welding area before start-
ing work. Precautions should be taken to prevent a back-
draft from occurring at the welding area.

(f) Before cutting by torch or welding on a line that
may contain a mixture of gas and air, it shall be made
safe by displacing the mixture with gas, air, or an inert
gas. Caution must be taken when using an inert gas to

the integrity of the pipeline, the damage shall be remedi-
ated in accordance with established procedures.

(e) maintaining maps indicating the location of facili-
ties. The maps should be updated to reflect new and
replacement facilities.

(f) a process to ensure the effectiveness of the pro-
gram. This process may include: trending of excavation
damages and location, investigation of excavation dam-
ages and identification of root cause, and identification

provideadequate ventitation foratt workers i the area:

850.7 Blasting Effects

Eath operating company shall establish procedures
for pfotection of facilities in the vicinity of blasting activ-
ities.|The operating company shall

(a)|locate and mark its pipeline when explosives are
tobedetonated within distances as specified in company
plang. Consideration should be given to the marking of
minimum blasting distances from the pipelines
depending upon the type of blasting operation.

(b)| determine the necessity and extent of observing
or mnitoring blasting activities based upon the proxim-
ity of the blast with respect to the pipelines, the size of
charge, and soil conditions.

(c)] conduct a leak survey following each blasting
operation near its pipelines.

850.8 Damage Prevention Program

Eafh operating company shall have a programto
reduge the risk associated with damage to gas faé¢ilities
resulfing from excavation activities. Operatorstshould
consider the following elements within the ‘program:

(a)| participation in excavation notification systems,
in plgces where such a system exists. Excavation notifica-
tion $ystems allow excavators to pfoyide notification to
a single point of contact, which_in turn forwards the
excayation details to partidipating facility owners/
operators.

(b)| identification of persons who normally perform
excayations in the area\ih which the operator has facili-
ties, including thé“public, and providing for periodic
comrpunication:with these parties. The communication
could include$uch items as: how to determine the loca-

Of preventive Measures targeting excavators o1 locations
with high damage rates.

A useful reference for identifying elements of an effec-
tive damage prevention program is the Bes{ Practices
Guide, maintained and published*by the Common
Ground Alliance.

851 PIPELINE MAINTENANCE

851.1 Periodic Surveillance of Pipelines

As a means of maintaining the integrity of its pipeline
system, each{operating company shall estaplish and
implement{procedures for periodic surveillapce of its
facilities.\Studies shall be initiated and appropriate
action shall be taken where unusual operating gnd main-
tenance conditions occur, such as failures, legkage his-
tory, drop in flow efficiency due to internal cofrosion, or
substantial changes in cathodic protection reqyirements.

When such studies indicate the facility is in unsatisfac-
tory condition, a planned program shall be injitiated to
abandon, replace, or recondition and proof tept. If such
a facility cannot be reconditioned or phased out, the
maximum allowable operating pressure shall be reduced
commensurate with the requirements desgribed in
para. 845.2.2(c).

851.2 Pipeline Patrolling

Each operating company shall maintain 4 periodic
pipeline patrol program to observe surface conglitions on
and adjacent to each pipeline right-of-way, indications of
leaks, construction activity other than that gerformed
by the company, natural hazards, and any other factors
affecting the safety and operation of the pipelinje. Patrols
shall be performed at least once every year iny Location
Classes 1 and 2, at least once every 6 months ir] Location
Location

tion pf facilities, how to get the facilities field marked . e hs i
prio1] tesexcavating, and who to contact in the event of Class 3, and at least once every 3 'mont S 1m
damége-to-the-operatorsfacitity Class 4. Weather, terrain, size of line, opera

(c) a process for receiving notifications of planned
excavations, providing the excavators with locations of
the operator’s facilities through temporary field mark-
ings, establishing lines of communication with the exca-
vator to ensure the immediate protection and future
operation of the facility, and consideration of monitoring
excavation activities.

(d) performing inspections of pipelines where there
are indications that the pipe could have been damaged
as a result of excavation. If damage occurs that affects
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ing pres-
sures, and other conditions will be factors in determin-
ing the need for more frequent patrol. Main highways
and railroad crossings shall be inspected with greater
frequency and more closely than pipelines in open
country.

851.2.1 Maintenance of Cover at Road Crossings and
Drainage Ditches. The operating 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 original design. If the
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operating company determines that the normal cover
provided at the time of pipeline construction has become
unacceptably reduced due to earth removal or line move-
ment, the operating company shall provide additional
protection by providing barriers, culverts, 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 a result
of patrolling, that the cover over the pipeline in cross-

the pipeline shall be operated at a pressure no greater
than 80% of the operating pressure at the time of discov-
ery. The operating pressure shall remain at or below this
reduced pressure during these activities unless sufficient
information 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,

country terrain does not meet the original design, it shall
determinp whether the cover has been reduced to an
unacceptable level. If the level is unacceptable, the
operating company shall provide additional protection
by replading cover, lowering the line, or other suitable
means.

851.3 Ledakage Surveys

Each operating company of a transmission line shall
provide for periodic leakage surveys of the line in its
operating and maintenance plan. The types of surveys
selected ghall be effective for determining if potentially
hazardous leakage exists. The extent and frequency of
the leakage surveys shall be determined by the operating
pressure,|piping age, Location Class, and whether the
transmisgion line transports gas without an odorant.

851.4 Repair Procedures for Steel Pipelines

Evaluafion of pipeline defects and associated repair
methods pre discussed in paras. 851.4.1 through 851.4.5.
Additionpl guidance may be found in Parts 2 and 3 of
ASME P(C-2, Repair of Pressure Equipment and Piping,
and in the following PRCI documents: Pipeline Repair
Manual (original or updated version), and Pipeline
Defect Apsessment — A Review and €omparison of
Commonlly Used Methods. Information on these docu-
ments is found in Mandatory Appendix A.

If at any time a defect mentidned in the following
subsections of para. 851.4 is evident on a pipeline, tem-
porary measures shall be employed immediately to pro-
tect the groperty and the public. If it is not feasible to
make rephirs at the time'of discovery, permanent repairs
shall be nade as seon as described herein. The use of
a welded|patch as@srepair method is prohibited, except
as provided gn\para. 851.4.4(e). Whenever a pipeline
remains pressurized while being exposed to investigate

Cl(.llcllll.b, [8)8 Uil[dbUIliL Leblillg.

A full encirclement welded split sleeve with\welded
ends shall have a design pressure at least equal t¢ that
required for the maximum allowable operating pressure
of the pipe being repaired [see para. 841.1-1(a)]. If qondi-
tions require that the sleeve carry the full longitydinal
stresses, the sleeve shall be at least)equal to the design
strength of the pipe being repaired. Full encirclgment
sleeves shall not be less than4 in. (100 mm) in wijidth.

If the defect is not agleak, 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 shill be
butt welds. THe'welding procedures for the circumferen-
tial fillet welds shall be suitable for the materialy and
shall consider the potential for underbead cradking.
BackupZstrips are not required. If the circumfergntial
fillet\welds are not made, the longitudinal weldd may
bebutt welds, or fillets to a side bar. The circumferential
edges, which would have been sealed had the filletlweld
been made, should be sealed with a coating material
such as enamel or mastic, so that the soil envirorjment
will be kept out of the area under the sleeve.

Prior to the installation of a sleeve, the pipe [body
shall be inspected by ultrasonic methods for lamindtions
where sleeve fillet welds will be deposited ontp the
pipe body.

Consideration shall be given to the toughness clarac-
teristics and quality of all seam welds when depogiting
welds across the seam in the course of repairs.

851.4.1 Definition of Injurious Dents and Mechanical
Damage
(a) Dents are indentations of the pipe or distoftions
of the pipe’s circular cross section caused by exfernal
forces.
(b) Plain dents are dents that vary smoothly and do

or repah a 11ﬂ\c}_y tefect—the UlJUla'LillB pressure shatt
be at a level that provides safety during excavation,
investigation and/or repair operations.

(a) If there is sufficient information about the defect
to determine through engineering analysis the pressure
at which excavation, investigation, and/or repair opera-
tions may be conducted safely, the pipeline shall be oper-
ated at or below this pressure during these activities.

(b) If there is insufficient information about the defect
to determine the pressure at which excavation, investiga-
tion, and/or repair operations may be conducted safely,
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1[Ut \_Ulltﬂill CITdAdSTS, lllCLllﬂlliLal dﬂlllaéc [Du\.h as
described in (c)], corrosion, arc burns, girth, or seam
welds.

(c) Mechanical damage is damage to the pipe surface
caused by external forces. Mechanical damage includes
features such as creasing of the pipe wall, gouges,
scrapes, smeared metal, and metal loss not due to corro-
sion. Cracking may or may not be present in conjunction
with mechanical damage. Denting of the pipe may or
may not be apparent in conjunction with mechanical
damage.
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(d) Plain dents are defined as injurious if they exceed
a depth of 6% of the nominal pipe diameter. Plain dents
of any depth are acceptable provided strain levels associ-
ated with the deformation do not exceed 6% strain.
Strain levels may be calculated in accordance with
Nonmandatory Appendix R or other engineering meth-
odology. 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.

by removing the defect by hot tapping, provided the
entire defect is removed.

(c) Repairs of injurious dents or mechanical damage
shall be performed as described below.

(1) Plain dents, dents containing corrosion, dents
containing stress corrosion cracking, and dents affecting
ductile girth welds or seams may be repaired with either
a full encirclement steel sleeve with open ends or with
ends welded to the pipe.

Any ftents thatare not acceptabie for this purpose shoutd
be removed prior to passing these devices through the
segment, even if the dent is not injurious.

(e)] All external mechanical damage with or without
conciirrent visible indentation of the pipe is considered
injurfous.

(f)|Dents that contain corrosion are injurious if the
corrgdsion is in excess of what is allowed by para. 860.2(a),
or if [they exceed a depth of 6% of the nominal pipe
diamjeter.

(g)| Dents that contain stress corrosion cracks or other
cracKs are injurious.

(h)| Dents that affect ductile girth or seam welds are
injurfous if they exceed a depth of 2% of the nominal
pipe |[diameter, except those evaluated and determined
to be[safe by an engineering analysis that considers weld
qualitty, nondestructive examinations, and operation of
the ppeline are acceptable provided strain levels associ-
ated [with the deformation do not exceed 4%. It is the
operqtor’s responsibility to establish the quality level'of
the weld.

(i) |Dents of any depth that affect nonductile-welds,
such|as acetylene girth welds or seam welds that are
prong to brittle fracture, are injurious.

(j) | The allowable height of mild ripples in carbon steel
pipe [formed during the cold beriding process can be
detegmined from Fig. 851.4.1-1, wheére d is the maximum
deptI]I:T:)r crest-to-trough dimension of the ripple and D
is the specified outside diameter of the pipe. Ripples in
carbgn steel pipe are adeeptable if their height is below
ine shown. Ripples-with heights above the line may

removed or repaired by one of the methods below, or
the operating pressure shall be reduced. The reduced
pressure shall not exceed 80% of the operating pressure
experienced by the injurious feature at the time of dis-
covery. Pressure reduction does not constitute a perma-
nent repair.

(b) Removal of injurious dents or mechanical damage
shall be 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
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(Z) External mechanical damage, and|all dents
affecting acetylene girth welds or seam weldss that are
known to exhibit brittle fracture characteristi¢s may be
repaired with a full encirclement steel sleeve ith ends
welded to the pipe.

(3) External mechanical damage, includipg cracks,
may be repaired by grinding 6ut the damage,|provided
any associated indentation‘ef the pipe does not exceed
a depth of 4% of the mominal pipe diameter.|Grinding
is permitted to a depth™of 10% of the nominal|pipe wall
with no limit on lefigth. Grinding is permitted to a depth
greater than 10% tp to a maximum of 40% of the pipe
wall, with meétal removal confined to a length given by
the following equation:

(U.S*Customary Units)

/t 2 1/2
a
L= 12 o0 ] - )]
(SI Units)
/t 2 1/2
a,
L = 28.45|(Dt) (W) - 1)]
where
a = measured maximum depth of ground area, in.
(mm)
D = nominal outside diameter of the pipe] in. (mm)
L = maximum allowable longitudinal extpnt of the

ground area, in. (mm)
nominal wall thickness of pipe, in. (nj

m)

wall. The remaining wall thickness shall b¢ verified

U ; U ddSU C . » C ; Ul
be inspected for cracks using a nondestructive surface
examination method capable of detecting cracks and the
surface shall be inspected with a suitable etchant per
para. 841.2.4(e). If grinding within the depth and length
limitations fails to completely remove the damage, the
damage shall be removed or repaired in accordance
with (c)(2).

(4) Dents containing stress corrosion cracking may
be repaired by grinding out the cracks to a length and
depth permitted in para. 860.2(a) for corrosion in plain
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Fig. 851.4.1-1 Allowable Ripple Heights
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wall thickness shall be checked using ultra-
ting. After grinding, the surface shall be
inspected for cracks using a nondestructive surfacé
examina’{on method capable of detecting cracks andthé
surface shall be inspected with a suitable etchant-as'per
para. 841]2.4(e). If grinding within the depth and length
limitations fails to completely remove the,damage, the
damage phall be removed or repaired-in*accordance
with (c)(3).

(d) If d dent or mechanical damage’is repaired with
a sleeve jnot designed to carrysmaximum allowable
operating line pressure, the déntshall first be filled with
an incompressible filler. If the'sleeve is designed to carry
maximuin allowable operating pressure, the incom-
pressible

damage,

Hoop Stress at MAOP, psi

Source: “Development of Acceptance Criteria for Mild Ripples in Pipeline Rield Bends” paperIPC02-27124 from the Internftional
Pipeline Copference 2002. Copyright © 2002 by The American Society of MechanicahEngineers.

pipeline has been reduced to a pressure that will not
produce a hoop stress in excess of 20% of the spefified
minimum yield of the pipe, and grinding of the def¢ctive
area can be limited so that there will remain at|least
Y% in. (3.2 mm) thickness in the pipe weld.

(b) Defective welds mentioned in (a) above, Which
cannot be repaired under (a) above and where it {s not
feasible to remove the defect from the pipeline by
replacement, may be repaired by the installation offa full
encirclement welded split sleeve using circumferpntial
fillet welds.

(c) If a manufacturing defect is found in a dpuble
submerged-arc-welded seam or high frequency [ERW
seam, a full encirclement welded split sleeve shall be

filler is recommended but not required. installed.
(e) Nommetallic composite wrap repairs are not (d) If a manufacturing defect is discovered in § low
acceptable for«epdir of injurious dents or mechanical frequency ERW weld seam or any seam having a factor
unless proven through reliable engineering  F Jegs than 1.0 in Table 841.1.7-1, or if hydrogen ftress
analVSIS. FYQF]{;Y\g iC Fn11“lq ;I’\ Qﬁ‘j’ ‘AYQ](‘] '7nY\D, a1 F11]] DY\F;I"F] ment

tests and

(f) All repairs under para. 851.4.2 shall pass nonde-
structive inspections and tests as provided in para. 851.5.

851.4.3 Permanent Field Repair of Welds Having
Injurious Defects

(a) All circumferential butt welds found to have unac-
ceptable defects (according to API 1104) shall be repaired
in accordance with the requirements of section 827, pro-
vided the pipeline can be taken out of service. Repairs
on welds may be made while the pipeline is in service,
provided the weld is not leaking, the pressure in the
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welded split sleeve designed to carry maximum allow-
able operating pressure shall be installed.

(e) All repairs performed under (a) through (d) above
shall be tested and inspected as provided in para. 851.5.

(f) Corroded areas may be repaired by filling them
with deposited weld metal using a low-hydrogen weld-
ing process. Repairs shall be accomplished in accordance
with a written maintenance procedure, which when fol-
lowed will permanently restore the required wall thick-
ness and mechanical properties of the pipeline. The
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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) c. A -
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)

welding procedures and welders shall be qualified
undefr para. 823.2.1. The procedures shall provide suffi-
cient|direction for avoiding burn-through and minimiz-
ing the risk of hydrogen cracking on in-service pipelines.
For hackground information on developing a weld
depgsition repair procedure, refer to “Guidelines
for [Weld Deposition Repair on Pipelines”
(PRI Catalog L51782) in Mandatory Appendix A. This
methjod of repair shall not be attempted on pipe that is
thought to be susceptible to brittle failure.

8b1.4.4 Permanent Field Repair of Leaks and
Nonleaking Corroded Areas

(a)| If feasible, the pipeline shall be taken out of service
and fepaired by cutting out a cylindrical piece of pipe
and feplacing with pipe of equal or greater design
strength.

(b)| If it is not feasible to take the pipeline out of ser-
vice, |repairs shall be made by the installation of a full
encirflement welded split sleeve unless a patch is chosexn
in adcordance with (e) below, or unless corrosionis
repaired with deposited weld metal in accordance.with
(f) below. If nonleaking corrosion is repaired with a
full epcirclement welded split sleeve, the circtimferential
fillet [welds are optional.

(c)|If the leak is due to a corrosionpit, the repair may
be mpde by the installation of a properly designed bolt-
on lepk clamp.

(d)] A small leak may be repaired by welding a nipple
over [t to vent the gas while welding and then installing
an appropriate fitting on\the nipple.

(e)| Leaking or norileaking corroded areas on pipe of
not more than 40,000*psi (276 MPa) specified minimum
yield| strength may be repaired by using a steel plate
patch with roGnded corners and with dimensions not
in expess-ofone-half the circumference of the pipe fillet
weldpd ever the pitted area. The design strength of the

851.4.5 Permanent Field Repair of Hydrogen Stress
Cracking in Hard Spots and Stress Corrosion/Cracking

(a) 1f feasible, the pipeline shall be taken outfof service
and repaired by cutting out a cylindrical piege of pipe
and replacing with pipe of equal.or great¢r design
strength.

(b) If it is not feasible tostake the pipeline qut of ser-
vice, repairs shall be madéby the installation of a full
encirclement welded gplit sleeve. In the casq of stress
corrosion cracking, thefillet welds are optiopal. If the
fillet welds are made, pressurization of the|sleeve is
optional. Theame applies to hydrogen stres§ cracking
in hard spgts) except that a flat hard spot shdll be pro-
tected with a hardenable filler or by pressurjzation of
a fillet\welded sleeve. Stress corrosion cracking may
also be repaired per para. 851.4.2(c)(4), which|describes
repairs for stress corrosion cracking in dents.

(c) All repairs performed under (a) and (b)) shall be
tested and inspected as provided in para. 851.5.

851.5 Testing Repairs to Steel Pipelines or Mains

851.5.1 Testing of Replacement Pipe Set¢tions.
When a scheduled repair to a pipeline or maih is made
by cutting out the damaged portion of the jpipe as a
cylinder and replacing it with another sectiop of pipe,
the replacement section of pipe shall be subj¢cted to a
pressure test. The replacement section of pipp shall be
tested to the pressure required for a new pjpeline or
main installed in the same location. The tes{s may be
made on the pipe prior to installation, provid¢d nonde-
structive tests meeting the requirements of s¢ction 826
are made on all field girth butt welds after instgllation. If
the replacement is made under controlled fire donditions
(gas in the pipeline), full encirclement welded split
sleeves may be used to join the pipe sections instead of
butt welds. All sleeve welds should be radiggraphed.

plat stratt-bethesameor greateT thamthe pipe.

(f) Small corroded areas may be repaired by filling
them with deposited weld metal from low-hydrogen
electrodes. The higher the pressure and the greater the
flow rate, the lesser the chance of burn-through. At 20 V
and 100 A, burn-through is unlikely to occur 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.

(g) All repairs performed under (a), (b), and (d) above
shall be tested and inspected as provided in para. 851.5.
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(See para. 8515.2.)

851.5.2 Nondestructive Testing of Repairs, Gouges,
Grooves, Dents, and Welds. If the defects are repaired
by welding in accordance with the provisions of
para. 851.4 and any of its subsections, the welding shall
be examined in accordance with section 826.

851.6 Pipeline Leak Records

Records shall be made covering all leaks discovered
and repairs made. All pipeline breaks shall be reported
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in detail. These records along with leakage survey rec-
ords, 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.

851.7 Pipeline Markers

(a) Signs or markers shall be installed where it is con-
sidered necessary to indicate the presence of a pipeline

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
maintenance procedures shall continue to be applied as
if the facility were still in service.

(d) The cathodic protection shall be maintained with
the periodic inspections and record keeping to continue
as if the facility were still in service.

at road, highway, railroad, and stream crossings. Addi-
tional signs and markers shall be installed along the
remaindgr of the pipeline at locations where there is a
probability of damage or interference.

(b) Sighs or markers and the surrounding right-of-
way shall be maintained so markers can be easily read
and are rjot obscured.

(c) The signs or markers shall include the words “Gas
(or name|of gas transported) Pipeline,” the name of the
operating company, and the telephone number (includ-
ing area [code) where the operating company can be
contacted.

851.8 Abandoning of Transmission Facilities

Each dperating company shall have a plan in its
operating and maintenance procedures for abandoning
transmisgion facilities. The plan shall include the follow-
ing provikions:

(a) Fadjlities to be abandoned shall be disconnected
from all gources and supplies of gas such as other pipe-
lines, majins, crossover piping, meter stations, control
lines, and other appurtenances.

(b) Fadlities to be abandoned in place shall be purged
of gas with an inert material and the ends shall be sealed,
except thhat

(c) Aftpr precautions are taken tosdetermine that no
liquid hydrocarbons remain in the-facilities to be aban-
doned, then such facilities may~be’purged with air. If
the facilitjies are purged with/it, then precautions must
be taken to determine that.a\ecombustible mixture is not
present after purging. [See-para. 841.2.7(e).]

851.9 De¢commissioning of Transmission Facilities

Operatprs planning the decommissioning (temporary
disconneg¢t).of-transmission facilities shall develop pro-

te) For stations where bianket gas remaing, the
Emergency Shut Down (ESD) system shall remgin in
service. Some modification to the ESD system mpy be
required to allow for a low pressure ESD..The’hazagdous
gas and fire detectors should remain jin service to|blow
the units and piping down, if necessary.

851.10 Recommissioning of Transmission Facilifies

Operators planning tofecommission (reactivate)
transmission facilities temporarily removed from s¢rvice
shall develop written¢procedures for recommissipning
facilities to service. The procedures shall include the
following;:

(a) Before & facility is recommissioned, all mainte-
nance and cathodic protection records shall be reviewed
to ensurécthat the condition and integrity of the fdcility
has beén maintained during the decommissipned
period.

(b) Facilities to be recommissioned that have
decommissioned for an extended period of time
be repressured incrementally.

(c) A leak survey shall be performed after the fdcility
has been recommissioned. Any defects or leaks discov-
ered shall be repaired before the facility is back in full
operation.

been
shall

851.11 Repositioning a Pipeline in Service

When repositioning a pipeline in service, the fgllow-
ing are some of the factors that shall be considergd:

(a) deflection

(b) diameter, wall thickness, and grade of pipe

(c) pipeline pressure

(d) type of girth welds

(e) test and operating history

(f) presence of defects

(g) existing curvature

(h) bends

Cedures forthe r‘]aﬂr\mmicoinhing of facilities from-ser

vice. 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.

(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
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(1) valves and fittings
(j) terrain and soil conditions
(k) personnel safety considerations
(I) additional stresses caused by repositioning of the
pipeline
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. Com-
parison of new test pressures with previous test
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pressures will demonstrate that the integrity of the pipe-
line 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 pro-
gressed to the point where defects fail during the
strength test. Refer to Nonmandatory Appendix N for

851.12.3 Time Interval Between Tests. The time
interval between pressure tests, or performing the initial
pressure test if the pipeline was not post-construction
tested, should be based upon an engineering critical
assessment to prevent defects from growing to critical
sizes. That engineering critical assessment should
include consideration of the following factors:

(a) Risk to the Public. The first consideration in a test
or retest should be the exposure that the public could

hydrpstatic testing guidelines.

851.12.1 Pressure Test Levels. When establishing
test pressures for a test section, the maximum test pres-
sure |shall be determined by the operator to prevent
damgge to the pipeline and its components. Consider-
ation/ must be given to the effect of test section elevation
diffefences on the test pressure. Whenever test pressure
will ¢ause a hoop stress in excess of 100% of the SMYS,
refer|to Nonmandatory Appendix N, section N-5 for
guidance on yield monitoring. The minimum test pres-
sure phall be as required by (a) through (c).

(a)| To determine the integrity of an in-service pipeline
by stfength testing, the pipeline shall be strength tested
at a pressure that will cause a hoop stress of at least
90% pf the SMYS in the segment with the lowest design
or rafed pressure in the section tested except as provided
in (b) or (c).

(b)] For pipelines in which SCC (Stress Corrosion
Cracking) has been identified, defects may be mitigatec
by piessure testing to a pressure that will create a hoop
stresg of at least 100% of the SMYS at the high point
elevation.

(c)| For those in-service pipelines for which the hoop
stres$ percent of the SMYS cannot betaccurately deter-
mined or those pipelines that operate at hoop stress
levels lower than maximum design pressure, the mini-
munj strength test pressuré shall be 1.10 times the
MAQP.

(d)| Following the strength test period, a leak test
shou]d be performed, The leak test pressure should be
at legst 1.10 timesthie MAOP of the pipeline.
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(a)
murn|
know
dance with (b).

(b) The pressure test for SCC shall be held long
enough for the test pressure to stabilize, in most cases
% hr or less.

(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.

1.12.2 Pressure Hold Period
The strength test pressure shall be held for a mini-
time period of % hr, except for those lines with
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taveto a faiture of @ giver pipeline:
(b) Stress Level of Previous Test. Testing shéws that the
higher the stress level of the strength.test, tHe smaller
the remaining flaw will be. Smaller remaining flaws will
result in a longer time before the flaw-could bd expected
to grow to a critical size, if not mfitigated. This means that
increasing the ratio of the test{pressure to the pperating
pressure may potentiallyyiricrease the retest ifiterval.
(c) Corrosion Growth-Rate. The corrosion grpwth rate
on a given pipelinejdepends upon the aggrdssiveness
of the corrosive ehvironment and the effectiveness of
corrosion control'measures.
(d) Maintenance. Deterioration of the pipeline is also
a functiohcof the timing and effectiveness of actions to
correctstich conditions as corrosion control deficiencies,
external force damage, and operating conditions that
incféase the potential for corrosion. The eff¢ctiveness
of programs to prevent damage by excavatipn affects
pipeline maintenance.
(e) Other Inspection Methods. In-line inspectjon, exter-
nal electrical surveys of coating condition and cathodic
protection levels, direct inspection of the pipe| monitor-
ing of internal corrosion, monitoring of gas qyality, and
monitoring to detect encroachment are methods that can
be used to predict or confirm the presence pf defects
that may reduce the integrity of the pipeline.

852 DISTRIBUTION PIPING MAINTENANCE
852.1 Patrolling

Distribution mains shall be patrolled in ar¢as where
necessary to observe factors that may affect safe opera-
tion. The patrolling shall be considered in areps of con-
struction activity, physical deterioration off exposed
piping and supports, or any natural causes, which could
result in damage to the pipe. The frequency of
lin i h ity of th
that could cause failure or leakage and the subsequent
hazards to public safety.

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
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hazardous leakage exists. The following are some proce-
dures that may be employed:

(a) surface gas detection surveys

(b) subsurface gas detector survey (including bar hole
surveys)

(c) vegetation surveys

(d) pressure drop tests

(e) bubble leakage tests

(f) ultrasonic leakage tests

852.3.2 Investigation of Reports From Outside
Sources. Any notification from an outside source (such
as police or fire department, other utility, contractor,
customer, or general public) reporting a leak, explosion,
or fire, which may involve gas pipelines or other gas
facilities, shall be investigated promptly. If the investiga-
tion reveals a leak, the leak should be classified and
action should be taken in accordance with the criteria
in section M-5 of Nonmandatory Appendix M.

A detailed description of the various surveys and leak-
age dete¢tion procedures is shown in Nonmandatory
Appendix M.

852.2{2 Frequency of Surveys. The extent and fre-
quency of leakage surveys shall be determined by the
character|of the general service area, building concentra-
tions, pipiing age, system condition, operating pressure,
and any dther known condition (such as surface faulting,
subsidenge, flooding, or an increase in operating pres-
sure) thaf has significant potential to either initiate a
leak or to cause leaking gas to migrate to an area where
it could fesult in a hazardous condition. Special one-
time suryeys should be considered following exposure
of the gag distribution 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. (nce established, frequencies shall be reviewed
periodically to affirm that they are still appropriate. The
frequencies of the leakage survey shall at least meet the
following:

(a) Distribution systems in a principal business dis-
trict shoyld be surveyed at least annually. Suchrsurveys

852.3[1 Leakage Classif‘ cation and Repair. Leaks
uated, cld
criteria set forth in section M-5 of Nonmandatory
Appendix M.

Prior to taking any repair action, leaks should be pin-
pointed but only after it has been established that an
immediate hazard does not exist or has been controlled
by such emergency actions as evacuation, blocking an
area off, rerouting traffic, eliminating sources of ignition,
ventilating, or stopping the flow of gas. The pinpointing
guidelines provided in section M-6 of Nonmandatory
Appendix M should be followed.
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852.3.3 Odor or Indications From Foreign Sourges.
When potentially hazardous leak indications ‘(such as
natural, sewer, or marsh gas or gasoliné)vaporg) are
found to originate from a foreign source, or faciljty or
customer-owned piping, they shall.be, teported fo the
operator of the facility and, where appropriate, to the
police department, fire department,or other governimen-
tal agency. When the company’s pipeline is connected
to a foreign facility (such ds‘the customer’s piping), nec-
essary action, such asdisconnecting or shutting off the
flow of gas to the facility, shall be taken to eliminate the
potential hazard.

852.3.4 Follow-Up Inspections. While the excava-
tion is open; the adequacy of leak repairs shall be
checked by-using acceptable methods. The perimefer of
the leak’area shall be checked with a gas detectpr. In
the case of a Grade 1 leak repair as defingd in
Nonmandatory Appendix M, where there is residugl gas
in the ground, a followup inspection should be made
as soon as practicable after allowing the soil to vent to
the atmosphere and stabilize, but in no case later| than
1 month following the repair. In the case of othey leak
repairs, the need for a followup inspection shoulld be
determined by qualified personnel.

852.4 Requirements for Abandoning, Disconnec
and Reinstating Distribution Facilities

ing,

852.4.1 Abandoning of Distribution Facilities. |Each
operating company shall have a plan for abandpning
inactive facilities, such as service lines, mains, c¢ntrol
lines, equipment, and appurtenances for which there is
no planned use.
The plan shall also include the following provisions:
(a) If the facilities are abandoned in place, they|shall
be phy51cally disconnected from the plpmg systerr The
. apped,

plugged, or 0therw1se effectlvely 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
determined that the volume of gas or liquid hydrocar-
bons contained within the abandoned section poses no
potential hazard. Air or inert gas may be used for purg-
ing, or the facility may be filled with water or other inert
material. [See para. 841.2.7(e).] If air is used for purging,
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the operating company shall determine that a combusti-
ble mixture is not present after purging. Consideration
shall be given to any effects the abandonment may have
on an active cathodic protection system, and appropriate
action shall be taken.

(b) In cases where a main and the service lines con-
nected to it are abandoned, insofar as service lines are
concerned, only the customer’s end of such service lines
needs to be sealed as stipulated above.

852.5 Plastic Pipe Maintenance

852.5.1 Squeezing-Off and Reopening of
Thermoplastic Pipe or Tubing for Pressure Control
(a) Before thermoplastic pipe or tubing is squeezed-
off and reopened, it is required that investigations and
tests be made to determine that the particular type,
grade, size, and wall thickness of pipe or tubing of the
same manufacture can be squeezed-off and reopened

(c)|Service lines abandoned from the active mains
should be disconnected as close to the main as
practficable.

(d)] All valves left in the abandoned segment should
be clpsed. If the segment is long and there are few line
valvgs, consideration should be given to plugging the
segmlent at intervals.

(e)] All above-grade valves, risers, and vault and valve
box qovers shall be removed. Vault and valve box voids
shall[be filled with suitable compacted backfill material.

8]

ever

$2.4.2 Temporarily Disconnected Service. When-
Bervice to a customer is temporarily discontinued,
one ¢f the following shall be complied with:

(a)| The valve that is closed to prevent the flow of gas
to the customer shall be provided with a locking device
or other means designed to prevent the opening of the
valvg by persons other than those authorized by the
opergting company.

(b)] A mechanical device or fitting that will prevent
the flow of gas shall be installed in the servieg litie or
in the meter assembly.

(c)] The customer’s piping shall be physically discon-
nectdd from the gas supply and the open pipe ends shall
be sealed.

852.4.3 Test Requirements for Reinstating
Abandoned Facilities and-Temporarily Disconnected
Service Lines. Facilities¢previously abandoned shall be
testeql in the same manner’as new facilities before being
reinstated.

Seyvice lines previously abandoned shall be tested
in thp same manner as new service lines before being
reinstated:

Setvicelines temporarily disconnected because of
main| reénewals or other planned work shall be tested

without-eausinetaihrreundertheconditions that will
prevail at the time of the squeezing-off ané rpopening.
(b) After compliance with (a), whenever th¢rmoplas-
tic pipe or tubing is squeezed-off and reop¢ned, it is
required that
(1) the work be done withequipment ahd proce-
dures that have been established and proven by test
to be capable of performing the operation spfely and
effectively
(2) the squeezed-off and reopened area of the pipe
or tubing be reinforced in accordance with the appro-
priate provisions~of para. 852.5.2, unless it |has been
determined by" investigation and test that squeeze-off
and reopeéning do not affect the long-term prdperties of
the pipe-or tubing
(c) Squeeze-off and reopening shall be dong in accor-
darnce with ASTM F1041, Standard Guide for| Squeeze-
Off of Polyolefin Gas Pressure Pipe and Tuping, and
ASTM F1563, Standard Specification for|Tools to
Squeeze-Off Polyethylene (PE) Gas Pipe or Tybing.
(d) Refer to Nonmandatory Appendix C fdr a list of
other pertinent ASTM standards and industry |iterature.

852.5.2 Repair of Plastic Pipe or Tubing. | If at any
time an injurious defect, groove, gouge, or dent is found
in plastic pipe or tubing, the damaged or defégctive sec-
tion shall be replaced unless satisfactory r¢pairs are
made.

The damaged section can be cut out and rgplaced in
accordance with applicable provisions of pqra. 842.3,
Installation of Plastic Piping. The replacement pipe or
tubing shall be 100% visually inspected insid¢ and out.
There shall be no visible defects on the inside ¢r outside
of the replacement pipe or tubing. The replacement pipe
or tubing shall be leak tested at availablp system
pressure.

popaivc shall be made-in—accordancesaith

qualified

from the point of disconnection to the service line valve
in the same manner as new service lines before
reconnecting, except

(a) when provisions to 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,
tested, and maintained in accordance with the require-
ments of this Code
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procedures that have been established and proven by
test and in accordance with the following (special con-
sideration shall be given to ensure that the repair proce-
dure 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 given to the extent of fiber damage in the case of
thermosetting plastic pipe.
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(b) Ifapatch or full encirclement sleeve is used, it shall
extend at least % in. (13 mm) beyond the damaged area.

(c) If afull encirclement split sleeve is used, the joining
line between 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) The patch or sleeve material shall be the same
type and grade as the pipe or tubing being repaired.
Wall thickmess of the patcht or steeve sha
equal to that of the pipe or tubing.

(e) Thg method of attachment of the patch or sleeve
shall be cpmpatible with the material and shall conform
to the applicable provisions of para. 842.2.9(b). Precau-
tions shall be taken to ensure a proper fit and a complete
bond betfween the patch or sleeve and the pipe being
repaired.|The patch or sleeve shall be clamped or held
in place by other suitable means during the setting or
curing of|the bonding material or during the hardening
of a heatfusion bond. Excess solvent cement shall be
removed [from the edges of the patch or sleeve.

852.6 Piping Maintenance Records

852.6{1 Inspection of Underground Piping. When-
ever any [portion or section of an existing underground
distributipn piping system is uncovered for operating
or maintgnance purposes or for the installation of new
facilities, |the following information shall be recorded:

(a) the[condition of the surface of bare pipe, if pitted
or generglly corroded

(b) thelcondition of the pipe surface and of the protec-
tive coating where the coating has deteriorated\to the
extent that the pipe is corroding underneath

(c) any| damaged protective coating

(d) any| repairs made

852.6
broken ¢
breakage
by others

2 Cause of Cast Iron Breakage. Whenever

st iron facilities are gncovered, the cause of
such as thermal effécty backfill, or construction
shall be recorded\if it can be determined.

852.6.3 Analysis of Condition Records. Distribution
piping candition records shall be analyzed periodically.
Any indicated remeédial action on the piping system
shall be takerrand recorded.

for any reason must be sealed by a means other than
caulking.

852.7.3 Inspection for Graphitization. When a sec-
tion of cast iron pipe is exposed for any reason, an
inspection shall be made to determine if graphitization
exists. If detrimental graphitization is found, the affected
segment must be replaced.

852.7.4 Disturbed Pipeline Support. When an
f rt for

a segment of a buried cast iron pipeline is distérlped
(a) that segment of the pipeline must be protec
necessary against damage during the disturbance
(b) as soon as possible, appropriate ;steps must be
taken to provide permanent protection for the distiirbed
segment from damage that might(result from external
loads

853 MISCELLANEOUSYFACILITIES MAINTENANCCE
853.1 Compressot, Station Maintenance

853.1.1 Compressors and Prime Movers. The [start-
ing, operating, and shutdown procedures for al]l gas
compressorunits shall be established by the opefating
company. The operating company shall take appropriate
steps t0 see that the approved practices are followed.

All
shall
with
shall

853.1.2 Inspection and Testing of Relief Valves
pressure-relieving devices in compressor stations
be inspected and/or tested in accordance
para. 853.3, and all devices except rupture disks
be operated periodically to determine that they opgen at
the correct set pressure. Any defective or inadefjuate
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-
tion properly.

All
ping

853.1.3 Repairs to Compressor Station Piping
scheduled repairs to compressor station p
operating at hoop stress levels at or above 40% ¢f the
specified minimum yield strength shall be done in gccor-
dance with para. 851.3, except that the use of a welded
patch is prohibited. Testing of repairs shall be dgne in
accordance with para. 851.4.

853.1.4 Isolation of Equipment for Maintenance or

852.7 CastirenPipe-Maintenanee

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 must be 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 cast iron caulked bell and spigot joint operating
at pressures of less than 25 psig (170 kPa) that is exposed
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Alterations. The operating company shall establish pro-
cedures for isolation of units or sections of piping for
maintenance, 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
normally used in compressor buildings shall be stored
in a separate structure built of noncombustible material
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located a suitable distance from the compressor build-
ing. All aboveground oil or gasoline storage tanks shall
be protected in accordance with NFPA 30.

853.1.6 Maintenance and Testing of Gas Detection
and Alarm Systems. Each gas detection and alarm sys-
tem required by this Code shall be maintained to func-
tion reliably. The operator shall develop maintenance
and calibration procedures to periodically verify the
operational integrity of the gas detectors and alarm sys-

systematic, periodic inspections and suitable tests, or
reviewed to determine that they are
(a) in good mechanical condition. Visual inspections
shall be made to determine that equipment is properly
installed and protected from dirt, liquids, or other condi-
tions that might prevent proper operation. The following
shall be included in the inspection where appropriate:
(1) station piping supports, pits, and vaults for gen-
eral condition and indications of ground settlement. See

tems|installed.

8/53.1.7 Monitoring Effects of Pulsation and
Vibration. Facilities exposed to the effets of vibration
and jpulsation induced by reciprocating compression as
well s 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 his-
tory pf vibration

(b)| blowdown piping

(c)| pulsation bottles and manifolds

(d) piping not meeting the requirements of
para|833.7(a)

Suth facilities may warrant engineering assessment
and /jor nondestructive examination for fatigue cracking
in faprication and attachment welds.

853.2 Procedures for Maintaining Pipe-Type and
Bottle-Type Holders in Safe Operating
Condition
(a)| Each operating company having a pipe-type or

bottle-type holder shall prepare and place in its files a

plan [for the systematic, routine inspection.and testing

of the facilities that has the following provisions:

1) Procedures shall be followed to.enable the detec-

tion ¢f external corrosion before the-strength of the con-

tainef has been impaired.

2) Periodic sampling and testing of gas in storage

shall{be made to determire\the dew point of vapors

contdined in the stored(gas that might cause internal
corrgsion or interfereswith the safe operations of the
storage plant.

3) The pressure control and pressure-limiting

equiirilent shall\be inspected and tested periodically to

detefmine.that’it is in a safe operating condition and
has qdequate capacity.
(b)| Each operating company, having prepared such a

para. 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 obstrtictiong.

(3) ventilating equipment installed in statjon build-
ings or vaults for proper operation and for eyidence of
accumulation of water, icey/snow, or other obgtructions.

(4) control, sensing,.and supply lines for donditions
that could result in aajlure.

(5) all locking devices for proper operatjon.

(6) station schematics for correctness.

(b) adequaté from the standpoint of capacity and reli-
ability of{opération for the service in whicH they are
employed and set to function at the correct gressure

(1)/1If acceptable operation is not obtaingd during
théoperational check, the cause of the malfungtion shall
be determined, and the appropriate components shall
be adjusted, repaired, or replaced as requifed. After
repair, the component shall again be checked for proper
operation.

(2) At least once each calendar year, a reyiew shall
be made to ensure that the combined capacjty of the
relief devices on a piping system or facility is|adequate
to limit the pressure at all times to values preqcribed by
this Code. This review should be based on the pperating
conditions that create the maximum probable require-
ment for relief capacity in each case, even thqugh such
operating conditions actually occur infrequent]y and/or
for only short periods of time. If it is deternjined that
the relieving equipment is of insufficient caparity, steps
shall be taken to install new or additional eguipment
to provide adequate capacity.

covers to
and that

853.3.2 Abnormal Conditions. Whenever pbnormal
conditions are imposed on pressure or floyw control
devices, the incident shall be investigated and 4 determi-

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
promptly corrected.

853.3 Maintenance of Pressure-Limiting and
Pressure-Regulating Stations

853.3.1 Condition and Adequacy. All pressure-
limiting stations, relief devices, and other pressure-
regulating stations and equipment shall be subject to

87

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-
static testing.

853.3.3 Stop Valves

(a) An inspection and/or test of stop valves shall be
made to determine that the valves will operate and are
correctly positioned. (Caution shall be used to avoid
any undesirable effect on pressure during operational
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checks.) The following shall be included in the inspec-
tion and/or test:

(1) station inlet, outlet, and bypass valves

(2) relief device isolating valves

(3) control, sensing, and supply line valves

(b) The final inspection procedure shall include the

following;:

(1) a check for proper position of all valves. Special
attention shall be given to regulator station bypass

(3) furnishing tools and equipment as required,
including auxiliary breathing equipment, to meet antici-
pated emergency valve servicing and/or maintenance
requirements

853.4.2 Distribution System Valves. Valves, the use
of which may be necessary for the safe operation of a
gas distribution system, shall be checked and serviced,
including lubrication where necessary, at sufficiently fre-
quent intervals to ensure their satisfactory operation.

valves, rdlief device 1solating valves, and valves in con-
trol, sensing, and supply lines.

(2) restoration of all locking and security devices
to proper] position.

853.3{4 Pressure-Regulating Stations

(a) Evqry distribution system supplied by more than
one presgure-regulating station shall be equipped with
telemetering or recording pressure gages to indicate the
gas pressjure in the district.

(b) On| distribution systems supplied by a single
pressurejregulating station, the operating company
shall detgrmine the necessity of installing such gages in
the distri¢t. In making this determination, the operating
company|shall take into consideration the operating con-
i ch as the number of customers supplied, the

853.4 Vglve Maintenance

853.4.1 Pipeline Valves. Pipeline valves that would
be requirpd to be operated dufing an emergency shall
be inspected periodically and, partially operated at least
once a yar to providesafe and proper operating
conditions.

(a) Roptine valyemaintenance procedures shall
include, hut not be limited to, the following:

(1) sprvicingin accordance with written procedures
by adequiately_trained personnel

(2) alccurate chfnm maps for use r‘]nring routine or

Inspection shall include checking of alignment to permit
use of a key or wrench and clearing from the ¥alve box
or vault any debris that would interfere with or delay
the operation of the valve. System maps)showing valve
locations should be available.

853.4.3 Service Line Valves. Qufside shutoff yalves
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 satisfdctory
operation. The inspection shall determine if the valve
is accessible, if the\alignment is satisfactory, and fif the
valve box or ¥ault, if used, contains debris that would
interfere with, or delay the operation of the valve. Unsat-
isfactory*conditions encountered shall be corrected.

853:4.4 ValveRecords. A record shall be mainthined
forlocating valves covered by paras. 853.4.1 and 853.4.2.
These records may be maintained on operating 1naps,
separate files, or summary sheets, and the informjation
on these records shall be readily accessible to perspnnel
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. Acdiden-
tal valve operation by operating company perspnnel
and the general public should be considered in tpking
these precautions. Some recommended actions [to be
taken, where applicable, are as follows:

(a) Lock valves in aboveground settings readily
sible to the general public that are not enclosed
building or fence.

(b) Lock valves located in vaults, if accessible fo the
general public.

(c) Identify the valve by tagging, color coding, qr any
other suitable means of identification.

cces-

by a

emergency conditions

(3) valve security to prevent service interruptions,
tampering, etc., as required

(4) employee training programs to familiarize per-
sonnel with the correct valve maintenance procedures

(b) Emergency valve maintenance procedures include

(1) written contingency plans to be followed during
any type of emergency

(2) training personnel to anticipate all potential
hazards
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853.5 Vault Maintenance

Each vault housing a pressure-limiting, pressure-
relief, or pressure-regulating station shall be inspected
to determine its condition each time the equipment is
inspected and tested in accordance with para. 853.3. For
any vault that personnel enter, the atmosphere shall be
tested for combustible gas. If the atmosphere is hazard-
ous, the cause shall be determined. The vault shall be
inspected for adequate ventilation. The condition of the
vault covers shall be carefully examined for hazards.
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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 66+ 0.667 X test pressure but not greater than 60% SMYS
1 0-10 4 [Note (2)] 0.555 X test pressure but not greater than"$0% SMYS
2 11-45 2 46-65 Previous MAOP but not greater than60% SMYS
2 11-45 3 66+ 0.667 X test pressure but nqt greater than $0% SMYS
2 11-45 4 [Note (2)] 0.555 X test pressure butmot'greater than 0% SMYS
3 46+ 4 [Note (2)] 0.555 X test pressupé but'not greater than 0% SMYS
NOTES:
(1) AfJtime of design and construction.

(2) Mpltistory buildings become prevalent.

Unsdtisfactory conditions disclosed shall be corrected.
The applicable provisions of para. 821.6 shall be met
before any welding is performed in the vault. Mainte-
nance work performed in the vault shall be in accordance
with [procedures developed per para. 850.2(a), giving
partifular consideration to the monitoring of the atma-
sphete and safety protection for personnel in theault.

LOCATION CLASS AND CHANGES(IN*\NUMBER
OF BUILDINGS INTENDED FOR HUMAN
OCCUPANCY

I Monitoring

854

854.

(a)| Existing steel pipelines or mains operating at hoop
stresg levels in excess of 40%_0f specified minimum yield
strength shall be monitered to determine if additional
buildings intended for htiman occupancy have been con-
strucfed. The total'‘mrumber of buildings intended for
humgn occupaney shall be counted to determine the
currgnt Location Class in accordance with the proce-
dures specified in paras. 840.2.2(a) and (b).

(b) In~accordance with the principles stated in

extent that a change in Location Class is likely, a study
shall be completed within 6 months of perception of the
inerease to determine the following:
(1) the design, construction, and testing ppocedures
followed in the original construction and a comparison
of such procedures with the applicable provisipns of this
Code.
(2) the physical conditions of the pipeling or main

to the extent that this can be ascertained fropn current
tests and evaluation records.
(3) operating and maintenance history of

line or main.
(4) the maximum operating pressure and the cor-
responding operating hoop stress. The pressurg gradient
may be taken into account in the section of the pipeline
or main directly affected by the increasing number of
buildings intended for human occupancy.
(5) the actual area affected by the incregse in the
number of buildings intended for human dccupancy
and physical barriers or other factors that may limit the
further expansion of the more densely populfted area.
(d) Following this study, if a change of Locafion Class
is-indicated the patrelsandleakage surveyssHall imme-

the pipe-

para. 840 c); and-with the knowtedge that the mromber
of buildings intended for human occupancy is not an
exact or absolute means of determining damage-causing
activities, judgment must be used to determine the
changes that should be made to items, such as operating
stress levels, frequency of patrolling and cathodic protec-
tion requirements, as additional buildings 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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diately be adjusted to the intervals established by the
operating company for the new Location Class.

854.2 Confirmation or Revision of MAOP

If the study described in para. 854.1 indicates that the
established maximum allowable operating pressure of
a section of pipeline or main is not commensurate with
existing Location Class 2, 3, or 4, and such section is in
satisfactory physical condition, the maximum allowable
operating pressure of that section shall be confirmed or
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revised within 18 months following completion of the
study as follows:

(a) If the section involved has been previously tested
in place for not less than 2 hr, the maximum allowable
operating pressure shall be confirmed or reduced so that
it does not exceed that allowed in Table 854.1-1.

(b) If the previous test pressure was not high enough
to allow the pipeline to retain its MAOP or to achieve
an acceptable lower MAOP in the Location Class

be brought into compliance by lowering the maximum
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 replaced 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-

according T0 (a) above, the pipeline may either retain
its MAOP or become qualified for an acceptable lower
MAOP if jtis retested at a higher test pressure for not less
than 2 hr jn compliance with the applicable provisions of
this Codg¢. If the new strength test is 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 commensurate with the require-
ments of Chapter IV at the end of the 18-month period.
If the tegt 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.

(c) An|MAOQOP that has been confirmed or revised
according to (a) or (b) above shall not exceed that estab-
lished by this Code or previously established by applica-
ble editiops of the B31.8 Code. Confirmation or revision
according to para. 854.2 shall not preclude the applica-
tion of sqction 857.

(d) Where operating conditions require that the
existing maximum allowable operating pressure bé
maintaingd, and the pipeline cannot be brought.into
compliane as provided in (a), (b), or (c) above, the-pipe
within the area of the Location Class changeé shall be
replaced yith pipe commensurate with thegequirements
of Chaptpr IV, using the design factor-obtained from
Table 841,1.6-1 for the appropriate Location Class.

854.3 Piessure-Relieving or Pressure-Limiting
Dévices

Where
revised i
than the

the MAOP of a-section of pipeline or main is

accordance with para. 854.2 and becomes less
maximum.allowable operating pressure of the
pipeline ¢r main éfwhich it is a part, a suitable pressure-
relieving |or pressure-limiting device shall be installed
in accordhncewith provisions of paras. 845.1, 845.2, and
845.2.1.

tionat vatves witt mormatty Tot be Tequired:

(2) Where the replacement section jinv
1 mi (1.6 km) or more of transmission line}, addi
valve installation shall be considered to-conform
spacing requirements in para. 846.1.1,

lves
ional
o the

854.5 Concentrations of Peoplen, Location
Classes 1 and 2

(a) Where a facility meeting the criteria of para.|840.3
is built near an existing steel pipeline in Locftion
Classes 1 or 2, consideration shall be given to the pogsible
consequence of a failtire, even though the probability of
such an occurreneéis very unlikely if the line is designed,
constructed, afid'operated in accordance with this Code.

(1) Where such a facility described in (a) above
results inifreéquent concentrations of people, the require-
ments 05 (b) below shall apply.

(2) However, (b) below need not be applied {if the
fatility is used infrequently. The lesser usage combined
with the very remote possibility of a failure at that pjartic-
ular point on the pipeline virtually eliminates the possi-
bility of an occurrence.

(b) Pipelines near places of public assembly as
lined in (a) above shall have a maximum allowablefhoop
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 safetyy:

(1) The segment is hydrostatically retested for at
least 2 hr to a minimum hoop stress level of one ¢f the
following;:

(-a) 100% of SMYS if the pipeline is operating at
a hoop stress level over 60% and up to 72% of SMYS

(-b) 90% of SMYS if the pipeline is operating at
a hoop stress level over 50% and up to 60% of SMYS,
unless the segment was tested previously to a prgssure
of at least 1.5 times the MAOP

out-

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:

(a) If the section of pipe is qualified for continued
service because of a prior test [para. 854.2(a)], or can
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Tf The segment contains pipe of various operating
stress levels, the minimum test hoop stress levels stated
above should be based on the SMYS of the pipe with
the highest operating stress level.

(2) Patrols and leakage surveys are conducted at
intervals consistent with those established by the
operating company for Location Class 3.

(3) When the maximum allowable hoop stress
exceeds 60% of SMYS, adequate periodic visual inspec-
tions are conducted by an appropriate sampling tech-
nique, or instrumented inspections capable of detecting
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gouges and corrosion damage are made to confirm the
continuing satisfactory physical condition of the pipe.

(4) If the nearby facility is likely to encourage addi-
tional construction activity, provide appropriate pipe-
line markers.

855 PIPELINE SERVICE CONVERSIONS

(d) If necessary, make inspections of appropriate sec-
tions of underground piping to determine the condition
of the pipeline.

(e) Make replacements, repairs, or alterations that in
the operating company’s judgment are advisable.

(f) Perform a strength test in accordance with this
Code to establish the maximum allowable operating
pressure of the pipeline, unless the pipeline has been so
tested previously.

ine used alternately to transport liquids in confor-
mange with an appropriate Code, such as ASME B31.4,
bas under this Code, only the initial conversion to
gas service requires qualification testing.

855.

Reyiew the following historical data and make an
evalyation of the pipeline’s condition:

(a)| Study all available information on the original
pipeline design, inspection, and testing. Particular atten-
tion phould be paid to welding procedures used and
othey joining methods, internal and external coating,
pipe|and other material descriptions.

(b)| Study available operating and maintenance datd
including leak records, inspections, failures, cathodic
protgction, and internal corrosion control practices:

(c)] Consider the age of the pipeline and the-ength of
time [it may have been out of service in preparing a final
evalyation to convert the pipeline to gas sérvice.

P Historical Records Study

855.

A dteel pipeline previously usedtor service not subject
to this Code may be qualified for service under this
Codgq as follows:

(a)] Review historical-records of the pipeline as indi-
cated in para. 855.2:

(b)| Inspect all'aboveground segments of the pipeline
for physical ¢ondition. During the inspection, identify
the material.Where possible for comparison with avail-
able pecords.

B Requirements for Conversion)to Gas Service

(g) Perform a leak test in conformance with this Code.

(h) Within 1 yr of the date that the convertedl pipeline
is placed in gas service, provide cathodic) profection as
set out in para. 860.2(a), except that, wherevef feasible,
replacement sections and othepnew piping shall be
cathodically protected as required for new pipelines.

855.4 Conversion Procedure

Prepare a written procedure outlining the steps to be
followed during the Study and conversion of the pipeline
system. Note any unusual conditions relating to this
conversion.

855.5 Reécords of the Conversion

Maintain for the life of the pipeline a recqrd of the
studies, inspections, tests, repairs, replacemlents, and
alterations made in connection with conversjon of the
existing steel pipeline to gas service under this Code.

856 ODORIZATION
856.1 General

Any gas distributed to customers through gas mains
or service lines or used for domestic purposes in com-
pressor plants, which does not naturally posdess a dis-
tinctive odor to the extent that its presenfce in the
atmosphere is readily detectable at all gas concentrations
of one-fifth of the lower explosive limit and aHove, shall
have an odorant added to it to make it so detectable.
Liquefied petroleum gases are usually nonfoxic, but
when distributed for consumer use or used a$ fuel in a
place of employment, they shall also be od¢rized for
safety.!

Odorization is not required for

(a) gas in underground or other storage

(b) gas used for further processing or use where the

(c)L.Operating Stress Level Study
L o

(1) Establish the number of buildings near the pipe-
line or main intended for human occupancy, and deter-
mine the design factor for each segment in accordance
with para. 840.2 and Table 841.1.6-1.

(2) Conduct a study to compare the proposed
operating stress levels with those allowed for the
Location Class.

(3) Replace facilities necessary to make sure the
operating stress level is commensurate with the Location
Class.
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UdU[dIl( WUL[IL‘[ SCTVE IO ubeful purposc as
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 activities for space heating, refrigeration, water
heating, cooking, and other domestic uses, or if such
gas is used for furnishing heat or air conditioning for
office or living quarters, the gas shall be odorized.

warning

! Refer to NFPA 58 and NFPA 59.
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856.2 Odorization Equipment

Each operating company shall use odorization equip-
ment designed for the type and injection rate of odorant
being used.

856.3 Odorant Requirements

Each operating company shall use an odorant in accor-
dance with the following requirements:
(a) The odorant, when blended with gas in the speci-

(b) A plan shall be prepared for uprating that shall
include a written procedure that will ensure compliance
with each applicable requirement of this section.

(c) Before increasing the maximum allowable
operating pressure of a segment that has been operating
at a pressure less than that determined by para. 845.2.2,
the following investigative and corrective measures
shall be taken:

(1) The design, initial installation, method, and

fied amopnt, shall not be deleterious to humans or to
the matetials present in the gas system and shall not be
soluble i water to a greater extent than 2% parts of
odorant to 100 parts of water by weight.

(b) Th¢ products of combustion from the odorant shall
be nontoyic to humans breathing air containing the prod-
ucts of combustion and shall not be corrosive or harmful
to the materials with which such products of combustion
would ordinarily come in contact.

(c) Thq combination of the odorant and the natural
odor of the gas shall provide a distinctive odor so that
when gagis present in air at the concentration of as little
as 1% by| volume, the odor is readily detectable by a
person wiith a normal sense of smell.

856.4 Récords

For all|odorizers, except small wick-type or bypass-
type, or similar odorizers serving individual customers
or small distribution systems, each operating company
shall maihtain records containing the following items:

(a) the[type of odorant introduced into the gas

(b) the|lamount of odorant injected per million ctibic
feet (m?)

856.5 Odorant Concentration Tests

Each operating company shall conduct odorant con-
centratiof tests on gas supplied through its facilities
that requjres odorization. Test pgdints shall be remotely
located ffom the odorizing equipment to provide data
representptive of gas at all points of the system.

857 UHRATING

This seftion ofithe’Code prescribes minimum require-
ments fof uprating pipelines or mains to higher maxi-
mum allgwablé operating pressures.

date of previous testing, Location Classes, materials,
and equipment shall be reviewed to determine that the
proposed increase is safe and consistent with'the require-
ments of this Code.
(2) The condition of the line shall be determined

by leakage surveys, other field inspegtions, and exami-
nation of maintenance records,
(3) Repairs, replacements, ‘ot alterations disdlosed

to be necessary by (c)(1) and\{(¢)(2) above shall be made
prior to the uprating.
(d) A new test according to the requirements of this
Code should be considered if satisfactory evidemce is
not available toehsure safe operation at the proIosed
maximum allofvable operating pressure.
(e) Whenv'gas upratings are permitted under
paras. 857:2, 857.3, 857.4, and 857.5, the gas pressure
shallbe” increased in increments, with a leak syirvey
performed after each incremental increase. The number
of increments shall be determined by the operator after
considering the total amount of the pressure incfease,
the stress level at the final maximum allowable operjating
pressure, the known condition of the line, and the prox-
imity of the line to other structures. The number of
increments shall be sufficient to ensure that any [leaks
are detected before they can create a potential hdzard.
Potentially hazardous leaks discovered shall be refaired
before further increasing the pressure. A final leak sur-
vey shall be conducted at the higher maximum alloyvable
operating pressure.
(f) Records for uprating, including each investigation
required by this section, corrective action taken| and
pressure test conducted, shall be retained as long s the
facilities 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 SI

857.1 General

(1) A higher maximum allowable operating pressure
established under this section may not exceed the design
pressure of the weakest element in the segment to be
uprated. It is not intended that the requirements of this
Code be applied retroactively to such items as road
crossings, fabricated assemblies, minimum cover, and
valve spacings. Instead, the requirements for these items
shall meet the criteria of the operating company before
the uprating is performed.
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The maximum allowable operating pressure may be
increased after compliance with para. 857.1(c) and one
of the following provisions:

(a) If the physical condition of the line as determined
by para. 857.1(c) indicates the line is capable of with-
standing the desired higher operating pressure, is in
general agreement with the design requirements of this
Code, and has previously been tested to a pressure equal
to or greater than that required by this Code for a new
line for the proposed maximum allowable operating
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pressure, the line may be operated at the higher maxi-
mum allowable operating pressure.

(b) If the physical condition of the line as determined
by para. 857.1(c) indicates that the ability of the line to
withstand the higher maximum operating pressure has
not been satisfactorily verified 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
allowable operating pressure, the line may be operated

maximum allowable operating pressure, the following
factors shall be considered:

(1) the physical condition of the line as determined
by para. 857.1(c)

(2) information from the manufacturer or supplier
determining that each component of a plastic system is
capable of performing satisfactorily at the higher
pressure

(c) Before increasing the pressure, the following steps

at the¢ higher maximum allowable operating pressure if
it shall successfully withstand the test required by this
Cod¢ for a new line to operate under the same
condjtions.

(c)| If the physical condition of the line as determined
by para. 857.1(c) verifies its capability of operating at a
highé¢r pressure, a higher maximum allowable operating
presqure 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 acfual operation.

(d)| If it is 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 gither because of the expense or difficulties created
by taking it out of service or because of other operating
condfitions, a higher maximum allowable operating
pressure may be established in Location Class 1 as
folloyvs:

1) Perform the requirements of para. 857.1(c):

2) Select a new maximum allowable operdting
presgqure consistent with the condition of thé.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 fo operate under the same conditions

(-b) the pressure is increased in increments as

provided in para. 857.1(e)

857.B Uprating Steel or Plastic Pipelines to a
Pressure That Will Produce a Hoop Stress

Less Than*30% of SMYS
(a)

lines
pres

Thisapplies to high-pressure steel mains and pipe-
where the higher maximum allowable operating

jure is less than that ror]niw:m] to prnr‘]nno a hnnp

shall be taken:

(1) Install suitable devices on the servide lines to
regulate and limit the pressure of the gas’in agcordance
with para. 845.2.7(c) if the new maximum allowable
operating pressure is to be over 60 psi (410 KJPa).

(2) Adequately reinforce-01ranchor offsets, bends,
and dead ends in coupled,pipe to avoid moyement of
the pipe should the offsetjbend, or dead end bg exposed
in an excavation.

(3) Increase pressure in increments as prpvided 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

(@) The maximum allowable operating pregsure of a
ductile iron main or system shall not be incr¢ased to a
pressure in excess of that permitted in para. $42.1.1(a).
Where records are not complete enough to fermit the
direct application of para. 842.1.1(a), the following pro-
cedures shall be used:

(1) Laying Condition. Where the original 13ying con-
ditions cannot be ascertained, it shall be assymed that
Condition D (pipe supported on blocks, tampefl backfill)
exists for cast iron pipe and Condition B (pipe [aid with-
out blocks, tamped backfill) exists for ductile fron pipe.

(2) Cover. Unless the actual maximum coyer depth
is known with certainty, it shall be determined by
exposing the main or system at three or mgre points
and making actual measurements. The main pr system
shall be exposed in areas where the cover depth is most
likely to be greatest. The greatest measured coyer depth
shall be used for computations.

(3) Nominal Wall Thickness. Unless thel nominal
thickness is known with certainty, it shall be d¢termined
with ultrasonic measuring devices. The averpge of all

stress of 30% of the specified minimum yield strength
of the pipe and to all high-pressure plastic distribution
systems. If the higher maximum allowable operating
pressure of a steel pipeline or main is producing a hoop
stress level more than 30% of the specified minimum
yield strength of the pipe, the provisions of para. 857.2
shall apply.

(b) Before increasing the maximum allowable
operating pressure of a system that has been operating
atless than the applicable maximum pressure to a higher
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Teasurentents takerrshatbe ncreased b Y threallowance
indicated in Table 857.4-1.

The nominal wall thickness of cast iron shall be the
standard thickness listed in Table 10 or Table 11, which-
ever is applicable, of AWWA C101 that is nearest the
value obtained. The nominal wall thickness of ductile
iron shall be the standard thickness listed in Table 6 of
ANSI/ AWWA C150/ A21.50 nearest the value obtained.

(4) Manufacturing Process. Unless the cast iron pipe
manufacturing process is known with certainty, it shall
be assumed to be pit cast pipe having a bursting tensile
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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=2(750=1050) 0.091(23) 0.091(23) 0075 (1797
48 (1200) 0.09 (2.3) 0.09 (2.3) 0.08 (2.0)
54-60 (1350-1500) 0.09 (2.3) e .

S, of 11,000 psi (76 MPa) and a modulus of

rupture, R, of 31,000 psi (214 MPa).

(b) Be
operatin
taken:

(1) |
para. 857

fore increasing the maximum allowable
b pressure, the following measures shall be

eview the physical condition as required by

1(c).

(2) Adequately reinforce or anchor offsets, bends,

and dead

ends in coupled or bell and spigot pipe to

avoid moyvement of the pipe, should the offset, bend, or

dead end

(3) 1
regulate
with par

allowabl
60 psig (4

(c) Ifa

be exposed by excavation.

hstall suitable devices on the service lines to
ind limit the pressure of the gas in accordance
. 845.2.7(c) if the new and higher maximum
e operating pressure is to be over
10 kPa).

ter compliance with (a) and (b) it is established

that the 1nain system is capable of safely withstanding

the prop

osed new and higher maximum-allowable

operating pressure, the pressure shall*be increas|
provided in para. 857.1(e).

857.5 Uprating a Distribution.System That Has
Operating at Inchés-(Millimeters) of Wate
(Low Pressure) to/a Higher Pressure

(a) In addition to) the precautions outling

para. 857.1(c) and-the applicable requirements cont
in paras. 857 8)and 857.4, the following steps mu
taken:

bd as

Been
r

d in
hined
st be

(1) Igstall pressure-regulating devices at eaclp cus-

tomer sPmeter.
(2)" Verify that the segment being uprated is g
cally disconnected from all segments of line tha

hysi-
b will

¢ontinue to operate at inches (millimeters) of water.
(b) After performing the steps outlined in (a) above,

the pressure shall be increased in increments as oulf
in para. 857.1(e). After the first incremental inc
however, steps shall be taken to verify that the cu
er’s regulators are performing satisfactorily.

lined
rease,
btom-
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Chapter VI
Corrosion Control

860 CORROSION CONTROL — GENERAL

its maximum allowable operating pressure, that portion

860.

(a)
and
and
Chaf

I Scope

This Chapter contains the minimum requirements

rocedures for corrosion control of exposed, buried,
submerged metallic piping and components. (See
ter VIII for special offshore requirements.) This
Chapjter contains minimum requirements and proce-
dure§ for controlling external (including atmospheric)
and internal corrosion. This Chapter is applicable to the
design and installation of new piping systems and to the
operation and maintenance of existing piping systems.

(b)| The provisions of this Chapter should be applied
undefr the direction of competent corrosion personnel.
Every specific situation cannot be anticipated; therefore,
the application and evaluation of corrosion control prac-
tices |requires a significant amount of competent judg-
ment to be effective in mitigating corrosion.

(c)| Deviations from the provisions of this Chapter are
perniissible in specific situations, provided the operating
company can demonstrate that the objectives expressed
herein have been achieved.

(d)] Corrosion control requirements and procedures
may,|in many instances, require measures-in-addition
to th¢se shown in this Chapter. Each operatinig company
shallf establish procedures to implement its corrosion
contfol program, including the réquirements of this
Chagter, to achieve the desired(objectives. Procedures,
including those for design, (nstallation, and mainte-
nance of cathodic protection systems, shall be prepared
and implemented by, or‘under the direction of, persons
qualified by training“and/or experience in corrosion
contrpl methods.

(e)| Records indicating cathodically protected piping,
cathpdic prétection facilities, and other structures
affected byrer affecting the cathodic protection system
shall[be.madintained by the operating company.

shall be repaired, reconditioned, or replacgd, or the
operating pressure shall be reduced, commiensyirate with
the remaining strength of the corroded\pipeFor steel
pipelines, the remaining strength of eorroded |pipe may
be determined in accordance withh ASME B31(;, Manual
for Determining the Remaining /Strength of Corroded
Pipelines.
(b) The records available.as a result of leakage surveys
and normal maintenance work in accordance with
paras. 852.2 and 8526 shall be continuously [reviewed
for evidence of comntinuing corrosion.
(c) Electricalsurvey methods may be used gs an indi-
cation of suspected corrosive areas where surface condi-
tions permit sufficiently accurate measuremgnts. Such
surveys,are most effective in nonurban envifonments.
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 cathodjic protec-
tion system shall be monitored in accordance with
section 863.
(e) Whenever a buried facility is exposed diiring nor-
mal maintenance or construction activities| a visual
inspection shall be made of the coating condition, the
metal surface, or both, if exposed. The extept of any
corrosion shall be evaluated in accordaphce with
para. 860.2.
(f) When any part of a pipeline is removedl and the
internal surface is accessible for inspection, it shall be
visually examined and evaluated for internal ¢orrosion.
(1) If evidence of internal corrosion is discovered,
the gas shall be analyzed to determine the {ypes and
concentrations of any corrosive agents.
(2) Liquids or solids removed from th¢ pipeline
by pigging, draining, or cleanup shall be anhlyzed as

(f) Records-of-tests,surveys-inspectionresulis,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.

860.2 Evaluation of Existing Installations

(a) Procedures shall be established for evaluating the
need for and effectiveness of a corrosion control pro-
gram. Appropriate corrective action shall be taken com-
mensurate with the conditions found. If the extent of
corrosion has reduced the strength of a facility below
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Tecessary for determiming the presernce of corrosive
materials and evidence of corrosion products.

860.3 Corrective Measures

(a) If continuing external corrosion that, unless con-
trolled, 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
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to maintain a safe operating system. Appropriate correc-
tive measures may include the following:

(1) provisions for proper and continuous operation
of cathodic protection facilities

(2) application of protective coating

(3) installation of galvanic anode(s)

(4) application of impressed current

(5) electrical isolation

(6) stray current control

through the coating. Any such irregularities shall be
removed. Further information can be obtained from
NACE SP0169.

(b) Suitable coatings, including compatible field joint
and patch coatings, shall be selected, giving consider-
ation to handling, shipping, storing, installation condi-
tion, moisture adsorption, operating temperatures of the
pipeline, environmental factors (including the nature of
the soil in contact with the coating), adhesion character-

(7) dther effective measures

(8) any combination of the above

(b) Where it is determined that internal corrosion tak-
ing place|could affect public or employee safety, one or
more of the following protective or corrective measures
shall be ysed to control detrimental internal corrosion:

(1) An effective corrosion inhibitor shall be applied
in a manner and quantity to protect all affected portions
of the piping systems.

(2) (orrosive agents shall be removed by recog-
nized methods, such as acid gas or dehydration treating
plants.

(3) Hittings shall be added for removal of water
from low]|spots, or piping shall be positioned to reduce
sump capacities.

(4) Under some circumstances, application of a
suitable internal coating may be effective.

(c) Whien experience or testing indicates the above
mitigation methods will not control continuing corro-
sion to ar} acceptable level, the segment shall be recondi-
tioned or replaced and suitably protected.

861 EXTERNAL CORROSION CONTROL FOR STEEL
PIPELINES

861.1 B

All ney transmission pipelines; compressor station
piping, djstribution mains, seryice-lines, and pipe-type
and bottlg-type holders installed under this Code shall,
except ag permitted under.para. 862.1.2, be externally
coated arld cathodically protected unless it can be dem-
onstrated by test or\experience that the materials are
resistant fo corrosion in the environment in which they
are insta:Eed. Consideration shall be given to the han-

ried/Submerged Installations

dling, shippifg) storing, installation conditions, and the
service epvironment and cathodic protection require-

15tics, arnd dielectric strengt.

(c) Coating shall be applied in a manner that‘ensures
effective adhesion to the pipe. Voids, wrinkles)holidays,
and gas entrapment should be avoided.

(d) The coating shall be visually inspected for d
before the pipe is lowered into the ditch. Insulating type
coatings on mains and transmission lines shgll be
inspected for holidays by the most appropriate method.
Coating defects or damage that may impair effective
corrosion control shall be:fepaired before the pipe is
installed in the ditch,

(e) In addition 4o the provisions of paras. 841.
841.2.5(b), and_841.2.5(c), care shall be exercised in
dling, storage;and installation to prevent damage
coating, including measures noted as follows:

(1)_Minimize handling of coated pipe. Use equip-
mentcl€ast likely to damage the coating, e.g., be]ts or
cradles instead of cables.

(2) Use padded skids where appropriate.

(3) Stack or store pipe in a manner that minifnizes
damage to coating.

bfects

2(b),
han-
o the

861.1.2 Cathodic Protection Requirements. Unless
it can be demonstrated by tests or experiencd that
cathodic protection is not needed, all buried or| sub-
merged facilities with insulating type coatings, ejxcept
facilities installed for a limited service life, shall be
cathodically protected as soon as feasible following
installation. Minor replacements or extensions, however,
shall be protected as covered by para. 860.3.

Facilities installed for a limited service life neefd not
be cathodically protected if it can be demonstratedl that
the facility will not experience corrosion that will fause
it to be harmful to the public or environment. Cathodic
protection systems shall be designed to protect the bur-
ied or submerged system in its entirety. A facility is
considered to be cathodically protected when it neets

ments when selecting the coating materials. The
Corrosion Data Survey, published by NACE International,
is a source of information on materials performance in
corrosive environments.

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, mois-
ture, dirt, oils, lacquers, and varnish. The surface shall
be inspected for irregularities that could protrude
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one or more of the criteria established in Mandatory
Appendix K.

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 electrically
interconnected and cathodically protected as a unit.
Steel pipelines shall be electrically isolated from cast
iron, ductile iron, or nonferrous metal pipelines and
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components. Electrical tests shall be made of transmis-
sion and distribution systems to locate unintentional
contacts with other metallic structures. If such contacts
exist, they shall be corrected. See para. 841.1.11(c) for
clearance requirements.
(b) Where a gas pipeline parallels overhead electric
transmission lines, consideration shall be given to
(1) investigating the necessity of protecting insulat-
ing joints in the pipeline against induced voltages

861.1.5 Electrical Interference

(a) Impressed current cathodic protection systems
shall be designed, installed, and operated so as to mini-
mize adverse effects on existing metallic structures.

(b) Field tests shall be conducted to determine the
adverse electrical interference from foreign structures,
including DC electrical facilities. The effects shall be
mitigated by such means as control bonds, supplemen-
tary cathodic protection, protective coatings, and insu-

resulfing from ground faults and lightning. Such protec-
tion can be obtained by connecting buried galvanic
anodes to the pipe near the insulating joints and/or by
bridging the pipeline insulator with a spark gap, or by
other effective means.
2) making a study in collaboration with the electric
company, taking the following factors into consideration
and applying remedial measures as appropriate:
(-a) the need to mitigate induced AC voltages or
theireffects on personnel safety during construction and
operation of the pipeline by means of suitable design
for bpnding, shielding, or grounding techniques
(-b) the possibility of lightning or fault currents
induging voltages sufficient to puncture pipe coatings
or pipe
(-c) possible adverse effects on cathodic protec-
tion, |communications, or other electronic facilities

(-d) the corrosive effects of high voltage direct
currgnt (HVDC) power systems
3) obtaining further information
NACE SP0177 and EPRI EL-3106.

from

861.1.4 Electrical Connections and-Monitoring
Points

(a)| Except for offshore pipelines) suifficient test points
should be installed to demonstraté the effectiveness of
corrdsion control or the need for cathodic protection.
(See Chapter VIII for speeial.considerations for offshore
pipelines.)

(b)| Special attentioh-shall be given to the manner of
installation of electrical leads used for corrosion control
or tepting to ayeid harmful stress concentration at the
poinf

tating devices.

861.1.6 Isolation From Casings. The use qf metallic
casings should be avoided as much as gs‘possible from
a corrosion control standpoint. It is réepgnized {however,
thatinstallation of metallic casingsisfrequently required
or desirable to facilitate construction, as an e¢onomical
method of protecting existing pipelines, t¢ provide
structural protection from\Heavy and/or impact loads
to facilitate replaceméntyas required by a goveérnmental
agency and as requifed by the landowner pr permit
grantor, and for other reasons. Where metalli¢ casing is
used, care should be exercised to ensure that doating on
the carrier-pipe is not damaged during installation. The
carrier pipe should be insulated from metallic casings,
and ¢he casing ends should be sealed with p durable
material to minimize the accumulation of splids and
liquids in the annular space. Special attentign should
be given to the casing ends to prevent electrical shorting
due to backfilling movement or settling. Wherg electrical
isolation is not achieved, action shall be taken|to correct
the condition or mitigate corrosion inside of the casing
by supplemental or localized cathodic protectipn, instal-
lation of a high-resistivity inhibited material infthe annu-
lar space, or other effective means.

861.1.7 Electrical Interference

(a) Adverse electrical interference from or fo foreign
structures as determined by field tests shall be nitigated.
(b) Facilities for mitigating electrical interference shall
be periodically monitored.

861.2 Aboveground Piping Atmospheric Protection

861.2.1 Coatings. Facilities exposed to the atmo-
sphere shall be protected from external corrgsion by a

of attachment to the pipe. Acceptable methods  suitable coating or jacket.
include, but are not limited to 861.2.2 Surface Preparation. The surface to be
1)Xelectrical leads attached directly on the pipe or __ coated shall be free of deleterious materiald, such as

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.

(2) attachment of electrical leads directly to the pipe
by the use of soft solders or other materials that do not
involve temperatures exceeding those for soft solders.

(c) All pipe that is barred for electrical lead connec-
tions and all bared electrical lead wires shall be protected
by electrical insulating material compatible with
existing coating.
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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 pro-
vide adequate protection from the environment. Coat-
ings and jackets shall completely cover the exposed
structure and shall be applied in accordance with
established specifications or manufacturer’s
recommendations.
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861.2.4 Air/Electrolyte Interface. Special consider-
ation 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
installed is substantially corrosive, the following shall
be considered:

863.4 Appropriate Correction Measure

Where the tests or surveys indicate that adequate pro-
tection does not exist, appropriate corrective measure
shall be taken.

864 INTERNAL CORROSION CONTROL
864.1 General

When corrosive gas is transported, provisions shall
be taken to protect the piping system from detrimental

(a) maferials and/or component geometry shall be
designed|to resist detrimental corrosion

(b) a stitable coating

(c) cat‘Iodic protection

862 CIv]THODIC PROTECTION CRITERIA

862.1 S

A faciljty is considered to be cathodically protected
when it meets one or more of the criteria established in
Mandatoty Appendix K.

andard Criteria

862.2 Alternative Criteria

It is not intended that cathodic protection be limited
to these ctiteria if it can be demonstrated by other means
that adequate control of corrosion has been achieved.

863 ORERATION AND MAINTENANCE OF
CATHODIC PROTECTION SYSTEMS

863.1 Inspection of Equipment

Inspectiions shall be made as required to(maintain
continuoyis and effective operation of the cathodic pro-
tection system.

863.2 Mpasurement of Cathodic Protection

Electrigal tests shall be made petiedically to determine
that the piping system is preotected in accordance with
the appligable criteria.

863.3 Frpquency of . Testing

The type, frequency, and location of inspections and
tests shal] be adequate to establish with reasonable accu-
racy the [degreé of protection provided on the piping
system. Hrequency should be determined by consider-

corrosion. Gas containing free water under the dondi-
tions at which it will be transported shall berassyimed
to be corrosive, unless proven to be noncerrosiye by
recognized tests or experience.

Internal corrosion control measuresjshall be evalpiated
by an inspection and monitoring, ‘program, incliiding
but not limited to, the following:

(a) The inhibitor and the inhibitor injection system
should be periodically checked.

(b) Corrosion coupdns’and test spools sha
removed and evaluated at periodic intervals.

(c) Corrosion ptobes should be checked manudlly at
intervals, or cortinuously or intermittently monifored,
recorded, or beth, to evaluate control of pipeline infernal
corrosion.

(d) A record of the internal condition of the pipe, of
leaksand repairs from corrosion, and of gas, liquigls, or
solids’ quantities and corrosivity should be kept and
dgsed as a basis for changes in the pigging schgdule,
inhibitor program, or gas treatment facility.

(e) When pipe is uncovered or on exposed pliping
where internal corrosion may be anticipated, pipq wall
thickness measurement or monitoring will help evdluate
internal corrosion.

(f) Where inspections, observation, or record analysis
indicates internal corrosion is taking place to an ¢xtent
that may be detrimental to public or employee dafety,
that portion of the system shall be repaired or redondi-
tioned, and appropriate steps taken to mitigate the [nter-
nal corrosion.

864.2 Design of New Installations

When designing a new or replacement pipeling sys-
tem, or additions or modifications to existing sysfems,
measures shall be considered to prevent and/or iphibit
internal corrosion. To preserve the integrity and effi-

ciency of a pipeline in which it is known or anticipated
that corrosive—aas will be +vancﬁnr+or], the Fn”ﬁwing

11 be

ation of items including, but not limited to, the
following;:

(a) condition of pipe

(b) method of cathodic protection

(c) corrosiveness of the environment

(d) probability of loss or interruption of protection

(e) operating experience, including inspections and
leak investigations

(f) design life of the cathodic protection installation

(g) public or employee safety
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factors should be included in the design and construc-
tion, either separately or in combination.

864.2.1 Use of Internal Protective Coating. When
internal coating is to be used to protect a piping system
(a) the coating shall meet the quality specifications,
and the minimum dry film thickness shall be established
to protect the facility from the corrosive media involved,
based on the type of coating and methods of application
(b) applied coatings shall be inspected in accordance
with established specifications or accepted practice
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(c) provision shall be made to prevent joint corrosion,
such as cleaning and recoating or the continuing use of a
suitable inhibitor when coated pipe or other components
are joined by welding or other methods that leave the
parent metal exposed

(d) the types of coating and pigging tools used should
be evaluated and chosen to prevent damage to the inter-
nal coating if pigs or spheres are to be used

864.2.2 Use of Corrosion Inhibitor. When a corro-

carried by the gas, and with each other. A source of
information on materials performance in corrosive envi-
ronments is The Corrosion Data Survey, published by
NACE International.

(b) where plastic, nonferrous, or alloy steel pipe and
components are used to prevent or control internal corro-
sion, such materials shall have been determined to be
effective under the conditions encountered. [See
paras. 842.5.1(a)(2) and 849.5.1(a)(2) for limitations on

sion [inhibitor is to be used as an additive to the gas
streams

(a)] the equipment for the holding, transfer, and injec-
tion ¢f the inhibitor into the stream shall be included in
the design

(b)] the operation of the injection program should be
a pait of the planning

(c)| sufficient test coupon holders or other monitoring
equippment shall be provided to allow for continued pro-
gran| evaluations

(d)] the corrosion inhibitor selected shall be of a type
that will not cause deterioration of any components of
the pliping system

864.2.3 Use of Pigging Equipment. When a pipeline
pigging system is planned

(a)| scraper traps for the insertion and removal of pigs,
sphetes, or both, shall be provided

(b)| sections of pipeline to be traversed by pigs or
sphetes shall be designed to prevent damage to pigs,
sphetes, 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 gafely

(d)| provisions shall be made for effective accumula-
tion and handling of liquid and solidematerials removed
from(the pipeline by pigs or sphefes

8644.2.4 Use of Corrosion Coupons. When corrosion
couppns, corrosion probes;~and/or test spools are to
be uged

(a)| corrosion coupens,-probes, or test spools shall be
installed where prattiedl at locations where the greatest
potential for internal corrosion exists

(b)| corrosion ‘coupons, probes, and test spools must
be d¢signed‘to"permit passage of pigs or spheres when
installed(in sections traversed thereby

8‘ Nee R
is to be treated to reduce its corrosivity

(a) separators and/or dehydration equipment may be
installed

(b) equipment for the removal of other deleterious
material from the gas should be considered

864.2.6 Use of Corrosion-Resistant Materials. The
material of the pipe and other equipment exposed to
the gas stream must resist internal corrosion; therefore

(a) materials selected for pipe and fittings shall be
compatible with the components of the gas, the liquids
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copper.]

(c) erosion—corrosion effects from high-welofity parti-
cles at probable points of turbulence and’impjingement
should be minimized by use of erosipn-fesistapt materi-
als, added wall thickness, design'er flow confjguration,
and size or dimensions of theypipe and fittings.

864.2.7 High-Temperature Considerations. When
gas or a mixture of gas and liquids or solids known or
anticipated to be corrosive is transported af elevated
temperatures, special consideration shall be given to the
identification@and mitigation of possible interhal corro-
sion. Such drmeasures are necessary because |corrosion
reaction rates increase with elevated temperaftures and
are not.stable. Appropriate mitigation and mjonitoring
meastires are given in section 864.

864.2.8 Low-Temperature Considerations, Where
the gas stream is chilled to prevent melting [of frozen
soil surrounding the pipeline, there will not{normally
be enough free water in the gas to result i internal
corrosion in the presence of contaminants, sucﬂ: as sulfur
compounds or CO,. If it is anticipated, however, that
free water or water/alcohol solutions will be present in
the pipeline along with potentially corrosive| contami-
nants, suitable corrective measures shall be|taken as
prescribed in section 864.

865 STEEL PIPELINES IN ARCTIC ENVIROTMENTS
i

865.1 Special Considerations for Arctic Environments

Special consideration must be given to the|corrosion
control requirements of buried pipelines and other facili-
ties installed in arctic environments, particulafly in per-
mafrost regions. For pipelines in contact with frozen

a i ateis adse of the
extremely high resistivity of the soil and low ion mobil-
ity, but it does not reach zero. Significant corrosion can
occur, however, in unfrozen inclusions, discontinuous
permafrost, 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 local-
ized thaw areas may be more difficult due to the
shielding of cathodic protection currents by the sur-
rounding frozen soil. Other detrimental effects can be

o) a he & & on o)
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caused by seasonal thaws that increase biological and
bacteriologic activity in the nonpermafrost areas or in
the “active layer” above underlying permafrost.

Pipeline facilities installed in arctic environments shall
be coated and cathodically protected in the same manner
as pipelines in temperate locations, and the same consid-
eration shall be given to the need for protection from
internal and atmospheric corrosion, except as specifi-
cally provided in this section.

adjacent underground metallic facilities must be electri-
cally interconnected to prevent detrimental interference.

865.1.3 Galvanic Anode Considerations. Galvanic
anodes (packaged or ribbon) may be needed on pipelines
in permafrost areas to supplement impressed current
facilities in localized thawed areas. This provides local-
ized cathodic protection to those sections of pipe that
might be shielded by the extremely high resistivity of
the surrounding soil.

865.1|1 External Coating Requirements. Coatings
for pipelines in low-temperature environments shall be
selected gccording to the particular requirements of that
environrmhent. These include adhesion, resistance to
cracking |or damage during handling and installation
in subfre¢zing temperatures, applicability of field joint
coatings|or coating repairs, compatibility with any
applied fathodic protection, and resistance to soil
stresses due to frost heave, thaw settlement, seasonal

temperatfire changes, or other reasons.
865.1.2 Impressed Current Considerations. Criteria
for cathofic protection shall be the same as those for

pipelines| in temperate environments. Because higher
driving vjoltages are normally required in frozen soils,
the voltage impressed across the coating should be lim-
ited so that the coating is not subject to damage due to
cathodic pvervoltage or excessive current density.

(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 facili-
ties are capable of providing the higher driving véltage
needed tp overcome the high resistivity of frozen soil.
They can be installed at compressor stations or other
facilities where power is available and aceess for adjust-
ment and/maintenance is ensured. The-effects of seasonal
variation$ in soil resistivity should be-compensated for
by using constant potential-rectifiers or manual
adjustmepts.

(b) Impressed current angde beds shall be installed
whenever feasible at a stfficient distance from the pipe-
line or other underground structures to achieve maxi-
mum spread along the pipeline and to reduce the peak
potential|at the.pipeline.

(c) Anpde beéds shall be installed, where practical,

865.1.4 Monitoring Considerations. Installation of
calibrated current measurement spans should be cgnsid-
ered in addition to the normal test points. These should
be installed at sufficient intervals to_evaluate cyrrent
distribution along the protected pipeline and the gffects
of telluric currents prevalent in“polar regions. These
spans also provide contact poinfs for measuring irjdica-
tions of possible coating damage due to stresses inquced
by a frozen environment:

866 STEEL PIPELINES IN HIGH-TEMPERATURE
SERVICE

866.1 Special Considerations for High-Temperat
Service

jure

Special consideration must be given to the corrpsion
control requirements of pipelines and other facilitjes in
high-temperature service [above 150°F (66°C)]. Elejated
temperatures tend to decrease the resistivity of bjuried
or submerged pipeline environments and to increase the
electrochemical corrosion reaction as a result of acfeler-
ated ionic or molecular activity. Elevated tempergtures
typically occur downstream of compressor stations or
in gathering systems.

866.1.1 External Coating Considerations. Codtings
shall be selected based on the particular requirements
for pipeline facilities in high-temperature service. These
include resistance to damage from soil or secomdary
stresses, compatibility with any applied cathodic ptotec-
tion, and particularly, resistance to thermal degradation.
In rocky environments, the use of a protective puter
wrap, select backfill, or other suitable measures shall be
considered to minimize physical damage.

866.1.2 Impressed Current Considerations. Criteria
for cathodic protection shall be the same as thoje for

below the Pprmaffncf level or in other unfrozen loca-
tions, such as a stream or lake, to achieve better cathodic
current distribution. Where anodes must be installed in
permanently frozen ground, the volume of the anode
backfill material should be increased to reduce the effec-
tive resistance between the anode and the surrounding
earth.

(d) Impressed current facilities using distributed or
deep anode ground beds should be used to protect bur-
ied station facilities and pilings where used to support
aboveground plant facilities. The pilings and any other
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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
depolarization effects due to high-temperature opera-
tion shall also be considered.

866.1.3 Galvanic Anode Considerations. Consider-
ation shall be given to the impact on the performance
of close galvanic anodes (especially bracelet or ribbon
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type) subject to elevated temperatures due to their prox-
imity to a hot pipeline. Higher temperatures tend to
increase 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 con-
taining aluminum are also susceptible to intergranular
corrosion above 120°F (49°C).

protection current levels, quality of pipe surface prepa-
ration and coating, operating temperatures, stress levels,
and soil conditions shall be considered in pipeline
design and operations.

868 CAST IRON, WROUGHT IRON, DUCTILE IRON,
AND OTHER METALLIC PIPELINES

868.1 Requirements for Cast Iron and Ductile Iron

STRESS CORROSION AND OTHER
PHENOMENA

Enyironmentally induced and other corrosion-related
phenpmena, including stress corrosion cracking, corro-
sion [fatigue, hydrogen stress cracking, and hydrogen
embijittlement have been identified as causes of pipeline
failute. Considerable knowledge and data have been
acqufired and assembled on these phenomena, and
research is continuing as to their causes and prevention.
Operating companies should be alert for evidence of
such phenomena during all pipe inspections and at other
such jopportunities. Where evidence of such a condition
is folind, an investigative program shall be initiated,
and emedial measures shall be taken as necessary. Any
suchevidence should be given consideration in all pipe-
line fpilure investigations. Operating companies should
avail|themselves of current technology on the subject
and/or consult with knowledgeable experts.

Thjs paragraph must be limited to general statements
rathgr than specific limits in regard to stress corrgsion.
Stresf corrosion is currently the subject of investigative
research programs, and more specific data will gertainly
be avpilable to the pipeline designer and operating com-
pany| in the future. In the interim, this‘Code suggests
that he user refer to the current stateofithe art. Cathodic
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Piping Facitities EXposed to Atmosphgre
Aboveground cast iron and ductile iron‘pipe shall be

suitably protected in areas where severe atrpospheric
corrosion may occur.

868.2 Other Metallic Materials

When a nonferrous metal or ferrous alloy ¢
is found to have corroded\to the point where|public or
employee safety may-be affected, it shall b recondi-
tioned in accordance with para. 861.3 or replaced. The
replacement shall'meet one of the following ¢riteria:

(a) Itshallbé constructed with other materigls, geom-
etry, or both,designed for the remaining life of the parent
facility.

(b)xJdprshall be cathodically or otherwise pr

mponent

tected.

868.3 Installation of Electrical Connections

(a) Electrical connections may be attached directly
onto the cast or ductile iron pipe by the thermit welding
process using copper oxide and aluminum pojder. The
size of the thermit welding charge shall not{ exceed a
32-g cartridge.

(b) All pipe that is bared for test lead conneg
all bared test lead wires shall be protected by
insulating material compatible with existing

tions and
electrical
roating.
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Chapter VII
Intentionally Left Blank

The material previously shown in this Chapter has

been moy
This C]
reserved

red to other Chapters in this Code.
hapter has been intentionally left blank and is
for future use.
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Chapter VIII
Offshore Gas Transmission

A800 OFFSHORE GAS TRANSMISSION

biofouling: an accumulation of deposits. This includes

A801 GENERAL

Chapter VIII pertains only to offshore gas transmis-
sion $ystems as defined in para. A802.1. With the excep-
tion pf sections A840 through A842, A844, and A847,
this Chapter is organized to parallel the numbering and
the dontent of the first six chapters of the Code. All
applicable provisions of Chapters I through VI of this
Codgqare also requirements of this Chapter unless specif-
icallyf modified herein. With the exceptions noted above,
paragraph designations follow those in the first six chap-
ters yith the prefix “A.”

A802 SCOPE AND INTENT

A802.1 Scope

This Chapter of the Code covers the design, material
requirements, fabrication, installation, inspection, testt
ing, aind safety aspects of operation and maintenance
of offshore gas transmission systems. For this Chépter,
offshpre gas transmission systems include offshore gas
pipelines, pipeline risers, offshore gas compressor sta-
tions| pipeline appurtenances, pipe supports, connec-
tors, pnd other components as addressed specifically in
this Code.

A802.2 Intent

Thie intent of this Chapter is to provide adequate
requirements for the safe and reliable design, installa-
tion, pnd operation of,0ffshore gas transmission systems.
Requirements of this.Chapter supplement the require-
ments of the remiainder of this Code. It is therefore not

opment and apphcatlon of new equlpment and technol—
ogies. Such activity is encouraged as long as the safety
and reliability requirements of this Code are satisfied.

A803 OFFSHORE GAS TRANSMISSION TERMS
AND DEFINITIONS

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

accumulation and growth of marine organipms on a
submerged metal surface and the acctim{{lation of
deposits (usually inorganic) on heat exchanger tubing.

breakaway coupling: a component installed in the pipeline
to allow the pipeline to separatey;when a pred¢termined
axial load is applied to the coupling.

buckle: a condition in whigh(the pipeline has undergone
sufficient plastic deformation to cause permanent wrin-
kling in the pipe walbor’excessive cross-sectiohal defor-
mation caused by bending, axial, impact, and/or
torsional loads acting alone or in combination with
hydrostatie{pressure.

cathodic-disbondment: the loss of adhesion betwgen a coat-
ing and‘the coated surface caused by products of a
cathodic reaction.

column buckling: buckling of a beam or pipe ufider com-
pressive axial load in which loads cause unstaple 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 coating and
the substrate.

documented: the condition of being in written|form.

external hydrostatic pressure: pressure acting on any exter-
nal surface resulting from its submergence in| water.
flexible pipe: pipe that is
() manufactured as a composite from both metal and
nonmetal components
(b) capable of allowing large deflectiong without
adversely affecting the pipe’s integrity
(c) intended to be an integral part of the permanent
product transportation system
Flex1ble plpe does notinclude sohd metalhc steel pipe,
°r hose, or
metalhc plpes lined with nonmetalhc linings or coatings.

fracture mechanics: a quantitative analysis for evaluating
structural reliability in terms of applied stress, crack
length, specimen geometry, and material properties.

hyperbaric weld: a weld performed at ambient hydrostatic
pressure in a submerged chamber from which the water
has been removed from the surfaces to be welded.

minimum wall thickness, t,,;,: the nominal wall thickness,
t (see para. 804.5), minus the manufacturing tolerance
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in accordance with the applicable pipe specification, and
minus all corrosion and erosion allowances. The mini-
mum wall thickness is used in the design equations in
para. A842.2.2(d).

near white blast cleaned: a surface that, when viewed with-
out magnification, is free of all visible oil, grease, dust,
dirt, mill scale, rust, coating, oxides, corrosion products,
and other foreign matter. Random staining is limited to
not more than 5% of each unit area of surface [approxi-

flanges, and/or mechanical connectors and is typically
fabricated onshore and connected to the pipeline system
during installation. Some examples of prefabricated pip-
ing include a riser offset, jumper, expansion loop, tie-in
spool, and prefabricated riser.

propagating buckle: a buckle that progresses rapidly along
a pipeline caused by the effect of external hydrostatic
pressure on a previously formed buckle, local collapse,
or other cross-sectional deformation.

mately 9.0 in.” (58 cm?)], and may consist of light shad-
ows, slight streaks, or minor discolorations caused by
stains of fust, stains of mill scale, or stains of previously
applied doating (see NACE No. 2/SSPC-SP 10).

offshore: the area beyond the line of ordinary high water
along theg portion of the coast that is in direct contact
with the |open seas and beyond the line marking the
seaward |imit of inland coastal waters.

offshore pi
of an offs

the pipel
of pipe of
elbow, be

peline riser: the vertical or near vertical portion
hore pipeline between the platform piping and
ne at or below the seabed, including a length
at least five pipe diameters beyond the bottom
hd, or fitting. Due to the wide variety of config-
urations, [the exact location of transition between pipe-
line, pipeline riser, and platform piping must be selected
on a caserby-case basis.

offshore pipeline system: all components of a pipeline
installed |offshore for transporting gas other than pro-
duction fhacility piping. Tanker or barge loading hoses
are not cgnsidered part of the offshore pipeline systen,

offshore p

anchored,

atform: any man-made fixed or permanently
structure or artificial island located effshore.

pipe collagse: flattening deformation of the pipe resulting
in loss of cross-sectional strength and eircular shape,
which is faused by excessive external hydrostatic pres-

sure actinlg alone.

plastic defprmation: a permanent-deformation caused by
stressing [beyond the elastic ditnit.

iping:

offshore platforms producing hydrocarbons,
piping is_all“the gas transmission piping,
ances, ahd, components between the produc-
ity and‘the offshore pipeline riser(s). This
hny gds compressors and piping that are not a
e production facility

platform ¢

(a) On
platform
appurten
tion faci
includes
part of th

pull tube: a conduit attached to an offshore plafform

through which a riser can be installed.

pull-tube riser: riser pipe or pipes installed, throygh a
pull tube (e.g., J-tube or I-tube).

return interval: statistically determined time inferval
between successive events of desigihyenvironmental con-
ditions being equaled or exce¢ded, typically calcylated
as the reciprocal of the annual probability of occurence
of the event.

riser: see offshore pipeliite riser.

sea floor bathymetky: refers to water depths alon
pipeline route:

g the

soil liquefaction: a soil condition, typically caus¢d by
dynamicicyclic loading (e.g., earthquake, waves), where
the efféctive shear strength in the soil is reduced|such
that«the soil exhibits the properties of a liquid.

special assembly: a subsea pipeline section that conptains
pipeline components such as a buckle or frafture
arrestor, in-line sled, subsea tie-in assembly, pigeline
end manifold, pipeline end termination, in-line [valve
assembly, side valve assembly, or subsea manifold and
is typically fabricated onshore and connected to the
pipeline system during installation.
splash zone: the area of the pipeline riser or other pipeline
components that is intermittently wet and dry due to
wave and tidal action.

on of
fixed

steel catenary riser (SCR): a catenary-shaped extens:
a subsea pipeline that is attached to a floating or
offshore platform.

ttom
g the

trawl board: a structure that is attached to the b
of commercial fishing nets and is dragged alon
sea floor.

vortex shedding: the periodic shedding of fluid vortices
and resulting unsteady flow patterns downstream of a

(b) On offshore platforms not producing hydrocar-
bons, platform piping is all the gas transmission piping,
compressors, appurtenances, and components between
the offshore pipeline risers.

(c) Because of a wide variety of configurations, the
exact location of the transition between the offshore
pipeline riser(s), the platform piping, and the production
facility must be selected on a case-by-case basis.
prefabricated piping: a section of riser, platform piping,
or subsea pipeline that contains fittings and butt welds,
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pipeline span that may introduce dynamic forces on the
pipeline.

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.


https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

ASME B31.8-2016

A814 MATERIAL SPECIFICATIONS

A814.1 Pipe Conforming to Referenced Standards
and Specifications

A814.1.1 Steel Pipe. Steel line pipe with a longitu-
dinal joint factor of 1.00 in Table 841.1.7-1 shall be used.

A814.3 Weight Coating

A817.4 Requalification of Pipeline Systems

A pipeline system that has previously been used for
gas transmission service may be requalified, subject to
the following conditions:

(a) The pipeline system meets the design considera-
tions in sections A841, A842, and A843.

(b) The pipeline system meets the hydrotesting
requirements in paras. A847.1 through A847.6. In addi-
tion, if the pipeline system is moved, it shall also meet

C tarzaiolt fim o otamiolo (camaant o £
rereteweight coating materials{ecementaggregate;
reinfprcing steel) shall meet or exceed the requirements
of applicable ASTM standards.

A814.4 Flexible Pipe

Flg
meet|
stand

—

xible pipe shall be manufactured from materials
ing the requirements of applicable ASTM or ASME
ards.

A814.5 Other Requirements

In |addition to the requirements contained in refer-
encedl standards, certain other requirements may be con-
siderpd for pipe and other components used offshore,
depending on water depth, water temperature, internal
presqure, product composition, product temperature,
installation method and/or other loading conditions.
Thus| consideration may include one or more of the
folloyving;:

(a)] wall thickness tolerance

(b)| outside diameter tolerance

(c)| out-of-roundness

(d) maximum and minimum yield andtensile
strengths

(e)] maximum carbon equivalent

(f)|fracture toughness

the testing for buckles requirement in para. A847.7.

A820 WELDING OFFSHORE PIPELINES
A821 GENERAL
A821.1 General Requirements

This section concerns the welding of car
materials that are used in a{pipeline in thd
environment. The welding{covered may be g
under atmospheric or-hyperbaric conditions.

A821.2 Welding Processes

The welding maybe done by any process or|combina-
tion of processes that produce welds that meet the proce-
dure qualifieation requirements of this Code and can be
inspected by conventional means.
A821.3> Welding Procedure

(@) Prior to atmospheric welding of any pipe, piping
components, or related equipment, Welding Procedure
Specifications shall be written and the procedlure shall
be qualified. The approved procedure shall include all
of the applicable details listed in API 1104.

(b) Prior to hyperbaric welding of any pige, piping
components, or related equipment, Welding Procedure
Specifications shall be written and the procedlure shall
be qualified. The approved procedure shall incJude all of
the applicable details listed in API 1104 and AWS D3.6.

(c) Each welder or welding operator shall bq qualified

bon steel
offshore
erformed

(¢)| hardness . !
(h)] pipe mill hydrostatic testing and other mechanical for the estabhshed. procgdl.lre before perforping any
testir welding on any pipe, piping component, qr related
1 equipment installed in accordance with this Code.
(d) Welding procedure qualifications, as well as
A817 CONDITIONS-FOR THE REUSE AND welder or welding operator qualifications, are yalid only
within the specified limits of the welding procedure. If
REQUALIFICATION OF PIPE P &P

changes are made in certain details, called [‘essential
A817.1 R f Pi variables” or “essential changes,” additional |qualifica-

817.1 Reuse’of Steel Pipe & q
y ) ) tion is required. API 1104 essential variables shall take
U;id pipe may be reused, subject to the following precedence in matters not affected by the underwater

Con 10NS.

(a) The pipe meets the design considerations in
sections A841, A842, and A843.

(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
pipelines.
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environment, and AWS D36 shatt govern those essential
changes related to the underwater welding environment
and working conditions.

A823 QUALIFICATION OF PROCEDURES AND
WELDERS

Qualification of procedures and welders shall be in
accordance with the requirements of para. 823, except
paras. 823.1 and 823.2 do not apply offshore.

(a) Welding procedures and welders performing
atmospheric welding under this section shall be
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qualified under API 1104, except that for applications
in which design, materials, fabrication, inspection, and
testing are in accordance with BPV Code, Section VIII,
welding procedures and welders shall be qualified under
BPV Code, Section IX.

(b) Welding procedures and welders performing
hyperbaric welding under this section shall be qualified
in accordance with the testing provisions of API 1104
as supplemented by AWS D3.6, Specification for

and nondestructive 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 probabili-
ties for the proposed inspection error allowance.

A830 PIPING SYSTEM COMPONENTS AND
FABRICATION DETAILS

Underwaer-Wetding for Type “O“Wetlds:

A825 STRESS RELIEVING

Stress gelieving requirements may be waived, regard-
less of whll thickness, provided that it can be demon-
strated that a satisfactory welding procedure without
the use of postweld heat treatment has been developed.
Such a d¢monstration shall be conducted on materials
and undgr conditions that simulate, as closely as practi-
cal, the ag¢tual production welding. Measurements shall
be taken ¢f the tensile, toughness, and hardness proper-
ties of thg weld and heat-affected zone. No stress reliev-
ing will he required if

(1) the|measurements indicate that the metallurgical
and mecHanical properties are within the limits specified
for the miaterials and intended service.

(b) an [engineering analysis is conducted to ensure
that the mechanical properties of the weldment and the
residual $tresses without postweld heat treatment are
satisfactopy for the intended service. In some cases, mea&
surement of residual stresses may be required.

A826 INSPECTION OF WELDS

A826.2 Inspection and Tests for Quality-Control of
elds on Piping Systems

A826.2.1 Extent of Examination.) One-hundred per-
cent of the total number of field.welds on offshore pipe-
lines and pipeline compofents that are subjected to
loading by pipeline intetnal pressure shall be nonde-
structively inspected (ifypractical, but in no case shall
less than P0% of such-welds be inspected. The inspection
shall cov¢r 100%.0Lthe length of such inspected welds.

A826.2.2 ‘Standard of Acceptability. All welds that
are inspefted must meet the standards of acceptability

A830.1 General

The purpose of paras. A831 through A8351s.to pr
a set of criteria for system components to.b€ used
offshore application.

bvide
in an

A831 PIPING SYSTEM COMPONENTS

Cast iron or ductile iron shall not be used in fla
fittings, or valve shell’components.

All system components for offshore applications
be capable of safely resisting the same loads as thg
in the run in{which they are included, except “weak
links” (e.g.,~breakaway couplings) designed into a sys-
tem to fail-inder specific loads. Consideration should
be givefy to minimizing stress concentrations.

System components that are not specifically co
ifvpara. 831 shall be validated for fitness by eithe

(a) documented full scale prototype testing ¢
components or special assemblies, or

(b) a history of successful usage of these compopents
or special assemblies produced by the same dgsign
method. Care should be exercised in any new applica-
tion of existing designs to ensure suitability fqr the
intended service.

nges,

shall
pipe

vered
r
f the

A831.1 Valves and Pressure-Reducing Devices

Hards
tions

A831.1.1 Valves. In addition to the valve stan
listed in para. 831.1.1(a), the following specifics
may be used:

API Spec 6DSS/ISO 14723  Specification for Sul
Pipeline Valves
Design and Operati
Subsea Production

sea

API Spec 17D n of

of API 1104 or BPV Code, Section VIII, as appropriate
for the service of the weld, or be appropriately repaired
and reinspected or removed.

A826.2.3 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 shall
be supported by appropriate stress analyses,
supplementary welding procedure test requirements,
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Systems — Subsea
Wellhead and Tree
Equipment

A832 EXPANSION AND FLEXIBILITY

Thermal expansion and contraction calculations shall
consider the temperature differential between material
temperature during operations and material tempera-
ture 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

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

(g) platform motion

on sqil restraint.

When a submerged pipeline is to be laid across a
known fault zone, or in an earthquake-prone area where
new faults are a possibility, consideration shall be given
to the need for flexibility in the pipeline system and its
components to minimize the possibility of damage due
to sefsmic activity.

Thie requirements of para. 835.5(c) for header and
bran¢h connections are not applicable to offshore sub-
merged piping systems. An appropriate means of pre-
venting undue stresses at offshore submerged piping
conngctions is to provide adequate flexibility at branch
conngctions on the seabed.

A840 DESIGN, INSTALLATION, AND TESTING

A84(.1 General Provisions

The design, installation, and testing of offshore gas
trangmission systems shall be in accordance with
Chagpter IV as specifically modified by the provisions of
Chagter VIII. Also, all provisions of ChapterIV"that
depehd on Location Class do not apply to offshore gas
trangmission systems, except that offshiore’pipelines
appioaching shoreline areas shall,be.additionally
designed and tested consistently with Location Class
provisions as determined in para.‘A840.2.

A840.2 Shoreline Approaches

Offshore pipelines approaching shoreline areas shall
be adlditionally designed ‘and tested consistently with
Location Class provisions as determined in section 840,
except that

(a)] offshoré pipelines in Location Classes 3 and 4 may
alter{‘atively beé hydrostatically tested to a pressure not

less than-125 times the maximum operating pressure
so lopgtas the provisions of section A826 are met

(h) temperature

(i) pressure

(j) water depth

(k) support settlement

(I) accidental loads

(m) commercial shipping

(n) fishing/shrimping activities

The design of offshoré\pipelines is often ¢ontrolled
by installation considérations rather than by pperating
load conditions.

Additional infermation for design conditions can be
found in APIRP 1111, para. 4.1.

A841.2 Installation Design Considerations

The «design of an offshore pipeline systenp suitable
for_safe installation and the development of offshore
pipeline construction procedures shall be basgd on con-
sideration of the parameters listed in paras{ A841.2.1
through A841.2.5. These parameters shall be cpnsidered
to the extent that they are significant to the [proposed
system and applicable to the method of ingtallation
being considered.

A841.2.1 Weight. The effect of pipe o1 pipeline
assembly weights (in air and submerged) on irjstallation
stresses and strains shall be considered. Variapility 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 of tides
shall be included for locations where such Variations
are a significant fraction of the water deptl. Bottom
slope, obstructions, or irregularities that affeqt installa-
tion stresses shall be considered.

A841.2.3 Environmental Loads. Local enyironmen-
tal forces including those induced by wind, wave, cur-

rents, ice, seismic activity, and otherl natural

(b) for offshore pipelines, the provisions of
section A847 supersede para. 841.3.2

A841 DESIGN CONSIDERATIONS
A841.1 Design Conditions

A number of physical parameters, henceforth referred
to as design conditions, govern design of the offshore
pipeline system so that it meets installation, operation,
and other postinstallation requirements. Some of the

phenomenon are subject to radical 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.

Vessel motions shall be considered if they are expected
to result in pipe stresses or pipe/coating damage suffi-
cient to impair the serviceability of the pipeline.
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A841.2.5 Bottom Soils. Soil characteristics shall be
considered when installation procedures are developed
for the following:

(a) riser installation in pull tubes

(b) laying horizontal curves in the pipeline routing

(c) pipeline bottom tows

(d) trenching and backfilling

A841.3 Operational Design Considerations

A841.3.3 Design Environmental Loads. Loadings
that should be considered under this category include,
as appropriate, those arising due to

(a) waves

(b) current

(c) wind

(d) seismic events

(e) accidental loadings (e.g., trawl boards and
anchors)

A841.8.T Toading Classifications. All parts of the
offshore pipeline and riser system shall be designed for
the most ¢ritical combinations of operational and design
environmlental loads, acting concurrently, to which the
system rhay be subjected. Wind, wave, and current
design lofds should be based on a design return interval
no less than five times the design life of the pipeline or
100 yr, whichever is smaller.

If the ppeline operating philosophy is such that oper-
ations with full operational loads will be maintained
during d¢sign storms, then the system shall be designed
for concufrent action of operational and design environ-
mental 1dads.

If the pperating philosophy is such that operations
will be reduced or discontinued during design storm
conditions, then the system shall be designed for

(a) fullloperational loads plus maximum coincidental
environmental loads

(b) degign environmental loads plus appropriate
reduced ¢perational loads

Directipnality of waves, winds, and currents shall bé
considergd to determine the most critical expected com-
bination pf above loadings.

A841.3.2 Operational Loads. Operational loads that
shall be fconsidered are those forces impesed on the
pipeline $ystem under static environngehtal conditions
(i.e., exclyding wind, waves, current,land other dynamic
loadings)
Loads
include
(a) wei
approprid
(1) dipe
(2) cpatings and their absorbed water
(3) attachiments to the pipe
(4) transported contents

hat should be considéred as operational loads

ght of unsupported span of pipe, including (as
te) the weight,of

H—dynamiesot-inducedtoadings{e-gmudslides
and liquefaction)
(g) ice loads (e.g., weight, floating impacts

scouring)

A842 STRENGTH CONSIDERATIONS

Design and installation analyses) shall be base
accepted engineering methods,/material strength
applicable design conditions:

A842.1 Strength Consideration During Installatipn

The following subsettions define the minimum gafety
requirements against failure due to yielding or budkling
during all phasesyof pipeline system installation] (i.e.,
handling, laying, trenching, etc., through testing)

A842.1.1 Buckling. The pipeline should be
designed and installed in a manner to prevent bugkling
during.installation. Design and procedures for ingtalla-
tion should account for the effect of external hydrostatic
pressure, bending moment, axial, and torsional [oads
and pipe out-of-roundness. Consideration should also
be given to the buckle propagation phenomenon.

Additional information for calculating buc
stresses due to bending and external pressure c
found in API RP 1111, para. 4.3.2.2.

A842.1.2 Collapse. The pipe wall thickness shill be
designed to resist collapse due to external hydrostatic
pressure. Considerations shall include the effects of mill
tolerances in the wall thickness, out-of-roundnesq, and
any other applicable factors.

Additional information for designing to preven
lapse can be found in API RP 1111, para. 4.3.2.1.

A842.1.3 Allowable Longitudinal Stress. The
mum longitudinal stress due to axial and bending [loads
during installation shall be limited to a value that pre-
vents pipe buckling and will not impair the serviceability
of the installed pipeline.

Additional information for ]nngi’rndin;\] load d

and

d on
and

kling
an be

t col-

maxi-

sign

(b) irlttulal aud c;\tcula} pressure

(c) thermal expansion and contraction

(d) buoyancy

(e) prestressing (exclusive of structurally restrained
pipe configurations, such as in a pull-tube riser bend)

(f) static soil-induced loadings (e.g., overburden)

The effects of prestressing, such as permanent curva-
tures induced by installation, should be considered
when they affect the serviceability of the pipeline.

Additional information for operational loads can be
found in API RP 1111, para. 4.1.4.

108

can be found in API RP 1111, para. 4.3.1.1.

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
fluctuations of sufficient magnitude and frequency to
induce significant fatigue shall be considered in design.
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A842.1.6 Special Assemblies. Installation of pipe-
lines with special assemblies are subject to the same
requirements stated in paras. A842.1.1 through A842.1.5.

A842.1.7 Residual Stresses. The pipeline system
shall normally be installed in a manner so as to minimize
residual stresses. The exception shall be when the
designer purposefully plans for residual stresses (e.g.,
cold-springing of risers and pull-tube risers). When
residual stresses are significant, they should be consid-

Table A842.2.2-1 Design Factors for Offshore
Pipelines, Platform Piping, and Pipeline Risers

(16)

Hoop Stress,  Longitudinal Combined
Location F Stress, F, Stress, F3
Pipeline 0.72 0.80 0.90
Platform piping 0.50 0.80 0.90 [Note (1)]
and risers
NOTE:

ered n the operating design of the pipeline system (see
para|A842.2).

A842.1.8 Flexible Pipe. The manufacturers recom-
mengled maximum loadings and minimum bending
radiys shall be adhered to during installation. Flexible
pipe |shall be designed or selected to prevent collapse
due fo the combined effects of external pressure, axial
forces, and bending. Installation procedures shall be
designed to prevent buckling (see API RP 17B).

A842.2 Strength Considerations During Operations

A842.2.1 Operational and Design Criteria
(a)| Failure Modes. Pipelines and risers shall be
designed against the following possible modes of failure,
as agpropriate:
1) excessive yielding
2) buckling
3) fatigue failure
4) ductile fracture
5) brittle fracture
6) loss of in-place stability
7) propagating fracture
8) corrosion
9) collapse
Other Considerations. Furthermore, consideration
be given to impacts due_to
1) foreign objects
2) anchors
3) trawlboards
4) vessels, icedkeels, etc.

(b)
shall

AB42.2.2 Design Against Yielding. Pipelines and
riserg shall be/designed against yielding in accordance
with |this-pardgraph. The combined stress calculations
and allewables of paras. 833.2 through 833.6 are super-

sededby—theprovisiens—of{b)—+

) _and-L(dD-below(cea
HaRe—te-perow—see

(1) The wall thickness used in the calculation of combihed stress
for platform piping and risers shall be based upon)minimum
wall thickness, tmin.

(U.S. Customary Units)

D
Sn =& 7 P) 5, @
(SI Units)
D
[Sh = (Pi = P) 50007 OOOt] ®)
or
(U.S*Customary Units)
D-t
Sn = (Pi = P) —— )
(SI Units)
D -t
[Sh = (Pi = P) 5000 OOOt] ®)
where
D = nominal outside diameter of pipe, ir}. (mm)
F; = hoop stress design factor from Table A842.2.2-1
P, = external pressure, psig (kPa)
P; = internal design pressure, psig (kPa)
S = specified minimum yield strength, ppi (MPa)
S, = hoop stress, psi (MPa)
T = temperature derating factof from
Table 841.1.8-1
t = nominal wall thickness, in. (mm)
NOTE: It is recommended that eq. (2) or (3) be uped for D/t

greater than or equal to 30 and that eq. (4) or (5) be ysed for D/t
less than 30.

\~M77 X
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 below. S, may be calculated by either
of the following;:

NOTE: Sign convention is such that tension is positive and com-
pression is negative.

S, < F{ST )
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Additional information for pressure design can be
found in API RP 1111, paras. 4.3.1 and 4.3.2.

(b) Longitudinal Stress. For pipelines, risers, and plat-
form piping, the longitudinal stress shall not exceed
values found from

IS, < F,S

where
A

cross-sectional area of pipe material using f,
in.2 (mm?)
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longitudinal stress design factor from
Table A842.2.2-1

axial force, b (N)

in-plane stress intensification factor from
Mandatory Appendix E

out-plane stress intensification factor from
Mandatory Appendix E

in-plane bending moment, in.-Ib (N-m)
out-plane bending moment, in.-1b (N-m)

torsional stress, psi (MPa)

M;/2z

nominal wall thickness, in. (mm)

section modulus of pipe using ¢, in.® (cm?)

Alternatively, the Maximum Distortional Energy
Theory (Von Mises combined stress) may be used for
limiting combined stress values. Accordingly, the com-
bined stress should not exceed values given by

bpecitied minimum yield strength, psi (IMlFa)
hxial stress, psi (positive tensile or negative
tompressive) (MPa)

Fa /A

(Sn2 = 1.8, + 1.2+ 3522 < F48

esultant bending stress, psi (MPa) (d) Combined Stress for Risers and Platform Piping| The
G, M)? + (i, M,)2] 2/ z combined stress shall not exceed the*value given by
maximum longitudinal stress, psi (positive ten- the maximum shear stress equation (Tresca combined
sile or negative compressive) (MPa) stress):
b, + Sy or S, — Sp, whichever results in the larger ) 1
tress value 2| [ Suomen = Snomud® o 2|V po
P 2 t (mwt) > I3
hominal wall thickness, in. (mm)
. . . .3 3
bection modulus of pipe using ¢, in.” (cm”) where
hbsolute value ) i . i
Agmuty = €ross-sectional area of pipe material pising
2 2
nal information for longitudinal load design tmin, .7 (mm?)
can be found in API RP 1111, para. 4.3.1.1. EF3"= combined stress design factor [from
ibined Stress for Pipelines. The combined stress Table A842.2.2-1
bxceed the value given by the maximum shear F, = axial force, Ib (N)
stress equation (Tresca combined stress): i; = in-plane stress intensification factor|from
Mandatory Appendix E
2 [ (M ) . S2 ] 1z < FsS i, = out-plane stress intensification factor|from
2 Mandatory Appendix E
M; = in-plane bending moment, in.-Ib (N-m)
. . . . M, = out-plane bending moment, in.-Ib (y-m)
cross-sectional area of pipe material using ¢, _ . .
. 2 5 M; = torsional moment, in.-Ib (N-m)
in.” (mm®) S — o .. . .
combined stress desigh~factor from = specified minimum yield strength, psi
Table A842.2.2-1 (MPa) o , .
axial force, Ib (N) Samwty = axial stress, psi (positive tensile or negative
in-plane stress intensification factor from _ compressive) (MPa)
Mandatory Appendix E = Fa/ Awmon ) )
out-plane stress intensification factor from Sb ) = re§ulte12nt b?ndlrlzg 1s/t2ress, psi (MPa)
Mandatory»Appendix E = [GM)" + (o Mo)"] =/ Zmawr)
in-plané bending moment, in.-1b (N-m) Simwy = hoop stress using fmin, psi (MPa)
out-plane bending moment, in.-Ib (N-m) SLamwn = longitudinal stress, psi (positive tensgile or
tarsional moment, in.-lb (N-m) negative compressive) (MPa)
cporﬂ'ﬁor‘] minimaum ‘Jn'o]r] c{-vongl'h, pci ("\/TDQ) = qu VAP + qL Gt or qw I q,z,\ ,,,,, o) hiCh-
axial stress, psi (positive tensile or negative ever results in the larger combined stress
compressive) (MPa) value
F,/A St mwty = torsional stress, psi (MPa)
resultant bending stress, psi (MPa) = M;/2; tnwt)
(G M) + (i, M) 2/ 2 tmin = minimum wall thickness, in. (mm)
hoop stress using t, psi (MPa) Zmwt) = section modulus of pipe using tuin, in.3

St

longitudinal stress, psi (positive tensile or neg-
ative compressive) (MPa)

S, + S,or S, — S, whichever results in the
larger combined stress value

(cm?)

Alternatively, the Maximum Distortional Energy
Theory (Von Mises combined stress) may be used for

110
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limiting combined stress values. Accordingly, the com-
bined stress should not exceed values given by

2 2 2\1/2
(Sh (mwt) — SL (mwt)sh (mwt) 5L (mwt)” T 3St (mwt) ) / < F3S

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

A842.2.7 Design of Clamps and Supports. Clamps
and supports shall be designed such that a smooth trans-
fer 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 pipe by a full encirclement weld. The
support shall be attached to the encircling member and
not the pipe.

line) pr pipe sag before support contact, the longitudinal
and ¢ombined stress limits need not be used as criteria
for s3fety against excessive yielding, so long as the con-
sequences of yielding are not detrimental to the integrity
of the pipeline. The permissible maximum longitudinal
strainn depends on the ductility of the material, any pre-
viouply experienced plastic strain, and the buckling
behayior of the pipe. Where plastic strains are antici-
pated, the pipe eccentricity, pipe out-of-roundness, and
the apility of the weld to undergo such strains without
detrimental effect should be considered. Similarly, the
same|criteria may be applied to the pipe during construc-
tion (e.g., pull-tube or bending shoe risers).

A842.2.4 Design Against Buckling and Ovalization.
Avoidlance of buckling of the pipeline and riser during
operqtion shall be considered in design. Modes of buck-
ling that may be possible include

(a)|local buckling of the pipe wall

(b)| propagation buckling following local buckling

(c)| column buckling

Additional information for determiningduckling
tend¢ncies can be found in API RP 1111,(paras. 4.3.2.2
and 4.3.2.3, and Annex D.

A842.2.5 Design Against Fatigue: Stress fluctua-
tions| of sufficient magnitude and)frequency to induce
significant fatigue should be(considered in design.

Lopdings that may affect fatigue include

(a)| pipe vibration, such’ as that induced by vortex
shedfling

(b)

Pig

wave actior

e and risérspans shall be designed so that vortex
indu¢ed resonant vibrations are prevented, whenever
practicalZWhen doing so is impractical, the total resul-
tant ptresses shall be less than the allowable limits in

Attweldstothe pipestatt beondestructively tested.
Clamps and supports shall be designed ina¢cordance
with the requirements of API RP 2A-WSD, Section 3.

Clamp and support design shall consider thejcorrosive
effects of moisture retaining gaps and crevice$ and gal-
vanically dissimilar metals.

A842.2.8 Design of Connectors and Flanggs. Con-
nectors and flanges shall\be’such that smooth transfer
of loads is made withouthigh localized stresses or exces-
sive deformation of\the attached pipe.

Connectors andiflanges shall have a level| of safety
against failure’ by yielding and failure by fatigue that is
comparablé to that of the attached pipeline of riser.

A842.2.9 Design of Structural Pipelijne Riser
Protectors. Where pipeline risers are installed in loca-
tions subject to impact from marine traffic, protective
devices shall be installed in the zone subject tp damage
to protect the pipe and coating.

A842.2.10 Design and Protection of Special
Assemblies. Design of connections andl special
assemblies shall consider the additional f¢rces and
effects imposed by a subsea environment. Spich addi-
tional considerations include design storm cufrents and
potential for seabed movement in soft sedinjents, soil
liquefaction, increased potential corrosion} thermal
expansion and contraction, and stress due to irjstallation
procedures. In areas of active fishing, protective mea-
sures may be appropriate for connections anld special
assemblies.

A842.2.11 Design of Flexible Pipe. Due tp its com-
posite makeup, the mechanical behavior of flekible pipe
is significantly different from steel pipe. Flexible pipe
may be used for offshore pipelines if calculatjons and/
or test results verify that the pipe can safely withstand
loadings considered in paras. A841.3.2 and A$41.3.3. In
the selection of flexible pipe, consideration ghould be

para. As4Z.2.Z, and such that fatigue tailure should not
result during the design life of the pipeline.

Additional information for fatigue analysis can be
found in API RP 1111, para. 4.5.

A842.2.6 Design Against Fracture. Materials used
for pipelines transporting gas or gas-liquid mixtures
under high pressure should have reasonably high resist-
ance to propagating fractures at the design conditions,
or other methods shall be used to limit the extent of a
fracture.

111

given to 1ts permeable nature. The possibility of implo-
sion under the combined conditions of high pressure,
high temperature, and very rapid depressurization
should be investigated where such conditions may be
expected. Selection of flexible pipe shall be in accordance
with API RP 17B and API Spec 17].

A843 COMPRESSOR STATIONS
A843.1 Compressor Station Design

The requirements of this paragraph recognize the
unique design conditions and space limitations imposed

(16)
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when designing offshore compression facilities and
therefore relate only to offshore compression facilities.

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.

gas compression equipment and all gas-fired equipment
and shall de-energize the electrical facilities in the com-
pressor building, except for those that provide emer-
gency lighting for personnel protection and those that
are necessary for protection of equipment. The emer-
gency shutdown system shall be operable from a mini-
mum of two locations on each deck level; that is, should
an offshore platform facility have more than one clearly
defined deck, each deck shall have a minimum of two

A843.1.2 Enclosures. All enclosures located on an
offshore platform shall be constructed of noncombusti-
ble or limited combustible material as defined in
NFPA 229, Chapter 2. Design of enclosures on offshore
platformg shall consider the loading conditions defined
in para. A841.3.

A843.1.3 Exits. A minimum of two exits shall be
provided|for each operating level of a compressor build-
ing. Any|elevated walkway, including engine catwalks
more than 10 ft (3 m) above the deck, shall also be
provided|with two exits. The maximum distance from
any point within the compressor building to an exit
shall not|exceed 75 ft (23 m). Enclosure exits shall be
unobstrufted and located so as to provide a convenient
route of pscape and shall provide continuous unob-
structed passage to a place of safety. Exit doors located
on exterjor walls shall swing outward and shall be
equipped with latches that can be readily opened from
the insid¢ without a key.

A843.
Stations.
stations
API RP 1

1.5 Hazard Analysis for Offshore Compressor

A hazard analysis for offshore compressor
shall be conducted in accordance with
U] to meet the requirements of API RP 14C.

A843.2 [lectrical Facilities

All elegtrical equipment and wiring installed on off-
shore compression platformg shall conform to the
requiremlents of NFPA 70, if commercially available
equipment permits.

Electridal installations in offshore hazardous locations
as definefl in NFPA 70,-Chapter 5, Article 500 and that
are to remain in<operation during compressor station
emergendy shutdown as provided in para. A843.3.3(a)
shall be ‘ﬁesigned to conform to NFPA 70, for Class I,

Division [ réquirements.

d to
ly to
ation
hiling
plat-
train-
arate
red.

strutdowr tocations- Blowdowmr piping stattexte
a location where the discharge of gas is not, likq
create a hazard to the platform facilities. Considet
should be given to potential entrained liquids; prev
winds, and location of crew quarters if part of the
form facility. Under conditions of heavy liquid en
ment and poor prevailing wind eonditions, a se
structure for a blowdown facility shall be conside

A843.3.4 Pressure-Limiting Requirements for
Offshore Compression,Facilities
(c) Venting. Pressure‘relief valves shall be vented to
atmosphere such that no hazard is created. Vent [lines,
common headers/ and platform blowdown lines|shall
have sufficientcapacity so that they will not int¢rfere
with theeérformance of the relief device.

A844> ON-BOTTOM STABILITY

Pipeline design for lateral and vertical stability is
erned by sea floor bathymetry, soil characteristic§, and
by hydrodynamic, seismic, and soil behavior events hav-
ing a significant probability of occurrence during the
life of the system. Design conditions to considgr are
provided in the following subsections.

The pipeline system shall be designed to preventfhori-
zontal and vertical movements, or shall be designed so
that any movements will be limited to values not capising
design strength to be exceeded (see section A842).

Typical factors to be considered in the stability design
include

(a) wave and current forces

(b) scour and resultant spanning

(c) liquefaction

(d) slope failure

Stability may be obtained by such means incly
but not limited to, pipe submerged weight, trench

gov-

ding,
ng of

The guidelines of API RP 14F should be considered
in electrical facility design.

A843.3 Compressor Station Equipment

A843.3.3 Safety Devices

(a) Emergency Shutdown Facilities. All gas compres-
sion equipment shall be provided with an emergency
shutdown system that will block out the gas going to
and from the compressor station. Operation of the emer-
gency shutdown system shall cause the shutdown of all

112

PIPC 1IJU}UW 5lﬂdc, dlld dllL}lUllllS.
When calculating hydrodynamic 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 than
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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 pru-
dent assessment of the period of pipe exposure. The
most unfavorable expected combination of wave and
current conditions shall be used. Maximum wave and
maximum current conditions do not necessarily occur
simultaneously. The most unfavorable condition selec-
tion shall account for the timing of occurrence of the

A844.4 Slope Failure

The pipeline shall be designed for slope failure in
zones of known or anticipated occurrence, such as mud-
slide zones and areas of seismic slumping. The design
exposure period shall be no less than the expected life
of the pipline. 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 blowdown of the pipeline.

waveg and current direction and magmtude.

A841.2 Stability Against Waves and Currents

A
weig

44.2.1 Submerged Weight. The submerged
ht of the pipe may be designed (such as by weight
coating) to resist or limit movement to acceptable values.
Hydfodynamic forces shall be based on the wave and
currgnt values for the design storm condition for the
specific location.

Wdve and current directionality and concurrency shall
be cqnsidered.

A
facto
cond

B44.2.2 Bottom Soils. The pipe-soil interaction
I's that are used shall be representative of the bottom
tions at the site.

A844.2.3 Trenching. The pipeline and its appurte-
nances may be trenched below bottom grade to provide
stability. The pipeline must be designed for wave and
currgnt stability prior to trenching. Such stability, how-
ever,|need only be based on environmental conditions
expegted during the period of pipe exposure,

A844.2.4 Backfilling. Backfilling or other protective
covefings, when necessary, shall be accomplished by
using such materials and procedures\to preclude dam-

age tp the pipeline and coatings:

A844.2.5 Anchoring. ~Anchoring may be used
instepd of or in conjunction with submerged weight
to maintain stability. The*anchors shall be designed to
withgtand lateral and-vertical loads expected from the
design storm condition. Anchors shall be spaced to pre-
vent[excessiye stresses in the pipe sections between
anchors. Theranchoring system and adjacent pipe shall
be desighed to prevent scour and resultant spanning
from|oveétstressing the pipe. The effect of anchors on the

A844.5 Soil Liquefaction

Design for the effects of liquefaction’shall be per-
formed for areas of known or expected occurfence. Soil
liquefaction normally results fromicyclic waveloverpres-
sures or seismic loading of susceéptible soils.|The bulk
specific gravity of the pipeline shall be degigned, or
alternative methods shall\be selected to engure both
horizontal and vertical-stability.

Seismic design conditions used to predict the occur-
rence of bottom liquefaction or slope failure ghall have
the same recdprence interval as used for the pperating
design strefigth calculations for the pipeline. Occurrence
of soil liqiefaction 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 gmaller.

A846 VALVES

Offshore transmission lines shall be equip
valves or other components to shut off the fI
to an offshore platform in an emergency.

Block valves shall be accessible and prote¢ted from
damage and tampering. If ablowdown valve islinvolved,
it shall be located where the gas can be bloywn to the
atmosphere without undue hazard.

Blowdown valves shall be provided so tha]
tion of pipeline between main line valves can
down. The sizes and capacity of the conneftions for
blowing down the line shall be such that un¢ler emer-
gency conditions the section of line can be blown down
as rapidly as is practicable.

ped with
w of gas

each sec-
be blown

A847 TESTING
A847.1 General Provisions

cathodic protection system shall be considered.

A844.3 Shore Approaches

Pipe in the shore approach zone shall be trenched
or bored to the depth necessary to prevent scouring,
spanning, or stability problems that affect integrity and
safe operation of the pipeline during its anticipated ser-
vice life. Seasonal variation in the near shore thickness
of sea floor sediments and shoreline erosion over the
pipeline service life shall be considered.

113

Attoffshore })iyt‘lh resshattbetestedrafteriristallation
and prior to operation within the provisions of this
section.

A847.2 Test Pressure

The installed pipeline system (including any SCR up
to its hang-off point) shall be hydrostatically tested to
at least 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
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or after installation. Prefabricated portions of platform
piping that have been pretested to 1.5 times the maxi-
mum allowable operating pressure need not be tested
after installation if all items are tied in by connectors,
flanges, or welds that have been radiographically
inspected.

CAUTION: When an external pressure, P,, greater than zero is

used in the hoop stress formula in para. A842.2.2(a), there is a
possible combination of conditions where the yield strength of

A847.7 Testing for Buckles

Testing for buckles, dents, and other diameter restric-
tions shall be performed after installation. Testing shall
be accomplished by passing a deformation detection
device through the pipeline section, or by other methods
capable of detecting a change in pipe diameter. Pipe
having excessive deformation that affects the service-
ability of the pipeline facilities shall be repaired or
replaced. Consideration should also be given to

the pipe co ﬂ'l'd'bE'E’X'CE’E‘d‘E‘d'd‘trriTTgﬂTE‘hy‘dTUStdtiL test-Therefore;

the hoop s{ress and combined stress shall be checked to confirm
that they are within allowable limits to prevent pipe yielding,
considering both the internal and external pressures when
determininjg the maximum hydrostatic test pressure.

A847.3 Test Medium

The te
water. A

5t medium for all offshore pipelines will be
Hditives to mitigate the effects of corrosion,
biofouling, and freezing should be considered. Such
additives|should be suitable for the methods of disposal
of the test medium.

In arct{c areas where freezing of water is a hazard,
the use of air, inert gas, or glycol is allowable. Platform
gas and ¢ompression piping may be tested with inert
gas.

A847.4 Test Procedure

The hydrostatic pressure test shall be conducted in
accordange with a specified procedure that shall, at a
minimuny, provide for

(a) performance of the test after installation anid
before initial operation of the pipeline system exceptas
provided|in para. A847.2.

(b) thelinclusion of prefabricated, pretested portions
of offshote pipeline risers in the pipeline.system hydro-
static tesf, whenever practical.

(c) majntenance of the test and recording of results
on pipelife and assemblies for a hinimum of eight con-
tinuous hours at or above thé specified pressure. All
variations in test pressure shall be accounted for. Test
duration of prefabricated)piping may be 2 hr.

(d) a rgtest if, during the hold time, a rupture or haz-
ardous legk occurs thatrenders the test invalid. Retesting
shall comimencesafter repairs have been made.

A847.5 Records

repairing excessive ovality that may interfere with pig-
ging operation or internal inspection.

A850 OPERATING AND MAINTENANCE
PROCEDURES AFFECTING THE SAFETY C
GAS TRANSMISSION FACILITIES

A850.1 General

All provisions of Chapter V, which depen
Location Class, do notapply to offshore gas transmjssion
systems, except that offshore pipelines approaghing
shoreline areas shall additionally be operated and main-
tained consistently with Location Class provisiops as
determined.in ‘section 840.

d on

A850.3- Essential Features of the Operating and
Maintenance Plan

The plan prescribed in para. 850.2(a) shall inclyde

(a) detailed plans and instructions for employee$ cov-
ering operating and maintenance procedures fof gas
facilities during normal operations and repairs

(b) items recommended for inclusion in the pla
specific classes of facilities, which are givs
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 tp the
public and environment in the event of an emergency
or because of construction or extraordinary maintefance
requirements

(d) provisions for periodic inspections along the
of existing pipelines

n for
n in

route

A850.4 Essential Features of the Emergency Plan

A850.4.3 Liaison. Each operating company [shall
establish and maintain liaison with available offshore
firefighting entities (public and or privately owned) that

The operating tompany statt mmaintaim i itsfite; for
the useful life of each pipeline, records showing the type
of test fluid, the test procedure, the test pressure, and
the duration of the test.

A847.6 Tie-Ins

It is recognized that it may not be possible to hydro-
statically test the tie-in between two test sections. Pres-
sure testing of tie-in welds may be exempted if the tie-
in weld is inspected by radiographic and/or other appli-
cable NDT methods.

114

may be designated for any particular offshore area.

A850.4.4 Educational Program. An educational pro-
gram shall be established to enable producers and the
general public operating in the offshore area to recognize
and report a gas emergency to the appropriate officials.
The educational program called for under this section
should be tailored to the type of pipeline operation and
the environment traversed by the pipeline and should
be conducted in each language that is significant in the
community served. Operators of transmission systems
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should communicate their programs to people, contrac-
tors, or others that usually work in the offshore area of
concern. The programs of operators in the same area
should be coordinated to properly direct reports of emer-
gencies and to avoid inconsistencies.

A850.7 Blasting Effects

Each operating company shall establish procedures
for protection of facilities in the vicinity of blasting activ-

Repairs should be performed under qualified supervi-
sion by trained personnel aware of and familiar with
the maintenance plan and operating conditions of the
pipeline, the company’s safety requirements, and the
hazards to public safety and environment.

Evacuation and repair operations should not result in
imposed loads or deformations that would impair the
integrity of the pipe materials, weight, or protective
coating.

ities.

(a)

Theoperating company stratt

locate and mark its pipeline when explosives are
tobedetonated within distances as specified in company
plang. Consideration should be given to the marking of
minimum blasting distances from the pipelines
depepding on the type of blasting operation.

(b)] determine the necessity and extent of observing
or monitoring blasting activities based on the proximity
of th¢ blast considering the pipe materials, the operating
condjtions, the size of charge, and soil conditions. Con-
siderption should be given to
1) the effect of shock waves on the pipeline from
ng
2) conducting a leak survey following completion
e blasting program

blast

of th

PIPELINE MAINTENANCE
.2 Pipeline Patrolling

A851

A851

Earh operating company shall maintain a periodic
pipeline patrolling program to observe conditiens) on
and adjacent to the pipeline right-of-way, indication of
leaks| construction activity other than thatperformed
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
integfrity of the pipeline. Recordsof these inspections
shall|be maintained for the life of the facility. Provisions
of pafras. 851.2, 851.2.1, and 851.2.2 do not apply to this
Chapter.

A851.4 Above-Watér-and Hyperbaric Repair

Procedures) for Steel Pipelines

Al] above-water and hyperbaric repair procedures for
steel| pipelines shall conform to the requirements of

para| 8514

with cut-
d be care-

Theuseof subsurface equipmrent equipped
ters, ejectors, jets, or air suction systems shotil
fully controlled and monitored to avoid“‘damaging the
pipeline, external coating, or cathodic pretectign system.

When lifting or supporting pipe ‘during repairs, the
curvature of a pipe sag bend and ‘overbend should be
controlled and maintained Within limits to [minimize
pipe coating damage, overstressing, denting oy buckling
during the repair opefation, and lifting equipment
should be selected accerdingly.

Wave and curfent loads should be cons
determining tetalimposed stresses and cyclicd
both surface"and subsurface repairs.

Personfiel Working on pipeline repairs shoy
stand the need for careful job planning, be b
procédures to be followed in accomplishing re
follow necessary precautionary measy
procedures.

When pipe is repaired, damaged coating sh
be repaired. Replacement pipe and componen
protected from corrosion.

A851.4.6 Offshore Repair of Flexible Pipp. If the
operability of the flexible pipe is impaired (i.e., major
structural damage), the pipe shall be repaired by replace-
ment of the damaged section. In the event ¢f surface
cuts and abrasions in the protective coating that do not
expose the load carrying members to potential forrosion,
the repair shall be performed in a manner recofnmended
by the manufacturer.

A851.7 Pipeline Markers and Signs

Permanent markers are not required for offshore pipe-
lines; however, suitable signs should be postefl on plat-
forms to serve as a hazard area warning. Where
appropriate, signs should display the operating com-
pany identification and emergency commuyinication
procedures.

dered in
1loads in

1d under-
riefed on
bairs, and
res and

ould also
ts shall be

)
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A851 45 Offshore Betow-Water Repair Procedures
for Steel Pipelines. Submerged offshore pipelines may
be repaired by replacement of the damaged section or by
the use of a full encirclement split sleeve of appropriate
design installed over the damage. Replacement sections
and split sleeves shall be secured by atmospheric dry
or hyperbaric welding or mechanical devices. Repairs
shall be visually inspected for leaks after being returned
to service.

Any offshore below-water repair procedures shall con-
form to para. 851.4 provisions.

115

A854 LOCATION CLASS

There are no operating Location Classes offshore.

A860 CORROSION CONTROL OF OFFSHORE
PIPELINES

A860.1 Scope

Since offshore pipelines cannot be readily inspected
after installation and there is the possibility of damage
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to the coating system, special consideration should be
given to the selection, design, and application of corro-
sion control coatings, the cathodic protection system,
and other corrosion design elements.

A860.2 Evaluation of Existing Installations

(a) Monitoring. The operating company must rely on
monitoring, investigation, inspections, and corrective
action to control corrosion. Such activities shall be per-

pattern to promote a good bond for all epoxy-based thin
film coatings. Welds should be inspected for irregulari-
ties that could protrude through the pipe coating, and
any such irregularities should be removed.

(c) Application and Inspection. The coating should be
applied under controlled conditions and have a high
resistance to disbondment. Further information can be
obtained from NACE SP0169. A holiday detector, suit-
able for the type of coating applied, shall be used to

formed
adequate

i. lJCliUdiL illiClleD Duf{i\,icll.l ILU CIuIc i.llcl‘l.
corrosion control is maintained. Where it is
determinpd that corrosion that is taking place may be
detrimental to public or employee safety, the facility
shall be r¢paired or replaced, and corrosion control mea-
sures applied or augmented.

(e) Exapmination When Exposed

(1) When a pipeline is lifted above water for main-
tenance gr repair, the operating company shall visually
inspect f¢r evidence of coating deterioration, external
corrosion, and where possible, the condition of any
exposed gnode. If excessive corrosion is present, reme-
dial action shall be taken as necessary.

(2) If repairs are made below water, inspection for
evidence |of external corrosion or coating deterioration
shall be thade, and necessary corrective action shall be
taken to|maintain the corrosion protection of the
pipeline.

A861 EXTERNAL CORROSION CONTROL
A861.1 $ubmerged Installations

All suH
shallbee

merged steel pipe, valves, and related.fittings
kternally coated and cathodically protected. All
above-wdter piping and components shall,be protected
from the| particularly corrosive conditions of the salt
water atrthosphere and cyclic wetting-and drying.

A861.1.1 Coatings
(a) Codfting Design. The design of coating systems for
offshore jnstallation shouldyreflect the type of environ-
ment in which the facility, is*to be installed. Selection of
the proteftive coating shiould be based on
(1) lpw water absorption

(2) compatibility with the type of cathodic protec-
tion to b¢ applied to the system
(3) ¢ompatibility with the system operating

detect flaws. Flaws noted shall be repaired and ret¢sted.
Weights or weight coating shall not damage the pfotec-
tive coating during application or installation.

(d) Coating for Weld Joints, Appurtenanéés, and Pat¢hing.
Weld joints and appurtenances shall, be coated|with
material that is compatible with/the basic coatifg. A
holiday detector, designed for,thé type of field|joint
material applied, may be used\to’detect flaws, and flaws
shall be repaired and retested.

(e) Field Inspection. The pipe shall be vis
inspected prior to,installation to ensure that una
able damage hasot occurred during loading, wel
or other laying activities prior to submergence
pipe. Any significant damage to the coating sh.
repaired with material compatible with the pigeline
coatingZCare should be exercised to minimize damage
to the coating system, particularly during laying and
trenching of the pipe.

hally
cept-
ding,
f the
1l be

A861.1.2 Cathodic Protection Requirements

(a) Design Criteria. An offshore facility is consiglered
to be cathodically protected when it meets the ciiteria
established in Section 6.2 of NACE SP0607 /ISO 15%89-2.

(b) Impressed Currents. Where impressed currentt sys-
tems are used, the system shall be designed to minjmize
outages, and the output shall be such that the design
criterion is met. Also, consideration should be givyen to
minimize the interference effect on other pipelirfes or
structures.
used
hality

(c) Galvanic Anodes. Where galvanic anodes are
for protection, consideration shall be given to the q
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 syptem,
anode material, and utilization efficiency. Anodes|used

temperattre

(4) sufficient ductility to minimize detrimental
cracking

(5) sufficient toughness to withstand damage dur-
ing installation

(6) resistance to future deterioration in a sub-
merged environment

(7) ease of repair

(b) Cleaning and Surface Preparation. There may be

additional cleaning and surface preparation require-
ments, such as a near white metal finish and an anchor
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shetld-be-compatiblewith-the-operatingtemperature
of the pipeline and the marine environment.

(d) Other. Consideration should be given to the
effects on cathodic protection of variations in oxygen
content, temperature, and water/soil resistivity of the
particular offshore environment in which the pipeline
is installed.

A861.1.3 Electrical Isolation. Underwater pipeline
systems shall be electrically isolated from other metallic
structures so that cathodic protection can be effective.
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An exception can be made when both the foreign struc-
ture and the pipeline are designed to be protected as a
unit. Other general considerations include the following;:

(a) Tie-Ins. Isolation from foreign pipelines at tie-ins
may be made by installing insulation flanges, unions,
or other insulating devices. When making a tie-in of a
coated line to a bare line, the two lines shall be electri-
cally isolated.

(b) Formgn Pzpelme Crossmgs When crossmg a forelgn

N between the two lines so that the p0551b111ty for
ical interference is minimized.

Pipeline Riser Support and Secondary Piping. When
ling riser piping at platforms, supporting devices
ps clamps and pipe supports shall isolate the piping
the structure. Insulating devices shall be installed
e electrical isolation of a portion of the piping sys-
rom production piping, tanks, and other facilities is
sary to facilitate application of cathodic protection.
rical interference between electrically isolated
tures shall be minimized. Wiring and piping con-
bns to an isolated pipeline shall also have insulation
pen the pipeline and the platform. Tests shall be
b to ensure adequate isolation, and appropriate
n shall be taken to ensure such isolation when
sary.

elects

(c)
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A861.1.7 Electrical Interference, “Periodic tests shall
be mpde to ensure that electrical-isolation from foreign
pipelines or other structures remains complete. Some
indicptions of electrical interference are changes in pipe-
to-el¢ctrolyte potential, changes in current magnitude
or difection, localized pitting, and coating breakdown.
When new foreign pipelines are laid in the vicinity of
existing lines, inspections shall be made to ensure electri-
cal isplation inraccordance with para. 861.1.3(a). If electri-
cal isplation‘earinot be attained, measures shall be taken
to mjnimize electrical interference. Electrical isolation
from(the-platform should be checked and maintained

61.1.4 Electrical Connections and Monitoring

Test leads shall be installed so that they aré
anically secure, electrically conductive, and acces-
for testing. It is considered impractical to*locate
bads in deep or open water. Test leads installations
sually limited to platforms and the\pipeline
nce to the shore.

with additional protection against corrosion. This shall
be accomplished by one or more of the following:

(a) special coating

(b) special protective systems and techniques

(c) other suitable measures, including selection of
pipe material

A861.2.2 Surface Preparation. Coatings and other
protective systems shall be 1nstalled on a properly pre-
2 ace 2 2 A 2 hed specifi-
cations or manufacturer’s recommend@ations. The
coating should resist water action, atmospheric deterio-
ration, mechanical damage, and cathodi¢c"dishondment.

A861.4 Atmospheric Corrosion_Inspection

Detailed inspections shall bexnade periodid
piping for atmospheric cotrosion. This insped
include those areas mostsusceptible to corro
as flanges, flange belts,/areas under pipe str
where pipe is in contact with supports, and ot
where moisture collects. Where atmospheric
is found, promipt corrective action shall be take
tive actiori shall consist of painting, replaceme
ponents, as necessary, or other action
appropriate by the operating company.

ally of all
tion shall
sion such
hps, areas
her places
corrosion
h. Correc-
ht of com-
deemed

A862 CATHODIC PROTECTION CRITERIA
A862.1 Criteria

The criteria for cathodic protection are sp
Section 6.2 of NACE SP0607/ISO 15589-2.

ecified in

A862.3 Electrical Checks

The operating company shall take electrica
periodically at each test location available to e
the cathodic protection level meets the c
Section 6.2 of NACE SP0607/ISO 15589-2.

Before each electrical test is performed, an i
shall be made to ensure electrical continuity
good contact to the pipelines is made by
connection.

readings
hsure that
riteria in

nspection
nd that a
the test

A864 INTERNAL CORROSION CONTROL
A864.1 General

unless the system was specifically designed to be jointly
protected.

A861.2 Above-Water Atmospheric Protection

A861.2.1 Coatings. The splash zone area, where the
pipeline is intermittently wet and dry, shall be designed
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The design and maintenance of offshore pipeline facil-
ities that may carry natural gas containing carbon diox-
ide, chlorides, hydrogen sulfide, organic acids, solids or
precipitates, sulfur-bearing compounds, oxygen, or free
water require special consideration for the control of
internal corrosion.
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Chapter IX
Sour Gas Service

B800 SOUR GAS SERVICE

lattice of the substance rather than through a geometrical

B801 GENERAL

Chaptqr IX pertains only to gas pipeline service that
contains hydrogen sulfide levels defined as “sour gas”
in this Chapter. This Chapter is organized to parallel
the numbering and content of the first six chapters of
the Code| All provisions of the first six chapters of the
Code are plso requirements of this Chapter unless specif-
ically moflified herein. Paragraph headings follow those
in the fir$t six chapters with the prefix “B.”

If a paragraph appearing in Chapters I through VI
does nof{ have a corresponding paragraph in this
Chapter, the provisions apply to sour gas service without
modificafion. If a paragraph in this Chapter has no cor-
responding paragraph in Chapters I through VI, the
provisions apply to sour gas only.

B802

B802.1

This Chapter of the Code covers the design, material
requirements, fabrication, installation, inspection,-test-
ing, and gafety aspects of operation and maintenance of
sour gas pystems.

COPE AND INTENT
cope

B802.2 Intent

The infent of this Chapter is to provide adequate
requirements for the safe and reliable design, installa-
tion, opefration, and maintenance of sour gas service
pipeline gystems. Requirements of this Chapter supple-
ment the|requirements of the remainder of this Code.
It is not the intent ofrthis Chapter to be all inclusive.
Provisions must be.amade for special considerations that
are not dpecifically’ addressed. This Chapter is not
intended|to prevent the development and application

of new equipment and technology. Such activity is
encourageed-aslong-as-the-safetyandreliability require

leak (molecular diameters versus hole dimension).

hardness: resistance of metal to plastic deformatior] usu-
ally by indentation. For carbon steels, hardness chan be
related to the ultimate tensile strength.

Brinell Hardness Number (BHN): arvalue to expregs the
hardness of metals obtained by, forcing a hard stegl ball
of specified diameter into themetal under a spefified
load. For the standard 3 000-Kg load, numbers tange
from 81 to 945.

Microhardness: any hardness measurement using an
indentor load less/than 10 kg.

Rockwell Hardngss: a series of hardness scalgs for
metals.

(a) The Reckwell “C” (HRC) scale uses a cong¢ dia-
mond indentor and a load of 150 kg. The scale stqrts at
20 for~soft steels and reaches a maximum of abgut 67
for\very hard alloys.

(b) The Rockwell “B” (HRB) scale uses a hard metal
ball indentor and starts at 0 for extremely soft npetals
and reaches a maximum of 100 for soft steels and afloys.
HRB 100 = HRC 20.

Vickers Hardness HV 10: a value achieved by use of a
diamond pyramid indentor with a load of 10 kg.

heat-affected zone (HAZ): the portion of the base metal
that was not melted during brazing, cutting, or welding,
but whose microstructure and properties were affected
by the heat of these processes.

hydrogen blistering: the formation of subsurface planar
cavities, called hydrogen blisters, in a metal resilting
from excessive internal hydrogen pressure. Growth of
near-surface blisters in low-strength metals usfually
results in surface bulges.

hydrogen-induced cracking (HIC): a cracking mechdnism
of susceptible materials caused by atomic hydrogeh dif-

ments of this Code are satisfied.

B803 SOUR GAS TERMS AND DEFINITIONS

chloride stress corrosion cracking: cracking of a metal under
the combined action of tensile stress and corrosion in
the presence of chlorides and an electrolyte (usually
water).

diffusion: the flow of the gas through a substance in
which the gas actually migrates through the crystal

fusion in the metal. 1he atomic nydrogen usually is
created by the corrosive reaction of hydrogen sulfide on
steel in the presence of water.

hydrogen sulfide (H,S): a toxic gaseous impurity found
in some well gas streams. It also can be generated in
situ as a result of microbiologic activity.

microbiologically influenced corrosion (MIC): corrosion or
deterioration of metals resulting from the metabolic
activity of microorganisms. Such corrosion may be either
initiated or accelerated, or both, by microbial activity.
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microstructure: the grain size and morphology of metals
and alloys as revealed after polishing and etching; char-
acterized by grains or regions that exhibit distinct phases
of solid solutions of constituent elements.

partial pressure: the contribution of a single component,
such as hydrogen sulfide, in a mixture of gases to the
total pressure of the mixture, determined by multiplying
the mol fraction (mol percent divided by 100) of hydro-
gen sulfide in the gas by the total system pressure.

B821.4 Weld Acceptance

The standards of acceptability for welds of piping
systems as established in API 1104 or BPV Code, Section
IX, Division 1 shall be used; however, additional require-
ments for hardness and residual stress should be con-
sidered.

B822 PREPARATION FOR WELDING

radiug of exposure (ROE): when dealing with sour gas, the
distapce from a point of release at which the hydrogen
sulfifle concentrations reached a specified level (fre-
quently 100 ppm or 500 ppm) determined by dispersion

calcullations.

sour gas: gas containing hydrogen sulfide (H,S) at 65 psia
(450 [kPa) or greater at a partial pressure of 0.05 psia
(350 Pa) or greater. See NACE MR0175/1IS0 15156, titled
Petroleum and natural gas industries — Materials for use in
H,S-qontaining environments in oil and gas production.

sulfide stress cracking (SSC): a corrosion-related cracking
mechanism caused by exposure of susceptible materials
to sulfide ions in the presence of free water.

B813 MARKING

Valves meeting NACE MR0175/ISO 15156 shall be so
identfified with a permanent tag or marking.

B814
B814

MATERIAL SPECIFICATIONS

.1 Pipe Conforming to Referenced Standards
and Specifications

Materials must meet thel requirements of

NAJE MR0175/1S0O 15156.

B82¢0 WELDING SOUR GAS PIPELINES
B821 GENERAL
B821.1 General Requirements

This paragraph concerns the welding of pipe in sour
gas gervice in both wrought and cast steel materials
and ¢overs butt and fillet welded jninfe in pipp valves

B822.3 Seal Welds

Seal welds shall have a separate qualified grocedure.

B822.4 Cleaning

Pipe that has been in sour(gas service shall be thor-
oughly cleaned to bright4netal on the insid¢ surfaces
back 1 in. (25 mm) from-the weld bevel.

B823 QUALIFICATION OF PROCEDURES A
WELDERS

ND

The reqdirements of para. 823.1 shall not ap
sectipn.

bly to this

B823.2 Requirements for Qualification of
Procedures and Welders on Sour Gas Piping
Systems

B823.2.1 Qualifying Standard. All procg
performance qualifications shall be based on d
mechanical test requirements.

dure and
bstructive

B823.2.4 Hardness Control.
weld zones including weld metal and heat
zones on welding qualification test specimens
the hardness requirements for the alloys weldedl as speci-
fied in NACE MR0175/1ISO 15156. For most| common
pipe alloys, the maximum allowable hardness is HRC 22.
It is the user’s responsibility to ensure the weldjing quali-
fication specimen is metallurgically represeftative of
full-scale pipeline welds.

The hardnjess of all
-affected
hall meet

NOTE: Both macrohardness and microhardness surveys of prop-
erly prepared qualification specimens are frequently used to deter-
mine the presence of thin HAZ hard zones. A common|ly accepted
maximum macrohardness limit near the inside surface iF 250 HV10.

flanges, fittings, and fillet welded joints in pipe, slip-on
flanges, socket welds, fittings, etc., as applied in pipe-
lines, components, and connections to apparatus or
equipment.

B821.2 Welding Processes

This paragraph does not apply to the welding of the
seam in the manufacture of pipe, but the user is cau-
tioned to ensure that such seams are suitable for sour
gas service in their installed condition.

119

B824 PREHEATING
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
drive off any hydrogen in the metal. Heating shall be
done just prior to welding. This heating should be in
addition to and immediately preceding any preheating
specified in the welding procedure for new pipe.
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B825 STRESS RELIEVING

B825.1 Carbon Steels

The 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
general, temper bead welding, peening procedures, or

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
the pressure containment system shall meet
NACE MR0175/ISO 15156 requirements.

(b) Most copper-based alloys suffer severe corrosion

- clIdaturc VUOoLVVUIU TICATU LITALUIICTIU UUTO TTUU Y
10W tem: L P L 1d 1 44 4 £ d 4 P
vide the ¢quivalent protection from service cracking as
does a fulll thermal stress relief.

B825.6 $tress Relieving Temperature

(a) Str¢ss relieving is normally performed at a temper-
ature off 1,100°F (593°C) for carbon steels and
1,200°F (649°C) for ferritic alloy steels. Other stress
relieving [procedures may be substituted when properly
supportefl with metallurgical evidence. The exact tem-
peraturg range shall be stated in the procedure
specificatfion.

(b) When stress relieving a joint between dissimilar
metals hgving different stress relieving requirements,
the materjial requiring the higher stress relieving temper-
ature shall govern. Special considerations may be
required for austenitic and other high alloys.

(c) The parts heated shall be brought slowly to the
required femperature 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 % hr, and shall be allowed to cool slowly
and unif¢rmly.

(d) Recprds. 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, sych as three welds on a tee;~cant be controlled
and recotded by a single thermogoeuple.

B826 ELDING AND INSPECTION TESTS

B826.2 Inspection and Tests for Quality Control of
elds on Sour‘Gas Piping Systems

In addition togpdras. 826.2(a) through (f), for sour gas
lines in (lass 8~or 4 Locations, compressor stations,
major or|navigable river crossings, railroad crossings,
and roa i - < i
checked by nondestructive inspection. Nondestructive
inspection may be conducted before or after stress
relieving.

B830 PIPING SYSTEM COMPONENTS AND
FABRICATION DETAILS

In addition to para. 830, all components shall meet
the requirements of NACE MR0175/1ISO 15156 as
appropriate.

: : T £ 1 :
T SOUT—SeIrVICe UST OT SUCIT artoyS T arty Comp nents

shall be investigated for suitability.

B831.2 Flanges

B831.2.2 Bolting

(h) Bolting exposed to sour gas dnd denied access to
air due to thermal insulation, flange protectors, of cer-
tain design features shall meét the requirements of
NACE MRO0175/1SO 15156 as appropriate. Designers
should note that bolting-meeting NACE MR(175/
ISO 15156 requirements, such as type ASTM A193 grade
B7M, have derated tensile properties, and the|joint
design shall becappropriate for such deration. Bolting
opened to atmgsphere may be conventional ASTM|A193
grade B7 bolting.

B840 DESIGN, INSTALLATION, AND TESTING
B841 STEEL PIPE
B841.1 Steel Piping Systems Design Requiremepts

B841.1.2 Fracture Control and Arrest
(¢) Fracture Control. Fracture control should bqg con-
sidered for sour gas service.

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 Bteel
Pipelines
(a) Bends. Bends used in sour gas pipe shall mept the
requirements of NACE MR0175/ISO 15156 in the as-
bent condition. Hot bends may be needed to jmeet
NACE MR0175/1ISO 15156 requirements. The first proto-
type bend may be needed for testing to ensure harginess
i NACE MR0175 /150 15156 and that both
toughness and tensile properties are still acceptable. Nei-
ther wrinkle bends nor miter bends are permitted for
sour gas lines.

B841.2.4 Pipe Surfaces Requirements Applicable to
Pipelines and Mains to Operate at a Hoop Stress of 20%
or More of the Specified Minimum Yield Strength

(e) Arc Burns. Additionally, arc burns have been
found to cause serious stress concentration in pipelines
and in sour gas lines, and shall be prevented or elimi-
nated in all lines.
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Arc burns may be removed by grinding, chipping, or
machining. The resulting cavity shall be thoroughly
cleaned and checked for complete removal of damaged
material by etching with a 10% solution of ammonium
persulfate or a 5% solution of nitric acid in alcohol (nital).
If removal of damaged material is complete, the cavity
may be merged smoothly into the original contour of
the pipe by grinding, provided the remaining wall thick-
ness is within specified limits.

(4) Steel to Plastic Transition Fittings. Steel to plastic
transition fittings for sour gas service shall be factory
made. Joints made from field-fabricated fittings are
prohibited.

B842.4 Testing Plastic Piping After Construction

B842.4.2 Testing Requirements
(f) All plastic pipe installed for sour gas service shall
be leak tested with air for 12 hr minimum at a pressure

B841.2.6 Hot Taps. In addition to para. 841.2.6 of
Chagpter 1V, it should be noted that hot tapping of sour
gas lines presents special health and metallurgical con-
cernd and shall be done only to written operating com-
pany| approved plans.

B841.2.7 Precautions to Avoid Explosions of Gas-—
Air Mixtures or Uncontrolled Fires During Construction
Operations

(a)) In addition to the precautions outlined in
para/| 841.2.7(a) of Chapter 1V, it should be noted that
weldfng and cutting on sour gas lines presents special
health and metallurgical concerns and shall be done
only [to written operating company approved plans.

B841.3 Testing After Construction

BB41.3.1 General Provisions. In addition to
para|841.3.1 of Chapter1V, it should be noted that testing
with[sour gas presents special health and metallurgical
concgrns and shall be done only to written operating
company approved plans.

B842 OTHER MATERIALS

Materials shall meet the regquirements
NAJE MR0175/ISO 15156 as applicable.

of

B842.2 Design of Plastic Piping

B842.2.2 Thermoplastic-Design Limitations

(f)] The designer should consider extra protection
from|third party dafmage in all class locations and at all
road |crossings.

()] New cofistruction for sour gas applications shall
utilize only VASTM D2513 polyethylene, ASTM F2945
polyamide; or ASTM F2817 PVC (maintenance or repair
only) thérmoplastic pipe.

not less than 1.5 times the maximum allowable pperating
pressure or 50 psig (340 kPa), whicheverlis greater.

B843 COMPRESSOR STATIONS
B843.3 Compressor Station Equipment

B843.3.1 Gas Treating‘Facilities
(c) Metallic Materials.“All metallic materials fin contact
with pressurized sour-gas shall meet the reqpirements
of NACE MR0175¢/1SO 15156 as applicable.
Personal safety-equipment should be considered for
use at sourcgas facilities. Use of appropriate hydrogen
sulfide sensofs 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 scqpe of this
Code.

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 equgtion such
as the Pasquel-Gifford equation given as follpws:

(1) Each operator shall determine the hydrogen sul-
fide concentration in the gaseous mixture in the system.
Suitable standards are GPA Plant Operatjons Test
Manual, Section C, and GPA Standard 2265.

(2) Radius of Exposure Equations

(-a) Radius of exposure equation to thd
£ 11 C 1o

100-ppm

B842.2.9 Plastic Pipe and Tubing Joints and

Connections

(b) Joint Requirements. All joining procedures shall be
qualified using destructive test specimens of full scalle
plastic pipe joints. Polyethylene and polyamide pipe for
sour gas service may be joined by butt fusion, socket
fusion, and electrofusion methods, or mechanical fit-
tings when recommended by the manufacturer as suit-
able for sour gas service.

(f) Mechanical Joints

121

1 1 Jdiciaraal:
TCVE O o artCHaiSpersar

X = [(1.589) M Q] %6758

(-b) Radius of exposure equation to the 500-ppm
level of H,S after dispersal:

X = [(0.4546) M Q] %678

where
M = mol fraction of hydrogen sulfide in the gaseous
mixture
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Q = maximum volume determined to be available
for escape in cubic feet per day corrected to
14.65 psia and 60°F

X = radius of exposure (ROE) in feet

(3) Metric Equations for Radius of Exposure
(-a) 100-ppm level of H,S after dispersal:

X, =[(8.404) M Q,,] *°**

B851.10 Sour Gas Pipeline Blowdown

When blowing down sour gas lines, consideration
shall be given to the use of suitable permanent or tempo-
rary flare systems.

B854 LOCATION CLASS AND CHANGES IN
NUMBER OF BUILDINGS INTENDED FOR
HUMAN OCCUPANCY

(-b) 500-ppm level of H,S after dispersal:

Xy = [(2.404) M Q,,] %8

where
M = mol fraction of hydrogen sulfide in the gaseous
rhixture
Q,, = thaximum volume determined to be available
fpr escape in cubic meters per day corrected to

101 kPa and 15.6°C
X, = rpdius of exposure (ROE) in meters

NOTE: The equations assume a 24-hr release. When a pipeline
segment cajn be isolated in less than 24 hr, appropriate reductions
in Q may Be used.

(4) Bxamples of 100-ppm and 500-ppm ROE for
various 2f-hr releases and H,S mol fractions are shown
in Tableq B850.1-1 and B850.1-2. Metric examples of
100-ppm [and 500-ppm ROE for various 24-hr releases
and H,S ol fractions are shown in Tables B850.1-3 and
B850.1-4.

B850.4 kssential Features of the Emergency. Plan

B850.4.2 Training Program. In addition to conven-
tional trajning, all sour gas operation_dnd maintenance
line pers¢nnel shall be trained in

(a) hagards and characteristies’ of H,S

(b) effect on metal components of the lines and
equipment

(c) safgty precautions

(d) opgration of safety equipment and life support
systems

(e) corfective action and shutdown procedures

B854.5 Concentrations of People in Location _ |
Classes 1 and 2

(c) Security. Unattended fixed surfage-facilities
should be protected from public access-when located
within % mile (400 m) of a residential, commercijl, or
other inhabited or occupied strueture; bus stop; gublic
park; or similarly populated area.

(1) The protection should\be provided by fencing
and locking or removal of-valves and instrumenfation
and plugging of ports, or other similar means.

(2) Surface pipeline is not considered a fixed sur-
face facility.

(d) Additional control and safety procedures or afety
devices should be installed and maintained to prpvent
the undetected continuing release of hydrogen suilfide
if any of, the following conditions exist:

(1) The 100-ppm radius of exposure is in excess of
50:ft (15 m) and includes any part of a public area ejxcept
apublic road.

(2) The 500-ppm radius of exposure is greater than
50 ft (15 m) and includes any part of a public rodd.

(3) The 100-ppm radius of exposure is greater than
3,000 ft (915 m).

(e) Contingency Plan. Operations subject to (d) 3bove
shall have a written contingency plan prepared and
given to state and local emergency response authotities.
Plans shall include maps, location of block valves, valve
keys, and keys for locks.

B860 CORROSION CONTROL OF SOUR GAS
PIPELINES

B860.1 Scope

This section contains the minimum additive or stibsti-
tutive requirements for corrosion control of externgl and
internal corrosion of sour gas piping and compomnents.

B851 PIPELINE MAINTENANCE

B851.7 Pipeline Markers

(d) In addition to each sign required in para. 851.7(c)
of Chapter V, for operations where the 100-ppm radius
of exposure is greater than 50 ft (15 m), a “POISON GAS”
sign shall be installed.

All surface facilities shall also be marked with
“POISON GAS” signs.

Whiere specific provisions are not set fortit herein, the
provisions of section 860 of Chapter VI shall apply.

B860.4 Special Considerations

Due to the corrosivity of hydrogen sulfide and the
frequent presence of carbon dioxide and salt water,
which also are corrosive, special emphasis shall be given
to internal corrosion mitigation and monitoring.

Also, due to the corrosive and hazardous nature of
the sour gas, special consideration shall be given to the
selection of the corrosion allowance.
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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, Xy, m?/day Mol
ft (1,000,000) Fraction m (1,000,000) Fraction
1,16p 1 0.05 782 0.1 0.05
3,190 5 0.05 2,142 0.5 0.05
4,920 10 0.05 3,305 1 0.05
7,59f 20 0.05 9,048 5 0.05
9,79p 30 0.05 13,962 10 0.05
1,79B 1 0.1 1,207 0.1 0.1
4,925 5 0.1 3,305 0.5 0.1
7,59f 10 0.1 5,100 1 0.1
11,72B 20 0.1 13,962 5 0.1
15,10p 30 0.1 21,544 10 0.1
2,77p 1 0.2 1,863 0.1 0.2
7,59f 5 0.2 5,100 0.5 0.2
11,72 10 0.2 7,869 1 0.2
18,09p 20 0.2 21,544 5 0.2
23,31p 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
Release, Q, H,S Release, Q, H.S
ROE, X, MMSCFD Mol ROE, Xy, m?/day Mol
ft (1,000,000) Fraction m (1,000,000) Fraction
53B 1 0.05 357 0.1 0.05
1,458 5 0.05 979 0.5 0.05
2,25p 10 0.05 1,510 1 0.05
3,47p 20 0.05 4,135 5 0.05
4,474 30 0.05 6,380 10 0.05
82p { 0.1 552 0.1 0.1
2,25 5 0.1 1,510 0.5 0.1
3,47 10 0.1 2,330 1 0.1
5,35f 20 0.1 6,380 5 0.1
6,90h 30 0.1 9,845 10 0.1
1,26 1 0.2 851 0.1 0.2
3,47p 5 0.2 2,330 0.5 0.2
5,35 10 Q2 3,596 1 0.2
8,266 20 0.2 9,845 5 0.2
10,654 30 0.2 15,191 10 0.2
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B861 EXTERNAL CORROSION CONTROL FOR
STEEL PIPELINES

B861.1 Buried/Submerged Installations

B861.1.2 Cathodic Protection Requirements. Unless
it can be demonstrated by tests or experience that
cathodic protection is not needed, all buried or sub-
merged facilities with insulating type coatings, except
facilities installed for a limited service life, shall be

B867 STRESS CORROSION AND OTHER
PHENOMENA

Sour gas lines, particularly when combined with car-
bon dioxide and produced salt water, can suffer from
several corrosion-related phenomena.

(a) Hydrogen-Related Problems. The corrosion reaction
in the presence of the sulfide ion permits a high amount
of liberated hydrogen atoms to enter the steel. The
hydrogen causes many problems that have been given

cathodicglly protected as soon as feasible following
installatign, except that minor replacements or exten-
sions shall be protected as covered by para. 860.3.

Facilities installed for a limited service life need not
be cathodically protected if it can be demonstrated that
the facilitly 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 bur-
ied or supmerged system in its entirety.

A faciljty is considered to be cathodically protected
when it meets one or more of the criteria established in
Mandatoty Appendix K.

Use of|cathodic protection is encouraged to protect
buried squr gas facilities.

B864 INTERNAL CORROSION CONTROL

B864.1 General

Sour gas facilities shall be assumed to be internally
corrosive|unless proven by experience to be otherwjise:
Water deypoint control frequently is used as a corrosion
control method. Upset conditions or operational changes
may make this control method ineffective, The use of
inhibitorg is also common.

B864.2 Design of New Installations

New ir
(a) suif
injection
(b) sui
retrieve ¢
coupons

stallations should be'designed with
able dedicated fittings for corrosion inhibitor

able dedicated)fittings and valves to insert and
brrosionmeasuring devices such as probes and

different names:

(1) Sulfide stress cracking (SSC) occurs when the
alloys are too hard and/or too highly stressed in the
presence of corrosion with sour gas. NACE MR{(175/
ISO 15156 outlines all of the acceptable materials combi-
nations to resist this type of cracking

(2) Hydrogen-induced crackihg (HIC) occurs
hydrogen causes inclusions iy ‘thHe steel to delam
Multiple shear cracks thenrdevelop to link the delgmin-
ations creating a stair step crack system. Use off HIC
resistant materials should be considered for sour gas
service.

(3) Stress-<oriented hydrogen-induced cra
(SOHICQ) is another variant of HIC. SOHIC is|
enhanced by high-tensile stress.

(4)_Hydrogen blistering consists of hydrogen
diffusifg inside the steel to delaminated area
recombining to form molecules of hydrogen gas
resulting pressure can create large blisters on eith
inside or outside surfaces of the steel.

(b) Chloride stress corrosion cracking is causgd by
chlorides in the produced water. Austenitic stajnless
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 concentrationd than
normally expected. Except for small low-stressed |parts
such as thermowells, use of alloys not resistant to|chlo-
ride stress cracking above 140°F (60°C) is discouraged
in wet sour gas systems.

(c) Microbiologically Induced Corrosion (MIC).
Microbiologic activity can create severe pitting-typg cor-
rosion and hydrogen-related cracking in sour gas [lines.
Use of appropriate biocides and monitoring mpy be
needed.

iwhen
nate.

king
HIC

toms
and
The
br the
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MANDATORY APPENDIX A
REFERENCES

These references may be immediately applied to mate-

A-2 APl

rials [purchased for use under this Code and shall be
applied to all materials purchased at least 12 months
after fthe date of issuance of the reference’s latest edition,
including addenda, if applicable. A component or pipe
conf@rming to an earlier approved material specification
editipn purchased by the user before the date of issuance
of a new edition or addenda may be used, provided the
component or pipe is inspected and determined to be
satisflactory for the service intended by the user.

Stgqndards are incorporated in this Code by reference,
and the names and addresses of the sponsoring organi-
zatiops are shown in this Mandatory Appendix. It is not
practiical to refer to a specific edition of each publication
throyghout the Code text; instead, the specific edition
refer¢nce dates are shown herein. Reference shall be
limited to the specific edition cited below, except the user
may puse the latest published edition of ANSI approved
standards unless specifically prohibited by this Code,
and provided the user has reviewed the latest editign
of th¢ standard to ensure that the integrity of the pipeline
system is not compromised. If a newer or amended
editipn of a standard is not ANSI approveds then the
user phall use the specific edition referenge date shown
herein.

Ar asterisk (*) indicates that thesspecific edition of
the sfandard has been accepted as-an American National
Standlard by the American National Standards Institute
(ANSI).

A-1 [ AGA

AGA Catalog No. XR0603 (October 2006), Plastic Pipe
Madnual-for Gas Service

*API Spec 5L (45th edition, Decembgr 2012),
Specification for Line Pipe’
* API Manual of Petroleum Measurement/Standards (sec-
ond edition, February 1, 2013), Chapter 2] — Flow
Measurement Using Electroni¢ Metering|Systems,
Section 1 — Electronic GasdVleasurement
APIRP 2A-WSD (21st editiefy; December 2000, including
Errata and Suppleménts'through October 2007; reaf-
firmed 2010), Recommended Practice for [Planning,
Designing anid ‘Constructing Fixed [Offshore
Platforms — Werking Stress Design
API RP 5Ek1(seventh edition, Septembe¢r 2009),
Recominenided Practice for Railroad Trangportation
of Line Pipe
*APERP 5LW (third edition, September 2009),
Recommended Practice for Transportation 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 Basig Surface
Safety Systems for Offshore Production Pldtforms
*API RP 14E (fifth edition, October 1991, r¢affirmed
March 2007), Recommended Practice for the Design
and Installation of Offshore Production [Platform
Piping Systems
*API RP 14F (fifth edition, July 2008), Recommmended
Practice for Design, Installation, and Maintenance of
Electrical Systems for Fixed and Floating| Offshore
Petroleum Facilities for Unclassified andl Class I,
Division 1 and Division 2 Locations
API RP 14] (second edition, May 2001, reaffirmed March
2007), Recommended Practice for Design andl Hazards
Analysis for Offshore Production Facilities
*API RP 17B/ISO 13628-11:2007 (fourth| edition,
July 2008, including Technical Corrigepndum 1),
Recommended Practice for Flexible Pipe

*ANSTZ22317NFPA 54(2012), National Fuel Gas Code

*ANSI/GPTC Z380.1 (2012, including Addenda 1
through 3), GPTC Guide for Gas Transmission and
Distribution Piping Systems

Gas Piping Technology Committee’s Guide Material
Appendix G-192-15, Design of Uncased Pipeline
Crossings of Highways and Railroads (2009)

Publisher: American Gas Association (AGA), 400 North
Capitol Street, NW, Washington, DC 20001
(www.aga.org)

APT R 8U (first edition, April 2000), Guidelines for the
Definition of Onshore Gas Gathering Lines

APIRP 1102 (seventh edition, December 2007, including
Errata through September 2012), Steel Pipelines
Crossing Railroads and Highways

*API RP 1110 (sixth edition, February 2013),
Recommended Practice for the Pressure Testing of
Steel Pipelines for the Transportation of Gas,

! See Note in para. 814.1.1 regarding the use of the 45th edition
of API 5L.

(16)
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Petroleum Gas, Hazardous Liquids, Highly Volatile
Liquids, or Carbon Dioxide

API RP 1111 (fourth edition, December 2009, including
Errata through May 2011), Design, Construction,
Operation, and Maintenance of Offshore
Hydrocarbon Pipelines (Limit State Design)

*API Spec 6A /ISO 10423:2009 (Modified) (20th edition,
October 2010, including Errata and Addenda through
March 2013), Specification for Wellhead and

*ASME B16.40-2013, Manually Operated Thermoplastic
Gas Shutoffs and Valves in Gas Distribution Systems

*ASME B16.42-2011, Ductile Iron Pipe Flanges and
Flanged Fittings: Classes 150 and 300

*ASME B16.47-2011, Large Diameter Steel Flanges: NPS
26 Through NPS 60 Metric/Inch Standard

*ASME B16.49-2012, Factory-Made, Wrought Steel,
Buttwelding Induction Bends for Transportation and
Distribution Systems

Christr
*API Spe
includi

Tas - 1ree Equiprmernt

b 6D /ISO 14313:2007 (23rd edition, April 2008,

hg Errata and Addenda through October 2012),
Specifigation for Pipeline Valves

*API Spec 6DSS/ISO 14723:2009 (second edition,
Decemper 2009), Specification for Subsea Pipeline
Valves

*API Spe
includ
Operat]
Wellhe

t 17D /ISO 13628-4 (second edition, May 2011,

ng Errata through June 2013), Design and

jon of Subsea Production Systems — Subsea

hd and Tree Equipment

*API Spe¢ 17] /1SO 13628-2:2006 (third edition, July 2008,
including Errata through August 2010), Specification
for Unbonded Flexible Pipe

API Std 1j104 (21st edition, September 2013), Welding of
Pipelines and Related Facilities

Publishqr: American Petroleum Institute (API),
1220 [L Street, NW, Washington, DC 20005
(www.api.org)

A-3 ASME

*ASME H1.1-2003 (R2008), Unified Inch Screw~Threads
(UN angd UNR Thread Form)

*ASME 11.20.1-1983 (R2006), Pipe Threads, General

Purpose (Inch)

*ASME B[16.1-2010, Gray Iron Pipe Flanges and Flanged
Fitting$: Classes 25, 125, and 250

*ASME B16.5-2013, Pipe Flanges)and Flanged Fittings:
NPS %|Through NPS 24 Metric/Inch Standard

*ASME BJ16.9-2012, Factory-Made Wrought Buttwelding
Fitting

*ASME H
and Th

*ASME H16.20-2012, Metallic Gaskets for Pipe Flanges:
Ring-]qint;.Spiral-Wound, and Jacketed

16.11-2014,~Forged Fittings, Socket-Welding
readed.

*ASMEB18-2-1-2012;, Square;, Hex, Heavy Hex, and
Askew Head Bolts and Hex, Heavy Hex, HexElange,
Lobed Head, and Lag Screws (Inch Serie§)

*ASME B18.2.2-2010, Nuts for General Applicalf
Machine Screw Nuts, Hex, Square, Hex Flangg
Coupling Nuts (Inch Series)

*ASME B31G-2012, Manual fer) Determining the
Remaining Strength of&Corroded Pipelines:
Supplement to ASME B3T.€ode for Pressure Piping

*ASME B31Q-2010, Pipeline’ Personnel Qualificatipn

*ASME B31.1-2012, Péwer Piping

*ASME B31.3-2012;, Process Piping

*ASME B31.4-2012,\Pipeline Transportation Systems for
Liquids and Slarries

*ASME B31.85-2012, Managing System Integrity of Gas
Pipelines

*ASME/B36.10M-2004 (R2010), Welded and Seainless
Wrought Steel Pipe

*ASME BPV Code: Section II, Materials; Section
Rules for Construction of Pressure Vessels; and S¢
IX, Qualification Standard for Welding, Brazing
Fusing Procedures; Welders; Brazers; and Wel
Brazing, and Fusing Operators (2013)

ASME SI-1-1982, ASME Orientation and Guide for Use
of SI (Metric) Units

ASME PCC-2-2011, Repair of Pressure Equipmen}t and
Piping

IPC2002-27124, “Development of Acceptance Cr|
for Mild Ripples in Pipeline Field Bends,” Procee
of IPC 2002, Fourth International Pipeline Confer
September 2002

Publisher: The American Society of Mecha
Engineers (ASME), Two Park Avenue, New
NY 10016-5990 (www.asme.org)

ions:
and

VIII,
ction
, and
ding,

iteria
Hings
ence,

nical

York,

A-4 ASTM

*ASME Bt6:24-2641—€ast-ECopper—Attoy—Pipe—Fianges
and Flanged Fittings: Classes 150, 300, 600, 900, 1500,
and 2500

*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
Distribution: Manually Operated, NPS 2% (DN 65) to
NPS 12 (DN 300), 125 psig (8.6 bar) Maximum

126

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

ASTM A105/A105M-12, Standard Specification for
Carbon Steel Forgings for Piping Applications

ASTM A106/A106M-11, Standard Specification for
Seamless Carbon Steel Pipe for High-Temperature
Service

ASTM A134-96(R2012), Standard Specification for Pipe,
Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and
Over)
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ASTM A135/A135M-09, Standard Specification for
Electric-Resistance-Welded Steel Pipe

ASTM A139/A139M-04(R2010), Standard Specification
for Electric-Fusion (Arc)-Welded Steel Pipe (Sizes
NPS 4 and Over)

ASTM A193/A193M-12b, Standard Specification for
Alloy-Steel and Stainless Steel Bolting Materials for
High Temperature or High-Pressure Service and

Other Spec1al Purpose Apphcatlons

-Temperature Service
A333/A333M-11, Standard Specification for

A372/A372M-12, Standard Specification for

arbon and Alloy Steel Forgings for Thin-Walled
Prgssure Vessels

ASTM A381-96(R2012), Standard Specification for
Mgtal-Arc-Welded Steel Pipe for Use With High~
Pr¢ssure Transmission Systems

ASTM A395/A395M-99(R2009), Standard Specification
fo1] Ferritic Ductile Iron Pressure-Retaining Castings
for] Use at Elevated Temperatures

ASTM A449-10, Standard Specification for Hex Cap
Sciews, Bolts and Studs, Steel, HeatIreated, 120/105/
90 [ksi Minimum Tensile Strength,/General Use

ASTM A671/A671M-10, Standard Specification for
Elgctric-Fusion-Welded Steel Pipe for Atmospheric
angd Lower Temperatures

ASTM A672/A672M-09Standard Specification for
Elgctric-Fusion-Welded Steel Pipe for High-Pressure
Sefvice at Moderate Temperatures

ASTM A691 /A691M-09, Standard Specification for
Cafbon and\Alloy Steel Pipe, Electric-Fusion-Welded
for] High-Pressure Service at High Temperatures

ASTM"A984/ A984M-03(R2009), Standard Specification

ASTM D696-08¢!, Standard Test Method for Coefficient
of Linear Thermal Expansion of Plastics Between
-30°C and 30°C With a Vitreous Silica Dilatometer

ASTM D1598-02(R2009), Standard Test Method for
Time-to-Failure of Plastic Pipe Under Constant
Internal Pressure

*ASTM D2513-13, Standard Specification for
Polyethylene (PE) Gas Pressure Pipe, Tubing, and
F1tt1ngs
: a fgation for

Reinforced Epoxy Resin Gas PressuréPipe and
Fittings

*ASTM D2837-11, Standard Test Method for Obtaining
Hydrostatic Design Basis for Thermoplgstic Pipe
Materials or Pressure Design'Basis for Thermoplastic
Pipe Products

*ASME F1041-02(R2008),.Standard Guide for|Squeeze-
Off of Polyolefin Gas*Pressure Pipe and Tuping

*ASTM F1563-01(R20#1), Standard Specifidation for
Tools to Squeeze-Off Polyethylene (PE) G4s Pipe or
Tubing

ASTM F2817-]3, Standard Specification for Pply (Vinyl
Chloride) (PVC) Gas Pressure Pipe and Fittings for
Maintenance or Repair

ASTMF2945-15, Standard Specification for Holyamide
11 Gas Pressure Pipe, Tubing, and Fittings

Publisher: American Society for Testing and [Materials
(ASTM International), 100 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

*AWS D3.6M:2010, 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®
ANSI A21.52-1991 Ductile-Iron pipn, Cen rlfugally

for Steel Line Pipe, Black, Plain-End, Electric-
Resistance-Welded

ASTM A1005/A1005M-00(R2010), Standard
Specification for Steel Line Pipe, Black, Plain-End,
Longitudinal and Helical Seam, Double Submerged-
Arc Welded

ASTM A1006/A1006M-00(R2010), Standard
Specification for Steel Line Pipe, Black, Plain-End,
Laser Beam Welded

ASTM B88-09, Standard Specification for Seamless
Copper Water Tube

Cast, for Gas®

*ANSI/AWWA C111/A21.11-12, Rubber-Gasket Joints
for Ductile-Iron Pressure Pipe and Fittings

*ANSI/AWWA C150/A21.50-08, Thickness Design of
Ductile-Iron Pipe

AWWA C101-1976(R1977), Thickness Design of Cast
Iron Pipe2

2 This publication has been superseded, withdrawn, or is no
longer in print.
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Publisher: American Water Works Association (AWWA),
6666 West Quincy Avenue, Denver, CO 80235
(www.awwa.org)

A-7 CGA

Best Practices Guide (version 10.0, 2013)

Publisher: Common Ground Alliance (CGA), 2200
Wilson Boulevard, Suite 102-172, Arlington, VA 22201

MSS SP-25-2008, Standard Marking System for Valves,
Fittings, Flanges, and Unions

MSS SP-44-2010 (including May 2011 errata), Steel
Pipeline Flanges

MSS SP-70-2011, Gray Iron Gate Valves, Flanged and
Threaded Ends

MSS SP-71-2011, Gray Iron Swing Check Valves, Flanged
and Threaded Ends

MSS SP-75-2008, Specification for High-Test Wrought

(www.fommongroundalliance.com)

A-8 EPRI
EPRI EL{3106 (1983) (also published as PRCI-AGA-

1.51418)), Power Line-Induced AC Potential on Natural
Gas Pipelines for Complex Rights-of-Way
Configpirations

Publishef: 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
Hydrogen Sulfide in LPG and Gases (Tutweiler
Methodgl)

GPA Standard 2265-68, Determination of Hydrogen
Sulfide and Mercaptan Sulfur in Natural Gas
(Cadmjum Sulfate-Iodometric Titration Method)

Publishet
Ameri
(www.

: Gas Processors Association (GPA), Sixty Sixty:
can Plaza, Suite 700, Tulsa, OK 74135
bpaglobal.org)

A-10 Gfl

GRI-00/0154 (2000), Design Guide far I’olyethylene Gas
Pipes Across Bridges

GRI-91/(284 (1991), Guidelines for Pipelines Crossing
Highwhys?

Publishey: Gas Technology~Institute (GTI), 1700 South
Moun{ Prospect Road, Des Plaines, IL 60018
(www.gastechnolegy.org)

A-11 IHEE

*IEEE/AJJ.LVJ. JIIYU 2U1n

Butt Welding Fittings
MSS SP-78-2011, Gray Iron Plug Valves, Flanged
Threaded Ends

Publisher: Manufacturers Standardizatién,Society
Valve and Fittings Industry, IncMSS), 127
Street, NE, Vienna, VA 22180 (www.msshq.org

and

bf the
Park

A-13 NACE

*ANSI/NACE MR0175/1SO 15156:2009, Petroleum and
Natural Gas Indfistries — Materials for Use in| H,S-
Containing Environments in Oil and Gas Produgtion,
Parts 1, 2, and 3 (including all Technical Cirgulars
through.2011)

NACEorrosion Data Survey (1985)?

NAEE "SP0169-2007, Control of External Corrosi
Wnderground or Submerged Metallic Piping Sy

NACE SP0177-2007, Mitigation of Alternating Ct
and Lightning Effects on Metallic Structure
Corrosion Control Systems

*NACE SP0607-2007 /ISO 15589-2:2004 (Modified),
Petroleum and Natural Gas Industries — Cathodic
Protection of Pipeline Transportation Systehs —
Offshore Pipelines

n on
tems
rrent

and

Publisher: National Association of Corrosion Engineers
(NACE International), 15835 Park Ten Place, Hoyston,
TX 77084-4906 (www.nace.org)

A-14 NFPA

*NFPA 10-2013, Standard for Portable Fire Extinguishers

*NFPA 30-2012, Flammable and Combustible Lifjuids
Code

*NFPA 58-2013, Liquefied Petroleum Gas Code

A - DNlods 1. Cyt pa | oa|
U, TAITICTICAIT ITNAUIUINTdID otdltudiy
for Metric Practice

Publisher: Institute of Electrical and Electronics
Engineers, Inc. (IEEE), 445 Hoes Lane, Piscataway, NJ
08854 (www.ieee.org)

A-12 MSS

MSS SP-6-2012, Standard Finishes for Contact Faces of
Pipe Flanges and Connecting-End Flanges of Valves
and Fittings

128

*NFPA 59-2012, Utility LP-Gas Plant Code

*NFPA 59A-2013, Standard for the Production, Storage,
and Handling of Liquefied Natural Gas (LNG)

*NFPA 70-2013, National Electrical Code (including
Amendment 1)

*NFPA 220-2012, Standard on Types of Building
Construction

Publisher: National Fire Protection Association (NFPA),
1 Batterymarch Park, Quincy, MA 02169
(www.nfpa.org)
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A-15 PPI

Handbook of Polyethylene Pipe, second edition,
November 2007 (including Errata Sheet, June 6, 2012)

TR-3/2004, Policies and Procedures for Developing
Hydrostatic Design Basis (HDB), Pressure Design
Basis (PDB), Strength Design Basis (SDB), and
Minimum Required Strength (MRS) Ratings for
Thermoplastic Piping Materials or Pipe

TR-45/2008, Butt Fusion Joining Procedure for Field
Joining of Polyamide-11 (PA-11) Pipe

Publisher: Plastics Pipe Institute (PPI), 105 Decker Court,
Suite 825, Irving, TX 75062 (www.plasticpipe.org)

A-16 PRCI

PRCI PR-185-9734 (PRCI Catalog 151782), Guidelines
for Weld Deposition Repair on Pipelines (1998)
PRCI PR-186-0324 (PRCI Catalog 1.52047), Updated

TR-4p 2013, Tisting of Hydrostatic Design Basis (HDB),
Hydrostatic Design Stress (HDS), Strength Design
Bapis (SDB), Pressure Design Basis (PDB) and
Minimum Required Strength (MRS) Ratings For
Thermoplastic Piping Materials or Pipe

TR-3p /2006, Generic Butt Fusion Joining Procedure for
Polyethylene Gas Pipe

TR-4[ /2002, Generic Saddle Fusion Joining Procedure
for) Polyethylene Gas Piping

Pipeline Repair Manual (2006)
PRCI PR-218-05404 (PRCI Catalog L52314)| Pipeline
Defect Assessment — A Review and‘Comparison of
Commonly Used Methods (2010)
PRCI PR-218-9307 (PRCI Catalog-L51716)|Pipeline
Repair Manual (1994)
Publisher: Pipeline Research’Council Intefnational
(PRCI), 3141 Fairview\\Park Drive, Suite p25, Falls
Church, VA 22042 (wyw.prci.org)
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MANDATORY APPENDIX B
NUMBERS AND SUBJECTS OF STANDARDS AND
SPECIFICATIONS THAT APPEAR IN MANDATORY APPENDIX A

The information in this Appendix has been incorpo-
rated int¢ 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
accepfted as American National Standards by the American
Natiohal Standards Institute (ANSI).

C-1 |AGA

AGA Catalog XL1001 (December 2010, including
Errata 1 and 2), Classification of Locations for
Elgctrical Installations in Gas Utility Areas

Direqtional Drilling Damage Prevention Guidelines for
thg Natural Gas Industry (December 2004)

Publlisher: American Gas Association (AGA), 400
Ndrth Capitol Street, NW, Washington, DC 20001
(www.aga.org)

C-2 |API

API RP 2A-LRFD (first edition, July 1993, including
Ergata and Supplements through February 1997; reaf-
firmed May 2003), Recommended Practi¢e’for
Planning, Designing, and Constructing: Fixed
Offshore Platforms — Load and Resistance Factor
Depign'

*AP] RP 500 (third edition, Deecember 2012),
Relcommended Practices fof Classification of
Lofations for Electrical Installations at Petroleum
Fafilities Classified as Class I, Division 1 and
Diyision 2

API $pec 5B (15th edition,April 2008), Specification for
Threading, Gauging,and Thread Inspection of Casing,
Tuping, and Linie\Pipe Threads

Publisher: American Petroleum Institute (API),
120 L ‘Street, NW, Washington, DC 20005
(wwwapi.org)

C-4 ASME

*ASME B1.20.3-1976 (R2013), Dryseal Pipg Threads
(Inch)
*ASME B16.3-2011, Malleable dron Threaded Fittings:
Classes 150 and 300
*ASME B16.4-2011, Gray Iron Threaded [Fittings:
Classes 125 and 250
*ASME B16.14-2010, Ferrous Pipe Plugs, Bushings, and
Locknuts With Pipe Threads
*ASME B16.15-2011, Cast Copper Alloy Threaded
Fittings: Classes 125 and 250
*ASME B16:18-2012, Cast Copper Alloy Solder Joint
Pressure' Fittings
*ASMEB16.22-2012, Wrought Copper and Copjper Alloy
Solder-Joint Pressure Fittings
*ASME B16.25-2012, Buttwelding Ends
*ASME B31.12-2011, Hydrogen Piping and Pijpelines
Publisher: The American Society of Mgchanical
Engineers (ASME), Two Park Avenue, New York,
NY 10016-5990 (www.asme.org)

C-5 AST™M

ASTM A6/A6M-13, Standard Specification for General
Requirements for Rolled Structural Steel Balrs, Plates,
Shapes, and Sheet Piling

ASTM A20/A20M-11, Standard Specificption for
General Requirements for Steel Plates for Pressure
Vessels

ASTM A29/A29M-12, Standard Specificgtion for
General Requirements for Steel Bars, Cafbon and
Alloy, Hot-Wrought

ASTM A36/A36M-12, Standard Specification for
Carbon Structural Steel

ASTM A47/A47M-99(R2009), Standard Specifjcation for

C-3 ASCE

ASCE Manuals and Reports on Engineering Practices
No. 89 — Pipeline Crossings Handbook (June 1996)

Publisher: American Society of Civil Engineers
(ASCE), 1801 Alexander Bell Drive, Reston, VA 20191
(www.asce.org)

! This publication has been superseded, withdrawn, or is no
longer in print.

ASTM A48/ A48M-03(R2012), Standard Specification for
Gray Iron Castings

ASTM A125-96(R2007), Standard Specification for Steel
Springs, Helical, Heat-Treated

ASTM A126-04(R2009), Standard Specification for Gray
Iron Castings for Valves, Flanges, and Pipe Fittings

ASTM A181/A181M-12, Standard Specification for
Carbon Steel Forgings, for General-Purpose Piping

*ASTM A182/A182M-13, Standard Specification for
Forged or Rolled Alloy and Stainless-Steel Pipe
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Flanges, Forged Fittings, and Valves and Parts for
High-Temperature Service

ASTM A197/A197M-00(R2011), Standard Specification
for Cupola Malleable Iron

ASTM A216/A216M-12, Standard Specification for Steel
Castings, Carbon, Suitable for Fusion Welding, for
High-Temperature Service

ASTM A217/A217M-12, Standard Specification for Steel
Castings, Martensitic Stainless and Alloy, for

ASTM B43-09, Standard Specification for Seamless Red
Brass Pipe, Standard Sizes

ASTM B61-08, Standard Specification for Steam or Valve
Bronze Castings

ASTM B62-09, Standard Specification for Composition
Bronze or Ounce Metal Castings

ASTM B68/B68M-11, Standard Specification for
Seamless Copper Tube, Bright Annealed

ASTM B75/B75M-11, Standard Specification for

Pressure-Containing Parts, Suitable for High-
Temperature Service

ASTM AR25/A225M-12, Standard Specification for
Pressure Vessel Plates, Alloy Steel, Manganese-
Vanadium-Nickel

ASTM AP34/A234M-11a, Standard Specification for
Piping|Fittings of Wrought Carbon Steel and Alloy
Steel fgr Moderate and High-Temperature Service

ASTM APR42/A242M-13, Standard Specification for
High-Strength Low-Alloy Structural Steel

ASTM AP83/A283M-12a, Standard Specification for
Low and Intermediate Tensile Strength Carbon Steel
Plates

ASTM AR85/A285M-12, Standard Specification for
Pressyre Vessel Plates, Carbon Steel, Low- and
Intermediate-Tensile Strength

ASTM AB50/A350M-12, Standard Specification for
Carbon and Low-Alloy Steel Forgings, Requiring
Notch [foughness Testing for Piping Components

ASTM |A377-03(R2008)¢!, Standard Index of
Specifigations for Ductile-Iron Pressure Pipe

ASTM AW20/A420M-10a, Standard Specification for
Piping [Fittings of Wrought Carbon Steel and“Alloy
Steel fgr Low-Temperature Service

ASTM A487/A487M-93(R2012), Standard:-Specification
for Ste¢l Castings Suitable for Presstire Service

ASTM A502-03(R2009), Standard Specification for
Rivets,|Steel, Structural

ASTM AB15/A515M-10, Stahdard Specification for
Pressute Vessel Plates, Garbon Steel, for Intermediate-
and Higher-Temperatute Service

ASTM AB16/A516M-10, Standard Specification for
Pressute Vessel Plates, Carbon Steel, for Moderate-
and Lower-Temiperature Service

ASTM AB75-96(R2013)¢!, Standard Specification for
Steel Bhrs, Carbon_ Merchant Quality. M-Grades

SCdlIl‘lﬁbb CUPIJCI TLIIUC

ASTM B249/B249M-12, Standard Specificatio|
General Requirements for Wrought Qoppet
Copper-Alloy Rod, Bar, Shapes, and Forgings

ASTM B251-10, Standard Specification for Ge
Requirements for Wrought Seamless Coppe
Copper-Alloy Tube

ASTM B584-13, Standard Spegification for Copper
Sand Castings for General:Applications

n for
and

heral
and

Alloy

Publisher: American Sotiety for Testing and Materials
(ASTM International), 100 Barr Harbor Drive| P.O.
Box C700, West Conshohocken, PA 1942812959
(www.astm.ofg)

C-6 AWWA

*AWWA™ C207-13, Steel Pipe Flanges for Waterworks
Service — Sizes 4 in. Through 144 in. (100 mm
Through 3,600 mm)

Publisher: American Water Works Association (AW
6666 West Quincy Avenue, Denver, CO §
(www.awwa.org)

WA),
0235

C-7 GTI

GRI-00/0154 (2001), Design Guide for Pipes A
Bridges
GRI-00/0192.01 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 1: Frdcture
Propagation and Arrest
GRI-00/0192.02 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 2: IPefect
Assessment
GRI-00/0192.03 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Secti¢n 3:
Identifying Types of Defects and Causes of Pipeline

Cross

ASTM A576-90b(R2012), Standard Specification for Steel
Bars, Carbon, Hot-Wrought, Special Quality

ASTM A694/A694M-08, Standard Specification for
Carbon and Alloy Steel Forgings for Pipe Flanges,
Fittings, Valves, and Parts for High-Pressure
Transmission Service

ASTM B21/B21M-12, Standard Specification for Naval
Brass Rod, Bar, and Shapes

ASTM B42-10, Standard Specification for Seamless
Copper Pipe, Standard Sizes

132

Faitures
GRI-00/0192.04 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 4:
Hydrostatic Testing
GRI-00/0192.05 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 5: Line Pipe
GRI-00/0192.06 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 6: Welding
GRI-00/0192.07 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 7: Fittings
and Components


https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

ASME B31.8-2016

GRI-00/0192.08 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 8: Pipeline
Repair Methods

GRI-00/0192.09 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 9:
Mechanical Damage

GRI-00/0192.10 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 10:
Corrosion

C-8 MSS

*MSS SP-55-2011, Quality Standard for Steel Castings
for Valves, Flanges, Fittings, and Other Piping
Components — Visual Method for Evaluation of
Surface Irregularities

MSS SP-61-2013, Pressure Testing of Valves

Publisher: Manufacturers Standardization Society of the
Valve and Fittings Industry, Inc. (MSS), 127 Park

GRI-0040192 11 (2001} GRI Guide for Locating and
7 A 77 S

Usfng Pipeline Industry Research. Section 11: Stress
Coyrosion Cracking

GRI-P0/0192.12 (2001), GRI Guide for Locating and
Usjng Pipeline Industry Research. Section 12: Industry
Stdtistics

GRI-P0/0192.13 (2001), GRI Guide for Locating and
Usfng Pipeline Industry Research. Section 13: Offshore
Pipelines

GRI-p0/0192.14 (2001), GRI Guide for Locating and
Usfng Pipeline Industry Research. Section 14: In-Line
Ingpection

GRI-P0/0192.15 (2001), GRI Guide for Locating and
Usfng Pipeline Industry Research. Section 15: Special
Sitpiations

GRI-p0/0192.16 (2001), GRI Guide for Locating and
Usfng Pipeline Industry Research. Section 16: Risk
Aspessment

GRI-P0/0192.17 (2001), GRI Guide for Locating and
Uding Pipeline Industry Research. Section 17;
Gepgraphical Information Systems

GRI-96/0368 (1996), Guidelines for the Application of
Gyided Horizontal Drilling to Install “Gas
Distribution Pipe

Publjsher: Gas Technology Institute (GTI), 1700 South
Mount Prospect Road, Des Plaines, IL 60018
(www.gastechnology.org)

Street, NE, Vienna, VA 22180 (www.msshqglorg)

C-9 OTHER PUBLICATIONS

ANSI 717.1-1973, AmericarnNational Standard for
Preferred Numbers'

Publisher: American-National Standards [[nstitute
(ANSI), 25 West 43rd Street, New York, NY 10036
(www.ansi.org)

Horizonal¢Directional Drilling — Good Practices
Guidelines’ (third edition, 2008)

Publisher: HDD Consortium, available throujgh North
American Society for Trenchless Technology ([NASTT),
14500 Lorain Avenue #110063, Cleveland, OH 44111
(www.nastt.org)

stallation
rilling —

PRCI PR-227-03110 (PRCI Catalog 1.52290), Ir{
of Pipelines Using Horizontal Directional I
An Engineering Design Guide (2008)

rnational
b25, Falls

Publisher: Pipeline Research Council Inte
(PRCI), 3141 Fairview Park Drive, Suite
Church, VA 22042 (www.prci.org)
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MANDATORY APPENDIX D
SPECIFIED MINIMUM YIELD STRENGTH FOR STEEL PIPE
COMMONLY USED IN PIPING SYSTEMS®

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 BW, ERW, S 25,000,(172)
API 5L [Note (2)] A ERW, S, DSA 304000 (207)
API 5L [Note (2)] B ERW, S, DSA 35,000 (241)
API 5L [Note (2)] x42 ERW, S, DSA 42,000 (290)
API 5L [Note (2)] x46 ERW, S, DSA 46,000 (317)
API 5L [Note (2)] x52 ERW, S, DSA 52,000 (359)
API 5L [Note (2)] X56 ERW, S, DSA 56,000 (386)
API 5L [Note (2)] x60 ERW, S, DSA 60,000 (414)
API 5L [Note (2)] x65 ERW,, S,"DSA 65,000 (448)
API 5L [Note (2)] x70 ERW, S, DSA 70,000 (483)
API 5L [Note (2)] x80 ERW, S, DSA 80,000 (552)
ASTM A53 Type F BW 25,000 (172)
ASTM A53 A ERW, S 30,000 (207)
ASTM A53 B ERW, S 35,000 (241)
ASTM A106 A S 30,000 (207)
ASTM A106 B s 35,000 (241)
ASTM A106 C S 40,000 (276)
ASTM A134 \ - EFW [Note (3)]
ASTM A135 A ERW 30,000 (207)
ASTM A135 B ERW 35,000 (241)
ASTM A139 A EFW 30,000 (207)
ASTM A139 B EFW 35,000 (241)
ASTM A139 C EFW 42,000 (290)
ASTM A139 D EFW 46,000 (317)
ASTM A139 E EFW 52,000 (359)
ASTMA333 1 S, ERW 30,000 (207)
ASTM A333 3 S, ERW 35,000 (241)
ASTM A333 4 S 35,000 (241)
ASTM A333 6 S, ERW 35,000 (241)
ASTM A333 7 S, ERW 35,000 (241)
ASTM A333 3 S, ERW 75,000 (517)
ASTM A333 9 S, ERW 46,000 (317)
ASTM A381 Class Y-35 DSA 35,000 (241)
ASTM A381 Class Y-42 DSA 42,000 (291)
ASTM A381 Class Y-46 DSA 46,000 (317)
ASTM A381 Class Y-48 DSA 48,000 (331)
ASTM A381 Class Y-50 DSA 50,000 (345)

! See para. 841.1.
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Table D-1 Specified Minimum Yield Strength for Steel Pipe Commonly Used
in Piping Systems (Cont’d)

Type SMYS,
Spec. No. Grade [Note (1)] psi (MPa)
ASTM A381 Class Y-52 DSA 52,000 (359)
ASTM A381 Class Y-56 DSA 56,000 (386)
ASTM A381 Class Y-60 DSA 60,000 (414)
ASTM A381 Class Y-65 DSA 65,000 (448)
ASTM A984 35 ERW 35,000 (241)
ASTM A984 50 ERW 50,000 (345)
ASTM A984 60 ERW 60,000 (414)
ASTM A984 70 ERW 70,000 (483)
ASTM A984 80 ERW 80,000 (552)
ASTM A1005 35 DSA 35,000 (241)
ASTM A1005 50 DSA 50,000 (345)
ASTM A1005 60 DSA 60,000 (414)
ASTM A1005 70 DSA 70,000 (483)
ASTM A1005 80 DSA 80,000 (552)
ASTM A1006 35 Lw 35,000 (241)
ASTM A1006 50 Lw 50,000 (345)
ASTM A1006 60 LW 60,000 (414)
ASTM A1006 70 Lw 70,000 (483)
ASTM A1006 80 LW 80,000 (552)

GENERAL NOTE: This Table is not complete. For the minimum specified yield strength of other grades

and grades in other approved specifications, refer to thesparticular specification.

NOTES:

(1) Abbreviations: BW = furnace buttwelded; DSA~= double submerged-arc welded; EFW = electric
fusion welded; ERW = electric resistance welded; LW = laser welded; S = seamless.

(2) Intermediate grades are available in APK5L.

(3) See applicable plate specification for SMYS.

135



https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

ASME B31.8-2016

(16) Table D-2 HDB Values for
Thermoplastic Materials

Plastic Pipe Material
Designation (D2513 for PE

and F2945 for PA-11) HDB at 73°F, psi
PA 32312 (PA-11) 2,500
PA 32316 (PA-11) 3,150
PB 2110 2,000
PE 2406 1,250
PE 3408 1,600
PE 2606 1.250
PE 2706 1.250
PE 2708 1,250
PE 3608 1,600
PE 3708 1,600
PE 3710 1,600
PE 4708 1,600
PE 4710 1.600
PVC 1120 4,000
PVC 1220 4,000
PVC 2110 2,000
PVC 2116 3,150

GENERAL NOTES:

@) Long-Term Hydrostatic Strength Values fdr’Thermoplastic Pipes
Covered by ASTM D2513. The values*apply only to materials
and pipes meeting all the requireménts of the basic materials
and ASTM D2513. They are baséd;on engineering test data
obtained in accordance with-ASTM D1598 and analyzed in
accordance with ASTM D2837. A list of commercial compounds
meeting these requirements is published yearly by the Plastics
Pipe Institute.

HDB Values for (Reinforced Thermosetting Pipes Covered by
ASTM D2517..Th€ value is established in accordance with
ASTM D251%, In the absence of an established HDB, the value
is 11,000,psi (75.8 MPa).

(b

=
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MANDATORY APPENDIX E
FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Table E-1 begins on the following page.
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i

Stress Intensification

Factor, i [Notes (1) and (2)]

Flexibility Flexibility
Factor, Out-Plane, In-Plane, Characteristic,
Description k io i h Sketch
Welding elbow or pipe bend 1.65 0.75 0.9 E
[Notes (1)-(5)] h K3 hY3 1,2
Closely spafced miter bend [Notes 1.52 0.9 0.9 ot 0 Ts
(1), 2, @), and (5)] s e v =
s<r,(1ftan 6) h h h I
Single mitef bend or widely B
spaced miter bend 1.52 0.9 0.9 1+cotdT
s>r, (1} tan @) K516 K23 K23 2 r
[Notes (1)), (2), and (5)]
Welding teg per ASME B16.9 with _
ro 2 d/8" % 3. 1 I
Ts15T 1 T AR b 5
[Notes (1)), (2), and (6)]
Reinforced fabricated tee with 1 5/2
. / T
pad or sgddle [Notes (1), (2), 1 07/93 Yalo + Vs T 3//22 2
?-©) h er
Unreinforced fabricated tee 1 09 AR z
[Notes (1), (2), and (9)] h23 4o /4 rs
Extruded oltlet _
1o 2 0.05¢ 09 i n\ T
T.<15T ! K23 Yulo * /s ! ry) ry
[Notes (1)), (2), and (6)]
Welded-in ¢ontour insert _
ro 2 d/8" % 3, . 1 I
Ts15T 1 P Y io + Vi 44 5
[Notes (1)), (2),-and (10)]
Brancl}; we.ldfed-oré)ﬂ[tSntg _c(,IrES . 0.9 0.9 is i
grally reinforce ote R 203 203 3L

), (9), and (11)]
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)
Flexibility Stress Intensification
Factor, Factor,
Description k i Sketch
Butt weld [Notes (1) and (12)]
7>0.237 in. (6.02 mm), 1 1.0
Smax < Y16 in. (1.59 mm),
and 6,,/7 < 0.13
Butt weld [Notes (1) and (12)]
- . T \ / |17
T>10.237 in. (6.02 mm),
Shax < Vg in. (3.18 mm), 1.9 max. or_ 1
and 8,g/T = any value 1 [0.9 + 2.7(8ag/ T,
but not less than
Butt weld [Notes (1) and (12)] 1.0
T<[0.237 in. (6.02 mm),
Shax < Yo in. (1.59 mm),
and 8,,/T < 0.33
1 1.9 max. or
-, D, b}
Taperdd transition per 1.3 + 0.0036 — 3.6 =
ASME B16.25 T T
[Nofe (2)]
1 2.0 max.’ or
D,,\!2
Concehtric reducer per 0.5 + 0.01« (_—")
ASME B16.9 [Notes (1) and n
(3)1
Doublg-welded slip-on flange 1 1.2
[Nofe (14)]
Socket welding flange or fit- 1 2.1 max. or 2.1 T/C, but
ting| [Notes (14) and (15)] not less than 1.3
Lap jojnt flange (with 1 1.6
ASME B16.9 lap joint stub)
[Nofe (14)]
Threaded pipe joint or 1 2.3
threfaded flange [Notel(44)]
Corrugated straight pipe; or 5 2.5
corrugated orreased bend
[Nofe (16)]
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

100
80 Flexibility factor for
elbows, k = 1.65/h
60| ,/

/ Flexibility factor for

miters, kK = 1.52/h %6

Stress intensification factor, /,
and flexibility factor, k

Corr factor, ¢4

Stress intensificatign
factor, i = 0.9/h /3

Stress intensification
factor, i = 0.75/h%/3

N

N
1.5 \ N

1 NN

0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 06 081.0 1.5
Characteristic, h
Chart A

1.00 7‘“

\

-
0.75 ’—/’
L~

0.50]
TN

AN fianged cq = h /6

—
-

A
(%
Q
o1

™ 2 Ends flanged cy=h'3

0.25/

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

NOTES:

@

@

©)
)
)

©)

@
8
)]

(10)

(11)

The nomenclature is as follows:
D, = 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 —_ IIUIII;IIaIl VVdIl: t:l;\.:\llc)) Uf P;}J;Ils LUIIIPUIICIIt, ;II. (IIIIII)
= for elbows and miter bends, the nominal wall thickness of the fitting, in. (mm)
= for welding tees, the nominal wall thickness of the matching pipe, in. (mm)
= for fabricated tees, the nominal wall thickness of the run or header (provided that if thickness is greater than)that

ter), in. (mm)
T. = the crotch thickness of tees, in. (mm)
t. = pad or saddle thickness, in. (mm)

a =reducer cone angle, deg
& = mismatch, in. (mm)
6 = one-half angle between adjacent miter axes, deg

[he flexibility factor, k, applies to bending in any plane. The flexibility factors, k, and stress inténsification factors, i, shall

ketches) for curved and miter bends and to the intersection point for tees.

The values of k and i can be read directly from Chart A by entering with the chardcteristic, h, computed from the formul
Where flanges are attached to one or both ends, the values of k and i shall be edrrected by the factors, C,, which can be
Hirectly from Chart B, entering with the computed h.

[he designer is cautioned that cast buttwelded fittings may have considerably, heavier walls than that of the pipe with wh
Ised. Large errors may be introduced unless the effect of these greater thicknesses is considered.
n large diameter thin-wall elbows and bends, pressure can significantly,affect the magnitudes of k and /. To correct value

able, divide k by
[1 g (ﬂ) (r__z)m (Rl>1/3}
E)\T r

Hivide / by
5/2 R 2/3
[1 +325 (2)(2) (2 }
E ) \T Iz
vhere
E. cold modulus of elasticity, psi (MPa)

P gage pressure, psi (MPa)

f the number of displacemént cycles is less than 200, the radius and thickness limits specified need not be met. When t
hnd thickness limits are/not met and the number of design cycles exceeds 200, the out-plane and in-plane stress intensif
ors shall be calculated'as’1.12/h*? and (0.67/h%%) + Y, respectively.

When t, > 1747, ugelh = 4.057/r,.

[he minimum valug ‘of the stress intensification factor shall be 1.2.

When the braneh-to-run diameter ratio exceeds 0.5, but is less than 1.0, and the number of design displacement cycles e
D00, theut-plane and in-plane stress intensification factors shall be calculated as 1.8/h*" and (0.67/h*) + Y., respecti
nless the transition weld between the branch and run is blended to a smooth concave contour. If the transition weld is b
h smooth concave contour, the stress intensification factors in the table still apply.

f the number of displacement cycles is less than 200, the radius and thickness limits specified need not be met. When t

bf matching

pipe, increased thickness must be maintained for at least one run outside diameter to each side of the brarich outside diame-

not be less

han unity; factors for torsion equal unity. Both factors apply over the effective arc length (shown by heavy centerlines in the

hs given.
read

ich they are

from the

e radius
cation fac-

ceeds
ely,
lended to

e radius

and thickness limits are not met and the number of design displacement cycles exceeds 200, the out-plane and in-plane stress inten-

sification factors shall be calculated as 1.8/h% and (0.67/h*>) + Y, respectively.
The designer must be satisfied that this fabrication has a pressure rating equivalent to straight pipe.

(12) The stress intensification factors apply to girth butt welds between two items for which the wall thicknesses are between 0.875T and
1.10T for an axial distance of /Du T.D,and Tare nominal outside diameter and nominal wall thickness, respectively. 8, is the

average mismatch or offset.
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOTES (Cont’d):
(13) The equation applies only if the following conditions are met.
(@) Cone angle « does not exceed 60 deg, and the reducer is concentric.
(b) The larger of D,y /T and Dy,/T does not exceed 100.
(¢) The wall thickness is not less than T, throughout the body of the reducer, except in and immediately adjacent to the cylindrical
portion on the small end, where the thickness shall not be less than 7’2.
(14) For some flanged joints, leakage may occur at expansion stresses otherwise permitted herein. The moment to produce leakage of a
flanged joint with a gasket having no self-sealing characteristics can be estimated by the following equation:

M, = (C/4) (Sp Ay = PAY)

Ap| = total area of flange bolts, in.2 (mm?)

A,| = area to outside of gasket contact, in.” (mm?)
C|= bolt circle, in. (mm)

M, = moment to produce flange leakage, in.-lb (mm-N)
P| = internal pressure, psi (MPa)

S| = bolt stress, psi (MPa)

(15) Gy is the fillet weld length. For unequal lengths, use the smaller leg for C,.
(16) Factofs shown apply to bending. Flexibility factor for torsion equals 0.9.

142


https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

ASME B31.8-2016

MANDATORY APPENDIX F
EXTRUDED HEADERS AND WELDED BRANCH CONNECTIONS

F-1 EXTRUDED HEADERS t, = required thickness of branch pipe according to
Definitions and limitations applicable to Figs. F-1 Lhe steelo pipe Fle51gn formula of par?. 841'.1'1’
ut not including any thickness'for’forrosion,
throygh F-4 are as follows: in. (mm)
D|= outside dllameter Of. run, in. (mm) . t, = required thickness of the rim accordjng to the
D.[= corroded internal diameter of run, in. (mm) . .
. . steel pipe design formula.para. 841.1]1, but not
D,| = corroded internal diameter of extruded outlet . : .
. including any allowance for corfosion or
measured at the level of the outside surface of . .
. under-thickness tolerance, in. (mm)
run, in. (mm)
d|= outside diameter of branch pipe, in. (mm)
d.| = corroded internal diameter of branch pipe, F-2 EXAMPLES ILLUSTRATING THE APPLICJATION
in. (mm) OF THE RULES FOR REINFORCEMENT DF
h,| = height of the extruded lip. This must be equal WELDED BRANCH CONNECTIONS
to or greater than r,, except as shown in limita-
tion (%)) of r, below, in. (I%m). F-2.1 Exgmple 1
L|= height of the reinforcement zone, in. (mm) An NRS '8 outlet is welded to an NPS 24 hgader. The
= 0.7./dT, header.material is API 51X 46 with a 0.312-in.|wall. The
| = half width of reinforcement zone (equal to Do)/ ouflet is API 5L. Grade B (Seamless) Schedule|40 with a
in. (mm) 0:822-in. wall. The working pressure is 650 [psig. The
r,| = radius of curvature of external contoured por- ;" fabrication is in Location Class 1. Using para.|841.1, the
tion of outlet measured in the plane containing~  joint efficiency is 1.00. The temperature is 100{F. Design
the axes of the run and branch, in. (mm)This
is subject to the following limitations; Fig. F-1
(a) Minimum Radius. This dimenSion shall s
not be less than 0.054, except thatyon 1pranch Limits of G
diameters larger than 30 in. (762 mm), it need reinforcement of branch
not exceed 1.50 in. (38.1 miwn): zone d
(b) Maximum Radius~For outlet pipe sizes fil—ad,
NPS 8 (DN 200) and larget, this dimension shall Taper bore inside
not exceed 0.10d #0:50 in. (0.10d + 12.7 mm). 1 diameter (if requifed)
For outlet pipe\sizes smaller than NPS 8 L to match branch pipe;
(DN 200), this\dimension shall not be greater ‘ i 1:3 max. taper
than 1.25 ifn/<(31.75 mm). [ o re Do——r
(c) When the external contour contains more Ly 1o 0 Corrosion allowanck
than/one radius, the radius on any arc sector D I r1=Dp
of.approximately 45 deg shall meet the require- D,
ments of (a) and (b) above.
(d) Machining shall not be employed to meet
the above requirements. Fig. F-2
T, = actual thickness of branch wall, not including
corrosion allowance, in. (mm)
T, = corroded finished thickness of extruded outlet "o
measured at a height equal to r, above the
outside surface of the run, in. (mm) K’
T, = actual thickness of the run wall, not including
the corrosion allowance, in. (mm)
GENERAL NOTE: Sketch to show method of establishing T, when

! See para. 831.6.

the taper encroaches on the crotch radius.

(16)


https://asmenormdoc.com/api2/?name=ASME B31.8 2016.pdf

ASME B31.8-2016

Fig. F-3

[N d ol Reinforcement

Tb r— TI zone

c Corrosion allowance

GENERAL NOTE: Sketch is drawn for condition where K = 1:00.

Fig. F-4

»l

Reinforcement
zone

i
22

Required area
A=Kt D,

A 4
A
-
Y

\

GENERAL NOTE: Sketch is drawn for condition where K = 1.00.

D D, Corrosion allowance
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factors F = 0.60, E = 1.00,and T = 1.00. For dimensions,
see Fig. F-6.

F-2.1.1 Header. Nominal wall thickness required:

,__PD__ 650 x 24
T 2SFET ~ 2 x 46,000 x 0.60 x 1.00 x 1.00
= 0.283 in.

Excess thickness in header wall:

Total A3 provided = 1.844 in.?
See also Fig. F-5.

F-2.1M Example 1M

A DN 200 outlet is welded to a DN 600 header. The
header material is 317.2 MPa with a 7.92-mm wall. The
outlet is 241.3 MPa (Seamless) with a 8.18 mm wall.

The-workine pressureis4-48-MPRa—The fabrication is in

H -t = 0312 - 0.283 = 0.029 in.

F-2.1.2 Outlet. Nominal wall thickness required:
b= 650 x 8.625
"7 2'x 35,000 x 0.60 x 1.00 X 1.00

= 0.133 in.
Exgess thickness in outlet wall:
B —t, = 0.322 - 0.133 = 0.189 in.

d| = inside diameter of opening = 8.625 — 2 x 0.322
= 7981 in.

-
1

P.1.3 Reinforcement Required

Ap = dt = 7981 x 0.283 = 2.259 in.?
F-R.1.4 Reinforcement Provided by Header
Ay = (H-1td =002 x 7981 = 0.231 in.2

(16) F-R.1.5 Effective Area in Outlet

Height L = 21/2 B + M (assume 1/4-in, pad)
= (21/, x 0.322) + 0.25 = 1.055 in.

orL + 2'/,H = 2.5 x 0.312 = 0.7804m Use L = 0.780 in.

Ay =2 (B -t)L = 2-x 0189 x 0.780
= 0.295 in.?

Thlis must be multiplied by 35,000/46,000 [see
para|831.4.1(f)].

35,000

— i 2
16,000 — 0.224 in.

EffectivenA’, = 0.295 %

Refjuired area:

o
Location Class 1. Using para. 841.1, the joint efficiency
is 1.00. The temperature is 37.8°C. Design fa¢tors F =

0.60,E = 1.00,and T = 1.00. For dimensions, sge Fig. F-6.

F-2.1.1M Header. Nominal'wall thickness required:

= PD 4.48 x 609.6
T 2SFET =~ 2 %7317.16 x 0.60 x 1.00 x 1.00
= 7.178 mm

Excess thickness in header wall:

H-t=7925-7178 = 0.747 mm

F-2.1.2M Outlet. Nominal wall thickness|required:
f = 448 x 219.1
®7 2% 241.32 x 0.60 x 1.00 x 1.00
= 3.390 mm

Excess thickness in outlet wall:

B -t, = 8179 — 3.390 = 4.788 mm

d = inside diameter of opening = 219.08 - 2 X 8.179

= 202.72 mm

F-2.1.3M Reinforcement Required

Ag = dt = 202.72 x 7.178 = 1455.2 mny’

A3 ZAR—Al—A’z
= 2259 — 0.231 - 0.224 = 1.804 in.2

Use a reinforced plate that is 0.250 in. thick (minimum
practicable) x 15.5 in. in diameter.

Area = (15.500 — 8.625) x 0.250 = 1.719 in.2

Fillet welds (assuming two Yi-in. welds each side):

1/, (025 x 0.25) x 4 = 0.125 in.?

145

F-2.1.4M Reinforcement Provided by Header

A= (H-t)d = 0747 x 202.72 = 151.34 mm?

F-2.1.5M Effective Area in Outlet

Height L = 2!/, B + M (assume 6.35 mm pad)
= 2!/, x 8.179) + 6.35 = 26.797 mm

(16)

(16)
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Fig. F-5 Rules for Reinforcement of Welded Branch Connections

A
'
I ke s

i
L =smaller of 2V, H | fe—2d A
or2', B+M I / 2
7T‘r— 0 I M |

I

4 ;“ &! HHEREEN

f’“ LI N
) AR

J
N
= n
W,

b4

~

M

} |
2H d -— d -

o iy MRS

Area of reinforcement enclosed by —_— lines.
Reinforcement area required Ag= dt

Area available as reinforcement = Ay + Ay + Ag

Aq = (H-1) (d) (If negative, use zero for value of Aq)

Ay=2(B-t)L

Ag = summatioh.of area of all added reinforcement, including
weld areas that lie within the area of reinforcement

Ajq + Ay ¥ Az-must be equal to or greater than Ag

where

B~=-nominal wall thickness of branch

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

H = nominal wall thickness of header

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

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)
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Fig. F-6

[e—— 8.625 in. ———

(219.1 mm)

B=0.322in. =
(8.179 mm)

pe—

i
Fe——d =7.981 in. —=

= % (202.72 mm)

l<— B=0.322 in.
(8.179 mm)
Ag

—]

1 Fif/ Az

7

|

=

777

t

le——d =7.981 in.
: (202.72 mm)

0.312in.— =
(7.925 mm)

s

H

or L|= 2'/,H = 25 x 792 = 19.812 mm. Use L =

19.81R2 mm

Ay =2B-t)L =2 x 4788 x 19.812
= 189.73 mm?

Thlis must be multiplied by 241.3/317.2 [see

para|831.4.1(f)].
o 2413 2
Effective A’ = 189.73 X 370 = 144.36 mm
Refjuired area:
Az =Ar-A1 - AN
= 14552 — 151.34 — 144.36{ =) 1 159.5 mm?

Usk a reinforced plate that is 6:35 mm thick (minimum
practicable) x 393.7 mm. in diameter.

Area = (393.7~ 219.1) x 6.35 = 1108.9 mm>

Fi

=

llet welds (assuming two 6.35 mm welds each side):

35 (6.35 X 6.35) X 4 = 80.65 mm?>

Total ‘A~ prnvidpd — 11895 mm?

_+_.

fe—————15.962 in.
I (405.435 mm) |

U
AR Al

d=7.981in.—=]
(202.72 mm)

—_— ]

24 in.
(609.6 mm)

7

temperature i5/100°F. Design factors F = 0.60,
and T = 1,00! For dimensions, see Fig. F-7.

DA

E = 1.00,

F-2.2.1 Header. Nominal wall thickness fequired:
,__PD__ 650 x 24
T 2 SFET = 2 X 46,000 x 0.60 x 1.00 x 1.00
= 0.283 in.

Excess thickness in header wall:

H-t = 0312 -0.283 = 0.029 in.

F-2.2.2 Outlet. Nominal wall thickness required:
. 650 x 16
"7 2% 35,000 x 0.60 x 1.00 X 1.00

= 0.248 in.
Excess thickness in outlet wall:
B —t, = 0.312 — 0.248 = 0.064 in.

d = inside diameter of opening = 16.000 - 2 X 0.312

= 15.376 in.

F-2.2.3 Reinforcement Required

See also Fig. F-5.

F-2.2 Example 2

An NPS 16 outlet is welded to an NPS 24 header. The
header material is API 5LX 46 with a 0.312-in. wall. The
outlet is API 5L Grade B (Seamless) Schedule 20 with a
0.312-in. wall. The working pressure is 650 psig. The
fabrication is in Location Class 1. By para. 831.4.2, the
reinforcement must be of the complete encirclement
type. Using para. 841.1, the joint efficiency is 1.00. The

A = dt = 15.376 x 0.283 = 4.351 in.?
F-2.2.4 Reinforcement Provided
Ay = (H-1t)d = 0.029 x 15.376 = 0.446 in.
F-2.2.5 Effective Area in Outlet

Height L = 21/, B + M (assume °/14-in. plate)
= (2.5 x 0.312) + 0.312 = 1.092 in.
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Fig. F-7
16 in. |
(406.4 mm) |
B=0.312in. il i — < B=0.312in.
(7.925 mm) d=15.376 in.—ad| (7-925 mm)
—f =t (390.55 mm) Ay
I S 7 A 1 - ~ A
[ " | AR I g 3
[] % 1' | [ L I ——
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| |]

(390.55 mm)

30.752 in.
(781.1 mm)

H._d= 15.376 in.—+—d= 15.376 in.—:l—l
]

(GOW)

D

(390.55 mm) |

r

|
]
|
|
|
T

- — —

or
L =2'f-H = 2.5 x 0.312 = 0.780 in. Use L = 0.780 in.

Ay =2B-t)L =2 x 0.064 x 0.780
= 0.100 in.?

This must be multiplied by 35,000/46,000 [see
para. 831}4.1(f)].

Effecfive A’, = 0.100 X 35,000/46,000 = 0.076.ih.?

Required area:

A3 :AR_AI —A’z
= 4351 — 0.446 — 0.076 = 3.829 in.2

Approximate required thickness of reinforcement:
3.829 + (3073-\16) = 0.274 in.

Use a 0.312-in. plate minimum required length
(neglecting welds):

8.829 + 0.312 = 12.272 in.

16 + 12272 = 29 in. (rounded to the next higher whole

F-2.2M Example 2M
ADN400 outlet is welded to an DN 600 heade

headér material is 317.2 MPa with a 7.92 mm wall.

ouitlet is 241.3 MPa (Seamless) with a 7.92 mm
The working pressure is 4.48 MPa. The fabricatior
Location Class 1. By para. 841.4.2, the reinforce

. The
The
wall.
is in
ment

must be of the complete encirclement type. Using

para. 841.1, the joint efficiency is 1.00. The temper
is 37.8°C. Design factors F = 0.60, E = 1.00
T = 1.00. For dimensions, see Fig. F-7.

ature
and

F-2.2.1M Header. Nominal wall thickness reqiired:

‘= PD 4.48 x 609.6
T 2SFET ~ 2 x 317.16 x 0.60 x 1.00 x 1.00
= 7.178 mm

Excess thickness in header wall:

H-t =7925-7178 = 0.747 mm

F-2.2.2M Outlet. Nominal wall thickness reqfiired:

448 x 406.4

b =5+ 24132 % 060 % 1.00-%1.00

number)
Use a plate that is 29 in. long:
Area = 0312 X (29 - 16) = 4.056 in.2
Two %-in. welds to outlet:
1/, x (0.25 x 0.25) x 2 = 0.063 in.?
Total A; provided = 4.119 in.?

The use of end welds is optional (see Fig. I-3).

= 6.290 mm
Excess thickness in outlet wall:

B-t, =7925-6.290 = 1.635 mm

d = inside diameter of opening = 406.4 — 2 X 7.925

= 390.55 mm
F-2.2.3M Reinforcement Required

Agr = dt = 390.55 x 7.178 = 2 803.5 mm?
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F-2.2.4M Reinforcement Provided Approximate required thickness of reinforcement:
A, = (H-t)d = 0747 X 390.55 = 291.56 mm? 2462.6 + (762 - 406.4) = 6.925 mm
F-2.2.5M Effective Area in Qutlet Use a 7.92 mm plate minimum required length

Height L = 2!/, B + M (assume 7.94 mm plate) (neglecting welds):

= (2.5 X 7.92) + 7.94 = 27.75 mm
2462.6 + 7.92 = 310.75 mm

or

406.4 + 310.75 = 736.6 mm (rounded to the next higher
whole number in(customary
units, i.e., equivalen to 29 in.)

L =|2'/,H = 2.5 x 7.92 = 19.812 mm. Use L. = 19.812 in.

Ay=2B-t)L =2 x 1635 x 19.812

= 64.80 mm? Use a plate that is 736.6 mm long:

Thlis must be multiplied by 241.3/317.2 [see Area = 7.92 X (736.6 — 406.4) = 2 616.8 mm

para|831.4.1(f)].
Two 6.35 mm welds tozoutlet:

Effective A’, = 64.80 X 241.3/317.2 = 49.30 mm?
1/, % (0.25x-0.25) X 2 = 40.32 mm?

Refjuired area:
Total'A3 provided = 2 657.1 mm?

A3 =AR—A1 —A’z
= 2803.5 - 291.56 — 49.30 = 2 462.6 mm? The usé€ of“end welds is optional (see Fig. ]

3).
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MANDATORY APPENDIX G
TESTING OF WELDERS LIMITED TO WORK ON LINES
OPERATING AT HOOP STRESSES OF LESS THAN 20% OF THE
SPECIFIED MINIMUM YIELD STRENGTH®

G-1 TES

(a) An
Thereafte
requalifig
testing p

(b) Thd
NPS 12 (1}
with the
test weld
tion weld

(c) Thq
conform
welder is

(d) Thd
subjected|
a crack d
weld and
any dired
occurring
shall not
rejected,

(e) Wel
nections {
tests sati

(1) V
section h{
weld sha

5T PROCEDURES

initial test shall qualify a welder for work.
r, the welder’s work shall be checked either by
ation at 1-yr intervals or by cutting out and
oduction work at least every 6 months.

test may be made on pipe of any diameter
DN 300) or smaller. The test weld shall be made
pipe in a horizontal fixed position so that the
includes at least one section of overhead posi-
ing.

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,
evelops in the weld material or between the
base metal more than % in. (3.2 mm) long in.
tion, this shall be cause for rejection. Cracks
on the corner of the specimen during testing
be considered. If not more than one ¢oupon is
he weld is to be considered acceptable.
ders who are to make welded service line con-
0 mains shall be required to pass the following
factorily:
Veld a service line connection fitting to a pipe
iving the same diameteras a typical main. This

weld is

1 be made in the saine position as this type of
ade in the field

(2) The weld shall be tested by attempting to break
the fitting off the'tun pipe by any available means
(knocking it off):

A sample shall be rejected if the broken weld at the
junction pfithe fitting and run pipe shows incomplete

(f) For the periodic checking of welders’who
on small service lines only [NPS 2 (DN“50) or sn
in diameter], the following specidl-field test m
employed. This test should not be tised as a subs
for the original qualifying test:

Two sample welds made by the welder unde
shall be taken from steelservice line. Each sample
be cut 8 in. (200 mm) long 'with the weld located apy
mately in the center.-One sample shall have the
flattened and the'entire joint subjected to the t

work
haller
ny be
titute

I test
shall
roxi-
ends
bnsile

strength test.“Failure must be in the parent metal and

not adjacent to or in the weld metal to be accep
The seconidsample shall be centered in the guided

table.
bend

testing'dnachine and bent to the contour of the dje for

a distance of 2 in. (50 mm) on each side of the

weld.

The sample to be acceptable must show no breaks or

cracks after removal from the bending machine.

When a tensile strength testing machine is not
able, two bend test samples will be acceptable ij
of one tension and one bending test.

(g) Tests for Copper Joints. Personnel who are to
on copper piping should pass the following
satisfactorily.

A brazed or soldered copper bell joint should be
on any size of copper pipe used, with the axis
pipe stationary in the horizontal position. The jo
welded is to be sawed open longitudinally at the f
the pipe (the top being the uppermost point o

hvail-
n lieu

work
test

made
f the
nt so
op of
h the

circumstance at time joint is brazed). The joint should

be spread apart for examination. The bell end d
joint must be completely bonded. The spigot ef
the joint must give evidence that the brazing allo
reached at least 75% of the total area of the telesq

f the
hd of
y has
oped

surfaces. At least 50% of the length at the top ¢

f the

fusion, overtap, or poor penetratiomn.

1 See para. 823.1.
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joint must be joined.

(h) Records shall be kept of the original tests and all
subsequent tests conducted on the work of each welder.
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MANDATORY APPENDIX H
FLATTENING TEST FOR PIPE!

TEST PROCEDURES

(e) The test shall consist of flattening a section of pipe

(a)
weig
shall

(b)
secti
lengt
line

(c)

from

The flattening test shall be made on standard
ht and extra strong pipe over NPS 2 (DN 50). It
not be required for double extra strong pipe.

For a lap-welded and buttwelded pipe, the test
n shall be 4 in. to 6 in. (100 mm to 150 mm) in
h, and the weld shall be located 45 deg from the
f direction of the applied force.

For electric-resistance welded pipe, both crop ends
each length of pipe shall be flattened between

paraltlel plates with the weld at the point of maximum

bend
open|
betw
outsi

ng until the opposite walls of the pipe meet. No
ing in the weld shall take place until the distance
pen the plates is less than two-thirds of the original
e diameter of the pipe. No cracks or breaks in the

metal other than in the weld shall occur until the distance

betw
outsi
five

een the plates is less than one-third of the original
de diameter of the pipe, but in no case less than
imes the thickness of the pipe wall. Evidence of

lamimation or burnt material shall not develop during

the et
injur

(d)
than

1 Sed

\tire flattening process, and the weld shall not show
ous defects.

For seamless pipe the test section shall be/not less
2% in. (64 mm) in length.

para. 817.1.3(b).

between parallel plates until the opposite-w
For welded pipe, no opening in the weld shall

until the distance between the plates s less t
fourths of the original outside dianieter for b
pipe, and two-thirds of the outside diamete)
welded and electric-resistanceywelded pipes.

or breaks in the metal other thah in the weld s

hlls meet.
ake place
an three-
ttwelded
r for lap-
No cracks
hall occur

until the distance between. the plates is less than three-

fifths of the outside diameter for buttwelded
one-third of the outside diameter for lap-we
electric-resistance~welded (Grades A and B) }
seamless (Grades A and B) pipe, no breaks oy
the metal-5hall occur until the distance bef
plates is Iéss than that shown below:

(L +e)t

e+ t/D

actual outside diameter of pipes, in.
(60.33 mm) nominal]

deformation per unit length (cons
given grade of steel, 0.09 for Grade A
for Grade B)

distance between flattening plates, ir
nominal wall thickness of pipe, in. (4

‘-‘.m
1

pipe, and
lded and
pipes. For
cracks in
ween the

[2.375 in.

ant for a
and 0.07

l. (mm)
nm)
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MANDATORY APPENDIX |
END PREPARATIONS FOR BUTTWELDING

I-1 EXPLANATORY NOTES

treatment is necessary, provided full penetration and

I-1.1 Gelneral

This M|
for buttw]
unequal
through 1}

(a) Th¢ sketches in Fig. I-5 illustrate acceptable prepa-
rations fqr joining pipe ends by buttwelding for materi-
als having unequal wall thicknesses and/or with
unequal $trengths (specified minimum yield strength).

(b) Thg thickness of the sections to be joined beyond
the joint|design area shall comply with the design
requirements of this Code.

(c) Whien the specified minimum yield strengths of
the sections to be joined are unequal, the deposited weld
metal shgll have mechanical properties at least equal to
those of the section having the higher strength.

(d) Th¢ transition between ends of unequal thickness
may be a¢complished by taper or welding as illustrated
or by mepns of a prefabricated transition ring.

(e) Sharp notches or grooves at the edge of the weld
where it joins a slanted surface shall be avoided.

(f) Forjjoining unequal thicknesses of equal specified
minimun yield strengths, the rules given hereirt apply,

hndatory Appendix applies to end preparation
plding sections having unequal thicknesses and
pecified minimum yield strengths (see Figs. I-1
-4).

bond is accomplished in welding. See sketch (a) of
Fig. I-5.

(2) Where the nominal internal offset iSigreate
%, in. (2.38 mm) and there is no access(te the inside of
the pipe for welding, the transition ntust be madg by a
taper cut on the inside end of the thicker section. See
sketch (b) of Fig. I-5. The taper anglé shall be not greater
than 30 deg nor less than 14 deg.

(3) Where the nominakinternal offset is morg than
% in. (2.38 mm) but does\iot exceed one-half the thinner
section, and there is access to the inside of the pipe for
welding, the transition may be made with a tapered
weld as shownjin/sketch (c) of Fig. I-5. The land dn the
thicker section‘must be equal to the offset plus thq land
on abuttingysection.

(4)>Where 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 may be
made with a taper cut on the inside end of the thicker
section as shown in sketch (b) of Fig. I-5, or by a combina-
tion taper weld to one-half the thinner section gnd a
taper cut from that point as shown in sketch (d) of
Fig. I-5.

than

except there is no minimum angle limit to\the taper. I-1.3 Unequal External Diameters
(g) Th¢ maximum thickness, tp, fordesign purposes (a) Where the external offset does not exceed| one-
shall not |be greater than 1.5t. half the thinner section, the transition may be magle by
] welding as shown by sketch (e) of Fig. I-5, providdd the
1.2 Unequal Internal Diameters angle of rise of the weld surface does not exceed 3 deg
(a) For|piping to operateathoop stresses of less than ~ and both bevel edges are properly fused.
20% of speecified minimum Yyield strength, if the nominal (b) Where there is an external offset exceeding] one-
wall thicknesses of the"adjoining ends do not vary more  half the thinner section, that portion of the offsef over
than % in. (3.2 mm);no special treatment is necessary Y4t shall be tapered as shown in sketch (f) of Fig.|I-5.
provided adequate penetration and bond is accom- .
plished |in welding. If the offset is greater than 1.4 Unequal Internal and External Diameters
% in. (3.2 mm); the following paragraphs will apply. Where there is both an internal and an external ¢ffset,
(b) Forttoop-Stresstreoets20% orttoreof the-Specified—thejoimt design shatt-bea combimation of sketches (a)

Minimum Yield Strength
(1) If the nominal wall thickness of the adjoining
ends does not vary more than %, in. (2.38 mm), no special
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through (f) of Fig. I-5, i.e., sketch (g). Particular attention
must be paid to proper alignment under these condi-
tions. See also Fig. I-6 and Tables I-1 and I-1M.
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