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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) initiated prn}'pnf

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 its
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
piven 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
new dimensional and material standards, a new formula for/pipe wall thickness, and more
comprehensive requirements for instrument and control piping, Shortly after the 1942 Code was
issued, 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 invitejthe various interested bodies to reaffirm their represen-
tatives 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 committee, plus a few “members at large” to represent general interests.
Code activities were subdivided according to the scope of the several sections. General direction
pf 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 revrsron was presented for letter ballot vote of Standards Commrttee B31. Followmg approval

Association. It was finally designated as an Amerlcan 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 December1978;theAmericar Natiorat-Standards-Committee B3t-was Teorgamnizedasthe
ASME Code for Pressure Piping, B31 Committee. The code designation was also changed\tq
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 ¢h€ subsequent three
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 the. 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 is a compilation of the 2012 Edition and revisions that havg
occurred since the issuance of the 2012 Edition. This Edition was approved by the Americar
National Standards Institute on August'15, 2014.

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

Users of this Code are cautioned against making use
of revisions without assurance that they are acceptable
to any authorities of jurisdiction where the piping is to

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

The Cogde sets forth engineering requirements deemed
necessaryf for the safe design and construction of pres-
sure pipifg. Although safety is the basic consideration,
this factdr alone will not necessarily govern the final
specifications of any piping system. The designer is cau-
tioned thpt the Code is not a design handbook; it does
not eliminate the need for the designer or for competent
engineering judgment.

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
principles and to guide selection and application of pip-
ing elemgnts. The Code prohibits designs and practices
known tq be unsafe and contains warnings where cau-
tion, but not prohibition, is warranted.

This Cpde Section includes

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

(b) requirements for designing componerits and
assembligs

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

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

(e) requirements forfabricating, assembling, and
installing] piping

(f) requirements for examining, inspecting, and test-
ing piping

(g) procedures’ for operation and maintenance that
are essenfial;to’ public safety

(h) provist _ 4
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
another issue, or unless the regulatory body having juris-
diction imposes the use of another issue or different
requirements.

Xiv

be installed.

The Code is wunder the direction of
ASME Committee B31, Code for Pressure Piping, which
is organized and operates under proeedures of The
American Society of Mechanical Engineers that|have
been accredited by the Americafp-National Stanglards
Institute. The Committee is a edntinuing one and keeps
all Code Sections current with"’new developments in
materials, construction, and)industrial practice.

When no Section of the ASME Code for Prepsure
Piping specifically covers a piping system, the usgr has
discretion to selectany Section determined to be gener-
ally applicableshowever, it is cautioned that supplgmen-
tary requirements to the Section chosen mdy be
necessaryto provide for a safe piping system fqr the
intendegd, application. Technical limitations of the|vari-
oussSections, 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: manda-
tory and nonmandatory. Mandatory appendices cdntain
materials the user needs to carry out a requiremgnt or
recommendation in the main text of the (fode.
Nonmandatory appendices, which are written in jman-
datory language, are offered for application at the fiser’s
discretion.

Interpretations and Revisions

The Committee has established an orderly proce¢dure
to consider requests for interpretation and revisipn of
de—trequiremen s—orecetve—consideratton—nauiries
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.

Requests for interpretation and suggestions for revi-
sion should be addressed to the Secretary,
ASME B31 Committee, The American Society of
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Mechanical Engineers, Two Park Avenue, New York, NY
10016-5990.

Cases

A Case is the prescribed form of reply to an inquiry
when study indicates that the Code wording needs clari-
fication or when the reply modifies existing require-
ments of the Code or grants permission to use new
materials or alternative constructions. The Case will be

published—o € ommittee ge
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
or wijthdrawal, provided the Case was effective on the
origihal contract date or was adopted before completion
of th¢ 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
temperature limits, and other restrictions. Additional
criteria can be found in the guidelines for addition of
new materials in the ASME Boiler and Pressure Vessel

p ; fIrexperience,
unlisted materials may be used in accorddnce with
para. 811.2.2.)

Effective-Date

This Edition, when issued,contains new Cq
sions. Itis a compilation 6fthe 2012 Edition and
to the 2012 Edition.

de provi-
revisions

XV
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ASME B31.8-2014
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.8-2014

was approved by the American National Standards Institute on August 15, 2014.

IASME B31.8-2014 consists of editorial changes, revisions, and corrections identified by a margin
hote, (14), placed next to the affected area.

Page Location Change
il 801.1 First sentence editorially revised
802.1 In subpara. (b)(10), reference to
ASME B31.11 revised_to ASME B31.4
14 811.1 Subparagraph (b)-editorially revised
811.2.3 Subparagraph.(c) editorially revised
15 814.1.1 Note (1), revised
16 815 Fourth'sentence editorially revised
816 Second paragraph editorially revised
D3, 24 831.1.1 (1) References updated
(2) Subparagraph (b) revised
831.2.1 References updated
D8 831.4.2 Subparagraph (g) revised
B2 833.4 (1) In subpara. (a)(1), equation revised
(2) Subparagraph (d) revised
B3 834.4 Subparagraph (a) revised
B6 840.2:2 Subparagraphs (a)(1) and (a)(2) revised
B7, 38 841.1.2 In subparas. (b) and (c), references to
API 5L updated
B39, 42 841.1.9 (1) In subpara. (a), first sentence revised
(2) In subpara. (k), equations revised
10 Table 841.1.6-2 Revised
15,46 841.2.4 In subpaja. (c)(3), second sentence
51 842.1.1 In subpara. (d), second sentence revised
53 842.2.1 In definition for S, spelling of “specified”
corrected
59 843.3.1 Subparagraph (b) revised
64 Table 845.2.2-1 “Pressure for Steel” column revised
66, 67 845.2.7 In subpara. (c)(3), third sentence revised
78 851.4 First paragraph added

XVi
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Page Location Change

87 853.3.1 In subpara. (b)(2), first sentence
editorially revised

89 854.2 In subpara. (c), last sentence revised

103, 104 A802 Editorially revised

A803 Definition for steel catenary riser (SCR)

added

106 A831.1.1 References updated

111 A843.1.5 Added

113 A847.2 Revised

118 B802.2 Editorially revised

125-129 Mandatory Appendix A Updated

131-133 Nonmandatory Updated

Appendix C

143 F-1 Under definition for 7, subparas. (a) and
(b) revised

149 F-2.2.5M Revised

SPECIAL NOTE:

The interpretations to ASME B31.8 are included'in this edition as a separate section for the user’y

convenience.

Xvii
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ASME B31.8-2014

GAS TRANSMISSION AND DISTRIBUTION PIPING SYSTEMS

801 | GENERAL

801.1 Approved Standards and Specifications

Stgqndards 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
Appé¢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 NFPA 59 and of this {ode con-
cerning design, constrdetion, and operation and
maintenance of pipings«facilities shall apply to piping
systems handling butafie, propane, or mixturgs of these
gases.
(b) This Code (does not apply to
(1) desigriand manufacture of pressure vgssels cov-
ered by thie BPV Code’
(2 piping with metal temperatures abgve 450°F
(232°C)or below —20°F (-29°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/N[FPA 54.)
(4) piping in oil refineries or natural|gasoline
extraction plants, gas treating plant piping dther than
the main gas stream piping in dehydration, angd all other
processing plants installed as part of a gas trafismission
system, gas manufacturing plants, industrial [plants, or
mines (See other applicable sections of the AQME Code
for Pressure Piping, B31.)
(5) vent piping to operate at substantially atmo-
spheric pressures for waste gases of any kind
(6) wellhead assemblies, including contrpl 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.


https://asmenormdoc.com/api2/?name=ASME B31.8 2014.pdf

ASME B31.8-2014

(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.

803 PIPING SYSTEMS DEFINITIONS

803.1 General Terms and Definitions

carbon dioxide: a heavy, colorless gas that does not sup-
port combustion, dissolves in water to form carbonic
acid, and is found in some natural gas streams.

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

cifically }:rov1ded for nor are all detalls of engmeermg
and consfruction prescribed; therefore, activities involv-
ing the design, construction, operation, or maintenance
of gas trapsmission, 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 wvithin the scope of this Code shall meet or
exceed the safety standards expressed or implied herein.

802.2{2 Safety. This Code is concerned with

(a) saf¢ty of the general public.

(b) employee safety to the extent that it is affected by
basic design, quality of materials and workmanship, and
requirements for testing, operations, and maintenance
of gas trgnsmission and distribution facilities. Existing
industria] safety procedures pertaining to work areas,
safety deVices, and safe work practices are not intended
to be supplanted by this Code.

802.23 Retroactive Applications. It is not intended
that this ode be applied retroactively to such aspeets of
existing ihstallations as design, fabrication, installation,
and testihg at the time of construction. Eurther, it is
not intenfled that this Code be applied-tetroactively to
establish¢d operating pressures of existing installations,
except as| provided for in Chapter-V.

802.2.54 Application to ExistingFacilities. Provisions
of this Code shall be applicableto operating and mainte-
nance prpcedures of existing installations, and when
existing inhstallations _are uprated.

802.2.5 Qualification of Those Performing
Inspectiops. Individuals who perform inspections shall
be qualifipd by trammg and/ or experlence to 1mp1ement
the appliea A5
this Code.

802.2.6 Further Information. For further informa-
tion concerning pipeline integrity, see the nonmandatory
supplement ASME B31.8S, Managing System Integrity
of Gas Pipelines.

802.3 Offshore Gas Transmission

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

sultable for domest1c or 1ndustr1al fuel and transmitted
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 phile
it is under pressure.

liquefied natural gasihatural gas liquefied by refrigefation
or pressure.

liquefied petroleum gases (LPG): composed predomirfantly
of the following hydrocarbons (either by themselyes or
as mixtures): butane (normal butane or isobutene),
butylene (including isomers), propane, propylend, and
ethane. LPG can be stored as liquids under moderate
pressures [approximately 80 psig (550 kPa) to 25() 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,
agent, or other entity responsible for the design] con-
struction, inspection, testing, operation, and mginte-
nance of the pipeline facilities.

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

petroleum: crude oil, condensate, natural gasoline, natu-
ral gas liquids, liquefied petroleum gas, and liquid petro-

pipeline: all parts of physical facilities through which gas
moves in transportation, including pipe, valves, fittings,
flanges (including bolting and gaskets), regulators, pres-
sure vessels, pulsation dampeners, relief valves, appur-
tenances attached to pipe, compressor units, metering
facilities, pressure-regulating stations, pressure-limiting
stations, pressure relief stations, and fabricated assem-
blies. Included within this definition are gas transmis-
sion and gathering lines, which transport gas from
production facilities to onshore locations, and gas stor-


https://asmenormdoc.com/api2/?name=ASME B31.8 2014.pdf

ASME B31.8-2014

age equipment 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 not located on roads, streets, or highways used by
the public, or on railroad rights-of-way.

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

transpertation-ofcas—catherina transmission—ordistribu
FHHHOH-Of- ZHs—Satner g tFa HSSHOR-OF-cSHoH

low-pressure distribution system: a gas distribution piping
system in which the gas pressure in the mains and ser-
vice lines is substantially the same as that delivered to
the customer’s appliances. In such a system, a service
regulator is not required on the individual service lines.

803.4 Gathering Systems

gas storage line: a pipeline used for conveying gas
between a compressor station and a gas well used for

T

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 pressure regulators).

803.2 Piping Systems

comppnent or pipeline component: an individual item or
element fitted in line with pipe in a pipeline system,
suchas, but not limited to, valves, elbows, tees, flanges,
and ¢losures.

pipelipe facility: new and existing pipelines, rights-of-
way, |and any equipment, facility, or building used in
the transportation of gas or in the treatment of gas during
the cpurse of transportation.

pipelipie section: a continuous run of pipe between adja-
cent compressor stations, between a compressor station
and 4 block valve, or between adjacent block valves.

segmgnt: a length of pipeline or part of the system that
has finique characteristics in a specific geographic
locat{on.

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

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

transinission system: one or more segments of pipeline,
usually interconnected to form a network, that trans-
portg gas from a gathierihg system, the outlet of a gas
procgssing plant, or€a storage field to a high- or low-
presgure distribiition system, a large-volume customer,
or arfother stGrage field.

803.B Distribution Systems

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 fransports
gas from one or more produetjon facilities tq the inlet
of a gas processing planf./If no gas procesding plant
exists, the gas is transported to the most dopvnstream
of one of the following:

(a) the point of«custody transfer of gas suitable for
delivery to a distribution system

(b) the point-where accumulation and preppration of
gas from<separate geographic production fields in rea-
sonablé proximity has been completed

803.5 Miscellaneous Systems

control piping: all piping, valves, and fittings used to
interconnect air, gas, or hydraulically operat¢d control
apparatus or instrument transmitters and recpivers.

gas 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 othpr instru-
ments and apparatus, or to measuring equipment.

production facility: piping or equipment used ih produc-
tion, extraction, recovery, lifting, stabilizatiof, separa-
tion, treating, associated measurement, field
compression, gas lift, gas injection, or fuel ggs supply.
Production facility piping or equipment must be used
in extracting petroleum liquids or natural gaq from the
ground and preparing it for transportation by| pipeline.

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

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

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

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

803.6—Meters;, Regulators;-and-Pressure Rellef
Stations

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

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

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

pressure-limiting station: consists of equipment that under
abnormal conditions will act to reduce, restrict, or shut
off the supply of gas flowing into a system to prevent
the gas pressure from exceeding a predetermined value.
While normal pressure conditions prevail, the pressure-
limiting station may exercise some degree of control of
the flow of the gas or may remain in the wide open

803.8 Gas Storage Equipment

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

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

position. [ncluded in the station are piping and auxiliary
devices, puch as valves, control instruments, control
lines, the pnclosure, and ventilating equipment, installed
in accordance with the pertinent requirements of this
Code.

pressureqregulating station: consists of equipment
installed ffor automatically reducing and regulating the
pressure [n the downstream pipeline or main to which
itis conngcted. Included are piping and auxiliary devices
such as Valves, control instruments, control lines, the
enclosurg, and ventilation equipment.

pressure rplief station: consists of equipment installed to
vent gas from a system being protected to prevent the
gas pressjire from exceeding a predetermined limit. The
gas may be vented into the atmosphere or into a lower
pressure|system capable of safely absorbing the gas
being disgharged. Included in the station are piping and
auxiliary|devices, such as valves, control instruments,
control lifes, the enclosure, and ventilating equipment;
installed |n accordance with the pertinent requirements
of this C¢de.

service regulator: a regulator installed on a gas-service
line to cdntrol the pressure of the gas deliveted to the
customer

803.7 Vilves

block or sfop valve: a valve installed for the purpose of
blocking for stopping the flow”of gas in a pipe.

check valvp: a valve desigiied to permit flow in one direc-
tion and |to close autematically to prevent flow in the
reverse djirection;

curb valvg a stop'valve installed below grade in a service
line at o1 néar the property line, accessible through a

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

804 PIPING SYSTEMS COMPONENT DEFINITIONS

804.1 Plastic Terms and Definitions

plastic (noun): a material that* contains as an essential
ingredient an organic substance of high to ultrahigh
molecular weight, is_selid in its finished state, ahd 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.

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, g cast
ferrous material in which a major part of the carbon
content occurs as free carbon in the form of flakes |nter-
spersed throughout the metal.

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

804.3 General Terms and Definitions

pipe container: a gas-tight structure assembled in a[shop

curb box or standpipe, and operable by a removable key
or wrench for shutting off the gas supply to a building.
This valve is also known as a curb shutoff or curb cock.

service line valve: a stop valve readily operable and acces-
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 ahead
of the meter, if a regulator is not provided. The valve is
also known as a service line shutoff, service line cock, or
meter stop.

or in the field from pipe and end closures.

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

804.4 Pipe Terms and Definitions

cold expanded pipe: seamless or welded pipe that is formed
and then cold expanded while in the pipe mill so that
the circumference is permanently increased by at least
0.50%.
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miter: two or more straight sections of pipe matched and
joined on a line bisecting the angle of junction so as to
produce a change in direction.

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

elongation under load. The specified limiting set or elon-
gation is usually expressed as a percentage of gage
length. Its values are specified in the various material
specifications acceptable under this Code.

804.7 Steel Pipe

804.7.1 Carbon Steel? By common custom, steel is
considered to be carbon steel when no minimum content
is specified or required for aluminum, boron, chromium,

804.pDimensionat Terms and Definitions

diamgter or nominal outside diameter: the as-produced or
as-speecified 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 121750 in. (323.85 mm), NPS 8 (DN 200) has a specified
outside diameter of 8.625 in. (219.08 mm), and NPS 24
(DN|600) pipe has a specified outside diameter of
24.000 in. (609.90 mm).

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

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

nomifial wall thickness, t: the wall thickness computed
by of used in the design equation in para. 841¥1\2 or
AB8422.2(a) in Chapter VIII. Under this Code, pipe may
be orflered to this computed wall thickness srithout add-
ing aJlowance to compensate for the underthickness tol-
erande permitted in approved specifi¢ations.

804.6 Mechanical Properties

specified minimum elongation: (the minimum elongation
(expressed in percent of the gage length) in the tensile
test $pecimen, prescribéd by the specifications under
which the material is\purchased from the manufacturer.

specified minimum( tépisile strength: expressed in pounds
per dquare inch(MPa), the minimum tensile strength
presdribed by the specification under which pipe is pur-
chasg¢d from the manufacturer.

speciffed{minimum_yield strength (SMYS): expressed in

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 ffollowing
elements does not exceed the-following percgntages:

Element Percentage
Copper 0.60
Manganese 1.65
Silicon 0.60

In all carbendsteels, small quantities of certaih residual
elements anavoidably retained from raw materials are
sometithes'found but are not specified or requfred, such
as copper, nickel, molybdenum, chromium, ¢tc. These
elements are considered as incidental and ar¢ not nor-
mally determined or reported.

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

Element Percentage
Copper 0.60
Manganese 1.65
Silicon 0.60

or in which a definite range or a definite minimum
quantity of any of the following elements is|specified
or required within the limits of the recognizdd field of
constructional alloy steels:

(a) aluminum

(b) boron

(c) chromium (up to 3.99%)

(d) cobalt

(e) columbium
(J’F) mr\]yl‘\r“l eniim

pounds per square inch (MPa), the minimum yield
strength prescribed by the specification under which
pipe is purchased from the manufacturer.

tensile strength: expressed in pounds per square inch
(MPa), the highest unit tensile stress (referred to the
original cross section) a material can sustain before
failure.

yield strength: expressed in pounds per square inch
(MPa), the strength at which a material exhibits a speci-
fied limiting permanent set or produces a specified total

(g) nickel

(h) titanium
(i) tungsten
(j) vanadium
(k) zirconium

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

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2014.pdf

ASME B31.8-2014

or any other alloying element added to obtain a desired
alloying effect.

Small quantities of certain elements are unavoidably
present in alloy steels. In many applications, these are
not considered to be important and are not specified or
required. When not specified or required, they should
not exceed the following amounts:

of which the pipe is a part, and by the application of
pressure. Typical specifications are ASTM AS53,
ASTM A135, ASTM A984, and API 5L.
(e) furnace buttwelded pipe

(1) bell-welded: furnace-welded pipe produced in
individual lengths from cut-length skelp. The pipe’s lon-
gitudinal butt joint forge welded by the mechanical pres-
sure is developed in drawing the furnace-heated skelp
through a cone-shaped die (commonly known as a weld-

Element Percentage
Chrormmom 020
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 pisage 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
passes, ome of which is on the inside of the pipe. Coales-
cence is groduced by heating with an electric arc or arcs
between fhe bare metal electrode or electrodes and the
work. The welding is shielded by a blanket of granular,
fusible miaterial on the work. Pressure is not used, and
filler methpl for the inside and outside welds is obtained
from the |electrode or electrodes. Typical specifications
are ASTNI A381, ASTM A1005, and API 5L.

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

(c) electric-fusion-welded pipe: pipe haying a longitudi-
nal butt Joint wherein coalescence jis produced in the
preformgd tube by manual ot automatic electric-arc
welding. [The weld may be single or double and may be
made with or without thetuise of filler metal. Typical
specifications are ASTM*A134 and ASTM A139, which
permit sihgle or deuble weld with or without the use
of filler metal. Additional typical specifications are
ASTM A¢71 and~ASTM A672, which require both inside
and outside-welds and the use of filler metal.

(1) spirat-welded—pipe—also—madeby—the
fusion-welded process with either a butt joint, a lap joint,
or a lock-seam joint. Typical specifications are
ASTM A134, ASTM A139 (butt joint), API 5L, and
ASTM AZ211 (butt joint, lap joint, or lock-seam joint).

(d) electric-resistance-welded pipe: pipe produced in
individual lengths or in continuous lengths from coiled
skelp and subsequently cut into individual lengths. The
resulting lengths have a longitudinal butt joint wherein
coalescence is produced by the heat obtained from resist-
ance of the pipe to the flow of electric current in a circuit

Mg bell), which seTves as a combined forming and weld-
ing die. Typical specifications are ASTM A53 and\API5L.
(2) continuous-welded: furnace-welded pipg pro-
duced in continuous lengths from coiled-skelp and sub-
sequently cut into individual lengths. The plipe’s
longitudinal butt joint is forge-weldéd)by the mechgnical
pressure developed in rolling the hot-formed $kelp
through a set of round pass welding rolls. Typical syjecifi-
cations are ASTM A53 and API 5L.
(f) laser beam welded pipe:-’pipe having a longitudinal
butt joint made with a welding process that utiljzes a
laser beam to producemelting of full thickness of ¢dges
to be welded, followed by the fusion of those edges. A
typical specification is ASTM A1006.
(g) seamless pipe: a wrought tubular product mnade
without 'a'welded seam. It is manufactured by{ hot-
working’steel and, if necessary, by subsequently |cold-
finishing the hot-worked tubular product to pr¢duce
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

805.1 General
805.1.1 Area

location class or class location: a geographic area alor|g the
pipeline classified according to the number and pr¢xim-
ity of buildings intended for human occupancy and
other characteristics that are considered when prepcrib-
ing design factors for construction, operating presgures,
and methods of testing pipelines and mains locafed in

nance requirements.

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

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

805.1.3 Plastic Terms and Definitions

adhesive joint: a joint made in plastic piping by the use
of an adhesive substance that forms a continuous bond

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

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

heat treatment: heating and cooling a solid metal or alloy
in such a way as to obtain desired properties. Heating

for the sole purpose of hot working is not considered
heat treatment. If a weldmentis heated and cooled in a

betwpen the mating surfaces 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 djviding the specified outside diameter of the pipe
by tHe specified minimum wall thickness.

heat fusion joint: a joint made in thermoplastic piping by
heating the parts sufficiently to permit fusion of the
matefials when the parts are pressed together.

hydrdstatic design basis (HDB): one of a series of estab-
lishedl stress values (specified in ASTM D2837) for a
plastjc 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 pqunds per square inch (MPa) in a plastic pipe wall
that will cause failure of the pipe at an average of
100,J00 hr when subjected to a constant hydrostatic
presdure. (See Mandatory Appendix D.)

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

standprd dimension ratio (SDR): the xatio of outside pipe
diamieter to wall thickness of thermoplastic pipe. It is
calcullated by dividing the specified outside diameter of
the pipe by the specified wall-thickness.

805.1.4 FabricationJerms and Definitions

arc welding or arc weldi.a-group of welding processes that
prodfices coalescénge of metals by heating them with
an arf. The processes are used with or without the appli-
cation of pressure and with or without filler metal.

butt jpintt-ajoint between two members aligned approxi-
mate]y in the same plane. See Figs. 1(A), 2(A), 3, 51(A),

controlled manner, then the term postweld Head| treatment
is used.

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

stress relieving: heating a metal to a suitable tenjperature,
holding at that temperature Iong enough to reduce resid-
ual stresses, and then cooling slowly enough tojminimize
the development of ‘rlew residual stresses.

submerged arc welding: an arc welding process|that uses
an arc or ares‘between a bare metal electrode or elec-
trodes and)thé 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
meétal from the electrode and sometimes from|a supple-
mental source (welding rod, flux, or metal gganules).

tie-in: a connection where a gap is left to divide p 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 nonmnjetals pro-
duced either by heating the materials to th¢ welding
temperature, with or without the application of pres-
sure, or by the application of pressure alone|and with
or without the use of filler material.

welder: one who performs manual or semiqutomatic
welding.
welding operator: one who operates adaptive control,
automatic, mechanized, or robotic welding equipment.

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

and 51(B) in AWS A3.0.
butt weld: a nonstandard term for a weld in a butt joint.

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

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

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

805.2.1 Pressure Terms and Definitions

design pressure or internal design pressure: the maximum
pressure permitted by this Code, as determined by the
design procedures applicable to the materials and loca-
tions involved. It is used in calculations or analysis for
pressure design of a piping component.

hydrostatic test or hydrotest: a pressure test using water

conditions may exist during construction, start-up, or
shutdown that require special design considerations or
operating restrictions.

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

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

as the tedt medium.

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

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

maximum| operating pressure (MOP): sometimes referred
to as maximum actual operating pressure, the highest
pressure pat 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 l¢sses, and any backpressure) at any point in a
piping system when the system is operating under a set
of predicfed steady-state conditions.

overpressyre protection: the prevention of the pressure
in the syptem 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: inless otherwise stated, expressed in pounds
per squafe inch (kilopascals) above atmospheric pres-
sure (i.e., gage pressure) and is abbreviatedsas psig (kPa).

pressure tgst: a means by which the integrity of a piece
of equipmnent (pipe) is assessed, in{which the item is
filled wi]lE a fluid, sealed, and $ubjected to pressure.
It is used to validate integrityand detect construction
defects apd defective materials.

standard ervice pressure{ sometimes called the normal
utilizatioh pressure, the gas pressure a utility undertakes
to maintgin at its demestic customers” meters.

standup pressure.fest: a procedure used to demonstrate
the leak fightfiess of a low-pressure, gas service line,

moment applied at that point.

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

hoop stress, Sy: the stress in a pipe of wall thickness, t,
acting circumferentially in a plane perpendicular {o the
longitudinal axis of the pipe, produced by the pregsure,
P, of the fluid in a pipe of diamétér, D, and is determined
by Barlow’s formula:

(U.S. Customary Units),

PD
S =5p

(SI Units)

PD
(SH - ZOOOt)

maximum allowable hoop stress: the maximum hoop ptress
permitted by this Code for the design of a piping syptem.
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 mgmber
under normal operating conditions.

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

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

stress: the internal resistance of a body to an extegnally

using air|or(gas as the test medium.

805.2.2 Temperature Terms and Definitions

ambient temperature: the temperature of the surrounding
medium, usually used to refer to the temperature of the
air in which a structure is situated or a device operates.

ground temperature: the temperature of the earth at pipe
depth.

minimum design temperature: the lowest anticipated mate-
rial temperature during service. The user of this Code
is cautioned that ambient and operating temperature

1.1 £ - t L L -
dpPIret TOTTE, SXPTESSeT 11T UIIts OT ToTCe per—uImt area

(psi or MPa). It may also be termed unit stress.

stress concentrator or stress concentration: a discontinuity
in a structure or change in contour that causes a local
increase in stress.

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

tensile stress: the applied pulling force divided by the
original cross-sectional area.
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805.2.4 Construction, Operation, and Maintenance
Terms and Definitions

abandoned: permanently removed from service.

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

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

grinding: removal of material by abrasion, usually 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 oxide, sulfide,
or silicate particle in a metal pipeline.

indication: a finding of a nondestructive testing tech-
nique or method that deviates from the expected. It may

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

backf{ll: material placed in a hole or trench to fill exca-
vated space around a pipeline or other appurtenances.

certiflcation: written testimony of qualification.

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

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-
secti¢n of the pipe that produces a decrease in the diame-
ter and is concave inward.

discoptinuity: an interruption of the typical structure of\a
matefial, such as a lack of homogeneity in its mechafical,
metallurgical, or physical characteristics. A disgontinu-
ity is|not necessarily a defect.

evalufition: a review following the characterization of an
actiopable anomaly to determine wheéthet the anomaly
meetp specified acceptance criteria’

examjnation: the direct physical inspection of a pipeline,
which may include the useof.nondestructive examina-
tion (NDE) techniques or-methods.

experence: work activities accomplished in a specific
nondestructive testing (NDT) method under the direc-
tion ¢f qualified supervision including the performance
of th¢ NDT meéthod and related activities but not includ-
ing time spent’in organized training programs.

failurp: a-general term used to imply that a part in service

Or may not be a derect.

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

in-service pipeline: a pipelirfe’that contains natyral gas to
be transported. The gasumay or may not be flowing.

inspection: the use ofia-fiondestructive testing fechnique
or method.

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

integrity assessment: a process that includes ihspection
of pipeline facilities, evaluating the indicationq resulting
from the inspections, examining the pipe using a variety
of techniques, evaluating the results of the exarphinations,
characterizing the evaluation by defect type angl severity,
and determining the resulting integrity of th¢ 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.

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

mitigation: the limitation or reduction of the pfobability
of occurrence or expected consequence for a particular

has Deeome-completely-inoperable;-is-stil-operablebut
is incapable of satisfactorily performing its intended
function; or has deteriorated seriously, to the point that
it has become unreliable or unsafe for continued use.

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

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

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

event.

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

pig: a device run inside a pipeline to clean or inspect
the pipeline, or to batch fluids.
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pig trap or scraper trap: an ancillary item of pipeline equip-
ment, such as a launcher or receiver, with associated
pipework and valves, for introducing a pig into a pipe-
line or removing a pig from a pipeline.

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

qualificaﬁnw~ demonstrated and documented ](nnmr]pﬂgp,

used in a broader sense, surface preparation, pretreat-
ments, dry film thickness, and manner of application
are included.)

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

corrosion fatique: fatigue-type cracking of metal caused
by repeated or fluctuating stresses in a corrosive envi-
ronment and is characterized by shorter life than would

skills, anfd abilities, along with documented training,
experiende, or both, required for personnel to properly
perform the duties of a specific job or task.

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

slug: a vglume of liquid or gas, completely filling the
cross section of 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: gn organized program developed to impart the
knowledge and skills necessary for qualification.

ultrasonicf high-frequency sound. Ultrasonic examina-
tion is uged to determine wall thickness and to detect
the presehce of defects.

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

805.2

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 iorfs enter the solution at the anode.

5 Corrosion Control Terms and Definitions

bracelet aodes: galvanic anodes with.geometry suitable
for directjpttachment around thecircumference of a pipe-
line. Thege may be half-shelldbracelets consisting of two
semicircular sections or segmented bracelets consisting
of a largg number of individual anodes.

cathodic p|
sion of a
ode of arj

otection (€PR):"a technique to reduce the corro-
Inetal surface by making that surface the cath-
eleetromechanical cell.

cell or elecfrochemical cell: a system consisting of an anode

be encountered as a result of either the repéat¢d or
fluctuating stress alone or the corrosive enyiroriment
alone.

corrosion inhibitor: a chemical substance b combination
of substances that, when present in‘the environmg¢nt or
on a surface, prevents or reduces\corrosion.

corrosion rate: the rate at whi¢h'eorrosion proceed

12

corrosiveness: the tendency-0f an environment to fause
corrosion or the degree\to which or rate at whjch it
causes corrosion.

crevice corrosionyloealized corrosion of a metal syrface
at, or immediately adjacent to, an area that is shiplded
from full exposure to the environment because of|close
proximity.of the metal to the surface of another material.

curipg~a chemical process of developing the intgnded
praperties of a coating or other material (e.g., resin) over
a,period of time.

current: a flow of electric charge.

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

depolarization: the removal of factors resisting the cyrrent

in an electrochemical cell.

dielectric coating: a coating that does not corfduct

electricity.

dissimilar metals: different metals that could form an
anode—cathode relationship in an electrolyte whern con-
nected by a metallic path.

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

electrical interference: any electrical disturbancef{on a
metallic structure in contact with an electrolyte cjused

by strav current(s)
J J 7

and a cathode immersed in an electrolyte so as to create
an electrical circuit. The anode and cathode may be dif-
ferent metals or dissimilar areas on the same metal
surface.

coating: a liquid, liquefiable, or mastic composition that,
after application to a surface, is converted into a solid
protective, decorative, or functional adherent film. Coat-
ing also includes tape wrap.

coating system: the complete number and types of coats
applied to a substrate in a predetermined order. (When

10

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

electrode: a conductor used to establish contact with an
electrolyte and through which current is transferred to
or from an electrolyte.

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

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

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

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

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

paint: a pigmented liquid or resin applied to a substrate
as a thin layer that is converted to an opaque solid film
after application. 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 cnhmprgp metallic

curregnt flowing to ground may be called a ground fault
currgnt.

film:
foreign structure: any metallic structure that is not
intended as a part of a system under cathodic protection.

h thin, not necessarily visible layer of material.

galvapic anode: a metal that provides sacrificial protection
to arfother metal that is more noble when electrically
coupled in an electrolyte. This type of anode is the elec-
tron pource in one type of cathodic protection.

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

grapHhitization: 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
descilibe graphitic corrosion.

holidgy: a discontinuity in a protective coating that expo-
ses unprotected surface to the environment.

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

hydragen stress cracking: cracking that, résults from the
presgnce of hydrogen in a metal inteombination with
tensile stress. It occurs most frequently with high-
strength alloys.

imprgssed current: an electrigcyrtent supplied by a device
employing a power soufce that is external to the elec-
trodq system. (An example is direct current for cathodic
protegction.)

imprdssed current-aitode: an electrode suitable for use as an
anode when.égnnected to a source of impressed current,
which is-generally composed of a substantially inert
matefial, that conducts by oxidation of the electrolyte
and, fer-thisreason—is—not-corroded

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

pitting: localized corrosion of a metal/surfafe 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 actoss the electrode/dlectrolyte
interface.

protective coating: a.coating applied to a surface|to protect
the substrate frofn corrosion or other damagg.
resistivity:

(a) the'resistance per unit length of a substhnce with
uniformieross section.

(b) ~a measure of the ability of an electrdlyte (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 systenj.

rust: corrosion product consisting of various ifon 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 envijonmental
attack of the metal involving an interaction jof a local
corrosive environment and tensile stresses in the metal,
resulting in formation and growth of cracks.

805.2.6 Engineering Terms and Definitions

brittle fracture: fracture with little or n
deformation.

b plastic

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

anpraciablaz
appreciabry-

intergranular corrosion: preferential corrosion at or along

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

ion: an electrically charged atom or group of atoms.

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

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

11

selected for the purpose of verifying that a replaceable
or permanent 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
indefinitely.

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

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

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

elasticity: the property of a material that allows it to
recover its original dimensions following deformation

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

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

Organizations performing design, fabrication,

by a streqs below 115 erastic HImit:

engineering assessment: a documented assessment using
engineering principles of the effect of relevant variables
upon seryice or integrity of a pipeline system and con-
ducted by or under supervision of a competent person
with demnjonstrated understanding of and experience in
the application of engineering and risk management
principles related to the issue being assessed.

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

modulus df elasticity: a measure of the stiffness or rigidity
of a matg¢rial. It is actually the ratio of stress to strain
in the elgstic region of a material. If determined by a
tension qr 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 s¢ction of the pipe that ispunsapported.

strain: thg change in length of-a.material in response to
an applied force, expressedton‘a unit length basis (e.g.,
inches per inch or mm per\mm).

805.2)7 Miscellaneous Terms and Definitions

shall or spall noti\used to indicate that a provision is
mandatofy.

aSSEIbty, eTectiorn, S pection, exanmiation, teting,
installation, operation, and maintenance application for
B31.8 piping systems should have a written Quality
Assurance system in accordance with applicable flocu-
ments. Registration or certification 6f the Quality
Assurance system should be by agréement betwegn the
contracting parties involved.

807 TRAINING AND QUALIFICATION OF
PERSONNEL

807.1 Program

Each operatirig dompany shall have a program tojman-
age the qualification of personnel who perform
operating, mdintenance, and construction activitiep that
could impact the safety or integrity of a pipeling. The
program shall address, at a minimum, the follgwing
elements:

(a) Identify those tasks for which the qualifidation
provisions of the program apply. The tasks shall influde
operating, maintenance, and construction activitiep that
could impact the safety or integrity of a pipeline.

(b) For each task covered by the program, id¢ntify
abnormal operating conditions, and describe the pfocess
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 operationg that
may

(1) indicate a condition exceeding design linjits
(2) result in hazard(s) to persons, property, ¢r the
environment

(c) Identify training requirements for pers¢gnnel
involved in performing tasks covered by the program.

(d) Describe the evaluation process and critera|used

Should/ SI1£ I/le ILUt, UL l:l‘« l-'J l(/LUlILIIL(/ILd(/d4 uocd tU ;le;\_utc
that a provision is not mandatory but recommended as
good practice.

806 QUALITY ASSURANCE

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

12

to-determine
(1) initial qualification
(2) subsequent or ongoing qualification
(3) suspension or revocation of qualifications
(4) reinstatement of qualifications

(e) Establish organizational responsibilities for car-
rying out each program element.

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

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

807.2 Operating and Maintenance Functions

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

in procedures established for operating and mainte-
nance functions. The training shall be comprehensive
and designed to prepare employees for service in their
area of responsibility.

807.3 Reference

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

13
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Chapter |
Materials and Equipment

810 MATERIALS AND EQUIPMENT

(a) A material conforming to a written specification

It is infended that all materials and equipment that that does not vary substantially from a referenced|stan-
will becdme a permanent part of any piping system darq or specificati.on and th.at meets the minimum
constructpd under this Code shall be suitable and safe requlr.ements of this Codg with respect o qu.al ty of
for the cqgnditions under which they are used. All such materials and workmanship may be 'used..Tlr'us para-
materials|land equipment shall be qualified for the condi- graph shall not be construeq FO peromg ";1":“3“0“; that
tions of their use by compliance with certain specifica- would ter.1d .to affect weldability or, ductility advdrsely.
tions, stapdards, and special requirements of this Code, If the dev1at10.ns tend to reducg strength., full alloance
or otherwise as provided herein. for the reduction shall be prowided for in the desjgn.

(b) When petitioning‘theé Section Committge for

811 QUALIFICATION OF MATERIALS AND approval, the following\téquirements shall be nfet. If
EQUIPMENT possible, the material@hall be identified with a comjpara-

. ble material, andit should be stated that the m4terial

811.1 Categories will comply with’ that specification, except as rjoted.

Materi
categorie,

hls and equipment fall into the following six
b pertaining to methods of qualification for use

Complete information as to chemical composition and

physicalgptoperties shall be supplied to the Se

ction

under this Code: Committee, and its approval shall be obtained Hefore
(a) iterhs that conform to standards or specifications thissthaterial is used.
referencefl in this Code
(b) iterps that are important from a safety standpoint, 811.2.3 Nonconformance (Unimportant Items). | Rel-
of a type for which standards or specifications are refer- atively unimportant items that do not conform to afstan-
enced in this Code but specifically do not conform toa) 4.4 oy specification [para. 811.1(c)] may be fised,
referencefl standard (e.g., pipe manufactured to a speci- provided that
fication rjot referenced in this Code) h dori tioated and found sultabl
(c) iterps of a type for which standards or specifica- (a) they are tested or investigated and found sujtable

tions are 1
to the stal

eferenced in this Code, but that dénot conform
ndards and are relatively unimportant from a

for the proposed service

(b) they are used at unit stresses not greater tha 50%

erials

safety standpoint because of their smiall'$ize or because of those allowed by this Code for comparable mat

of the copditions under which they, are to be used (c) their use is not specifically prohibited by this|Code
(d) iteths of a type for which fig)standard or specifica-

tion is referenced in this Code)(e.g., gas compressor) 811.2.4 No Standards or Specifications Referenged.
(e) proprietary items (see‘definition, para. 804.3) Items of a type for which no standards or specificdtions
(f) unidentified or used pipe are referenced in this Code [para. 811.1(d)] and proprie-

811.2 Procedures for Qualification tary ?tems [para. 811.1(e)] may be qualified by thg user

) o . provided
ca‘?elgcs)g; :iiep;?\fiiﬁfi}fgrfgﬁgafi}r’:gi gisgrzgglsese X (a) the user conducts an investigation and tegts (if
' needed) that demonstrate that the item of materjal or

811.2. onformance emsth ontorm to Q- eqtipmentis-suitable-and-safefor-the-proposed-sérvice

dards or specifications referenced in

this ode

[para. 811.1(a)] may be used for appropriate applica-
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.

14

(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 compressors and
pressure relief devices)

811.3 Unidentified or Used Pipe

Unidentified or used pipe [para. 811.1(f)] may be used
and is subject to the requirements of section 817.

(14)
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812 MATERIALS FOR USE IN LOW-TEMPERATURE
APPLICATIONS

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

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

Of| primary importance in the fracture control pro-
gram is the prevention of brittle fracture initiation that
can dccur at small stress concentrations. As a minimum,
the friacture control program shall require Charpy impact
energy testing at or below the minimum design temper-
ature. The specific energy requirement is a function of
the sfrength of the material, its thickness, and the design
stress. 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-
catiqns referenced in Mandatory Appendix A or
Nongnandatory Appendix C) is performed at or below
the pipeline 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
qualiffied as conforming to the fracture conttrol program
by (harpy testing at or below the minimum design
temperature.

affec

813

813.

All valves, fittings, flanges, bolting, pipe, and tubing
shallpe marked in.ae¢ordance with the marking sections
of the standardssand specifications to which the items
were| manufactured or in accordance with the require-
ments of MSS'SP-25.

MARKING
I Scope

813.2 Die Stamping

814.1 Pipe Conforming to Referenced Standards and
Specifications

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

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

API 5L [Note (1)] Line Pipe

Zinc-Coated, Welded
Seamless Pipe
Seamless Carbon Steel Pipe for
High-Température Segvice
Steel, Hlectric-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 Stdel Pipe
for Use With High-Pressure
Transmission Systems
Electric-Fusion-Weldefl Steel
Pipe for Atmospheric|and
Lower Temperatures
Electric-Fusion-Weldefl Steel
Pipe for High-Pressune Service
at Moderate Temperatures
Carbon and Alloy Stepl Pipe,
Electric-Fusion-Weldefl for
High-Pressure Servicq at High
Temperatures
Electric-Resistance-Wglded
Steel Line Pipe
Longitudinal and Heljcal
Double Submerged-Afc
Welded Steel Line Pige
Laser Beam Welded Steel Line
Pipe

ASTM A106/A106M

ASTM A134

ASTM A135/A135M

ASTM A139/A139M

ASTM A3337/A333M

ASTM A381

ASTM A671

ASTM A672

ASTM A691

ASTM A984

ASTM A1005

ASTM A1006

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

814 MATERIAL SPECIFICATIONS

For a listing of all referenced material specifications,
see Mandatory Appendix A. For a listing of standards
for other commonly used materials that are not refer-
enced, see Nonmandatory Appendix C.

15

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.

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

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

(14)
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814.1.3 Plastic Pipe and Components
(a) Plastic pipe and components manufactured in
accordance with the following standards may be used:
(1) For polyethylene (PE) pipe, use

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

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

816 TRANSPORTATION OF LINE PIPE

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

Any line pipe to be transported by railroad, inland
waterway, or by marine transportation shall be loaded
and transported in accordance with API RP 5L1 or
API RP 5L.W. Where it is not possible to establish that

ASTM DP513 Polyethylene (.PE) Gas Pressure Pipe, pipe was loaded and transported in accordangce
Tubing, and Fittings the above referenced recommended practice, the
ASTM D2517  Reinforced Epoxy Resin Gas Pressure shall be hydrostatically tested for at least 2'hr-to af

Pipe and Fittings

(b) Th¢rmoplastic pipe, tubing, fittings, and cements
conforming to ASTM D2513 shall be produced in accor-
dance with the in-plant quality control program recom-
mended {n Annex A3 of that specification.

814.1}4 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 glastic pipe, tubing, or fitting to be used and
shall determine material serviceability for the conditions
anticipated. The selected material shall be adequately
resistant fo the liquids and chemical 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.

814.2 Steel, Cast Iron, and Ductile Iron Piping
Components

Specifi¢ requirements for these piping components
that qualify under para. 811.1(a) are found in Chapter III.

815 EQUIPMENT SPECIFICATIONS

Excep{ for the pipinig:components and structural

tain details'of.design and fabrication, however, necessar-
ily refer i y i VT i
dampeners, electrical facilities, engines, compressors,
etc. Partial specifications for such equipment 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 govern, insofar as they are
applicable. In any case, the safety of equipment installed
in a piping system shall be equivalent to that of other
parts of the same system.
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with
pipe
least
1.25 times the maximum allowable opérating pressure
if installed 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 SteelPipe

817.1.1 Equijvalent 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 préssure, is permitted, provided that the frdcture
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 Jower
pressure and the same or higher temperature is pqrmit-
ted subject to the same para. 817.1.3 restrictions gbove
and any derations as required by Table 841.1.8-1.
Removed pipe that is reinstalled in the same lodation
need not be retested. Used pipe installed elsewhgre 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 ptress
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

(b) if the pipe is to be welded and is of unk
specification, it shall satisfactorily pass weldabilit
prescribed in para. 817.1.3(e)

hown
tests

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
close coiling or close bending by the procedures and
within the limits outlined below.

(a) Inspection. All pipe shall be cleaned inside and
outside, if necessary, to permit good inspection. All pipe

(14)
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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
through 90 deg around a cylindrical mandrel, the diame-
ter of which is 12 times the nominal diameter of the pipe,
without developing cracks at any portion and without
opening the weld.

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

Forpipe Targer tharmr INPS2(DIN-50); fiattering tests
as prpscribed 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
properties shall be the same as required in (g) below to
detefmine yield strength.

(c)| Determination of Wall Thickness. Unless the nomi-
nal wall thickness is known with certainty, it shall be
detegmined by measuring the thickness at quarter points
on ohe end of each piece of pipe. If the lot of pipe
is knjown to be of uniform grade, size, and nominal
thickhess, measurement shall be made on not less than
10% |of the individual lengths, but not less than
10 leigths ; thickness of the other lengths may be verified

by applying a gage set to the minimum thickness. Fol-
lowing such measurement, the nominal wall thickness
shall[be taken as the next commercial wall thickness
below the average of all the measurements taken, but
in 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 ffor all pipe NPS 20 (DN 500) and larger.

(d)| Longitudinal Joint Factor. If the type of lofngitudinal
joint ccan be determined with certainty, the gorrespond-
ing Jongitudinal joint factor, E (Table 841.1.7-1 in
Chapter 1V), may be used. OtherwiseE shall be taken
as 0.0 for pipe NPS 4 (DN 100) and.smaller, or 0.80 for
pipe [larger than NPS 4 (DN 100)-

(e)| Weldability. Weldabiljty:shall be determined as fol-
lows] A qualified welder-shall make a girth weld in the
pipe| The weld shall thenvbe tested in accordance with
requirements of API 1104. The qualifying weld shall be
mad¢ under the most severe conditions under which
weldjng will be permitted in the field and using the
sam¢ procedute’as to be used in the field. The pipe shall
be cdnsidered weldable if the requirements set forth in
API 1104-are met. At least one such test weld shall be

(f) Surface Defects. All pipe shall be exathined for
gouges, grooves, and dents and shally'be qualified in
accordance with the provisions of para’ 841.214.

(g) Determination of Yield Strerigth. When the manu-
facturer’s specified minimum yield strength, tensile
strength, or elongation forthe pipe is unknowfn, and no
physical tests are madg,\thé minimum yield strength
for design shall be takenh as not more than 24,000 psi
(165 MPa). Alternatively, the tensile properti¢s may be
established as foHows:

(1) Perfotm 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)yAll test specimens shall be selected af random.

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

(h) S Value. For pipe of unknown specifichtion, the
yield strength, to be used as S in the fofmula 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.

Determine the average value of all yield strepngth tests
for a uniform lot. The value of S shall then b¢ 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 b¢ 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
impaired by corrosion or other deterioratior|, 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

made Tor each 100 lengths of pipe on sizes larger than
NPS 4 (DN 100). On sizes NPS 4 (DN 100) and smaller,
one test will be required for each 400 lengths of pipe.
If in testing the weld the requirements of API 1104 cannot
be met, the weldability may be established by making
chemical tests for carbon and manganese (see
para. 823.2.3), and proceeding in accordance with the
provisions of the ASME Boiler and Pressure Vessel Code,
Section IX. The number of chemical tests shall be the
same as required for circumferential weld tests stated
above.

the-maximum—alowable-operatingpresstire;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
shall not be used in the following applications:

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

(2) where the operating hoop stress exceeds 72%
SMYS for sizes smaller than NPS 16 (Class 1 Division 1
locations)
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(3) where the minimum design temperature is
below —20°F (-29°C)

817.2 Reuse of Ductile Iron Pipe

817.2.1 Equivalent Service Level. The removal of a
portion of an existing line of unknown specifications
and the reuse of the pipe in the same line or in a line
operating at the same or lower pressure is permitted,
provided careful inspection indicates that the pipe is

provisions and specifications of para. 842.1 provided a
careful inspection indicates the pipe is sound and per-
mits the makeup of tight joints.

817.3 Reuse of Plastic Piping

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

sound, permits the makeup of tight joints, and has an
actual n¢t wall thickness equal to or exceeding the
requirements of para. 842.1.1(d). The pipe shall be leak-
tested injaccordance 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

new
new

tr—Ttmeetsthe Lequileuleulb of ASTNMD2513fo
thermoplastic pipe or tubing, or ASTM D2517 for
thermosetting pipe.
(b) A careful inspection indicates that it is free of
visible defects.
(c) It is installed and tested in_aécordance 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 combutible 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 I-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 contributihg 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 ASME Boiler and Pressure Vessel Code

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

or API 11p# Forirn=service wetding, welding procedures
and welders shall be qualified under Appendix B of
API 1104} Procedures qualified under Appendix B for
either branch or sleeve welds are suitable for weld depo-
sition repair, provided the procedure is appropriate for
the remaihing wall thickness to which it is being applied.

823.2.2 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 cont¢nt 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 thesecarbon
steels shdll be welded, preheated, and stress reliéved as
prescribefl herein for such carbon steel. There may be
significarjt differences in the base metalstrength encom-
passed by these P-No. 1 materials, (and” although it is
not an espential variable to weldet qualification, 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 specifiereason to question a welder’s ability or
if the welgler.isnot engaged in a given process of welding
for 6 mo ALl 1d Loll o o

bient
weld-
satis-

PlULEduLU trchicatesthatchenicat COTPOSTHOTT, arT
and/or metal temperature, material thickness, or
end geometry require such treatment to produce
factory welds.

824.2 Dissimilar Materials

When welding dissimilar matefials having different
preheating requirements, thenaterial requiring the
higher preheat shall govern.

824.3 Suitable Methods

Preheating majy be accomplished by any suitable
method, providedthat it is uniform and that the tefhper-
ature does notfall below the prescribed minimunj dur-
ing the acttial 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 ensur¢ 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 equivalent
(C + % Mn) in excess of 0.65% (ladle analysis) shhll be
stress relieved as prescribed in the ASME BPV Code,
Section VIII. Stress relieving may also be advisabje for
welds in steel having lower carbon content or carbon
equivalent when adverse conditions cool the weld too
rapidly.

825.2 Wall Thickness

aralifiad
Fequaiiea

+ ¥ O AL o o
rths-er-more—Allweldersshall-be
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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Welds in all carbon steels shall be stress relieved when
the nominal wall thickness exceeds 1% in. (32 mm).

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

825.4 Dissimilar Materials

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

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,

825.
Al

stresq
reliey
excef]

(a)

size

p—Connections-and-Attachments

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

fillet and groove welds not over % in. (13 mm) leg
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
1,200°PF (649°C) or greater for ferritic alloy steels. The
exac| temperature range shall be stated in the procedure
speciffication.

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

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

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
sectigns of work.

(c)| Heat a'part of the work by slowly heating a circum-
ferentiab-band containing the weld at the center. The

Y Methods of Stress Relieving

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

(b) The stress relieving temperature-shall be 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 exapnined 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

mpanyfrom-ecach-dav’s-consten

day’s-ee

Hon for axa
OF-ex

Wldi. lUf L‘llU bdlld l.llcll ib hcawd |19) LI[U u;'quiled lelllPCId—
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

ompany—from-each Astruetion£ ination.
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) When 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 HUlﬁ)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 shall¢be-qualified in gccor-
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}y;;e{/nsTEp to 111713] Ilfgiz( pizes
. . . 5 Throug
(a)| The purpose of this Chapter is to provide a set of ASME B16.34 Valves — Flanged, Threaded,
standards for piping systems covering .
1) fications F d selecti ¢ all it d and Weldirig End
Speciications for and sefection of aft ttems an ASME B16.38 Large Metallic Valves fgr Gas
accessories that are a part of the piping system, other Distgibution: Manually
than fthe pipe itself , Opérated, NPS 2% (DN|65) to
2) acceptable methods of making branch NPS 12 (DN 300), 125 psig
3 . for the eff f (8.6 bar) Maximum
) 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, SR=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 (;hapter .IY) Flanged and Threaded Ends
4) installation and testing of piping systems (see>™" MSS SP-78 Gray Iron Plug Valves, Flanged

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

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

831 | PIPING SYSTEM COMPONENTS

Al] components of piping systems, including valves,
flanges, fittings, headers, spécial assemblies, etc., shall
be dgsigned in accordangce\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, covdr, and/or
end flange) components made of cast ductile iron in
compliance with ASTM A395 and having dimensions
conforming to ASME B16.1, ASME B16.33, ASME B16.34,
ASME B16.38, ASME B16.40, or API 6D/ISO 14313 may
be used at pressures not exceeding 80% of the¢ pressure
ratings for comparable steel valves at their listefd temper-
ature, provided the pressure does not exceed [1,000 psig
(6 900 kPa), and welding is not employed on ahy 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

(14)
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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

Y-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
Appengdix 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. Slipton
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 MIII 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 thevinside diameter of the pipe
used. Fgr permissibledwelding end treatment, see
Mandatory Appendixl/Fig. I-5.

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

(g) Nopferrous flanges shall have contact faces fin-
lshed in decordance-with- ASME Bl6.24

ASTMA307 Grade B, without heattreatment other than
stress relief. When bolting such flanges together‘using
a full-face gasket, the bolting may be aloy [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 felief.
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 ar} 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 givepn 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 to the
requirements of ASME B16.42. Bolting requirements 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

Qad o

(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

paras- 8312 Hthy; (1), (), ard (k) the bottimg shait bemade
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 “-in. (3.2-mm)
undersized.
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(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) Gaskéts'shall 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 Class,25and|Class 125
cast iron flanges. Flat ring gaskets with ah outsdiide diam-
eter extending to the inside of the boltholes mgy be used
with cast iron flanges, with raised-face stedl 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 widtH 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 engountered
and shall be softer than the flanges.
(5) Special Gaskets. Special gaskets, includling insu-
lating gaskets, may be used, provided they are 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 prepsure 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 ]’\I1I‘Q+;ﬁg c{-ror\g{-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.
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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.
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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.

(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 silze is no greater than 25% of the nominal pipe
diameter|

(c) Existing 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 nonjinal diameter of the pipe, except(that
1%-in. (DN 32) taps are permitted in NPS 4 (DN 100)
pipe having a nominal wall thickness of not, less than
0.380 in. [9.65 mm).

(e) 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\hominal diameter of the pipe, except
that 1%-in.. (DND32) taps are permitted in NPS 4 (DN 100)
pipe. Tapss larger than those permitted above shall use

(e) Every pretfabricated unit produced under this sec-
tion of the Code shall successfully withstand a\ptgssure
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 systeim 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 fqua-
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 folloving:

(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

vorlnivomoﬂi-c ofa cpnni{:ir‘ anign methad onthede igner

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.
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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

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
minijnum 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 ol 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-6.
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the nominal header wall thickness lrefjuired by
para. 841.1.1 for the design-presgure 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 crossssectional area that results [from any
excess thickness @yailable in the header thickiness over
the minimunirequired for the header as defiped in (c)
and that lies avithin the reinforcement area as defined
in (e)

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

(3) the cross-sectional area of all added r¢inforcing
metal that lies within the reinforcement area, gs 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-6, 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 reinforcement shall
have an allowable working stress at least equal to that of
the header wall, except that material of lower pllowable
stress may be used if the area is increased in djirect ratio
frforcement

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.

OwWdpIt 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[useofTibsorgussets sttt motbeconsidered as
contributjng to reinforcement of the branch connection.
This doep not prohibit the use of ribs or gussets for
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
minimize 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) Brapch 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 sulfficient 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 neatsthe ends of
partial rilps, straps, or gussets may defeat'their reinforc-
ing value|

831.4]2 Special Requirements. In addition to the
requiremgnts 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

More than 20%
through 50%
More than 50%

@, O, © @, O ), ®,1)

©, d, @, ) ©®), @, ) ~a&)e, O 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) Allwelds joining the header, branch, and reipforc-
ing member shall be equivalent to those shown in
Mandatory Appendix I, Figs. I-1, I-2, and 1-3.

(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) If a reinforcement member is required, anfl the
branch diameter is such that a localized type of reinforce-
ment member would extend around more than hqlf 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 smoothly con-
toured wrought steel tee of proven design may be used.

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

of localized-reinforcement-are Pluhibitcd.

(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
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lC\iuilClllCll‘Lb Uf Pcllcl. 83141.

(j) For hot 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 0.7¢.

(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 1.0t.

(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 to 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
depogited 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 reinforcementsthat
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 jonce in a combined area.

(b)] When more than two adjacentopenings are to be
provided with a combined reinforeement, the minimum
distahce 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 thedistance between centers of two adjacent
openjngs is 1¢s§ than 1% times their average diameter,
as considéred under (b), no credit for reinforcement shall
be gjiventor any of the metal between these two

b Reinforcement of Multiple Openings

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

A = KtnD,

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 thicknes
in the run wall, i.e.,

hrea shall

below.

reinforce-
available

A =D, (Tr -t)

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 - 1)
(3) Area Aj is the area lying within the [einforce-
ment zone resulting from excess thickness available 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)
69 (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)
250 (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.niay 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 maxilum or miniptum' design temperatures and
the expected average ifistallation 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 aé¢count stress intensi-
fication factors found to exist in components other than
plain straight pipe. Credit may,be taken for the [extra
flexibility of such components.The flexibility factogs and
stress intensification fagters shown in Table E-1f 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-
turesshall 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 lineay and
angular movements of the equipment to which 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. {Cold-
spring may be taken into account in the calculatigns 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 in the
design of restraints and supports for a piping syptem,

. - - 1 1 £ 1 |
expansionor contraction per tmtt 10:115'Lu tor—setected

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

and-nevaluating-the-effectsof piping-displacemerits 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 l?an,%iiuﬁl;lilfl; stress due to internal pressure in
500 (260 373 (189) errestraifred-pipeline s

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.”
Guidfance 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
pipirlg 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.” UUnrestrained 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

Sr = €&l - Ty)

where

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

T, = thepipe temperature at the time of inftallation,
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, 1b-in. (N-m)
the pipe section modulus, in.* (cm?)

CroSss 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

31

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

Sx = R/A (a) The net longitudinal stress in unrestrained pipe is
where S = Sp+ Se s G ni
A = pipe metal cross-sectional area, in.” (mm~) ;
R = extemal force axial component, Ib (N) (b) The maximum permitted longitudinal str¢ss in
833.3 Stmmation of Longitudinal Stress in unrestrained pipe is S; < 0.755T, where S is the spefified

Restrained Pipe

(1) Th¢netlongitudinal stresses in restrained pipe are

SLZSP+ST+S)(+SB

Note tha
(b) Thq
where S

Sg, S1, S1, or Sx can have negative values.
maximum permitted value of 1S, is 0.9ST,
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) Resjidual stresses from construction are often pres-
ent; for ¢xample, bending in buried pipelines where
spanning|or 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 Cgmbined Stress for Restrained Pipe

(a) Th¢ 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.

(b) For|loads of Jeng duration, the value of k shall not
exceed 0.pO0.

Si|} or

minimum yield strength, psi (MPa), per‘para. 841.1.1(a),
and T is the temperature derating factorn per
para. 841.1.8.

833.7 Flexibility Analysis for.Unrestrained Piping

(a) There is no need for-formal flexibility analydis for
an unrestrained piping\system that
(1) duplicates or replaces without signifficant
change a systemn operating with a successful record
(2) canbe'readily judged adequate by compgrison
with previously analyzed systems
(3)7is of uniform size, has no more than two fgoints

of fixation and no intermediate restraints, and| falls
within the limitations of the following emp{rical
€quation

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),

to be absorbed by the system

NOTE: No general proof can be offered that this empirical equa-

. (¢) For| occasional nonperiodic loads of short dura- tion always yields conservative results. It is not applicable fo sys-
tion, the yalue‘of k shall not exceed 1.0. tems used in severe cyclic conditions. It should be used with
(d) S trtayaboveiscatculated—considering boththe Taution i configurations such as urnequat tegU-berds—having

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
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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-

fracce ctota to ot oy Tho soca ot ot
tFeS55-5tate—toahotmef—rnefeStrtantthtrensirieer

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 (S. + Sp) — S1]
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

Sp|= 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
Ng = 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,
psiMPa)
833.9 (Local Stresses

sideratiorn of fatigue:

833.10 Buckling and Lateral Instability

In order to prevent buckling in the form of wrinkling
of the pipe wall or lateral instability, the maximum
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
excessive. 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.

33

area Of the pipe, It (), a5 wettasany 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.

(14)
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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 gf the pipe shall be furnished by a member that
complete]y encircles it. Where it is necessary to provide
positive attachment, as at an anchor, the pipe may be
welded t¢ the encircling member only; the support shall
be attached to the encircling member and not to the
pipe. The| connection of the pipe to the encircling mem-
ber shall pe by continuous welds, rather than intermit-
tent ones

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 ifi 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 bearing pressure is within safe limits for the soil
involved

835.3 Réstraint Due to Soil Friction

Where
friction,
anchorin

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

835.4 Fgrces on Pipe Joints

If anc
para. 835

horage is not provided at the bend (see
2), pipe joints that{are close to the points of

sttpport-of-thepipe-in-the-trench-is-essentiak—tbnequal
settlements may produce added bending stresses«n the
pipe. Lateral thrusts at branch connections fay gteatly
increase the stresses in the branch connection {tself,
unless the fill is thoroughly consolidated(or other provi-
sions are made to resist the thrust.

(b) Rock shield shall not be dtaped over the| pipe
unless suitable backfill and padding are placed in the
ditch to provide a continyeuis‘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 bramch to prevent vertical and lateral
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 sgveral
hundred feet adjacent to bends or ends. At these|loca-
tions, the movement, if unrestrained, may be of consider-
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.

34
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Chapter IV
Design, Installation, and Testing

840 DESIGN, INSTALLATION, AND TESTING

(4) Water Vapor Content and Free Liquids. Free water

840.1 General Provisions

(a)] The design requirements of this Code are intended
to bg adequate for public safety under all conditions
encointered in the gas industry. Conditions that may
caus¢ additional stress in any part of a line or its appurte-
nances shall be provided for, using good engineering
practice. Examples of such conditions include long self-
suppprted spans, unstable ground, mechanical or sonic
vibration, weight of special attachments, earthquake-
induged stresses, stresses caused by temperature differ-
enceg, and the soil and temperature conditions found
in the Arctic. Temperature differences shall be taken as
the difference between the lowest and highest expected
metgl temperature during pressure test and/or
operqting services having due regard to past recorded
templerature data and the possible effects of lower or
highér air and ground temperature.

(b)] The quality of the gas to be transported in the
pipeline, or by the pipeline system, shall be consideted
designing facilities. Measures shall be taken to
control or minimize adverse effects of the gas properties
or gds composition when any of the following may be
a corfcern:

1) Gas Composition. Uncontrolléd, or unexpected
variations in heating value may result in problems at
the gnd user’s burner tip or process. Noncombustible
compounds (e.g., nitrogen, nitrogen compounds, carbon
dioxide, etc.) may reduce the heating value and increase
the specific gravity of the)gas stream. Carbon dioxide
conttfibutes to internalicorrosion in the presence of free
watet. Increased spegific gravity of the gas stream may
foretell the condensing of heavy hydrocarbons at cooler
templeratures\fvhich may negatively affect operations.

adaci

and hydrocarbons at certain combinations of [pressures
and temperatures may produce hydrates, which are
crystalline solids that may cause partial or [complete
pipeline blockages, that may leadCto ‘a disrption of
pipeline operations.

Based on the characteristies. of the gas stfeam (i.e.,
heating value, specific gravity,temperature, fiee liquid,
odorization, impurities,‘and other objectionjable sub-
stances), appropriate precautions shall be congidered to
address any problems that might adversely |affect the
pipeline system p1x'the end user.

(c) The mostsignificant factor contributing fo the fail-
ure of a gas, pipeline is damage to the line daused by
the activities of people along the route of|the line.
Damage will generally occur during constjuction of
other “facilities associated with providing the services
associated with human dwellings and comrhercial or
industrial enterprises. These services, such as Water, gas
and electrical supply, sewage systems, drairjage lines
and ditches, buried power and communicatipn cables,
streets and roads, etc., become more prevalent gnd exten-
sive, and the possibility of damage to the|pipeline
becomes greater with larger concentrations of puildings
intended for human occupancy. Determining the
Location Class provides a method of assepsing the
degree of exposure of the line to damage.

(d) A pipeline designed, constructed, and|operated
in accordance with the requirements of Locati¢pn Class 1
[see para. 840.2.2(a)] is basically safe for pregsure con-
tainment in any location; however, additional[measures
are necessary to protect the integrity of the line in the
presence of activities that might cause damage. One of
the measures required by this Code is to lower|the stress
level in relation to increased public activity. Thiis activity
is quantified by determining Location Class and relating
the design of the pipeline to the approprialte design

of vinefor ductile fractiira
o-pipetor-atcteractare

ve-clesten
arrest, see the “Caution” at the end of para. 841.1.1.

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

(3) Oxygen Content. Oxygen contributes to corro-
sion problems in the presence of free water at certain
temperatures. Certain mixtures of oxygen and gas above
the lower explosive limit can create an explosive
condition. (See section 864 and paras. 841.2.7 and 850.6.)

35

foot

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

(g) 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
increases 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 %-pni (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 iiitended,
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) Wheen 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 pipelines$horter 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\Or 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 occupangy<except when a Lodation
Class 4 prevails. A Location Class 3 is intended to eflect
areas such as suburbanthotsing developments, shop-
ping centers, residential areas, industrial areas, and jother
populated areas,not meeting Location Clgss 4
requirements.

(d) LocationnClass 4. Location Class 4 includes |areas
where multistory buildings are prevalent, where {raffic
is heavy ‘or’dense, and where there may be numgrous
otherutilities underground. Multistory means four or
mare-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, multi-
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 neople referred toin (3) ax d (b)
r r 7

traversing the area shall be assigned.

840.2.2 Location Classes for Design and
Construction
(a) Location Class 1. A Location Class 1 is any 1-mi
(1.6-km) section that has 10 or fewer buildings intended
for human occupancy. A Location Class 1 is intended
to reflect 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

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

desigmfactor for pipetine 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 Ljocation 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 factef)obtained from Table 841.1.6-1. In
setting thie ‘Walues of the design factor, F, due
consideration has been given and allowance has
been.made 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 theystandard test
orientation used to determine conformance of pipé€ 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 gas‘ipeline operational experi-
ence at operation levelsiin excess of those greviously
recommended by this<Code.

It should be nofed that the user may be rgdquired to
change out such pipe or reduce pressure to 0172 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 eitheq at a hoop
stress over 40% through 80% of SMYS in sizgs 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 aitso
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 attermatives I theoperating 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

(14)
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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 fesearch programs:

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

CVN = 0.0108 ?R/3#1/3

(2) American Iron and Steel Institute (AISI)

CVN = 0.03150°/2R1/?
(3) British Gas Council (BGC)
CVN = 0.03150R/t/?
(4) British Steel Corporation (BSC)
CVN = 0.001190°R

where
CVN % full-size Charpy V-notch absorbed energy,

ft-1b ()

R # pipe radius, in. (mm)

t ¥ wall thickness, in. (mm)

o F hoop stress, ksi (MPa)

For ARI 5L pipe, the minimum impact values shall
be the greater of those given by the equations above or
those required by API 5L for PSL_2 pipe. Annex G of
API 5L (45th Edition) contains.additional acceptable
methodollogies for establishing minimum or all heat
average (Charpy energy<values.

For pigje manufactured to other standards where the
minimunp impact valties are specified within that stan-
dard, thoge minimtun requirements shall be maintained.
In cases where the pipe manufacturing standard does
not specify thé minimum impact requirements, the mini-
mum impa Feme P T Ed F
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.

require OI A~ 3 d1t10 a

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

38

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 two-phase
behavior, and an assessment must be made as to the applicability
of the arrest equations where additional toughness may be
required. Otherwise, mechanical crack arrestors [see (d) dbove]
should be installed, or the Charpy toughness requirements for
arrest should be verified through experiments-or addifional
calculations.

NOTE: The empirical equations specified ifn(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 sintulate the performance of rhateri-
als when the pipe wall thickness/is significantly greater than the
size of the test specimens.

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

(a) P forfurnace buttwelded pipe shall not excegd the
restrietions 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 pressure
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 sperified
minimum yield, may be retested with a mill type hydro-
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 pressure
exceeds the mill test pressure. This paragraph is ot to
be construed to allow an operating pressure or design
pressure in excess of that provided for by para. 841.1.1.

841.1.4 Limitations on Specified Minimum [Yield
Strength, S, in Para. 841.1.1
(a) If the pipe under consideration is not new| pipe
purchased under a specification approved and lisfed in
i e e S € -5 be—determied—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)
(b) When pipe that has been cold worked for meeting
the specified minimum yield strength is subsequently
heated to a temperature higher than 900°F (482°C) for
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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

841.1.9 Additional Information or
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
Class 1, a design factor of 0.6 is required throughout
the assembly and for a distance equal to the lesser of

5 diameters or 10 ft (3 m) in each direction beyond the

Design

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 mechanical 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.

IJMI.I.S Additional Requirements for Nominal Wall
ThicKness, t, in Para. 841.1.1

(a)] The minimum wall thickness, ¢, 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
shall|also be given to loading due to transportatién or
handling of the pipe during construction, weight of
watel during testing, and soil loading and other’second-
ary lpads during operation. [See para. 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 in ASME B36,10M, shall be the least
nomjnal wall thickness~used for threaded and
grooyed pipe.

(b)| Transportation, installation, or repair of pipe shall
not reduce the wallthickness at any point to a thickness
less than 90% of.the nominal wall thickness as deter-
mined by para- 841.1.1 for the design pressure to which
the pipe is.te\be subjected.

41 16 DeS|gn Factors, F, and Location Classes.

de51gnated Locatlon Class All exceptlons tobasic 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.

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

39

tastfitting. A shorter distance may be used|provided
that combined stresses are considered injthé|design of
the installation. Transition pieces at the énd of pn assem-
bly and elbows used in place of pipe’bends are not
considered fittings under the requiréments of this para-
graph. Also see section 822.

(b) Pipelines or Mains on Biitiges. The design factor
for pipelines or mains suppotted by railroad, fehicular,
pedestrian, or pipeline bridges shall be detefmined in
accordance with thé Location Class prescribgd for the
area in which the bridge is located. In Location Class 1,
however, a desigt factor of 0.6 shall be used.

(c) Decortipyession Cooling. When reductiof of pres-
sure due't0 depressurization is anticipated tq result in
a significant reduction in the temperature of
system or any portion thereof, the user of thjs Code is
cautioned to evaluate the effects of decompregsion and
associated cooling on material serviceabflity and
induced stresses.

(d) Design of Metering and Pressure/Flow Comtrol

(1) All piping and piping components, fip to and
including the outlet stop valve(s) of individfial meter
and pressure/flow control runs, shall meet pr exceed
the maximum design pressure of the inlet pipir|g 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 accordance with
para. 841.3 and the Location Class requirgments of
Table 841.1.6-2. Instrumentation devices such| as trans-
mitters, recorders, controllers, etc., excluding testing
instrumentation, should be isolated from the pjping dur-
ing the test. Test fluids shall be removed frgm piping
and plpmg Components and the p1p1ng pulged with
i vice.

(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
runs can damage or destroy meters due to meter
overspin and high differentials and can endanger
personnel.

(14)
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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:

(@) Privatp 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) Roady, 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) Roadd, 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) Roadyq, 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(c)] 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

(f) Other (Nonmandatory) Considerations for Metering
Facilities
(1) Meter proving reduces measurement uncer-
tainty. Where meter design, size, and flow rate allows,
consider installing meter proving taps.
(2) Upstream dry gas filter(s) should be considered

Spec. No. Pipe Class E Factor when installing rotary or turbine meters. Particulates
and pipeline dust can contaminate meter lubricating oil

ASTM A53 Seamless 1.00 and damage bearings and other internal meter
Electric-resistance-welded 1.00
Furnace-buttwelded, continuous weld 0.60 components.

ASTM|A106  Seamless 1.00 (g) Pressure/Flow Control Facilities

ASTM A134 Electric-fusion arc-welded 0.80 (1) Overpressure protection shall [be prqvided by

ASTM [A135 Electric-resistance-welded 1.00 the use of

ASTMA139 Electric-fusion arc-welded 0.80 . . . .

ASTM |A333 Seamless 1.00 (-a) a monitor regulator‘in series with ja control-
Electric-resistance-welded 1.00 ling regulator (each regulator{rtin).

ASTMA381  Submerged-arc-welded 1.00 (-b) adequately sized/telief valve(s) downstream

ASTM A671 Electric-fusion-welded .

Classes 13, 23. 33. 43. 53 0.80 of the controlling regulator(s).
Classes 12, 22, 32, 42, 52 1.00 (-c) overpressture shutoff valve(s) upjstream or

ASTM |A672 Electric-fusion-welded downstream of the“controlling regulator(s). Irfstallation

2:35595 13, 23,33, 43, 53 0.80 of alarm deviges that indicate primary (contro|ling) reg-
asses 12, 22, 32, 42, 52 1.00 : : .
AsTM heor Electricfusion-welded ulatqr frfulure is useful and should be considered for
Classes 13, 23, 33, 43, 53 0.80 monitoring regulator systems.
Classes 12, 22, 32, 42, 52 1.00 (2)>Each regulator supply, control, and sehsing line

ASTMA984  Electric-resistance-welded 1.00 shall have a separate isolation valve for isoldtion pur-

ASTM(A1005  Double submerged-arc-welded 1.00 poses during regulator setup and maintenanke and to

ASTMA1006  Laser beam welded 1.00 . . .

API 51 Electric welded 1.00 prevent a safety device (i.e., monitor, reguldtor) from
Seamless 1.00 becoming unintentionally inoperable due to|plugging
Submerged-arc-welded (longitudinal 1:00 or freezing of instrument lines.

seam or helical seam) (3) Steps shall be taken to prevent the|freezing-
Furnace-buttwelded, continuous weld 060 up (internal and external) of regulators, control valves,
GENERAL NOTE: Definitions for the various classesef welded pipe instrumentation, pilot controls, and valve actuation
are giyen in para. 804.7.3. equipment caused by moisture saturated instrqument 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-
sive sound pressure levels (aerodynamic nois¢) and can
Table 841.1.8-1 Temperature Derating Factor, cause internal piping erosion.
T, for Steel Pipe (h) Other (Nonmandatory) Considerations for| Pressure/

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

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

(-a) nondestructive examination of 100% of all
circumferential welds prior to installation

(-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,

isolated from piping to help prevent overpressure/
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 isolgtion 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 ig API Manual of Petroleum Measurement
Standards, Chapter 21 — Flow Measurement Using
Electroni¢ Metering Systems, Section 1 — Electronic Gas
Measurerment.

(j) Pipgline Installation by Directional Drilling

(1) Qualifications. Drilling contractors shall main-
tain written design and installation procedures
addressirg crossings to be completed by the directional
drilling method. Drilling equipment operators and per-
sonnel responsible for establishing the location oflthe
pilot hea¢l and reamer during drilling operations.shall
be qualified by training and experience in the implemen-
tation of the contractor’s procedures.

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

(3) Ipstallation Forces and (Styesses. Loads on, and
stresses in, the pipe string during installation shall be
evaluated to ensure protection of the pipe against yield-
ing, buckling, collapse;-and undesired movement of the
pipe strinjg due to thexcombined effects of external pres-
sure, fricion, axidl’ferces, and bending. (See directional
drilling refererices in Nonmandatory Appendix C.)

(4) Rrotective Coating. The frictional and abrasive

design ol the crossing plan and profile shall corjsider
the accuracy of the methods to be employed in lodating
existing structures, maintaining required\cleargnces
from existing structures, tracking the position gf the
pilot head and reamer during drilling operationd, and
tracking of the reamer during pullback.

Prior to the commencement of dfilling operatior|s, the
location of all subsurface structures in near proximity
to the design drill path shall, where practical, be exjposed
to permit a visual confirmation of the structure’s
location.

Prior to initiating the reaming operation, consider-
ation shall be givento the potential impact of the gpera-
tion on all adjacent structures due to any realized
deviations ftom the design path.

(k) Other’ (Nonmandatory) Considerations for Pré¢ssure
CycleFatigue of Longitudinal Pipe Seams. Line pipe longi-
tudinal seams are not generally regarded as susceptible
tosfatigue due to operational pressure cycles in|most
natural gas service. Evaluation of the potential 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 x 10"
(F x S)® x 193

11
N = 28 %10
(F x S)° x t0°

F = design factor from Table 841.1.6-1
N = equivalent number of cycles during the expected

(SI Units)

forces that-maybe-exerted-on—thepipe—coating—during
installation shall be considered when specifying the type
of coating system to be applied to the pipe and weld
joints. During installation, care shall be taken to protect
the quality and integrity of the external corrosion
coating.

(5) Additional Evaluation Measures. In addition to
the minimum inspection and post-inspection testing
requirements of this Code, consideration shall be given
to performing the following additional measures on the
pipe string:

service life of the piping system

S = specified minimum yield strength, psi (MPa),
stipulated in the specification under which the
pipe was purchased from the manufacturer or
determined in accordance with paras. 817.1.3(h)
and 841.1.4

t = nominal wall thickness, in. (mm)

The pipeline is considered not susceptible to fatigue
in the longitudinal seams due to pressure cycles if the
pipeline has been exposed to a hydrostatic test at a
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pressure level at least 1.25 times the MAOP, and the
expected lifetime accumulation of full-MAOP cycles is
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

Table 841.1.11-1 Pipeline Cover Requirements

Cover, in. (mm)

For Rock
Excavation [Note (1)]

Hazafds

(a)) When pipelines and mains must be installed
where they will be subject to natural hazards, such as
washouts, floods, unstable soil, landslides, earthquake-
relat¢d events (such as surface faulting, soil liquefaction,
and soil 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 apgplied to the line to prevent flotation.

(c)| Because submarine crossings may be subject to
washjouts due to the natural hazards of changes in the
watefway bed, water velocities, deepening of the chan-
nel, dr changing of the channel location in the waterwayy
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‘\weighting of
the line shall be selected based on thetcharacteristics of
the waterway.

(d)] Where pipelines and mains afe exposed, such as
at spans, trestles, and bridgé crossings, the pipelines
and 1nains shall be reasondbly protected by distance or
barrifades from accidental)damage by vehicular traffic
or other causes.

841.1.11 Cover, Clearance, and Casing Requirements
for Bpried Steel:Pipelines and Mains

(a)| Cover Régtiirements for Mains. Buried mains shall
be inktalled\with a cover not less than 24 in. (610 mm).
Whete(this 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)

ctass—+ 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 cpnnot 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 ir| conjunc-
tion with the main. When such clearance dannot be
attained, precautions to protect the main shall be taken,

nd Other

extermal foads may be excessive, the main shait 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-installation-ofinsulating-material-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 Techmotogy Committee's

d on anticipated loading from traffic or heavy
t performing maintenance activities adjacent
d or railroad.

b 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 mairltenance activities should be recognized. Physi-
cal barrigr or marker methods include

to the rod

Varyin,

(-a) a concrete or steel barrier placed above the
pipe

(-b) a concrete slab placed vertically adjacént to
the pipe jon each side and extended above the)top of

pipe elevption

(-c) damage-resistant coating matetial, such as
concrete

(-q4) 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 wall-thickness than is required by the
pipe desipn factor, Fin 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 stresses of
20% or more of the speciffed minimum yield stréngth
shall be adequate to makepossible at least the follgwing
inspections at sufficieitly frequent intervals to epsure
good quality of workmanship:

(1) Inspectthe surface of the pipe for serious st
defects just ‘prior to the coating operation.
para. 841.2:4(b)(1).]

(2)-Jnspect 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 spbse-
quent beads are applied.

(56) 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 offdhore
pipelines.

(7) Inspect the fit of the pipe to the ditch Qefore
backfilling, except for offshore pipelines.

(8) Inspect all repairs, replacements, or cha
ordered before they are covered.

(9) Perform such special tests and inspections ps are
required by the specifications, such as nondestryctive
testing of welds and electrical testing of the prot¢ctive
coating.

rface
[See

5 it is
that
being

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.
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(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
diamfeter, and the second column expresses the mini-
mun radius as a function of the nominal outside
diamieter.
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-
mumn| 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 shall\be 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
bendp are made in welded pipe, the longitudinal weld
shallbe lecated on or near to the neutral axis of the bend.
Wrinkle bends with sharp kinks shall not be permltted
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
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caused by misalignment 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 heOp stress levels
of 40% of the specified minimum .yield strgngth, the
total deflection angle at each'miter 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 mafufacture,

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.

(14)
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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
11 be

ing is prqghibited.
(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 ahy 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 hs 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 pige shall be cut out as a cylinder. Insert patching
and pournding out of the dents is prohibited.

(d) Noiches

(1) Notches on the pipe surface ganybe caused by
mechanigal damage in manufactufe,fransportation,
handling] or installation, and when*determined to be
mechanidally caused, shall be treated the same as gouges
and grooyes [see (a) abovel.

(2) $tress concentrations that may or may not
involve a geometrical’hotch may also be created by a
process involving thermal energy in which the pipe sur-
face is he¢ated suifficiently to change its mechanical or
metalluggical“properties. These imperfections are
termed etallurglcal notches Examples include an
arc burn prodtte ; at-e with-eweldine
electrode or a grinding 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
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(a) Handling, Houling, and Stringing Care sh
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 pipeling by construction bg min-
imized. Except for offshorespipélines, the pipe shall fit
the ditch without the use ‘of)external force to hold it in
place until the backfillds €ompleted. When long se¢tions
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 prohib-
ited by this)paragraph where laying conditions render
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 pipe is
not floated from its firm bearing on the trench bgttom.

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 : rided
that they are completely full of gas or air - that is free from
combustible material. Steps shall be taken to prevent a
mixture of gas and air at all points where such operations
are to be performed.

! 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
precdutions, depending on circumstances at the jobsite,
are shggested:

1) purging of the pipe or equipment upon which
weldfng or cutting is to be done with an inert gas or
contihuous purging with air in such a manner that. &
comMBustible mixture does not form in the facility at the
worl 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
ensuting that the valves that isolate the work from a
sourde of gas do not leak

(e)| Purging of Pipelines ad)Mains
1) When a pipeling\or main is to be placed in ser-
vice, |the air in it shallbe displaced. The following are
somgq acceptable methods:

(-a) Methoid 1. Introduce a moderately rapid and
contihuous fleW of gas into one end of the line and vent
the ajr out the other end. The gas flow shall be continued
withguginterruption 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

SOUTCes Of gas and then thoroughty purged| with air,
water, or inert gas before any further cutting/of welding
is done.
(4) If a gas pipeline, main, or auxiliary equipment

is to be filled with air after having been in sefvice, and
there is a reasonable possibility that the insid¢ surfaces
of the facility are wetted withvolatile inflammable lig-
uid, or if such liquids might' have accumulatpd in low
places, purging procedures designed to meet this situa-
tion shall be used. Steamhing 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 keeping it'full of such gas during the pfogress of
any work«that may ignite an explosive mixtfire in the
facility~is*an alternative recommendation. Th¢ possibil-
ity of'striking static sparks within the facility| must not
be.overlooked as a possible source of ignition.
(f) Whenever the accidental ignition in theg 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 in| the area.

(2) Install a metallic bond around the l¢cation of
cuts in gas pipes to be made by means other than cutting
torches.
(3) Take precautions to prevent static glectricity
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 requirements of
this Code except for pre-tested fabricated assemblies
and welded tie-in connections where post cofstruction

Additionally, single lengths or multiple welded lengths
of pipe previously tested in accordance with this Code
for the purposes of repair or replacement do not require
a 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.
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(b) Nonwelded tie-in connections not pressure tested
after construction shall be leak tested at not less than
the pressure available when the tie-in is placed into
service.

(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 844-3- 331

The usér is cautioned that the release of stored energy
in a gas test failure can be significantly more hazardous
than a sirpilar 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 stresses 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
adverselyl impact the ability of the system to perform
as required.

(e) Test planning shall consider pressure test medium
temperatfires 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 net-part
of the peInanent facility used for filling, presstiring and
monitorig the test) shall be designed, fabricated, and
installed jn accordance with the provisions-ef 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 ifs use to reduce risk to-testing personnel. Pre-
testing of|the test assembly.isrequired when the pressure
test is to pe conducted with a sour gas medium. Subse-
quent ret¢sting prior.to retise should be considered if the
test asserpbly is suSpected to have undergone damage
during o1 between tests.

(g) Tedt agsemblies should be located considering
accessibility,ssources of test medium, and the elevation
profile o " f
provide testing flexibility while limiting test pressures
between the minimum test pressure and the selected
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:
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(a) The permissible pressure test media are stated in
Table 841.3.2-1. The recommended test medium is water.
Sour gas as defined in 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

(b) The pressure test medium requiremenlts of
Table 841.3.2-1 for the pressure testing of-pipelirfes in
Class Locations 3 and 4 need not apply,if,vat thel time
the pipelines are first ready for pressure. testing, dne or
both of the following conditions exist:

(1) Ground temperatureat pipe depths is puffi-
ciently low during the test to'catse the test mediyim 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 one or both of the conditions in (b) |exist,
it is permiissible to pressure test using air or nonflajnma-
ble, nontoxic gases as the pressure test medium proyided
that<all' of the following conditions exist:

(1) The maximum hoop stress during pressurg
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.

(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 prg¢ssur-
ing operations has been achieved. The minimum |pres-
sure shall be obtained and held at the highest elevation
in the pipeline system.

test-

be fit
1.00

con-
for a
equal
after

Class
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.

(g) 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

1 2 3 4 5 6
Maximum .
Design Factor, Permissible Test Pressure Test Prescribed 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 Naone TP = 1.25 of DP

0.72 Air or Gas 1.25 x MOP 1.25 x DP TP + 1.25 or DP

[Note (1)]
2 0.6 Water 1.25 x MQR None TP + 1.25 or DP
0.6 Air [Note (1)] 1.25 x¢(MOP 1.25 x DP TP + 1.25 of DP

3 [Ngte (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
ogerating company decides that the maximum+operating pressure will be less than the design pressure, a corresponding redluction in
the prescribed test pressure may be madé-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
operating pressure qualified‘in accordance with para. 841.3 and Tables 841.3.2-1 and 841.3.3-1 subject to the appropriate [location
class, design factor, andwtext' medium criteria.

() Whpen 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.

NOTEY:

(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) Cdmpressor 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).
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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

Strength
Test Medium 2 3 4
Air or nonflammable 75 50 40
nontoxic gas
Flammable gas 30 30 30

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 beocated 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

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 tested
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 piévided for in (b) may not be adequate if substpntial
protective coatings are used that would seal a split 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 presstyire 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.
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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
shut-down 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
mechanical joints shall conform to the requirements of

corrertty:

841.4.4 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

ANST A2 52 and ANSI/AWWACIT1y/A21.11.
Mechanical joints shall be assembled in aceordance with
“Notes on Installation of Mechanical Jpints” in
ANSI/AWWA C111/A21.11.

(2) Other Joints. Ductile ironpipe may be furnished
with other types of joints provided they are| properly
qualified and meet the apprépriate provisiops of this
Code. Such joints shall be;agsembled in accordance with
applicable standards or ifiaccordance with the[manufac-
turer’s written recommeéndations.

(3) Threaded Joints. The use of threaded| joints to
couple lengths of ‘ductile iron pipe is not recommended.

842.1.2) Installation of Ductile Iron Pipe

(a) Laying. Ductile iron pipe shall be laid|in accor-
dandewith 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 mim) 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 blittressing
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.

iron pipe

shall be
National
acturer’s

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.

EW N oYaYal CVZE WAL W & o BN
o — 10,0UU l)bl (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)
distribution systems operating at a pressure of 125 psig

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 (7-1) 0.28|(7.1)
B 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28 (7.1) 0.28.(7.1) 0.28](7.1)
4 (10qQ) 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) 0.317:9) 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) 03T (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(8.90 0.35(8.9 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 (35Q) 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:(9.4) 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 0.414259) 0.41 (7.9) 0.41 (7.9) 0.41 (7.9) 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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(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.

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.
In the case of RTP pipe, SDR is the ratio of

SDR =

einforced

hn above

or the plas-

(689 kPa)

the pipe

the pipe

material
qualified

842.2.1 Plastic Pipe and Tubing Design Formula. ; L P
The ¢lesign pressure for plastic gas piping systems or ;ﬂc dvcldf"f Uulbtmihmdu.w.wl b fied wall
the nominal wall thickness for a given design pressure h?rlin 05¢ fayﬁr © fe m121?um spec1l € WSR
(subjpct to the limitations in para. 842.2.2) shall be deter- thic Eess Ob t. ¢ re;n force ¢ e mLO.SQt la yelr. .
mined by the following formulas: may be substituted for SDI.{ [rvhis cpreutation
when the dimension ratie’is not
(U.S.|Customary Units) defined “standard” dimension ratio.
0g t = specified wall thickness, in. (mm), ip the case
P=pr=1 XD of' RTP pipe, the gpecified wall thickness of the
reinforced thermeset layer
or NOTE: Long-term hydrostatic strength at73°F (23°C)
tic materials whose specifications are incorporated by reference
P = 25t x Dy herein are givensin Mandatory Appendix D.
Dot 842.2.2 ‘Thermoplastic Design Limitations
(SI Units) (a) Excépt as provided in (e) and (f), the depign pres-
2000 sure may hot exceed a gage pressure of 100 psig
P=Gpr -1 Xt for-plastic pipe used in
(1) distribution systems
or (2) Location Classes 3 and 4
(b) Plastic pipe shall not be used where the design
2 000S¢t temperature of the pipe will be
P==5"r>b (1) below —40°F (-40°C). In no case shal
or piping components be used in applicatior}s beyond
whete the manufacturer’s recommended ratings foi
D |= specified outside diameter, in. (mm), in the case =~ ©F piping component.
of reinforced thermosetting<plastic (RTP) pipe, (2) above the temperature at which the HIDB used
the specified outside dianfeter of the reinforced ~ in the design formula is determined.
thermoset layer (c) The value of t for thermoplastic pipe shall not be
Dy |= design factor = 0.32 br 0.40 for PA-11. The less than that shown in Table 842.2.2-1.
design factor is a number less than or equal to (d) For saddle-type SerVice COnneCtiOnS made by heat
1 that is multiplied by the calculated maximum  fusion techniques, it may be necessary for some materi-
pressure to/obtain the design pressure. als that are intended for use at high operating[pressures
DR |= dimensioh ratio, the ratio of the average speci-  to require a heavier wall thickness than defined by the
fied outside diameter to the specified minimum  pressure design formula for sizes NPS 2 (DIN 50) and
wall thickness smaller. Manufacturers of the specific pipe
P = design pressure, gage, psig (kPa) should be contacted for recommendations or 4
S |=yfof thermoplastic pipe, hydrostatic design basis ~ procedure shall be used.

(HDB)—determined 1w accordarnce  witht
ASTM D2837 at a temperature equal to 73°F
(23°C), 100°F (38°C), 120°F (49°C), or 140°F
(60°C). In the absence of a HDB established at
the specified temperature, the HDB of a higher
temperature may be used in determining a
design pressure rating at the specified tempera-
ture by arithmetic interpolation using the proce-
dure in Part D.2 of PPI TR-3. For RTP pipe NPS
6 (DN 150) and below, used in Class 1 and 2
locations, the HDB determined in accordance
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ipe—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

(f) Polyamide-11 (PA-11) pipe may be operated at

pressures up to its design pressure as determined in

La)T1 | : £ P
T T UCSIg T PIeSSUI T IUT T
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Table 842.2.2-1 Wall Thickness and Standard Dimension Ratio for
Thermoplastic Pipe

Outside Minimum Wall Thickness, in. (mm), for Standard Dimension Ratio, R
Nominal Pipe Diameter,
Size, NPS (DN) in. (mm) 26 17 13.5 11
Y, 15) 0.840 (21.3) 0.062 (1.57) 0.062 (1.57) 0.062 (1.57) 0.062 (1.57) 0.076 (1.93)
3/4 (20) 1.050 (26.7) 0.090 (2.29) 0.090 (2.29) 0.090 (2.29) 0.090 (2.29) 0.095 (2.41)
1 (25) 1.315 (33.4) 0.090 (2.29) 0.090 (2.29) 0.090 (2.29) 0.097 (2.46) 0.119 (3.02)
11/4 32) 1.660 (42.2) 0.090 (2.29) 0.090 (2.29) 0.098 (2.49) 0.123 (3.12) 0.151 (3.84)
1Y, (40 1.900 (48.3) 0.090 (2.29) 0.090 (2.29) 0.112 (2.84) 0.141 (3.58) 0.173 (439)
2 (50) 2.375 (60.3) 0.091 (2.31) 0.113 (2.87) 0.140 (3.56) 0.176 (4.47) 0.2116(5]49)
2%, (65 2.875 (73.0) 0.110 (2.79) 0.137 (3.48) 0.169 (4.29) 0.213 (5.41) .
3 (75) 3.500 (88.9) 0.135 (3.43) 0.167 (4.24) 0.206 (5.23) 0.259 (6.58)
3% (90 4.000 (101.6) 0.154 (3.91) 0.190 (4.83) 0.236 (5.99) 0.296 (7.52)
4 (100) 4.500 (114.3) 0.173 (4.39) 0.214 (5.44) 0.264 (6.71) 0.333 (8.46)
5 (125) 5.563 (141.3) 0.224 (5.69) 0.265 (6.73) 0.328 (8.33) 0.413 (10.49)
6 (150) 6.625 (168.3) 0.255 (6.48) 0.316 (8.03) 0.390 (9.91) 0.491 (12.47)

GENERAL NPTES:

(@) Standafd Dimension Ratio. The Standard Dimension Ratio System enables the user to select a number/of different sizes of pipe fpr a

piping pystem, all of which will have the same design pressure. When plastic materials of the same design strengths are used, the
same Standard Dimension Ratio may be used for all sizes of pipe instead of calculating a valde)of t for each size.
(b) Wall thicknesses above the line are minimum values and are not a function of the Standdrd Dimension Ratio.

Table 842.2.3-1 Diameter and Wall Thickness for
Reinforced Thermosetting Plastic Pipe

Nominal Pipe Size, Outside Diameter, Minimum Thickness,

NPS (DN) in. (mm) in. (mm)
2 (50) 2.375 (60.3) 0.060 (1:52)
3 (7%) 3.500 (88.9) 0.060_(1:52)
4 (100) 4,500 (114.3) 0.070 (1.78)
6 (150) 6.625 (168.3) 04100 (2.54)

accordamce with the design equation defined in
para. 842{2.1.

842.2[.3 Reinforced Thermosetting Plastic (RTP)
Design Limitations

(a) Thg value of P-for RTP mains and service lines in
distribution systems in Class 3 and 4 Locations shall not
exceed 1()0 psig*(689 kPa) except as prescribed in (d).

(b) Reipforced thermosetting plastic pipe and fittings

value“as the maximum design pressure of the cprres-
ponding pipe size and wall thickness as indicated |n the
referenced standard for the fittings and as determined
in paras. 842.2.1 and 842.2.2. The manufacturer should
be consulted for advice on maximum pressure rdtings
for fittings not covered by referenced standards.

842.2.5 Valves in Plastic Piping

(a) Valves in plastic piping may be made of any| suit-
able material and design permitted by this Code. [Ther-
moplastic valves shall comply with ASTM D251% and
ASME B16.40.

(b) Valve installations in plastic piping shall pe so
designed as to protect the plastic material against ¢xces-
sive torsional or shearing loads when the valve or shutoff
is operated, and from any other secondary stressep that
might be exerted through the valve or its enclosure.

842.2.6 Protection From Hazards. Plastic pjping
shall conform to the applicable provisiorls of

shall not be used where operating temperatures will
be below —20°F (-29°C), or above 150°F (66°C), and if
recommended by the manufacturer, up to 180°F (82°C).

(c) The wall thickness for RTP pipe shall not be less
than that listed in Table 842.2.3-1.

(d) RTP pipe may be operated at pressures up to its
design pressure as determined in accordance with the
equation in para. 842.2.1.

842.2.4 Design Pressure of Plastic Fittings. The
maximum pressure rating for fittings shall be the same

T Tro-

842.2.7 Cover and Casing Requirements Under
Railroads, Roads, Streets, or Highways. Plastic piping
shall conform to the applicable requirements of
paras. 841.1.11(a) and (d). Where plastic piping must be
cased or bridged, suitable precautions shall be taken to
prevent crushing or shearing of the piping. (See also
para. 842.3.3.)

842.2.8 Clearance Between Mains and Other
Underground Structures. Plastic piping shall conform
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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).

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-

(3) The mating surfaces must be clean, dry, and free
of material that may be deterimental to the joint.

(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 jointis made,
excess cement shall be removed from the outside of

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
recothmendations of the manufacturer shall be consid-
ered when determining the method to be used.

(b)| Joint Requirements
1) Pipe or tubing shall not be threaded.
2) Solvent cement joints, adhesive joints, and heat-
fusiop joints shall be made in accordance with qualified
procgdures that have been established and proven by
test fo produce gas-tight joints at least as strong as the
pipe jor tubing being joined.
3) Joints shall be made by personnel qualified by
trainng or experience in the proper procedures required
for the type of joint involved.
4) Solvent cement shall be used only on PVC joints.
5) Heat-fusion or mechanical joints shall be used
wher} joining polyethylene or polyamide 11 pipe, tubing,
or fiftings. PA-11 components may be joined to PA-11
components, and PE components may be joined to
PE cpmponents. PE and PA-11 components shdll*not
be he¢at-fused to each other. Polyethylene components
madg¢ of different grades of materials may be heat-fused,
provided that properly qualified procedures for joining
the specific components are used. Any.combination of
PE materials with an ASTM D253, Table 4, Pipe
Category, melt index category C.may be joined by heat
fusiop procedures such as those‘detailed in PPI TR-33.
The Plastics Pipe Institute (PPI) publishes the following
two generic heat-fusion.procedures for joining PE:
(-a) TR-33, Generic Butt Fusion Joining Procedure
for Pplyethylene Gas:Piping
(-b) TR=41, Generic Saddle Fusion Joining
Proc¢dure fordPolyethylene Gas Piping

Fupion-of.PE components with different melt catego-
ries Tlay require “dissimilar fusion” procedures pro-

the jm'nf The jm'nf shall not be disturbed 1ntil it has
properly set.

(6) The solvent cement and piping compgonents to
be joined may be conditioned prior to ass¢mbly by
warming if done in accordance with'the manyfacturer’s
recommendations.

(7) A solvent cement joint shall not be heated to

accelerate the setting of the/ement.

(8) Safety requirements in Appendix A of
ASTM D2513 shall he followed when solvenf 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 thé.ends of the piping, can compress the hepted ends
together, and holds the piping in proper alignment while
the plastic hardens.

(2) Sound socket heat-fusion joints requite the use
of a jointing device that heats the mating surfdces of the
joint uniformly and simultaneously to esserftially the
same temperature. The completed joint must not be dis-
turbed until properly set.

(3) Care must be used in the heating opgration to
prevent damage to the plastic material from overheating
or having the material not sufficiently heated|to ensure
a sound joint. Direct application of heat with p torch or
other open flame is prohibited.

(4) When connecting saddle-type fittings to pipe
NPS 2 (DN 50) and smaller, see para. 842.2.2(¢) to mini-
mize the possibility of failures.

(e) Adhesive Joints

(1) Adhesives that conform to ASTM [J2517 and
are recommended by the pipe, tubing, or fitting manu-
facturer shall be used to make adhesive bonded joints.

Videu ]lJ_)/ tllC lllﬂllufcl\,tl.llcl.

(6) Flanges or special joints may be used provided
they are properly qualified and used in accordance with
the appropriate provisions of this Code.

(c) Solvent Cement Joints

(1) Square cut ends free of burrs are required for a
proper socket joint.

(2) Proper 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.

55

(2) When dissimilar materials are bonded together,
a thorough 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
accordance with the pipe manufacturer’s recommenda-
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.
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(f) Mechanical Joints®

(1) When compression-type mechanical joints are
used, the elastomeric gasket material in the fitting shall
be compatible with the plastic (i.e., the plastic 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

Table 842.2.9-1 Nominal Values for
Coefficients of Thermal Expansion of
Thermoplastic Pipe Materials

Nominal
Coefficients of
Thermal Expansion

or grippifig materiat. Ihe stiffener shall be ffee of Tough
or sharp jedges and shall not be a force fit in the pipe
or tube. $plit tubular fittings shall not be used.

(3) Since pull-out resistance of compression-type
fittings vhries with type and size, all mechanical joints
shall be designed and installed to effectively sustain the
longitudipal pull-out forces caused by contraction of the
piping of by maximum anticipated external loading.
The installation shall be designed and made to minimize
these forges as follows:

(-a) In the case of direct burial when the pipe is
sufficient]y flexible, the pipe may be snaked in the ditch.
(-B) In the case of pipe installed by insertion in
casing, thie pipe shall be pushed rather than pulled into
place so gs to place it in compression rather than tension.
(-c) Allowance shall be made for thermal expan-
sion and ¢ontraction due to seasonal changes in tempera-
ture of inktalled pipe. The importance of this allowance
increases|as the length of the installation increases. Such
allowancg is of paramount importance when the plastic
pipe is used for insertion renewal inside another pipe,
because if is not restrained by earth loading. This allow-
ance may be accomplished by appropriate combina-
tions of
-1) offsets
-2) anchoring
-3) aligning the pipe and fittirg
-4) in the case of compression, fittings by the
use of long-style types and placement of the pipe in
slight axipl compression
-5) expansion—conttaction devices, or
-6) fittings designed to prevent pull-out
Typical coefficients\of thermal expansion, which may
be used t¢ make calcutlations, are given in Table 842.2.9-1.

stallation of Plastic Piping

842.31—¢€enstruction-Specifications—Atconstruc
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.

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.

General ASTM D696,
Material x 107° in./in./°F
Designation (x 107> mm/mm/°C)
PA 32312 (PA-11) 8.5 (4.3)
PE 2406 9.0 (5.0)
PE 2606 10.0 (5.6)
PE 2706 10.0 (5.6)
PE 2708 10.0 (5.6)
PE 3408 9.0°(5.0)
PE 3608 9.0 (5.0)
PE 3708 9.0 (5.0)
PE 3710 9.0 (5.0)
PE 4708 9.0 (5.0)
PE 4710 9.0 (5.0)
PVC 1120 3.0 (1.7)
PVC 1220 3.5 (1.9)
PVC 2116 4.0 (2.2)

GENERAL NOTES:
(@) Individuakeompounds may differ from values in this Table as
much as,¥10%. More exact values for specific commercigl
products may be obtained from the manufacturers.
(b) Abbreviations: PA-11 = polyamide 11, PE = polyethyler|e
PVC = polyvinyl chloride.

842.3.2 Inspection and Handling Provisions. Hlastic
piping components are susceptible to damage by| mis-
handling. Gouges, cuts, kinks, or other forms of danage
may cause failure. Care shall be exercised during| han-
dling and installation to prevent such damage.

(a) Plastic pipe and tubing shall be carefully inspected
for cuts, scratches, gouges, and other imperfegtions
before use, and any pipe or tubing containing haymful
imperfections shall be rejected.

(b) Each installation shall be field inspected to dletect
harmful imperfections. Any such imperfections found
shall be eliminated.

(c) Skillful application of qualified techniques ar|d the
use of proper materials and equipment in good dondi-

. o ecrrired bl acHjoints-inplastiepiping
by the solvent cement, adhesive, or heat fusion methods.
Inspection provisions shall be checked visually. If there
is any reason to believe the joint is defective, it shall be
removed and replaced.

(d) Care shall be exercised to avoid rough handling
of plastic pipe and tubing. It shall not be pushed or
pulled over sharp projections or dropped, or it shall not
have other objects dropped on it. Care shall be taken to
prevent kinking or buckling, and any kinks or buckles
that occur shall be removed by cutting out as a cylinder.
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(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
fittings shall be protected from long-term exposure to
direct sunlight.

842.3.3 Installation Provisions

Abovecrovnd Installation

(4) When long sections of piping that have been
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.

(5) 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.

(a)

insta

Plastic pipinge mav be
r*-r--ro J

led 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

against external damage

2) installed on a bridge in accordance with

Report 00/0154, Design Guide for Pipes Across

es

3) installed for plastic service lines as permitted

in pdra. 849.4.2(b)

Plgstic pipe shall not be used to support external
loadq. Encased plastic pipe shall be able to withstand
antidipated temperatures without deteriorating or
decr¢asing in strength below the design limitations
stategl in paras. 842.2.2 and 842.2.3. When protecting
agair|st external damage, consideration shall be given
to th¢ need to isolate the encased segment and to safely
vent jor contain gas that may escape the plastic pipe in
the efent of a leak or rupture.

(b)| Belowground Installation. Plastic piping shall not
be installed in vaults or any other below-grade enclosure
unlegs it is completely encased in gas-tight.metal pipe
and thetal fittings having adequate corrosien/protection.

(c)| Stresses. Plastic piping shall be installed in such a
way [that shear or tensile stresses-restilting from con-
struction, backfill, thermal contraction, or external load-
ing are minimized. [See parar842:2.9(f).]

(d)| Direct Burial
1) Directly buried\thermoplastic pipe or tubing

have a minimum wall thickness of
0.090| in. (2.3 mm)~if all sizes except NPS % (DN 15)
pipe pnd NPS % (DN 20) and smaller nominal diameter
tubirlg, which/shall have a minimum wall thickness of
0.062 in. (esmm).
2)-Plastic piping shall be laid on undisturbed or

GRI
Bridg

shall

(6) Wherte flooding of the trench is done fo consoli-
date the backfill, care shall be exercised to 'sep that the
piping is not floated from its firm bearihg)on the trench
bottom.

(7) A positive method of lecating plastic piping
systems is required. A common’method is the installa-
tion of electrically conductivé, material, such| as tracer
wire or plastic coated metallic tape with the plastic pipe
to facilitate locating it-with an electronic pige locator.
Alternative proven locating methods may be|used.

(e) Insertion of Casing

(1) The easing pipe shall be prepared to the extent
necessary to rémove any sharp edges, projections, or
abrasive material that could damage the plastic during
and after*insertion.

(2) Plastic pipe or tubing shall be insertef into the
gasing pipe in such a manner so as to protect fhe plastic
during the installation. The leading end of the plastic
shall be closed before insertion. Care shall b¢ taken to
prevent the plastic piping from bearing on the end of
the casing.

(3) The portion of the plastic piping exposed due
to the removal of a section of the casing pipe ghall be of
sufficient strength to withstand the anticipated external
loading, or it shall be protected with a suitabl¢ bridging
piece capable of withstanding the anticipated external
loading.

(4) The portion of the plastic piping that $pans dis-
turbed earth shall be adequately protected by g bridging
piece or other means from crushing or sheating from
external loading or settling of backfill.

(5) The piping shall be installed to provide for pos-
sible contraction. Cooling may be necessary before the
last connection is made when the pipe has been installed
in hot or warm weather. [See para. 842.2.9(f) ]

(6) If water accumulates between the cgsing and

the-carrierpipe-where-it-maybe-subjected—td freezing

well-eetnpacted—set——plastepiping—is—tobetaid—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 blocking.
Well-tamped earth or other continuous support shall
be used.

(3) 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).]

57

Qe
THC—Car T

temperatures, the carrier pipe can be constricted to the
point where the capacity is affected or the pipe wall
could be crushed and leak. To avoid this, one or more
of the following steps shall be taken:

(-a) The annulus between the carrier pipe and
casing shall be kept to a minimum so that the increased
volume of water changing to ice will be insufficient to
crush the carrier pipe.

(-b) Adequate draining for the casing shall be
provided.
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(-c) Filler such as foam shall be inserted into the
annulus between the casing and the carrier pipe.

(f) Trenchless Installations — Plastic Pipe. For general
installation requirements, see para. 841.1.9(j). In 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

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 rpr}nirpd that the tie-in

or abrasiye surfaces that may damage the pipe durin

installation Y 5 PP & sections of piping be tested. The tie-in joints, however,
(-i Visual inspection of the exposed pipe surface shall be tested for leaks at line pressure.

shall be performed before and after installation. This 842.4.2 Test Requirements

would influde any exposed pipe sections at the pulling
head and at holes dug for test pits, tie-ins, and branch
or servide connections. If damage (e.g., scratches,
gouges, eftc.) exceeds 10% of the nominal wall thickness,
then the pipe shall be replaced in its entirety.

(-9 Measures shall be taken to prevent over-
stressing|plastic pipe during trenchless installations.
These mgasures may include monitoring of the pulling
force, usq¢ of a weak link at the pulling head, or other
methods| For further information, see Handbook of
Polyethylene Pipe.

(-d) For locating the pipe with an electronic pipe
locator, a|tracer wire shall be pulled in with the piping,
but with minimal physical contact with the pipe.

(2) Additional Evaluation Measures. The minimum
inspectign and post-inspection testing requirements
elsewher¢ in this Code shall be employed.

842.3/4 Bends and Branches. Changes in direction
of plasti¢ piping may be made with bends,tees, or
elbows upder the following limitations:

(a) Plastic pipe and tubing may be deflected to a
radius ndt less than the minimum recommended by the
manufacturer for the kind, type, grdde, wall thickness,
and diamjeter of the particular plastic used.

(b) The bends shall be free of.buckles, cracks, or other
evidence|of damage.

(c) Chgnges in direction that cannot be made in accor-
dance with (a) above shall be made with elbow-type
fittings.

(d) Field-fabricated miter fittings are not permitted.

(e) Brgnch-connections shall be made only with
socket-typertees or other suitable fittings specifically

(a) The test procedure used, including the dugation
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 volumietric content of the sec-
tion and its location.

(b) Thermoplastic piping shall not be tested at mate-
rial temperatures abeve 140°F (60°C), and reinfprced
thermosetting plastic piping shall not be tested at mnate-
rial temperatures Jabove 150°F (66°C). The duration of
the test of thermoplastic piping above 100°F (38°C),lhow-
ever, shall net exceed 96 hr.

(c) Sufficient time for joints to “set” properly miist be
allowed before the test is initiated.

(d) "Plastic pipelines and mains shall be tested at a
pressure not less than 1.5 times the maximum operating
pressure or 50 psig (340 kPa), whichever is greater,
except that

(1) the test pressure for reinforced thermosg¢tting
plastic piping shall not exceed 3.0 times the design|pres-
sure of the pipe

(2) the test pressure for thermoplastic piping|
not exceed 3.0 times the design pressure of the p
temperatures up to and including 100°F (38°
2.0 times the design pressure at temperatures exce
100°F (38°C)

(e) Gas, air, or water may be used as the test medlium.

shall
pe at
C) or

pding

842.4.3 Safety During Tests. All testing afteq con-
struction shall be done with due regard for the gafety
of employees and the public during the test.

842.5 Copper Mains

QLI L 1
A=dn [T r 4

designed

£ 4+l
for-the-ptirpose:

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 a cylinder
or repaired in accordance with para. 852.5.2.

842.3.6 Hot Taps. All hot taps shall be installed by
trained and experienced crews.

842.3.7 Purging. Purging of plastic mains and ser-
vice lines shall be done in accordance with the applicable
provisions of paras. 841.2.7(e) and (f).
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Design-of-Copper-Mains
(a) Requirements. When used for gas mains, copper

pipe or tubing shall conform to the following
requirements:

(1) Copper pipe or tubing shall not be used for
mains where the pressure exceeds 100 psig (690 kPa).

(2) Copper pipe or tubing shall not be used for
mains where the gas carried contains more than an aver-
age of 0.3 grains of hydrogen sulfide per 100 standard
cubic feet (2.8 m®) of gas. This is equivalent to a trace
as determined by a lead acetate test.
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(3) Copper tubing or pipe for mains shall have a
minimum wall thickness of 0.065 in. (1.65 mm) and shall
be hard drawn.

(4) Copper pipe or tubing shall not be used for
mains where strain or external loading may damage the
piping.

(b) Valves in Copper Piping. Valves installed in copper
lines may be made of any suitable material permitted
by this Code.

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

(c)[Fittings im Copper Piping. It is recommended that
fittings in copper piping and exposed to the soil, such
as sepvice tees, pressure control fittings, etc., be made
of brpnze, copper, or brass.

(d)| Joints in Copper Pipe and Tubing. Copper pipe shall
be jojned using either a compression-type coupling or
a brgzed or soldered lap joint. The filler material used
for bfazing shall be a copper—phosphorus alloy or silver
base [alloy. Butt welds are not permissible for joining
coppler pipe or tubing. Copper tubing shall not be
threaded, but copper pipe with wall thickness equivalent
to the comparable size of Schedule 40 steel pipe, i.e.,
ranging from 0.068 in. (1.73 mm) for NPS % (DN 6) to
0.406¢ in. (10.31 mm) for NPS 12 (DN 300), may be
threaded and used for connecting screwed fittings or
valvgs.

(e)| Protection Against Galvanic Corrosion. Provision
shall[be made to prevent harmful galvanic action where
copper is connected underground to steel. [See
para|861.1.3(a).]

842.5.2 Testing of Copper Mains After Construction.
All cppper mains shall be tested after constriiction in
accofjdance with the provisions of para. 841:3:5.

COMPRESSOR STATIONS
| Compressor Station Design

843
843.

8#13.1.1 Location of Compressor Building. Except
for offshore pipelines, the-main compressor building for
gas cpmpressor stationSshiould be located at such clear
distapces from adjacent property not under control of
the gperating company as to minimize the hazard of
communicatioitof fire to the compressor building from
strucfures on‘adjacent property. Sufficient open space
should be provided around the building to permit the
free mayement of firefighting equipment.

1 - L. | il + 1 11 > > 1 .
e TITSTAE WItIoOUt a KEY. yaviy SWIITEIITZ TO0TS ocated in

an exterior wall shall swing outward.

843.1.4 Fenced Areas. Any fencerthat may hamper
or prevent escape of persons from the,vicinity|of a com-
pressor station in an emergency, shall be provjded with
a minimum of two gates. These/gates shall he located
so as to provide a convenient opportunity for|escape to
a place of safety. Any\stich gates located within
200 ft (61 m) of anyCeompressor plant building shall
open outward and shdll be unlocked (or capable of being
opened from the-ihside without a key) when the area
within the enelosure is occupied. Alternatively, other
facilities afferding a similarly convenient exif from the
area may be provided.

843.2. Electrical Facilities

All electrical equipment and wiring installed in gas
transmission and distribution compressor statfions shall
conform to the requirements of NFPA 70, insqfar as the
equipment commercially available permits.

Electrical installations in hazardous lochtions as
defined in NFPA 70 and that are to remain in pperation
during compressor station emergency shutdown as pro-
vided in para. 843.3.3(a)(1) shall be designed t¢ conform
to NFPA 70 for Class I, Division 1 requiremefts.

843.3 Compressor Station Equipment

843.3.1 Gas Treating Facilities

(a) Liquid Removal. When condensable vipors are
present in the gas stream in sufficient quantity|to liquefy
under the anticipated pressure and temperatyre condi-
tions, the suction stream to each stage of compression
(or to each unit for centrifugal compressors) shall be
protected against the introduction of dangeroyis quanti-
ties of entrained liquids into the compressor. Every lig-
uid separator used for this purpose shall be|provided

843.1.2 Building Construction. All compressor sta-
tion buildings that house gas piping in sizes larger than
NPS 2 (DN 50) or equipment handling gas (except equip-
ment for domestic purposes) shall be constructed of
noncombustible or limited combustible materials as
defined in NFPA 220.

843.1.3 Exits. A minimum of two exits shall be
provided for each operating floor of a main compressor
building, basements, and any elevated walkway or plat-
form 10 ft (3 m) or more above ground or floor level.
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withmanuatly operated-facitities for removat of liquids
therefrom. In addition, automatic liquid removal facili-
ties, an automatic compressor shutdown device, or a
high liquid level alarm shall be used where slugs of
liquid might be carried into the compressors.

(b) Liquid Removal Equipment. Liquid separators shall
be manufactured in accordance with Section VIII of the
ASME Boiler and Pressure Vessel Code, except liquid
separators constructed of pipe and fittings with no inter-
nal welding may be constructed in accordance with
ASME B31.8 utilizing a design factor of 0.4.

(14)
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843.3.2 Fire Protection. Fire protection facilities
should be provided in accordance with the American
Insurance Association’s recommendations. If the fire
pumps are a part of such facilities, their operation shall
not be affected by emergency shutdown facilities.

843.3.3 Safety Devices
(a) Emergency Shutdown Facilities
(1) Except as noted or clarified in (a)(2) through
(a)(4), compressor station shall be provided with an

established by the respective manufacturers, is
exceeded.

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

emergendy shutdown system by means of which the gas
can be blocked out of the station and the station gas
piping blpwn down. Operation of the emergency shut-
down sysgtem also shall cause the shutdown of all gas
compresging equipment and all gas-fired equipment.
Operatiop of this system shall de-energize the electrical
facilities Jocated in the vicinity of gas headers and in the
compressor room, except those that provide emergency
lighting fpr personnel protection and those that are nec-
essary foy protection of equipment. The emergency shut-
down sygtem shall be operable from any one of at least
two locatjons outside the gas area of the station, prefera-
bly near gxit gates in the station fence, but not more than
500 ft (15p m) from the limits of the stations. Blowdown
piping shall extend to a location where the discharge of
gas is not likely to create a hazard to the compressor
station of surrounding area.

(2) Unattended field compressor stations of
1,000 hp {746 kW) and less are excluded from the provi-
sions of (a)(1).

(3) Hach compressor station supplying gas directly
to a distffibution system shall be provided with emer-
gency shyitdown facilities located outside the comipres-
sor station buildings by means of which all.gas can be
blocked ¢ut of the station, provided there. is another
adequate|source of gas for the distributionisystem. These
shutdown facilities can be either automiatic or manually
operated |as local conditions designate. When no other
gas sourck is available, no shutdown facilities that might
function ht the wrong time @and cause an outage on the
distribution system shall)be installed.

(4) Notwithstanding' the exceptions in (a)(2) and
(a)(3), ea¢h compressor station handling gas that con-
tains quantities Q1 concentrations of hydrogen sulfide
and/or ljquids sufficient to present an environmental

10%.

(b) Pressure Relief Valves. A pressure relief valye or
pressure-limiting device, such as a presstire-switch or
unloading device, shall be installed in the-discharg line
of each positive displacement transmission compiessor
between the gas compressor and the first discharge plock
valve. If a pressure relief valve is' the‘primary overptotec-
tion device, then the relieving\eapacity shall be eqpal to
or greater than the capadity of the compressor. [f the
relief valves on the compx€ssor do not prevent the possi-
bility of overpressuring the pipeline as specified if sec-
tion 845, a relieving or pressure-limiting device|shall
be installed on\the pipeline to prevent it from peing
overpressured beyond the limits prescribed by this
Code.

(c) Venting. Vent lines provided to exhaust the gas
fromthe pressure relief valves to atmosphere shall be
extended to a location where the gas may be discharged
without undue hazard. Vent lines shall have sufffcient
capacity so that they will not inhibit the performance
of the relief valve. For additional design considerations,
see para. 841.1.9(d).

843.3.5 Fuel Gas Control. An automatic dpvice
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 maifold
shall be automatically vented simultaneously.

843.3.6 Cooling and Lubrication Failures. All gas
compressor units shall be equipped with shutdown or
alarm devices to operate in the event of inadequate|cool-
ing or lubrication of the units.

843.3.7 Explosion Prevention
(a) Mufflers. The external shell of mufflers for enjgines
using gas as fuel shall be designed in accordance| with

or safety hazard shall be provided with an emergency  good engineering practice and shall be constructed of
shutdow Wﬁrmm&itﬂmmwmmmm&arb

and automatic or manual blowdown processes and
equipment must be designed to prevent the automatic
release of hydrogen sulfide, condensable vapors, or free
liquids into the 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

ments of the muffler be manufactured with vent slots
or holes in the baffles to prevent gas from being trapped
in the muffler.

(b) Building Ventilation. Ventilation shall be ample to
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.
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(c) LPG Ventilation. All liquefied petroleum gases are
heavier than air; hence, structures aboveground for
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

(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
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

to th¢atmosphere to prevernt acCuIuIation of the heavy
gaseq at or below ground level. Likewise, special precau-
tions|are necessary for adequate ventilation where exca-
vatigns are made for the repair of leaks in an
underground LPG distribution system.

843.3.8 Gas Detection and Alarm Systems

(a)| Each compressor building in a compressor station
where hazardous concentrations of gas may accumulate
shall|have a fixed gas detection and alarm system unless
the building is
1) constructed so that at least 50% of its upright
side [area is permanently open to the atmosphere or
adeqpately ventilated by forced or natural ventilation, or
2) in an unattended field compressor station loca-
tion|of 1,000 hp (746 kW) or less and adequately
ventilated

(b)| Except when shutdown of the system is necessary
for maintenance (see para. 853.1.6), each gas detection
and alarm system required by this section shall
1) continuously monitor the compressor building
for afconcentration of gas in air of not more than-25%
of the lower explosive limit
2) warn persons about to enter the(building and
persqns inside the building of the danger if that concen-
tratign of gas is exceeded

(c)] The compressor building ,onfiguration shall be
considered in selecting the number, type, and placement
of ddtectors and alarms.

(d)| Alarm signals shall"be’ unique and immediately
recognizable, consideringbackground noise and light-
ing, to personnel whe-ate inside or immediately outside
each [compressor building.

843.4+ Compressor Station Piping

843:4.1/ Gas Piping. The following are general pro-  within a short period of time.
1si0bs—applicablata a1l oac 1o Lol Al 1 1 Lall o tallad s 4+l
VISIO Lo ut}r} LLLLLLLLLLLL 6“0 rlj.tlj.l.l.a. (0 AV CINICUN VAL VO OSITdITDN T TS tdIITU IIT 1T S

Tdentified by Signs or cotor codes.

843.4.2 Fuel Gas Piping. The following ate specific
provisions applicable to compressor station fu¢l gas pip-
ing only:

(a) All fuel gas lines within g-compressor stption that
serve the various buildings dng-residential areas shall
be provided with master shutoff valves locatgd outside
of any building or residential area.

(b) The pressure-regulating facilities for the fuel gas
system for a compressor station shall be provjded with
pressure-limjting devices to prevent th¢ normal
operating pressure of the system from being|exceeded
by more thah25%, or the maximum allowable pperating
pressure.by more than 10%.

(c)<Suitable provision shall be made to pr¢vent fuel
gas/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 enging.

(d) All fuel gas used for domestic purposes|at a com-
pressor station that has an insufficient odor ¢f its own
to serve as a warning in the event of its escaple shall be
odorized 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 volumg¢, and size
of connecting piping shall be adequate to fotate the
engine at the cranking speed and for the number of
revolutions necessary to purge the fuel gas|from the
power cylinder and muffler. The recommendations of
the engine manufacturer may be used as a| guide in
determining these factors. Consideration should be
given to the number of engines installed and to the
possibility of having to start several of thesg engines

(a) Specifications for Gas Piping. All compressor sta-
tion gas piping, other than instrument, control, and sam-
ple piping, up to and including connections to 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.
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arting air
line near each engine to prevent backflow from the
engine into the air piping system. A check valve shall
also be placed in the main air line on the immediate
outlet side of the air tank or tanks. It is recommended
that 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
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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
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.

Table 844.3-1 Design Factors, F

Design Factors, F

For Minimum
Clearance Between
Containers and Fenced

For Minimum Clearance
Between Containers and

843.4.4 lubricating Oil Piping. All lubricating oil

piping wiithin gas compressing stations shall be con-
structed in accordance with ASME B31.3.

843.4/5 Water Piping. All water piping within gas
compressing stations shall be constructed in accordance
with ASNIE B31.1.

843.4/6 Steam Piping. All steam piping within gas
compressing stations shall be constructed in accordance
with ASNIE B31.1.

843.4.7 Hydraulic Piping. All hydraulic power pip-
ing withif gas compressing stations shall be constructed
in accordance with ASME B31.3.

E-TYPE AND BOTTLE-TYPE HOLDERS

844.1 Pipe-Type Holders in Rights-of-Way Not Under
clusive Use and Control of the Operating
mpany

844 PI

Cd

A pipertype holder that is to be installed in streets;
highwayp, or in private rights-of-way not underthe
exclusive|control and use of the operating company-shall
be designmed, installed, and tested in accordance with

Holder Size  Fenced Boundaries of Site Boundaries of Site of
Location of 25 ft (7.6 m) to 100 ft (30 m)
Class 100 ft 30 m) and Over
1 0.72 0.72
2 0.60 0.72
3 0.60 0.60
4 0.40 0.40

Table 844.3-2 Minimum Clearance Between
Containers and Fenced Boundaries

Minimum
Clearance, ft (m)

Maximum Operating
Pressure, psig (kPa)

Less than 1,000 £6,900)
1,000 (6 900), or more

25 (7.6)
100 (30)

(c) Theminimum clearance between containery and
the fenced boundaries of the site is fixed by the axi-
munioperating pressure of the holder as shoyn in
Table 844.3-2.

(d) The minimum clearance in inches (millimgters)
between pipe containers or bottles shall be determined
by the following formula:

(U.S. Customary Units)

3DPF
the provysions of this Code applicable fo a pipeline C= 1000
installed |n the same location and operated at the same
maximurmp pressure. (SI Units)
844.2 Bottle-Type Holders (C = %)
Bottle-fype holders shall‘be’located on land owned
or under [the exclusive eOntrol and use of the operating ~ where
companys C = minimum clearance between pipe containgrs or
bottles, in. (mm)
844.3 Pipe-Type and Bottle-Type Holders on Property D = outside diameter of pipe container or Hottle,
Under-the Exclusive Use and Control of the in. (mm)
Operating Company F = design factor [see (b) above]
(a) The storage site shall be entirely surrounded with F'= maximum allowable operating pressure,

fencing to prevent access by unauthorized persons.

(b) A pipe-type or bottle-type holder that is to be
installed on property under the exclusive control and
use of the operating company shall be designed in accor-
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.
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psig (kPa)

(e) Pipe containers shall be buried with the top of
each container not less than 24 in. (610 mm) below the
ground surface.

(f) Bottles shall be buried with the top of each con-
tainer below the normal frost line but in no case closer
than 24 in. (610 mm) to the surface.

(g) Pipe-type holders shall be tested in accordance
with the provisions of para. 841.3.2 for a pipeline located
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in the same Location Class as the holder site, provided,
however, that in any case where the test pressure will
produce a hoop stress of 80% or more of the specified
minimum yield strength of the pipe, water shall be used
as the test medium.

844.4 Special Provisions Applicable to Bottle-Type
Holders Only

845 CONTROL AND LIMITING OF GAS PRESSURE

845.1 Basic Requirement for Protection Against
Accidental Overpressuring

Every pipeline, main, distribution system, customer’s
meter and connected facilities, compressor station, pipe-
type holder, bottle-type holder, containers fabricated
from pipe and fittings, and all special equipment, if
connected to a compressor or to a gas source where the

hllowable
. 805.2.1),

A nfﬂp-fvpp holder mav be manufactured from steel failure of pressure control or other causes miJht result
that {s not weldable under field conditions, subject to  in a pressure that would exceed the maximuim
all of| the following limitations: operating pressure of the facility (refer to,para

(a)| Bottle-type holders made from alloy steel shall shall be equipped with suitable pressure-relieving or
meet|the chemical and tensile requirements for the vari- pressure-limiting devices. Special provisions for service
ous grades of steel in ASTM A372. regulators are set forth in para~845:2.7.

(b)| In no case shall the ratio of actual yield strength  gar 5 control and Limiting 6F Gas Pressure

to acjual tensile strength exceed 0.85.

(c)

after

Welding shall not be performed on such bottles
they have been heat treated and/or stress relieved,
except that it shall be permissible to attach small copper
wireg to the small diameter portion of the bottle end
closure for cathodic protection purposes using a local-
ized thermit welding process (charge not to exceed 15 g).

(d)| Such bottles shall be given a hydrostatic test in
the npill and need not be retested hydrostatically at the
time |of installation. The mill test pressure shall not be
less fhan that required to produce a hoop stress equal
to 85 of the specified minimum yield strength of the
steel)] Careful inspection of the bottles at the time-of
installation shall be made, and no damaged bottle'shall
be uged.

(e)| Such bottles and connecting piping shall-be tested
for tightness after installation using air or gas at a pres-
sure pf 50 psi (340 kPa) above the maXimum operating
presgure.

844.5 General Provisions Applicable to Both Pipe-

Type and Bottle-Type /Holders

(a)] No gas containingmore than 0.1 grain of hydrogen
sulfide per 100 standard cubic feet (2.8 m®) shall be
storefl when free\water is present or anticipated without
employing sditable means to identify, mitigate, or pre-
vent |detrimental internal corrosion. (See section 864.)

(b)| Provision shall be made to prevent the formation

or adcumulation—of ]iqnirqe in-the hn]r*]or, nnﬂﬂanh'ng

845.2.1 Control and \Limiting of Gas Pressure in
Holders, Pipelines, andAll Facilities That Might at Times
Be Bottle Tight. Suifable types of protective ¢levices to
prevent overpressuting of such facilities inclyde

(a) spring-loaded relief valves of types mg¢eting the
provisions)of/BPV Code, Section VIII

(b) pilot-loaded back-pressure regulatory used as
reliefvalves, so designed that failure of the pilot system
or @ontrol lines will cause the regulator to open

(c) rupture disks of the type meeting the provisions
of BPV Code, Section VIII, Division 1

845.2.2 Maximum Allowable Operating Pressure for
Steel or Plastic Pipelines or Mains. This pressure is by
definition the maximum operating pressure [to which
the pipeline or main may be subjected in a¢cordance
with the requirements of this Code. For a pjpeline or
main, the maximum allowable operating pressure shall
not exceed the lesser of the following four it¢ms:

(a) The design pressure (defined in para. §05.2.1) of
the weakest element of the pipeline or main. Assuming
that all fittings, valves, and other accessories in the line
have an adequate pressure rating, the maximyim allow-
able operating pressure of a pipeline or main shall be
the design pressure determined in accordgnce with
para. 841.1.1 for steel or para. 842.2 for plastic.

(b) The pressure obtained by dividing the pessure to
which the pipeline or main is tested after copstruction
by the appropriate factor for the Location Classjinvolved,
as shown in Table 845.2.2-1.

piping, and auxiliary equipment that might cause corro-
sion or interfere with the safe operation of the storage
equipment.

Relief valves shall be installed in accordance with
provisions of this Code that will have relieving capacity
adequate to limit the pressure imposed on the filling
line and thereby on the storage holder to 100% of the
design pressure of the holder or to the pressure that
produces a hoop stress of 75% of the specified minimum
yield strength of the steel, whichever is the lesser.
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(c) The maximum safe pressure to which the pipeline
or main should be subjected based on its operating and
maintenance history (for pipelines, see para. 851.1).

(d) When service lines are connected to the pipeline
or main, the limitations set forth in paras. 845.2.4(c)(2)
and (c)(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
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Table 845.2.2-1 Maximum Allowable Operating
Pressure for Steel or Plastic Pipelines or Mains

Table 845.2.3-1 Maximum Allowable Operating
Pressure for Pipelines Operating at
100 psig (690 kPa) or More

Location Pressure for Steel Pressure for
Class [Note (1)] Plastic Location Maximum Allowable
Class Operating Pressure
L Test pressure N.A.
1, Division 1 —_—
1.25 L Test pressure
1, Division 1 e —
1.25
T Te
1, Division 2 est pressure est pressure
1.25 1.50 L Test pressure
1, UIVISION Z
1.39
5 Test pressure Test pressure
1.25 1.50 5 Test pressure
1.67,
3 Test pressure [Note (2)] Test pressure
1.50 1.50 3 Test'pressure
2.0
4 Test pressure [Note (2)] Test pressure
1.50 1.50 4 Test pressure
2.5
NOTES:
(1) See pafa. 845.2.3 for test factors applicable to conversion of

pipelings with unknown factors.

(2) Other factors should be used if the line was tested under the
special|conditions described in paras. 841.3.2(d) and (i), and
841.3.3. In such cases, use factors that are consistent with the
applicaple requirements of these sections.

or to exigting 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 pperated at 100 psig (690 kPa) or more- The
maximurh allowable operating pressure shall be deter-
mined by} hydrostatic testing of the pipeline.

(1) The maximum allowable operating pressure
shall be Jimited to the pressure obtained by dividing
the pressfire to which the pipeline oxr_rhain 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

allowablg operating presstire calculation shall be the
test pressure obtained at the high elevation point of the
strength«test section and shall not be higher

(3) Records of hydrostat1c pressure tests and line
repairs shall be preserved as long as the facilities
involved remain in service.

(4) Determine that all valves, flanges, and other
pressure rated 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 caution should be exercised in selecting the maxi-
mum test pressure.
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Table 845.2.3<2% Maximum Allowable Operating
Pressure for Pipelines Operating at Less Thpn
100 psig (690 kPa)

Location Maximum Allowable
Class Operating Pressure
1 Test pressure
1.25

) Test pressure
1.25

3 Test pressure
1.5

4 Test pressure

1.5

(b) Pipelines Operating at Less Than 100 psig (690 kPa).
This paragraph applies to existing natural gas pip¢lines
or to existing pipelines being converted to naturgl 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 less than 100 p51g (690 kPa). The
leter-

mmed by pressure testlng the plpehne

(1) The maximum allowable operating pressure
shall be limited to the pressure obtained by dividing
the pressure to which the pipeline or main is tested by
the appropriate factor for the Location Class involved
as shown in Table 845.2.3-2.

(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
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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.

(4) Determine that all valves, flanges, and other
pressure rated components have adequate ratings.

(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
equipped with bell joint clamps or other effective leak
sealing methods

(4) the pressure limits to which any joint could be

5) Although the maximuim pressure of a test uti-
lized|to establish the maximum allowable working pres-
sure [is not limited by this paragraph except by (b)(2)
abovg, due caution should be exercised in selecting the
maximum test pressure.

845.2.4 Control and Limiting of Gas Pressure in
HighiPressure Steel, Ductile Iron, Cast Iron, 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
systgm, shall be equipped with pressure-regulating
deviges of adequate capacity and designed to meet the
presgure, load, and other service conditions under which
they will operate or to which they may be subjected.

(b)| In addition to the pressure-regulating devices pre-
scribed in (a), a suitable method shall be provided to
prevent accidental overpressuring of a high-pressure
distribution system.

Sujtable types of protective devices to prevent over-
prespuring of high-pressure distribution systems
include
1) relief valves as prescribed in paras:.'845.2.1(a)
and (b).

2) weight-loaded relief valves.

3) a monitoring regulator inétalled in series with
the primary pressure regulator.

4) a series regulator installed upstream from the
primpry regulator and set\to' limit the pressure on the
inlet pf the primary regulator continuously to the maxi-
muny allowable opetating pressure of the distribution
system or less.

5) an autematic shutoff device installed in series
with |the primary pressure regulator and set to shut off
wher the-pressure on the distribution system reaches
the maximtm allowable operating pressure or less. This

subjected without possibility of parting

(5) 2 psig (14 kPa) in high-pressuxediptribution
systems equipped with service regulators nof meeting
the requirements of para. 845.2.7(a) ahd that d¢ not have
an overpressure protective device as required in
para. 845.2.7(b)

(6) the maximum safé\pressure to which the system
should be subjected based on its operation and mainte-
nance history

845.2.5 Control and Limiting of Gas Prgssure in
Low-Pressure\Distribution Systems

(a) Each low-pressure distribution systerh or low-
pressure-main supplied from a gas source that is at a
higher pressure than the maximum allowable pperating
pressure for the low-pressure system shall be equipped
with pressure-regulating devices of adequatq capacity.
These devices must be designed to meet the|pressure,
load, and other service conditions under which they will
have to operate.

(b) In addition to the pressure-regulating devices pre-
scribed in (a), a suitable device shall be propvided to
prevent accidental overpressuring. Suitable types of pro-
tective devices to prevent overpressfiring of
low-pressure distribution systems include

(1) aliquid seal relief device that can be spt to open
accurately and consistently at the desired prgssure

(2) weight-loaded relief valves
(3) an automatic shutoff device as described in
para. 845.2.4(b)(5)
(4) a pilot-loaded, back-pressure regplator as
described in para. 845.2.1(b)

(5) a monitoring regulator as desdribed in
para. 845.2.4(b)(3)

devitemustrenmatrclosedumntitmaruatty reset—1t
should not be used where it might cause an interruption
in service to a large number of customers.

(6) spring-loaded, diaphragm-type relief valves.

(c) Maximum Allowable Operating Pressure for High-

Pressure Distribution Systems. This pressure shall be the
maximum pressure to which the system can be subjected
in accordance with the requirements of this Code. It
shall not exceed

(1) the design pressure of the weakest element of
the system as defined in para. 805.2.1
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(6) a series described in

para. 845.2.4(b)(4)

(c) Maximum Allowable Operating Pressure for Low-
Pressure Distribution Systems. The maximum allowable
operating pressure for a low-pressure distribution sys-
tem shall not exceed either of the following;:

regulator as

(1) a pressure that would cause the unsafe opera-
tion of any connected and properly adjusted low-
pressure gas burning equipment

(2) a pressure of 2 psig (14 kPa)
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845.2.6 Conversion of Low-Pressure Distribution
Systems to High-Pressure Distribution Systems

(a) Before converting a low-pressure distribution 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 ]pnl(ngp surveys

(4) pipe connections to the regulator not exceeding
NPS 2 (DN 50)

(56) the capability under normal 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-

(b) Befpre increasing the pressure, the following steps
(not necepsarily in sequence shown) shall be taken:

(1) Nlake a leakage survey and repair leaks found.

(2) Reinforce or replace parts of the system found
to be ina¢lequate for the higher operating pressures.

(3) Ipstall a service regulator on each service line,
and test ¢ach 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
regulatorp.

(4) Isolate the system from adjacent low-pressure
systems.

(5) Atbends or offsets in coupled or bell and spigot
pipe, reirjforce or replace anchorages determined to be
inadequalte for the higher pressures.

(c) Thq pressure in the system being converted shall
be increaged by steps, with a period to check the effect
of the preyvious increase before making the next increase.
The desirpble magnitude of each increase and the length
of the ch¢ck period will vary depending on conditions.
The objedtive of this procedure is to afford an opportu-
nity to djscover any unknown open and unregulated
connectigns to adjacent low-pressure systeins or to indi-
vidual cuptomers before excessive presstres are reached.

845.2/7 Control and Limiting of the Pressure of Gas

Delivered to Domestic, Small'\Commercial, and Small
Industrial Customers FromtHigh-Pressure Distribution
Systems

(a) If the maximum allowable operating pressure of
the distripution system is 60 psig (410 kPa) or less, and
a service [regulatorhaving the following characteristics
is used, 1o other pressure-limiting device is required:

(1) o pressure regulator capable of reducing distri-

nal static or control Hnes
(b) If the maximum allowable operating pressuyre of
the distribution system is 60 psig (410 kPa) ‘ot lesq, and
a service regulator not having all of the,chdractefistics
listed in (a) is used, or if the gas ¢ontains materials
that seriously interfere with the dperation of sgrvice
regulators, suitable protective devices shall be installed
to prevent unsafe overpressuting of the custofer’s
appliances, should the service regulator fail. SOI:G of
the suitable types of protective devices to preventjover-
pressuring of the customers’ appliances are
(1) a monitoring fegulator
(2) a relief<valve
(3) an automatic shutoff device
These devices may be installed as an integral pprt of
the seryice regulator or as a separate unit.
(c)If the maximum allowable operating pressure of
the distribution system exceeds 60 psig (410 kPa)] suit-
able methods shall be used to regulate and limjt the
pressure of the gas delivered to the customer tp the
maximum safe value. Such methods may include
(1) a service regulator having the charactexistics
listed in (a) and a secondary regulator located upstream
from the service regulator. In no case shall the secopdary
regulator be set to maintain a pressure higher|than
60 psig (410 kPa). A device shall be installed between
the secondary regulator and the service regulator tqlimit
the pressure on the inlet of the service regulator to 6( 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 psig (410 kPa) or less] and remains closed| until
manually reset.
(2) a service regulator and a monitoring regiilator
set to limit to a maximum safe value the pressure ¢f the

bution line pressure, psig (kPa), to pressures recom-
mended for household appliances, inches (millimeters)
of water column

(2) a single port valve with orifice diameter no
greater than that recommended by the manufacturer for
the maximum gas pressure at the regulator inlet

(3) avalve seat made of resilient material designed
to withstand abrasion of the gas, impurities in gas, and
cutting by the valve, and designed to resist permanent
deformation when it is pressed against the valve port
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dali o 1l L
gas-delivered-to-the-customer:

(3) a service regulator with a relief valve vented to
the outside atmosphere, with the relief valve set to open
so that the pressure of gas going to the customer shall
not exceed a maximum safe value. The relief valve may
be either built into the service regulator or may be a
separate unit installed downstream from the service reg-
ulator. This combination may be used alone only in cases
where the inlet pressure on the service regulator does
not exceed the manufacturer’s safe working pressure
rating of the service regulator, and it is not recommended
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for use where the inlet pressure on the service regulator
exceeds 125 psig (860 kPa). For higher inlet pressures,
the method in (c)(1) or (c)(2) should be used.

(d) When the pressure of the gas and the demand by
the customer are greater than those applicable under
the provisions of (a), (b), and (c), the requirements for
control and limiting of the pressure of gas delivered are
included in para. 845.1.

845.
and Pressure-Limiting Installations

(a)| Pressure relief or pressure-limiting devices except
ruptyre disks shall
1) be constructed of materials such that the opera-
tion jof the device will not normally be impaired by
corrgsion of external parts by the atmosphere or internal
parts| by gas
2) have valves and valve seats that are designed
not t¢ stick in a position that will make the device inoper-
ative[ and result in failure of the device to perform in
the nhanner 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 tepted to determine the pressure at which they will
operdte, and can be tested for leakage when in the closed
positjon
4) be designed and installed such that operation
is nof impaired at the minimum design temperature

(b)] Rupture discs shall meet the requirements for
design as set out in BPV Code, Section VIII, Division 1.

(c)] The discharge stacks, vents, or outlet pptts of all
presdure relief devices shall be located where.gas can be
discHarged into the atmosphere without undue hazard.

Consideration should be given to\all exposures in
the immediate vicinity, including(where gas pipelines
parallel overhead electric transmiission lines on the same
righttof-way to ensure that thejplowdown connections
will direct the gas away_from the electric conductors.
Whete required to protect.devices, the discharge stacks
or vents shall be protected with rain caps to preclude
the eptry of water:

(d)| The size ef-the openings, pipe, and fittings located
betwpen the system to be protected and the pressure-
relieying device and the vent line shall be of adequate
size foprevent hammering of the valve and to prevent

that they can lock it in the open position before they
leave the location.

(2) Install duplicate relief valves, each having ade-
quate capacity by itself to protect the system, and
arrange the isolating valves or three-way valve so that
mechanically it is possible to render only one safety
device inoperative at a time.

(f) Precautions shall be taken to prevent unauthorized
operation of any valve that will make pressure-limiting
devices inoperative. This provision applies,td isolating
valves, bypass valves, and valves on contrél.or float lines
that are located between the pressure-limitihg device
and the system that the device protégts.”A method simi-
lar to that described in (e)(1) shall‘be consider¢d accept-
able in complying with this provision.

(g) When a monitoring régulator, series regylator, sys-
tem relief, or system shutoff is installed at|a district
regulator station to protect a piping system ffom over-
pressuring, the installation shall be designed and
installed to prevent any single incident, such agan explo-
sion in a vault or damage by a vehicle or iding (both
internal andvexternal), from affecting the opgration of
both thé.overpressure protective device and the district
regulator. (See sections 846 and 847.)

() Special attention shall be given to confrol lines.
All control lines shall be protected from fallirjg objects,
excavations by others, or other foreseeable [causes of
damage and shall be designed and installed to prevent
damage to any one control line from making both the
district regulator and the overpressure protectjve device
inoperative.

845.4 Capacity of Pressure-Relieving and
Pressure-Limiting Station and Device$

845.4.1 Required Capacity of Pressure-Relieving and
Pressure-Limiting Stations
(a) Each pressure relief station, pressure-linpiting sta-
tion, or group of such stations installed to [protect a
piping system or pressure vessel shall have [sufficient
capacity and shall be set to operate to preven{ the pres-
sure from exceeding the following levels:
(1) Systems With Pipe or Pipeline Cojnponents
Operating at Hoop Stress Levels Over 72% of the SMYS. The
required capacity is the maximum allowable pperating

impatrment-of-relief-capacity-

(e) Precautionsshall be taken to prevent unauthorized
operation of any stop valve that will make a pressure
relief valve inoperative. This provision shall not apply
to valves that will isolate the system under protection
from its source of pressure. Acceptable methods for com-
plying with this provision are as follows:

(1) Lock the stop valve in the open position. Instruct
authorized personnel of the importance of not inadver-
tently leaving the stop valve closed and of being present
during the entire period that the stop valve is closed so

pressure plus 4%.

(2) Systems With Pipe or Pipeline Components
Operating at Hoop Stress Levels at or Below 72% of the
SMYS Other Than in Low-Pressure Distribution Systems.
The required capacity is the lesser of the following two
items:

(-a) the maximum allowable operating pressure
plus 10%

(-b) the pressure that produces a hoop stress of
75% of the specified minimum yield strength
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(3) Low-Pressure Distribution Systems. The required
capacity is a pressure that would cause the unsafe opera-
tion of any connected and properly adjusted gas burning
equipment.

(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

(d) Brass pipe or copper pipe or tubing shall not be
used for 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.

station. In doing this, however, the assumed remote
relieving [capacity must be limited to the capacity of the
piping syjstem 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
combinatfon with one or more regulators in a series
arrangenijent to control or limit the pressure in a piping
system, guitable checks shall be made. These checks
shall be cpnducted to determine that the equipment will
operate i a satisfactory manner to prevent any pressure
in excesp of the established maximum allowable
operating pressure of the system, should any one of the
associateql regulators malfunction or remain in the wide-
open posjtion.

845.5 Instrument, Control, and Sample Piping
845.5

(a) Th¢ requirements given in this section‘apply to
the desigh of instrument, control, and samipling piping
for safe gnd proper operation of the piping itself and
do not cojer design of piping to secufe proper function-
ing of ingtruments for which thepiping is installed.

(b) Thik section does not apply to permanently closed
piping sfstems, such as fluid-filled, temperature-
responsiye devices.

1 Scope

845.5]2 Materials.and Design

(a) Th¢ materidls employed for valves, fittings, tub-
ing, and piping:shall be designed to meet the particular
conditiors of service.

(b) Tak

(g) Piping that may contain liquids shall be profected
by heating or other suitable means from damag¢ due
to freezing.

(h) Piping in which liquids may accumulate shpll be
provided with drains or drips.

(i) The arrangement of piping andysupports shpll be
designed to provide not only for safety under opetjating
stresses, but also to provide tpfotection for the piping
against detrimental sagging, external mechanical ipjury,
abuse, and damage dueéfe"unusual service condjtions
other than those connécted with pressure, temperature,
and service vibration.

(j) Suitable precautions shall be taken to protect
against corrosion. (See section 864.)

(k) Joints.between sections of tubing and/or
between tubing and/or pipe and valves or fittings shall
be made’in a manner suitable for the pressure and tem-
perature conditions, such as by means of flared, flateless,
and compression-type fittings, or equal, or they| may
be of the brazed, screwed, or socket-welded type. If
screwed-end valves are to be used with flared, flareless,
or compression-type fittings, adapters are required.

Slip-type expansion joints shall not be used; expahsion
shall be compensated for by providing flexibility within
the piping or tubing system itself.

(I) Plastic shall not be used where operating temjpera-
tures exceed limitations shown in paras. 842.2.2(h) and
842.2.3(b).

(m) Plastic piping shall not be painted. If iden
tion other than that already provided by the manuf
er’s marking is required, it shall be accomplishg
other means.

pipe,

ifica-
hctur-
d by

846 VALVES®
846.1 Required Spacing of Valves

off connections-and aH—ar‘]ﬁing kncccc’ FiH—ingc’

or adapters shall be made of suitable material and 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 each takeoff
line as near as practicable to the point of takeoff. Blow-
down valves shall be installed where necessary for the
safe operation of piping, instruments, and equipment.
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846.1.T Iransmission Lines. Onshore block valves
shall be installed in new transmission pipelines at the
time of construction for the purpose of isolating the
pipeline for maintenance and for response to operating
emergencies. When determining the placement of such
valves for sectionalizing the pipeline, primary consider-
ation shall be given to locations that provide continuous
accessibility to the valves.

* See paras. 849.1.2 and 849.1.3 for provisions covering valves in
service lines.
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(a) In determining the number and spacing of valves
to be installed, the operator shall perform an assessment
that gives consideration to factors such as

(1) the amount of gas released due to repair and
maintenance blowdowns, leaks, or ruptures

(2) the time to blow down an isolated section

(3) the impact in the area of gas release (e.g.,
nuisance and any hazard resulting from prolonged
blowdowns)

be suitably supported to prevent settlement or move-
ment of the attached piping.

(c) Blowdown valves shall be provided so 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

4) continuity of service
5) operating and maintenance flexibility of the
system
6) future development in the vicinity of the
pipeline
7) significant conditions that may adversely affect
the gperation and security of the line

(b)| In lieu of (a) above, the following maximum spac-
ing hetween valves shall be used:
1) 20 mi (32 km) in areas of predominantly
ion Class 1
2) 15 mi (24 km) in areas of predominantly
ion Class 2
3) 10 mi (16 km) in areas of predominantly
ion Class 3
4) 5 mi (8 km) in areas of predominantly Location
Clasq 4

The spacing defined above may be adjusted to permit
a valve to be installed in a location that is more
accessible.

Loca
Loca

Loca

846.1.2 Distribution Mains. Valves on distribution
mains, whether for operating or emergency.purposes,
shall[be spaced as follows:

(a)| High-Pressure Distribution Systews» Valves shall be
instdlled in high-pressure distfibution systems in
accessible locations to reduce the time to shut down a
sectipn of main in an emergency. In determining the
spacing of the valves, consideration should be given to
the ogperating pressure ‘ahd size of the mains and local
physjcal conditionscas well as the number and type of
constimers that niight be affected by a shutdown.

(b)| Low-Pressure Distribution Systems. Valves may be
used|on lowpressure distribution systems but are not
required¢exeept as specified in para. 846.2.2(a).

valves nor does the Code imply that the use of jutomatic
valves presently developed will provide full $r0tection
to a piping system. Their use and installatiop shall be
at the discretion of the operating company.

846.2.2 Distribution System,Valves

(a) A valve shall be installéd-on the inlet [piping of
each regulator station controlling the flow of pressure
of gas in a distribution system. The distance befween the
valve and the regulator®or regulators shall be syfficient to
permit the operation(of the valve during an efnergency,
such as a large gas leak or a fire in the statiop.

(b) Valves¥on distribution mains, wh¢ther for
operating’oréemergency purposes, shall be logated in a
mannet.that will provide ready access and facilitate their
opefation during an emergency. Where 4 valve is
installed in a buried box or enclosure, only reddy access
to the operating stem or mechanism is implied. The box
or enclosure shall be installed in a manner| to avoid
transmitting external loads to the main.

847 VAULTS

847.1 Structural Design Requirements

Underground vaults or pits for valves and |pressure-
relieving, pressure-limiting, or pressure-regulating sta-
tions, etc., shall be designed and constructed| in accor-
dance with the following provisions:

(a) Vaults and pits shall be designed and constructed
in accordance with good structural engineering practice
to meet the loads that may be imposed on them.

(b) Sufficient working space shall be provided so that
all of the equipment required in the vault can b¢ properly
installed, operated, and maintained.

(c) In the design of vaults and pits for pressure-
limiting, pressure-relieving, and pressure-regulating

846.2 Location of valves

846.2.1 Transmission Valves

(a) Sectionalizing block valves shall be accessible and
protected from damage and tampering. If a blowdown
valve is involved, it shall be located where the gas can
be blown to the atmosphere without undue hazard.

(b) Sectionalizing valves may be installed above
ground, in a vault, or buried. In all installations an
operating device to open or close the valve shall be
readily accessible to authorized persons. All valves shall
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cquiyulcut, consideratiornshattbe éivcu to—the protec—
tion of the installed equipment from damage, such as
that resulting from an explosion within the vault or pit
that may cause portions of the roof or cover to fall into
the vault.

(d) Pipe entering and within regulator vaults or pits
shall be steel for NPS 10 (DN 250) and smaller sizes,
except that control and gage piping may be copper.
Where piping extends through the vault or pit structure,
provision shall be made to prevent the passage of gases
or liquids through the opening and to avert strains in
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the piping. Equipment and piping shall be suitably sus-
tained by metal, masonry, or concrete supports. The
control piping shall be placed and supported in the vault
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 $hallnot be Iocated under a vault or pit opening
where wprkmen can step on them when entering or
leaving the vault or pit, unless such parts are suitably
protected.

(f) Whpnever a vault or pit opening is to be located
above equipment that could be damaged by a falling
cover, a cjrcular cover should be installed, or other suit-
able prechutions should be taken.

847.2 Agcessibility

Accessbility shall be considered in selecting a site for
a vault. $ome of the important factors to consider in
selecting [the location of a vault are as follows:

(a) Extosure to Traffic. The location of vaults in street
intersectipns or at points where traffic is heavy or dense
should b¢ avoided.

(b) Exposure to Flooding. Vaults should not be located
at points|of minimum elevation, near catch basins, or
where the¢ access cover will be in the course of surface
waters.

(c) Exposure to Adjacent Subsurface Hazards. Vaults
should b¢ located as far as is practical from waterf elec-
tric, steatp, or other facilities.

847.3 V3ult Sealing, Venting, and Ventilation

Underground vaults and closed top Ppits containing
either a pressure-regulating or reduction station, or a
pressure-limiting or relieving (station shall be sealed,
vented, or ventilated as follows:

(a) When the internal wolume exceeds 200 ft* (5.7 m?),
such vaults or pits shall'be ventilated with two ducts
each having at least-the ventilating effect of an NPS 4
(DN 100)| pipe.

(b) Thg ventilation provided shall be sufficient to min-
imize thg pessible formation of a combustible atmo-

horizontal section of the ducts shall be as short as practi-
cal and shall be pitched to prevent the accumulation of
liquids in the line. The number of bends and offsets
shall be reduced to a minimum, and provisions shall be
incorporated to facilitate the periodic cleaning of the
ducts.

(d) Such vaults or pits having an internal volume
between 75 ft® and 200 ft* (2.1 m® and 5.7 m®) may be
either sealed, vented, or ventilated. If sealed, all open-
. . . . sthout
open holes through which an explosive mixture might be
ignited. Means shall be provided for testingthe infernal
atmosphere before removing the cover., If vented, the
proper provision to prevent external sources of igmiti
from reaching the vault atmospherémust 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 yenti-
lated by means of openings in the covers or gratings,
and the ratio of the ifiternal volume in cubic feef (m®)
to the effective ventilating area of the cover or ghating
in square feet (?) is less than 20 to 1, no addifional
ventilation is‘eqtired.

(f) Vaults-or pits having an internal volume lesq than
75 ft (2.1Nm>) 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 be designed to operate safely, if submerggd.

(b) No vault containing gas piping shall be connlected
by means of a drain connection to any other subgtruc-
ture, such as a sewer.

(c) Electrical equipment in vaults shall conform to the
requirements of Class 1, Group D of NFPA 70.

848 CUSTOMERS’ METERS AND REGULATORS

848.1 Location for Customers’ Meter and Regulator
Installations

(a) Customers’ meters and regulators may be located
either inside or outside of buildings, depending onllocal
conditions, except that on service lines requiring feries
regulation, in accordance with para. 845.2.7(c), the
upstream regulator shall be located outside df the

sphere in—the—vault—er—pit—Vents—asseciated—with—the
pressure-regulating or pressure-relieving equipment
must not be connected to the vault or pit ventilation.
(c) The ducts shall extend to a height above grade
adequate to disperse any gas—air mixtures that might
be discharged. The outside end of the ducts shall be
equipped with a suitable weatherproof fitting or vent
head designed to prevent foreign matter from entering
or obstructing the duct. The effective area of the opening
in such fittings or vent heads shall be at least equal to
the cross-sectional area of an NPS 4 (DN 100) duct. The

buitdimmg:

(b) When installed within a building, the service regu-
lator shall be in a readily accessible location near the
point of gas service line entrance, and whenever practi-
cal, the meters shall be installed at the same location.
Neither meters nor regulators shall be installed in bed-
rooms, closets, or bathrooms; under combustible stair-
ways; in unventilated or inaccessible places; or closer
than 3 ft (0.9 m) to sources of ignition, including furnaces
and water heaters. On service lines supplying large
industrial customers or installations where gas is used
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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.

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

Indivfiduat vents shall be provided for each regulator.

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
maniifacturer’s test pressure; rebuilt tinned steel case
metefs shall not be used at a pressure in excess of 50%
of the pressure used to test the meter after rebuilding.

848.3 Protection of Customers’ Meter and Regulator

Installations From Damage

848.3.1 Corrosive Area. Meters and service regula-
tors dhall not be installed where rapid deterioration from
corrgdsion or other causes is likely to occur, unless proven
meagures are taken to protect against such deterioration.

848.3.2 Protective Device. A suitable protective
devide, such as a back-pressure regulator or a, check
valvg, shall be installed downstream of the meter if and
as refjuired under the following conditions;

(a)] If the nature of the utilization equipment is such
that it may induce a vacuum at the meter, install a back-
presgure regulator downstream fromiithe meter.

(b)| Install a check valve or equivalent if
1) the utilization equipment may induce a back-
presgure.

2) the gas utilizatien\¢quipment is connected to a
sourde of oxygen or conipressed air.

3) liquefied pétfoleum gas or other supplementary
gas i used as standby and may flow back into the meter.
A three-way valve, installed to admit the standby supply
and gt the.same time shut off the regular supply, can
be sybstittted for a check valve if desired.

84833 atiomof Ve - oTia
vents and relief vents, where required, shall terminate
in the outside air in rain- and insect-resistant fittings.
The open end of the vent shall be located where the gas
can escape freely into the atmosphere and away from
any openings into the buildings if a regulator failure
resulting in the release of gas occurs. At locations where
service regulators may be submerged during floods,
either a special antiflood type breather vent fitting shall
be installed or the vent line shall be extended above the
height of the expected flood waters.

STUICO
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manner as to prevent undue stresses on the cpnnecting
piping and/or the meter. Lead (Pb) connectiotys or other
connections made of material that can be'easilyl|damaged
shall not be used. The use of standard Weigh{ close (all
thread) nipples is prohibited.

849 GAS SERVICE LINES

849.1 General Provisions Applicable to Stedl,
Copper, and Plastic Service Lines

849.1.1 Installation of Service Lines

(a) Servige'ines shall be installed at a deptl that will
protect them“from excessive external loading|and local
activities, such as gardening. It is required that a mini-
muntof 12 in. (300 mm) of cover be provided in private
property and a minimum of 18 in. (460 mm) of cover
be provided in streets and roads. Where thlese cover
requirements cannot be met due to existing [substruc-
tures, less cover is permitted provided such pprtions of
these service lines that are subject to excessive|superim-
posed loads are cased or bridged or the pipe is appropri-
ately strengthened.

(b) Service lines shall be properly supported at all
points on undisturbed or well-compacted sqil so that
the pipe will not be subject to excessive externgal loading
by the backfill. The material used for the badkfill shall
be free of rocks, building materials, etc., that thay 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 |n the gas
supply to the customer, the service line shall be graded
so as to drain into the main or to drips at the Ipw points
in the service line.

849.1.2 Types of Valves Suitable for Sefvice Line
Valves

H—Valvres—tsedas—servieeine—valves—shall meet the
applicable requirements of section 810 and para. 831.1.

(b) The use of soft seat service line valves is not recom-
mended when the design of the valves is such that expo-
sure to 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 meter to be bypassed does not qualify under this
Code as a service line valve.

(d) Service line valves on high-pressure service lines,
installed either inside buildings or in confined locations
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outside buildings where the blowing of gas would be
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 3
in excess| of 60 psig (410 kPa) the service line valves
shall be the equivalent of a pressure-lubricated valve or
a needle-type valve. Other types of valves may be used
where tegts by the manufacturer or by the user indicate
that they|are suitable for this kind of service.

849.1
(a) Ser

3 Location of Service Line Valves

vice line valves shall be installed on all new
service ljnes (including replacements) in a location
readily a¢cessible from the outside.

(b) Valyes shall be located upstream of the meter if
there is o regulator, or upstream of the regulator, if
there is gne.

(c) All|service lines operating at a pressure greater
than 10 ppig (69 kPa) and all service lines NPS 2 (DN 50)
or larger shall be equipped with a valve located on the
service lije outside of the building, except that whenever
gas is supplied to a theater, church, school, factory, or
other building where large numbers of persons assem-
ble, an ouyitside valve will be required, regardless of the
size of thle service line or the service line pressure.

(d) Unflerground valves shall be located in a coyered
durable curb box or standpipe designed to permitready
operatior] of the valve. The curb box or standpipe shall
be suppoyted independently of the service line.

849.1.4 Location of Service Line Connections to Main
Piping. [t is recommended that-service lines be con-
nected tq either the top or the side of the main. The
connectign to the top of thednain is preferred to mini-
mize the [possibility of dust.and moisture being carried

from the main into the Service line.

849.1)5 Testing-of.Service Lines After Construction
(a) General Progisions. Each service line shall be tested
after conptruetion and before being placed in service
to demonstrate that it does not leak. The service line
connectid otbe-t ; ts—tes
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 than 10 psig
(69 kPa) for at least 5 min.
(2) Service lines to operate at a pressure less than
1 psig (7 kPa) that have a protective coating that might
temporarily seal a leak, and all service lines to operate
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at a pressure of 1 psig (7 kPa) or more, shall 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 requlrements of (a) and (b) above shall

test pressure, temperature, and duration set fo
para. 842.4.2 shall be observed.

849.2 Steel Service Lines

849.2.1 Design of Steel. Service Lines

(a) Steel pipe, when uséd)for service lines, shal
form to the applicable requirements of Chapter L

(b) Steel service pipe ‘shall be designed in accordlance
with the requireménts of paras. 841.1.1 and 841.1.9(a).
Where the pressure is less than 100 psig (690 kPd), the
steel service\pipe shall be designed for at least 100 psig
(690 kPa).pressure.

(c) Steel pipe used for service lines shall be ins
in such'a manner that the piping strain or external
ingyshall not be excessive.

(d) All underground steel service lines shall be j
by threaded and coupled joints, compression-typ
tings, or by qualified welding or brazing methods, ]
dures, and operators.

con-

alled
load-

bined
e fit-
roce-

849.2.2 Installation of Steel Service Lines
(a) Installation of Steel Service Lines in Bores
(1) When coated steel pipe is to be installed as a
service line in a bore, care shall be exercised to prevent
damage to the coating during installation.
(2) When a service line is to be installed by bpring
or driving, and coated steel pipe is to be used, it{shall
not be used as the bore pipe or drive pipe and left in
the ground as part of the service line unless it has|been
demonstrated that the coating is sufficiently durable to
withstand the boring or driving operation in the type of
soil involved without significant damage to the coating.
Where 51gn1f1cant damage to the coatmg may resulf| from
3 uld be
installed in an oversized bore or casmg pipe of sufficient
diameter to accommodate the service pipe.

(3) Inexceptionally rocky soil, coated pipe shall not
be inserted through an open bore if significant damage
to the coating is likely.

(b) Installation of Service Lines Into or Under Buildings

(1) Underground steel service lines, when installed
below grade through the outer foundation wall of a
building, shall be either encased in a sleeve or otherwise
protected against corrosion. The service line and/or
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sleeve shall be sealed at the foundation wall 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 b R Ak 8 e g

shall|be vented at a safe 1ocat10n

849.8 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
portipn of the service line that extends through the build-
ing wall. Ductile iron service lines shall not be installed
in ur)stable soils or under buildings.

849.4 Plastic Service Lines

849.4.1 Design of Plastic Service Lines

(a)| Plastic pipe and tubing shall be used for service
lines|only where the piping strain or external loading
will hot be excessive.

(b)| Plastic pipe, tubing, cements, and fittings used for
servife lines shall conform to the applicable require-
ments of Chapter I.

(c)| Plastic service lines shall be designed in aecor-
dancp with the applicable requirements of para. 842.2.

(d)] Plastic service lines shall be joined in atcordance
with [the applicable requirements of para({842.2.9.

849.4.2 Installation of Plastic Service Lines

(a)| Plastic service lines shall be iristalled in accordance
with|the applicable requirements)of paras. 842.3 and
849.1{1. Particular care must be taken to prevent damage
to plpstic service line piping at the connection to the
main| or other facility. Precautions shall be taken to pre-
vent rrushing or shearing of plastic piping due to exter-
nal lIgading or settling of backfill and to prevent damage
or pullout from-the connection resulting from thermal

expafision oxr'e¢ontraction. [See paras. 842.3.3(d) and (e).] age the piping.

(b)) Notwithstanding the limitations imposed in (b) Valves in Copper Piping. Valves installed
para|842.3:3, a plastic service line may terminate above  service lines may be made of any suitable ma
grou rdatrd-ottside—the Lui}dius, Pluvidcd that mittect }J)/ this-Corde-

(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
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 backflll At the pomt where the sleeve
he space
be sealed
ic service

between the sleeve and the service line shall
to prevent leakage into the building. The plasti
line shall not be exposed inside the.building.

(2) A plastic service line installed undprground
under a building shall be encasédyin a gas-tight conduit.
When such a service line supplies the buildipg 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 tp prevent
leakage into the btilding. The plastic service|line shall
not be expaesed inside the building. The casing shall be
vented at\a safe location.

849.5 .Copper Service Lines

849.5.1 Design of Copper Service Lines

(a) Use of Copper Service Lines. Copper pipe pr tubing,
when used for service lines, shall conform to the follow-
ing requirements:

(1) Copper pipe or tubing shall not be
service lines where the pressure
100 psig (690 kPa).

(2) Copper pipe or tubing shall not be|used for
service lines where the gas carried contains mnore than
an average of 0.3 grains of hydrogen sulfidg per 100
standard cubic feet (2.8 m?) of gas. This is eqyivalent to
a trace 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
service lines where strain or external loading may dam-

used for
exceeds

in copper
erial per-

(1) the aboveground portion of the plastic service
line is completely enclosed in a conduit or casing of
sufficient strength to provide protection from external
damage and deterioration. Where a flexible conduit is
used, the top of the riser must be attached to a solid
support. The conduit or casing shall extend a minimum
of 6 in. (150 mm) below grade.

(2) the plastic service line is not subjected to exter-
nal loading stresses by the customer’s meter or its con-
necting piping.
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(c) Fittings in Copper Piping. It is recommended that
fittings in copper piping and exposed to the soil, such
as service line tees, pressure control fittings, etc., be
made of bronze, copper, or brass.

(d) Joints in Copper Pipe and Tubing. Copper pipe shall
be joined by using either a compression-type coupling
or a brazed or soldered lap joint. The filler material used
for brazing shall be a copper-phosphorus alloy or silver
base alloy. Butt welds are not permissible for joining
copper pipe or tubing. Copper tubing shall not be


https://asmenormdoc.com/api2/?name=ASME B31.8 2014.pdf

ASME B31.8-2014

threaded, but copper pipe with a wall thickness equiva-
lent to the comparable size of Schedule 40 steel pipe,
i.e., ranging from 0.068 in. (1.73 mm) for NPS % (DN 6)
to 0.406 in. (10.31 mm) for NPS 12 (DN 300), may be
threaded and used for connecting screwed fittings or
valves.

(e) Protection Against Galvanic Action Caused by
Copper. Provisions shall be made to prevent harmful
galvanic action where copper is connected underground

849.6.2 Service Line Connection to Cast Iron and
Ductile Iron Mains
(a) Service lines may be connected to cast iron and
ductile iron mains by
(1) drilling and tapping the main, provided 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

to steel. [See para. 86T-1-3(a)]

849.5]2 Installation of Copper Service Lines. The
following requirements shall apply to copper service
lines witlhin buildings:

(a) Coppper service lines may be installed within build-
ings, proyided that the service line is not concealed and
is suitablly protected against external damage.

(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 cqrrosion. The annular space between the service
line and gleeve shall be sealed at the foundation wall to
prevent gntry of gas or water.

(c) A cppper service line installed underground under
buildingd shall be encased in a conduit designed to pre-
vent gas |eaking from the service line from getting into
the building. When joints are used, they shall be of
brazed |or soldered type in accordance with
para. 849|5.1(d).

849.6 Seérvice Line Connections to Mains

849.6{1 Service Line Connections to Steel Mains.
Service lihes may be connected to steel mains'by

(a) wel]ding a service line tee or similar device to
the main

(b) usipg a service line clamp or saddle.

(c) using compression fittings with rubber or rubber-
like gaskgts or welded connections to connect the service
line to tHe main connectioffitting. Gaskets used in a
manufactured gas systerm_shall be of a type that effec-
tively resjists that typé of'gas.

(d) welding a stéel*service line directly to the main
(see paral 831.4.2.arid Table 831.4.2-1).

directly to cast ron or ductile Iron mains.
(c) Compression fittings using rubber or rubber-like
gaskets or welded connections may be used.to copnect
the service line to the main connectionAfitting.
(d) Gaskets used in a manufactured gas system|shall
be of a type that effectively resists ‘that type of gds.

9]

849.6.3 Service Line Connections to Plastic Mains

(a) Plastic or metal serviee\lines shall be connected
to plastic mains with suitable fittings.

(b) A compression-type service line to main cophnec-
tion shall be designed.and installed to effectively systain
the longitudinalpullout forces caused by contractjon of
the piping orsexternal loading.

849.6.4- Service Line Connections to Copper Mpins
(a) Connections using a copper or cast bronze s¢rvice
line tee“or extension fitting sweat-brazed to the copper
majn“are recommended for copper mains.
(b) Butt welds are not permitted.
(c) Fillet-brazed joints are not recommended.
(d) The requirements of para. 849.5.1(d) shall ap
(1) joints not specifically mentioned i
through (c)
(2) all brazing material

bly to
p (a)

849.6.5 Plastic Service Line Connections to Metal
Mains
(a) Plastic service lines shall be connected to metal

mains with a suitable metallic or plastic main fitting as
provided in para. 849.6.1, 849.6.2, or 849.6.4 havjing a
compression end or other suitable transition fitting.

(b) A compression-type service line to main copnec-
tion shall be designed and installed to effectively systain
the longitudinal pullout forces caused by contractjon of
the piping or external loading.
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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 procedurds 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
procgdures 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
failufe or other emergencies.

(c)
with

(d)

tates

operateand maintain its facilities in conformance
thesesplans.
modify the plans periodically as experience dic-

and as exposure of the pnh]in to the facilities and

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 hazgrd to the
public in the event of an emergency or becaupe of con-
struction opextraordinary 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 minimpum 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
operating company shall establish written ppocedures
that will provide the basis for instructions to apjpropriate
operating and maintenance personnel that yill mini-
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 dlassifying
emergencies that require immediate responise by the
operating company

(b) indicating clearly the responsibility for imstructing
employees in the procedures listed in the emergency
plans and for training employees in the exgcution of

those procedures
Lo)

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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{e—indicating—elearly—thoserespensiblefor updating
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 lemergency 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,
railroads], and news media.

(b) Eagh operating company must have a means of
communijcation with appropriate public officials during
an emergency.

(c) Emprgency procedures, including the contingency,
plan undpr 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 systemns 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 explesion|Each
operating company shall take steps to minimize the
danger of accidental ignition of gas.

(a) When a hazardous amount of-gas is to be vented
into open air, each potential source’of ignition shall first
be removed from the area and@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 transm{ssion
lines must be installed or used.

(b) Suitablesighs and flagmen or guards, if necepsary,
shall be posted to warn others approaching or enfering
the area 6f-the hazard.

(chAe’prevent accidental ignition by electric afcing,
an.adequate bonding cable should be connected td 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 muyst 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 1u_y the LUll{.illBCllLy l,llau urrder
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

provide adequate ventitatiomn foratt workers i the area:

850.

Ea
forp
ities.

(a)

¢ Blasting Effects

th operating company shall establish procedures
otection of facilities in the vicinity of blasting activ-
The operating company shall

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
depenhding 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
opergtion near its pipelines.

850.8 Damage Prevention Program

Eafh operating company shall have a programto
reduge the risk associated with damage to gas facilities
resulfing from excavation activities. Operators:should
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, fincluding 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 oil 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 ynsatisfac-
tory condition, a planned program shall be initiated 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 pipelinie. Patrols
shall be performed at least once every year inf Location
Classes 1 and 2, at least once every 6 months in} Location
Location

tion pf facilities, how to get the facilities field marked ;
prio1] tesexcavating, and who to contact in the event of Class 3, and at least once every 3 months Iy
damége-to-the-operator’sfacitity 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
hazardoys 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 Comparison of
Commonlly Used Methods. Information on these docu-
ments is found in Mandatory Appendix A.

If at any time a defect mentiéned 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 ptiblic. If it is not feasible to
make rephirs at the time'of discovery, permanent repairs
shall be made as soon 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

etchants, or ultrasoric testing:

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. 841.141(a)]. If dondi-
tions require that the sleeve carry the full longitydinal
stresses, the sleeve shall be at leastlequal to the design
strength of the pipe being repdired. Full encirclgment
sleeves shall not be less tham4 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 shpll 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.
Backup<strips are not required. If the circumferpntial
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 mdterial
such as enamel or mastic, so that the soil envirorijment
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 lamingtions
where sleeve fillet welds will be deposited onto the
pipe body.

Consideration shall be given to the toughness clarac-
teristics and quality of all seam welds when depositing
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 repair
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) 1If there is insufficient information about the defect
to determine the pressure at which excavation, investiga-
tion, and/or repair operations may be conducted safely,

1.1 1 1L 1 - 1 11
d lll\Cl.y uClCLi., .lllC UPCIC[{JI[S PLCDDUIC SITdIl
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llUt LUl ltaill CITdadstts, lllCLllal li\_a} C‘laulasc [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
detemined from Fig. 851.4.1-1, where d is the maximum
deptﬂr crest-to-trough dimension of the ripple and D
is thg specified outside diaméter 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 weldfs 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, including cracks,
may be repaired by grinding 6ut the damage,|provided
any associated indentation‘of the pipe does not exceed
a depth of 4% of the mominal pipe diameter.|Grinding
is permitted to a defith"of 10% of the nominal[pipe wall
with no limit on lehgth. Grinding is permitted fo a depth
greater than 10% tp to a maximum of 40% of the pipe
wall, with metal removal confined to a lengthf given by
the following equation:

(U.S Clstomary Units)

/t 2 1/2
a
L= 11 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 extent of the

ground area, in. (mm)
t = nominal wall thickness of pipe, in. (nhm)
Grinding shall produce a smooth contour 11 the pipe
wall. The remaining wall thickness shall b¢ verified
g FsOTT g2 grinchg; tface shall
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

Hoop Stress at MAOP, MPa
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wall thickness shall be checked using ultra-
ting. After grinding, the surface shall be
inspectedl for cracks using a nondestructive surface
examina’{on method capable of detecting cracks and thé
surface shall be inspected with a suitable etchant-as'per
para. 841J2.4(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)(1).

(d) If 4 dent or mechanical damage’is repaired with
a sleeve not 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|filler is recemmended but not required.

(e) Nonmetallic'composite wrap repairs are not

Hoop Stress at MAOP, psi

Source: “Development of Acceptance Criteria for Mild Ripples in Pipeline Field 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
1% 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
installed.

acceptable for.epdir of injurious dents or mechanical (d) If a manufacturing defect is discovered in § low
damage, unless.proven through reliable engineering  frequency ERW weld seam or any seam having a factor
tests and|analysis. E less than 10 in Table 8411 7-1_or if hydrogen btress

(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 AP11104) 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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cracking is found in any weld zone, a full encirclement
welded split sleeve designed to carry maximum allow-
able operating pressure shall be installed.

(e) All repairs performed under (a), (b), (c), and (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
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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) ce. ce e
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)
with a written maintenance procedure, which when fol- This method of repair should not be attejlnpted on

lowedl will permanently restore the required wall thick-
ness|and mechanical properties of the pipeline. The
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 Packground 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
Nonlgaking 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 6f-ser-
vice, |repairs shall be made by the installation'6f a full
encirflement welded split sleeve unless a patclris chosen
in adcordance with (e) below, or unless corrosion is
repaired with deposited weld metal intaccordance with
(f) below. If nonleaking corrosion is' repaired with a
full epcirclement welded split sleeve, the circumferential
fillet|welds are optional.

(c)| If the leak is due to,a'corrosion pit, the repair may
be mpde by the installation of a properly designed bolt-
on lepk clamp.

(d)| A small leaK tpay be repaired by welding a nipple
over ft to vent,the:gas while welding and then installing
an appropriaté fitting on the nipple.

(e)| Leaking or nonleaking corroded areas on pipe of
not more-than 40,000 psi (276 MPa) specified minimum

pipe that is thought to be susceptible to.brittle fracture.
(g) Allrepairs performed under (a), (b), and|(d) above
shall be tested and inspected as provided in para. 851.5.

851.4.5 Permanent Field Repair of Hydrogen Stress
Cracking in Hard Spots and-Stress Corrosion Cracking

(a) If feasible, the pipéline shall be taken out|of 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"hot feasible to take the pipeline gut of ser-
vice, repdirs shall be made by the installation of a full
encirclement welded split sleeve. In the casq of stress
corrosion cracking, the fillet welds are optiopal. If the
fillet welds are made, pressurization of the|sleeve is
optional. The same applies to hydrogen stres$ cracking
in hard spots, 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 Sec¢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 subjected to a
pressure test. The replacement section of pipg 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-

yleld bthfllngl idy bC Iﬁl)dilecl by Ubillg d bLCCl P‘ldLC
patch with rounded corners and with dimensions not
in excess of one-half the circumference of the pipe fillet
welded over the pitted area. The design strength of the
plate shall be the same or greater than the 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. At20 V
and 100 A, burn-through is unlikely to occur when the
actual wall thicknesses exist, as shown in Table 851.4.4-1.
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structive tests meeting the requirements of section 826
are made on all field girth butt welds after installation. If
the replacement is made under controlled fire conditions
(gas in the pipeline), full encirclement welded split
sleeves may be used to join the pipe sections instead of
butt welds. All sleeve welds should be radiographed.
(See para. 851.5.2.)

851.5.2 Nondestructive Testing of Repairs, Gouges,
Grooves, Dents, and Welds. If the defects are repaired
by welding in accordance with the provisions of
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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
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 opfrating company, as long as
remains in service.

851.7 Pi

(a) Sighs or markers shall be installed where it is con-
sidered necessary to indicate the presence of a pipeline
at road, Highway, railroad, and stream crossings. Addi-
tional signs and markers shall be installed along the
remainder 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.

eline Markers

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 thefollow-
ing provisions:

(a) Facflities to be abandoned shall be disconnected
from all Jources and supplies of gas suchyas other pipe-
lines, majins, crossover piping, metér jstations, control
lines, and other appurtenances.

(b) Fadlities to be abandoned in place shall be purged
of gas with an inert materialdnd the ends shall be sealed,
except that

(c) Aftpr precautionsiare taken to determine that no
liquid hydrocarbons-remain in the facilities to be aban-
doned, then suchifacilities may be purged with air. If
the facilities are;purged with air, then precautions must

(b) Purge facilities to be commissioned with an inert
material and effectively seal the ends. For facilities
where purging is not necessary and where a need to
restore to service exists, a small amount of gas can
remain in the facility provided the gas amount poses no
potential hazard, and contains no corrosive contami-
nants exceeding pipeline quality standards such as
water, carbon dioxide, and sulfides.

(c) After the facilities have been decommissioned, the
i i ed as

if the facility were still in service.

(d) The cathodic protection shall be maintained with
the periodic inspections and record keepingto continue
as if the facility were still in service.

(e) For stations where blankéet-gas remaing, the
Emergency Shut Down (ESD) system shall remdin in
service. Some modification te the ESD system mhy be
required to allow for a low pressure ESD. The hazagdous
gas and fire detectors shpuld remain in service to|blow
the units and piping down, if necessary.

851.10 Recommissioning of Transmission Facilifies

Operators‘planning to recommission (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 a facility is recommissioned, all mainte-
nance and cathodic protection records shall be reviewed
to ensure that the condition and integrity of the fgcility
has been 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

be taken foidetérmine that a combustible mixture is not (b) diameter, wall thickness, and grade of pipe
present abterprrsinaSeepara -2 o) (e} pipeline pressure

851.9 Decommissioning of Transmission Facilities

Operators planning the decommissioning (temporary
disconnect) of transmission facilities shall develop pro-
cedures for the decommissioning 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.
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(d) type of girth welds

(e) test and operating history

(f) presence of defects

(¢) existing curvature

(h) bends

(i) valves and fittings

(j) terrain and soil conditions

(k) personnel safety considerations

(I) additional stresses caused by repositioning of the
pipeline
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851.12 Pressure Testing for Integrity Assessment of
In-Service Pipelines

The integrity of an in-service pipeline may be deter-
mined by pressure testing for strength and leaks. Com-
parison of new test pressures with previous test
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

leakage of test media. Additional leak test methods may
be employed if detection of leakage of the test media is
not practical due to very small leaks such as may be
experienced after testing for SCC.

851.12.3 Time Interval Between Tests. The time
interval between pressure tests, or performing the initial
pressure test if the pipeline was not post-construction
tested, should be based upon an engineering critical
assessment to prevent defects from growing to critical

currgnt test, a minimum specified margin of safety can
be established. A strength test, however, will not indicate
ongojing deterioration of the pipeline that has not pro-
gresged to the point where defects fail during the
strenpth test. Refer to Nonmandatory Appendix N for
hydrpstatic testing guidelines.

851.12.1 Pressure Test Levels. When establishing
test gressures 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 (StressyCorrosion
Cracking) has been identified, defects may be mitigated
by piessure testing to a pressure thatwill create a hoop
stres§ of at least 100% of the SMYS at the high point
elevaftion.

(c)| For those in-service pipelines for which the hoop
stres$ percent of the SMYSeannot be accurately deter-
mined or those pipelines”that operate at hoop stress
levels lower than madimum design pressure, the mini-
mun) strength test pressure shall be 1.10 times the
MAQP.

(d)] Followin'g the strength test period, a leak test
shou]d be-performed. The leak test pressure should be
at legst\1710 times the MAOP of the pipeline.

sizes. That engineering critical assessment should
include consideration of the following factorg:
(a) Risk to the Public. The first consideratiof in a test
or retest should be the exposure that the public could
have to a failure of a given pipeline.
(b) Stress Level of Previous Test,~Testing shows 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 timebefore the flaw could bd expected
to grow to a critical sizé, if not mitigated. This means that
increasing the ratig*of the test pressure to the pperating
pressure may‘potentially increase the retest ifiterval.
(c) Corposion Growth Rate. The corrosion grpwth rate
on a given pipeline depends upon the aggrgssiveness
of the gorrosive environment and the effectiveness of
corrosion control measures.
(d) Maintenance. Deterioration of the pipeline is also
a function of the timing and effectiveness of actions to
correct such conditions as corrosion control deficiencies,
external force damage, and operating conditions that
increase the potential for corrosion. The eff¢ctiveness
of programs to prevent damage by excavatipn affects
pipeline maintenance.
(e) Other Inspection Methods. In-line inspectfon, 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-

851.12.2 Pressure Hold Period

(a) The strength test pressure shall be held for a mini-
mum time period of % hr, except for those lines with
known SCC, which are to be pressure tested in accor-
dance with (b).

(b) The pressure test for SCC shall be held long
enough for the test pressure to stabilize, in most cases
Y hr or less.

(c) The leak test pressure should be maintained for
as long as necessary to detect and locate or evaluate any
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tior. The patroting shatt be considered imareas of con-
struction activity, physical deterioration of exposed
piping and supports, or any natural causes, which could
result in damage to the pipe. The frequency of the patrol-
ling shall be determined by the severity of the conditions
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
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plan a provision for making periodic leakage surveys
on the system.

852.2.1 Types of Surveys. The types of surveys
selected shall be effective for determining if potentially
hazardous leakage exists. The following are some proce-
dures that may be employed:

(a) surface gas detection surveys
(b) subsurface gas detector survey (including bar hole
surveys)

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.

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,

(c) vegetation surveys

(d) prepsure drop tests

(e) buble leakage tests

(f) ultrpsonic leakage tests

A detailled 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) that has significant potential to either initiate a
leak or tg 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
icallly to affirm that they are still appropriate. The

quently gs experience indicates necessary, but not less
than oncé¢ eVery 5 yr.

or fire, which may involve gas pipelines or othdr gas
facilities, shall be investigated promptly. If the ihveptiga-
tion reveals a leak, the leak should be classified and
action should be taken in accordance with the cifiteria
in section M-5 of Nonmandatory Appendix M.

852.3.3 Odor or Indications Fram Foreign Sourges.
When potentially hazardousleak indications (such as
natural, sewer, or marsh gas' or gasoline vapor§) are
found to originate fromga foreign source or facility or
customer-owned piping,‘they shall be reported to the
operator of the faeility and, where appropriate, fo the
police departmefit, fire department, or other governmen-
tal agency. When the company’s pipeline is connected
to a foreignfacility (such as the customer’s piping), nec-
essary action, such as disconnecting or shutting off the
flow, of@as 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 shgll be
checked by using acceptable methods. The perimeter 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 residul 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 otheg leak
repairs, the need for a followup inspection should be
determined by qualified personnel.

852.4 Requirements for Abandoning, Disconnec
and Reinstating Distribution Facilities

ing,

852.4.1 Abandoning of Distribution Facilities.
operating company shall have a plan for aband
inactive facilities, such as service lines, mains, ¢

Each
ning
ntrol

852.3 Leakage Investigation and Action

852.3.1 Leakage Classification and Repair. Leaks
located by surveys and/or investigation should be eval-
uated, classified, and controlled in accordance with the
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
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tines; equipment, ardappurtemarnces for wiictr there is
no planned use.

The plan shall also include the following provisions:

(a) If the facilities are abandoned in place, they shall
be physically disconnected from the piping system. The
open ends of all abandoned facilities shall be capped,
plugged, or otherwise effectively sealed. The need for
purging the abandoned facility to prevent the develop-
ment of a potential combustion hazard shall be consid-
ered and appropriate measures shall be taken.
Abandonment shall not be completed until it has been


https://asmenormdoc.com/api2/?name=ASME B31.8 2014.pdf

ASME B31.8-2014

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,
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

(b) when the service line has been designed, installed,
tested, and maintained in accordance with the require-
ments of this Code

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

actiorrstattbetaker:

(b)| In cases where a main and the service lines con-
nectdd to it are abandoned, insofar as service lines are
conc¢rned, only the customer’s end of such service lines
needp to be sealed as stipulated above.

(c)| Service lines abandoned from the active mains
shodld be disconnected as close to the main as
practicable.

(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
segment at intervals.

(e)] All above-grade valves, risers, and vault and valve
box dovers 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 th¢ 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 insthe service line or
in the meter assembly.

(c)] The customer’s piping shall-be physically discon-
nectdd from the gas supplyandthe open pipe ends shall
be sefaled.

852.4.3 Test Requirements for Reinstating
Abardoned Facilities and Temporarily Disconnected
Servike Lines. <Facilities previously abandoned shall be
testeql in the Sdme manner as new facilities before being
reinstated.

Seyvige-lines previously abandoned shall be tested

tests be made to determine that the particllar type,
grade, size, and wall thickness of pipe omtubjng of the
same manufacture can be squeezed-pff _and [reopened
without causing failure under the eonditiong that will
prevail at the time of the squeezing-off and rpopening.
(b) After compliance with (a), whenever th¢rmoplas-
tic pipe or tubing is squeezéd-off and reopgned, it is
required that
(1) the work be done with equipment ahd proce-
dures that have beén-established and proven by test
to be capable of performing the operation spfely and
effectively
(2) thelsqueezed-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-reopening do not affect the long-term prgperties of
the pipe or tubing
(c) Squeeze-off and reopening shall be dong in accor-
dance 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 Tibing.
(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 derjt is found
in plastic pipe or tubing, the damaged or defgctive 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 pdra. 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 replaceinent pipe

in thb—samemarmeras-rew—servicetinesbeforebeing
reinstated.

Service lines temporarily disconnected because of
main renewals or other planned work shall be tested
from the point of disconnection to the service line valve
in the same manner as new service lines before
reconnecting, except

(a) when 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
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Oor [ubiug b}ldll 1[)E Iedk Iet-ted dtl dVdild‘Uli System
pressure.

Repairs shall be made in accordance with qualified
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
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be given to the extent of fiber damage in the case of
thermosetting plastic pipe.

(b) If apatch or full encirclement sleeve is used, it shall
extend at least % in. (13 mm) beyond the damaged area.

(c) Ifafull encirclement split sleeve is used, the joining
line between the halves of the sleeve shall be as far as
possible from the defect, but in no case closer than % in.
(13 mm). Suitable precautions shall be taken to ensure
a proper fit at the longitudinal seam.

at pressures of less than 25 psig (170 kPa) that is exposed
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.

(d) Th¢ patch or sieeve material shall be the same
type and| grade as the pipe or tubing being repaired.
Wall thickness of the patch or sleeve shall be at least
equal to that of the pipe or tubing.

(e) Thq 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 between 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 heattfusion 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
distribution piping system is uncovered for operating
or maint¢nance 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) the|condition of the pipe surface and of the protec-
tive coating where the coating has deterigrated to the
extent that the pipe is corroding underneath

(c) anyl damaged protective coating

(d) anyf repairs made

852.6
broken c¢
breakage
by others

2 Cause of Cast Iron_Breakage. Whenever

st iron facilities drevuncovered, the cause of
such as thermaleffect, backfill, or construction
shall be recorded if it can be determined.

852.6.3 Analysis of Condition Records. Distribution
piping conditien\reécords shall be analyzed periodically.
Any indicatéd)remedial action on the piping system
shall be takén and recorded.

T : n an
operating company has knowledge that the suppdrt for
a segment of a buried cast iron pipeline is. disturlped
(a) that segment of the pipeline mustbe protected as
necessary against damage during the disturbance
(b) as soon as possible, appropftiate steps must be
taken to provide permanent protection for the distiirbed
segment from damage that might result from exfernal
loads

853 MISCELLANEQUS FACILITIES MAINTENANICE
853.1 Compressor Station Maintenance

853.1.1 - Compressors and Prime Movers. The fstart-
ing, opefating, and shutdown procedures for all gas
compressor units shall be established by the operating
company. The operating company shall take appropriate
steps to see that the approved practices are followed.

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 replaced.
All remote control shutdown devices shall be inspected
and tested at least annually to determine that they|func-
tion properly.

853.1.3 Repairs to Compressor Station Piping] All
scheduled repairs to compressor station piping
operating at hoop stress levels at or above 40% ¢f the
specified minimum yield strength shall be done in gccor-
dance with para. 851.3, except that the use of a wglded
patch is prohibited. Testing of repairs shall be dqgne in
accordance with para. 851.4.

852.7 Cast Iron Pipe Maintenance

852.7.1 Sealing Joints of 25 psig (170 kPa) or More.
Each cast iron caulked bell and spigot joint operating
at pressures of 25 psig (170 kPa) or more that is exposed
for any reason 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

86

853.1.4 Isolation of Equipment for Maintenance or
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
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in a separate structure built of noncombustible material
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 gatibrationmrprocedure Tochca 1
operqtional integrity of the gas detectors and alarm sys-
tems|installed.

OTl Vv Vve v C

8/53.1.7 Monitoring Effects of Pulsation and
Vibration. Facilities exposed to the effets of vibration
and pulsation 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 fabprication 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 afid)place in its files a
plan [for the systematic, routinelinspection and testing
of the facilities that has the following provisions:

1) Procedures shall befollowed 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 determine the dew point of vapors
contgined .in\he stored gas that might cause internal
corrdsion-or interfere with the safe operations of the
storage\plant.

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
systematic, periodic inspections and suitable tests, or
reviewed to determine that they are

(a) in good mechanical condition. Visual inspections
a a H a i i5 properly
installed and protected from dirt, liquids, or other condi-
tions that might prevent proper operationinIhe following
shall be included in the inspection where appropriate:

(1) station piping supports, pitsi-and vaults for gen-
eral condition and indications of.ground settlgment. See
para. 853.5 for vault mainteriance.

(2) station doors and gates and pit vault|covers to
determine that they are“functioning properly| and that
access is adequate and-free from obstructiony.

(3) ventilatingequipment installed in statjon build-
ings or vaults/for-proper operation and for eyidence of
accumulatién)of water, ice, snow, or other obgtructions.

(4) cofitrol, sensing, and supply lines for donditions
that could result in a failure.

(5) all locking devices for proper operatjon.

(6) station schematics for correctness.

(b) adequate from the standpoint of capacity and reli-
ability of operation for the service in whicH they are
employed and set to function at the correct fressure

(1) If acceptable operation is not obtain¢d during
the operational check, the cause of the malfungtion shall
be determined, and the appropriate compongnts 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 capagity, steps

(3) The pressure control and pressure-limiting
equipment shall be inspected and tested periodically to
determine that it is in a safe operating condition and
has adequate capacity.

(b) Each operating company, having prepared such a
plan as prescribed in (a), shall follow the plan and keep
records that detail the inspection and testing work done
and the conditions found.

(c) All unsatisfactory conditions found shall be
promptly corrected.

shall be taken to install new or additional equipment
to provide adequate capacity.

853.3.2 Abnormal Conditions. Whenever abnormal
conditions are imposed on pressure or flow control
devices, the incident shall be investigated and a determi-
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.

(14)
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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
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

(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

(3) furnishing tools and equipment as required,
including auxiliary breathing equipment, to meet antici-
pated emergency valve servicing and/or maintenance
requirements

(3) cpnfrol, sensing, and supply line valves
(b) Th¢ final inspection procedure shall include the

following:

(1) a check for proper position of all valves. Special
attentior] shall be given to regulator station bypass
valves, relief device isolating valves, and valves in con-
trol, sensing, and supply lines.

(2) rpstoration of all locking and security devices
to proper] position.

853.314 Pressure-Regulating Stations

(a) Evqry distribution system supplied by more than
one presgure-regulating station shall be equipped with
telemeterfing or recording pressure gages to indicate the
gas pressjure in the district.

(b) Or| distribution systems supplied by a single
pressuretregulating station, the operating company
shall detgqrmine the necessity of installing such gages in
the distri¢t. In making this determination, the operating
company|shall take into consideration the operating con-
ditions s{ich as the number of customers supplied, the
operating pressures, the capacity of the installation, etc:

(c) If there are indications of abnormal high. ot low
pressures, the regulator and the auxiliary equipment
shall be ipspected and the necessary measufes shall be
employed to rectify any unsatisfactory opetating condi-
tions. Sujtable periodic inspections ef.single pressure
regulatioh stations not equipped, with' telemetering or
recording gages shall be made~te/determine that the
pressure-fegulating equipment is’ functioning properly.

853.4 Vglve Maintenance

853.4.1 PipelineVatves. Pipeline valves that would
be requirpd to be\operated during an emergency shall
be inspected périodically and partially operated at least
once a yjear te provide safe and proper operating
conditions

853.4.2 Distribution System Valves. Valves)ile use
of which may be necessary for the safe operation of a
gas distribution system, shall be checked and seryiced,
including lubrication where necessary, atSufficiently fre-
quent intervals to ensure their satistactory operation.
Inspection shall include checking ©f-alignment to permit
use of a key or wrench and clearing from the valve box
or vault any debris that would ‘interfere with or delay
the operation of the valve-System maps showing [valve
locations should be available.

853.4.3 Servicé Line Valves. Outside shutoff valves
installed in seryice lines supplying places of pjublic
assembly, suchéas theaters, churches, schools, and Hospi-
tals, shall be\inspected and lubricated where requifed at
sufficiently frequent intervals to ensure their satisfgctory
operation. The inspection shall determine if the valve
is_accessible, if the alignment is satisfactory, and fif the
valve box or vault, 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
for locating 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 thking
these precautions. Some recommended actions [to be
taken, where applicable, are as follows:

(a) Lock valves in aboveground settings readily 4
sible to the general public that are not enclosed

cces-
by a

(a) Routine valve maintenance procedures shall

include, but not be limited to, the following:

(1) servicing in accordance with written procedures
by adequately trained personnel

(2) accurate system maps for use during routine or
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
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building or fence.

(b) Lock valves located in vaults, if accessible to the
general public.

(c) Identify the valve by tagging, color coding, or any
other suitable means of identification.

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
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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.
Unsatisfactory 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 i i
with [procedures developed per para. 850.2(a), giving
partifular consideration to the monitoring of the atmo-
sphete and safety protection for personnel in the vault.

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% of specified minimum yield
strenpth shall be monitored to determine if additional
buildings intended for human occupancy have been con-
strucfed. The total number of buildings intended for
human occupancy 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 it
para|840.1(c), and with the knowledge that the number
of byildings intended for human occupancy is hot' an
exactj or absolute means of determining damage~causing
activjities, judgment must be used to determine the
changes that should be made to items, suchds operating
stresg levels, frequency of patrolling and\cathodic protec-
tion fequirements, as additional bildings intended for
human occupancy are constructed:

(c)] When there is an increasejin the number of build-
ings jntended for human odcupancy to or near the upper
limit|of the Location Class/listed in Table 854.1-1 to the
exter)t that a change-iniLocation Class is likely, a study
shall[be completed within 6 months of perception of the
increpse to determine the following:

1) the deSign, construction, and testing procedures
folloyed, intthe original construction and a comparison
of suthyprecedures with the applicable provisions of this
Code-

(5) the actual area affected by the increase in the
number of buildings intended for human occupancy
and physical barriers or other factors that may limit the
further expansion of the more densely populated area.

(d) Following this study, if a change of Location Class
isindicated, the patrols and leakage surveys shall imme-
diately be adjusted to the intervals established by the
operating company for the new Location Class.

If the study described in para. 854.1 indicatgs that the
established maximum allowable operating’ ptessure of
a section of pipeline or main is not commensyrate with
existing Location Class 2, 3, or 4, arid such se¢tion is in
satisfactory physical condition,the'maximum pllowable
operating pressure of that seétion shall be confirmed or
revised within 18 months‘following completfon of the
study as follows:

(a) If the section inyolved has been previougly tested
in place for not less than 2 hr, the maximum apllowable
operating pressure’shall be confirmed or reduded so that
it does not exceed that allowed in Table 854.1-1.

(b) If the ptevious test pressure was not high enough
to allow:the pipeline to retain its MAOP or to achieve
an acceéptable lower MAOP in the Location Class
acéording to (a) above, the pipeline may either retain
its MAOP or become qualified for an acceptgble lower
MAOP if it is retested at a higher test pressure fpr not less
than 2 hr in compliance with the applicable prgvisions of
this Code. If the new strength test is not gerformed
during the 18-month period following the Locafion 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 test is performed any time after the [I8-month
period has expired, however, the MAOI] may be
increased to the level it would have achieved fif the test
had been performed during that 18-month p¢riod.

(c) An MAOP that has been confirmed qr revised
according to (a) or (b) above shall not exceed that estab-
lished by this Code or previously established by applica-
ble editions of the B31.8 Code. Confirmation gr revision
according to para. 854.2 shall not preclude the¢ applica-
tion of section 857.

(d) Where operating conditions requirq that the
existing maximum allowable operating pressure be

(2) the physical conditions of the pipeline or main
to the extent that this can be ascertained from current
tests and evaluation records.

(3) operating and maintenance history of the pipe-
line or main.

(4) the maximum operating pressure and the cor-
responding operating hoop stress. The pressure 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.
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maintained, and the pipeline cannot be brought into
compliance as provided in (a), (b), or (c) above, the pipe
within the area of the Location Class change shall be
replaced with pipe commensurate with the requirements
of Chapter 1V, using the design factor obtained from
Table 841.1.6-1 for the appropriate Location Class.

854.3 Pressure-Relieving or Pressure-Limiting
Devices

Where the MAOP of a section of pipeline or main is
revised in accordance with para. 854.2 and becomes less

(14)
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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% $MYS
1 0-10 4 [Note (2)] 0.555 X test pressure but not greater than 50% $MYS
2 11-45 2 46-65 Previous MAOP but not greater than 60%(SMYS
2 11-45 3 66+ 0.667 X test pressure but not greatefithan 60% $MYS
2 11-45 4 [Note (2)] 0.555 X test pressure but not greater than 50% $MYS
3 46+ 4 [Note (2)] 0.555 X test pressure buf/not ‘greater than 50% $MYS
NOTES:
(1) At time|of design and construction.
(2) Multistpry buildings become prevalent.
than the naximum allowable operating pressure of the ~ consequence ofya failure, even though the probability of
pipeline ¢r main of which it is a part, a suitable pressure- ~ such an occurrence is very unlikely if the line is designed,
relieving [or pressure-limiting device shall be installed  constructedyand operated in accordance with this ode.

in accordpnce with provisions of paras. 845.1, 845.2, and
845.2.1.

854.4 Review of Valve Spacing

Where [the study required in para. 854.1 indicates that
the established maximum allowable operating pressuie
of a tranpmission pipeline is not commensuratewith
that pernjitted by this Code for the new LocatjonClass,
the sectignalizing valve spacing shall be reviewed and
revised ap follows:

(a) If the section of pipe is qualifiéd)for continued
service because of a prior test [para. 854.2(a)], or can
be brought into compliance by loweting the maximum
allowablg operating pressure [para. 854.2(a)], or testing
[para. 854.2(b)], no additional valves will normally be
required.

(b) WHere a segmerit'of pipeline must be replaced to
maintain the established maximum allowable operating
pressure |as provided in para. 854.2(d), consideration
should b¢ giyento valve spacing as follows:

(1) Where’a short section of line is replaced, addi-

(1)7Where such a facility described in (a) above
resulfs in frequent concentrations of people, the require-
ments of (b) below shall apply.

(2) However, (b) below need not be applied {if the
facility 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 ag out-
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:
or at
f the

(1) The segment is hydrostatically retested
least 2 hr to a minimum hoop stress level of one
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

tional va

(2) Where the replacement section involves
1 mi (1.6 km) or more of transmission line, additional
valve installation shall be considered to conform to the
spacing requirements in para. 846.1.1.

11 1 1 . 1
vES WHITULHIAIYy - 1TOT DT TTHULLITU.

854.5 Concentrations of People in Location
Classes 1 and 2

(1) Where a facility meeting the criteria of para. 840.3
is built near an existing steel pipeline in Location
Classes 1 or 2, consideration shall be given to the possible
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a hoop stress level over 50% and up to 60% of SMYS,
unless the segment was tested previously to a pressure
of at least 1.5 times the MAOP

If the segment contains pipe of various operating
stress levels, the minimum test hoop stress levels stated
above 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.
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(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
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.

(3) Replace facilities necessary to make sure the
operating stress level is commensurate with the Location
Class.

(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

855
855.

The intent of this section is to provide requirements
to allow an operator of a steel pipeline previously used
for sprvice not covered by this Code to qualify that
pipe:ﬁne for service under this Code. For a dual service
pipeline used alternately to transport liquids in confor-
mange with an appropriate Code, such as ASME B31.4,
and gas under this Code, only the initial conversion to
gas service requires qualification testing.

PIPELINE SERVICE CONVERSIONS

L General

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
othe1 joining methods, internal and external coating,
pipe| and other material descriptions.

(b)| Study available operating and maintenance data
including leak records, inspections, failtires, cathodic
protgction, and internal corrosion control practices.

(c)] Consider the age of the pipeline:and the length of
time [it may have been out of seryice-in preparing a final
evaldation to convert the pipeline to gas service.

P Historical Records Study

855.

A dteel pipeline preyiously used for service not subject
to this Code may-be qualified for service under this
Codgq as follows:

(a)] Reviewrhistorical records of the pipeline as indi-
cated in para.’855.2.

(b)| Inspect all aboveground segments of the pipeline

B Requirements for Conversion to Gas Service

Code to establish the maximum allowable pperating
pressure of the pipeline, unless the pipeline'hgs been so
tested previously.
(¢) Perform aleak testin 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‘ether new 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 Records 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 conc¢ntrations
of one-fifth of the lower explosive limit and above, 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.!

for physieal-eondition—Puring-the—inspecton—identiy
the material where possible for comparison with avail-
able records.
(c) Operating Stress Level Study

(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.
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OdUliLatiUll iD llU‘[ lchlblilt:d fUl

(a) gas in underground or other storage

(b) gas used for further processing or use where the
odorant would serve no useful purpose as a warning
agent or would be a detriment to the process

(c) gas used in lease or field operations

If 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

! Refer to NFPA 58 and NFPA 59.
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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.

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 0

Each operating company shall use an odorant in accor-
dance with the following requirements:

(a) Thg odorant, when blended with gas in the speci-
fied amopint, shall not be deleterious to humans or to
the matertfials present in the gas system and shall not be
soluble ifh water to a greater extent than 2% parts of
odorant to 100 parts of water by weight.

(b) Thg products of combustion from the odorant shall
be nontoxic 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 wlith a normal sense of smell.

856.4 Reécords

For all{odorizers, except small wick-type or bypass-
type, or similar odorizers serving individual customers
or small dlistribution 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 pex 'million cubic
feet (m?)

856.5 Odorant Concentration Tests

Each operating companytshall conduct odorant con-
centration tests on gas supplied through its facilities
that requjres odorization: Test points shall be remotely
located fjom the oderizing equipment to provide data
representptive of gas at all points of the system.

857 UHRATING

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.

(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. 545.2.2,
the following investigative and corrective meapures
shall be taken:

(1) The design, initial installation, méthod
date of previous testing, Location Elasses, matgrials,
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 ¢he line shall be determined
by leakage surveys, othérfield inspections, and ekxami-
nation of maintenance‘records.

(3) Repairs, réplacements, or alterations disdlosed
to be necessary by (c)(1) and (c)(2) above shall be made
prior to the uprating.

(d) A new-test according to the requirements qof this
Code should be considered if satisfactory evidence is
not,available to ensure safe operation at the proj:osed
maxithum allowable operating pressure.

(e) When gas upratings are permitted under
paras. 857.2, 857.3, 857.4, and 857.5, the gas pressure
shall be 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 opetjating
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 hqzard.
Potentially hazardous leaks discovered shall be regaired
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

and

This section of the Code prescribes minimum require-
ments for uprating pipelines or mains to higher maxi-
mum allowable operating pressures.

857.1 General

(a) 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
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857.2 Uprating Steel Pipelines or Mains to a
Pressure That Will Produce a Hoop Stress of
30% or More of SMYS

The maximum allowable operating pressure may be
increased after compliance with para. 857.1(c) and one
of the following provisions:

(a) 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
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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
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

(b) Before increasing the maximum allowable
operating pressure of a system that has been operating
atless than the applicable maximum pressure to a higher
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

not Heen satisfactorily verified or that the line has not
been| previously tested to the levels required by this
Codgq for a new line for the proposed higher maximum
allowable operating pressure, the line may be operated
at th¢ higher maximum allowable operating pressure if
it shall successfully withstand the test required by this
Code¢ for a new line to operate under the same
condftions.

(c)| If the physical condition of the line as determined
by pqra. 857.1(c) verifies its capability of operating at a
highé¢r pressure, a higher maximum allowable operating
presgure 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 caph be uprated to a higher maximum allowable
operating pressure, and if it is not practical to test the
line ¢ither because of the expense or difficulties created
by thl:ing it out of service or because of other operating
condfitions, a higher maximum allowable operating
presgure may be established in Location Class 1 as
folloyvs:

1) Perform the requirements of para:~857.1(c).

2) Select a new maximum allowable operating

presgqure consistent with the condition of the line and

the design requirements of this ‘Cdde, provided

(-a) the new maximum.allowable operating pres-

sure [does not exceed 80%.ef 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

capable of performing satisiactorily at_tfje higher
pressure

(c) Before increasing the pressure, the\following steps
shall be taken:

(1) Install suitable devices on the servide lines to
regulate and limit the pressure'of the gas in agcordance
with para. 845.2.7(c) if the new maximum pllowable
operating pressure is to betever 60 psi (410 KPa).

(2) Adequately reinforce or anchor offsets, bends,
and dead ends in coupled pipe to avoid moyement of
the pipe should the.offset, bend, 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

(1) 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 Igying 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 jron 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.

(a) This applies to high-pressure steel mains and pipe-
lines where the higher maximum allowable operating
pressure is less than that required to produce a hoop
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.
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S Nommrt WaH-Thickmess—Ymtessthe nominal
thickness is known with certainty, it shall be determined
with ultrasonic measuring devices. The average of all
measurements taken shall be increased by the allowance
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.
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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 c..

lanufacturing Process. Unless the cast iron pipe

manufacturing process is known with certainty, it shall
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strength,
rupture, |
(b) Be
operatin
taken:
(1) K
para. 857
(2) A
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regulate
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(c) Ifa
that the 1

ed to be pit cast pipe having a bursting tensile
S, of 11,000 psi (76 MPa) and a modulus of
R, of 31,000 psi (214 MPa).

fore increasing the maximum allowable
b pressure, the following measures shall be

eview the physical condition as required by
1(c).
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ends in coupled or bell and spigot pipe to

vement of the pipe, should the offset, bend, or
be exposed by excavation.
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provided in para. 857.1(e).

857.5 Uprating a Distribution System That Has

Operating at Inches (Millimeters) of Watey

(Low Pressuré)to a Higher Pressure

(a) In addition* to the precautions outling
para. 857.1(c) and the applicable requirements cont
in paras. 857:3 and 857.4, the following steps my
taken:

(3)<Install pressure-regulating devices at eacl
tomer’s meter.
(2) Verify that the segment being uprated is
cally disconnected from all segments of line tha

vable
bd as

Been

d in
hined
st be
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hysi-
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continue to operate at inches (millimeters) of water.

(b) After performing the steps outlined in (a) a
the pressure shall be increased in increments as ouf
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.

bove,
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
Chay

I Scope

This Chapter contains the minimum requirements

rocedures for corrosion control of exposed, buried,
bubmerged metallic piping and components. (See
ter VIII for special offshore requirements.) This
Chapjter contains minimum requirements and proce-
dureg 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
under 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-
menf to be effective in mitigating corrosion.

(c)| Deviations from the provisions of this Chapter are
pernfissible 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 thgse shown in this Chapter. Each operating company
shall| establish procedures to implenient its corrosion
contyol program, including the yéquirements of this
Chapjter, to achieve the desired(objéctives. Procedures,
inclyding those for design, dnstallation, and mainte-
nance of cathodic protection systems, shall be prepared
and implemented by, or‘under the direction of, persons
qualified by trainingand/or experience in corrosion
control methods.

(e)|Records indicating cathodically protected piping,
cathpdic prétection facilities, and other structures
affecfed byrer affecting the cathodic protection system
shall[be_mdintained by the operating company.

shall be repaired, reconditioned, or replacgd, or the
operating pressure shall be reduced, commiensiirate with
the remaining strength of the corroded\pipeFor steel
pipelines, the remaining strength of eorroded [pipe may
be determined in accordance withhn ASME B31(:, Manual
for Determining the Remaining Strength of Corroded
Pipelines.
(b) The records available.a$ a result of leakage surveys
and normal maintenance work in accordance with
paras. 852.2 and 8526 shall be continuously [reviewed
for evidence of continuing corrosion.
(c) Electricalsurvey methods may be used ds 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 accordgnce 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 anplyzed as

(f) Records-oftests sueys inspectionresultsleaks;
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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TIeCessary for deter g the presence 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 manier and quantity to protect all affected portions
of the piping systems.

(2) Qorrosive agents shall be removed by recog-
nized mefhods, 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
mitigatioh methods will not control continuing corro-
sion to arj 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 anld cathodically protected unless it can be dem-
onstrated by test orexperience 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-

istics, and dietectric Strengtit.

(c) Coating shall be applied in a manner that enjsures
effective adhesion to the pipe. Voids, wrinklésyholidays,
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 eff¢ctive
corrosion control shall be:fepaired before the pipe is
installed in the ditch,

(e) In addition 4o the provisions of paras. 841.2
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., belts 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) sufficient 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‘posgible from
a corrosion control standpoint. It is réepgnized {however,
thatinstallation of metallic casingsisfrequently required
or desirable to facilitate constnuction, 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 gther 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 t¢he casing ends should be sealed with a durable
material to minimize the accumulation of splids and
liguids in the annular space. Special attentiqn should
be given to the casing ends to prevent electricall shorting
due to backfilling movement or settling. Wherq 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 mnitigated.
(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

(a) maferials and/or component geometry shall be
designed|to resist detrimental corrosion

(b) a stitable coating

(c) catIodic 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 pretected 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-
degree of protectlon prov1ded on the plpll"lg

ation of 1tems 1nc1ud1ng, but not 11rn1ted 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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be taken to protect the piping system from detrinjental
corrosion. Gas containing free water under_the”qondi-
tions at which it will be transported shall\be)asspmed
to be corrosive, unless proven to be moncorrosiye by
recognized tests or experience.

Internal corrosion control measuzesshall be evalpiated
by an inspection and monitoringvprogram, inclfiding
but not limited to, the followitig:

(a) The inhibitor and the,inhibitor injection system
should be periodically checked.

(b) Corrosion coupons and test spools sha
removed and evaluated at periodic intervals.

(c) Corrosiofprobes should be checked manudlly at
intervals, or,_coentinuously or intermittently monifored,
recorded, oxboth, to evaluate control of pipeline infernal
corrosion.

(d)(Arecord of the internal condition of the pi
leaks and repairs from corrosion, and of gas, liqui
solids quantities and corrosivity should be kep
used as a basis for changes in the pigging sche
inhibitor program, or gas treatment facility.

(e) When pipe is uncovered or on exposed piping
where internal corrosion may be anticipated, pipq wall
thickness measurement or monitoring will help evgluate
internal corrosion.

(f) Where inspections, observation, or record anglysis
indicates internal corrosion is taking place to an gxtent
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.

11 be

be, of
s, or

and
dule,

864.2 Design of New Installations

When designing a new or replacement pipeling sys-
tem, or additions or modifications to existing systems,
measures shall be considered to prevent and /or i

ciency of a pipeline in which it is known or ant1c1pated
that corrosive gas will be transported, the following
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
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(b) applied coatings shall be inspected in accordance
with established specifications or accepted practice

(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 cpating if pi

864.2.2 Use of Corrosion Inhibitor. When a corro-
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
equipment shall be provided to allow for continued pro-
gram 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 fot_effective accumula-
tion gnd handling of liquid and solid materials removed
from(the pipeline by pigs or!spheres

844.2.4 Use of Corrosion-Coupons. When corrosion
couppns, corrosion probes, and/or test spools are to
be uged

(a)] corrosion edupons, probes, or test spools shall be
installed where practical at locations where the greatest
potential foriinternal corrosion exists

(b)| cofrosion coupons, probes, and test spools must
be dgsigtied to permit passage of pigs or spheres when

(a) materials selected for pipe and fittings shall be
compatible with the components of the gas, the liquids
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
i Tt ed. [See

paras. 842.5.1(a)(2) and 849.5.1(a)(2) for limitations on

copper.]

(c) erosion—corrosion effects from-high-velogity parti-
cles at probable points of turbulence-and impjingement
should be minimized by use of erpsion-resistapt materi-
als, added wall thickness, desigh or flow confjguration,
and size or dimensions of\the pipe and fittings.

864.2.7 High-Temperature Considerations. When
gas or a mixture of gas and liquids or solids known or
anticipated to, b€ corrosive is transported af elevated
temperatures;special consideration shall be gifen to the
identification/and mitigation of possible interhal corro-
sion. Such* measures are necessary because [corrosion
reactien rates increase with elevated temperaftures and
are;not stable. Appropriate mitigation and mjonitoring
measures 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, suc;l:L as sulfur
compounds or CO,. If it is anticipated, howgver, 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

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

installed in sections traversed thereby

864.2.5 Sweetening or Refining of Gas. When gas
is to be treated to reduce its corrosivity

(a) separators and/or dehydration equipment may be
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
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cartiy, the corrosion rate is Teduced becatuse 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
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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 dccording to the particular requirements of that
environment. 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 actess for adjust-
ment and/maintenance is ensured. The-effects of seasonal
variation$ in soil resistivity should be-compensated for
by using constant potential-tecetifiers 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 dffects
of telluric currents prevalent in“polar regions. These
spans also provide contact points'for measuring ir|dica-
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 buried
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. I‘hese
include resistance to damage from soil or secopdary
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 shpll 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.
Opetpting 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 femedial measures shall be taken as necessary. Any
such evidence should be given consideration in all pipe-
line fpilure investigations. Operating companies should
avail|themselves of current technology on the subject
and /jor consult with knowledgeable experts.

Thjs paragraph must be limited to general statements
rather than specific limits in regard to stress corrosion.
Stres§ corrosion is currently the subject of investigative
reseajrch programs, and more specific data will ertainly
be avpilable to the pipeline designer and operating com-
pany| in the future. In the interim, this‘Code suggests
that fhe user refer to the current state‘ofithe 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 bg 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.

(bxIpshall 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
oating.
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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 the remainder of this Code are
also fequirements of this Chapter unless specifically
modified herein. With the exceptions noted above, para-
graph designations follow those in the first six chapters
with [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 Chapter,
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, pind operation of,0ffshore gas transmission systems.
Requirements of this.Chapter supplement the require-
ments of the remainder 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 acctmylation 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 cQupling.

buckle: a condition in which the pipeline has undergone
sufficient plastic deformation to cause permarjent wrin-
kling in the pipe walbor’excessive cross-sectional defor-
mation caused by bending, axial, impact, and/or
torsional loads acting alone or in combination with
hydrostatie{pressure.

cathodicdisbondment: the loss of adhesion betwden 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 cdating 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
(a) 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
Plex1ble plpe does not mclude sohd metallic $teel pipe,
S °r hose, or
metalhc pipes lined with nonmetalhc lmlngs 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.

near white blast cleaned: a surface that, when viewed with-
out magnification, is free of all visible oil, grease, dust,
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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-
mately 9.0 in.? (58 cm?)], and may consist of light shad-
ows, slight streaks, or minor discolorations caused by
stains of rust, stains of mill scale, or stains of previously
applied coating (see NACE No. 2/SSPC-SP 10).

offshore: the area beyond the line of ordinary high water
along the portion of the coast that is in direct contact

return interval: statistically determined time interval
between successive events of design environmental con-
ditions being equaled or exceeded, typically calculated
as the reciprocal of the annual probability of occurence
of the event.

riser: see offshore pipeline riser.

sea floor bathymetry: refers to water depths along the
pipeline route.

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 gipeline system: all components of a pipeline
installed |offshore for transporting gas other than pro-
duction facility piping. Tanker or barge loading hoses
are not cgnsidered part of the offshore pipeline system.

offshore p
anchored

atform: any man-made fixed or permanently
structure or artificial island located offshore.

pipe collagse: flattening deformation of the pipe resulting
in loss of cross-sectional strength and circular shape,
which is faused by excessive external hydrostatic pres-

sure actinlg alone.

plastic defprmation: a permanent deformation caused-by
stressing [beyond the elastic limit.

iping:

offshore platforms producing‘hydrocarbons,
piping is all the gas transmission piping,
pances, and components between the produc-
ity and the offshore pipeline riser(s). This
hiny gas compressors-and piping that are not a
e production facility:

(b) On|offshore platformis not producing hydrocar-
bons, plaform piping(is)all the gas transmission piping,
compressors, appuftenances, and components between
the offshore pipeline risers.

(c) Bechusé of a wide variety of configurations, the
exact locption of the transition between the offshore

platform ¢

(@) On
platform
appurten
tion faci
includes
part of th

soil liquefaction: a soil condition, typically caus¢d by
dynamic cyclic loading (e.g., earthquake, waves); where
the effective shear strength in the soil is reduiced|such
that the soil exhibits the properties of a-liquid.

splash zone: the area of the pipeline riseror other pipeline
components that is intermittently)wet and dry due to
wave and tidal action.

on of
fixed

steel catenary riser (SCR): acatenary-shaped extens:
a subsea pipeline that istattached to a floating or
offshore platform.

ttom
o the

trawl board: a strieture that is attached to the b
of commercial-fishing nets and is dragged alon
sea floor.

vortex shedding: the periodic shedding of fluid voftices
and resulting unsteady flow patterns downstreanp of a
pipéline span that may introduce dynamic forces dn the
pipeline.

weight coating: any coating applied to the pipelirje for

increasing the pipeline specific gravity.

A811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

Plastic pipe, plastic pipe with nonmetallic rein
ment, cast iron pipe, and ductile iron pipe shall 1
used for transporting natural gas.

orce-
ot be

A814 MATERIAL SPECIFICATIONS

A814.1 Pipe Conforming to Referenced Standard
and Specifications

A814.1.1 Steel Pipe. Steel line pipe with a loggitu-
dinal joint factor of 1.00 in Table 841.1.7-1 shall be used.

pipeline riser(s), the platform piping, and the production
facility must be selected on a case-by-case basis.

propagating buckle: a buckle that progresses rapidly along
a pipeline caused by the effect of external hydrostatic
pressure on a previously formed buckle, local collapse,
or other cross-sectional deformation.

pull tube: a conduit attached to an offshore platform
through which a riser can be installed.

pull-tube riser: riser pipe or pipes installed through a
pull tube (e.g., J-tube or I-tube).
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A814.3 Weight Coating

Concrete weight coating materials (cement, aggregate,
reinforcing steel) shall meet or exceed the requirements
of applicable ASTM standards.

A814.4 Flexible Pipe

Flexible pipe shall be manufactured from materials
meeting the requirements of applicable ASTM or ASME
standards.
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A814.5 Other Requirements

In addition to the requirements contained in refer-
enced standards, certain other requirements may be con-
sidered for pipe and other components used offshore,
depending on water depth, water temperature, internal
pressure, product composition, product temperature,
installation method and/or other loading conditions.
Thus, consideration may include one or more of the
following;:

environment. The welding covered may be performed
under atmospheric or hyperbaric conditions.

A821.2 Welding Processes

The welding may be done by any process or combina-
tion of processes that produce welds that meet the proce-
dure qualification requirements of this Code and can be
inspected by conventional means.

(a)] wall thickness tolerance

(b)| outside diameter tolerance

(c)| out-of-roundness

(d) maximum and minimum yield and tensile
strengths

(e)|maximum carbon equivalent

(f)|fracture toughness

(¢)| hardness

(h)| pipe mill hydrostatic testing and other mechanical
testing

A817 CONDITIONS FOR THE REUSE AND

REQUALIFICATION OF PIPE

A817.1 Reuse of Steel Pipe

Us|
cond
(a)
secti

(b)

pd pipe may be reused, subject to the following
tions:

The pipe meets the design considerations in
ns A841, A842, and A843.

The pipe meets the testing requirements in
sectipn 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, theyishall be removed

A821.3 Welding Procedure

(a) Prior to atmospheric welding of any pipe, piping
components, or related equipment, Welding Procedure
Specifications shall be written @and the procedlure shall
be qualified. The approved procedure shall include all
of the applicable details listed in API 1104.

(b) Prior to hyperbaficiwelding 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 b qualified
for theestablished procedure before perforpning any
welding on any pipe, piping component, qr related
eguipment installed in accordance with this Code.

(d) Welding procedure qualifications, as well as
welder or welding operator qualifications, are yalid only
within the specified limits of the welding procedure. If
changes are made in certain details, called [‘essential
variables” or “essential changes,” additional |qualifica-
tion is required. API 1104 essential variables hall take
precedence in matters not affected by the underwater
environment, and AWS D3.6 shall govern thos¢ essential

or repaired. changes related to the underwater welding enyironment
Urlidentified line pipe shall rotbe used for subsea ~ and working conditions.
pipelines.
A817.4 Requalificationof,Pipeline Systems A823 QUALIFICATION OF PROCEDURES AND
A pipeline system-that has previously been used for WELDERS
gas transmission setvice may be requalified, subject to
the fpllowing conditions: Qualification of procedures and welders shall be in
(a)| The pipeline system meets the design considera- accordance with the requirements of para. 823, except
tions|in sea@tions A841, A842, and A843. paras. 823.1 and 823.2 do not apply offshore.
(b)) The‘pipeline system meets the hydrotesting (a) Welding procedures and welders pefforming
requirerrertsinparas—S47threugh AS47Z6-traddi atmospherie-welding—underthisseetion—shalll be quali-

tion, if the pipeline system is moved, it shall also meet
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 carbon steel
materials that are used in a pipeline in the offshore
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fied 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
Underwater Welding for Type “O” Welds.
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A825 STRESS RELIEVING

Stress relieving requirements may be waived, regard-
less of wall 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 demonstration shall be conducted on materials
and under conditions that simulate, as closely as practi-
cal, the actual production welding. Measurements shall
be taken of the tensile, toughness, and hardness proper-

A831 PIPING SYSTEM COMPONENTS

Cast iron or ductile iron shall not be used in flanges,
fittings, or valve shell components.

All system components for offshore applications shall
be capable of safely resisting the same loads as the pipe
in the run in which they are included, except “weak
links” (e.g., breakaway couplings) designed into a sys-
tem to fail under specific loads. Consideration should
be given to minimizing stress concentrations.

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 materials 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 components that are subjected to
loading by pipeline internal pressure shall be nonde-
structivelly inspected, if practical, but in no case shall
less than P0% of such welds be inspected. The inspectiof
shall cov¢r 100% of the length of such inspected welds.

A826.2.2 Standard of Acceptability. All welds that
are inspefted must meet the standards of acceptability
of API 1104 or BPV Code, Section VIII, as'appropriate
for the sefvice of the weld, or be appropriately repaired
and reingpected or removed.

A826.2.3 Alternative Flaw Acceptance Limits. For
girth welds on a pipeline, alternative flaw acceptance
limits mdy be established<baséd on fracture mechanics
analyses aind fitness-forépurpose criteria as described in
API 1104 Such alternative acceptance standards shall
be suppqrted by/appropriate stress analyses, supple-
mentary Weldingprocedure test requirements, and non-
destructfjveCexaminations beyond the minimum
requirempnts specified herein. The accuracy of the non-

System components that are not specifically eoyered
in para. 831 shall be validated for fitness by-.eithdr
(a) documented full scale prototype testing gf the
components or special assemblies, or
(b) a history of successful usage of ‘these compopents
or special assemblies produced by’the same design
method. Care should be exerciSed'in any new applica-
tion of existing designs to.ehsure suitability fdr the
intended service.

A831.1 Valves and Pressure-Reducing Devices
Hards

tions

A831.1.1 Valves. In addition to the valve stan
listed in pard.)831.1.1(a), the following specifics
may be useds

API Spec 6DSS/ISO 14723  Specification for Suljsea
Pipeline Valves
Design and Operatign of
Subsea Production
Systems — Subsea
Wellhead and Tree
Equipment

APl Spec 17D

A832 EXPANSION AND FLEXIBILITY

Thermal expansion and contraction calculations{shall
consider the temperature differential between material
temperature during operations and material temjpera-
ture during installation.

A834 SUPPORTS AND ANCHORAGE FOR EXPQSED
PIPING

No attachment other than an encircling member
be welded directly to the pipeline (see para. A84]

shall
2.7).

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

A830.1 General

The purpose of paras. A831 through A835is to provide
a set of criteria for system components to be used in an
offshore application.
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A835 ANCHORAGE FOR BURIED PIPING

Thermal expansion and contraction calculations shall
consider the effects of fully saturated backfill material
on soil restraint.

When a submerged pipeline is to be laid across a
known fault zone, or in an earthquake-prone area where
new faults are a possibility, consideration shall be given
to the need for flexibility in the pipeline system and its
components to minimize the possibility of damage due
to seismic activity.

(14)
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The requirements of para. 835.5(c) for header and
branch connections are not applicable to offshore sub-
merged piping systems. An appropriate means of pre-
venting undue stresses at offshore submerged piping
connections is to provide adequate flexibility at branch
connections on the seabed.

A840 DESIGN, INSTALLATION, AND TESTING

The design of offshore pipelines is often controlled
by installation considerations rather than by operating
load conditions.

Additional information for design conditions can be
found in API RP 1111, para. 4.1.

A841.2 Installation Design Considerations

The design of an offshore pipeline system suitable
for safe installation and the development of offshore

A84Q T Generat Provisions ——____ DIpeline ConStruction procedures shait be basgd on con-

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 Chapter IV that
depepd on Location Class do not apply to offshore gas
trangmission systems, except that offshore pipelines
apptoaching shoreline areas shall be additionally
designed and tested consistently with Location Class
provisions as determined in para. A840.2.

A84Q.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)] offshore pipelines in Location Classes 3 and 4 may
altermatively be hydrostatically tested to a pressure not
less than 1.25 times the maximum operating pressuré
so long as the provisions of section A826 are met

(b) for offshore pipelines, the provisions’ of
sectipn A847 supersede para. 841.3.2

A841 DESIGN CONSIDERATIONS
A841.1 Design Conditions

A number of physical parameters, henceforth referred
to as| design conditions, gevern design of the offshore
pipeline system so that if me€ets installation, operation,
and pther postinstallation requirements. Some of the
factoys that may infltrence the safety and reliability of
an offshore pipeline and riser include

(a)] waves

(b)| current

(c)| marine soils

(d)Lwind

sideration of the parameters listed in paras|{ A841.2.1
through A841.2.5. These parameters shdll'\be cpnsidered
to the extent that they are significant t6 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.ahd submerged) on irfstallation
stresses and strains shall'be considered. Variapility due
to weight coating, manufacturing tolerances 4nd water
absorption shall @lso be considered.

A841.2.2 Profile. Variations in water depth along
the pipeline route shall be considered. The effect of tides
shall betincluded for locations where such Variations
are a\significant fraction of the water depth. Bottom
slope, obstructions, or irregularities that affedt 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 other| natural
phenomenon are subject to radical change if offshore
areas. These potential changes should be cgnsidered
during installation design and contingency planning.

A841.2.4 Loads Imposed by Construction Hquipment
and Vessel Motions. Limitations and behavioxal charac-
teristics of installation equipment shall be congidered in
the installation design.

Vessel motions shall be considered if they arg expected
to result in pipe stresses or pipe/coating damage suffi-
cient to impair the serviceability of the pipeline.

A841.2.5 Bottom Soils. Soil characteristi¢s shall be
considered when installation procedures are developed
for the following;:

(a) riser installation in pull tubes
(14) ]aying hotizontal - curvesin the pipa]in routlng

(e) ice

(f) seismic activity

(g) platform motion

(h) temperature

(i) pressure

(j) water depth

(k) support settlement

(I) accidental loads

(m) commercial shipping

(n) fishing/shrimping activities

(c) pipeline bottom tows
(d) trenching and backfilling

A841.3 Operational Design Considerations

A841.3.1 Loading Classifications. All parts of the
offshore pipeline and riser system shall be designed for
the most critical combinations of operational and design
environmental loads, acting concurrently, to which the
system may be subjected. Wind, wave, and current
design loads should be based on a design return interval
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no less than five times the design life of the pipeline or
100 yr, whichever is smaller.

If the pipeline operating philosophy is such that oper-
ations with full operational loads will be maintained
during design storms, then the system shall be designed
for concurrent action of operational and design environ-
mental loads.

If the operating philosophy is such that operations
will be reduced or discontinued during design storm

A842 STRENGTH CONSIDERATIONS

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

A842.1 Strength Consideration During Installation

The following subsections define the minimum safety
requirements against failure due to yielding or buckling
during all phases of pipeline system installation (i.e.,

conditiorfs, then the system shall be designed for

(a) full operational loads plus maximum coincidental
environmlental loads

(b) degign environmental loads plus appropriate
reduced ¢perational loads

Directipnality of waves, winds, and currents shall be
considergd to determine the most critical expected com-
bination pf above loadings.

A841.3.2 Operational Loads. Operational loads that
shall be onsidered are those forces imposed on the
pipeline $ystem under static environmental conditions
(i.e., exclyding wind, waves, current, and other dynamic
loadings)
Loads
include
(a) weight of unsupported span of pipe, including (as
appropriate) the weight of
(1) gipe
(2) cpatings and their absorbed water
(3) attachments to the pipe
(4) transported contents
(b) intdrnal and external pressure
(c) thefmal expansion and contraction
(d) bugyancy
(e) preptressing (exclusive of structfirally restrained
pipe confligurations, such as in a(pull-tube riser bend)
(f) statfic soil-induced loadings/(e.g., overburden)
The effpcts of prestressing;stch as permanent curva-
tures induced by installation, should be considered
when thdy affect the $erviceability of the pipeline.
Additipnal information for operational loads can be
found in |API RR\1M11, para. 4.1.4.

hat should be considered as operational loads

handling, laying, trenching, etc., through testing)

A842.1.1 Buckling. The pipeline Should be
designed and installed in a manner to prevent budkling
during installation. Design and procedutes for indtalla-
tion should account for the effect of@external hydrostatic
pressure, bending moment, axial{ and torsional [oads
and pipe out-of-roundness. Cofisideration should also
be given to the buckle propagation phenomenon,

Additional informatio®’ for calculating buc
stresses due to bendihg ‘and external pressure c
found in API RP }11%; para. 4.3.2.2.

A842.1.2 Collapse. The pipe wall thickness shall be
designed to.résist 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 prevery
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 servicedbility
of the installed pipeline.

Additional information for longitudinal load design
can be found in API RP 1111, para. 4.3.1.1.

A842.1.4 Allowable Strains. Instead of the
criteria of para. A842.1.3, an allowable installation
limit may be used. The maximum longitudinal
due to axial and bending loads during installation| shall
be limited to a value that prevents pipe buckling anfl will
not impair the serviceability of the installed pipeline.

kling
in be

t col-

maxi-

btress
ttrain
strain

tress
cy to

A842.1.5 Installation Fatigue. Anticipated
fluctuations of sufficient magnitude and frequery

A841.8.3,.Design Environmental Loads. Loadings  induce significant fatigue shall be considered in d¢sign.
that should-becorsideredurnder-thistategory inctude; AB42.1.6 Special Assemblies. Installation of pipe-
as appropriate, those arising due to lines with special assemblies (such as tap valves and

(a) waves riser offsets) are subject to the same requirements stated

(b) current in paras. A842.1.1 through A842.1.5.

(c) wind

(d) seismic events

(e) accidental loadings (e.g., trawl boards, anchors)

(f) dynamic soil-induced loadings (e.g., mudslides,
liquefaction)

(g) ice loads (e.g., weight, floating impacts, scouring)
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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, pull-tube risers). When residual
stresses are significant, they should be considered in the
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operating design of the pipeline system (see
para. A842.2).

A842.1.8 Flexible Pipe. The manufacturers recom-
mended maximum loadings and minimum bending
radius shall be adhered to during installation. Flexible
pipe shall be designed or selected to prevent collapse
due to the combined effects of external pressure, axial
forces, and bending. Installation procedures shall be
designed to prevent buckling (see API RP 17B).

Table A842.2.2-1 Design Factors for Offshore
Pipelines, Platform Piping, and Pipeline Risers

Hoop Stress,  Longitudinal Combined
Location F Stress, F, Stress, F;
Pipeline 0.72 0.80 0.90
Platform piping 0.50 0.80 0.90 [Note (1)]
and risers
NOTE:

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 appropriate:
1) excessive yielding
2) buckling
3) fatigue failure
4) ductile fracture
5) brittle fracture
6) loss of in-place stability
7) propagating fracture
8) corrosion
9) collapse
(b)| Other Considerations. Furthermore, consideration
shall[be given to impacts due to
1) foreign objects
2) anchors
3) trawlboards
4) vessels, ice keels, etc.

AB42.2.2 Design Against Yielding. Pipelines and
riserg shall be designed against yielding in accordance
with [this paragraph. The combinedstress calculations
and allowables of paras. 833.2 through 833.6 are super-
sededl by the provisions of (b) and (c) below (see also
Tablq A842.2.2-1).

(a)] Hoop Stress. For pipelines and risers, the tensile
hoop| stress due to the.difference between internal and
external pressuresishall not exceed the value given
below. S, may be'calculated by either of the following:

NOTH: Sign gonvention is such that tension is positive and com-
pressipn is niegative.

S, < F ST [0h)]

(1) The wall thickness used in the calculation of combihed stress
for platform piping and risers shall be based upon*ppecified
minimum wall thickness, including manufacturing, dorrosion,
and erosion allowances.

(U.S. Customary Units)
D -t
Sp EAPi = P) —— @)
(SI Units)

s = @ P | ©)

I = nominal outside diameter of pipe, ir}. (mm)

F1 = 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 factos from

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

derating

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.

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 and fisers, the
longitudinal stress shall not exceed values fotind from

S| < F,S

Ly Lax £ons w.;«;lvl2mm2
X CIVUOO OCUUIUITUTI AICAa Ut tlll.l\, IITUICIIAarL, 1it.

(U.S. Customary Units)
S = (- P)5 @
(SI Units)
5. = ®i- P | ®

or

F, = longitudinal stress design factor from
Table A842.2.2-1
F, = axial force, Ib (N)

i; = in-plane stress intensification factor from
Mandatory Appendix E
i, = out-plane stress intensification factor from

Mandatory Appendix E
= in-plane bending moment, in.-Ib (N-m)
out-plane bending moment, in.-Ib (N-m)
S = specified minimum yield strength, psi (MPa)

=z
Il
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S, = axial stress, psi (positive tensile or negative
compressive) (MPa)
= F, /A
Sy = resultant bending stress, psi (MPa)
= [(:M)* + (i, M) '?/z
S; = maximum longitudinal stress, psi (positive ten-

sile or negative compressive) (MPa)
S, + Spor S, — Sp, whichever results in the larger
stress value

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
line) or pipe sag before support contact, the longitudinal
and combined stress limits need not be used as criteria
for safety against excessive yielding, so long as the con-
sequences of yielding are not detrimental to the integrity
of the pipeline. The permissible maximum longitudinal

z = gection modulus of pipe, T (cmn)
| | hbsolute value

Additipnal information for longitudinal load design
can be found in API RP 1111, para. 4.3.1.1.

(c) Corpibined Stress. For pipelines and risers, the com-
bined stress shall not exceed the value given by the
maximufm shear stress equation (Tresca combined
stress):

— 2 1/2
2[(u> +st2] <FsS

2
where
A = |cross-sectional area of pipe material, in.?
(mm?)
F3 = |combined stress design factor from
Table A842.2.2-1
F, = laxial force, Ib (N)
i; = |in-plane stress intensification factor from
Mandatory Appendix E
i, = [out-plane stress intensification factor from
Mandatory Appendix E
M; = [in-plane bending moment, in.-Ib (N¢m)
M, = |out-plane bending moment, in.-Ib (IN-m)
M; = |torsional moment, in.-Ib (N-m.)
S = |specified minimum yield strength, psi (MPa)
S, = |axial stress, psi (positive tensile or negative
compressive) (MPa)
=|F,/A
Sy = [resultant bending stress, psi (MPa)
= ([ M) + (i M2/ 2
Sy = |hoop stress, psi (MPa)

S; = |[maximymdlongitudinal stress, psi (positive
tensile 01 negative compressive) (MPa)

=|S, ¥ 5,0r S, — S;, whichever results in the
larger stress value

straimr depends o theductitity of the materiat, amy pre-
viously experienced plastic strain, and thebuckling
behavior of the pipe. Where plastic straing are gntici-
pated, the pipe eccentricity, pipe out-of-routrdnesd, and
the ability of the weld to undergo such strains without
detrimental effect should be considered. Similarly, the
same criteria may be applied to thepipe during congtruc-
tion (e.g., pull-tube or bending¢shoe risers).

A842.2.4 Design AgainstBuckling and Ovalizatjon.
Avoidance of buckling of the pipeline and riser dluring
operation shall be considered in design. Modes of buck-
ling that may be possible include

(a) local buekling of the pipe wall

(b) propagation buckling following local buckling

(c) colitmn buckling

Additjonal information for determining buckling
tendencies 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 ifduce
significant fatigue should be considered in desigy.

Loadings that may affect fatigue include

(a) pipe vibration, such as that induced by vortex
shedding

(b) wave action

Pipe and riser spans shall be designed so that vjortex
induced resonant vibrations are prevented, whehever
practical. When doing so is impractical, the total resul-
tant stresses shall be less than the allowable limfits in
para. A842.2.2, and such that fatigue failure should not
result during the design life of the pipeline.

Additional information for fatigue analysis cqn be
found in API RP 1111, para. 4.5.

A842.2.6 Design Against Fracture. Materials|used
for pipelines transporting gas or gas-liquid mixytures

S; = torsional stress, psi (MPa)
= Mt/ 2z
z = section modulus of pipe, 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

(Su2 = 5.5, + S1.2 + 352)/2 < F3S

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.

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
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be welded to the pipe by a full encirclement weld. The
support shall be attached to the encircling member and
not the pipe.

All welds to the pipe shall be nondestructively tested.
Clamps and supports shall be designed in accordance
with the requirements of API RP 2A-WSD, Section 3.

Clamp and support design shall consider the corrosive
effects of moisture retaining gaps and crevices and gal-
vanically dissimilar metals.

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.

A$42.2.8 Design of Connectors and Flanges. Con-
nectqrs and flanges shall be such that smooth transfer
of logds is made without high localized stresses or exces-
sive fleformation of the attached pipe.

Connectors and flanges shall have a level of safety
agair)st failure by yielding and failure by fatigue that is
comparable to that of the attached pipeline or riser.

?42.2.9 Design of Structural Pipeline Riser
Protectors. Where pipeline risers are installed in loca-
tions| subject to impact from marine traffic, protective
devides shall be installed in the zone subject to damage
to prptect the pipe and coating.

AB42.2.10 Design and Protection of Special
Assemblies. Design of connections and special
asserhblies, such as subsea tie-in assemblies, expansion
loop$, seabed riser connections, and subsea pipeline
manjfolds, shall consider the additional forces and
effects imposed by a subsea environment. Such addit
tionall considerations include design storm currents ahd
potenmtial for seabed movement in soft sediments,-soil
liqugfaction, increased potential corrosion,-thermal
expafsion and contraction, and stress due to installation
procedures. In areas of active fishing, protective mea-
sure§ may be appropriate for connections and special
asserhblies.

A842.2.11 Design of Flexible Pipe. Due to its com-
posite makeup, the mechanicalbehavior of flexible pipe
is significantly different(from steel pipe. Flexible pipe
may pe used for offshere pipelines if calculations and/
or teft results verifythat the pipe can safely withstand
loadings considered in paras. A841.3.2 and A841.3.3. In
the selection/Of\flexible pipe, consideration should be
giver to its permeable nature. The possibility of implo-
sion under) the combined conditions of high pressure,
high|temperature, and very rapid depressurization

A8%43 I 2 Enctosures. Al enciosures tocated on an
offshore platform shall be constructed of noficombusti-
ble or limited combustible material as de¢fined in
NFPA 220, Chapter 2. Design of enclosures on offshore
platforms shall consider the loading'conditiorn}s defined
in para. A841.3.

A843.1.3 Exits. A mifnimum of two exits shall be
provided for each operatinglevel of a compresgor build-
ing. Any elevated walkway, including engineg catwalks
more than 10 ft (3 'in) above the deck, shall also be
provided with two exits. The maximum distgnce from
any point within the compressor building to an exit
shall not_exeeed 75 ft (23 m). Enclosure exit$ shall be
unobstructed and located so as to provide a cpnvenient
route-of escape and shall provide continudus unob-
structed passage to a place of safety. Exit dooys located
on‘exterior walls shall swing outward and shall be
equipped with latches that can be readily opgned from
the inside without a key.

A843.1.5 Hazard Analysis for Offshore Cgmpressor
Stations. A hazard analysis for offshore cqmpressor
stations shall be conducted in accordapce with
API RP 14] to meet the requirements of API RP 14C.

A843.2 Electrical Facilities

All electrical equipment and wiring install¢d on off-
shore compression platforms shall confoim to the
requirements of NFPA 70, if commercially [available
equipment permits.

Electrical installations in offshore hazardouq locations
as defined in NFPA 70, Chapter 5, Article 50( and that
are to remain in operation during compresspr station
emergency shutdown as provided in para. Al843.3.3(a)
shall be designed to conform to NFPA 70, fqr Class I,
Division I requirements.

The guidelines of API RP 14F should be considered

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
when designing offshore compression facilities and

111

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
gas compression equipment and all gas-fired equipment

(14)
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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
shutdown locations. Blowdown piping shall extend to

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
wave and current direction and magnitude.

a locatiogrwhere—thedisctrargeof gas s ot tikely to
create a Hazard to the platform facilities. Consideration
should bq given to potential entrained liquids, prevailing
winds, anyd location of crew quarters if part of the plat-
form facility. Under conditions of heavy liquid entrain-
ment and poor prevailing wind conditions, a separate
structure|for a blowdown facility shall be considered.

A843
Offshore
(c) Ven|

3.4 Pressure-Limiting Requirements for
Compression Facilities

ting. Pressure relief valves shall be vented to
atmosphgre such that no hazard is created. Vent lines,
common |headers, and platform blowdown lines shall
have sufficient capacity so that they will not interfere
with the performance of the relief device.

A844 QN-BOTTOM STABILITY

Pipeline design for lateral and vertical stability is gov-
erned by|sea floor bathymetry, soil characteristics, and
by hydroglynamic, seismic, and soil behavior events hav-
ing a significant probability of occurrence during the
life of the system. Design conditions to consider\are
provided|in the following subsections.

The pipeline system shall be designed to prevent hori-
zontal and vertical movements, or shall bedesigned so
that any thovements will be limited to values not causing
design stfength to be exceeded (see(section A842).

Typical factors to be considered(in the stability design
include

(a) waye and current forees

(b) scopr and resultantyspanning

(c) liqyefaction

(d) slope failure

Stabilitly may b€ obtained by such means including,
but not limited to, pipe submerged weight, trenching of
pipe belgwigrade, and anchoring.

A844.2 Stability Against Waves and Currents

A844.2.1 Submerged Weight. The submgd
weight of the pipe may be designed (such as by w
coating) to resist or limit movement to,acéeptable v.
Hydrodynamic forces shall be based, on the wav
current values for the design stortn” condition fg
specific location.

Wave and current directiofality and concurrency
be considered.

A844.2.2 Bottom Soils. The pipe-soil inters
factors that are used shall be representative of the b
conditions at the site.

rged
eight
hlues.
b and
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A844.2.3\ Trenching. The pipeline and its app
nances may)be trenched below bottom grade to pr
stabilityz, The pipeline must be designed for wav
current stability prior to trenching. Such stability,
ever, need only be based on environmental cond
expected during the period of pipe exposure.

A844.2.4 Backfilling. Backfilling or other protg
coverings, when necessary, shall be accomplishg
using such materials and procedures to preclude
age to the pipeline and coatings.

ctive
d by
dam-

A844.2.5 Anchoring. Anchoring may be jused
instead of or in conjunction with submerged weight
to maintain stability. The anchors shall be designed to
withstand lateral and vertical loads expected frogn the
design storm condition. Anchors shall be spaced tp pre-
vent excessive stresses in the pipe sections between
anchors. The anchoring system and adjacent pipe|shall
be designed to prevent scour and resultant spapning
from overstressing the pipe. The effect of anchors dn the
cathodic protection system shall be considered.

A844.3 Shore Approaches
Pipe in the shore approach zone shall be trenched

When
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.

1 1 . 1 1 - - £ 1 b |
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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
five times the design life or 100 yr, whichever is smaller.

112

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.

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
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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.

A844.5 Soil Liquefaction

Design for the effects of liquefaction shall be per-
formed for areas of known or expected occurrence. Soil

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
the pipe could be exceeded during the hydrostatic test. Therefore,
the hoop stress 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
determining the maximum hydrostatic test pressure.

liquefaction normally results from Cyclic wave Overpres-
sureq or seismic loading of susceptible soils. The bulk
specific gravity of the pipeline shall be designed, or
alterpative methods shall be selected to ensure both
horizontal and vertical stability.

Seismic design conditions used to predict the occur-
rencq of bottom liquefaction or slope failure shall have
the shme recurrence interval as used for the operating
design strength calculations for the pipeline. Occurrence
of sofl liquefaction due to wave overpressures shall be
based on a storm return interval of no less than five
timeg the design life or 100 yr, whichever is smaller.

A846 VALVES

Offshore transmission lines shall be equipped with
valvgs or other components to shut off the flow of gas
to an| offshore platform in an emergency.

Blgck valves shall be accessible and protected fromy
damgge and tampering. If ablowdown valve is involved,
it shall be located where the gas can be blownto)the
atmosphere without undue hazard.

Blgwdown valves shall be provided so that\each sec-
tion ¢f pipeline between main line valves'cah be blown
down. The sizes and capacity of the, connections for
blowjng down the line shall be suehthat under emer-
gency conditions the section of line-ean be blown down
as rapidly as is practicable.

A847 TESTING

A847.1 General Proyvisions

Al
and
secti

offshore, pipelines shall be tested after installation
brior te dperation within the provisions of this
n.

A847.3 Test Medium

The test medium for all offshore Pipelings will be
water. Additives to mitigate the éffects of forrosion,
biofouling, and freezing should\be consideted. Such
additives should be suitable for the methods of disposal
of the test medium.

In arctic areas where freezing of water is ja hazard,
the use of air, inert gas;pr glycol is allowable| Platform
gas and compression piping may be tested yvith inert
gas.

A847.4 Test Procedure

The hydrostatic pressure test shall be conflucted in
accordance with a specified procedure that ghall, at a
mininmum, provide for

(a) performance of the test after installdtion and
before initial operation of the pipeline system|except as
provided in para. A847.2.

(b) the inclusion of prefabricated, pretested portions
of offshore pipeline risers in the pipeline systgm hydro-
static test, whenever practical.

(c) maintenance of the test and recording [of results
on pipeline and assemblies for a minimum of ¢ight con-
tinuous hours at or above the specified prefsure. All
variations in test pressure shall be accounted for. Test
duration of prefabricated piping may be 2 hr

(d) aretest if, during the hold time, a rupture or haz-
ardous leak occurs that renders the test invalid.[Retesting
shall commence after repairs have been madg.

A847.5 Records

The operating company shall maintain in ifs file, for
the useful life of each pipeline, records showing the type
of test fluid, the test procedure, the test pregsure, and
the duration of the test.

A847

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
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,

2 Test Pressure

113

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.

A847.7 Testing for Buckles

Testing for buckles, dents, and other diameter restric-
tions shall be performed after installation. Testing shall
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be accomplished by passing a deformation detection  shouldbe coordinated to properly direct reports of emer-
device through the pipeline section, or by other methods  gencies and to avoid inconsistencies.
capable of detecting a change in pipe diameter. Pipe

having excessive deformation that affects the service- A850.7 Blasting Effects

ability of the pipeline facilities shall be repaired or Each operating company shall establish procedures
replaced. Consideration should also be given to  for protection of facilities in the vicinity of blasting activ-
repairing excessive ovality that may interfere with pig-  ities. The operating company shall

ging operation or internal inspection. (a) locate and mark its pipeline when explosives are

tobe detonated within distances as specified in company
plansConsideration stoultd be given to the marking of
ROCEDURES AFFECTING THE SAFETY OF  Tnimum blasting distances from the pipefines
AS TRANSMISSION FACILITIES Cpendcing ofl the fype of b asting operatqi. .

(b) determine the necessity and extent of observing

A850.1 General or monitoring blasting activities based on‘the proximity
of the blast considering the pipe matérials, the opetating
conditions, the size of charge, and{soil conditions.|Con-
sideration should be given to
(1) the effect of shock-waves on the pipeline|from
blasting
(2) conducting aleak survey following completion

of the blasting pregram

A850 QOPERATING AND MAINTENANCE

All prpvisions of Chapter V, which depend on
Location {Class, do not apply to offshore gas transmission
systems,|except that offshore pipelines approaching
shoreline|areas shall additionally be operated and main-
tained cqnsistently with Location Class provisions as
determinpd in section 840.

A850.3 [Essential Features of the Operating and
IMaintenance Plan A851 PIPELINE MAINTENANCE

The plan prescribed in para. 850.2(a) shall include A851.2 Pipeline Patrolling

(a) dethiled plans and instructions for employees cov-
ering opg¢rating and maintenance procedures for gas
facilities fluring normal operations and repairs

(b) iteths recommended for inclusion in the plan for
specific |classes of facilities, which are given in
paras. A§51.2 and A851.4, and section A860

(c) plafs to give particular attention to those portions
of the farilities presenting the greatest hazafd,to the
public arld environment in the event of an emergency
or because of construction or extraordinary maintenance

Each-operating company shall maintain a pefiodic
pipeline patrolling program to observe conditiofps on
and adjacent to the pipeline right-of-way, indication of
leaks, construction activity other than that perfofmed
by the company, and any other factors affecting the
safety and operation of the pipeline. These inspe¢tions
should be made as often as necessary to maintain the
integrity of the pipeline. Records of these inspeqtions
shall be maintained for the life of the facility. Provisions
of paras. 851.2, 851.2.1, and 851.2.2 do not apply tp this

requirements Chapter
(d) pravisions for periodic inspectiens along the route pter
of existing pipelines A851.4 Above-Water and Hyperbaric Repair

. Procedures for Steel Pipelines
A850.4 Essential Features of the Emergency Plan i ]
All above-water and hyperbaric repair procedurps for

A850.4.3 Liaison. ~Each operating company shall  steel pipelines shall conform to the requirements of
establish |and maintain-liaison with available offshore para. 851.4.

A851.4.5 Offshore Below-Water Repair Proceflures
for Steel Pipelines. Submerged offshore pipelineg may

A850. be repaired by replacement of the damaged section|or by
gram sha riate
general public operating in the offshore area to recognize design 1nstalled over the damage. Replacement sections
and report a gas emergency to the appropriate officials. ~ and split sleeves shall be secured by atmospheric dry

The educational program called for under this section = or hyperbaric welding or mechanical devices. Repairs
should be tailored to the type of pipeline operation and  shall be visually inspected for leaks after being returned
the environment traversed by the pipeline and should  to service.

be conducted in each language that is significant in the Any offshore below-water repair procedures shall con-
community served. Operators of transmission systems  form to para. 851.4 provisions.
should communicate their programs to people, contrac- Repairs should be performed under qualified supervi-

tors, or others that usually work in the offshore area of  sion by trained personnel aware of and familiar with
concern. The programs of operators in the same area  the maintenance plan and operating conditions of the
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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.

The use of subsurface equipment equipped with cut-
ters, ejectors, jets, or air suction systems should be care-
fully controlled and monitored to avoid damaging the

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-
formed at periodic intervals sufficient to ensure that

pipelfrte;extermatcoating; orcathodicprotectionrsysten

When lifting or supporting pipe during repairs, the
curvdture of a pipe sag bend and overbend should be
contrplled and maintained within limits to minimize
pipe roating damage, overstressing, denting or buckling
during the repair operation, and lifting equipment
should be selected accordingly.

Wave and current loads should be considered in
detemining total imposed stresses and cyclical loads in
both |surface and subsurface repairs.

Pefsonnel working on pipeline repairs should under-
stand the need for careful job planning, be briefed on
procgdures to be followed in accomplishing repairs, and
follow necessary precautionary measures and
procgdures.

When pipe is repaired, damaged coating should also
be repaired. Replacement pipe and components shall be
protdcted from corrosion.

AB51.4.6 Offshore Repair of Flexible Pipe. If the
opergbility of the flexible pipe is impaired (i.e., major
strucfural damage), the pipe shall be repaired by replace-
menff of the damaged section. In the event ofisurface
cuts oind abrasions in the protective coating'that do not
expogpe the load carrying members to potential corrosion,
the r¢pair shall be performed in a manfier fecommended
by the manufacturer.

A851.7 Pipeline Markers and Signs

Pefmanent markers arenotrequired for offshore pipe-
lines) however, suitableisighs should be posted on plat-
forms to serve as/a‘hazard area warning. Where
appropriate, signs should display the operating com-
pany identification and emergency communication
procgdures.

LOCATION CLASS

A854

adequate corrosion control is maintained. Where it is
determined that corrosion that is takingplade may be
detrimental to public or employee safety, t‘;te facility
shall be repaired or replaced, and corrosion comtrol mea-
sures applied or augmented.
(e) Examination When Exposed
(1) When a pipeline is/lifted above water|for main-
tenance or repair, the opérating company shall visually
inspect for evidence of.coating deterioration| external
corrosion, and whére possible, the conditign of any
exposed anode. Ifexcessive corrosion is pres¢nt, reme-
dial action shdll be taken as necessary.
(2) If repairs are made below water, inspection for
evidence'of external corrosion or coating detprioration
shall be’made, and necessary corrective actiopn shall be
taken to maintain the corrosion protectipn of the
pipeline.

A861 EXTERNAL CORROSION CONTROL

A861.1 Submerged Installations

All submerged steel pipe, valves, and related fittings
shall be externally coated and cathodically profected. All
above-water piping and components shall be [protected
from the particularly corrosive conditions of the salt
water atmosphere and cyclic wetting and drying.

A861.1.1 Coatings
(a) Coating Design. The design of coating systems for
offshore installation should reflect the type of environ-
ment in which the facility is to be installed. Sglection of
the protective coating should be based on
(1) low water absorption
(2) compatibility with the type of cathodic protec-
tion to be applied to the system
(3) compatibility with the system olperating

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
to the coating system, special consideration should be

tempberature
r

(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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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

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) Foreign Pipeline Crossings. When crossing a foreign

detect flaps. Flaws noted shall be repaired and retested.
Weights ¢r weight coating shall not damage the protec-
tive coating during application or installation.

(d) Codting for Weld Joints, Appurtenances, and Patching.
Weld joipts and appurtenances shall be coated with
material fthat is compatible with the basic coating. A
holiday dletector, designed for the type of field joint
material applied, may be used to detect flaws, and flaws
shall be fepaired and retested.

(e) Field Inspection. The pipe shall be visually
inspected prior to installation to ensure that unaccept-
able dampge has not occurred during loading, welding,
or other laying activities prior to submergence of the
pipe. Any significant damage to the coating shall be
repaired |with material compatible with the pipeline
coating. (Care should be exercised to minimize damage
to the copting system, particularly during laying and
trenching of the pipe.

odically protected when it meets the cfiteria
establish¢d in Section 6.2 of NACE SP0607 /ISQ 15589-2.

(b) Imgressed Currents. Where impressed, current sys-
tems are f1sed, the system shall be designed*to minimize
outages, pnd the output shall be sychthat the design
criterion |s met. Also, consideration should be given to
minimize the interference effect"on other pipelines or
structureg.

(c) Galpanic Anodes. Where galvanic anodes are used
for protedtion, consideration shall be given to the quality
of the cogting (i.e.,thé¢~percent of exposed pipe). Also,
the design formyild for the system should include the
output of the.anodes, the desired life of the system,
anode matexial, and utilization efficiency. Anodes used
should b

pipeline, care shall be exercised to ensure adequatejsepa-
ration between the two lines so that the possibility for
electrical interference is minimized.

(c) Pipeline Riser Support and Secondary, Piping. When
installing riser piping at platforms, supporting dgvices
such as clamps and pipe supports slall isolate the pliping
from the structure. Insulating devices shall be insfalled
where electrical isolation of ayportion of the piping sys-
tem from production piping,tanks, and other facilifies is
necessary to facilitate application of cathodic proteftion.
Electrical interference between electrically isofated
structures shall be’minimized. Wiring and piping con-
nections to an isQlated pipeline shall also have insulation
between the pipeline and the platform. Tests shall be
made to ensure adequate isolation, and appropriate
action shall be taken to ensure such isolation when
necessary.

A861.1.4 Electrical Connections and Monitpring
Points. Test leads shall be installed so that they are
mechanically secure, electrically conductive, and gcces-
sible for testing. It is considered impractical to locate
test leads in deep or open water. Test leads installgtions
are usually limited to platforms and the pipgline
entrance to the shore.

shall
reign

A861.1.7 Electrical Interference. Periodic tests
be made to ensure that electrical isolation from fg
pipelines or other structures remains complete. fome
indications of electrical interference are changes in jpipe-
to-electrolyte potential, changes in current magnitude
or direction, localized pitting, and coating breakdown.
When new foreign pipelines are laid in the vicinfty of
existing lines, inspections shall be made to ensure electri-
calisolation in accordance with para. 861.1.3(a). If electri-
cal isolation cannot be attained, measures shall be faken
to minimize electrical interference. Electrical isolation
from the platform should be checked and mainthined

abihla caoath tl fimo & FEEEY
e—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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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
with additional protection against corrosion. This shall
be accomplished by one or more of the following;:

(1) special coating

(b) special protective systems and techniques
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(c) other suitable measures, including selection of
pipe material

A861.2.2 Surface Preparation. Coatings and other
protective systems shall be installed on a properly pre-
pared surface and in accordance with established specifi-
cations or manufacturer’s recommendations. The
coating should resist water action, atmospheric deterio-
ration, mechanical damage, and cathodic disbondment.

A862 CATHODIC PROTECTION CRITERIA
A862.1 Criteria

The criteria for cathodic protection are specified in
Section 6.2 of NACE SP0607/1SO 15589-2.

A862.3 Electrical Checks

The operating company shall take electrical readings
periodically at each test location available to ensure that
the cathodic protection level meets the criteria in

A861.4 Atmospheric Corrosion Inspection

Dettailed inspections shall be made periodically of all
pipir|g for atmospheric corrosion. This inspection shall
include those areas most susceptible to corrosion such
as flgnges, flange bolts, areas under pipe straps, areas
wherje pipe is in contact with supports, and other places
where moisture collects. Where atmospheric corrosion
is foynd, prompt corrective action shall be taken. Correc-
tive 4ction shall consist of painting, replacement of com-
pongnts as necessary, or other action deemed
appropriate by the operating company.

Section 6.2 of NACE SP0607/150 15589-2.

Before each electrical test is performed jan inspection
shall be made to ensure electrical continuity and that a
good contact to the pipelines issmade by the test
connection.

A864 INTERNAL CORROSION CONTROL
A864.1 General

The design and mainténance of offshore pipg¢line facil-
ities that may carrly natural gas containing carpon diox-
ide, chlorides, hydrogen sulfide, organic acids| solids or
precipitatessstlfur-bearing compounds, oxygen, or free
water require special consideration for the ¢ontrol of
internal cotrosion.

117
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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 pafagraph appearing in Chapters I through VI
does no{ have a corresponding paragraph in this
Chabpter, 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 beanade for special considerations that
are not gpecifically’ addressed. This Chapter is not
intended|to prevent the development and application

of new elquipment and technology. Such activity is
encouraged-aslong as-the safety-and-reliability require

leak (molecular diameters versus hole dimensien).

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 the‘metal 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
fon,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 aflloys.
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 resylting
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 i the metat. 1he atomic hydrogen 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 ASME Boiler and
Pressure Vessel Code, Section IX, Division 1 shall be
used; however, additional requirements for hardness
and residual stress should be considered.

B822 PREPARATION FOR WELDING

radiug of exposure (ROE): when dealing with sour gas, the
distapce from a point of release at which the hydrogen
sulfigle concentrations reached a specified level (fre-
quenfly 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 MR0175/150 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 the of

NAJE MR0175/1S0O 15156.

requirements

WELDING SOUR-GAS PIPELINES
GENERAL

B82¢
B821

B821

Th
gas {
and

.1 General Requirements

s paragraph concerns the welding of pipe in sour
ervice in both wrought and cast steel materials
overs butt and fillet welded joints in pipe 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 brightnetal 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 procgdure and
performance qualifications shall be based on dpstructive

mechanical test requirements.

B823.2.4 Hardness Control.
weld zones including weld metal and heat
zones on welding qualification test specimens
the hardness requirements for the alloys weldegl 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.
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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

].OW'temI: ol Mtul.\., tJUDt \A4 L}.d h\,ut tl\,utlllbl lt dU\.D J.lUt tll.U
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-
peraturd 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;~can be controlled
and recotded by a single thermogouple.

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 ~ G 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/ISO 15156 as
appropriate.

: : I ‘ 1l o1 : t
N Sotr—ServiceUSe Ol SuciT anoys nrary components

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 meeét the requirements of
NACE MRO0175/1ISO 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 Steel
Pipelines
(a) Bends. Bends used in sour gas pipe shall mept the
requirements of NACE MRO0175/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 harglness
i NACE MR0175/I50 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.

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
not less than 1.5 times the maximum allowable operating

pressure or 50 psig (340 kPa), whichever is greater.
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-  B843 COMPRESSOR STATIONS
4 and shall be d ly t itt ti - . .
;ZTY Z;p rivae d pel an(:'le Ofty towritien operating com B843.3 Compressor Station Equipment
B841.2.7 Precautions to Avoid Explosions of Gas- B843.3.1 Gas Treating Facilities
Air Mixtures or Uncontrolled Fires During Construction (c) Metallic Materials. Allmetallic materialsfin contact
Operations with pressurized sour gas‘shall meet the reqpirements
(a)) In addition to the precautions outlined in of NACE MR0175/IS_O 15156 as applicable.
para841.2.7(a) of Chapter 1V, it should be noted that Personal safety gqupment should be (_jonSJdered for
weldjng and cutting on sour gas lines presents special ~ Use at sour gas facilities. Use of appropriate hydrogen
health and metallurgical concerns and shall be done sulfide sensors capable of actuating station efnergency
only [to written operating company approved plans. shutdown systems should be considered.
B841.3 Testing After Construction
.. . B844" PIPE-TYPE AND BOTTLE-TYPE HOLDERS
BB41.3.1 General Provisions. In addition to
para|841.3.1 of Chapter1V, it should be noted that testing Pipe- and bottle-type holders shall not be| used for
with|sour gas presents special health and metallurgical ;¥ sour gas. Storage of sour gas is outside the scqpe of this
concerns and shall be done only to written operating~ Code.
company approved plans.
) B850 ADDITIONAL OPERATING AND
B842 OTHER MATERIALS MAINTENANCE CONSIDERATIONS AFFECTING
Materials shall meet the reqtirements of THE SAFETY OF SOUR GAS PIPELINES
NAJE MRO0175/ISO 15156 as applicable. B850.1 General
B842.2 Design of Plastic Piping (c) Radius of exposure (ROE) to H,S calculations shall
B842.2.2 Thermoplastic-Design Limitations be made using a suitable air dispersion equdtion such
(f)| The designer shotld consider extra protection ~ as the Pasquel-Gifford equation gi.ven as follpws:
from|third party damage-in all class locations and at all (1) Each operator shall determine the hydrogen sul-
road |crossings. fide concentration in the gaseous mixture in the system.
(g)| New constiuction for sour gas applications shall ~ Suitable standards are GPA Plant Operatfons Test
utilize only polyethylene or polyamide thermoplastic Manual, Sec‘tlon C, and GPA Sta.ndard 2265.
pipe [that meets the requirements of ASTM D2513. (2) Radius Of Exposure Equatzons.
BB42.2.9 Plastic Pipe and Tubing Joints and (:2) Radius of exposure equation to thq 100-ppm

level of H,S after dispersal:

Connlections

(b) Joint Requirements. All joining procedures shall be
qualified using destructive test specimens of full scalle
plastic pipe joints. Polyethylene and plyamide 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

(4) Steel to Plastic Transition Fittings. Steel to plastic

transition fittings for sour gas service shall be factory
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X = [(1.589) M Q] %6**8

(-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-faci|ities
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 instrumentfation
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 shouldbe installed and maintained to prevent
the undetected continuing release of hydrogen sulfide
if any of, the following conditions exist:

(1) The 100-ppm radius of exposure is in excgss of
50.ft (15 m) and includes any part of a public area except
apublic road.

(2) The 500-ppm radius of exposure is greatei than
50 ft (15 m) and includes any part of a public rogd.

(3) The 100-ppm radius of exposure is greatey than
3,000 ft (915 m).

(e) Contingency Plan. Operations subject to (d) gbove
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 ot set fortit terein, 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, X, m3/day Mol
ft (1,000,000) Fraction m (1,000,000) Fraction
1,16p 1 0.05 782 0.1 0.05
3,191 5 0.05 2,142 0.5 0.05
4,92p 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
1,798 1 0.1 1,207 0.1 0.1
4,92k 5 0.1 3,305 0.5 0.1
7,59f 10 0.1 5,100 1 0.1
11,72 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
23,31 30 0.2 33,262 10 0.2
Table B850.1-2 500-ppm ROE Table B850.1-4 Metric Example for 500-ppm ROE
Release, Q, H,S
ROE, X, MMSCFD Mol Release, Qp, HoS
ft (1,000,000) Fraction ROE, X, m’/day Mol
m (1,000,000) Fraction
53B 1 0.05
1,458 g 0.05 357 0.1 0.05
2,25p 10 0.05 979 0.5 0.05
3,47p 20 0.05 1,510 1 0.05
4,47h 30 0.05 4,135 5 0.05
6,380 10 0.05
82p { 0.1
347b o o1 1,510 0.5 0.1
5,35f 20 0.1 2,330 1 0.1
6,908 30 0.1 6,380 5 0.1
9,845 10 0.1
1,26B 1 0.2
3.47b 5 0.2 851 0.1 0.2
8,266 20 0.2 3,596 1 0.2
10,654 30 0.2 9,845 > 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

cathodicjlly 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 gpas 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
prrosionmeasuring 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 c¢mbi-
nations to resist this type of cracking

(2) Hydrogen-induced cracking (HIC) occurs when
hydrogen causes inclusions intHe steel to delamjnate.
Multiple shear cracks then'develop to link the delamin-
ations creating a stair step” crack system. Use of 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 causg¢d 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 chloridp ion.
The net result is the occurrence of cracking at Jower
temperatures and at lower chloride concentrationg 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 discoufaged
in wet sour gas systems.

(c) Microbiologically Induced Corrosion (MIC).
Microbiologic activity can create severe pitting-typp cor-
rosion and hydrogen-related cracking in sour gas[lines.
Use of appropriate biocides and monitoring may be
needed.

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 ag-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, Decembqr 2012),
Specification for Line Pipe'
* API Manual of Petroleum Measurement'Standards (sec-
ond edition, February 1, 2013), Chapter 2] — Flow
Measurement Using Electréhic Metering|Systems,
Section 1 — Electronic Gas{Measurement
APIRP 2A-WSD (21st editieny, December 2000, including
Errata and Supplements through October 2007; reaf-
firmed 2010), Recommmended Practice for [Planning,
Designing and ‘Constructing Fixed [ffshore
Platforms — Werking Stress Design
API RP 5kl \(seventh edition, Septembe¢r 2009),
Recomfernided Practice for Railroad Trangportation
of Line Pipe
*APKRP 5LW (third edition, Septembg¢r 2009),
Recommended Practice for Transportatiopn 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 Basif 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 angl 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)

API'RP TI0Z (seventh edition, December 2007, including
Errata through September 2012), Steel Pipelines
Crossing Railroads and Highways

API RP 1111 (fourth edition, December 2009, including
Errata through May 2011), Design, Construction,
Operation, and Maintenance of Offshore
Hydrocarbon Pipelines (Limit State Design)

! See Note in para. 814.1.1 regarding the use of the 45th edition
of API 5L.
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*API Spec 6A /ISO 10423:2009 (Modified) (20th edition,
October 2010, including Errata and Addenda through
March 2013), Specification for Wellhead and
Christmas Tree Equipment

*API Spec 6D/ISO 14313:2007 (23rd edition, April 2008,
including Errata and Addenda through October 2012),
Specification for Pipeline Valves

*API Spec 6DSS/ISO 14723:2009 (second edition,
December 2009), Specification for Subsea Pipeline

*ASME B16.49-2012, Factory-Made, Wrought Steel,
Buttwelding Induction Bends for Transportation and
Distribution Systems

*ASME B18.2.1-2012, Square, Hex, Heavy Hex, and
Askew Head Bolts and Hex, Heavy Hex, Hex Flange,
Lobed Head, and Lag Screws (Inch Series)

*ASME B18.2.2-2010, Nuts for General Applications:
Machine Screw Nuts, Hex, Square, Hex Flange, and
Coupling Nuts (Inch Series)

Valves
*API Spe
includ
Operat]
Wellhe

b 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] /ISO 13628-2:2006 (third edition, July 2008,
includiphg Errata through August 2010), Specification
for Unbonded Flexible Pipe

API Std 1j104 (21st edition, September 2013), Welding of
Pipelines and Related Facilities

Publishd
1220 1
(www.

r: American Petroleum Institute (API),
Street, NW, Washington, DC 20005-4070

hpi.org)

A-3 ASME

*ASME H1.1-2003 (R2008), Unified Inch Screw Threads
(UN and UNR Thread Form)

*ASME B1.20.1-1983 (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 WroughtButtwelding
Fitting

*ASME H
and Th

*ASME B
Ring-Jd

*ASME K
and Flg
and 25

*ASME H16.33-2012; Manually Operated Metallic Gas
Valves [for Use'in Gas Piping Systems up to 175 psi
(Sizes NFS% Through NPS 2)

*ASME L’I/”/I 201° N7 1 1

16.11-2011, Forged Fittings,)Socket-Welding
readed

16.20-2012, Metallic Gaskets for Pipe Flanges:
int, Spiral-Wounds.and Jacketed

16.24-2011, Cast Copper Alloy Pipe Flanges
nged Fittings™Classes 150, 300, 600, 900, 1500,
DO

Remaining Strength of Corroded Pipeélines:
Supplement to ASME B31 Code for Presstire Piping
*ASME B31Q-2010, Pipeline Personnel Qualificatipn
*ASME B31.1-2012, Power Piping
*ASME B31.3-2012, Process Piping
*ASME B31.4-2012, Pipeline Transportation Systems for
Liquids and Slurries
*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 VIII, Rules for Constryction
of Pressuré Vessels; and Section IX, Qualifichtion
Standard)for Welding, Brazing, and Fusing
Procedtuires; Welders; Brazers; and Welding, Brdzing,
and.Fusing Operators (2013)
ASME SI-1-1982, ASME Orientation and Guide fofr Use
of SI (Metric) Units
ASME PCC-2-2011, Repair of Pressure Equipment 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; Order Department: 22 Law Drive
Box 2900, Fairfield, NJ 07007-2900 (www.asme.
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A-4 ASTM

ASTM A53/A53M-12, Standard Specification for [Pipe,
Steel, Black and Hot-Dipped, Zinc-Coated, Welded
and Seamless

ASTM A105/A105M-12, Standard Specification for
Carbon Steel Forgings for Piping Applications

J T P P | 1
10.0F74AU1, vdIVES — 1 1(11[6Cu, TTIHITAUTU, dITu

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

*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

126

ASTMATO6/ATO6M=-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)

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)
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ASTM A193/A193M-12b, Standard Specification for
Alloy-Steel and Stainless Steel Bolting Materials for
High Temperature or High-Pressure Service and
Other Special Purpose Applications

ASTM A194/A194M-12a, Standard Specification for
Carbon and Alloy Steel Nuts for Bolts for High
Pressure or High Temperature Service, or Both

ASTM A307-12, Standard Specification for Carbon Steel
Bolts, Studs, and Threaded Rod 60 000 PSI Tensile

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
Fittings

*ASTM D2517-06(R2011), Standard Specification for
Reinforced Epoxy Resin Gas Pressure Pipe and
Fittings

Strpngth

ASTM A320/A320M-11a, Standard Specification for
Alloy-Steel and Stainless Steel Bolting for
Low-Temperature Service

ASTM A333/A333M-11, Standard Specification for
Seamless and Welded Steel Pipe for Low-Temperature
Segvice

ASTM A354-11, Standard Specification for Quenched
angl Tempered Alloy Steel Bolts, Studs, and Other
Externally Threaded Fasteners

ASTM A372/A372M-12, Standard Specification for
Calrbon and Alloy Steel Forgings for Thin-Walled
Pr¢ssure 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
foy] Ferritic Ductile Iron Pressure-Retaining Castings
for Use at Elevated Temperatures

ASTM A449-10, Standard Specification for Hex-Cap
Scilews, Bolts and Studs, Steel, Heat Treated, 120,/105/
90 ksi Minimum Tensile Strength, General Use

ASTM A671/A671M-10, Standard Specification for
Elgctric-Fusion-Welded Steel Pipe for, Atmospheric
angl Lower Temperatures

ASTM A672/A672M-09, Standard’ Specification for
Elgctric-Fusion-Welded Steel Pipe for High-Pressure
Setvice at Moderate Temperatures

ASTM A691/A691M-09, Standard Specification for
Cafbon and Alloy Steel Pipe, Electric-Fusion-Welded
for) High-PressuréService at High Temperatures

ASTM A984/A984M-03(R2009), Standard Specification
for Steel Line Pipe, Black, Plain-End, Electric-

*ASTM D2837-11, Standard Test Method fqor
Hydrostatic Design Basis for Thermopl3
Materials or Pressure Design Basis for.Ther|
Pipe Products

*ASME F1041-02(R2008), Standaird Guide for|Squeeze-
Off of Polyolefin Gas Pressure)Pipe and Tuping

*ASTM F1563-01(R2011) /Standard Specifidation for
Tools to Squeeze-Off, Polyethylene (PE) Ggs Pipe or
Tubing

Dbtaining
stic Pipe
moplastic

Publisher: AmericantSociety for Testing and [Materials
(ASTM International), 100 Barr Harbor Drive, P.O.
Box C7005West Conshohocken, PA 19428-2959
(www.dstir.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 33[166-6672
(www.aws.org)

A-6 AWWA

ANSI A21.14-1979, Ductile-Iron Fittings 3-Inch
24-Inch for Gas?
ANSI A21.52-1991, Ductile-Iron Pipe, Cent
Cast, for Gas®
*ANSI/AWWA C111/A21.11-12, Rubber-Gasket Joints

Through

rifugally

Repistance:Welded for Ductile-I P Pi d Fithi
ASTM._“9A1005/A1005M-00(R2010),  Standard or Luctiie-lron tressure Fipe and FIHNgs|
Sp beification for Steel Tine Pipe Black. Plain-End *ANSI/AWWA C150/A21.50-08, Thickness De51gn of

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

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

127

Ductile-Iron Pipe

AWWA C101-1976(R1977), Thickness Design of Cast
Iron Pipe?

Publisher: American Water Works Association (AWWA),
6666 West Quincy Avenue, Denver, CO 80235
(www.awwa.org)

2 This publication has been superseded, withdrawn, or is no
longer in print.
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A-7 CGA

Best Practices Guide (version 10.0, 2013)

Publisher: Common Ground Alliance (CGA), 2300
Wilson Boulevard, Suite 400, Arlington, VA 22201
(www.commongroundalliance.com)

A-8 EPRI
EPRI EL-3106 (1983) (also published as PRCI-AGA-

MSS SP-71-2011, Gray Iron Swing Check Valves, Flanged
and Threaded Ends

MSS SP-75-2008, Specification for High-Test Wrought
Butt Welding Fittings

MSS SP-78-2011, Gray Iron Plug Valves, Flanged and
Threaded Ends

Publisher: Manufacturers Standardization Society of the
Valve and Fittings Industry, Inc. (MSS), 127 Park
Street, NE, Vienna, VA 22180 (www.mss-hq.com)

H,S-
Ction,
ulars

L51418|), Power Line-Induced AC Potential on Natural
Gas Pipelines for Complex Rights-of-Way  A-13 NACE
Configprations *ANSI/NACE MR0175/1SO 15156:2009, Petroleum and
Publishef: Electric Power Research Institute (EPRI), Natural Gas Industries — Materials for Use inl
3420 ]—Iil.lview Avenue, Palo Alto, CA 94304 Containing Environments in Oil and"Gas Produ
(Www.gpri.com) Parts 1, 2, and 3 (including all )Technical Cirg
through 2011)
A-9 GP, NACE Corrosion Data Survey (1985)

GPA Plant Operations Test Manual, Section C, Test for
Hydrdgen Sulfide in LPG and Gases (Tutweiler
Methodgl)

GPA Stapdard 2265-68, Determination of Hydrogen
Sulfide and Mercaptan Sulfur in Natural Gas
(Cadmjum Sulfate-lodometric Titration Method)

Publisher: Gas Processors Association (GPA), 6526 East
60th Street, Tulsa, OK 74145 (www.gpaglobal.org)

b

A-10 Gfli

GRI-00/(154 (2000), Design Guide for Polyethylene Gas
Pipes Across Bridges
GRI-91/(284 (1991), Guidelines for Pipelines/Crossing

Highwhys?

Publishey: Gas Technology Institute (GEL);,*1700 South
Moun{ Prospect Road, Des Pldines, IL 60018
(www.gastechnology.org)

A-11 IHEE

*IEEE/A$TM SI 10-2010;)American National Standard

NACE SP0169-2007, Contrel of External Corrosi
Underground or Submerged Metallic Piping Sy

NACE SP0177-2007, Mitigation of Alternating Cu
and Lightning\Effects on Metallic Structure
Corrosion €ontrol Systems

*NACE SP0607-2007 /15O 15589-2:2004 (Modified),
Petroletim and Natural Gas Industries — Cathodic
Protéction of Pipeline Transportation Systems — Off-
shiere Pipelines

Publisher: National Association of Corrosion Engineers
(NACE International), 1440 South Creek Drive,
Houston, TX 77084-4906 (www.nace.org)

n on
tems
rrent

and

A-14 NFPA

*NFPA 10-2013, Standard for Portable Fire Extingui

*NFPA 30-2012, Flammable and Combustible Li
Code

*NFPA 58-2013, Liquefied Petroleum Gas Code

*NFPA 59-2012, Utility LP-Gas Plant Code

*NFPA 59A-2013, Standard for the Production, Std
and Handling of Liquefied Natural Gas (LNG)

*NFPA 70-2013, National Electrical Code (incly

shers
uids

rage,
ding
ding

FPA),
7471

for Me}ric Practice Amendment 1)
Publisher: The Institute of Electrical and Electronics ~ *NFPA 220-2012, Standard on Types of Buil
Engineprs (IEEE),445 Hoes Lane, Piscataway, NJ 08854 Construction
(www.]eee0rg) Publisher: National Fire Protection Association (N|
1 Batterymarch Park, Quincy, MA 02169;
A-12 MSS (www.nfpa.org)

MSS SP-6-2012, Standard Finishes for Contact Faces of
Pipe Flanges and Connecting-End Flanges of Valves
and Fittings

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

128

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
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TR-4/2013, Listing of Hydrostatic Design Basis (HDB),
Hydrostatic Design Stress (HDS), Strength Design
Basis (SDB), Pressure Design Basis (PDB) and
Minimum Required Strength (MRS) Ratings For
Thermoplastic Piping Materials or Pipe

TR-33/2006, Generic Butt Fusion Joining Procedure for
Polyethylene Gas Pipe

TR-41/2002, Generic Saddle Fusion Joining Procedure
for Polyethylene Gas Piping

A-16 PRCI

PRCI PR-185-9734 (PRCI Catalog L51782), Guidelines
for Weld Deposition Repair on Pipelines (1998)

PRCI PR-186-0324 (PRCI Catalog L52047), Updated
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

Publisher: Plastics Pipe Institute, Inc. (PPI), 105 Decker
Cdurt, Suite 825, Irving, TX 75062
(www.plasticpipe.org)

Repair Manual (1994)

Publisher: Pipeline Research Council Internat
(PRCI), 3141 Fairview Park Drive,Suite
Church, VA 22042 (www.prci.org)

onal, Inc.
525, Falls
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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 dnd 2), Classification of Locations for Electrical
Indtallations 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
(wpww.aga.org)

C-2 |API

API RP 2A-LRFD (first edition, July 1993, including
Erfata and Supplements through February 1997; reaf-
firmmed 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
Division 2

API $pec 5B (15th edition,April 2008), Specification for
Thyreading, Gauging,and Thread Inspection of Casing,
Tuping, and Lirie\Pipe Threads

Publisher: American Petroleum Institute (API),
12p0 L tStreet, NW, Washington, DC 20005
(wwvw@pi.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, Grdy Iron Threaded [Fittings:
Classes 125 and 250
*ASME B16.14-2010;-Ferrous Pipe Plugs, Buslings, and
Locknuts With Ripe Threads
*ASME B16.15-2011, Cast Copper Alloy Threaded
Fittings: €lasses 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 Pipelines

Publisher: The American Society of Mgchanical
Engineers (ASME), Two Park Avenue, New York,
NY 10016; Order Department: 22 Law Drive, P.O.
Box 2900, Fairfield, NJ 07007-2900 (www.agme.org)

C-5 AST™M

ASTM A6/A6M-13, Standard Specification fgr General
Requirements for Rolled Structural Steel Balrs, Plates,
Shapes, and Sheet Piling

ASTM A20/A20M-11, Standard Specification for
General Requirements for Steel Plates for Pressure
Vessels

ASTM A29/A29M-12, Standard Specificption for
General Requirements for Steel Bars, Cafbon and
Alloy, Hot-Wrought

ASTM A36/A36M-12, Standard Specificpation for

ral N CL L 1 Cyo 1
dlUUIL Jilutiuldl JtcTl

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 A47/A47M-99(R2009), Standard Specification for
Ferritic Malleable Iron Castings

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
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*ASTM A182/A182M-13, Standard Specification for
Forged or Rolled Alloy and Stainless-Steel Pipe
Flanges, Forged Fittings, and Valves and Parts for
High-Temperature Service

ASTM A197/A197M-00(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 B42-10, Standard Specification for Seamless
Copper Pipe, Standard Sizes

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

ASTM A217/A217M-12, Standard Specification for Steel

Castinlgs, Martensitic Stainless and Alloy, for
Pressyre-Containing Parts, Suitable for High-
Tempefature Service

ASTM AR25/A225M-12, Standard Specification for
Pressure Vessel Plates, Alloy Steel, Manganese-
Vanadium-Nickel

ASTM APR34/A234M-11a, Standard Specification for
Piping [Fittings of Wrought Carbon Steel and Alloy
Steel fgr Moderate and High-Temperature Service

ASTM AP42/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
Pressure 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
Specifiations for Ductile-Iron Pressure Pipé

ASTM AW20/A420M-10a, Standard Specification for
Piping [Fittings of Wrought Carbon Steel and Alloy
Steel fgr Low-Temperature Service

ASTM A#87/A487M-93(R2012), Standard Specification
for Stegl Castings Suitable for-Pressure Service

ASTM A502-03(R2009), Standard Specification for
Rivets,|Steel, Structural

ASTM AB15/A515M-10, Standard Specification for
Pressute Vessel Plates; Carbon Steel, for Intermediate-
and Higher-Temperature Service

ASTM ApB16/A516M-10, Standard Specification for
Pressute Véssel Plates, Carbon Steel, for Moderate-
and Lower-Temperature Service

Seamiess Copper lube, Bright Annealed

ASTM B75/B75M-11, Standard Specification for’S
less Copper Tube

ASTM B249/B249M-12, Standard Specification for
General Requirements for Wrought'Coppef and
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 Specification for Copper
Sand Castings for General Applications

eam-

heral
and

Alloy

Publisher: Ameri¢an Society for Testing and Matgrials
(ASTM International), 100 Barr Harbor Drive| P.O.
Box C700, ‘West Conshohocken, PA 1942812959
(www.astm.org)

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 (AWWA),
6666 West Quincy Avenue, Denver, CO §0235
(www.awwa.org)

C7 GTI

GRI-00/0154 (2001), Design Guide for Pipes Akross
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

ASTM A575-96(R2013)¢!, Standard Specification for
Steel Bars, Carbon, Merchant Quality, M-Grades

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
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GRI-06/6192-03266H)-GRI-Guidefor Foeating and
Using Pipeline Industry Research. Section 3:
Identifying Types of Defects and Causes of Pipeline
Failures

GRI-00/0192.04 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 4:
Hydrostatic Testing

GRI-00/0192.05 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 5: Line Pipe

GRI-00/0192.06 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 6: Welding


https://asmenormdoc.com/api2/?name=ASME B31.8 2014.pdf

ASME B31.8-2014

GRI-00/0192.07 (2001), GRI Guide for Locating and
Using Pipeline Industry Research. Section 7: Fittings
and Components

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

Publisher: Gas Technology Institute (GTI), 1700 South
Mount Prospect Road, Des Plaines, IL 60018
(www.gastechnology.com)

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

GRI-p070192-10(2001), GRT Guide for Locating and
Uding Pipeline Industry Research. Section 10:
Coprosion

GRI-P0/0192.11 (2001), GRI Guide for Locating and
Usjng Pipeline Industry Research. Section 11: Stress

rosion Cracking

GRI-00/0192.12 (2001), GRI Guide for Locating and
Usjng Pipeline Industry Research. Section 12: Industry
Stdtistics

GRI{0/0192.13 (2001), GRI Guide for Locating and
Usfng Pipeline Industry Research. Section 13: Offshore
Pipelines

GRI-P0/0192.14 (2001), GRI Guide for Locating and
Usjng Pipeline Industry Research. Section 14: In-Line
Ingpection

GRI-P0/0192.15 (2001), GRI Guide for Locating and
Usjng Pipeline Industry Research. Section 15: Special
Sithations

GRI-p0/0192.16 (2001), GRI Guide for Locating and
Usfng Pipeline Industry Research. Section 16: Risk
Aspessment

GRI{0/0192.17 (2001), GRI Guide for Locating and
Usging Pipeline Industry Research..-Séction 17:
Gepgraphical Information Systems

GRI-P6/0368 (1996), Guidelines for the Application of
Guided Horizontal Drillingto Install Gas
Distribution Pipe

SUIIGLE IllCSUldliiitfb
MSS SP-61-2013, Pressure Testing of Valves
Publisher: Manufacturers StandardizatienSoc
Valve and Fittings Industry, Ine. (MSS),
Street, NE, Vienna, VA 22180 (www.mss-hg

ety of the
127 Park
.com)

C-9 OTHER PUBLICATIONS

ANSI Z17.1-1973, American National Standard for
Preferred Numbers!

Publisher: American National Standards [[nstitute
(ANSI), 25/West 43rd Street, New York, NY 10036
(www.ansi.org)

Horizenal Directional Drilling — Good Practices
Guidelines (third edition, 2008)
Rublisher: HDD Consortium, available throujgh North
American Society for Trenchless Technology (NASTT),
7445 Morgan Road, Liverpool, NY 13090
(www.nastt.org)

stallation
rilling —

PRCI PR-227-03110 (PRCI Catalog L52290), I
of Pipelines Using Horizontal Directional I
An Engineering Design Guide (2008)

Publisher: Pipeline Research Council Inte
(PRCI), 3141 Fairview Park Drive, Suite
Church, VA 22042 (www.prci.org)

Fnational
b25, Falls
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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)
ASTM.A333 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 g 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)

1 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 API5L.

(3) See applicable plate specification for SMYS.
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Table D-2 HDB Values for
Thermoplastic Materials

Plastic Pipe Material

Designation Long-Term Hydrostatic Strength
(D2513) at 73°F, psi
PA 32312 (PA-11) 2,500
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 for Thermoplastic Pipes
Covered by ASTM D2513. The values applysonly to materials
and pipes meeting all the requirements.of the basic materials
and ASTM D2513. They are based@n engineering test data
obtained in accordance with ASTM D1598 and analyzed in
accordance with ASTM D283%.\A list of commercial compounds
meeting these requirements)is published yearly by the Plastics
Pipe Institute.

HDB Values for Reinfonced Thermosetting Pipes Covered by
ASTM D2517. The yalue is established in accordance with
ASTM D2517..In the absence of an established HDB, the value
is 11,00Q.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
i
. . = | ¢
Welding elbow or pipe bend 1.65 0.75 0.9 TRy ‘ ry
[Notes (1)-(5)] h w3 K3 r,2 f
A0 "% R1 =bend
radiu
Closely spajced miter bend [Notes 1.52 0.9 0.9 cot 0 Ts
1), 2, @), and (5)] i e e -
s<r, (1} tan 9) 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 6) K56 K23 K23 2 ry
[Notes (1)), (2), and (5)]
Welding teg per ASME B16.9 with _
ro=% 1 0.9 30 1 T
Ts157 1 P AR 4.4 5
[Notes (1), (2), and (6)]
Reinforced fabricated tee with 1 5/2
. J T
pad or syddle [Notes (1), (2), 1 07/93 %G 4V, ( +_3//j t)
7)-0)] h 2y
Unreinforced fabricated tee 1 09 04y, z
[Notes (1), (2), and (9)] h23 40T /4 rs
Extruded oltlet
1o 2 0.05¢ 09 i n) T
T.<157T 1 K23 Yo+ /a 1 ry) ry
[Notes (1)), (2), and (6)]
Welded-in dontour insert B a7
ro 2 d/g ! 0.9 3/ 0 4+ 1 I
Ts157 1 P AR 4.4 5
[Notes (1)), (2),-and (10)]
BranclT we.ldsd-or:j)ﬂ[tl';lntg inz;t)e . 0.9 0.9 i3 i
grally reinforce ote s e 203 3L

2), (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)]
T20.237 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 >[0.237 in. (6.02 mm),
Shax < Vg in. (3.18 mm), 1.9 max. or_ 15
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 < Y46 in. (1.59 mm),
afd 8,g/T < 0.33
1 1.9 max. or T —
Taperdd transition per D s
ASME B16.25 1.3 + 0.0036 ?0 )36 ?_ K
[Nofe (1] i
Do‘ T
1 2.0 max. of 7_'1
Doy\1/? = 7_—2
Concehtric reducer per 0.5 ¥ 0.0l (_—o) 11_\0‘5 ]
ASME B16.9 [Notes (1) and & D T
3y 1’1 T 1 [P
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 [Note (14)]
Corrugated straight pipe; or 5 2.5
corrugated or creaséd\bend
[Nofe (16)]
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, / (Cont’d)

100
80 Flexibility factor for
P elbows, k = 1.65/A
60N
/ Flexibility factor for5
40 miters, k = 1,52/n /6
> /
%0 ‘ /
Stress intensificatign
: 20 factor, i = 0.9/h /3
g« ]
&5 15 e o
c 0 Stress intensification
2 < factor, i = 0.75/h%/3
g 2
E£Z 10
3 2 L~
£3 s ~| e -
§68 g W \
» N N
4 \\\
3 \ \
NN \
, \\\ \\
1.5 \\
0.02 0.03 0.04 0.06 0.10 0.15 0.2 0.3 04 06 081.0 1.5
Characteristic, h
Chart A
1.00 ’:
k
0.75
S ——— ] //
E’ | ’/
& 050 \
5 -
© _0:375 // \\\ 1 End flanged cq = h'/6
/ ™\ 2 Ends flanged ¢4 = h'3
0.25
ChartB
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOTES:

6y

@

)]
4
(5)

(©)

@)
®
)

(10)

1D

The nomenclature is as follows:
d = outside diameter of branch, in. (mm)
R; = bend radius of welding elbow or pipe bend, in. (mm)

-

branch, in. (mm)

r, = mean radius of matching pipe, in. (mm)
s = miter spacing at centerline, in. (mm)
T = nominal wall thickness of piping component, in. (mm)

o = radius of curvature of external contoured portion of outlet, measured in the plane containing the axes of the header and

fUI CllbUVVD dlld III;tEI :JCIIl:I.D, t:lc IIUIIIIII(]‘l VVﬂ“ t:I;L‘I\IICDD Uf t:IE ﬂtt;lls, ;II. (IIIIII)

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
pipe, increased thickness must be maintained for at least one run outside diameter to each side of the hranch out
ter), in. (mm)

T. = the crotch thickness of tees, in. (mm)

t. = pad or saddle thickness, in. (mm)

a = reducer cone angle, deg

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 intensification factors, i, shall
han unity; factors for torsion equal unity. Both factors apply over the effective arc length (showi~by heavy centerlines in {
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 characteristicy h, computed from the formul
Where flanges are attached to one or both ends, the values of k and i shall be correctedyby the factors, C,, which can be
Hirectly from Chart B, entering with the computed h.
fhe designer is cautioned that cast buttwelded fittings may have considerably heavier walls than that of the pipe with whi
sed. 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 i. To correct value

able, divide k by
73 p\1/3
[1 +6 L r_—z = ]
ESNT r

Hivide i by
5/2 R 2/3
[1 w325 (2 (2) (2 }
EJ\T r;
vhere
E. cold modulus of elasticity, psivtMPa)

P gage pressure, psi (MPa)
f the number of displacement cycles is less than 200, the radius and thickness limits specified need not be met. When t
hnd thickness limits are not metyand the number of design cycles exceeds 200, the out-plane and in-plane stress intensifi
ors shall be calculated as(1.22/h%3 and (0.67/h*%) + Y, respectively.
When t, > 134T, use h & 4.05T/r,.
[he minimum value_6f-the stress intensification factor shall be 1.2.
When the branch-te‘run diameter ratio exceeds 0.5, but is less than 1.0, and the number of design displacement cycles e
D00, the out-plane’and in-plane stress intensification factors shall be calculated as 1.8/h%3 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 smoothwconcave 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
hnd-thickness limits are not met and the number of design displacement cycles exceeds 200, the out-plane and in-plane §

bf matching
kide diame-

not be less
he

hs given.
read

ch they are

from the

e radius
cation fac-

ceeds
vely,
lended to

e radius
tress inten-

ififation factors shall he calculated as 1 8/h2/3 and (0 67/h%/3) + 1 ‘itespectively

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 /D, T - D, and T are 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 D,,/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.? (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)

Sy| = 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.
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MANDATORY APPENDIX F
EXTRUDED HEADERS AND WELDED BRANCH CONNECTIONS

(14) F-1 EXTRUDED HEADERS t, = required thickness of branch pipe according to
Ddfinitions and limitations applicable to Figs. F-1 the steelo pipe F1e51gn formula of parp. 841'.1'1’
throgh F-4 are as follows: but not including any thickness'for forrosion,
e . ’ . in. (mm)
D| = outside diameter of run, in. (mm . .
D.| = corroded internal diameter o(f ruri in. (mm) b= reqlilred t};Cknesfs of tlr;e Qg dccord ngbto the
. , in. . )
D,| = corroded internal diameter of extruded outlet isfliiu%f; Zsrignalcil(‘)r?vl;ifearfir%i&] gsig;n;):
measured at the level of the outside surface of 6 any .
run, in. (mm) under-thickness tolerance, in. (mm)
d|= outside diameter of branch pipe, in. (mm)
d.| = corroded internal diameter of branch pipe, F-2 EXAMPLES ILLUSTRATING THE APPLICATION
in. (mm) OF THE RULES FOR REINFORCEMENT DF
h,| = height of the extruded lip. This must be equal WELDED BRANCH CONNECTIONS
tf) or greater than 7,, .except as shown in limita- F-2.1 Example 1
tion (b) of r, below, in. (mm). )
L|= height of the reinforcement zone, in. (mm) An NPS'8 outlet is welded to an NPS 24 hgader. The
= 0.7./dT, ’ header material is API 5LX 46 with a 0.312-in.|wall. The
n|= half width of reinforcement zone (equal to D) outlet'is API 5L Grade B (Seamless) Schedule|40 with a
in. (mm) 7 \0322-in. wall. The working pressure is 650 psig. The
r = raaius 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)Khis factors F = 0.60, E = 1.00,and T = 1.00. For dimensions,
is subject to the following limitations; see Fig. F-5.
(a) Minimum Radius. This dimension shall F-2.1.1 Header. Nominal wall thickness fequired:
not be less than 0.05d, except thatyon branch
diameters larger than 30 in. (762 mm), it need t = PD = 650 x 24
not exceed 1.50 in. (38.1 mfn): 2 SFET 2 x 46,000 x 0.60 x 1.00 x .00
(b) Maximum Radius~For outlet pipe sizes = 0283 in.
NPS 8 (DN 200) and larget, this dimension shall Excess thickness in header wall:
not exceed 0.10d #0:50 in. (0.10d + 12.7 mm).
For outlet pipé\sizes smaller than NPS 8 H -t = 0312 -0.283 = 0.029 in.
’El?;jl ?0205),1:1}11(53;:1171151e£?;c;n shall not be greater F-2.1.2 Outlet. Nominal wall thickness required:
(c) When the external contour contains more - 650 x 8.625
than/one radius, the radius on any arc sector b~ 27% 35,000 x 0.60 x 1.00 X 1.00
of approximately 45 deg shall meet the require- = 0.133 in.
ments of (a) and (b) above. ) )
(d) Machining shall not be employed to meet Excess thickness in outlet wall:
the above requirements. B—t, = 03220133 = 0189 in.
T, = actual thickness of branch wall, not including
corrosion allowance, in. (mm) d = inside diameter of opening = 8.625 — 2 X 0.322
T, = corroded finished thickness of extruded outlet = 7981 in.
measured at a height equal to r, above the . .
outside surface of the run, in. (mm) F-2.1.3 Reinforcement Required
T, = actual thickness of the run wall, not including Ag = dt = 7.981 x 0.283 = 2.259 in.2

the corrosion allowance, in. (mm)

! See para. 831.6.
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F-2.1.4 Reinforcement Provided by Header

A= H-1t)d = 0029 x 7981 = 0.231 in.2
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Fig. F-1

Limits of ¢
reinforcement of branch
zone

7-Taper bore inside

1:3 max. taper

diameter (if required)
to match branch pipe;

DTE:

L
S
Lefl dr A

Corrosion allowance

Sketch to show method of establishing T, when the taper encroaches on the crotch radius.

Reinforcement
zone

Fig. F:3
[ d al
d, —
]
[}
[ 2%
Required area
. A=Kt D,
| R
\ I’1 Pota)- I'1

55, \
Dc Corrosion allowance

GENERAL NOTE: Sketch is drawn for condition where K = 1.00.
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Fig. F-4

Reinforcement
zone

[y

"

Corrosion allowance

GENERAL NOTE: Sketch is drawn for condition where K = 1.00.
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Fig. F-5 Rules for Reinforcement of Welded Branch Connections

A
'
< B

L =smaller of 2'/5 H
or2ly B+M

— —l— .

)
&

7777 /////// .
1 AR

I
d - d -
|

Area of reinforcement enclosed by —— lines.
Reinforcement area required Ag= dt

Area available as reinforcement = Aq + Ay + Ag

Ay = (H- 1) (d) (If negative, use zero for value of A;)

Ay =2(B-tp)L

Az = summatioh.of area of all added reinforcement, including
weld areas that lie within the area of reinforcement

Ay + Ay vAg-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

-
[

orL

p.1.5 Effective Area in Outlet

Height L = 21/2 B + M (assume 1/4—in. pad)
= (2'/, x 0.322) + 0.25 = 1.055 in.

=21 /,H = 2.5 % 0.312 = 0.780 in. Use L = 0.780 in.

Ay =2B-t)L =2x 0189 x 0.780
= 0.295 in.?

Thiis must be multiplied by 35,000/46,000(Jsee

para.

Re

Us|

831.4.1(f)].
o 35,000 N
Effective A’ = 0.295 X 16000 — 0.2244n.

uired area:

As = Ag - Ay - A%
= 2259 — 0.231(-0.224 = 1.804 in.?

e a reinforced plate'that is 0.250 in. thick (minimum

practicable) X 15.5n"in diameter.

Fi

=
—

Area # (15500 — 8.625) x 0.250 = 1.719 in.2

et welds (assuming two Yi-in. welds each side):

is 1.00. The temperature is 37.8°C. Design fa¢tors F =
0.60, E = 1.005and T = 1.00. For dimensions, sge Fig. F-5.
F-2.1.1M Header. Nominal wall thickness|required:
,_ PD__ 448 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-2.1.2M Outlet. Nominal wall thickness|required:
. 448 x 219.1
"7 2 x 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

1 2
2 (025 X025 X 4= 01251

Total Az provided = 1.844 in?
See also Fig. F-6.

F-2.1

M 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 working pressure is 4.48 MPa. The fabrication is in
Location Class 1. Using para. 841.1, the joint efficiency

147

Ag = dt = 202.72 x 7.178 = 1455.2 mm?

F-2.1.4M Reinforcement Provided by Header

A = (H-1td = 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
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or L = 21/2H =25 %X 792 = 19812 mm. Use L =
19.812 mm

A, =2B-t)L =2 x 4788 x 19.812
= 189.73 mm?

This must be multiplied by 241.3/317.2 [see
para. 831.4.1(f)].

d = inside diameter of opening = 16.000 — 2 X 0.312
= 15.376 in.

F-2.2.3 Reinforcement Required
Agr = dt = 15376 x 0.283 = 4.351 in.?
F-2.2.4 Reinforcement Provided

Ay = (H-1td = 0.02 x 15376 = 0.446 in.2

2413
ective A’ = 189.73 X ——= = 144.56 mm’

B 3172
Required area:
As|l= Ag — A — A%y
= 1455.2 - 151.34 - 144.36 = 1159.5 mm?*
Use a r¢inforced plate that is 6.35 mm thick (minimum

practicable) X 393.7 mm in diameter.
Atka = (393.7 — 219.1) X 6.35 = 1108.9 mm>
Fillet welds (assuming two 6.35 mm welds each side):

1/, (6.35 % 6.35) x 4 = 80.65 mm?

Total A
See als

5 provided = 1189.5 mm?
b Fig. F-6.

F-2.2 Example 2

An NPBp 16 outlet is welded to an NPS 24 header. The
header mjaterial is API 5LX 46 with a 0.312-in. wall~Fhe
outlet is API 5L Grade B (Seamless) Schedule 20\with a
0.312-in. wall. The working pressure is 650 psig. The
fabricatign is in Location Class 1. By pard:831.4.2, the
reinforcgment must be of the complete‘encirclement
type. Using para. 841.1, the joint efficiency is 1.00. The
temperatire is 100°F. Design factets,F = 0.60, E = 1.00,
and T =]1.00. For dimensions/sée Fig. F-7.

F-2.2.1 Header. Nominal'wall thickness required:

| pp 650 x 24
T| 2 SFET 2% 46,000 x 0.60 X 1.00 X 1.00
0.283 in.

Excess [thickness in header wall:

F-2.2.5 Eitective Area in Outlet

Height L = 21/, B + M (assume °/4¢-in, plate)
= (2.5 x 0.312) + 0.312 = 1.0924n.
or
L =2'/,H =25 x 0312 = 0780 ifi. Use L = 0.780)i

Ay =2 (B -ty Le=2'% 0.064 x 0.780

= 0.100 in.?

This must be multiplied by 35,000/46,000
para. 831.4.1(f)k

[see

Effective\A”, = 0.100 x 35,000/46,000 = 0.076 in.f

Requized area:

A3 :AR_A'I_A,Z
= 4351 — 0.446 - 0.076 = 3.829 in.?

Approximate required thickness of reinforcement:
3.829 + (30 — 16) = 0.274 in.

Use a 0.312-in. plate minimum required l¢
(neglecting welds):

ngth

3.829 + 0.312 = 12.272 in.

16 +12.272 = 29 in. (rounded to the next higher wHhole

number)
Use a plate that is 29 in. long;:
Area = 0.312 x (29 — 16) = 4.056 in.2

Two %-in. welds to outlet:

1/, x (0.25 x 0.25) x 2 = 0.063 in.2

H-t = 0312 - 0.283 = 0.029 in.

F-2.2.2 Outlet. Nominal wall thickness required:

B 650 x 16
~ 2% 35,000 x 0.60 x 1.00 X 1.00
= 0.248 in.

ty

Excess thickness in outlet wall:

B -t, = 0312 - 0.248 = 0.064 in.

148

Total A provided = 4.119 in.2

The use of end welds is optional (see Fig. I-3).

F-2.2M Example 2M

A DN 400 outlet is welded to an 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 7.92 mm wall.
The working pressure is 4.48 MPa. The fabrication is in
Location Class 1. By para. 841.4.2, the reinforcement
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Fig. F-7
must be of the complete encirclement type. Using F-2.2.5M Effective Area in Outlet (14)
para|841.1, the joint efficiency is 1.00. The temperature
is 37.8°C. Design factors F = 0.60, E = 1.00, and Height L = 2!/, B + M (assume 7.94 mm plate)
T = [1.00. For dimensions, see Fig. F-7. = (2.5 X 7.92) + 7.94 = 27.75 mm
F-2.2.1M Header. Nominal wall thickness required:
or
,__PD__ 448 X 609.6
T 2SFET ~ 2 x 317.16 x 0.60 x 1.00~X 1.00 L =2",H=25x792 = 19.812 mm. Use L = [19.812 in.
=7.178 mm

Ay =2B-t)L =2 x 1635 x 19.812

Exgess thickness in header wall: — 64.80 mm?

H -t =7925-7178 = 0.747 mm
This must be multiplied by 241.3/317.2 [see

F-R.2.2M Outlet. Nominal wall thickness required: para. 831.4.1(f)].
448 x 406.4
b = 8137 X 0.60 X 100 X 100 Effective A, = 64.80 X 241.3/317.2 = 49.30 jmm?
=76:290 mm

Required area:
Extess-thickness in outlet wall:

Ar=Ap— A, — A%
= 2803.5 — 291.56 — 49.30 = 2 462.6 mm?>

B-t, = 7925 -6.290 = 1.635 mm

d = inside diameter of opening = 4064 — 2 X 7.925 . . . .
— 390.55 mm Approximate required thickness of reinforcement:

F-2.2.3M Reinforcement Required 24626 + (762 — 406.4) = 6.925 mm

o _ 2
Ag = dt = 390.55 x 7.178 = 2803.5 mm Use a 7.92 mm plate minimum required length

F-2.2.4M Reinforcement Provided (neglecting welds):

Ay = (H-t)d = 0.747 x 390.55 = 291.56 mm? 2462.6 +~ 792 = 310.75 mm
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406.4 + 310.75 = 736.6 mm (rounded to the next higher
whole number in customary
units, i.e., equivalent to 29 in.)

Use a plate that is 736.6 mm long:
Area = 7.92 X (736.6 — 406.4) = 2 616.8 mm?>

Two 6.35 mm welds to outlet:

X 025 X 0.25) X 2 = 4032 mm
Total A provided = 2 657.1 mm?

The usp of end welds is optional (see Fig. I-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

(a)
Ther¢
requs
testir

(b)
NPS
with
test ¥
tion

(c)
conf(
weld

(d)
subjq
a cra
weld
any
occul
shall
rejec

(e)
necti
tests

secti
weld|
weld|

the f

(kno
A

junct

TEST PROCEDURES

An initial test shall qualify a welder for work.
bafter, the welder’s work shall be checked either by
lification at 1-yr intervals or by cutting out and
)g production work at least every 6 months.

The test may be made on pipe of any diameter
12 (DN 300) or smaller. The test weld shall be made
the pipe in a horizontal fixed position so that the
veld includes at least one section of overhead posi-
velding.

The beveling, root opening, and other details must
rm to the procedure specification under which the
br is qualified.

The test weld shall be cut into four coupons and
cted to the root bend test. If as a result of this test,
ck develops in the weld material or between the
and base metal more than % in. (3.2 mm) long in
Hirection, this shall be cause for rejection. Cracks
ring on the corner of the specimen during-testing
not be considered. If not more than gne.coupon is
ed, the weld is to be considered acceptable.
Welders who are to make welded service line con-
bns to mains shall be required(to)pass the following
satisfactorily:

1) Weld a service line connection fitting to a pipe
n having the same diameter as a typical main. This
shall be made in the.same position as this type of
is made in the“field.

2) The weld(shall be tested by attempting to break
itting offthe run pipe by any available means
king itotf).

bample shall be rejected if the broken weld at the
jotr-of the fitting and run pipe shows incomplete

(f) For the periodic checking of welders
on small service lines only [NPS.2 (DN 50) ¢
in diameter], the following special field tes|
employed. This test should néf'be used as a
for the original qualifying test.

Two sample welds,made by the welder
shall be taken from steel service line. Each sar
be cut 8 in. (200 mm) long with the weld locateq
mately in thes/center. One sample shall have
flattened aridy'the entire joint subjected to t

ho work
r smaller
t may be
substitute

nder test
nple shall
| approxi-
the ends
he tensile

strength test.” Failure must be in the parent metal and

not adjagent to or in the weld metal to be a
The second sample shall be centered in the gui
testihg machine and bent to the contour of t
a-distance of 2 in. (50 mm) on each side of
The sample to be acceptable must show no
cracks after removal from the bending machi

When a tensile strength testing machine is
able, two bend test samples will be acceptal
of one tension and one bending test.

(g) Tests for Copper Joints. Personnel who ar
on copper piping should pass the folloy
satisfactorily.

Fceptable.
ded bend
he die for
the weld.
breaks or
he.

not avail-
le in lieu

e to work
ving test

A brazed or soldered copper bell joint should be made

on any size of copper pipe used, with the a
pipe stationary in the horizontal position. TH
welded is to be sawed open longitudinally at
the pipe (the top being the uppermost poi
circumstance at time joint is brazed). The joi
be spread apart for examination. The bell e
joint must be completely bonded. The spig
the joint must give evidence that the brazing
reached at least 75% of the total area of the t

xis of the
e joint so
the top of
ht on the
nt should
nd of the
bt end of
alloy has
blescoped

surfaces. At least 50% of the length at the t

op of the

fusio

S-OVeTtap, Or poOT penetratior.

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!

H-1 TEST PROCEDURES

(a) Th
weight a
shall not

(e) The test shall consist of flattening a section of pipe

e flattening test shall be made on standard
hd extra strong pipe over NPS 2 (DN 50). It
be required for double extra strong pipe.

(b) Forl a lap-welded and buttwelded pipe, the test
section shall be 4 in. to 6 in. (100 mm to 150 mm) in
length, apd the weld shall be located 45 deg from the
line of difection of the applied force.

(c) For
from eac

electric-resistance welded pipe, both crop ends
h length of pipe shall be flattened between

parallel pglates with the weld at the point of maximum

bending
opening
between

intil the opposite walls of the pipe meet. No
n the weld shall take place until the distance
he plates is less than two-thirds of the original

outside djiameter of the pipe. No cracks or breaks in the
metal othpr than in the weld shall occur until the distance

between

he plates is less than one-third of the original

outside diameter of the pipe, but in no case less than

five time

5 the thickness of the pipe wall. Evidence of

laminatign or burnt material shall not develop during

the entire|
injurious

flattening process, and the weld shall not show
defects.

(d) Forseamless pipe the test section shall be ngt less
than 2% n. (64 mm) in length.

! See par

. 817.1.3(b).

between parallel plates until the opposite walls
For welded pipe, no opening in the weld shall take

meet.
place

until the distance between the plates is less than three-

fourths of the original outside diameterCfor ‘buttw
pipe, and two-thirds of the outside /diameter fo

elded
lap-

welded and electric-resistance welded pipes. No dracks

or breaks in the metal other than irrthe weld shall

pccur

until the distance between the.plates is less than three-
fifths of the outside diaméte for buttwelded pipq, and
one-third of the outside/diameter for lap-welded and

electric-resistance welded (Grades A and B) pipe$. For
seamless (Grades<A and B) pipe, no breaks or cra¢ks in
the metal shall\occur until the distance between the
plates is less than that shown below:
(et
T e+t/D
where
D = actual outside diameter of pipes, in. [2.3}5 in.
(60.33 mm) nominal]
e = deformation per unit length (constant{for a
given grade of steel, 0.09 for Grade A and 0.07
for Grade B)
H = distance between flattening plates, in. (nm)

_..
I

nominal wall thickness of pipe, in. (mm)
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MANDATORY APPENDIX |
END PREPARATIONS FOR BUTTWELDING

I-1 EXPLANATORY NOTES

treatment is necessary, provided full penetration and

I-1.1

This Mandatory Appendix applies to end preparation
for blittwelding sections having unequal thicknesses and
unequal specified minimum yield strengths (see Figs. I-1
throygh 1-4).

(a)| The sketches in Fig. I-5 illustrate acceptable prepa-
ratiofs for joining pipe ends by buttwelding for materi-
als Having unequal wall thicknesses and/or with
unegual strengths (specified minimum yield strength).

(b)] The thickness of the sections to be joined beyond
the jpint design area shall comply with the design
requirements of this Code.

(c)] When the specified minimum yield strengths of
the s¢ctions to be joined are unequal, the deposited weld
meta| shall have mechanical properties at least equal to
thosq of the section having the higher strength.

(d)| The transition between ends of unequal thickness
may pe accomplished by taper or welding as illustrated,
or by means of a prefabricated transition ring.

(e)| Sharp notches or grooves at the edge of the weld
wher it joins a slanted surface shall be avoided-

(f)| For joining unequal thicknesses of egual specified
minijnum yield strengths, the rules given‘herein apply,
except there is no minimum angle limit fo the taper.

(¢)] The maximum thickness, tpffor design purposes
shall|not be greater than 1.5¢.

General

1-1.2
(a)

Unequal Internal Diameters

For piping to opetate at hoop stresses of less than

20% of specified minimiim yield strength, if the nominal (b) Where there is an external offset excee
wall thicknesses of the adjoining ends do not vary more ~ half the thinner section, that portion of the o
than |% in. (3.2«mm), no special treatment is necessary Yt shall be tapered as shown in sketch (f) of
provided adequate penetration and bond is accom- .
plished 4f-welding. If the offset is greater than  I-1.4 Unequal Internal and External Diametefrs
% in|(3:2:mm), the following paragraphs will apply. Where there is both an internal and an exter|
(b)—FortHoop-Stresstevets26%orivtoreof the-Specified—thejoint design stath-beacombimation of sk

bond is accomplished in welding. See sketch (a) of
Fig. I-5.

(2) Where the nominal internal offsetis greater than
%, in. (2.38 mm) and there is no acGess to the inside of
the pipe for welding, the transition must be rhade by a
taper cut on the inside end of the thicker seftion. See
sketch (b) of Fig. I-5. The taper‘angle shall be not greater
than 30 deg nor less than\l4 deg.

(3) Where the nominal internal offset is
%, 1in. (2.38 mm) but does not exceed one-half
section, and thereis access to the inside of the pipe for
welding, the<ransition may be made with h tapered
weld as shown in sketch (c) of Fig. I-5. The lapd on the
thicker, section must be equal to the offset plup the land
on abutting section.

(4) Where the nominal internal offset is fnore than
one-half the thinner section and there is accgss to the
inside of the pipe for welding, the transitioh 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 sectjon and a
taper cut from that point as shown in skefch (d) of
Fig. I-5.

rh[:ore than
the thinner

I-1.3 Unequal External Diameters

(a) Where the external offset does not ex¢eed one-
half the thinner section, the transition may bg made by
welding as shown by sketch (e) of Fig. I-5, prqvided the
angle of rise of the weld surface does not exced 30 deg
and both bevel edges are properly fused.
Hing one-
ffset over
Fig. I-5.

nal offset,

Minimum Yield Strength
(1) If the nominal wall thickness of the adjoining
ends does not vary more than %,1n. (2.38 mm), no special

153

tches (a)
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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Fig. I-1 Welding Details for Openings Without Reinforcement Other Than That in
Header and Branch Walls

Branch
V4
B
45 deg, min.
\( wy N |- /<
i
\"'l N y 45 deg, min.

A
Header

GENERAL NPTES:
(@ When d welding saddle is used, it shall be inserted over this type of connection.

(b) W; = 3%, but not less than ¥ in. (6.35 mm).
(© N =Y in. (1.59 mm) min., % in. (3.18 mm) max., unless back welded or backing strip is used.

Fig. I-2 Welding Details for Openings With Localized-Type Reinforcement

GENERAL NOTES:
(@ All welds to have equal leg dimensions, and a minimum throat = 0.707 X leg dimension.
(b) If M is thicker than H, the reinforcing member shall be tapered down to the header wall thickness.

() Provide hole in reinforcement to reveal leakage in buried welds and to provide venting during welding and heat treatment
[see para. 831.4.1(h)].
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Fig. I-3 Welding Details for Openings With Complete Encirclement Types of Reinforcement

)

IR

NS
I\\\“\\\\ ‘e sosw

Optiona! weld

PP 722222 28]
‘i r///wﬁﬁ//x///z)

.~ Optional weld

'//////////////

NI -

These longitudinal
welds(may be

located anywhere { |

around circumference

Tee Type Sleeve Type
[Note (1)] [Note (2)]

2
7
7
Z

///////////:
VOTITIITa

Optional weld Optional weld Optional weld

,

AN

(PR 2R 222224

B L2 e Ll
RN YL Ll //'I/I//,‘

:\\\\\\\\\\\\\w

2ol 2002020202020 02002l

Saddle and Sleeve Type Saddle Type

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

(2) Provide hole in reinforcement to reveal leakage in buried welds and to provide venting during welding and heat treatment
[see para. 831.4.1(h)]. Not required for tee type.
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Fig. I-3.1 Pressurized Hot Tap Tee Reinforcing Sleeve End Fillet Weld Design

End face = 1.4 times calculated hoop
thickness of sleeve (max.), if required

‘\Chamfer/taper = 45 deg min. (approx.)

Pressurized hot tapping tee ) Effective weld throat = 0.7t to 1.0t
reinforcing sleeve /

Pipe wall thickness = t \

\

Fillet weld leg = 1.0t + gap to 1.4t + gap
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ASME B31.8-2014

Fig. I-5 Acceptable Design for Unequal Wall Thickness

NOTE:
(1) No minimum when materials joined have equal specified minimum yield strengths.
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Fig. -6 Recommended Attachment Details of Flanges
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