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FOREWORD

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

1925. To meet this need, the American Engineering Standards Committee (later changed to the
American Standards Association now the American National Standards Institute)initiated Prr\}'pr‘ t

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. Codse
for Pressure Piping.

A revision of the original tentative standard began in 1937. Several more years,ofieffort were
given to securing uniformity among sections, eliminating divergent requiremenfs-and discrepan
cies, keeping the Code abreast of current developments in welding technique; calculating stresq
computations, and including reference to new dimensional and material standards. During thif
period, a new section added on refrigeration piping was prepared._incooperation with the
American Society of Refrigeration Engineers and complemented the American Standard Codg
for Mechanical Refrigeration. This work culminated in the 1942 American Standard Code foj
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 wag
issued, procedures were established for handling inquires requiring explanation or interpretatior]
of Code requirements and for publishing such inquiries and answers in Mechanical Engineering
for the information of all concerned.

By 1948, continuing increases in the severityZof service conditions combined with the develop
ment of new materials and designs to meet these higher requirements warranted more extensivg
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 committeg
and its several subcommittees andto invite the various interested bodies to reaffirm their represen
tatives or to designate new ones.

Because of the wide field.ifivolved, between 30 and 40 different engineering societies, govern
ment bureaus, trade assOciations, institutes, and similar organizations have had one or mors
representatives on the 'sectional committee, plus a few “members at large” to represent genera
interests. Code activitiés have been subdivided according to the scope of the several sections
General direction'of 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 reorganization in 1948, Standards Committee B31 made an intensive review o
the 1942.Code that resulted in

(@) a general 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

(o) the clarification of ambiguous or confticting Tequiremnents

A revision was presented for letter ballot vote of Standards Committee B31. Following approval
by this body, the project was approved by the sponsor organization and by the American Standards
Association. It was finally designated as an American Standard in February 1951, with 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.

vii
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The first Edition of this integrated document, known as American Standard Code for Pressure
Piping, Section 8, Gas Transmission and Distribution Piping Systems, was published in 1952 and
consisted almost entirely of material taken from Sections 2, 6, and 7 of the 1951 Edition of the
Pressure Piping Code.

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

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

ithraconsiderabty expamnded scopeFurtherexperternce i theappticationof the-Code Tesutted
in revisions in 1958, 1963, 1966, 1967, 1968, 1969, 1975, and 1982.

In December 1978, the American National Standards Committee B31 was reorganized as_the
ASME Code for Pressure Piping, B31 Committee. The code designation was also changedito
ANSI/ASME B31.

The 1989 Edition of the Code was a compilation of the 1986 Edition and the subsequent-addenda
jssued to the 1986 Edition.

The 1992 Edition of the Code was a compilation of the 1989 Edition, the stibsequent three
pddenda, and the two special Errata issued to the 1989 Edition.

The 1995 Edition of the Code is a compilation of the 1992 Edition andithe’'subsequent three
pddenda issued to the 1992 Edition.

The 1999 Edition of the Code is a compilation of the 1995 Editiorvand’ the revisions that have
pccurred since the issuance of the 1995 Edition.

The 2003 Edition of the Code is a compilation of the 1999 £dition and revisions that have
pccurred since the issuance of the 1999 Edition.

The 2007 Edition of the Code is a compilation of the 2003 Edition and revisions that have
pccurred since the issuance of the 2003 Edition. This Edition was approved by the American
National Standards Institute on September 25, 2007.
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INTRODUCTION

The ASME Code for Pressure Piping consists of many
individually published sections, each an American

imposes the use of another issue or different require-
ments.

National Standard. Hereafter, in this Introduction and Users of this Code are cautioned against making use
in the text of this Code Section, B31.8, when the word of revisions without assurance that they are acéeptable
“Code” i used without specific identification, it means  to any authorities of jurisdiction where the piping is to
this Cod¢ Section. be installed.

The Cogde sets forth engineering requirements deemed
necessary for the safe design and construction of pres-
sure pipihg. 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
principle$ and to guide selection and application of pip-
ing elemgnts. The Code prohibits designs and practices
known tq be unsafe and contains warnings where cau-
tion, but not prohibition, is warranted.

This Cpde Section includes

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

(b) requirements for designing components and
assembligs

(c) reqpiirements and data for evalpating and limiting
stresses, feactions, and movements-associated with pres-
sure, temjperature changes, and-other forces

(d) gufidance and limitdtions on selecting and
applying|materials, compeneénts, and joining methods

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

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

(g) procedures for operation and maintenance that

The Code is under the direction of ASME Comrhittee
B31, Code for Pressure Piping, which'is’organizedl and
operates under procedures of Theé)American Soci¢ty of
Mechanical Engineers that havé been accredited Hy the
American National Standards\Inistitute. The Comrhittee
is a continuing one and kéeps all Code Sections cyrrent
with new developments ‘in ' materials, constructior], and
industrial practice. Addenda are issued periodifcally.
New editions are\published at intervals of 3 yedrs to
5 years.

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

Interpretations and Revisions

The Committee has established an orderly procg¢dure
to consider requests for interpretation and revisipn of
Code requirements. To receive consideration, inqpiries
must be in writing and must give full particulars{ (See
Appendix O covering preparation of techjical
inquiries.)

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

are essentiad-to-pblie-safety

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

It is intended that this Edition of Code Section B31.8
and any subsequent addenda not be retroactive. The
latest edition and addenda 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 jurisdiction

Xii

RCLiuCDtD fUL iutcLylctatiuu alld Duéscbtiuua fUJ. reVi-
sion should be addressed to the Secretary, ASME B31
Committee, c/o The American Society of Mechanical
Engineers, Three 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
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materials or alternative constructions. Proposed Cases
are published in Mechanical Engineering for public
review. In addition, the Case will be published as part
of an Interpretation Supplement issued with Addenda
to the applicable Code Section.

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

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
Code, Section II and Section VIII, Division 1, Appendix
B. (To develop usage and gain experience, unlisted mate-

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.

Madterials are listed in the Stress Tables only when
suffidient usage in piping within the scope of the Code

. 1 1 1 1 -1 Q
Ir'ldls llldy DC UsScU IIT dCCOIUdIce WILL Pdld. O 122)

Effective Date

This Edition, when issued, contairis new Cqde provi-
sions. Itis a compilation of the 2003\Edition and revisions
to the 2003 Edition.
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ASME B31.8-2007
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.8-2007

was approved by the American National Standards Institute on September 25, 2007.
ASME B31.8-2007 includes editorial changes, revisions, and corrections introduced in ASME
331.8-2003, as well as the following changes identified by a margin note, (07), placed next-to the
hffected area.
Page Location Change
1, 2 802.21 Second sentence revised
4 803.41 Revised
B 811.22 Revised
811.24(a) Revised
13 823.21 Revised
16 831.21(a) Revised
18 831.31 (1)\New subparagraph (c) added
(2) Previous subparagraphs (c) through
(f) redesignated as (d) through (g),
respectively
D1 831.42(e) Revised
831.42(f) Revised
831.42(j) Revised
Table 83142 Revised
D4 833.2(c) Nomenclature for T; corrected by errata
8332(e) Second equation revised to include equal
sign
B31 841.113(a) Parentheses added to third sentence by
errata
32 841.123 Title corrected by errata
B4 841.129 Added
B5 841.142 Parentheses added to last sentence by
errata
36 841.231(f) Revised
44 Table 842.32(c) Fourth entry in second column corrected
by errata
46 842.43(a) Revised in its entirety
53 845.214(b)(2) Revised
56 845.411 Heads for (a) and (b) corrected by errata
59 846.11 Revised in its entirety

Xiv
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Page Location Change
67 850.6(c) Spelling of “water” corrected by errata
68 851.4 First sentence of first paragraph corrected
by errata
69 851.42(c)(3) Equation corrected by errata
70 851.43(c) Corrected by errata
851T43(f) Added
93 A814.1 Second paragraph revised
95, 96 A841.1 Last paragraph added
A841.32 Last paragraph added
97,98 A842.11 Last paragraph added
AB42.12 Last paragraph added
A842.13 Last paragraph added
A842.18 Parenthetical(sentence revised
A842.221 (1) Secend‘sentence added
(2) Third equation added
(3) \Nomenclature for D; added
A842.222 Last paragraph added
AB42.223 Second nomenclature for S; corrected by
errata
99 AB42.24 Last paragraph added
AB42.25 Last paragraph added
A842.31 Last sentence revised
100 A844 Last paragraph added
101 A847.2 Caution added
113-115 Appendix A References updated
117, 118 Appendix C References updated
122-126 Table E-1 (1) Callout in sketch for Extruded outlet
corrected by errata
(2) Under Description, for Buttweld, last
line corrected by errata
(3) With Concentric reducer per ANSI
B16.9, under Stress Intensification
Factor, 7, superscript corrected by
errata
(4) Notes revised
127 F-1 (1) Second nomenclature for L corrected
by errata
(2) With nomenclature for r,, subpara.
(b), first NPS value corrected by
errata
138 Fig. I-3.1 Added
149 Appendix L Second sentence added to first paragraph

XV
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Page Location Change

163 R-2(a) Equation corrected by errata
R-2(b) Equation corrected by errata
R-2(c) Equation corrected by errata
165-173 Index Updated

SPECIAL NOTE:

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

XVi
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GAS TRANSMISSION AND DISTRIBUTION PIPING SYSTEMS

801 | GENERAL

801.1 Standards and Specifications

801.11 Standards and specifications approved for
use ynder the Code and the names and addresses of the
sponforing organizations are shown in Appendix A. It
is nof considered practicable to refer to a specific edition
of ea¢h of the standards and specifications in the individ-
ual Jode paragraphs.

8(01.12 Use of Standards and Specifications Incorpo-
rated by Reference. Some standards and specifications
cited in Appendix A are supplemented by specific
requirements elsewhere in this Code. Users of this Code
are aflvised against attempting direct application of any
of thiese standards without carefully observingthe
Codg's reference to that standard.

801.2 Standard Dimensions

Adherence to American National Stahdards Institute
(ANSI) dimensions is strongly recommended wherever
. practicable. Paragraphs or notations specifying these
 and g¢ther dimensional standazds 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.

- 801.3 SI (Metric) Conversion

Foft factors‘used in converting English units to SI units,
see Appendix J.

General Provisions and Definitions

802.12 This Code does net apply to

(a) design and manufactufe-of pressure vessels cov-
ered by the BPV Code!

(b) piping with metal-temperatures above| 450°F or
below —20°F (For low_temperature within the fange cov-
ered by this Code; sée para. 812.)

(c) piping beyond the outlet of the customg¢r’s meter
set assembly~(Refer to ANSI Z223.1 and NFPA 54.)

(d) piping+in oil refineries or natural gasolihe extrac-
tion plants, gas treating plant piping other thar) the main
gas sfream piping in dehydration, and all gther pro-
cessing plants installed as part of a gas trafismission
system, gas manufacturing plants, industrial jplants, or
mines (See other applicable sections of the ASQME Code
for Pressure Piping, B31.)

(e) vent piping to operate at substantially atthospheric
pressures for waste gases of any kind

(f) 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.)

(g) the design and manufacture of propriefary items
of equipment, apparatus, or instruments

(h) the design and manufacture of heat exchangers
(Refer to appropriate TEMA? Standard.)

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

(j) liquid slurry transportation piping systems (Refer
to ASME B31.11.)

(k) carbon dioxide transportation piping systems

(1) liquefied natural gas piping systems |[(Refer to

802 SCOPE AND INTENT

802.1 Scope

802.11 This Code covers the design, fabrication,
installation, 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
facilities.

NFPA 59A and ASME B31.3.)

802.2 Intent

802.21 Therequirements of this Code are adequate
for safety under conditions usually encountered in the
gas industry. Requirements for all unusual conditions

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 Broad-
way, Tarrytown, NY 10591.

(07
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cannot be specifically provided for, nor are all details
of engineering and construction prescribed; therefore,
activities involving the design, construction, operation,
or maintenance of gas transmission, gathering, or distri-
bution pipelines should be undertaken using supervi-
sory personnel having the experience or knowledge to
make adequate provision for such unusual conditions
and specific engineering and construction details. All
work performed within the scope of this Code shall

803.12  Operating company, as used herein, is the
individual, partnership, corporation, public agency, or
other entity that operates the gas transmission or distri-
bution facilities.

803.13  Private rights-of-way, as used in this Code,
are rights-of-way not located on roads, streets, or high-
ways used by the public, or on railroad rights-of-way.

803.14  Parallel encroachment, as used in this Code,

1 ral 1 1 > h
meet or exceedthe Sarety Stardards EXPIESSEa OT uupued

be appli

Provisions of this Code shall be applicable
ing and maintenance procedures of existing
installatjons, and when existing installations\are
uprated.

802.2p Qualification of Those Performing Inspec-
tions. Ipdividuals who perform inspettions shall be
qualified |by training and/or experience’/to implement
the applicable requirements and recommendations of
this Codg.

802.26 For further information concerning pipe-
line integrity, reference the:nonmandatory supplement
ASME BB1.8S, Managing System Integrity of Gas
Pipelines

802.3 Offshore 'Gas Transmission

See Chaptet.VIII for additional requirements and defi-
nitions ajppli issi

803 PIPING SYSTEMS DEFINITIONS
803.1 General Terms

803.11  Gas, as used in this Code, is any gas or
mixture of gases suitable for domestic or industrial fuel
and transmitted or distributed to the user through a
piping system. The common types are natural gas, man-
ufactured gas, and liquefied petroleum gas distributed
as a vapor, with or without the admixture of air.

isthe portion of the Toute of a pipeline or main it lies
within, runs in a generally parallel direction to;and does
not necessarily cross the rights-of-way of a.road, dtreet,
highway, or railroad.

803.15  Hot taps are branch piping connedtions
made to operating pipelines, mains; or other facjlities
while they are in operation. The branch piping if con-
nected to the operating line, 'arid the operating line is
tapped while it is under_gas pressure.

803.16  Vault is anunderground structure thaf may
be entered and théat 15" designed to contain piping and
piping componénts (such as valves or pressure fregu-
lators).

803.17 0 Transportation of gas is gathering, transmis-
sion, of”distribution of gas by pipeline or the stprage
of gas.

803.18  Pipeline is all parts of physical facjlities
through which gas moves in transportation, inclfiding
pipe, valves, fittings, flanges (including bolting andl gas-
kets), regulators, pressure vessels, pulsation dampg¢ners,
relief valves, and other appurtenances attached to|pipe,
compressor units, metering stations, regulator stafions,
and fabricated assemblies. Included within this defini-
tion are gas transmission and gathering lines, incliiding
appurtenances, that are installed offshore for trans-
porting gas from production facilities to onshore(loca-
tions and gas storage equipment of the closed pipe|type,
that is fabricated or forged from pipe or fabricated|from
pipe and fittings.

803.2 Piping Systems

803.21  Transmission system is one or more segments
of pipeline, usually interconnected to form a netyork,
that transports gas from a gathering system, the putlet
of-a—gas—processingplant,or-astorage—freld nigh—
or low-pressure distribution system, a large-volume cus-
tomer, or another storage field.

803.211  Transmission line is a segment of pipeline
installed in a transmission system or between storage

fields.

803.212  Storage field is a geographic field con-
taining a well or wells that are completed for and dedi-
cated to subsurface storage of large quantities of gas for
later recovery, transmission, and end use.
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803.22 Distribution System

803.221  Low-pressure distribution system is a gas
distribution piping system in which the gas pressure in
the mains and service lines is substantially the same as
that delivered to the customer’s appliances. In such a
system, a service regulator is not required on the individ-
ual service lines.

803.222  High-pressure distribution system is a gas

stomer. In such a system, a service regulator is
ed on each service line to control the pressure
deliviered to the customer.

803.223  Gas main or distribution main is a segment
of pipeline in a distribution system installed to convey
gas tp individual service lines or other mains.

803.224  Gas service line is the piping installed
betwpen a main, pipeline, or other source of supply and
the rl\eter set assembly. [See para. 802.12(c).]

8

3.23  Gathering system is one or more segments
of pipeline, usually interconnected to form a network,
that fransports gas from one or more production facili-
ties fo the inlet of a gas processing plant. If no gas
procgssing plant exists, the gas is transported to the most
downstream of (1) the point of custody transfer of gas
suitaple for delivery to a distribution system, or (2) the
poinf where accumulation and preparation of gas from
separate geographic production fields in reasenable
proxlmity has been completed.

03.231  Gathering line is a segmefit of pipeline
installed in a gathering system.

803.24  Gas storage line is a pipeline used for con-
veying gas between a compressaf stdation and a gas well
used|for storing gas underground.

803.25 Miscellaneous-Systems
803.251  Instrpment piping is all piping, valves,
and fiittings used te.cOmnect instruments to main piping,
equipment.

803,252° Control piping is all piping, valves, and
fittingsiused to interconnect air, gas, or hydraulically

operated CO Ol apparatus O U1y a
and receivers.
803.253  Sample piping is all piping, valves, and

fittings used to collect samples of gas, steam, water,
or oil.

803.254  Production facility is piping or equipment
used in production, extraction, recovery, lifting, stabili-
zation, separation, treating, associated measurement,
field compression, gas lift, gas injection, or fuel gas sup-
ply. Production facility piping or equipment must be

used in extracting petroleum liquids or natural gas from
the ground and preparing it for transportation by
pipeline.

803.255  Gas processing plant is a facility used for
extracting commercial products from gas.

803.3 Meters, Regulators, and Pressure Relief
Stations

eters

803.311  Customer’s meter is a meterthatjmeasures
gas delivered to a customer for consfunptign on the
customer’s premises.

803.312  Meter set assemblyis the piping and fit-
tings installed to connect the’inlet side of thq meter to
the gas service line and the otitlet side of thq meter to
the customer’s fuel line,

803.32 Regulators

803.321  Serwice requlator is a regulatoy installed
on a gas service line to control the pressure ¢f the gas
delivered to.the customer.

803:322  Monitoring regulator is a pressujre regula-
tor installed in series with another pressure|regulator
that)in an emergency, automatically assumes [control of
the pressure downstream of the station, in|case that
pressure exceeds a set maximum.

803.323  Pressure-requlating station consists of
equipment installed for automatically reducing and reg-
ulating the pressure in the downstream pipelirje or main
to which it is connected. Included are piping gnd auxil- -
iary devices such as valves, control instruments, control ;
lines, the enclosure, and ventilation equipmeht.

803.324  Pressure-limiting station cqnsists 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 ¢xceeding
a predetermined value. While normal pressiyre condi-
tions prevail, the pressure-limiting station mafy exercise
some degree of control of the flow of the gds or may
remain in the wide open position. Included in the station
are piping and auxiliary devices, such as valv¢s, control
instruments, control lines, the enclosure, and ventilating
equipment, installed in accordance with the|pertinent

803.33 Pressure Relief

803.331  Pressure relief station consists of equip-
ment installed to vent gas from a system being protected
to prevent the gas pressure from exceeding a predeter-
mined limit. The gas may be vented into the atmosphere
or into a lower pressure system capable of safely
absorbing the gas being discharged. Included in the sta-
tion are piping and auxiliary devices, such as valves,
control instruments, control lines, the enclosure, and
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ventilating equipment, installed in accordance with the
pertinent requirements of this Code.

803.4 Valves

803.41  Block or stop valve is a valve installed for
the purpose of blocking or stopping the flow of gas in
a pipe.

803.42  Service line valve is a stop valve readily

or insoluble product when cured under application of
heat or chemical means.

804.12 Ductile iron, sometimes called nodular iron,
is a cast ferrous material in which the free graphite
present is in a spheroidal form, rather than a flake form.
The desirable properties of ductile iron are achieved by
chemistry and a ferritizing heat treatment of the castings.

804.13  The unqualified term cast iron shall apply

operable
the gas tojthe customer’s fuel line. The stop valve should
be locatedl in the service line ahead of the service regula-
tor or ahgad of the meter, if a regulator is not provided.
The valvp is also known as a service line shutoff, a
service life cock, or a meter stop.

803.43  Curb valve is a stop valve installed below
grade in g service line at or near the property line, acces-
sible through a curb box or standpipe, and operable by
a removaple key or wrench for shutting off the gas sup-
ply to a puilding. This valve is also known as a curb
shutoff of a curb cock.

803.44t  Check valve is a valve designed to permit
flow in ohe direction and to close automatically to pre-
vent flow] in the reverse direction.

nd accessible for the purpose of thH-i‘ng off

803.5 Gas Storage Equipment

803.501  Pipe-type holder is any pipe container or
group of |nterconnected pipe containers installed at one
location and used only for storing gas.

803.52  Bottle, as used in this Code, is a gas-tight
structure|completely fabricated from pipe with.integral
drawn, f¢rged, or spun end closures and tested in the
manufacturer’s plant.

803.58  Bottle-type holder is any bottle or group of
interconnfected bottles installed in onelocation and used
only for gtoring gas.

804 PIPING SYSTEMS.COMPONENT DEFINITIONS
804.1 General
804.1

804.[111 Plastic (noun) is a material that contains
as an essential ingredient an organic substance of high

Plastic Terms

To gray cast iron, that is a cast ferrous material i Wwhich
a major part of the carbon content occurs as free ‘carbon
in the form of flakes interspersed throughout the rhetal.

804.14  Proprietary items are items‘made and|mar-
keted by a company having the exelusive or restficted
right to manufacture and sell thebr,

804.15  Pipe container is a\gas-tight structure agsem-
bled in a shop or in the fieldfrom pipe and end clogures.

804.2 Pipe
804.21 Pipe.and Piping Terms

804.211 < Pipe is a tubular product made fof sale
as a production item. Cylinders formed from plat¢ dur-
ing the fabrication of auxiliary equipment are nof pipe
as defitred herein.

804.212  Cold expanded pipe is seamless or welded
pipe that is formed and then cold expanded while in
the pipe mill so that the circumference is permarjently
increased by at least 0.50%.

804.22 Dimensional Terms

804.221  Length is a piece of pipe of the length
delivered from the mill. Each piece is called a lgngth,
regardless of its actual dimension. This is somefimes
called “joint,” but “length” is preferred.

804.222 Nominal wall thickness, t, is the wall thick-
ness computed by or used in the design equatipn in
para. 841.11 or A842.221 in Chapter VIII. Undef this
Code, pipe may be ordered to this computed wall thick-
ness without adding allowance to compensate fgr the
underthickness tolerance permitted in approved specifi-
cations.

804.223 NPS (nominal pipe size) is a dimen-

to ultrahigh Tnotecutar weigtt, 15-sotid i its finisted
state, and, at some stage of its manufacture or pro-
cessing, can be shaped by flow. The two general types
of plastic referred to in this Code are thermoplastic and
thermosetting.

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

804.113  Thermosetting plastic is plastic that is
capable of being changed into a substantially infusible

sionless designator of pipe. It indicates a standard pipe
size when followed by the appropriate number (e.g.,
NPS 1%, NPS 12).

804.224  Diameter or nominal outside diameter is
the as-produced or as-specified outside diameter of the
pipe, not to be confused with the dimensionless NPS. For
example, NPS 12 pipe has a specified outside diameter of
12.750 in., NPS 8 has a specified outside diameter of
8.625in., and NPS 24 pipe has a specified outside diame-
ter of 24.000 in.
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804.23 Mechanical Properties

804.231  Yield strength, expressed in pounds per
square inch, is the strength at which a material exhibits a
specified limiting permanent set or produces a specified
total elongation under load. The specified limiting set
or elongation is usually expressed as a percentage of
gage length. Its values are specified in the various mate-
rial specifications acceptable under this Code.

7

squate inch, is the highest unit tensile stress (referred
to th¢ original cross section) a material can sustain before
failuge.

804.233  Specified minimum yield strength (SMYS),
expr¢gssed in pounds per square inch, is the minimum
yield strength prescribed by the specification under
which pipe is purchased from the manufacturer.

804.234  Specified minimum tensile strength,
expressed in pounds per square inch, is the minimum
tensile strength prescribed by the specification under
which pipe is purchased from the manufacturer.

04.235  Specified minimum elongation is the mini-
mun} elongation (expressed in percent of the gage
length) in the tensile test specimen, prescribed by the
specifications under which the material is purchased
from|the manufacturer.

804.24 Steel Pipe

04.241 Carbon Steel.> By common custom,steel
is considered to be carbon steel when no minimum-con-
tent is specified or required for aluminum, boton, chro-
miurh, cobalt, molybdenum, nickel, niobitim; titanium,
tungsten, vanadium, zirconium, or any other element
adde{d to obtain a desired alloying effeet; when the speci-
fied minimum for copper does-not exceed 0.40%; or
when) the maximum content specified for any of the
folloyving elements does not.exceed the following per-
centages:

Element Percentage
Coppef 0.60
Mangarneése 1.65
Silicon 0.60

In pll darbon steels, small quantities of certain residual
elemgnts unavoidably retained from raw materials are

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 Iimits of the recognizdd field of
constructional alloy steels:

(a) aluminum

(b) boron

(c) chromium (up to 3.99%)

(d) cobalt

(e) columbium

(f) molybdenum

(g) nickel

(h) titanium

(i) tungsten

(j) vanadium

(k) zircomium

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

Small quantities of certain elements are unpvoidably
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, th¢y should
not exceed the following amounts:

Element Percentage
Chromium 0.20
Copper 0.35
Molybdenum 0.06
Nickel 0.25

804.243 Pipe Manufacturing Processes. Types
and names of welded joints are used herein hccording
to their common usage as defined in ANSI/AWS A3.0,
or as specifically defined as follows:

(a) Electric-resistance-welded pipe is pipe prgduced in
individual lengths or in continuous lengths frpm coiled
skelp and is subsequently cut into individudl lengths.
The resulting lengths have a longitudinal putt joint
wherein coalescence is produced by the heat| obtained

sometimes found but are not specified or required, such
as copper, nickel, molybdenum, chromium, etc. These
elements are considered as incidental and are not nor-
mally determined or reported.

804.242 Alloy Steel.* By common custom, steel is
considered to be alloy steel when the maximum of the

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.

fromrresistance-of-the Pil’": totheflowof-electtic current
in a circuit of which the pipe is a part, and by the
application of pressure. Typical specifications are
ASTM A 53, ASTM A 135, and API 5L.
(b) Furnace Butt-Welded Pipe

(1) Bell-welded is 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
“welding bell”), that serves as a combined forming and
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welding die. Typical specifications are ASTM A 53 and
API 5L.

(2) Continuous-welded is furnace-welded pipe pro-
duced in continuous lengths from coiled skelp and is
subsequently cut into individual lengths. The pipe’s lon-
gitudinal butt joint is forge-welded by the mechanical
pressure developed in rolling the hot-formed skelp
through a set of round pass welding rolls. Typical specifi-
cations are ASTM A 53 and API 5L.

other characteristics that are considered when prescrib-
ing design factors for construction, operating pressures,
and methods of testing pipelines and mains located in
the area and applying certain operating and mainte-
nance requirements.

805.12  For definitions of leakage investigation terms,
see Appendix M.

805.13 Plastic Terms

(C) EZCL ll:l L.L J[MDL‘UIL Wbldbd ’L/L'IJC iD t}it}c }lavil 15 d }Ulléitu
dinal but} joint wherein coalescence is produced in the
preformgd tube by manual or automatic electric-arc
welding. [The weld may be single or double and may be
made with or without the use of filler metal. Typical
specifications are ASTM A 134 and ASTM A 139, that
permit sipgle or double weld with or without the use
of filler metal. Additional typical specifications are
ASTM A 671 and ASTM A 672, that require both inside
and outside welds and the use of filler metal.

Spiral-tpelded pipe is also made by the electric-fusion-
welded process with either a butt joint, a lap joint, or a
lock-sean joint. Typical specifications are ASTM A 134,
ASTM A 139 (butt joint), API 5L, and ASTM A 211 (butt
joint, lap [joint, or lock-seam joint).

(d) Elegtric-flash-welded pipe is pipe having a longitudi-
nal butt jpint, wherein coalescence is produced simulta-
neously gqver the entire area of abutting surfaces by the
heat obtajned from resistance to the flow of electric cur-
rent between the two surfaces, and by the application
of pressyre after heating is substantially completed.
Flashing fand upsetting are accompanied by expulsion
of metal from the joint. A typical specification is API'5L.

(e) Double submerged-arc-welded pipe is pipehaving a
longitudihal butt joint produced by at least two“passes,
one of which is on the inside of the pipe.\Coalescence
is produfed by heating with an eleCtijic arc or arcs
between fhe bare metal electrode or{electrodes and the
work. The welding is shielded by(a planket of granular,
fusible mfaterial on the work. Rressure is not used, and
filler methl for the inside and\ouitside welds is obtained
from the |electrode or electrodes. Typical specifications
are ASTM A 381 and API 5L.

(f) Seamnless pipe issa-wrought tubular product made
without p weld€d seam. It is manufactured by hot-
working steel and, if necessary, by subsequently cold-
finishing | the hot-worked tubular product to produce
the desiréd Shape, dimensions, and properties. Typical

805.131 Plastic Joint Nomenclature
(a) Solvent cement joint is a joint made in thetmopllastic
piping by the use of a solvent or solvenf cement that
forms a continuous bond between the mating surfaces.
(b) Heat fusion joint is a joint madein thermopflastic
piping by heating the parts sufficiently to permit flision
of the materials when the parts-are pressed together.
(c) Adhesive joint is a jointanade in plastic piping by
the use of an adhesive substance that forms a continjuous
bond between the mating surfaces without dissdlving
either one of them.

805.132 _<{Standard dimension ratio is the rafio of
outside pipe diameter to wall thickness of thermop|lastic
pipe. It is_calculated by dividing the specified oytside
diameter of the pipe by the specified wall thickngss in
inches:

805.133  Long-term hydrostatic strength is th¢ esti-
fated hoop stress in pounds per square inch in a plastic
pipe wall that will cause failure of the pipe at an avprage
of 100,000 hr when subjected to a constant hydrostatic
pressure. (See Appendix D.)

805.14 Fabrication

805.141  Cold-springing, where used in the Code,
is the fabrication of piping to an actual length sHorter
than its nominal length and forcing it into positipn so
that it is stressed in the erected condition, thus compen-
sating partially for the effects produced by the expapsion
due to an increase in temperature. Cold-spring fadtor is
the ratio of the amount of cold spring provided fo the
total computed temperature expansion.

805.15  Uprating is the qualifying of an ex|sting
pipeline or main for a higher maximum allowable
operating pressure.

specifications are ASTM A 53, ASTM A 106, and API 5L.
804.25

805 DESIGN, FABRICATION, OPERATION, AND
TESTING TERMS
805.1 General

805.11 Area

805.111  Location class is a geographic area along
the pipeline classified according to the number and prox-
imity of buildings intended for human occupancy and

For plastic pipe, see para. 805.13.

805.2 Design
805.21 Pressure Terms

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

805.212  Design pressure is the maximum pressure
permitted by this Code, as determined by the design
procedures applicable to the materials and locations
involved.
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805.213  Maximum operating pressure (MOP),
sometimes referred to as maximum actual operating
pressure, is the highest pressure at which a piping sys-
tem is operated during a normal operating cycle.

805.214  Maximum allowable operating pressure
(MAOP) is the maximum pressure at which a gas system
may be operated in accordance with the provisions of
this Code.

805.232  Operating stress is the stress in a pipe or
structural member under normal operating conditions.

805.233  Hoop stress, Sy, is the stress in a pipe
of wall thickness, t, acting circumferentially in a plane
perpendicular to the longitudinal axis of the pipe, pro-
duced by the pressure, P, of the fluid in a pipe of diame-
ter, D, and is determined by Barlow’s formula:

PD

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

05.216  Standard service pressure, sometimes
calledl the normal utilization pressure, is the gas pressure
a utility undertakes to maintain at its domestic custom-
ers’ meters.

805.217  Overpressure protection is provided by a
devige or equipment installed in a gas piping system
that prevents the pressure in the system or part of the
system from exceeding a predetermined value.

805.218  Standup pressure test demonstrates that
a pipe or piping system does not leak, as evidenced by
the 1gck of a drop in pressure over a specified period of
time [after the source of pressure has been isolated.

815.22 Temperature Terms

05.221  Temperature is expressed in degrees Fahr-
enhelt (°F) unless otherwise stated.

805.222  Ambient temperature is the-temiperature
of the¢ surrounding medium, usually used to'refer to the
templerature of the air in which a striicture is situated
or a flevice operates.

805.223  Ground temperature is the temperature
of the earth at pipe depth.

815.23 Stress Terms

05.231  Stréss,"expressed in pounds per square
inch,|is the resultant internal force that resists change
in the size or shape of a body acted on by external forces.
In th{s Code) Stress” is often used synonymously with
unit tress)that is the stress per unit area.

Vi3

805.234  Maximum allowable hoop stress i$ the max-
imum hoop stress permitted by this Codefor the design
of a piping system. It depends on thémateriallused, the
location of the pipe, the operating ‘eonditions, pnd other
limitations imposed by theesigner in conformance
with this Code.

805.235  Secondaiy stress is stress created in the
pipe wall by loads ‘othier than internal fluid|pressure,
such as backfill loads, traffic loads, loads daused by
natural hazards (see para. 841.13), beam action|in a span,
loads at supports, and at connections to the pipe.

807 ¢~ QUALITY ASSURANCE

Quality Control systems consist of those planned, sys-
tematic, and preventative actions that are rdquired to
ensure that materials, products, and services [will meet
specified requirements. Quality Assurance sygtems and
procedures consist of periodic audits and checks that
ensure the Quality Control system will meef all of its
stated purposes.

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

Organizations performing design, fabricatign, assem-
bly, erection, inspection, examination, testing, installa-
tion, operation, and maintenance application|for B31.8
piping systems should have a written Quality Assurance
system in accordance with applicable documents. Regis-
tration or certification of the Quality Assuranfe system
should be by agreement between the contractihg parties
involved.
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Chapter |
Materials and Equipment

810 MATERIALS AND EQUIPMENT

standards or specifications referenced in this Code [para.

810.1

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

811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

811.1

Materigls and equipment fall into the following six
categoriep pertaining to methods of qualification for use
under this Code:

(a) iterhs that conform to standards or specifications
referencefl in this Code

(b) iterps that are important from a safety standpoirit;
of a type for which standards or specifications are refer-
enced in fhis Code but specifically do not conform to a
referencefl standard (e.g., pipe manufactured to-a speci-
fication rjot referenced in the Code)

(c) iterhs of a type for which standdrds or specifica-
tions are feferenced in this Code, but that do not conform
to the standards and are relatively uhimportant from a
safety standpoint because of their small size or because
of the conditions under which/they are to be used

(d) itemps of a type forwhich no standard or specifica-
tion is referenced in this'Code (e.g., gas compressor)

(e) proprietary jtems (see definition, para. 804.14)

(f) uniflentified<ot used pipe

81@1.2

811.1(b)] shall be qualified as described in para.81].221,
811.222, or 811.24.

811.221 A material conforming te,a written[spec-
ification that does not vary substantially’from a fefer-
enced standard or specification ahd that meefs the
minimum requirements of this €ode with respgct to
quality of materials and workimanship may be [used.
This paragraph shall not be construed to permit devia-
tions that would tend tgaffect weldability or du¢tility
adversely. If the deviations tend to reduce strength, full
allowance for the fedtiction shall be provided for jn the
design.

811.222. " When petitioning the Section Cornmit-
tee for dpptoval, the following requirements shall be
met. If(possible, the material shall be identified With a
comparable material, and it should be stated that the
material will comply with that specification, excgpt as
noted. Complete information as to chemical confposi-
tion and physical properties shall be supplied tp the
Section Committee, and their approval shall be obthined
before this material is used.

811.23  Relatively unimportant items that do not
conform to a standard or specification [para. 811.1(c)]
may be used, provided that

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

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

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

811.24 Items of a type for which no standagds or
specifications are referenced in this Code [para. 8111(d)]
and proprietary items [para. 811.1(e)] may be qualified
by the user provided

Prescribed procedures for quatifying eact of these six
categories are given in the following paragraphs.

811.21 Items that conform to standards or specifi-
cations referenced in this Code [para. 811.1(a)] may be
used for appropriate applications, as prescribed and lim-
ited by this Code without further qualification. (See
para. 814.)

811.22 Important items of a type for which stan-
dards or specifications are referenced in this Code, such
as pipe, valves, and flanges, but that do not conform to

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

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

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

(07)
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812 MATERIALS FOR USE IN COLD CLIMATES

Some of the materials conforming to specifications
referenced for use under this Code may not have proper-
ties suitable for the lower portion of the temperature
band covered by this Code. Engineers are cautioned to
give attention to the low-temperature impact properties
of the materials used for facilities to be exposed to
unusually low ground temperatures or low atmospheric

813 [ MARKING

813.1

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

813.2

Di¢ stamping, if used, shall be done with dies having
blun{ or rounded edges to minimize stress concentra-
tions

814 | MATERIAL SPECIFICATIONS

For a listing of all referenced material specifications;
see Appendix A. For a listing of standards for other
comrponly used materials that are not referenced,’see
Appéendix C.

814.1 General Requirements
Pipe that is qualified under para. 811%1(a) may be used.
814.11 Steel Pipe

(a)| Steel pipe manufactured ifr’accordance with the
folloyving standards may be-uised:

—

814.13 Plastic Pipe and Components
(a) Plastic pipe and components manufactured in
accordance with the following standards may be used:

ASTM D 2513 Thermoplastic Gas Pressure Pipe,
Tubing, and Fittings
Reinforced Epoxy Resin Gas Pressure

Pipe and Fittings

ASTM D 2517

(b) Thermoplastic pipe, tubing, fittings, and cements

temperatures. —mmm@%mgw in accor-
dance with the in-plant quality control program recom-

mended in Appendix A4 of that specificatiory.

814.14 Qualification of Plastic Piping Materials

(a) In addition to complying with the proyisions of
para. 814.13, the user shall thotoughly investigate the
specific plastic pipe, tubing, of fitting to be jused and
shall determine material Sefviceability for the qgonditions
anticipated. The selectedt material shall be aglequately
resistant to the liquids and chemical atmospheres that
may be encountered.

(b) When plastic pipe, tubing, or fittings of different
material specifications are joined, a thorough jnvestiga-
tion shall'be made to determine that the maferials are
compatible with each other. See para. 842.39 fpr joining
requirements.

814.2 Steel, Cast Iron, and Ductile Iron Piping
Components

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

815 EQUIPMENT SPECIFICATIONS

Except for the piping components and dtructural
materials listed in Appendices A and C, it is nofintended
to include in this Code complete specifications for equip-
ment. Certain details of design and fabrication{however,
necessarily refer to equipment, such as pipq hangers,
vibration dampeners, electrical facilities, engines, com-
pressors, etc. Partial specifications for such eguipment
items are given herein, particularly if they pffect the
safety of the piping system in which they fare to be
installed. In other cases where the Code gives Mo specifi-
cations for the particular equipment item, th¢ intent is
that the safety provisions of the Code shall goyern, inso-
far as they are applicable. In any case, the|safety of

API 5L Line Pipe

ASTM A 53  Welded and Seamless Pipe

ASTM A 106 Seéamiless Pipe

ASTM A 134 ,<Electric-Fusion (Arc)-Welded Pipe

ASTM A 138 Electric-Resistance-Welded Pipe

ASTM AA189  Electric-Fusion (Arc)-Welded Pipe

ASTM<A.333 Seamless and Welded Pipe for Low-
LCl.l.llJCLClLU.J.C JCLVILT

ASTM A 381 Metal-Arc-Welded Pipe

ASTM A 671  Electric-Fusion-Welded Pipe

ASTM A 672  Electric-Fusion-Welded Pipe

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

814.12 Ductile Iron Pipe. Ductile iron pipe manu-
factured in accordance with ANSI A21.52, titled Ductile-
Iron Pipe, Centrifugally Cast, in Metal Molds or Sand-
Lined Molds for Gas, may be used.

equipment installed in a piping system shall be equiva-
lent to that of other parts of the same system.

816 TRANSPORTATION OF LINE PIPE

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

Any line pipe to be transported by railroad, inland
waterway, or by marine transportation, shall be loaded
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and transported in accordance with API RP5L1 or
API RP5LW. Where it is not possible to establish that
pipe was loaded and transported in accordance with
the above referenced recommended practice, the pipe
shall be hydrostatically tested for at least 2 hr to at least
1.25 times the maximum allowable operating pressure
if installed in a Class 1 location; or to at least 1.5 times
the maximum allowable operating pressure if installed
in a Class 2, 3, or 4 location.

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

For pipe larger than NPS 2, flattening tests as pre-
scribed in Appendix H shall be made. The pipe shall
meet the requirements in this test, except that the num-

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

817.11 Removal of a portion of an existing steel
line and feuse of the pipe in the same line or in a line
operating at the same or lower pressure is permitted,
and is supject to the restrictions of paras. 817.13(a), (f),

and (i).

817.12
pipe may

Used steel pipe and unidentified new steel
be used for low-stress (hoop stress less than
6,000 psi) level service where no close coiling or close
bending {s to be done, provided that

(a) care¢ful visual examination indicates that it is in
good conglition and free from split seams or other defects
that would cause leakage

(b) if the pipe is to be welded and is of unknown
specificatfion, it shall satisfactorily pass weldability tests
prescribefl in para. 817.13(e)

817.13 Used steel pipe and unidentified new steel
pipe may|be qualified for use at hoop stress levels dbove
6,000 psi|or for service involving close coiling ot close
bending by the procedures and within the limits outlined
in the table below.

ber of tests required to determine flattening propprties
shall be the same as required in subpara. (g)-below to
determine yield strength.

(c) Determination of Wall Thickness. Unles$ the momi-
nal wall thickness is known with certainty, it shall be
determined by measuring the thickness at quarter goints
on one end of each piece of pipe. If the lot of| pipe
is known to be of uniform grade, size, and nominal
thickness, measurement shall-be made on not lesq than
10% of the individual Tesigths, but not less than 10
lengths; thickness of the other lengths may be vefified
by applying a gage set to the minimum thicknesg. Fol-
lowing such meéastrement, the nominal wall thickness
shall be taken{as the next commercial wall thickness
below the average of all the measurements taker), but
in no case greater than 1.14 times the least meagured
thickness for all pipe smaller than NPS 20, and no gteater
than 1.11 times the least measured thickness for all pipe
INPS 20 and larger.

(d) Longitudinal Joint Factor. If the type of longitydinal
joint can be determined with certainty, the correspond-
ing longitudinal joint factor, E (Table 841.11%A in
Chapter IV), may be used. Otherwise, E shall be faken
as 0.60 for pipe NPS 4 and smaller, or 0.80 for pipe larger
than NPS 4.

(e) Weldability. Weldability shall be determined gs fol-
n the
with

shall

than

New or lows. A qualified welder shall make a girth weld
leIised Used Pi pipe. The weld shall then be tested in accordance
Unkrr:s;vn ;enowﬁe’ requirements of API 1104. The qualifying weld shhll be
Spécification Specification made under the most severe conditions under yhich
. welding will be permitted in the field and using the
Inspection , @) @) same procedure as to be used in the field. The pipe
Bending pijoperties (b) S . . . .
Thicknoss © © be considered weldable if the requirements set forth in
Longitudirfal joint fattot ) ) API 1104 are met. At least one such test weld shgll be
Weldability (e) . made for each 100 lengths of pipe on sizes larger
Surface defects. (f) (f) NPS 4. On sizes NPS 4 and smaller, one test wiill be
Yield strength b required—forcach—400-tereths—of pipe—ttatests

S value (para. 841.11)
Hydrostatic test

(h) -
@ @
GENERAL NOTE: The letters in the table correspond to the fol-
lowing subparagraphs, except where noted otherwise.

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

10

o 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. 823.23), and pro-
ceeding 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 circum-
ferential weld tests stated above.

(f) Surface Defects. All pipe shall be examined for
gouges, grooves, and dents and shall be qualified in
accordance with the provisions of para. 841.24.
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(¢) Determination of Yield Strength. When the manu-
facturer’s specified minimum yield strength, tensile
strength, or elongation for the pipe is unknown, and no
physical tests are made, the minimum yield strength
for design shall be taken as not more than 24,000 psi.
Alternatively, the tensile properties may be established
as follows.

(1) Perform all tensile tests prescribed by API 5L,
except that the number of such tests shall be as follows:

retested hydrostatically either length by length in a mill-
type test or in the field after installation before being
placed in service. The test pressure used shall establish
the maximum allowable operating pressure, subject to
limitations described in para. 841.111.

817.2 Reuse of Ductile Iron Pipe

817.21 The removal of a portion of an existing
line of unknown specifications and the reuse of the pipe

Lot Number of Tensile Tests, All Sizes

10 lengths or less
11 to 00 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

Great¢r than 100
lengths

2) All test specimens shall be selected at random.
3) If the yield—tensile ratio exceeds 0.85, the pipe
not be used, except as provided in para. 817.12.
(h)| S Value. For pipe of unknown specification, the
yield| strength, to be used as S in the formula of para.
841.1]1, in lieu of the specified minimum yield strength,
shall[be 24,000 psi, or determined as follows.
Determine the average value of all yield strength tests
for afuniform lot. The value of S shall then be taken as
the lg¢sser of the following:
1) 80% of the average value of the yield strength

shall

tests
2) the minimum value of any yield strength test;
provided, however, that in no case shall S be takén as
greatler than 52,000 psi

(i) |Hydrostatic Test. New or used pipe of\unhknown
specIication and all used pipe, the strength/of which is
impalired by corrosion or other deterioration, shall be

in the same line or in a line operating at th¢ same or
lower pressure is permitted, provided caréful iﬁspection
indicates that the pipe is sound, permits-the mhakeup of
tight joints, and has an actual net wall"thickr{ess equal
to or exceeding the requirements\of para. 842.214. The
pipe shall be leak-tested in aceordance with pdra. 841.34
or 841.35.

817.22 Used pipe‘ofiknown specificatiofis may be
reused in accordance with the provisions and [specifica-
tions of para. 8422 provided a careful inspedtion indi-
cates the pipe is sound and permits the makeyp of tight
joints.

817.3 -Reuse of Plastic Piping

Used'plastic pipe and tubing of known spegifications
and-dimensions that has been used in natural gas service
only may be reused, provided that

(a) it meets the requirements of ASTM D 2513 for new
thermoplastic pipe or tubing, or ASTM D 251 for new
thermosetting pipe

(b) a careful inspection indicates that it is frpe of visi-
ble defects

(c) it is installed and tested in accordance]
requirements of this Code for new pipe

with the

11
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Chapter Il
Welding

820 WELDING

821.6

821 GE]NERAL

821.1 S¢ope

This Chapter addresses the welding of pipe joints in
both wrought and cast steel materials and covers butt
and fille§ welded joints in pipe, valves, flanges, and
fittings and fillet weld joints in pipe branches, slip-on
flanges, spcket weld fittings, etc., as applied in pipelines
and coniections to apparatus or equipment. When
valves or| equipment are furnished with welding ends
suitable fpr welding directly into a pipeline, the design,
compositjon, welding, and stress relief procedures must
be such that no significant damage will result from the
welding ¢r stress relieving operation. This Chapter does
not apply] to the welding of the seam in the manufacture

of pipe.

821.2

The welding may be done by any process or combinaz
tion of prpcesses that produce welds that meet the proce-
dure qualification requirements of this Code. The.welds
may be groduced by position welding or roll ‘welding,
or a combination of position and roll welding.

821.3

Prior t¢ welding of any pipe; piping components, or
related equipment covered by this Code, a welding pro-
cedure shall be established-and qualified. Each welder
or welding operator shallbe qualified for the established
procedurg before performing any welding on any pipe,
piping cgmponents, or related equipment installed in
accordange with\this Code.

821.4

Prior to welding in or around a structure or dregq con-
taining gas facilities, a thorough check shalltbe-mdde to
determine the possible presence of a combustible gas
mixture. Welding shall begin only whensafe condjtions
are indicated.

821.7 Welding Terms

Definitions pertaining to-welding as used in thisCode
conform to the standard-definitions established by the
American Welding Seciety and contained in ANSI/
AWS A3.0.

822 PREPARATION FOR WELDING
822.1 Butt'Welds

(a)Some acceptable end preparations are shown in
Appendix I, Fig. I-4.
(b) Appendix], Fig.I-5 shows acceptable end prejpara-
tions for buttwelding of pieces having either unequal
thickness or unequal yield strength, or both.

822.2 Fillet Welds

Minimum dimensions for fillet welds used ip the
attachment of slip-on flanges and for socket w¢lded
joints are shown in Appendix I, Fig. I-6. Similar mini-
mum dimensions for fillet welds used in branch copnec-
tions are shown in Appendix I, Figs. I-1 and I-2.

822.3 Seal Welds

Seal welding shall be done by qualified welderq Seal
welding of threaded joints is permitted, but thg seal
welds shall not be considered as contributing tp the
strength of joints.

QI
UL

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

All welding done under this Code shall be performed
under a standard referenced in para. 823.11 or 823.21,
whichever is applicable.

12

QUALIFICATION
WELDERS

823.1 Requirements for Piping Systems Operating at
Hoop Stresses of Less Than 20% of the
Specified Minimum Yield Strength

823.11 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. 823.21 or in
accordance with Appendix G.
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823.2 Requirements for Piping Systems Operating at
Hoop Stresses of 20% or More of the
Specified Minimum Yield Strength

823.21 Welding procedures and welders per-
forming work for new construction and out-of-service
pipelines shall be qualified under Section IX of the
ASME Boiler and Pressure Vessel Code or API 1104.
For in-service welding, welding procedures and welders

824 PREHEATING
824.1

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

shall[pe qualified under Appendix B of API T104. Proce-
dure$ qualified under Appendix B for either branch or
sleeve welds are suitable for weld deposition repair,
provided the procedure is appropriate for the remaining
wall fthickness to which it is being applied.

823.22 When welders qualified under API 1104
are employed on compressor station piping, their quali-
ficatjon shall have been based on the destructive
mechanical test requirements of API 1104.

823.23 Variables for the Separate Qualification of
Welders. The references given in para. 823.21 contain
sectigns titled “Essential Variables,” applicable to welder
qualiffication. These shall be followed, except that for
purppses of this Code, all carbon steels that have a car-
bon ¢ontent not exceeding 0.32% by heat analysis and
a carbon equivalent (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-
acterfstics demonstrated to be similar to these carbon
steelg shall be welded, preheated, and stress.relieved as
presdribed herein for such carbon steel. There may be
significant differences in the base metal strength encom-
pass¢d by these P-No. 1 materials,«and although it is
not e}w; essential variable to weldet qualification, it may
require separate procedure qualification in accordance
with [para. 823.21.

823.3 Welder Requalification Requirements

Walder requalification tests shall be required if there
is some specific'reason to question a welder’s ability or
if the|welderis not engaged in a given process of welding
for 6[nionths or more. All welders shall be requalified

P1ULcdulc rchicatesthatchenicat TomposItion, ambient
and/or metal temperature, material thickness| or weld-
end geometry require such treatment t6 produce satis-
factory welds.

824.2

When welding dissimilar thaterials having different
preheating requirements,‘the material requiring the
higher preheat shall govern.

824.3

Preheatingmay be accomplished by any suitable
method, provided that it is uniform and that thie temper-
ature doesinot fall below the prescribed minimum dur-
ing the\actual welding operations.

8244

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

825 STRESS RELIEVING
825.1

Welds in carbon steels having a carbon dontent in
excess of 0.32% (ladle analysis) or a carbon gquivalent
(C + % Mn) in excess of 0.65% (ladle analysig) shall be
stress relieved as prescribed in the ASME BPV Code,
Section VIIIL Stress relieving may also be adjisable for
welds in steel having lower carbon content pr carbon
equivalent when adverse conditions cool the|weld too
rapidly.

825.2

at least-ornce eactr 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.

825.3

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

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

be at least 2 in. 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,

825.5

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

(a) fillgt and groove welds not over % in. leg size that
attach cohnections not over NPS 2 pipe size

(b) fillgt and groove welds not over % in. groove size
that attadh supporting members or other nonpressure
attachmehts

825.6 Sfress Relieving Temperature

(a) Str¢ss relieving shall be performed at a tempera-
ture of 1,]l00°F or greater for carbon steels, and 1,200°F
or greateq for ferritic alloy steels. The exact temperature
range shall be stated in the procedure specification.

(b) When stress relieving takes place in a joint
between ¢lissimilar metals having different stress reliev-
ing requifements, the material requiring the higher stress
relieving [temperature shall govern.

(c) The parts heated shall be brought slowlyto” the
required femperature and held at that temperature for
a period |of time proportioned on the basis of at least
1 hr/in. ¢f pipe wall thickness, but in no,case less than
% hr, and|shall be allowed to cool sloily and uniformly.

825.7 Mpethods of Stress Relieving

(a) He
(b) He

it the complete structure as a unit.
it a complete-séction containing the weld or
welds to |be stress relieved before attachment to other
sections ¢f work.

(c) Hegta part'of the work by slowly heating a circum-
ferential band Contalnlng the weld at the center. The

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

(b) The stress relieving temperature shall\be ché¢cked
by the use of thermocouple pyrometers or other sujtable
equipment to ensure that the proper stresstelieving|cycle
has been accomplished.

826 INSPECTION OF WELDS

Visual inspection of welds must be conducted
person qualified by appropriate training and exper

by a

ence.

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

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

826.2 Inspection and Tests for Quality Control gf
Welds on Piping Systems Intended to Operate
at Hoop Stress Levels of 20% or More of the
Specified Minimum Yield Strength

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

(b) Inaddition, a certain percentage of the weldgshall
be examined through radiographic examination, pltra-
sonic testing, magnetic particle testing, or other cqmpa-
rable and acceptable methods of nondestructive tepting.
The trepanning method of nondestructive testing i pro-
hibited.

The following minimum number of field butt yelds
shall be selected on a random basis by the opefating
company from each day’s construction for examingtion.
Each weld so selected shall be examined over its ¢

d by

ture shall be at least 2 in. greater than the width of the
weld reinforcement. Care should be taken to obtain a
uniform temperature around the entire circumference
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
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shall be examined if the operatmg 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

(5) 100% of the welds in compressor stations, and
at major or navigable river crossings, major highway
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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.

(d) When radiographic examination is employed, a
procedure meeting the requirements of API 1104 shall

strength, then provisions (b) and (c) above are not man-
datory, 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
IN PIPING INTENDED TO OPERATE AT HOOP

be fofllowed.

(e)DIWhen pipe size is less than NPS 6, or when the
consfruction project involves such a limited number of
weldp that nondestructive inspection would be impracti-
cal, gnd the pipe is intended to operate at hoop stress
levels of 40% or less of the specified minimum yield

STRESS LEVELS OF 20% OR MORE QF THE
SPECIFIED MINIMUM YIELD STRENGTH

ved. If a
APT 1104.
in accor-

Defective welds shall be repaired ‘or; tem
repair is made, it shall be in accordance with
Welders performing repairs shall he qualified
dance with para. 823.2.

15
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Chapter Ill
Piping System Components and Fabrication Details

830 PIPING SYSTEM COMPONENTS AND

up to 125 psi (Sizes NPS % Through

FAfRICATION DETAILS
830.1 G

(a) Thg purpose of this Chapter is to provide a set of

standards for piping systems covering

(1) specifications for and selection of all items and
accessori¢s that are a part of the piping system, other
than the pipe itself

(2) acceptable methods of making branch connec-
tions

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

(4) approved methods for support and anchorage
of exposgd and buried piping systems

(b) This Chapter does not include

(1) pipe materials (see Chapter I)

(2) welding procedures (see Chapter II)

(3) design of pipe (see Chapter IV)

(4) ipstallation and testing of piping systems (see
Chapter 1V)

(5) special conditions for offshore application (see
Chapter VIII)

(6) special conditions for sour gas application(see
Chapter 1X)

neral

831 PIPING SYSTEM COMPONENTS

All comhponents of piping systems, including valves,
flanges, fittings, headers, specialyassemblies, etc., shall
be desigrjed in accordance with the applicable require-
ments of [this section and tecognized engineering prac-
tices to Withstand operating pressures and other
specified |loadings.

Selectefl compenents shall be designed to withstand
the specified field test pressure to which they will be
subjected without failure or leakage and without impair-
ment of their serviceability.

NPS 2)

ASME B16.34 Valves — Flanged, Threaded, andl
Welded End

ASME B16.38 Large Metallic Valves for, Gas Digtri-
bution (Manually Qperated, NPS 2%
to 12, 125 psig Maxirnum)

ASME B16.40 Manually Opetated Thermoplastjc
Gas Shutoffs'and Valves in Gas Distri-
bution Systems

API 6A Wellhead Equipment

API 6D Pipeline Valves

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

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

MSS SpP-78 Cast Iron Plug Valves

(b)+Valves having shell (body, bonnet, cover, arjd/or
end flange) components made of cast ductile irpn in
compliance with ASTM A 395 and having dimerfsions
conforming to ASME B16.1, ASME B16.33, ASME B[ 6.34,
ASME B16.38, API 6D, or ASME B16.40 may be uged at
pressures not exceeding 80% of the pressure ratings for
comparable steel valves at their listed temperature, pro-
vided the pressure does not exceed 1,000 psi, and fweld-
ing is not employed on any ductile iron compongnt in
the fabrication of the valve shells or their assembly as
part of the piping system.

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

831.12 Threaded valves shall be threpded
according to ASME B1.20.1, API 5L, or API 6A.

831.13  Pressure-reducing devices shall corfform
to the requirements of this Code for valves in compdrable

service conditions

831.1 Valves and Pressure-Reducing Devices

831.11 Valves shall conform to standards and spec-
ifications 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:

ASME B16.33 Manually Operated Metallic Gas
Valves for Use in Gas Piping Systems

16

831.2 Flanges

831.21 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 Series listed in Appendices A and B
(for Iron and Steel)

MSS SP-44 Steel Pipe Line Flanges

Appendix I Light-Weight Steel Flanges

(07)
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ASME B16.24 Cast Copper Alloy Pipe Flanges and
Flanged Fittings: Class 150, 300, 600,
900, 1500, and 2500

Large Diameter Steel Flanges, NPS 26
Through NPS 60

ASME B16.47

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

bolting shall be of carbon steel, equivalent to
ASTM A 307 Grade B, without heat treatment other than
stress relief. Good practice indicates that the raised face
on the steel flange should be removed, but also in this
case, bolting shall be of carbon steel equivalent to
ASTM A 307 Grade B.

(I) Forged steel welding neck flanges having an out-
side diameter and drilling the same as that of
ASME B16.1, but with modified flange thickness, hub

graph and paras. 831.22 and 831.23.

(b)] Threaded companion flanges that comply with the
B16 group of American National Standards are permit-
ted if sizes and pressure classes covered by these stan-
dards.

(c)| Lapped flanges are permitted in sizes and pressure
classes established in ASME B16.5.

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

(e)] Welding neck flanges are permitted in sizes and
prespure classes established in ASME B16.5 and
MSS |SP-44. The bore of the flange should correspond
to the inside diameter of the pipe used. For permissible
weldfng end treatment, see Appendix I, Fig. I-5.

()| Cast iron, ductile iron, and steel flanges shall have
contdct faces finished in accordance with MSS SP<6.

(¢)] Nonferrous flanges shall have contact faces fin-
ished in accordance with ASME B16.24.

(h)| Class 25 and 125 cast iron integral or threaded
companion flanges may be used with a.full-face gasket
or wjth a flat ring gasket extending)to the inner edge
of the bolt holes. When using‘\a)full-face gasket, the
boltihg may be of alloy steel (ASTM A 193). When using
aring gasket, the bolting shall be of carbon steel, equiva-
lent fo ASTM A 307 Grade B, without heat treatment
other| than stress relief:

(i) |When boltinig\together two Class 250 integral or
threqded companion cast iron flanges having Yj¢-in.

dirmersions, and speciat facing detaits; Tmay he used to
bolt against flat faced cast iron flanges and.mdy operate
at the pressure-temperature ratings given in
ASME B16.1 for Class 125 cast iron pipe flapges, pro-
vided
(1) the minimum flange thickness, T, is nof less than
that specified in Appendix I'for lightweight flanges
(2) flanges are used with nonmetallic full-face gas-
kets extending to the petiphery of the flange
(3) the joint desigr has been proven by
suitable for the ratings
(m) Flanges’'made of ductile iron shall conf¢rm to the
requirements'of ASME B16.42. Bolting requirgments for
ductile iron flange joints shall be the same as| those for
carbonrand low alloy steel flanges as spgcified in
para."831.22.

831.22 Bolting

(a) For all flange joints, the bolts or studHolts used
shall extend completely through the nuts.

(b) For all flange joints other than those degcribed in
paras. 831.21(h), (i), (j), and (k), the bolting shall be made
of alloy steel conforming to ASTM A 193, ASTM A 320,
or ASTM A 354, or of heat treated carbon steel|conform-
ing to ASTM A 449. Bolting, however, for AYME B16.5
Class 150 and 300 flanges at temperatures between —20°F
and 450°F may be made of Grade B of ASTM A 307.

(c) Alloy-steel bolting material conforming to
ASTM A 193 or ASTM A 354 shall be used for jnsulating
flanges if such bolting is made '%-in. undersifed.

(d) The materials used for nuts shall copform to
ASTM A 194 and ASTM A 307. ASTM A 307 jnuts may
be used only with ASTM A 307 bolting.

(e) All carbon and alloy-steel bolts, studl

test to be

olts, and

raisefl facesythe bolting shall be of carbon steel equiva-  their nuts shall be threaded in accordance with the fol-
lent fo ASTM A 307 Grade B, without heat treatment  lowing thread series and dimension classes a§ required
other| than’stress relief. by ASME B1.1.

(j) Class 150 steet flanges may be bottedto Class 125 tH—Carbomr——Steet—AttTarborrsteetbottsand  stud-

cast iron flanges. When such construction is used, the
Ye-in. 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 ASTM A 307
Grade B, without heat treatment other than stress relief.
When bolting such flanges together using a full-face
gasket, the bolting may be alloy steel (ASTM A 193).
(k) Class 300 steel flanges may be bolted to Class 250
cast iron flanges. Where such construction is used, the
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bolts shall have coarse threads having Class 2A dimen-
sions, and their nuts shall have Class 2B dimensions.
(2) Alloy Steel. All alloy-steel bolts and studbolts
of 1-in. and smaller nominal diameter shall be of the
coarse-thread series; nominal diameters 1% in. and
larger shall be of the 8-thread series. Bolts and studbolts
shall have a Class 2A dimension; their nuts shall have
Class 2B dimension.
(f) Bolts shall have American National Standard regu-
lar square heads or heavy hexagonal heads and shall
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have American National Standard heavy hexagonal nuts
conforming to the dimensions of ASME B18.2.1 and
ASME B18.2.2.

(g) Nuts cut from bar stock in such a manner that the
axis will be parallel to the direction of rolling of the bar
may be used in all sizes for joints in which one or both
flanges are cast iron and for joints with steel flanges
where the pressure does not exceed 250 psig. Such nuts
shall not be used for joints in which both flanges are

831.3 Fittings Other Than Valves and Flanges

831.31 Standard Fittings

(a) The minimum metal thickness of flanged or
threaded fittings shall not be less than specified for the
pressures and temperatures in the applicable American
National Standards or the MSS Standard Practice.

(b) Steel buttwelding fittings shall comply with either
ASME B16.9 or MSS SP-75 and shall have pressure and
f the

steel and|the pressure exceeds 250 psig, except that for
nut sizes| % in. and smaller, these limitations do not

apply.

831.23 Gaskets

(a) Material for gaskets shall be capable of withstand-
ing the maximum pressure and of maintaining its physi-
cal and chiemical properties at any temperature to which
it might feasonably be subjected in service.

(b) Gagkets used under pressure and at temperatures
above 25(°F shall be of noncombustible material. Metal-
lic gasketss shall not be used with Class 150 standard or
lighter flanges.

(c) AsHestos composition gaskets may be used as per-
mitted in| ASME B16.5. This type of gasket may be used
with any| of the various flanged facings except small
male and female or small tongue and groove.

(d) Th¢ use of metal or metal-jacketed asbestos gas-
kets (eitHer plain or corrugated) is not limited as to
pressure,|provided that the gasket material is suitable
for the sqrvice temperature. These types of gasketsiare
recommepded 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, latge ‘male and
female, 1grge tongue and groove, or rajsed face facings.

(e) Fulll-face gaskets shall be used)with all bronze
flanges apd may be used with Class 25 or 125 cast iron
flanges. Flat ring gaskets with/an outside diameter

ing to the inside of the’bolt holes may be used

gasket
for small male and female or for tongue and groove
joints shall be equal to the width of the male face or
tongue.

(g) Rings for ring joints shall be of dimensions estab-
lished in ASME B16.20. The material for these rings shall
be suitable for the service conditions encountered and
shall be softer than the flanges.

(h) The insulating material shall be suitable for the
temperature, moisture, and other conditions where it
will be used.

temperature ratines based on - stresses for pipe.
i O r’r

same or equivalent material. For adequacy of\ fitting
design, the actual bursting strength of fittings’shall at
least equal the computed bursting strength' of pipe pf the
designated material and wall thickness. Mill hydrostatic
testing of factory-made steel buttwelding fittings }s not
required, but all such fittings shall\be capable of with-
standing a field test pressure équal 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 B|16.49.
(d) Steel socket“welding fittings shall comply|with
ASME B16.1K
(e) Ductile\iron flanged fittings shall comply with the
requirements of ASME B16.42 or ANSI A21.14.
(f)THermoplastic fittings shall comply
ASIM D 2513.
{¢) Reinforced thermosetting plastic fittings|shall
comply with ASTM D 2517.

with

831.32 Special Fittings. When special cast, fqrged,
wrought, or welded fittings are required to dimerjsions
differing from those of regular shapes specified in the
applicable American National and MSS Standards, the
provisions of para. 831.36 shall apply.

831.33 Branch Connections

(1) Welded branch connections on steel pipe [must
meet the design requirements of paras. 831.4 and $31.5.

(b) Threaded taps in cast iron pipe for branch copnec-
tions are permitted without reinforcement to a sige not
more than 25% of the nominal diameter of the [pipe;
however, where climate service conditions or soil dondi-
tions create abnormal or unusual external loadings on
cast iron pipe, unreinforced threaded taps for branch
connections are permitted only on cast iron pipe INPS 8
and-larger-in-diameterprovided-that-the-tap-sizelis no
greater than 25% of the nominal pipe diameter.

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

(d) Threaded taps in ductile iron pipe are permitted
without reinforcement to a size not more than 25% of
the nominal diameter of the pipe, except that 1%-in. taps
are permitted in NPS 4 pipe having a nominal wall
thickness of not less than 0.380 in.

(07)
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(e) Mechanical fittings may be used for making hot
taps on pipelines and mains provided they are designed
for the operating pressure of the pipeline or main, and
are suitable for the purpose.

831.34 Openings for Gas Control Equipment in Cast
Iron Pipe. Threaded taps used for gas control equip-
ment in cast iron pipe (i.e., bagging off a section of main)
are permitted without reinforcement, to a size not more
than 25% of the nominal diameter of the pipe, except

(b) experimental stress analysis, as described in
Appendix 6 of Section VIII, Division 2, of the BPV Code
(c) engineering calculations

831.37 Closures

831.371 Quick Opening Closures. A quick open-
ing closure is a pressure-containing component (see
para. 831.36) used for repeated access to the interior of
a piping system. It is not the intent of this Code to
ethod on

that 1%-in. taps are permitted in NPS 4 pipe. Taps larger
than fhose permitted above shall use a reinforcing sleeve.

831.35 Special Components Fabricated by Welding

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

(b)] All welding shall be performed using procedures
and ¢perators that are qualified in accordance with the
requirements of para. 823.

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

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

(e)| Every prefabricated unit produced underthis sec-
tion ¢f the Code shall successfully withstand-a-pressure
test without failure, leakage, distress, or distértion other
than [elastic distortion at a pressure equal to the test
presqure of the system in which it.js"installed, either
before installation or during the systém test. When such
units{are to be installed in existing Systems, they shall be
presgure tested before installation, if feasible; otherwise,
they phall withstand a ledk'tést at the operating pressure
of the line.

831.36 Pressure Design of Other Pressure-
Contgining Components. Pressure-containing compo-
nentg that are_not covered by the standards listed in
Appéndix A'and for which design equations or proce-
durej are.riot glven herein may be used where the design
of sit a
nents has been proven satisfactory by successful per-
formance under comparable service conditions.
(Interpolation may be made between similarly shaped
components with small differences in size or propor-
tion.) In the absence of such service experience, the pres-
sure design shall be based on an analysis consistent with
the general design philosophy embodied in this Code
and substantiated by at least one of the following:

(a) proof tests, as described in UG-101 of Section VIII,
Division 1, of the BPV Code
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mmbosethe reauirements of a spnecific desion
r r O

the designer or manufacturer of a quick opehirlg closure.

Quick opening closures shall have pressure|and tem-
perature ratings equal to or in excessof 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 Sectfion VIII,
Division I, UG-35(b) of«the BPV Code.

Weld end preparation shall be in accords
Appendix I, Fig. k4.

831.372 (losure Fittings. Closure fittings com-
monly referfed-to as “weld caps” shall be desjgned and
manufadtured in accordance with ASME|B16.9 or
MSS SP<75. [See para. 831.31(b).]

831.373 Closure Heads. Closure heads such as
flat, ellipsoidal (other than in para. 831.372), 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 Section VIII, Division 1, of the BPV Code,
the maximum allowable stresses for materials used in
these closure heads shall be established under the provi-
sions of para. 841 and shall not exceed a hgop stress
level of 60% SMYS.

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

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

831.374 Fabricated Closures. Orangeqpeel bull
plugs and orange-peel swages are prohibited op systems
operating at hoop stress levels of 20% or m¢re of the
specified minimum yield strength of the pipel material.
Fish tails and flat closures are permltted on ppe NPS 3
dh tails on
p1pe larger than NPS 3 are proh1b1ted Flat closures on
pipe larger than NPS 3 shall be designed according to
Section VIII, Division 1, of the BPV Code. (See
para. 831.373.)

831.375 Bolted Blind Flange Connections. Bolted
blind flange connections shall conform to para. 831.2.

nce with

831.4 Reinforcement of Welded Branch Connections

831.41 General Requirements. All welded branch
connections shall meet the following requirements.


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

(a) When branch connections are made to pipe in the
form of a single connection or in a header or manifold
as a series of connections, the design must be adequate
to control the stress levels in the pipe within safe limits.
The construction shall accommodate the stresses in the
remaining pipe wall due to the opening in the pipe or
header, the shear stresses produced by the pressure act-
ing on the area of the branch opening, and any external
loadings due to thermal movement, weight, vibration,

on each side of the surface of the header wall. In no
case, however, shall it extend more than 2% times the
thickness of the branch wall from the outside surface of
the header or of the reinforcement, if any.

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

etc. The foltowing paragraphsprovide desigmrutesfor
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 ¢qual to or greater than the required area as
defined ip this paragraph as well as in Appendix F, Fig.
F-5.

(c) Thq
as the pr

required cross-sectional area, Ag, is defined
bduct of d times ¢:
AR = dt
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
cpnnection
the nominal header wall thickness required by
ppra. 841.11 for the design pressure and temper-
ature

When the pipe wall thickness includes an allowance
for corrodion or erosion, all dimensions used shall result
after the gnticipated corrosion or erosion hastaken place.

(d) Th¢ area available for reinforcement shall be the
sum of

(1) the cross-sectional area resulting from any
excess thjckness available in the header thickness over
the minithum required for the.header as defined in para.
831.41(c) fand that lies within the reinforcement area as
defined ih para. 831.41(¢)

(2) the crossssectional area resulting from any
excess thjcknessyavailable in the branch wall thickness
over the |minimum thickness required for the branch
and that [lies.within the reinforcement area as defined

material, Tespectively.
(g) The material used for ring or saddle reinforegment
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‘eomparable to fthose
of the pipe. No credit shall be taken for the additional
strength of material having.a higher strength than that
of the part to be reinforced:
(h) When rings or-saddles cover the weld between
branch and headef,a vent hole shall be provided jn the
ring or saddle fo)reveal leakage in the weld between
branch and hedder and to provide venting during weld-
ing and heat treating operations. Vent holes should be
plugged during service to prevent crevice corrpsion
betweern pipe and reinforcing member, but no plugging
matetial that would be capable of sustaining pressure
within the crevice should be used.
(i) The use of ribs or gussets shall not be consideged as
contributing to reinforcement of the branch conneftion.
This does not prohibit the use of ribs or gussets for
purposes other than reinforcement, such as stiffefing.
(j) The branch shall be attached by a weld for the full
thickness of the branch or header wall plus a fillet eld,
Wi, as shown in Appendix I, Figs. I-1 and I-2. The use
of concave fillet welds is preferred to further minjmize
corner stress concentration. Ring or saddle reinforce-
ment 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 appgroxi-
mately 45 deg to merge with the edge of the fille}.
(k) Reinforcement rings and saddles shall be jaccu-
rately fitted to the parts to which they are attached.
Appendix I, Figs. I-2 and I-3 illustrate some acceptable
forms of reinforcement.

in para. 83t41fe)

(3) the cross-sectional area of all added reinforcing
metal that lies within the reinforcement area, as defined
in para. 831.41(e), including that of solid weld metal
that is conventionally attached to the header and/or
branch

(e) The area of reinforcement, shown in Appendix F,
Fig. F-5, is defined as a rectangle whose length shall
extend a distance, d, on each side of the transverse cen-
terline of the finished opening and whose width shall
extend a distance of 2% times the header wall thickness

20

tb—Branchcormmectionsattached-atamrangtetess than
85 deg to the run become progressively weaker as the
angle decreases. Any such design must be given individ-
ual study, and sufficient reinforcement must be provided
to compensate for the inherent weakness of such con-
struction. The use of encircling ribs to support the flat
or reentering surfaces is permissible and may be
included in the strength calculations. The designer is
cautioned that stress concentrations near the ends of
partial ribs, straps, or gussets may defeat their reinforc-
ing value.
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Table 831.42 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%.ar less @) () @) ) ()

(h) If a reinforcement member is required, and the
branch diameter is such that a localized type of reinforce-
ment member would extend around more than half the
circumference of the header, then a complete encircle-
ment type of reinforcement member shall be used,
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 meeting the
requirements of para. 831.41.

More than 20%
thirough 50%
More than 50%

@ ® 0 (ON0)

(b) (&) ()

(QNON0]

© @ @© 0 @ () ® 0O

GENERAL NOTE:  The letters in the table correspond to the subpara-
graphg of para. 831.42.

8B1.42 Special Requirements. In addition to the
requirements of para. 831.41, branch connections must
meet| the special requirements of the following para-
graphs as given in Table 831.42.

(a)] Smoothly contoured wrought steel tees of proven
design are preferred. When tees cannot be used, the
reinfprcing member shall extend around the circumfer-
ence [of the header. Pads, partial saddles, or other types
of logalized reinforcement are prohibited.

(b)|] Smoothly contoured tees of proven design are pre-
ferreql. 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 thecomplete
encirflement 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-
mendled that legs of fillet welds joining the reinforcing
memper and header do not excéed the thickness of the
headpr.

(d)] Reinforcement calculations are not required for
openjings 2 in. and smaller in diameter; however, care
should be taken to provide suitable protection against
vibrations and othieryexternal forces to which these small
openfngs are frequently subjected.

(e)] All weldsjoining the header, branch, and reinforc-
ing member shall be equivalent to those shown in
Appendix-, Figs. I-1, I-2, and I-3.

(f)For hot tap or plugging fittings of tee typg configu-
rations (see Fig. I-3A), where the reinforeing| sleeve is
pressurized and thicker than the header,‘and thee applica-
tion results in additional loading such @s thaf from hot

tapping and plugging equipment; thefollowing require-
ments apply:
(1) The minimum leg difension 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, yhere ¢ is
the actual wall thickness of the pipe. This wil| result in
a minimum effective weld throat of 0.7t.

(2) Th€ 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 outsjde of the
pipe ortinstallation, resulting in an effective weld throat
netto exceed 1.0t.

(3) If necessary, the fittings shall be tapgred, bev-
eled, or chamfered at their ends to a minimun) approxi-
mate angle of 45 deg (with respect to the ¢nd face).
Tapering, 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
calculated thickness required to meet the rhaximum
hoop stress of the pressurized sleeve. The leg gf the fillet
deposited on the end face need not be carried out fully
to the shoulder of the face if doing so would result in
an oversized fillet weld.

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

831.5 Reinforcement of Multiple Openings

831.51 When two or more adjacent branches are
spaced at less than two times their average digmeter (so
that their effective areas of reinforcement ovdrlap), the

)
whenever possible, be rounded to a 1/8 in. radius. If the
encircling member is thicker than the header and is
welded to the header, the ends shall be tapered down
to the header thickness, and continuous fillet welds shall
be made. In the case of hot tap or plugging fittings, use
special requirement (j).

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

o . 3 1 £ PO 1 . 111
LITE HISIAE €UgEs Ol HIC THUSITEd  OPCIlty STidll,
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group of openings shall be reinforced in accordance with
para. 831.4. The reinforcing metal shall be added as a
combined reinforcement, the strength of which shall
equal the combined strengths of the reinforcements that
would be required for the separate openings. In no case
shall any portion of a cross section be considered to
apply to more than one opening or be evaluated more
than once in a combined area.

831.52 When more than two adjacent openings
are to be provided with a combined reinforcement, the

(07)
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minimum distance between centers of any two of these
openings shall preferably be at least 1% times their aver-
age diameter, and the area of reinforcement between
them shall be at least equal to 50% of the total required
for these two openings on the cross section being con-
sidered.

831.53 When the distance between centers of two
adjacent openings is less than 1% times their average
diameter,

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

Ay = 2L (T, - &)

(3) Area Aj; is the area lying within the reinforce-
ment zone resulting from excess thickness available in
the extruded outlet lip, i.e.,

ac camcidarad 1aan dne s Q21 B9 o~ it £o0.
aS-consStacteahact pafa-—ooroho-creatt+of

reinforc¢ment shall be given for any of the metal
between these two openings.

831.5% 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) Th¢ rules in this paragraph apply to steel extruded
outlets inf which the reinforcement is integral.

An extfuded outlet is defined as an outlet in which
the extruded lip at the outlet has a height above the
surface of the run that is equal to or greater than the
radius of|curvature of the external contoured portion of
the outle}. (See Appendix F, Figs. F-1 through F-4 and
nomencldture.)

(b) Thgse rules do not apply to any nozzles or branch
connectigns in which additional nonintegral material is
applied ip the form of rings, pads, or saddles.

(c) These rules apply only to cases where the.axis of
the outlef intersects and is perpendicular to the jaxis of
the run.

(d) Figures F-1 through F-4 define‘the pertinent
dimensions and limiting conditions,

(e) Reqpired Area. The required.area’is defined as

A =KD,
where
K = 100 when ¢8> 0.60
= (|6 + % dB> 0.15 and not exceeding 0.60

0.70 swhen @D < 0.15

Ay = 21, (T, — ty)

(g) Reinforcement of Multiple Openings.(Thé 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 anufacturer shiall be
responsible for establishing.and“marking on the sgction
containing extruded outléts)the following: the design
pressure, temperature, and that these were establjshed
under provisions of this‘Code. The manufacturer’s hame
or trademark shall’lbe marked on the section.

832 EXPANSION AND FLEXIBILITY

832.1 Application

Part 832 is applicable to piping meeting the definition
of*unrestrained piping in para. 833.1(c).

832.2 Amount of Expansion

The thermal expansion of the more common gfades
of steel used for piping may be determined [from
Table 832.2. For materials not included in Table $32.2,
or for more precise calculations, reference may be made
to authoritative source data.

832.3 Flexibility Requirements

(a) Piping systems shall be designed to have sufficient
flexibility to prevent thermal expansion or contrgction
from causing excessive stresses in the piping material,
excessive bending or unusual loads at joints, or unglesir-
able forces or moments at points of connection to equip-
ment or at anchorage or guide points. Fdrmal
calculations shall be performed where reasonable dloubt
exists as to the adequate flexibility of the systen). See

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

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

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

Ay = D, (T, - tr)

22

lJ(lLCl. OJJ.7 1UL TUI'LLITT éuluau\_c.

(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
causes.

(c) In calculating the flexibility of a piping system,
the system shall be treated as a whole. The significance
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Table 832.2 Thermal Expansion of Carbon and
Low Alloy Steel

Table 832.5 Modulus of Elasticity for
Carbon and Low Alloy Steel

Temperature, Total Expansion, in./100 ft, Temperature, Modulus of Elasticity,

°F Above 32°F °F psi x 10°

32 0.0 -100 30.2

60 0.2 70 29.5
100 0.5 200 28.8
125 0.7 300 28.3
150 0.9 400 27.7
175 1.1 500 27.3
200 1.3
225 1.5
250 1.7
300 2.2
350 2.6 (c) Consideration shall be given, to the load carrying
400 3.0 capacity of attached rotatingyand pressure-dontaining
450 3.5

of all parts of the line and all restraints, such as rigid
suppprts or guides, shall be considered.

(d)| Calculations shall take into account stress intensi-
ficatipn factors found to exist in components other than
plain| straight pipe. Credit may be taken for the extra
flexilility of such components. The flexibility factors and
stres§ intensification factors shown in Table E-1 may
be uged.

(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 shall be'considered

“in al] expansion calculations, whether piping is cold-

~sprupg or not. In addition to the expansion of the line

itself] the linear and angular movenients of the equip-
f’ment to which it is attached shall be considered.

. (g)| Flexibility calculations shall’be based on the mod-

~ulus of elasticity corresponding to the lowest tempera-

“ture pf the operational eycle.

(W] In order to modify the effect of expansion and
contrfaction, runs ef{pipe may be cold-sprung. Cold-
spring may be taken into account in the calculations of
the r¢actions{provided an effective method of obtaining
the designed cold-spring is specified and used.

832.4 Reactions

equipment and the supporting’structure.

832.5 Modulus of Elasticity

The modulus of elasticity for carbon and Jow alloy
steel at various temperatures is given in Taple 832.5.
Values between listed temperatures may b¢ linearly
interpolated:

833, DESIGN FOR LONGITUDINAL STRESS
833.1 Restraint

(a) The restraint condition is a factor in the ptructural
behavior of the pipeline. The degree of restraint may
be affected by aspects of pipeline constructior), support
design, soil properties, and terrain. Part 833 is 3pplicable
to all steel piping within the scope of B31.8. For|purposes
of design, this Code recognizes two axial restrgint condi-
tions, “restrained” and “unrestrained.” Guidance in cat-
egorizing the restraint condition is given belgw.

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

(1) straight sections of buried piping
(2) bends and adjacent piping buried in stiff or con-
solidate soil
(3) sections of aboveground piping on figid sup-
ports

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

bends is “unrestrained.” Unrestrained piping may

(a) Reaction forces and moments to be used in the
design of restraints and supports for a piping system,
and in evaluating the effects of piping displacements on
connected equipment, shall consider the full range of
thermal displacement conditions plus weight and 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.

23

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 which contains a bend

(4) pipe subject to an end cap pressure force
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833.2 Calculation of Longitudinal Stress
Components

(a) The longitudinal stress due to internal pressure in
restrained pipelines is

S, = 035y

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

i, = out-of-plane stress intensification factor from

Appendix E

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

Sy = R/A

where

unrestraifred-pipetine s
S, = 055y

where [5y is the hoop stress, psi
(c) Thq longitudinal stress due to thermal expansion
in restraifed pipe is

St = Ea(T; - Ty)

where

E = theelastic modulus, psi, at the ambient temper-
hture

T; = the pipe temperature at the time of installation,
ie-in, or burial, °F

T, = thewarmest or coldest pipe operating tempera-
ure, °F

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

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

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

Sg=M/Z
where
M = the bending moment across the pipe cross sec-
fion, 1b-in.
Z = the pipe section miodulus, in.?

(e) Thgnominal bending stress in fittings and compo-
nents dug¢ to weight-or-other external loads is

SB = MR/Z

where M} is the resultant intensified moment across

A pipe metal cross-sectional area, in.”
R = external force axial component, Ib

833.3 Summation of Longitudinal Stress in
Restrained Pipe

(a) The netlongitudinal stresses’in-restrained pipe are
SL = Sp+ST+Sx+SB

Note that S;, S7, Sx, or>Sg can have negative velues.

(b) The maximum permitted value of 15,1 is 1.951",
where S is the spécified minimum yield strength, psi,
per para. 841.11(a); and T is the temperature desating
factor per pafa. 841.116.

(c) Residual stresses from construction are often{pres-
ent; for_example, bending in buried pipelines where
spanning or differential settlement occurs. These sttesses
are often difficult to evaluate accurately, but can be disre-
garded in most cases. It is the engineer’s responsibility
to determine whether such stresses should be evalyated.

833.4 Combined Stress for Restrained Pipe

(a) The combined biaxial stress state of the pipeline
in the operating mode is evaluated using the calculation
in either (1) or (2) below:

(1) lSH_ SLl or
(2) [S* = S S + Si’1'?

The maximum permitted value for the combined|biax-
ial stress is kST where S is the specified minimum|yield
strength, psi, per para. 841.11(a), T is the tempenature
derating factor per para. 841.116, and k is defined in
paras. 833.4 (b) and (c).

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

(c) For occasional non-periodic loads of short Hura-

tion, the value of k shall not exceed 1.0.
{I‘]) Q 1'1"\ nara QQQ 1(Q\ ‘;C f‘ﬁ]f“‘1]§{‘ﬂ{q rr\ncif]orin
T T A\ O

both

the fitting or component. The resultant moment shall be
calculated as

Mg = [(0.75i; M)? + (0.75i, M,)* + M{*]'/2, 1b-in.

where
M; = in-plane bending moment, Ib-in.
M; = torsional moment, Ib-in.
M, = out-of-plane bending moment, Ib-in.
i; = in-plane stress intensification factor from

Appendix E

the 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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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

(a) The net longitudinal stress in unrestrained pipe is

833.8 Flexibility Stresses and Stresses Due to
Periodic or Cyclic 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

SL = Sp+ Sx+ SB, pSi

(b)] The maximum permitted longitudinal stress in
unregtrained pipe is S; < 0.75ST, where S is the specified
minifnum yield strength, psi, per para. 841.11(a), and T
is th¢ temperature derating factor per para. 841.116.

833.

(a)] There is no need for formal flexibility analysis for
an unrestrained piping system that
1) duplicates or replaces without significant
change a system operating with a successful record
2) can be readily judged adequate by comparison
previously analyzed systems
3) is of uniform size, has no more than two points
of fiXation, no intermediate restraints, and falls within
the limitations of the following empirical equation

y Flexibility Analysis for Unrestrained Piping

with

_DY
L -uy
where
D |= nominal outside diameter df:pipe, in.
K [= 0.03, for U.S. customary umnits listed in the equa-
tion above
L |= developed length ¢f piping between anchors, ft
U |= straight line separation between anchors, ft
Y |= resultant of total displacement strains, in., to be
absorbed by the system
NOTH: No genéral proof can be offered that this empirical equa-
tion ajways-yields conservative results. It is not applicable to sys-

tems
cauti

Lised in severe cyclic conditions. It should be used with
n 1n configurations such as nnequal leg Tl-hends having

ral 1 a | 1 > L
fromrorne stressstate toanother-The resuttantmtensified

moment shall be calculated as
Mg = [GM)* + (i,M,)* + MY Ib-in.
(b) The cyclic stress range Sp.<'S;;, where

Sa = f[1.25/S. % Sp) — Si]

f=6N? <10

N = equivalent' number of cycles during the
expeeted-service life of the piping system

S. = 0.336,T at the minimum installed or pperating
temperature

Sy =\0.33 5,T at the maximum installed or pperating
temperature

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

S, = specified minimum ultimate tensile| strength,
psi

T = temperature derating factor per pard. 841.116

(c) When the computed stress range vafies, Sg is

defined as the greatest computed stress range. [The value

of N in such cases can be calculated as

N =Ng+X[r’N]fori=1,2,...n

where
Ng = number of cycles of maximum computed stress
range, Sg
N; = number of cycles associated wilth stress
range, S;
S; = any computed stress range smaller than Sg, psi
ri = Si/Sg

833.9 Local Stresses

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 para. 833.7(a)(3).

(b) Any piping system that does not meet one of the
criteria in para. 833.7(a) should undergo a flexibility
stress analysis by a simplified, approximate, or compre-
hensive method as deemed appropriate.

25

(mHigtrtocat stressesare ustalty gererated at struc-
tural discontinuities and sites of local loadings.
Although they may exceed the material yield strength,
such stresses may often be disregarded because they
are localized in influence, and may be self-limiting or
relieved by local deformation. Examples include stresses
in branch connections caused by pressure or external
loads, or stresses at structural discontinuities. This Code
does not fully address the maximum allowable value
for local stresses. It is the engineer’s responsibility to
determine whether such stresses must be evaluated.
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(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, per para. 841.11(a), and T
is the temperature derating factor per para. 841.116.

(c) Local stresses in para. 833.9(a) or (b) caused by
periodic or repetitive loads may require further limita-
tions in consideration of fatigue.

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.

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

833.10 iuckling and Lateral Instability

In orddr to prevent buckling in the form of wrinkling
of the pipe wall or lateral instability, the maximum
allowabld net compressive stress is % of the critical buck-
ling stresp estimated using a suitable stability criterion.

834 SUPPORTS AND ANCHORAGE FOR EXPOSED
5 PIPING

834.1 General

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

834.2 Provision for Expansion

Suppotts, hangers, and anchors should be so installed
as not to [interfere with the free expansion and contfac-
tion of the piping between anchors. Suitablesspfing
hangers, |sway bracing, etc., shall be provided) where
necessary

8343 M

All peimanent hangers, supperts, and anchors shall
be fabricdted from durable incombustible materials and
designed|and installed in_accérdance with good engi-
neering gractice for the §ervice conditions involved. All
parts of the supporting equipment shall be designed
and instglled so that“they will not be disengaged by
movement of the\sdpported piping.

terials, Design, and Installation

834.4 Fdrces on Pipe Joints

T0 the pipe. Proportioning and welding strength reqyuire-
ments of such attachments shall conform to-stafjdard
structural practice.

(b) If the pipe is designed to operate at athoop ptress
of 50% or more of the specified minimum-yield strgngth,
support of the pipe shall be furnishédby a membey that
completely encircles it. Where it inecessary to prpvide
positive attachment, as at anyahchor, the pipe mhy be
welded to the encircling member only; the suppor{ shall
be attached to the enciteliig member and not tp the
pipe. The connection of the pipe to the encircling mem-
ber shall be by cortinuous welds, rather than intgrmit-
tent ones.

835 ANCHORAGE FOR BURIED PIPING
835.1-'General

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

835.2 Anchorage at Bends

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

835.3 Restraint Due to Soil Friction

Where there is doubt as to the adequacy of resfraint
friction, calculations shall be made, and indi¢ated
anchoring shall be installed.

835.4 Forces on Pipe Joints

para.
rust

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

(a) All exposed pipe joints shall be able to sustain the
maximum end force due to the internal pressure, i.e.,
the design pressure (psi) times the internal area of the
pipe (sq in.) as well as any 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,

26

origirrstattbedesigned-tosustatrthetongitudimat pull-
out force. If such provision is not made in the manufac-
ture of the joints, suitable bracing or strapping shall be
provided.

835.5 Supports for Buried Piping

In pipelines, especially those that are highly stressed
from internal pressure, uniform and adequate support
of the pipe in the trench is essential. Unequal settlements
may produce added bending stresses in the pipe. Lateral
thrusts at branch connections may greatly increase the
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stresses in the branch connection itself, unless the fill is
thoroughly consolidated or other provisions are made
to resist the thrust.

Rock shield shall not be draped over the pipe unless
suitable backfill and padding are placed in the ditch to
provide a continuous and adequate support of the pipe
in the trench.

835.51 When openings are made in a consolidated

835.6 Interconnection of Underground Lines

Underground lines are subjected to longitudinal
stresses due to changes in pressure and temperature.
For long lines, the friction of the earth will prevent
changes in length from these stresses, except for several
hundred feet adjacent to bends or ends. At these loca-
tions, the movement, if unrestrained, may be of consider-
able magnitude. If connections are made at such a
location to a relatively unyielding line or other fixed

backfill to connect new branches to an existing line, care
must) be taken to provide firm foundation for both the
headpr and the branch to prevent vertical and lateral
movéments.

object, it is essential that the interconnection ghall have
ample flexibility to compensate for possible njovement,
or the line shall be provided with ancanchor [sufficient
to develop the forces necessary to limit the mjovement.

27
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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 Glneral Provisions

(a) Th¢ design requirements of this Code are intended
to be ad¢quate for public safety under all conditions
encountefed in the gas industry. Conditions that may
cause 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-
supportefl spans, unstable ground, mechanical or sonic
vibration| weight of special attachments, earthquake-
induced gtresses, stresses caused by temperature differ-
ences, and the soil and temperature conditions found
in the Arftic. Temperature differences shall be taken as
the differpnce between the lowest and highest expected
metal tgmperature during pressure test and/or
operating services having due regard to past recorded
temperatpire data and the possible effects of lower or
higher aif and ground temperature.

(b) Th¢ quality of the gas to be transported in the
pipeline, jor by the pipeline system, shall be considered
when depigning facilities. Measures shall be taken o
control ot minimize adverse effects of the gas propgrties
or gas composition when any of the following-may be
a concert:

(1) Gas Composition. Uncontrolled pftunexpected
variation$ in heating value may result irn problems at
the end tiser’s burner tip or process. Noncombustible
compounds (e.g., nitrogen, nitrogén compounds, carbon
dioxide, gtc.) may reduce the héating value and increase
the specific gravity of the gas/stream. Carbon dioxide
contributps to internal corrosion in the presence of free
water. Ingreased specific'gravity of the gas stream may
foretell the condensing of heavy hydrocarbons at cooler
temperatjires which- 'may negatively affect operations.
A changg in specific gravity may affect pipeline and
compressor-capacity calculations. For effects of heavy

afor $31la oot

and hydrocarbons at certain combinations of ptedsures
and temperatures may produce hydrates, whidch are
crystalline solids that may cause partialCor’conjplete
pipeline blockages, that may lead to @-disruptipn of
pipeline operations.

Based on the characteristics of)the gas stream| (i.e.,
heating value, specific gravity«temperature, free liquid,
odorization, impurities, and\other objectionable sub-
stances), appropriate precatitions shall be consideted to
address any problems, tHat might adversely affe¢t the
pipeline system or, the)end user.

(c) The most sighificant factor contributing to the fail-
ure of a gas pipeline is damage to the line caus¢d by
the activities\of people along the route of the line. Pam-
age will‘generally occur during construction of |other
facilitiésrassociated with providing the services apsoci-
ated‘with human dwellings and commercial or ifdus-
trial enterprises. These services, such as water, gap and
electrical supply, sewage systems, drainage lineg and
ditches, buried power and communication cables, streets
and roads, etc., become more prevalent and extemsive,
and the possibility of damage to the pipeline bedomes
greater with larger concentrations of buildings intgnded
for human occupancy. Determining the Location [Class
provides a method of assessing the degree of exppsure
of the line to damage.

A pipeline designed, constructed, and operatpd in
accordance with the requirements of Location Class 1
[see para. 840.22(a)] is basically safe for pressure comtain-
ment in any location; however, additional measurgs are
necessary to protect the integrity of the line in the[pres-
ence of activities that might cause damage. One ¢f the
measures required by this Code is to lower the ptress
level in relation to increased public activity. This activity
is quantified by determining Location Class and relating

hydrocarbens-en-the-designof
Arrest, see the “caution” at the end of para. 841.11.

(2) Hydrogen Sulfide Content. Hydrogen sulfide is
highly toxic and contributes to corrosion in the presence
of water. Refer to Chapter IX, Sour Gas, 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 condi-
tion. Refer to paras. 841.27, 850.6, and 863.

BIO. )11 13ErA.
TPEFO=uC T eTactare
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the dpcign of the Pipp]inp ta the npprnpriahﬂ d sign
factor.

(d) Early editions of this Code used the term “popula-
tion density index” to determine design, construction,
testing, and operation requirements. They also used the
term “Location Class” in prescribing design pressure,
type of construction, and maximum allowable operating
pressure. To simplify use of this Code, the term “popula-
tion 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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The requirements based on Location Class were such
that there were no significant changes in the design,
installation, testing, and operation of piping systems
due to changes in terminology.

Pipelines constructed prior to the publication of this
Edition and designed in accordance with location classes
established in compliance with previous editions of this
Code may continue to use the location classes so deter-
mined, provided that when observed increases in the

: CILlUCU O U d U d
occuf, the Location Class determination shall be as pre-
sentdd in para. 840.2.

LUp V

840.2

840.21 General

(a)] To determine the number of buildings intended
for human occupancy for an onshore pipeline, lay out
a zorle % mile wide along the route of the pipeline with
the gipeline on the centerline of this zone, and divide
the piipeline into random sections 1 mile in length such
that the individual lengths will include the maximum
number of buildings intended for human occupancy.
Count the number of buildings intended for human
occupancy within each 1-mile zone. For this purpose,
each [separate dwelling unit in a multiple dwelling unit
building is to be counted as a separate building intended
for human occupancy.

It is not intended here that a full mile of lower stress
levelpipeline shall be installed if there are physical barzi=
ers of other factors that will limit the further expafision
of the more densely populated area to a total\distance
of legs than 1 mile. It is intended, however;, thdat where
no stich barriers exist, ample allowance shall be made
in dgtermining the limits of the lower, stress design to
provide for probable further develepment in the area.

(b)] When a cluster of buildings jintended for human
occupancy indicates that a basic 1tile of pipeline should
be identified as a Location/Class 2 or Location Class 3,
the Hocation Class 2 or, Kocation Class 3 may be termi-
nated 660 ft from thewearest building in the cluster.

(c)| For pipelines¢shorter than 1 mile in length, a
Locafion Class that4s typical of the Location Class that
would be reqtiited for 1 mile of pipeline traversing the
area phall be assigned.

8

Buildings Intended for Human Occupancy

0:22-Location Classes for Design and Construction
(@ , : . . .
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, graz-
ing 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 0.72 but equal to or less than 0.80 and has been
hydrostatically tested to 1.25 times the maximum
operating pressure. (See Table 841.114B for exceptions
to design factor.)
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(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 and has been tested to 1.1 times the
maximum operating pressure. (See Table 841.114B for
exceptions to design factor.)

(b) Location Class 2. A Location Class 2 is any 1-mile
section that has more than 10 but fewer than 46 buildings
intended for human occupancy. A Location Class 2 is
population
ard Location
and towns,
industrial areas, ranch or country estates)etc

(c) Location Class 3. A Location Class’3 is any 1-mile
section that has 46 or more buildings intgnded for
human occupancy except wher’a Location Class 4 pre-
vails. A Location Class 3 is inténded to reflect greas such
as suburban housing developments, shopping centers,
residential areas, industrial areas, and other populated
areas not meeting [iocation Class 4 requirem¢nts.

(d) Location Class 4. Location Class 4 inclydes areas
where multistory-buildings are prevalent, whiere traffic
is heavy or{dense, and where there may be numerous
other utilities underground. Multistory means four or
more floors above ground including the first ¢r ground
floor\The depth of basements or number of pbasement
fleors is immaterial.

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

(a) In addition to the criteria contained in pgra. 840.2,
additional consideration must be given to th¢ possible
consequences of a failure near areas where a doncentra-
tion of people is likely, such as a church, school|, multiple
dwelling unit, hospital, or recreational area of an orga-
nized character in Location Class 1 or 2.

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

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

(c) Concentrations of people referred to in subparas.
(a) and (b) above are not intended to include groups of
fewer than 20 people per instance or location but are
i i i hs well as

hirements

in a building.
840.4 Intent

840.41 It should be emphasized that Location
Class (1, 2, 3, or 4) as described in the previous para-
graphs is defined as the general description of a geo-
graphic area having certain characteristics as a basis
for prescribing the types of design, construction, and
methods of testing to be used in those locations or in
areas that are comparable. A numbered Location Class,
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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. 841.122).

840.42 When classifying locations for determining
the design factor for pipeline construction and testing

It should be noted that the user may be required to
change out such pipe or reduce pressure to 0.72 SMYS
maximum in accordance with para. 854.2.

(c) Fracture Control and Arrest. A fracture toughness
criterion or other method shall be specified to control
fracture propagation when a pipeline is designed to
operate either at a hoop stress over 40% through 80%
of SMYS in sizes NPS 16 or larger, or at a hoop stress
over 72% through 80% of SMYS in sizes smaller than

that shoyld 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 Class|Location, this shall be taken into consideration
in the degign and testing of the proposed pipeline.

841 STEEL PIPE
841.1 Steel Piping Systems Design Requirements

841.11 Steel Pipe Design Formula
(a) The design pressure for steel gas piping systems
or the nomninal wall thickness for a given design pressure
shall be determined by the following formula (for limita-

‘tions, seq para. 841.111):
25t
P = o) FET
where
© D = rlominal outside diameter of pipe, in.

E = lpngitudinal joint factor obtained from
Table 841.115A [see also para. 817.13(d)]

F = design factor obtained from Table 841.114A. In
sptting the values of the design. factor, F, due
cpnsideration has been given afid)allowance has
been made for the various underthickness toler-
ances provided for in tHe pipe specifications
listed and approved for usage in this Code.

p esign pressure, psig\(see also para. 841.111)

S = specified minimum yield strength, psi, stipu-

lated in the specifications under which the pipe
as purchased from the manufacturer or deter-
ined indecordance with paras. 817.13(h) and
8¢1.112:The specified minimum yield strengths
somie of the more commonly used piping

NPST6:
When a fracture toughness criterion is used, ‘c¢ntrol
can be achieved by ensuring that the pipe has)adefjuate
ductility and either by specifying adequate’toughness
or installing crack arrestors on the pipeline€ to stop prop-
agation.
(1) Brittle Fracture Control., T6\ensure that the pipe

has adequate ductility, fracture{toughness testing|shall
be performed in accordange with the testing proceflures
of supplementary requifentents SR5 or SR6 of API 5L,
or other equivalent altetnatives. If the operating teqnper-
ature is below 50, art appropriate lower test temjpera-
ture shall be{used. The appropriate lower| test
temperature shall be taken to be at or below the lpwest
expected metal temperature during pressure testihg (if
with air ‘o1”gas) and during service, having regard to
past.recorded temperature data and possible effefts of
lower air and ground temperatures. The average phear
value of the fracture appearance of three Charpy gpeci-
mens from each heat shall not be less than 60%, anld the
all-heat average for each order per diameter, sizg, and
grade shall not be less than 80%. Alternatively, when
drop-weight tear testing is specified, at least 80% ¢f the
heats shall exhibit a fracture appearance shear agea of
40% or more at the specified test temperature.
(2) Ductile Fracture Arrest. To ensure that the [pipe-

line has adequate toughness to arrest a ductile frafture,
the pipe shall be tested in accordance with the groce-
dures of supplementary requirements SR5 of ARI 5L.
The all-heat average of the Charpy energy values|shall
meet or exceed the energy value calculated using one
of the following equations that have been develoged in
various pipeline research programs.
(a) Battelle Columbus Laboratories (BCL) (AGQA)

CVN = 0.0108?R'/3#/3

SLCEID W}lUbE bPCLifiLdiiUllb dIt illLUlPUlcl’LCd by
reference herein are tabulated for convenience
in Appendix D.
temperature derating factor obtained from
Table 841.116A

nominal wall thickness, in.

T
t =

(b) The design factor for pipelines in Location Class
1, Division 1 is based on gas pipeline operational experi-
ence at operation levels in excess of those previously
recommended by this Code.
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(b) American Iron and Steel Institute (AISI)
CVN = 0.03450%/?R"/?

(c) British Gas Council (BGC)
CVN = 0.03150R/t"/2

(d) British Steel Corporation (BSC)

CVN = 0.001196°R


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

where
CVN = full-size Charpy V-notch absorbed energy,
ft-1b
R = pipe radius, in.
t = wall thickness, in.
o = hoop stress, ksi

(3) Mechanical Crack Arrestors. Mechanical crack
arrestors consisting of sleeves, wire-rope wrap, heavy-
wall ipp or other suitable ty, pes have heen shown to

(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. 817.13(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 for any period
of time or over 600°F for more than 1 hr, the maximum
allowable pressure at which it can be used shall not

provide reliable methods of arresting ductile fracture.
The echanical crack arrestors shall be placed at inter-
vals along the pipeline.

CAUTION: The requirements specified in (c)(2) above assume
the pipeline is transporting essentially pure methane and the
pipe Jls similar in fracture behavior to that used to develop the
empitical equations above. The presence of heavier hydrocar-
bons ¢an cause the gas to exhibit two-phase behavior on sudden
decomipression and thus requires a greater Charpy energy to
arrest| propagating pipe fracture. Likewise, pipe that has been
contrgl rolled or quench and tempered may not behave as indi-
cated |by the equations and may also require a greater Charpy
energl to arrest a propagating fracture. Calculations must be
performed to determine if the decompression exhibits two-phase
behavjior, and an assessment must be made as to the applicability
of th¢ arrest equations where additional toughness may be
required. Otherwise, mechanical crack arrestors [see (c)(3) above]
shoulfl be installed, or the Charpy toughness requirements for
arrest|should be verified through experiments or additional cal-
culatipns.

841.111 Limitations on Design Pressure P in Para.
841.11. The design pressure obtained by the formla in
para|841.11 shall be reduced to conform to the following;:

(a)| P for furnace butt welded pipe shall notexceed the
restrictions of para. 841.11 or 60% of mill\test pressure,
whichever is the lesser.

(b)| P shall not exceed 85% of the mill test pressure
for a]l other pipes provided; hgwever, that pipe, mill
testdd to a pressure less than.85% of the pressure
required to produce a hoop sttéss equal to the specified
minifnum yield, may be fetested with a mill type hydro-
stati test or tested in-place after installation. In the
evenf the pipe is retésted to a pressure in excess of the
mill test pressure;~then P shall not exceed 85% of the
retesf pressure-tather than the initial mill test pressure.
It is andatory to use a liquid as the test medium in
all tepts in‘place after installation where the test pressure
excegds(the mill test pressure. This paragraph is not to

exceed 757 of the value obtained by use,of] the steel
pipe design formula given in para. 841.13-
(c) In no case where the Code refers'to the
minimum value of a mechanical property
higher actual value of a property. be“substitufed in the
steel pipe design formula givémyin para. 841{11. If the
actual value is less than the Specified minimum value
of a mechanical propertyythe actual value may be used
where it is permitted by the Code, such as in fara. 817.1
regarding the reusefof:steel pipe.

specified
shall the

841.113 Additional Requirements for Nominal Wall
Thickness tinPara. 841.11
(a) The/minimum wall thickness t required for pres-
sure cohtainment as determined by para. 841.11 may
not bé.adequate for other forces to which th¢ pipeline
mady, be subjected. [See para. 840.1(a).] Consideration
shall also be given to loading due to transpoptation or
handling of the pipe during construction, veight of
water during testing, and soil loading and oth¢r second-
ary loads during operation. (See para. 841.14p for sug-
gested methods to provide additional prgtection.)
Consideration should also be given to w¢lding or
mechanical joining requirements. Standard wall thick-
ness, as prescribed in ASME B36.10M, shall b¢ the least
nominal wall thickness used for threaded and
grooved pipe.
(b) Transportation, installation, or repair of pipe shall
not reduce the wall thickness at any point to a|thickness
less than 90% of the nominal wall thickness|as deter-
mined by para. 841.11 for the design pressurq to which
the pipe is to be subjected.

841.114 Design Factors F and Location (lasses.
The design factor in Table 841.114A shall bd used for
the designated Location Class. All exceptions to basic
design factors to be used in the design formulafare given
in Table 841.114B

be construed to allow an operating pressure or design
pressure in excess of that provided for by para. 841.11.

841.112 Limitations on Specified Minimum Yield

Strength S in Para. 841.11
(a) If the pipe under consideration is not new pipe

purchased under a specification approved and listed in
this Code, the value of S may be determined in accor-
dance with one of the following:

(1) S value for new pipe qualified under para.
811.221 or 811.222
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841.115 The longitudinal joint factor shall be in
accordance with Table 841.115A.

841.116  The temperature derating factor shall
be in accordance with Table 841.116A.

841.12 Additional Design Information or Instructions

841.121 Fabricated Assemblies. When fabricated
assemblies, such as connections for separators, main
line valve assemblies, cross connections, river crossing

(07)
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Table 841.114A Basic Design Factor, F

Location Class

Design Factor,
F

Location Class 1, Division 1
Location Class 1, Division 2

Location Class 2
Location Class 3
Location Class 4

0.80
0.72
0.60
0.50
0.40

Table 841.114B Design Factors for Steel Pipe Construction

Location Class

1
Facility Div. 1 Div. 2 2 3 4

Pipelines, rains, and service lines [see para. 840.21(b)] 0.80 0.72 0.60 0.50 0.40
Crossings df roads, railroads without casing:

(a) Private roads 0.80 0.72 0.60 0.50 0.40

(b) Unimproved public roads 0.60 0,60 0.60 0.50 0.40

(c) 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:

(@) Privatp 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 enqroachment of pipelines and mains on roads and railroads:

(a) Privatpe 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) Roadd, highways, or public streets, with hard surface and railreads 0.60 0.60 0.60 0.50 0.40
Fabricated fssemblies (see para. 841.121) 0.60 0.60 0.60 0.50 0.40
Pipelines o bridges (see para. 841.122) 0.60 0.60 0.60 0.50 0.40
Pressure/flgw control and metering facilities (see para. 841.123) 0.60 0.60 0.60 0.50 0.40
Compressof station piping 0.50 0.50 0.50 0.50 0.40
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

headers, ¢tc., are to be installed in areas defined in Loca-
tion Clasg 1, a design factorof 0.6 is required throughout
the assempbly and forta’distance equal to the lesser of
5 diametgers or 1@ tvin each direction beyond the last
fitting. A| shorter distance may be used provided that
combined streSses are considered in the design of the
installati¢gn.XTransition pieces at the end of an assembly

841.123 Design of Metering and Pressure[Flow
Control Facilities

(a) All piping and piping components, up t¢ and
including the outlet stop valve(s) of individual meter
and pressure/flow control runs, shall meet or exceed
the maximum design pressure of the inlet piping system.
Threaded rpH11ring hnchihgc should notbe used in pres-

and elbows used in place of pipe bends are not consid-
ered fittings under the requirements of this paragraph.
Also see para. 822.

841.122 Pipelines or Mains on Bridges. The
design factor for pipelines or mains supported by rail-
road, vehicular, pedestrian, or pipeline bridges shall be
determined in accordance with the Location Class pre-
scribed for the area in which the bridge is located. In
Location Class 1, however, a design factor of 0.6 shall
be used.

sure/flow control facilities where they are subject to high
frequency piping vibrations. The design requirements
of para. 840.3 and Table 841.114B apply to the design
requirements of this section.

(b) All piping shall be tested in accordance with
para. 841.3 and the class location requirements of
Table 841.114B. Instrumentation devices such as trans-
mitters, recorders, controllers, etc., excluding testing
instrumentation, should be isolated from the piping dur-
ing the test. Test fluids shall be removed from piping

(07


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

Table 841.115A Longitudinal Joint Factor, E

841.125 Other (Nonmandatory) Considerations for
Metering Facilities

or down-
lation of

Spec. No. Pipe Class E Factor
(a) Meter proving reduces measurement uncertainty.
ASTM A 53 Seamless 1.00 Where meter design, size, and flow rate allows, consider
Electric Resistance Welded. 1.00 installing meter proving taps.
Furnace Butt Welded: Continuous Weld 0.60 i .
ASTM A 106 Seamless 1.00 (b) Upstream dry gas filter(s) should be considered
ASTM A 134 Electric Fusion Arc Welded 0.80 when installing rotary or turbine meters. Particulates
ASTM A 135  Electric Resistance Welded 1.00 and pipeline dust can contaminate meter lubricating oil
ASTM A 139 Electric Fusion Welded 0.80 and damage bearings and other internal meter compo-
ASTM RZTT Spitat Welded Steet Pipe U.80 nents.
ASTMA 333 Seamless 1.00
Electric Resistance Welded 1.00 N
1.126 Pressure/Flow Control Facilities
ASTMA 381  Double Submerged-Arc-Welded 1.00 84 / . pall )
ASTMIA 671 Electric Fusion Welded (a) Overpressure protection shallbe provided by the
Classes 13, 23, 33, 43, 53 0.80 use of
Classes 12, 22, 32, 42, 52 1.00 (1) a monitor regulator in series with a cpntrolling
ASTMA 672  Electric Fusion Welded regulator (each regulator run)
Classes 13, 23, 33, 43, 53 0.80 K /
Classes 12, 22, 32, 42, 52 1.00 (2) adequately sized relief valve(s) downstream of
APl 51 Seamless 1.00 the controlling regulator(s)
Electric Resistance Welded 1.00 (3) overpressure shutoff valve(s) upstream|
Electric Flash Welded 1.00 stream of the controlling regulator(s). Instal
Submerged Arc Welded 1.00 alarm devices which indicate primary (control
Furnace Butt Welded 0.60 P y

GENERAL NOTE: Definitions for the various classes of welded pipe
are giyen in para. 804.243.

Table 841.116A Temperature Derating Factor;
T, for Steel Pipe

Temperature Derating

Temperature, °F Factor, T
250 or less 1.000
300 0.967
350 0.933
400 0.900
450 0.867

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

and piping components and the piping purged with
natufal\gas before placing the facilities in service.

ng) regu-
lator failutenare useful and should be considered for
monitotregulator systems.
(b)<Each regulator supply, control, and sefsing line
shall have a separate isolation valve for isoldtion pur-
poses during regulator set-up and maintenanjce and to
prevent a safety device (i.e., monitor, reguldtor) from
becoming unintentionally inoperable due to|plugging
or freezing of instrument lines.
(c) Steps shall be taken to prevent the freezing-up
(internal and external) of regulators, contrgl valves,
instrumentation, pilot controls, and valve actuation
equipment caused by moisture saturated instrument air
or gas, pipeline gas, or external ambient condlitions.
(d) Sound pressure levels of 110 dbA and greater shall
be avoided to prevent damage to control equipment and
piping.
(e) Gas velocities in piping should ndt exceed
100 ft/sec at peak conditions. Lower velocitigs are rec-
ommended. High gas velocities in piping increpise turbu-
lence and pressure drop and contribute to pxcessive
sound pressure levels (aerodynamic noise] and can
cause internal piping erosion.

841.127 Other (Nonmandatory) Considerations for

(c) The corrosion control measures in Chapter VI, as
appropriate, must be applied to meter and
pressure/flow control piping.

841.124 Metering Facilities. Particular consider-
ation and attention shall be given to sizing meter run
blowdowns and/or flow restricting plates for turbine
and positive displacement meters. Rapid depressuriza-
tion of meter runs can damage or destroy meters due to
meter overspin and high differentials and can endanger
personnel.

33

Pressure/Flow Control Facilities

(a) Filtration of gas, particularly for instrumentation,
instrument regulators, etc., should be considered where
particulate contaminants are a present or potential
problem.

(b) 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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841.128 Electrical Facilities and Electronic Equip-
ment for Pressure/Flow Control and Metering Facilities
(a) All electrical equipment and wiring installed in
pressure/flow control facilities and metering facilities
shall conform to the requirements of ANSI/NFPA 70
and other applicable electrical codes. Additional API
and AGA references are listed in Appendix C.
(b) Electronic control, monitoring, and gas measure-
ment equipment shall be properly grounded and iso-

(1) nondestructive examination of 100% of all cir-
cumferential welds prior to installation

(2) pressure testing (pretest) of the fabricated pipe
string prior to installation

(3) passing an internal sizing plate, caliper tool, or
instrumented inspection device through the pipe string
following installation

(f) Damage Prevention. To minimize the potential for

damage to existing surface or subsurface structures,

lated frdm 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 not be installed in buildings unless specifically
designed|to be used in combustible atmospheres.

(c) Uninterruptible power sources or redundant back-
up systerps should be considered to help prevent over-
pressuref/ unintentional shutoff situations caused by
power oytages.

(d) A tiseful reference for electronic gas measure-
ments i API Manual of Petroleum Measurement
Standards, Chapter 21, Section 1 — Electronic Gas
Measurement.

841.129 Pipeline Installation by Directional Drilling

(a) Quglifications. Drilling contractors shall maintain
written design and installation procedures addressing
crossings| to be completed by the directional drilling
method. [Drilling equipment operators and personnel
responsibjle for establishing the location of the pilot head
and reamjer during drilling operations shall be qualified
by trainirjg and experience in the implementation of the
contractof’s procedures.

(b) Gedtechnical Evaluations. Geotechmical evaluations
should b¢ considered at the crossing location to establish
subsurfage conditions.

(c) Installation Forces and Strésses. 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, friction, axidlforces, and bending. (See directional
drilling refererices in Appendix C.)

(d) Prgtestive Coating. The frictional and abrasive

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

Prior to the commencement of dfilling operations, the
location of all subsurface structures in near proxjimity
to the design drill path shall, where practical, be exposed
to permit a visual confirmation of the structjure’s
location.

Prior to initiating the reaming operation, congider-
ation shall be givento the potential impact of the opera-
tion on all adjacent structures due to any reallized
deviations from the design path.

841;13 Protection of Pipelines and Mains |[From
Hazards

(a) When pipelines and mains must be instplled
Where they will be subject to natural hazards, such as
washouts, floods, unstable soil, landslides, earthqfiake-
related events (such as surface faulting, soil liquefartion,
and soil and slope instability characteristics), or jother
conditions that may cause serious movement ¢f, or
abnormal loads on, the pipeline, reasonable precaytions
shall be taken to protect the pipeline, such as increpsing
the wall thickness, constructing revetments, preventing
erosion, and installing anchors.

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

(c) Because submarine crossings may be subject to
washouts due to the natural hazards of changes in the
waterway bed, water velocities, deepening of the rhan-
nel, or changing of the channel location in the watefway,
design consideration shall be given to protecting the

forces that-ay—be-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.

(e) 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:

34

pipetire or maiT at such crossings— T e crossing shall
be located in the more stable bank and bed locations.
The depth of the line, location of the bends installed in
the banks, wall thickness of the pipe, and weighting of
the line shall be selected based on the characteristics of
the waterway.

(d) Where pipelines and mains are exposed, such as
at spans, trestles, and bridge crossings, the pipelines
and mains shall be reasonably protected by distance or
barricades from accidental damage by vehicular traffic
or other causes.


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

07)

ASME B31.8-2007

841.14 Cover, Clearance, and Casing Requirements
for Buried Steel Pipelines and Mains

841.141 Cover Requirements for Mains. Buried
mains shall be installed with a cover not less than 24 in.
Where this cover provision cannot be met, or where
external loads may be excessive, the main shall be
encased, bridged, or designed to withstand any such
anticipated external loads. Where farming or other oper-
ations might result in deep plowing, in areas subject to

underground structure not used in conjunction with the
main. When such clearance cannot be attained, precau-
tions to protect the main shall be taken, such as the
installation of insulating material or casing.

841.144 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

erosipn, or in locations where future grading is likely,
such|as road, highway, railroad, and ditch crossings,
additional protection shall be provided (See para.
841.145 for suggested methods to provide additional
protgction.).

841.142 Cover Requirements for Pipelines. Except
for offshore pipelines, buried pipelines shall be installed

with|a cover not less than that shown in the following
table
Cover, in.
For Rock
Excavation [Note (1)]
Pipe Size Pipe Size
For Normal NPS 20 and Larger Than
[ ocation Excavation Smaller NPS 20
Class [ 24 12 18
Class P 30 18 18
Classg¢s 3 and 4 30 24 24
Draingge ditch at 36 24 24

public roads and
railfoad cross-
ingg (all loca-
tions)
NOTE:
(1) Rqck excavation is excavation that requites blasting.

Wihere these cover provisions cahnot be met or where
exterpal loads may be excessive, the pipeline shall be
encaged, bridged, or designed to withstand any such
anticjpated external leads. In areas where farming or
othey operations might result in deep plowing, in areas
subject to erosion;.or in locations where future grading
is likply, suchvas.at roads, highways, railroad crossings,
and {itch crossings, additional protection shall be pro-

videdl. (Seejpara. 841.145 for suggested methods to pro-
vide jadditional protection.)

will retain the maximum allowable operating pressure
of the carrier pipe, the casing shall be designgd for this
pressure and at least to the design factot of 0.72. Venting
of sealed casings is not mandator{;~showevet, if vents
are installed they should be protected from the weather
to prevent water from entering’the casing. |(Require-
ments for crossings within/casihg of railroads pnd high-
ways are shown in Table\841.114B.)

841.145 Additional Underground Pipe Prdtection.
The pipe design factor, F, shall be in accordance with
Table 841.114B,for the crossing of roads and [railroads.
The guidance\provided by API RP 1102, Steel|Pipelines
Crossing ‘Railroads and Highways; or GRI Report No.
91/0284,~Guidelines for Pipelines Crossing Highways;
or Gas Piping Technology Committee’s Guid¢ Material
Appendix G-15, Design of Uncased Pipelines| Crossing
of Highways and Railroads, may be considlered for
design and installation of pipeline crossing. Thie pipeline
operator shall evaluate the need for extending gdditional
pipe protection over the pipeline when the road or rail-
road right-of-way width is undefined based pon antici-
pated loading from traffic or heavy equipment
performing maintenance activities adjacent tq the road
or railroad.

Varying degrees of additional protection frpm third-
party damage to a buried main or pipeling crossing
within (or parallel to) the right-of-way of road qr railroad
may be achieved using the following techniqugs, or vari-
ants thereof, singly or in combination.

(a) A physical barrier or marker may be
above or around the pipe (see para. 851.7). If 4 physical
barrier is used, the potential conflict with the right-of-
way maintenance activities should be recognizpd. Physi-
cal barrier or marker methods include:

(1) a concrete or steel barrier placed abovp the pipe
nt to the

installed

(2) a concrete slab p]nr‘pr‘] vpri‘ir‘n”y nr‘]}'nr

841.143 Clearance Between Pipelines or Mains and
Other Underground Structures
(a) There shall be at least 6 in. of clearance wherever
possible between any buried pipeline and any other
underground structure not used in conjunction with the
pipeline. When such clearance cannot be attained, pre-
cautions to protect the pipe shall be taken, such as the
installation of casing, bridging, or insulating material.
(b) There shall be at least 2 in. of clearance wherever
possible between any buried gas main and any other

35

pipe on each side and extended above the top of pipe
elevation

(3) damage-resistant coating material, such as
concrete

(4) extra depth of cover additional to that required
in para. 841.142

(5) buried high-visibility warning tape placed par-
allel to and above the pipe

(6) pipe casing (see paras. 841.144, 862.117, and
862.218)
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(b) A heavier wall thickness than is required by the
pipe design factor, F, in accordance with Table 841.114A
or Table 841.114B.

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

Additional underground pipe protection shall be used
in conjunction with an effective educational program

(h) Inspect all repairs, replacements, or changes
ordered before they are covered.

(i) Perform such special tests and inspections as are
required by the specifications, such as nondestructive
testing of welds and electrical testing of the protective
coating.

(j) Inspect backfill material prior to use and observe
backfill procedure to ensure no damage occurs to the
coating in the process of backfilling.

(para. 8p0#%), periodic surveitiance of pipetimnes
(para. 85].1), pipeline patrolling (para. 851.2), and utili-
zation of programs that provide notification to operators
regarding impending excavation activity, if available.

841.15
Table 841{114B.

Design factors are summarized in

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 fequirements of this Code shall be done under
constructjon 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.

841.22 Inspection Provisions

841.p21 The operating company shall provide
suitable inspection. Inspectors shall be qualified either
by experience or training. The inspector shall have the
authority|to order the repair or removal and replacement
of any conponent found that fails to meet the standards
of this C¢de.

841.p22  The installation inspection previsions
for pipelines and other facilities to opetaté at hoop
stresses of 20% or more of the specified inimum yield
strength shall be adequate to make possible at least the
following inspections at sufficiently frequent intervals
to ensurel good quality of workmanship.

(a) Inspect the surface ofithe' pipe for serious surface
defects just prior to the“coating operation. [See
para. 841|242(a).]

(b) Inspect the sutface of the pipe coating as it is
lowered into the‘ditch to find coating lacerations that
indicate the pipe‘might have been damaged after being
coated.

(d) Visually inspect the stringer beads before subse-
quent beads are applied.

(e) Inspect the completed welds before they are cov-
ered with coating.

(f) Inspect the condition of the ditch bottom just
before the pipe is lowered in, except for offshore pipe-
lines.

(g) Inspect the fit of the pipe to the ditch before back-
filling, except for offshore pipelines.

841.23 Bends, Elbows, and Miters in Steel Pip¢lines
and Mains. Changes in direction may be made Hy the
use of bends, elbows, or miters under the limitdqtions
noted below.

841.231
(a) Abend shall be free from buckding, cracks, orjother
evidence of mechanical damage:
(b) The maximum degree of bending on a field cold
bend may be determinedby either method in the|table
below. The first column.expresses the maximum dflec-
tion in an arc length equal to the nominal outside djame-
ter, and the seond column expresses the minifnum
radius as a function of the nominal outside diampter.

Deflection of Minimum Radiys of

Nominal Longitudinal Axis, Bend in Pipe Diarheters
Pipe\Size deg [see 841.231(c)]

Smaller than 12 841.231(d) 18D
12 32 18D
14 2.7 21D
16 24 24D
18 2.1 27D
20 and larger 19 30D

(c) A field cold bend may be made to a shorter mini-
mum radius than permitted in (b) above, provided the
completed bend meets all other requirements of this
section, and the wall thickness after bending is ndt less
than the minimum permitted by para. 841.11. Thig may
be demonstrated through appropriate testing.

(d) For pipe smaller than NPS 12, the requirements
of (a) above must be met, and the wall thickness| after
bending shall not be less than the minimum pernpitted
by para. 841.11. This may be demonstrated thrpugh
appropriate testing.

(e) Except for offshore pipelines, when a circumferen-
tial weld occurs in a bend section, it shall be subjected

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

(¢) Wrinkle bends shall be permitted only on systems
operating at hoop stress levels of less than 30% of the
specified minimum yield strength. When wrinkle bends
are made in welded pipe, the longitudinal weld shall
be located on or near to the neutral axis of the bend.
Wrinkle bends with sharp kinks shall not be permitted.
Spacing of wrinkles shall be measured along the crotch
of the pipe bend, and the peak-to-peak distance between
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the wrinkles shall exceed the diameter of the pipe. On
pipe NPS 16 and larger, the wrinkle shall not produce
an angle of more than 1% deg per wrinkle.

841.232 Mitered bends are permitted provided

the following limitations are met:
(a) In systems intended to operate at hoop stress lev-
els of 40% or more of the specified minimum yield
strength, mitered bends are not permitted. Deflections

841.242 Field Repair of Gouges and Grooves

(a) Injurious gouges or grooves shall be removed.

(b) 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. 841.113(b).]

(c) When the conditions outlined in para. 841.242(b)
cannot be met, the damaged portion of pipe shall be cut
out as a cylinder and replaced with a good piece. Insert

causge-bymisalighment-up-to-3-degare not-considered
as miters.

(b)] In systems intended to operate at hoop stress lev-
els of 10% or more but less than hoop stress levels of
40% pf the specified minimum yield strength, the total
defleftion angle at each miter shall not exceed 12% deg.

(c)] In systems intended to operate at hoop stress lev-
els of less than 10% of the specified minimum yield
strenpth, the total deflection angle at each miter shall
not gxceed 90 deg.

(d)| In systems intended to operate at hoop stress lev-
els of 10% or more of the specified minimum yield
strenpth, the minimum distance between miters mea-
sureql at the crotch shall not be less than one pipe
diamieter.

(e)| Care shall be taken in making mitered joints to
provide proper spacing and alignment and full pene-
tratign.

41.233  Factory-made, wrought-steel welding
elbows or transverse segments cut therefrom may, be
used)| for changes in direction, provided that the arc
length measured along the crotch is at least 1.ifison pipe
sizes|NPS 2 and larger.

841.24 Pipe Surface Requirements Applicable to
Pipelines and Mains to Operate at a Hoop Stress of 20%
or More of the Specified Minimum Yield Strength.
Gouges, grooves, and notche§ have been found to be an
impdrtant cause of pipeline/failures, and all harmful
defedts of this nature must’be prevented, eliminated, or
repaired. Precautionsshall be taken during manufacture,
hauljng, and insfallation to prevent the gouging or
grooying of pipe:

841.241\ Detection of Gouges and Grooves
(a)| Thefield inspection provided on each job shall be

Suita bletoreducetoan nﬂnnpfq]ﬁ]o minimum-ithe chances

patching is prohibited.

841.243 Dents

(a) A dent may be defined as a depression| that pro-
duces a gross disturbance in the ctityature of the pipe
wall (as opposed to a scratch o5 gouige, which reduces
the pipe wall thickness). TheJdepth of a denit shall be
measured as the gap between the lowest pojnt of the
dent and a prolongation. 0t the original contgur of the
pipe in any direction.
(b) A dent, as defified in para. 841.243(a), which con-
tains a stress concentrator such as a scratch, gouge,
groove, or ar¢burn shall be removed by cutting out the
damaged/portion of the pipe as a cylinder.
(c) Al dents that affect the curvature of the pipe at
the lengitudinal weld or any circumferential weld shall
bed@emoved. All dents that exceed a maximun} depth of
Yuin. in pipe NPS 12 and smaller or 2% of th¢ nominal
pipe diameter in all pipe greater than NPS 19 shall not
be permitted in pipelines or mains intended fo operate
at hoop stress levels of 40% or more of the|specified
minimum yield strength. When dents are remjoved, the
damaged portion of the pipe shall be cut out gs a cylin-
der. Insert patching and pounding out of the¢ dents is
prohibited.

841.244 Notches

(a) Notches on the pipe surface can be daused by
mechanical damage in manufacture, transgortation,
handling, or installation, and when determiped to be
mechanically caused, shall be treated the same ps gouges
and grooves in para. 841.241.
(b) Stress concentrations that may or may npt involve

a geometrical notch may also be created by |a process
involving thermal energy in which the pipe purface is
heated sufficiently to change its mechanical orfmetallur-
gical properties. These imperfections are termgd “metal-
lurgical notches.” Examples include an farc burn

that gouged or grooved pipe will 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.

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

(c) Lacerations of the protective coating shall be care-
fully examined prior to the repair of the coating to deter-
mine if the pipe surface has been damaged.
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produced by accidental contact with a welding electrode
or a grinding burn produced by excessive force on a
grinding wheel. Metallurgical notches may resultin even
more severe stress concentrations than a mechanical
notch and shall be prevented or eliminated in all pipe-
lines intended to operate at hoop stress levels of 20%
or more of the specified minimum yield strength.

841.245 Elimination of Arc Burns. The metallurgi-
cal notch caused by arc burns shall be removed by grind-
ing, provided the grinding does not reduce the
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remaining wall thickness to less than the minimum pre-
scribed by this 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.

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

taken to prevent a mixture of gas and air at all points
where such operations are to be performed.

841.272  When a pipeline or main can be kept
full of gas during a welding or cutting operation, the
following procedures are recommended:

(a) Keep a slight flow of gas moving toward the point
where cutting or welding is being done.

(b) Control the gas pressure at the site of the work
by a snitable means

841.251 Handling, Hauling, and Stringing. Care
shall be taken in the selection of the handling equipment
and in handling, hauling, unloading, and placing the

pipe so ak not to damage the pipe.

841)252 Installation of Pipe in the Ditch. On
pipelines|operating at hoop stress levels of 20% or more
of the spgcified minimum yield strength, it is important
that stregses imposed on the pipeline by construction
be minimized. Except for offshore pipelines, the pipe
shall fit the ditch without the use of external force to
hold it inp place until the backfill is completed. When
long sectjons of pipe that have been welded alongside
the ditch|are lowered in, care shall be exercised so as
not to jerk the pipe or impose any strains that may kink
or put a germanent bend in the pipe. Slack loops are not
prohibited by this paragraph where laying conditions
render theeir use advisable.

841.253 Backfilling

(a) Badkfilling shall be performed in a manner to pros
vide firm| support under the pipe.

(b) If there are large rocks in the material to be\uised
for backfill, care shall be used to prevent damage to the
coating by such means as the use of rock shield material,
or by malking the initial fill with rock-free'material suffi-
cient to grevent damage.

(c) Wheere the trench is flooded to consolidate the
backfill, ¢are shall be exercised to-see that the pipe is
not floatqd from its firm beafing on the trench bottom.

841.26 Hot Taps. Alhhot taps shall be installed by
trained ahd experienged, erews.

841.27 Precautions to Avoid Explosions of Gas—Air
Mixtures| or Uncoritrolled Fires During Construction
Operations

841.
ing and cutting with cutting torches can be safely per-
formed on pipelines, mains, and auxiliary equipment,
provided that they are completely full of gas or of air
that is free from combustible material. Steps shall be

! 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.

slots
other

(c) After a cut is made, immediately close/all
or open ends with tape, tightly fitted canvasj.or
suitable materials.

(d) Do not permit two openings to remain uncoyered
at the same time. This is doubly important if th¢ two
openings are at different elevations;

841.273  Welding, cutting, or other operdtions
that could be a source of dgnition shall not be dohe on
a pipeline, main, or auxiliary apparatus that cortains
air, if it is connected te,a source of gas, unless a sujtable
means has been provided to prevent the formatipn of
an explosive mixture in the work area.

841.274. " In situations where welding or cytting
must be ‘dohe on facilities that are filled with aif and
connectéd to a source of gas, and the precautions rgcom-
mended above cannot be taken, one or more of the fol-
lewing precautions, depending on circumstances ft the
jobsite, are suggested:

(a) purging of the pipe or equipment upon which
welding or cutting is to be done with an inert gas or
continuous purging with air in such a manner that a
combustible mixture does not form in the facility st the
work area

(b) testing of the atmosphere in the vicinity g
zone to be heated before the work is started a
intervals as the work progresses with a combustib
indicator or by other suitable means

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

f the
hd at
e gas

841.275 Purging of Pipelines and Mains

(a) When a pipeline or main is to be placed in sefvice,
the air in it shall be displaced. The following are some
acceptable methods:

uous
flow of gas into one end of the line and vent the air out
the other end. The gas flow shall be continued without
interruption until the vented gas is free of air.

(2) If the vent is in a location where the release of
gas into the atmosphere may cause a hazardous condi-
tion, then a slug of inert gas shall be introduced between
the gas and air. The gas flow shall then be continued
without interruption until all of the air and inert gas
have been removed from the facility. The vented gases
shall be monitored and the vent shall be closed before

38
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any substantial quantity of combustible gas is released
to the atmosphere.

(b) In cases where gas in a pipeline or main is to be
displaced with air and the rate at which air can be
supplied to the line is too small to make a procedure
similar to but the reverse of that described in (a) 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-

841.32 Test Required 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

841.321  All pipelines and mains to be operated
ata hoop stress of 30% or more of the specified minimum
yield strength of the pipe shall be given a test for at
least 2 hr to prove strength after construction and before
being placed in operation.

ide cprrbeused for thispurpose:

(c)| If a pipeline or main containing gas is to be
remgved, the operation may be carried out in accordance
with [para. 841.272, or the line may be first disconnected
fromfall sources of gas and then thoroughly purged with
air, water, or inert gas before any further cutting or
weldjng is done.

(d)| If a gas pipeline, main, or auxiliary equipment is
to bq filled with air after having been in service and
there|is a reasonable possibility that the inside surfaces
of the facility are wetted with volatile inflammable lig-
uid, pr if such liquids might have accumulated in low
places, purging procedures designed to meet this situa-
tion ghall be used. Steaming of the facility until all com-
bustible liquids have been evaporated and swept out is
recothmended. Filling of the facility with an inert gas
and keeping it full of such gas during the progress of
any work that might ignite an explosive mixture in the
faciliy is an alternative recommendation. The possibil-
ity of striking static sparks within the facility must not
be oyerlooked as a possible source of ignition.

841.276  Whenever the accidental ignitjon-in the
open| air of gas-air mixture might be likely~to cause
persgnal injury or property damage, precautions shall
be taken. For example:

(a)| Prohibit smoking and open flames in the area.

(b)| Install a metallic bond around the location of cuts
in gqs pipes to be made by (means other than cutting
torches.

(c)] Take precautions\to prevent static electricity
sparks.

(d)| Provide a fire'extinguisher of appropriate size and
type,|in accordance with ANSI/NFPA 10.

841.
841:31~ General Provisions. All piping systems shall

B Testing After Construction

841.322 Location Classes 1 Through 4

(a) Pipelines located in Location Clasg 1, IPivision 1
shall be tested hydrostatically to 1.25 tithes depign pres-
sure if the maximum operating pressure produces a
hoop stress level greater than.72% SMYS. (See
para. 841.36.)

(b) Pipelines located in Locdtion Class 1, IDivision 2
shall be tested either withvair or gas to 1.1 ftimes the
maximum operating réssure or hydrostatidally to at
least 1.1 times the maximum operating presdure if the
maximum operatihg pressure produces a hqop stress
level of 72% SMYS or less. (See para. 841.36.

(c) Pipelines and mains in Location Class P shall be
tested either with air to 1.25 times the njaximum
operating pressure or hydrostatically td at least
1.25 times the maximum operating pressure. (See
para. 841.36.)

(d) Pipelines and mains in Location Classgs 3 and 4
shall be tested hydrostatically to a pressurg¢ not less
than 1.4 times the maximum operating presgure. This
requirement does not apply if, at the time th¢ pipeline
or main is first ready for test, one or both of the following
conditions exist:

(1) the ground temperature at pipe depth is 32°F
or less, or might fall to that temperature before the
hydrostatic test could be completed, or

(2) water of satisfactory quality is not ayailable in
sufficient quantity.

In such cases an air test to 1.1 times the gnaximum
operating pressure shall be made, and the II:"Litations
on operating pressure imposed by Table 841{322(f) do
not apply.

(e) The test requirement given in paras. §41.322(a),
(b), (c), and (d) are summarized in Table 841.3P2(f). (See
also para. 816.)

(f) Inselecting the testlevel, the designer or pperating

be tested-after construction tothe requirements of this
Code except for pretested fabricated assemblies, pre-
tested tie-in sections, and tie-in connections.

The circumferential welds of welded tie-in connec-
tions not pressure tested after construction shall be
inspected by radiographic or other accepted nondestruc-
tive methods in accordance with para. 826.2.

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.

39

company should be aware of the provisions of para. 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 occu-

pancy.

841.323  Other provisions of this Code notwith-
standing, pipelines and mains crossing highways and
railroads may be tested in each case in the same manner
and to the same pressure as the pipeline on each side
of the crossing.
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Table 841.322(f) Test Requirements for Pipelines and Mains to Operate at Hoop Stresses of
30% or More of the Specified Minimum Yield Strength of the Pipe

1 2 3 4 5
p Test P ibed Maximum Allowable
Location Permissible ressure Test Prescribe Operating Pressure,
Class Test Fluid Min. Max. the Lesser of
1 Water 1.25 X m.o.p. None t.p. + 1.25
or d.p.
Division 1
1 Water 1.1 X m.o.p. None tpo) 1.1
Division 2 Air 1.1 X m.o.p. 1.1 x d.p. ord.p.
Gas 1.1 X m.o.p. 1.1 x d.p.
2 Water 1.25 X m.o.p. None t.p. + 1.35
Air 1.25 X m.o.p. 1.25 x d.p. or d.p.
3 and 4 Water 1.40 X m.o.p. None t.p. + 1.40
[Note (1)] or d.p.
d.p. = design pressure
m.o.p. 5 maximum operating pressure (not necessarily the maximum allowable operating pressure)
t.p. = test pressure

GENERAL NPTE: This Table defines the relationship between test pressures and maximum<allowable operating pressures subsequent

to the

test. If an operating company decides that the maximum operating pressure will be less‘than the design pressure, a corresponding reduction

in prescrib

d test pressure may be made as indicated in the Pressure Test Prescribed, Minimum, column. If this reduced test pres

ure is

used, howegver, the maximum operating pressure cannot later be raised to the design pressure without retesting the line to the test pressure

prescribed
NQTE:
(1) For excgptions, see para. 841.322(d).

841.324  Other provisions of this Code notwith-
standing| fabricated assemblies, including main line
valve ass¢mblies, cross connections, river crossing head-
ers, etc., Installed in pipelines in Locatien\Class 1 and
designed|in accordance with a design(factor of 0.60 as
required |n para. 841.121, may be tested as required for
Location [Class 1.

841.325 Notwithstanding the limitations on air
testing imposed on para. 841:322(d), air testing may be
used in [location Classés"3 and 4, provided that all of
the following conditions apply:

(a) Th¢ maximumhoop stress during the test is less
than 50% of the\specified minimum yield strength in
Location |Cldss)3, and less than 40% of the specified
minimunp vield strength in Location Class 4.

n the Pressure Test Prescribed, Maximum, column. See paras. 805.214, 845.213, and 845.214.

841.33 Tests Required to Prove Strength for Pip¢lines
and Mains to Operate at Hoop Stress Levels of Less|Than
30% of the Specified Minimum Yield Strength qf the
Pipe, but in Excess of 100 psi. Steel piping tha{is to
operate at hoop stress levels of less than 30% qf the
specified minimum yield strength in Class 1 Locqtions
shall at least be tested in accordance with para. 8{1.34.
In Class 2, 3, and 4 Locations, such piping shall be ested
in accordance with Table 841.322(f), except that gas or
air may be used as the test medium within the maximum
limits set in Table 841.33.

841.34 Leak Tests for Pipelines or Mains to Operate
at 100 psi or More

(b) The maximum pressure at which the pipeline or
main is to be operated does not exceed 80% of the maxi-
mum field test pressure used.

(c) The pipe involved is new pipe having a longitudi-
nal joint factor, E, in Table 841.115A of 1.00.

841.326 Records. The operating company shall
maintain in its file for the useful life of each pipeline
and main, records showing the procedures used and the
data developed in establishing its maximum allowable
operating pressure.

40
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after construction and before being placed in operation
to demonstrate that it does not leak. If the test indicates
that a leak exists, the leak or leaks shall be located and
eliminated, unless it can be determined that no undue
hazard to public safety exists.

841.342  The test procedure used shall be capable
of disclosing all leaks in the section being tested and
shall be selected after giving due consideration to the
volumetric content of the section and to its location.


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

Table 841.33 Maximum Hoop Stress
Permissible During Test

Class Location,
% of Specified
Minimum Yield Strength

the transfer of the constructed pipeline to those responsi-
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

Test Medium 2 3 4
components.

Air 75 50 40 . . )

Gas 30 30 30 841.42 Cleaning and Drying Procedures. Consider-
ation shall be given to the need for cleaning and drying
the pipe and its components beyond thattequired for
removal of the test medium.

This fequires the exercise of responsible and experienced

judgd

841.343 In all cases where a line is to be stressed
in a gtrength proof test to a hoop stress level of 20% or
moreq of the specified minimum yield strength of the
and gas or air is the test medium, a leak test shall
be mpde at a pressure in the range from 100 psi to that
red to produce a hoop stress of 20% of the minimum

ment, rather than numerical precision.

41.351  Each pipeline, main, and related equip-

41.352  Gas may be used as the test-medium

ible during the test.

41.353 Testing at available distribution system
presgures as provided for inpara. 841.352 may not be
adeqiate if substantial protective coatings are used that
would seal a split pipe seam. If such coatings are used,
the l¢ak test pressufe-shall be 100 psi.

841.36 Safety.During Tests. All testing of pipelines
and mains aftér’ construction shall be done with due
regaid for.thesafety of employees and the public during
the tpst. When air or gas is used, suitable steps shall
be tdke i i
operations
is first raised from 50% of the specified minimum yield
to the maximum test stress, and until the pressure is
reduced to the maximum operating pressure.

841.4 Commissioning of Facilities

841.41 General. Written procedures shall be estab-
lished for commissioning. Procedures shall consider the
characteristics of the gas to be transported, the need to
isolate the pipeline from other connected facilities, and

41

841.43 Functional Testing of Equipment|and Sys-
tems. As a part of commissioning, all pipgline and
compressor station monitor ané’gontrol equipment and
systems shall be fully functionttested, especially includ-
ing safety systems such as«pig trap interlocksf pressure
and flow-monitoring systems, and emergency pipeline
shut-down systems.\€onsideration should als¢ be given
to performing a fihal test of pipeline valves lpefore the
gas is introducedto ensure that each valve is pperating
correctly.

841:44 Start-Up Procedures and Introduction of
Transported Gas. Written start-up procedures shall be
prepared before introducing the transported gas into the
system and shall require the following;:

(a) the system be mechanically complete ahd opera-
tional

(b) all functional tests be performed and a¢cepted

(c) all necessary safety systems be operatignal

(d) operating procedures be available

(e) a communications system be establishefl

(f) transfer of the completed pipeline systern to those
responsible for its operation

841.45 Documentation and Records. The [following
commissioning records shall be maintained gs perma-
nent records:

(a) cleaning and drying procedures

(b) cleaning and drying results

(c) function-testing records of pipeline mo:

(d) control equipment systems

(e) completed prestart checklist

hitoring

842.2 Ductile Iron Piping Systems Requirements
842.21 Ductile Iron Pipe Design

842.211 Determination of Required Wall Thick-
ness. Ductile iron pipe shall be designed in accordance
with the methods set forth in ANSI/AWWA C150/
A21.50.

842.212 Allowable Values of s and f. The values
of design hoop stress s and design bending stress f at
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the bottom of the pipe, to be used in the equations given
in ANSI/AWWA C150/A21.50, are

s = 16,800 psi
£ = 36,000 psi

842.213 Standard Ductile Iron Strength and Confor-
mance to ANSI A21.5.2. Ductile iron pipe shall be
(60-42-10) grade and shall conform to all requirements
of ANSI A21.5.2. Grade (60-42-10) ductile iron has the

be assembled according to recognized American
National Standards or in accordance with the manufac-
turer’s written recommendations.

842.23 Testing Ductile Iron Field Joints. Ductile iron
pipe joints shall be leak tested in accordance with para.
841.34 or 841.35.

842.3 Design of Plastic Piping

sec-

following mechanical properties:
Minimum tensile strength 60,000 psi
Minimum yield strength 42,000 psi
Minimum elongation 10%

842.214 Allowable Thickness for Ductile Iron Pipe.
The least|ductile iron pipe thicknesses permitted are the
lightest gtandard class for each nominal pipe size as
shown iy ANSI A21.52. Standard wall thicknesses for
250 psi mpximum working pressure and standard laying
conditionys at several depths of cover are shown in Table
842.214.

842.215 Ductile Iron Pipe Joints

(a) Meghanical Joints. Ductile iron pipe with mechani-
cal joints| shall conform to the requirements of ANSI
A21.5.2 gnd ANSI/AWWA C111/A21.11. Mechanical
joints shalll be assembled in accordance with “Notes on
Installatjon of Mechanical Joints” in ANSI/AWWA
C111/A2]1.11.

(b) OtHer Joints. Ductile iron pipe may be furnished
with othér types of joints provided they are propérly
qualified|and meet the appropriate provisions\ef-this
Code. Sug¢h joints shall be assembled in accordante with
applicablp standards or in accordance withithe manufac-
turer’s wfitten recommendations.

(c) Thraded Joints. The use of threaded joints to cou-
ple lengths of ductile iron pipe ig'not recommended.

842.22 Installation of Dugctile/Iron Pipe

842.221 Laying. Ductile iron pipe shall be laid in
accordamce with thedpplicable field conditions
described in ANSI/AWWA C150/A21.50.

842.p22 Underground ductile iron pipe shall be
installed [withc.arminimum cover of 24 in. unless pre-

vented by othier underground structures. Where suffi- hydrostatic strength used in the design formula in

General Provisions. The desion ror}nirnmonfe ofthi
o]

tion are intended to limit the use of plastic piping pri-
marily to mains and service lines in typical distribjution
systems operating at a pressure of 100 psi|of less. For
other applications in Class 1 or 2 Locations, plasti¢ pip-
ing may be used within the limitations prescribpd in
this Code.

842.31 Plastic Pipe and Tubing Design FormI:a.

The design pressure for plastic gas piping systegs or
the nominal wall thicknéssfor a given design pressure
(subject to the limitatjons in para. 842.32) shall be dleter-
mined by the following formula:

t

= specified outside diameter, in.
design pressure, psig

for thermoplastic pipe and tubing, longftterm
hydrostatic strength determined in accordlance
with the listed specification at a tempenature
equal to 73°F, 100°F, 120°F, or 140°F; for|rein-
forced thermosetting plastic pipe, use 11,0P0 psi

t = specified wall thickness, in.

NOTE: Long-term hydrostatic strength at 73°F for the plastic
materials whose specifications are incorporated by reference herein
are given in Appendix D.

842.32 Thermoplastic Design Limitations
(a) The design pressure shall not exceed 100 pgig.
(b) Thermoplastic pipe, tubing, and fittings shalll not
be used where the operating temperatures of the mpteri-
als will be
(1) below —20°F, or
(2) above the temperature at which the longfterm

para.
1 the

external loads or damage and the pipe is not designed
to withstand such external loads, the pipe shall be cased
or bridged to protect the pipe.

842.223 Joint Restraint. Suitable harnessing or
buttressing shall be provided at points where the main
deviates from a straight line and the thrust, if not
restrained, would separate the joints.

842.224 Making Ductile Iron Field Joints. Ductile
iron pipe joints shall conform to para. 842.215 and shall

42

temperature exceed 140°F

(c) The value of t for thermoplastic pipe shall not be
less than that shown in Table 842.32(c).

(d) The value of t for thermoplastic tubing shall not
be less than 0.062 in.

(e) For saddle-type service connections made by heat
fusion techniques, it may be necessary for some materi-
als, which are intended for use at high operating pres-
sures, to require a heavier wall thickness than defined
by the pressure design formula for sizes 2 in. and smaller.
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Table 842.214 Standard Thickness Selection Table for Ductile Iron Pipe

Thickness, in., for Depth of Cover, ft

Nominal Laying
Pipe Size Condition 2Y/, 3!/, 5 8 12 16 20 24
3 A 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28
B 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28
4 A 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29
B 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29
¢ ) 03T 031 U031 U.3T 031 031 U031 0.31
B 0.31 0.31 0.31 0.31 0.31 0.31 0.31 0.31
g A 0.33 0.33 0.33 0.33 0.33 0.33 0:33 0.33
B 0.33 0.33 0.33 0.33 0.33 0.33 0.33 0.33
1d A 0.35 0.35 0.35 0.35 0.35 0.35 0.38 0.38
B 0.35 0.35 0.35 0.35 0.35 0435 0.38 0.38
12 A 0.37 0.37 0.37 0.37 0.37 0.37 0.40 0.43
B 0.37 0.37 0.37 0.37 0.37 0.37 0.40 0.40
14 A 0.36 0.36 0.36 0.36 039 0.42 0.45 0.45
B 0.36 0.36 0.36 0.36 0.36 0.42 0.42 0.45
16 A 0.37 0.37 0.37 0.37 0.40 0.43 0.46 0.49
B 0.37 0.37 0.37 0.37 0.40 0.43 0.46 0.49
14 A 0.38 0.38 0.38 0.38 0.41 0.47 0.50 0.53
B 0.38 0.38 0.38 0:38 0.41 0.44 0.47 0.53
2( A 0.39 0.39 0.39 0.39 0.45 0.48 0.54
B 0.39 0.39 0.39 0.39 0.42 0.48 0.51
24 A 0.44 0.41 0.41 0.44 0.50 0.56
B 0.41 0.41 0.41 0.41 0.47 0.53

GENERAL NOTES:
(@) THis Table is taken from ANSI A21.52.

(b) Laying Condition A: flat-bottom trench without blocks, untamped backfill.
(© Laying Condition B: flat-bottom trench without blocks, tamped backfill.
(d) THe thicknesses in this Table are equal to or in excess of those required to withstand 250 psi working pressure.

(e) All thicknesses shown in this Table\fof the depths of cover indicated are adequate for trench loads including truck superloafs.

(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.

dik of ANSI A21.52.

Manufacturers "6f 'the specific pipe material should be
contgcted forfecommendations or a qualified procedure
shall[be dsed.

842.33 Reinforced |he;m°set,t'|ng Plastic ||esign Lim

bee Appen-

842.34 Design Pressure of Plastic Fittings. The
maximum pressure rating for fittings shall be| the same
value as the maximum design pressure of j\e corres-

ponding pipe size and wall thickness as indicdted in the

itations

(a) The value of P for reinforced thermosetting plastic
mains and service lines in distribution systems in all
class locations and for other applications in Class 3 and
4 Locations shall not exceed 100 psig.

(b) Reinforced thermosetting plastic pipe and fittings
shall not be used where operating temperatures will be
below —20°F or above 150°F.

(c) The value of t for reinforced thermosetting plastic
pipe shall not be less than that shown in Table 842.33(c).

43

referenced standard for the Iittings and as determined
in paras. 842.31 and 842.32. The manufacturer should
be consulted for advice on maximum pressure ratings
for fittings not covered by referenced standards.

842.35 Valves in Plastic Piping

842.351 Valves in plastic piping may be made
of any suitable material and design permitted by this
Code.

842.352  Valveinstallations in plastic piping shall
be so designed as to protect the plastic material against
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Table 842.32(c) Wall Thickness and Standard Dimension Ratio for
Thermoplastic Pipe

Nominal Outside Minimum Wall Thickness, in., for Standard Dimension Ratio, R
Pipe Diameter,
Size in. 26 21 17 13.5 11
A 0.840 0.062 0.062 0.062 0.062 0.076
3/4 1.050 0.090 0.090 0.090 0.090 0.095
1 1.315 0.090 0.090 0.090 0.097 0.119
11/4 1.660 0.090 0.090 0.098 0.123 0.151
1Y, 1.900 0.090 0.090 0.112 0.141 0.l73
2 2.375 0.091 0.113 0.140 0.176 0.p16
2Y, 2.875 0.110 0.137 0.169 0.213
3 3.500 0.135 0.167 0.206 0.259
3Y, 4.000 0.154 0.190 0.236 0.296
4 4.500 0.173 0.214 0.264 0.333
5 5.563 0.224 0.265 0.328 0.443
6 6.625 0.255 0.316 0.390 0.49%
GENERAL NPTES:
(@) Standakd 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.
cknesses above the line are minimum values and are not a function of the Standard’ Dimension Ratio.

(b) Wall th

Table 842.33(c) Diameter and Wall Thickness for
Reinforced Thermosetting Plastic Pipe

Minimum
Nominal P{pe Outside Diameter, Thicknesss
Size in. in.

2 2.375 Q:060

3 3.500 0.060

4 4.500 0.070

6 6.625 0.100
excessive| torsional or shearing 1loads when the valve

or shutoff is operated, and €rom any other secondary
stresses that might be exéerted through the valve or its
enclosurg.

842.3
shall corf
841.13.

842.37 Cover and Casing Requirements Under Rail-
roads, Roads, Streets, or Highways. Plastic piping shall
conform to the applicable requirements of paras. 841.141
and 841.144. Where plastic piping must be cased or
bridged, suitable precautions shall be taken to prevent
crushing or shearing of the piping. (See also para.
842.43.)

842.38 Clearance Between Mains and Other Under-
ground Structures. Plastic piping shall conform to the
applicable provisions of para. 841.143. Sufficient clear-
ance shall be maintained between plastic piping and

6 Protection From Hazards. Plastic piping
form te‘the applicable provisions of para.

44

es of
f the

steam, hot water, or power lines and other sourg
héat to prevent operating temperatures in excess
liitations of para. 842.32(b) or 842.33(b).

842.39 Plastic Pipe and Tubing Joints and Co
tions

nnec-

842.391 General Provisions. Plastic pipe, ty
and fittings may be joined by the solvent cement mq
adhesive method, heat-fusion method, or by meg
compression couplings or flanges. The method
must be compatible with the materials being joined.
recommendations of the manufacturer shall be cg
ered when determining the method to be used.

bing,
thod,
ns of
used
The

nsid-

842.392 Joint Requirements
(a) Pipe or tubing shall not be threaded.

(b) Solvent cement joints, adhesive joints, and |heat-

fusion joints shall be made in accordance with qualified
procedures that have been established and prov¢n by
test to produce gas-tight joints at least as strong 3

s the

(c) Joints shall be made by personnel qualified by
training or experience in the proper procedures required
for the type of joint involved.

(d) Solvent cement or heat-fusion joints shall be used
only when joining components made of the same ther-
moplastic materials.

(e) Heat-fusion or mechanical joints shall be used
when joining polyethylene pipe, tubing, or fittings. Poly-
ethylene components made of different grades of materi-
als may be heat-fused provided that properly qualified
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procedures for joining the specific components are used.
Any combination of PE 2306, PE 3306, and PE 3406
materials may be joined by heat fusion.

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

842.393 Solvent Cement Joints
(a) Square cut ends free of burrs are required for a
proper _socket joint.

(b) 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.

(c) An adhesive bonded joint may be heated in accor-
dance with the pipe manufacturer’s recommendation to
accelerate cure.

(d) Provisions shall be made to clamp or otherwise
prevent the joined materials from moving until the adhe-

(b)| Proper fit between the pipe or tubing and mating
sockgt or sleeve is essential to a good joint. Sound joints
cannpt normally be made between loose or very tight
fitting components.

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

(d)] Solvent cements that conform to ASTM D 2513
and qre recommended by the pipe or tubing manufac-
turer|shall be used to make cemented joints.

(e)] A uniform coating of the solvent cement is
required on both mating surfaces. After the joint is made,
excegs cement shall be removed from the outside of
the jpint. The joint shall not be disturbed until it has
properly set.

(f)| The solvent cement and piping components to be
joinefl may be conditioned prior to assembly by warm-
ing iffdone in accordance with the manufacturer’s recom-
mendlations.

(g)| A solvent cement joint shall not be heated to accéls
erate| the setting of the cement.

(h) Safety requirements in Appendix, "A” of
ASTM D 2513 shall be followed when solvent cements
are used.

42.394 Heat-Fusion Joints

(a)] Sound butt heat-fusion joints-require the use of a
jointing device that holds the heater’ element square to
the einds of the piping, can gompress the heated ends
together, and holds the piping in proper alignment while
the pllastic hardens.

(b)] Sound socket heat-fusion joints require the use of
a jointing device that heats the mating surfaces of the
joint [uniformly ‘and simultaneously to essentially the
same| temperdature. The completed joint must not be dis-
turbgd until\properly set.

(c)|Care)must be used in the heating operation to
prevéntdamage to the plastic material from overheating

5ive 15 properly set.

842.396 Mechanical Joints’
(a) When compression-type mechanical {oints are
used, the elastomeric gasket materialin the fifting shall
be compatible with the plastic(i.e.,"the plastic and the
elastomer shall not cause detépipration in onelanother’s
chemical and physical properties over a long|period).
(b) The tubular stiffenex'required to reinfor¢e the end
of the pipe or tubing-Shall extend at least under that
section of the pipe being compressed by the [gasket or
gripping materidl) The stiffener shall be free| of rough
or sharp edges and shall not be a force fit ir] the pipe
or tube. Split/tubular fittings shall not be used.
(c) Since pull-out resistance of compressiof-type fit-
tings.varies with type and size, all mechanjcal joints
shall be designed and installed to effectively spistain the
longitudinal pull-out forces caused by contraction of the
piping or by maximum anticipated external loading.
The installation shall be designed and made tofminimize
these forces as follows:
(1) In the case of direct burial when tHe pipe is
sufficiently flexible, the pipe may be snaked in|the ditch.
(2) In the case of pipe installed by insertipn in cas-
ing, the pipe shall be pushed rather than ptilled into
place so as to place it in compression rather thah tension.
(3) Allowance shall be made for thermal ¢xpansion
and contraction due to seasonal changes in tefpperature
of installed pipe. The importance of this alllowance
increases as the length of the installation incr;Efes. Such
allowance is of paramount importance when the plastic
pipe is used for insertion renewal inside another pipe,
because it is not restrained by earth loading. This allow-
ance may be accomplished by appropriate fombina-
tions of
(a) offsets
(b) anchoring

or having the material not sufficiently heated to ensure
a sound joint. Direct application of heat with a torch or
other open flame is prohibited.

(d) When connecting saddle-type fittings to pipe
NPS 2 and smaller, see para. 842.32(e) to minimize the
possibility of failures.

842.395 Adhesive Joints
(a) Adhesives that conform to ASTM D 2517 and are
recommended by the pipe, tubing, or fitting manufac-
turer shall be used to make adhesive bonded joints.
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(c) aligning the pipe and fitting

(d) in the case of compression, fittings by the use
of long-style types and placement of the pipe in slight
axial compression

(e) expansion—contraction devices, or

(f) fittings designed to prevent pull-out

% Refer to the current editions of the American Gas Association
Plastic Pipe Manual for Gas Service, ASTM D 2513, the ANSI Z380.1
Guide for Gas Transmission and Distribution Piping Systems, and tech-
nical publications of plastic pipe and fitting manufacturers.
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Typical coefficients of thermal expansion, which may
be used to make calculations, are given in
Table 842.396(c).

842.4 Installation of Plastic Piping

Table 842.396(c) Nominal Values for
Coefficients of Thermal Expansion of
Thermoplastic Pipe Materials

Nominal
Coefficients of

842.41 Construction Specifications. All construc- General Thermal Expansion
tion work performed on piping systems in accordance Material ASTM D 696,
with the requirements of this Code shall be done using Designation x 107 in./in./°F
construction specifications. The construction specifica- PE 2306 9.0
tions shal'cover the requirements of this Code and shall PE 3306 9.0
be in sufficient detail to ensure proper installation. PE 3406 9.0

842.42 Inspection and Handling Provisions. Plastic PVC 1120 30
piping cqmponents are susceptible to damage by mis- PVC 1220 3.5
handling| Gouges, cuts, kinks, or other forms of damage PVC 2110 5.0
may cauge failure. Care shall be exercised during han- PVC 2112 45
dling and installation to prevent such damage. PVC 2116 4.0

842.421 Plastic pipe and tubing shall be carefully PB 2110 7.2
inspected for cuts, scratches, gouges, and other imper-

fections hefore use, and any pipe or tubing containing
harmful imperfections shall be rejected.

842.422 Eachinstallation shall be field inspected
to detect harmful imperfections. Any such imperfections
found shjll be eliminated.

8421423  Skillful application of qualified tech-
niques arjd the use of proper materials and equipment
in good dondition are required to achieve sound joints
in plastic|piping by the solvent cement, adhesive, or heat
fusion m¢thods. Inspection provisions shall be checked
visually. [If there is any reason to believe the joint is
defective} it shall be removed and replaced.

842.4424  Care shall be exercised to avoid rough
handling of plastic pipe and tubing. Itishall not be
pushed or pulled over sharp projections-or'dropped, or
it shall n¢t have other objects droppgd,on it. Care shall
be taken fo prevent kinking or buckling, and any kinks
or bucklgs that occur shall be femioved by cutting out
as a cylinder.

842.425  Care shdll'be exercised at all times to
protect the plastic matetial from fire, excessive heat, or
harmful ¢hemicals.

842.426 « Pldstic pipe and tubing shall be ade-
quately spppotfted during storage. Thermoplastic pipe,
tubing, ahd(fittings shall be protected from long-term

GENERAL NOTES:

(@) Individual compounds.may differ from values in this table as
much as +10%.,.Mate exact values for specific commerci
products may-be _obtained from the manufacturers.

(b) Abbreviatignsi,PVC = polyvinyl chloride, PE = polyethylene,
and PB = polybutylene.

(3) installed for plastic service lines as pernpitted
ifr'para. 849.42(b)
Plastic pipe shall not be used to support extprnal
loads. Encased plastic pipe shall be able to withstand
anticipated temperatures without deteriorating or
decreasing in strength below the design limitajtions
stated in paras. 842.32 and 842.33. When protecting
against external damage, consideration shall be given
to the need to isolate the encased segment and to gafely
vent or contain gas that may escape the plastic pipe in
the event of a leak or rupture.
(b) Plastic piping shall not be installed in vaults or
any other below-grade enclosure unless it is completely
encased in gas-tight metal pipe and metal fittings having
adequate corrosion protection.
(c) Plastic piping shall be installed in such a way
that shear or tensile stresses resulting from construgtion,
backfill, thermal contraction, or external loadinjg are
minimized. (See para. 842.396.)

exposure to direct sunlight.

842.43 Installation Provisions
(a) Plastic piping may be installed above ground if it is
(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
GRI Report 00/0154, Design Guide for Pipes Across
Bridges; or
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842431 DirectBuriat

(a) Directly buried thermoplastic pipe or tubing shall
have a minimum wall thickness of 0.090 in. in all sizes
except NPS % pipe and % in. and smaller nominal diame-
ter tubing, which shall have a minimum wall thickness
of 0.062 in.

(b) Plastic piping shall be laid on undisturbed or well-
compacted soil. If plastic piping is to be laid 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.
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Well-tamped earth or other continuous support shall
be used.

(c) The piping shall be installed with sufficient slack
to provide for possible contraction. Cooling may be nec-
essary before the last connection is made under
extremely high temperature conditions. (See para.
842.396.)

(d) When long sections of piping that have been
assembled alongside the ditch are lowered in, care shall

(1) 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.

(2) Adequate draining for the casing shall be pro-
vided.

(3) Filler such as foam shall be inserted into the
annulus between the casing and the carrier pipe.

842.44 Bends and Branches. Changes in direction

be eXfercised to avoid any strams that may Oversiress or
buck]e the piping or impose excessive stress on the joints.

(e)| Backfilling shall be performed in a manner to pro-
vide firm support around the piping. The material used
for backfilling shall be free of large rocks, pieces of pave-
ment), or any other materials that might damage the pipe.

(f)| Where flooding of the trench is done to consolidate
the bpckfill, care shall be exercised to see that the piping
is not floated from its firm bearing on the trench bottom.

(g)| A positive method of locating plastic piping sys-
tems|is required. A common method is the installation
of eléctrically conductive material, such as tracer wire
or plpstic coated metallic tape with the plastic pipe to
facilifate locating it with an electronic pipe locator. Alter-
nativie proven locating methods may be used.

842.432 Insertion of Casing

(a)] The casing pipe shall be prepared to the extent
necegsary to remove any sharp edges, projections, or
abradive material that could damage the plastic during
and after insertion.

(b)| Plastic pipe or tubing shall be inserted\into the
casing pipe in such a manner so as to protect:the plastic
durinpg the installation. The leading end ‘of’ the plastic
shall[be closed before insertion. Caretshall be taken to
prevéent the plastic piping from beating on the end of
the cpsing.

(c)] The portion of the plastic piping exposed due to
the rpmoval of a section of the casing pipe shall be of
suffidient strength to withstand the anticipated external
loading, or it shall be protected with a suitable bridging

of plastic piping may be made with bendq, tees, or
elbows under the following limitations:

(a) Plastic pipe and tubing may bé defldcted to a
radius not less than the minimum recommended by the
manufacturer for the kind, type,'grade, wall thickness,
and diameter of the particulab-plastic used.

(b) The bends shall be frée of buckles, crack
evidence of damage.

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

(d) Miter bends are not permitted.

(e) Brafick' connections shall be made gnly with
socket-type tees or other suitable fittings specifically
designed for the purpose.

5, or other

842.45 Field Repairs of Gouges and Groovek. Injuri-
ous gouges or grooves shall be removed by cthitting out
and replacing the damaged portion as a cylinder or
repaired in accordance with para. 852.52.

842.46 Hot Taps. All hot taps shall be inftalled by
trained and experienced crews.

b and ser-
pplicable

842.47 Purging. Purging of plastic main:
vice lines shall be done in accordance with the 4
provisions of paras. 841.275 and 841.276.

842.5 Testing Plastic Piping After Constructjon

842.51 General Provisions. All plastic piping shall
be pressure tested after construction and before being
placed in operation to prove its strength and o demon-
strate that it does not leak.

piece capable of withstanding the anticipated external

loading. Tie-Ins. Because it is sometimes necessary t¢ divide a
(d)] The pgrtion of the plastic piping that spans dis- pipeline or main intq secti9n§ for testing, and| to install

turbdd earth'shall be adequately protected by a bridging ~ test heads, connecting piping, and othe.r necessary

piecd or_other means from crushing or shearing from  appurtenances, it is not required that the tie-in sections

externalloading or settling of backfill of piping be tested. The tie-in joints, howevef, shall be

(e) The piping shall be installed to provide for possi-
ble contraction. Cooling may be necessary before the
last connection is made when the pipe has been installed
in hot or warm weather. (See para. 842.396.)

(f) 1f water accumulates between the casing and the
carrier pipe where it may be subjected to freezing tem-
peratures, 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:

47

tested for leaks.

842.52 Test Requirements

(a) The test procedure used, including the duration
of the test, shall be capable of disclosing all leaks in the
section being tested and shall be selected after giving
due consideration to the volumetric content of the sec-
tion and its location.

(b) Thermoplastic piping shall not be tested at mate-
rial temperatures above 140°F, and reinforced thermoset-
ting plastic piping shall not be tested at material
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temperatures above 150°F. The duration of the test of
thermoplastic piping above 100°F, however, shall not
exceed 96 hr.

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

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

(1) the test pressure for reinforced thermosetting

plastic piping shali not exceed 3.0 Times the design pres- 843 COMPRESSOR STATIONS
sure of the pipe

(2) the test pressure for thermoplastic piping shall
not excegd 3.0 times the design pressure of the pipe at
temperatfires up to and including 100°F or 2.0 times the
design piessure at temperatures exceeding 100°F

(e) Gad, air, or water may be used as the test medium.

842.58 Safety During Tests. All testing after con-
struction|shall be done with due regard for the safety
of emplojees and the public during the test.

842.6 (q
842.6

pper Mains
| Design of Copper Mains

842.611 When used for gas mains, copper pipe

or tubing] shall conform to the following requirements:

(a) Coppper pipe or tubing shall not be used for mains
where the pressure exceeds 100 psig.

(b) Copper pipe or tubing shall not be used for mains
where th¢ gas carried contains more than an average of
0.3 graing of hydrogen sulfide per 100 standard cubic
feet of ggs. This is equivalent to a trace as determined
by the lead acetate test. (See para. 863.4.)

(c) Copper tubing or pipe for mains shall have a'mini-
mum walll thickness of 0.065 in. and shall be hard drawn.

(d) Copper pipe or tubing shall not be-tised for mains
where strpin or external loading may damage the piping.

842.612 Valves in Copper Piping. Valves installed
in coppet lines may be made ©of Jany suitable material
permitted by this Code.

842,613 Fittings in’Copper Piping. It is recom-
mended that fittings in)copper piping and exposed to
the soil, $uch as seryice tees, pressure control fittings,
etc., be made of'brenze, copper, or brass.

842.
pipe shal
coupling or a brazed or soldered lap joint. The filler
material used for brazing shall be a copper-
phosphorous alloy or silver base alloy. Butt welds are not
permissible for joining copper 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 may be threaded and used for connecting
screw fittings or valves.

614 -Joints in Copper Pipe and Tubing. Copper

842.615 Protection Against Galvanic Corrosion.
Provision shall be made to prevent harmful galvanic

48

action where copper is connected underground to steel.
[See para. 862.114(a).]

842.62 Testing of Copper Mains After Construction

842.621  All copper mains shall be tested after
construction in accordance with the provisions of para.
841.35.

843.1 Compressor Station Design

843.11 Location of Compressor Building. Except for
offshore pipelines, the main compzessor building for
gas compressor stations should bélocated at such|clear
distances from adjacent propertynot under control pf the
company as to minimize the haZard of communidation
of fire to the compressor‘building from structurps on
adjacent property. Sufficient open space should b¢ pro-
vided around the building to permit the free movgment
of firefighting eqiipment.

843.12 Building Construction. All compressor sta-
tion buildings that house gas piping in sizes larger than
NPS 2 or“equipment handling gas (except equigment
for domestic purposes) shall be constructed of norjcom-
bustible or limited combustible materials as defined in
ANSI/NFPA 220.

843.13 Exits. A minimum of two exits shall be
provided for each operating floor of a main compiessor
building, basements, and any elevated walkway o1 plat-
form 10 ft or more above ground or floor level. Individ-
ual engine catwalks shall not require two exits. Ejits of
each such building may be fixed ladders, stairwaygp, etc.
The maximum distance from any point on an opefating
floor to an exit shall not exceed 75 ft, measured plong
the centerline of aisles or walkways. Exits shall be finob-
structed doorways located so as to provide a convenient
possibility of escape and shall provide unobstructedl pas-
sage to a place of safety. Door latches shall be of 4 type
that can be readily opened from the inside withput a
key. All swinging doors located in an exterior wall shall
swing outward.

843.14 Fenced Areas. Any fence that may h

pressor station in an emergency shall be provided with
a minimum of two gates. These gates shall be located
so as to provide a convenient opportunity for escape to
a place of safety. Any such gates located within 200 ft
of any compressor plant building shall open outward
and shall be unlocked (or capable of being opened from
the inside without a key) when the area within the enclo-
sure is occupied. Alternatively, other facilities affording
a similarly convenient exit from the area may be
provided.
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843.2 Electrical Facilities

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

Electrical installations in hazardous locations as
defined in ANSI/NFPA 70 and that are to remain in
operation during compressor station emergency shut-
down as provided in para. 843.431(a) shall be designed

the gas area of the station, preferably near exit gates in
the station fence, but not more than 500 ft 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 or surrounding
area. Unattended field compressor stations of 1,000 hp
and less are excluded from the provisions of this para-
graph.

(b) Each compressor station supplying gas directly to

to canform to ANSI/NFPA 70 for Class I, Division 1
requirements.

843.5i Compressor Station Equipment
843.41 Gas Treating Facilities

843.411 Liquid Removal. When condensable
vapofs are present in the gas stream in sufficient quantity
to liquefy under the anticipated pressure and tempera-
ture ¢onditions, the suction stream to each stage of com-
presdion (or to each unit for centrifugal compressors)
shall|be protected against the introduction of dangerous
quarftities of entrained liquids into the compressor.
Every liquid separator used for this purpose shall be
provided with manually operated facilities for removal
of liquids therefrom. In addition, automatic liquid
remgval facilities, an automatic compressor shutdown
devide, or a high liquid level alarm shall be used where
slugg of liquid might be carried into the compressors.

843.412 Liquid Removal Equipment. Liquid sepa-
ratorp, unless constructed of pipe and fittings arid’ no
interpal welding is used, shall be manufacturediin-accor-
dance with Section VIII of the ASME Boiler.arid-Pressure
Vessg¢l Code. Liquid separators when constructed of pipe
and fittings without internal welding‘shall be in accor-
dance with Location Class 4 requiremnents.

843.42 Fire Protection. Fire/protection facilities
should be provided in accordance with the American
Insutance Association’s.recommendations. If the fire
pumps are a part of such facilities, their operation shall
not He affected by emergency shutdown facilities.

843.43 Safety-Devices

843.431 Emergency Shutdown Facilities
(a) Each transmission compressor station shall be pro-

the station gas piping blown down. Operatlon of the
emergency shutdown system also shall cause the shut-
down of all gas compressing equipment and all gas-
fired equipment. Operation of this system shall de-
energize the electrical facilities located in the vicinity of
gas headers and in the compressor room, except those
that provide emergency lighting for personnel protec-
tion and those that are necessary for protection of equip-
ment. The emergency shutdown system shall be
operable from any one of at least two locations outside

a distribution systenmt siatt be provided withremergency
shutdown facilities located outside the comprr:ssor sta-
tion buildings by means of which all ga§ ¢an be blocked
out of the station, provided there js another|adequate
source of gas for the distribution system. These shut-
down facilities can be either @utomatic or manually
operated as local conditions ‘designate. Wher| no other
gas source is available, noskutdown facilities that might
function at the wrong.tiine and cause an outdge on the
distribution systemsshall be installed.

843.432 Engine Overspeed Stops. Every|compres-
sor prime mover, except electrical induction oy synchro-
nous motpss, shall be provided with an autom4tic device
that is designed to shut down the unit before fthe maxi-
mum.Safe speed of either the prime mover pr driven
unit, as established by the respective manufagturers, is
eXceeded.

843.44 Pressure-Limiting Requirements in{Compres-
sor Stations

843.441  Pressure relief or other suitabjle protec-
tive devices of sufficient capacity and sensitivity shall
be installed and maintained to ensure that the fnaximum
allowable operating pressure of the station pjping and
equipment is not exceeded by more than 10%.

843.442 A pressure relief valve or pressure-
limiting device, such as a pressure switch or finloading
device, shall be installed in the discharge lirfe of each
positive displacement transmission compressof between
the gas compressor and the first discharge blpck valve.
If a pressure relief valve is the primary overprotection
device, then the relieving capacity shall be equal to or
greater than the capacity of the compressor. If the relief
valves on the compressor do not prevent the possibility
of overpressuring the pipeline as specified in para. 845,
a relieving or pressure-limiting device shall be installed
on the pipeline to prevent it from being overpressured
beyond the limits prescribed by this Code.

843.443 Venting. Vent lines provided to exhaust
the gas from the pressure relief valves to atmosphere
shall be extended to a location where the gas may be
discharged without undue hazard. Vent lines shall have
sufficient capacity so that they will not inhibit the per-
formance of the relief valve.

843.45 Fuel Gas Control. An automatic device
designed to shut off the fuel gas when the engine stops
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shall be provided on each gas engine operating with
pressure gas injection. The engine distribution manifold
shall be automatically vented simultaneously.

843.46 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.

843.47 Explosion Prevention

843.511 Specifications for Gas Piping. All com-
pressor station gas piping, other than instrument, con-
trol, and sample piping, to and including connections
to the main pipeline shall be of steel and shall use a
design factor, F, per Table 841.114B. Valves having shell
components made of ductile iron may be used subject
to the limitations in para. 831.11(b).

843.512 Installation of Gas Piping. The provisions
of para. 841.2 shall apply where appropriate to gas pip-

843.471 Mufflers. The external shell of mufflers
for engings using gas as fuel shall be designed in accor-
dance with good engineering practice and shall be con-
structed ¢f ductile materials. It is recommended that all
compartrents of the muffler be manufactured with vent
slots or Holes in the baffles to prevent gas from being
trapped in the muffler.

843.f172 Building Ventilation. Ventilation shall be
ample to| ensure that employees are not endangered
under normal operating conditions (or such abnormal
conditior}s as a blown gasket, packing gland, etc.) by
accumuldtions of hazardous concentrations of flamma-
ble or nokious vapors or gases in rooms, sumps, attics,
pits, or gimilarly enclosed places, or in any portion
thereof.

843.48 Gas Detection and Alarm Systems
(a) Eagh compressor building in a compressor station
where hafardous concentrations of gas may accumulate
shall hav¢ a fixed gas detection and alarm system unless
the buildjng is
(1) cpnstructed so that at least 50% of its upright
side areal is permanently open to the atmosphere or
adequately ventilated by forced or natural yentilation, or
(2) ih an unattended field compressorstation loca-
tion of 1,000 hp or less and adequately.ventilated
(b) Exdept when shutdown of the system is necessary
for mainfenance (see para. 853:16)/ each gas detection
and alarth system required by\this section shall
(1) cpntinuously monitor the compressor building
for a confentration of gas-in air of not more than 25%
of the lower explosive limit
(2) warn persohs about to enter the building and
persons ifiside ¢hebuilding of the danger if that concen-
tration of gas-is ‘exceeded
(c) Theq compressor building configuration shall be

ing in compressor stations.

843.513 Testing of Gas Piping. Allgas pjping
within a compressor station shall be tested ‘after ingtalla-
tion in accordance with the provisions of para. 841.3 for
pipelines and mains in Class 3 Logcations, excepf that
small additions to operating statiorns need not be tested
where operating conditions make it impractical t¢ test.

843.514 Identification-of Valves and Piping| All
emergency valves and controls shall be identifigd by
signs. The function of-all important gas pressure piping
shall be identified by signs or color codes.

843.52 Fuel Gas Piping. The following are specific
provisions applicable to compressor station fuel gap pip-
ing only.

843:521  All fuel gas lines within a compiessor
station that serve the various buildings and residential
areas shall be provided with master shutoff valves
located outside of any building or residential areg.

843.522  The pressure-regulating facilities for the
fuel gas system for a compressor station shall bg pro-
vided with pressure-limiting devices to prevent th¢ nor-
mal operating pressure of the system from heing
exceeded by more than 25%, or the maximum alloyvable
operating pressure by more than 10%.

843.523  Suitable provision shall be made t
vent fuel gas from entering the power cylinders jof an
engine and actuating moving parts while work|is in
progress on the engine or on equipment driven by the
engine.

pre-

843.524  All fuel gas used for domestic purposes
at a compressor station that has an insufficient odor of
its own to serve as a warning in the event of its epcape
shall be odorized as prescribed in para. 871.

considered in selecting the number, type, and placement
of detectors and alarms.

(d) Alarm signals shall be unique and immediately
recognizable, considering background noise and light-
ing, to personnel who are inside or immediately outside
each compressor building.

843.5 Compressor Station Piping

843.51 Gas Piping. The following are general provi-
sions applicable to all gas piping.
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843.53 Air Piping System

843.531  All air piping within gas compressing
stations shall be constructed in accordance with ASME
B31.3.

843.532  The starting air pressure, storage vol-
ume, and size of connecting piping shall be adequate
to rotate the engine at the cranking speed and for the
number of revolutions necessary to purge the fuel gas
from the power cylinder and muffler. The recommenda-
tions of the engine manufacturer may be used as a guide
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in determining these factors. Consideration should be
given to the number of engines installed and to the
possibility of having to start several of these engines
within a short period of time.

843.533 A check valve shall be installed in the
starting air line near each engine to prevent backflow
from the engine into the air piping system. A check
valve shall also be placed in the main air line on the
immeéi i : 4
mendled that equipment for cooling the air and removing
the moisture and entrained oil be installed between the
starting air compressor and the air storage tanks.

843.534  Suitable provision shall be made to pre-
vent starting air from entering the power cylinders of
an erjgine and actuating moving parts while work is in
progtess 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.

43.535 Air Receivers. Air receivers or air storage
bottles for use in compressor stations shall be con-
strucfed and equipped in accordance with Section VIII
of the BPV Code.

843.54 Lubricating Oil Piping. All lubricating oil
pipinlg within gas compressing stations shall be cen-
strucfed in accordance with ASME B31.3.

843.55 Water Piping. All water piping within gas
compressing stations shall be constructed injaccordance
with|ASME B31.1.

843.56 Steam Piping. All steam) piping within gas
compressing stations shall be constructed in accordance
with|ASME B31.1.

843.57 Hydraulic Piping. All hydraulic power pip-

ing Within gas compressing stations shall be constructed
in acfordance with"ASME B31.3.

844 | PIPE-TYPE AND BOTTLE-TYPE HOLDERS

844.2 Bottle-Type Holders

Bottle-type holders shall be located on land owned
or under the exclusive control and use of the operating
company.

844.3 Pipe-Type and Bottle-Type Holders on Property
Under the Exclusive Use and Control of the
Operating Company

31 The storage site shall be Pnf'rely sur-
rounded with fencing to prevent access by unapthorized
persons.

844.32

(a) A pipe-type or bottle-type holder that is to be
installed on property under théjexclusive control and
use of the operating company Shall be designedl in accor-
dance with construction design factors. The s¢lection of
these factors dependsmnithe class location in which the
site is situated, the cleafance between the pipe qontainers
or bottles and thefence, and the maximum pperating
pressure, as fgllows:

Design Factors, F

For Minimunh Clearance
Between Cpntainers
and Fenced

For Minimum Clearance
Holder Between Containers
Size and Fenced

Class Boundaries of Site Boundaries of Site
Location of 25 ft to 100 ft of 100 ft ahd Over
1 0.72 0.7p
2 0.60 0.7p
3 0.60 0.6p
4 0.40 0.4p

(b) The minimum clearance between contafiners and
the fenced boundaries of the site is fixed by the maxi-
mum operating pressure of the holder as follpws:

Maximum Operating Pressure, psi Minimum (learance, ft

Less than 1,000 25
1,000 or more 100

(c) Minimum Clearance Between Pipe Containprs or Bot-
tles. The minimum distance in inches between|pipe con-
tainers or bottles shall be determined by the following
formula:

3DPF
€~ Tow
844.1 Pipe-Type Holders in Rights-of-Way Not Under
Exclusive Use and Control of the Operating where
Company C = minimum clearance between pipe containers or
bottles, in.
A pipe-type holder that is to be installed in streets, D = outside diameter of pipe container or bottle, in.

highways, or in private rights-of-way not under the
exclusive control and use of the operating company shall
be designed, installed, and tested in accordance with
the provisions of this Code applicable to a pipeline
installed in the same location and operated at the same
maximum pressure.

F = design factor [see para. 844.32(a)]
P = maximum allowable operating pressure, psig

(d) Pipe containers shall be buried with the top of
each container not less than 24 in. below the ground
surface.
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(e) Bottles shall be buried with the top of each con-
tainer below the normal frost line but in no case closer
than 24 in. to the surface.

(f) Pipe-type holders shall be tested in accordance
with the provisions of para. 841.32 for a pipeline located
in the same class location 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

produces a hoop stress of 75% of the specified minimum
yield strength of the steel, whichever is the lesser.

845 CONTROL AND LIMITING OF GAS PRESSURE

845.1 Basic Requirement for Protection Against
Accidental Overpressuring

as the teqtTmedium:

844.4 S
H

844.41 A bottle-type holder may be manufactured
from stedl that is not weldable under field conditions,
subject tq all of the following limitations:

(a) Bottle-type holders made from alloy steel shall
meet the fhemical and tensile requirements for the vari-
ous gradg¢s of steel in ASTM A 372.

(b) In o case shall the ratio of actual yield strength
to actual Jtensile strength exceed 0.85.

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

(d) Sudh bottles shall be given a hydrostatic test in
the mill gnd need not be retested hydrostatically at the
time of ipstallation. The mill test pressure shall not be
less than|that required to produce a hoop stress gqual
to 85% of the specified minimum yield strength.of the
steel. Cafeful inspection of the bottles at the-time of
installati¢n shall be made, and no damaged, bottle shall
be used.

(e) Such bottles and connecting piping shall be tested
for tightnjess after installation usifigjair or gas at a pres-
sure of 5() psi above the maxithum operating pressure.

ecial Provisions Applicable to Bottle-Type
lders Only

844.5 General ProvisionstApplicable to Both Pipe-
Type and Bottle-Type Holders

(a) Nolgas containifnig more than 0.1 grain of hydrogen
sulfide p¢r 100 stafidard cubic feet shall be stored when
free watelr is present or anticipated without employing
suitable means to identify, mitigate, or prevent detri-
mental i TOTT. —863:

(b) Provision shall be made to prevent the formation
or accumulation of liquids in the holder, connecting
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
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Every pipeline, main, distribution system, cusfoner’s
meter and connected facilities, compressor statien, [pipe-
type holder, bottle-type holder, containers.fabrifated
from pipe and fittings, and all special) eqipmgnt, if
connected to a compressor or to a gas.sotirce whete the
failure of pressure control or othex’ causes might tesult
in a pressure that would exceed/thémaximum alloyable
operating pressure of the facility/(refer to para. 805214),
shall be equipped with stitable pressure-relieving or
pressure-limiting devices?Special provisions for s¢rvice
regulators are set forthhin para. 845.24.

845.2 Control)and Limiting of Gas Pressure

845.21 \Control and Limiting of Gas Pressure in
Holders; Pipelines, and All Facilities That Might at Times
Be Bottle Tight

845.212  Suitable types of protective deviges to
prevent overpressuring of such facilities include
(a) spring-loaded relief valves of types meetinjg the
provisions of BPV Code, Section VIII
(b) pilot-loaded back-pressure regulators used as
relief valves, so designed that failure of the pilot system
or control lines will cause the regulator to open
(c) rupture disks of the type meeting the provisions
of BPV Code, Section VIII, Division 1

845.213 Maximum Allowable Operating Pressure
for Steel or Plastic Pipelines or Mains. This presspre is
by definition the maximum operating pressure to which
the pipeline or main may be subjected in accordlance
with the requirements of this Code. For a pipelipe or
main, the maximum allowable operating pressure{shall
not exceed the lesser of the following four items:

a) The design pressure (defined in para. 805.212) 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 maximum allow-
able operating pressure of a pipeline or main shall be
the design pressure determined in accordance with para.
841.11 for steel or para. 842.3 for plastic.

(b) The pressure obtained by dividing the pressure to
which the pipeline or main is tested after construction
by the appropriate factor for the Location Class involved,
as follows:
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Location
Class

1, Division 1

1, Division 2

Pressure

For Steel (1)

Test pressure
1.25

Test pressure
1.10

ASME B31.8-2007

Pressure
For Plastic

N.A.

Test pressure
1.50

(2) The test pressure to be used in the maximum
allowable operating pressure calculation shall be the
test pressure obtained at the high elevation point of the
minimum strength test section and shall not be higher
than the pressure required to produce a 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.

facilities

ind other
ings.

5t used to
ressure is

2 % % (3) Records of hydrostatic pressure tests and line
- - lcydilb b}ldll 1UU PICDCI VUL‘[ asS 1U115 dsS .lllc
B Test pressure (2) Test pressure involved remain in service.
1.40 1.50 (4) Determine that all valves, flahges, 4
pressure rated components have adequdte ra
' Test pressure (2) Test pressure (5) While the maximum pressure of a te
NOTES: 140 150 establish the maximum allowdble working p|

(1) Sde para. 845.214 for test factors applicable to conversion of
pipelines with unknown factors.

(2) Ofher factors should be used if the line was tested under the

sfecial conditions described in paras. 841.322(d), 841.325,

arld 841.33. In such cases, use factors that are consistent with

the applicable requirements of these sections.

(c)] The maximum safe pressure to which the pipeline
or main should be subjected based on its operating and
mainfenance history (for pipelines, see para. 851.1).

(d)] When service lines are connected to the pipeline
or mfin, the limitations set forth in paras. 845.223(b)
and (e).

not limited by this paragraph/except by (a)
due caution should be exefeised in selecting
mum test pressure.

(b) Pipelines Operating at Less Than 100 psig.
graph applies to-existing natural gas pipeli
existing pipelines being converted to natural g
where one @r)more factors of the steel pipe d|
mula (seepara. 841.11) is unknown, and the

2) above,
the maxi-

['his para-
nes or to
As service
esign for-
ipeline is

to be operated at less than 100 psig. The maximum

allowable operating pressure shall be deter
pressure testing the pipeline.
(1) The maximum allowable operating

nined by

pressure

845.214 Qualification of a Steel Pipeline or Main to>* shall be limited to the pressure obtained by| dividing
Establish the MAOP the pressure to which the pipeline or main is|tested by
()| Pipeline Operating at 100 psig or More. This para-  the appropriate factor for the Location Clasg| involved
graph applies to existing natural gas pipelings or to 45 follows:
existing pipelines being converted to natural gas service
wherte one or more factors of the steel pipe)design for- Location Maximum Allowable
mulal (see para. 841.11) is unknown,and the pipeline Class Operating Pressure
is to|be operated at 100 psig or mdte.' The maximum 1 Test Pressure
allowable operating pressure shall-be determined by 12
hydrpstatic testing of the pipeline.
1) The maximum allewable operating pressure 2 Test Pressure
shall|be limited to the pressure obtained by dividing 125
the pressure to which.the*pipeline or main is tested by
the appropriate factor-for the Location Class involved 3 Test Pressure
as follows: 15
Logation Maximum Allowable
Class Operating Pressure 4 Test Pressure
¥,)Division 1 Test pressure e
L2 {2—Thetest-presstre—to-be-tsed—in+the-naximum

1, Division 2

Test pressure
1.39

Test pressure
1.67

Test pressure
2.0

Test pressure
2.5
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allowable operating pressure calculation shall be the
test pressure obtained at the high elevation point of the
minimum strength test section and shall not be higher
than the pressure required to produce a 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.

(07)
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(4) Determine that all valves, flanges, and other
pressure rated components have adequate ratings.

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

845.22 Control and Limiting of Gas Pressure in

(c) 25 psig 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

(d) the pressure limits to which any joint could be
subjected without possibility of parting

(e) 2 psig in high-pressure distribution systems
equipped with service regulators not meeting the
requirements of para. 845.241 and that do not have an
overpressure protective device as required in para.

High-Pre;Eu&e—Steel.—Dusule—kon,—Ga-st—kon,—w—Na-stic
Distributipn Systems

845.

or main, {

P21 Each high-pressure distribution system
upplied from a source of gas that is at a higher
pressure than the maximum allowable operating pres-
sure for the system, shall be equipped with pressure-
regulating devices of adequate capacity and designed
to meet the pressure, load, and other service conditions
under which they will operate or to which they may be
subjected|.

845.222 In addition to the pressure-regulating
devices grescribed in para. 845.221, a suitable method
shall be provided to prevent accidental overpressuring
of a hightpressure distribution system.

Suitable types of protective devices to prevent over-
pressuripg of high-pressure distribution systems
include

(a) rel
and (b)

(b) wejght-loaded relief valves

(c) a monitoring regulator installed in series withithe
. primary pressure regulator
* (d) asgries regulator installed upstream fronrthe pri-
mary regplator and set to limit the pressuré.on the inlet
-of the primary regulator continuously {ojthe maximum

. allowablg operating pressure of the distribution system
~or less

(e) an qutomatic shutoff deviceinstalled in series with

the primgry pressure regulatorand set to shut off when
the presstire on the distribution system reaches the maxi-
mum allgwable operating pressure or less. This device
must remjain closedtuntil manually reset. It should not
be used where itimight cause an interruption in service
to a largg number of customers.

(f) springzloaded, diaphragm-type relief valves

ef valves as prescribed in paras. 845.212(a)

845.242

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

845.23 Control and Limiting of Gas Pressure in

Low-Pressure Distribution Systems

845.231  Each low-préssure distribution system
or low-pressure main supplied from a gas sourc¢ that
is at a higher pressure\than the maximum alloyable
operating pressure for.the low-pressure system shhll be
equipped with préssure-regulating devices of adefjuate
capacity. These‘dévices must be designed to meg¢t the
pressure, load;and other service conditions under which
they will have to operate.

845,232 In addition to the pressure-regulating
devices prescribed in para. 845.231, a suitable device
shall be provided to prevent accidental overpressiring.
Stitable types of protective devices to prevent ovegpres-
suring of low-pressure distribution systems inclufle

(a) a liquid seal relief device that can be set to|open
accurately and consistently at the desired pressuze

(b) weight-loaded relief valves

(c) an automatic shutoff device as described in
845.222(e)

(d) a pilot-loaded, back-pressure regulatpr
described in para. 845.212(b)

(e) a monitoring regulator as described in
845.222(c)

(f) a series regulator as described in para. 845.222(d)

para.

as

para.

845.233 Maximum Allowable Operating Pressure
for Low-Pressure Distribution Systems. The maximum
allowable operating pressure for a low-pressure dlistri-
bution system shall not exceed either of the following:

(a) a pressure that would cause the unsafe operjation

845.223 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

(a) the design pressure of the weakest element of the
system as defined in para. 805.212

(b) 60 psig if the service lines in the system are not
equipped with series regulators or other pressure-
limiting devices as prescribed in para. 845.243
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of any connected and properly adjusted low-pressure
gas burning equipment
(b) a pressure of 2 psig

845.234 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
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(2) past maintenance records including results of
any previous leakage surveys
(b) Before increasing the pressure the following steps
(not necessarily in sequence shown) shall be taken:
(1) Make a leakage survey and repair leaks found.
(2) Reinforce or replace parts of the system found
to be inadequate for the higher operating pressures.
(3) Install a service regulator on each service line,
and test each regulator to determine that it is function-

over the normal discharge pressure maintained under
flow conditions

(f) aself-contained service regulator with no external
static or control lines

845.242  If the maximum allowable operating
pressure of the distribution system is 60 psig or less,
and a service regulator not having all of the characteris-
tics listed in para. 845.241 is used, or if the gas contains
materials that seriously interfere with the operation of

ing. In'some cases it may be necessary to raise the pres-
sure glightly to permit proper operation of the service
regulators.

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

5) Atbends or offsets in coupled or bell and spigot
reinforce or replace anchorages determined to be
inad¢quate for the higher pressures.

(c)] The pressure in the system being converted shall
be inkreased by steps, with a period to check the effect
of the previous increase before making the next increase.
The desirable magnitude of each increase and the length
of the check period will vary depending on conditions.
The ¢bjective of this procedure is to afford an opportu-
nity fo discover any unknown open and unregulated
conngctions to adjacent low-pressure systems or to indi-
vidugl customers before excessive pressures are reached.

pipe,

845.24 Control and Limiting of the Pressure of Gas
Deliered to Domestic, Small Commercial, and Small
Industrial Customers From High-Pressure Distribution
Systems

NOTH: When the pressure of the gas and the demand by the
custorper are greater than those applicable undex_the provisions
of paia. 845.24, the requirements for control,and limiting of the
pressyre of gas delivered are included in _para. 845.1.

845.241  If the maximum allowable operating
presqure of the distribution System is 60 psig or less,
3 service regulator having the characteristics listed
is used, no oth€x pressure-limiting device is

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

(d) pipe connections to the regulator not exceeding
NPS 2

(e) the capability under normal operating conditions
of regulating the downstream pressure within the neces-
sary limits of accuracy and of limiting the buildup of
pressure under no-flow conditions to no more than 50%
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service regulators, suitable protective devicep shall be
installed to prevent unsafe overpressuriqg of the cus-
tomer’s appliances, should the serviee.vegulator fail.
Some of the suitable types of protective’devides to pre-
vent overpressuring of the customers’ appliafices are

(a) a monitoring regulator

(b) a relief valve

(c) an automatic shutoff‘device

These devices may be installed as an integgal part of
the service regulatoief as a separate unit.

845.243  [IHythe maximum allowable
pressure of thedistribution system exceeds 60 psig, suit-
able metheds’ shall be used to regulate and|limit the
pressure Of the gas delivered to the custonfer to the
maximum safe value. Such methods may incjude

(@) aservice regulator having the characterigtics listed
ifitpara. 845.241 and a secondary regulatof located
upstream from the service regulator. In no cas¢ shall the
secondary regulator be set to maintain a pressiire higher
than 60 psi. A device shall be installed between the
secondary regulator and the service regulatdr to limit
the pressure on the inlet of the service regulatojr to 60 psi
or less in case the secondary regulator fails tg function
properly. This device may be either a relief vdlve or an
automatic shutoff that shuts if the pressure on the inlet
of the service regulator exceeds the set pressyre (60 psi
or less) and remains closed until manually reset.

(b) a service regulator and a monitoring regulator set
to limit to a maximum safe value the pressiire of the
gas delivered to the customer

(c) a service regulator with a relief valve yented to
the outside atmosphere, with the relief valve set to open
so that the pressure of gas going to the custgmer shall
not exceed a maximum safe value. The relief yalve may
be either built into the service regulator or may be a
separate unit installed downstream from the s¢rvice reg-
113 i inati ) 1sed a ly in cases
where the inlet pressure on the service regulator does
not exceed the manufacturer’s safe working pressure
rating of the service regulator, and it is not recommended
for use where the inlet pressure on the service regulator
exceeds 125 psi. For higher inlet pressures, the method
in para. 845.243(a) or (b) should be used.

845.3 Requirements for Design of Pressure Relief
and Pressure-Limiting Installations

845.31 DPressure relief or pressure-limiting devices
except rupture disks shall

perating
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(a) be constructed of materials such that the operation
of the device will not normally be impaired by corrosion
of external parts by the atmosphere or internal parts
by gas

(b) have valves and valve seats that are designed not
to stick in a position that will make the device inopera-
tive and result in failure of the device to perform in the
manner for which it was intended

(c) be designed and installed so that they can be

845.36

(2) When a monitoring regulator, series regulator, sys-
tem relief, or system shutoff is installed at a district
regulator station to protect a piping system from over-
pressuring, the installation shall be designed and
installed to prevent any single incident, such as an explo-
sion in a vault or damage by a vehicle, from affecting
the operation of both the overpressure protective device
and the district regulator. (See paras. 846 and 847.)

readily operated to defermine if the valve is Iree, can
be tested|to determine the pressure at which they will
operate, gnd can be tested for leakage when in the closed
position.

845.311  Rupture discs shall meet the require-
ments for design as set out in BPV Code, Section VIII,
Division [l.

845.32  The discharge stacks, vents, or outlet ports
of all prepsure relief devices shall be located where gas
can be dijscharged into the atmosphere without undue
hazard. Jonsideration should be given to all exposures
in the immediate vicinity. Where required to protect
devices, the discharge stacks or vents shall be protected
with rain| caps to preclude the entry of water.

845.33  The size of the openings, pipe, and fittings
located Hetween the system to be protected and the
pressure-felieving device and the vent line shall be of
adequate]|size to prevent hammering of the valve and
to prever|t impairment of relief capacity.

845.34  Precautions shall be taken to prevent unau-
thorized pperation of any stop valve that will' make a
pressure [relief valve inoperative. This provision shall
not apply to valves that will isolate thessystem under
protectioh from its source of pressure..Ac¢eptable meth-
ods for cpmplying with this provision/are as follows:

(a) Lodk the stop valve in the-opén position. Instruct
authorizgd personnel of the jmpertance of not inadver-
tently leaying the stop valvelelosed and of being present
during the entire period(that the stop valve is closed so
that they| can lock it in)the open position before they
leave the|location.

(b) Install duplicate relief valves, each having ade-
quate capadity by itself to protect the system, and
arrange the\iSolating valves or three-way valve so that

(b) Special attention shall be given to contrel [lines.
All control lines shall be protected from falling)objects,
excavations by others, or other foreseeable-taudes of
damage and shall be designed and installed to prpvent
damage to any one control line from making both the
district regulator and the overpressure protective device
inoperative.

845.4 Capacity of Pressure-Relieving and
Pressure-Limiting' Station and Devices

845.41 Required Capacity of Pressure-Relieving and
Pressure-Limiting/Stations

845411 Each pressure relief station, pregsure-
limitingy station, 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 prpvent
the pressure from exceeding the following levels.

(a) Systems With Pipe or Pipeline Components Opetating
at Hoop Stress Levels Over 72% of the SMYS. The required
capacity is the maximum allowable operating pressure
plus 4%.

(b) Systems With Pipe or Pipeline Components Opefating
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:

(1) the maximum allowable operating prepsure
plus 10%

(2) the pressure that produces a hoop stress of 75%
of the specified minimum yield strength

(¢) Low-Pressure Distribution Systems. The required
capacity is a pressure that would cause the unsafe gpera-
tion of any connected and properly adjusted gas bujrning
equipment.

mechanically it is possible to render only one safety
device inoperative at a time.

845.35 Precautions shall be taken to prevent unau-
thorized operation of any valve that will make pressure-
limiting devices inoperative. This provision applies to
isolating valves, bypass valves, and valves on control or
float lines that are located between the pressure-limiting
device and the system that the device protects. A method
similar to para. 845.34(a) shall be considered acceptable
in complying with this provision.

56

845.412 When more than one pressure-regulat-
ing or compressor station feeds into the pipeline or dis-
tribution system and pressure relief devices are installed
at such stations, the relieving capacity at the remote
station may be taken into account in sizing the relief
devices at each station. In doing this, however, the
assumed remote relieving capacity must be limited to
the capacity of the piping system to transmit gas to the
remote location or to the capacity of the remote relief
device, whichever is less.

(07)
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845.42 Proof of Adequate Capacity and Satisfactory
Performance of Pressure-Limiting and Pressure Relief
Devices

845.421  Where the safety device consists of an
additional regulator that is associated with or functions
in combination with one or more regulators in a series
arrangement to control or limit the pressure in a piping
system, suitable checks shall be made. These checks
shall be conducted to determine that the equipment will

(9) The arrangement of piping and supports shall
be designed to provide not only for safety under
operating stresses, but also to provide protection for the
piping against detrimental sagging, external mechanical
injury, abuse, and damage due to unusual service condi-
tions other than those connected with pressure, temper-
ature, and service vibration.

(10) Suitable precautions shall be taken to protect
against corrosion. (See para. 863.)

operdte in a satisfactory manner to prevent any pressure
in excess of the established maximum allowable
operating pressure of the system, should any one of the
assodiated regulators malfunction or remain in the wide-
open| position.

845.
(a)

b Instrument, Control, and Sample Piping

Scope
1) The requirements given in this section apply to
the design of instrument, control, and sampling piping
for sqfe and proper operation of the piping itself and
do n¢t cover design of piping to secure proper function-
ing gf instruments for which the piping is installed.
2) This section does not apply to permanently
closed piping systems, such as fluid-filled, temperature-
respqnsive devices.

(b)| Materials and Design
1) The materials employed for valves, fittings, tub-
nd piping shall be designed to meet the particular
tions of service.
2) Takeoff connections and attaching bosses, fit-
tings| or adapters shall be made of suitable matérial and
shall[be capable of withstanding the maximum service
presgure and temperature of the piping or equipment
to which they are attached. They shall be designed to
satisfactorily withstand all stresSes-without failure by
fatigtie.
3) A shutoff valve shall'be installed in each takeoff
line gs near as practicable to the point of takeoff. Blow-
down valves shall be‘installed where necessary for the
safe pperation of piping, instruments, and equipment.
4) Brass pipe-or copper pipe or tubing shall not
be uged for metal temperatures greater than 400°F.
5) Piping subject to clogging from solids or depos-
its srllﬂ\all be provided with suitable connections for
clea

ing,
cond

haves
o

(TIJ Joints between sections oI tubing and/or pipe,
between tubing and/or pipe and valves or{ittings shall
be made in a manner suitable for the presstreland tem-
perature conditions, such as by means offlared| flareless,
and compression-type fittings, or equal, or they may
be of the brazed, screwed, or socket-weldedl type. If
screwed-end valves are to be tsed with flared] flareless,
or compression-type fittings; adapters are required.

Slip-type expansionjoints shall not be used; ¢xpansion
shall be compensated-for by providing flexibilfty within
the piping or tubifg'system itself.

(12) Plastic shall not be used where oper3
peratures eXceed limitations shown in paras.
and 842.33(b).

(13" Plastic piping shall not be painted. If identifica-
tion other than that already provided by the mgnufactur-
er‘s’marking is required, it shall be accomplished by
other means.

ting tem-
842.32(b)

845.6 Uprating

This section of the Code prescribes minimurp require-
ments for uprating pipelines or mains to higher maxi-
mum allowable operating pressures.

845.61 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 item$ as road
crossings, fabricated assemblies, minimum dover, 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
include a written procedure that will ensure c(

saath-each app“r‘ah]o raqniromor\{- of this sect

that shall
mpliance
on.

(6) 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.

(7) Piping that may contain liquids shall be pro-
tected by heating or other suitable means from damage
due to freezing.

(8) Piping in which liquids may accumulate shall
be provided with drains or drips.
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(c) Before increasing the maximum allowable
operating pressure of a segment that has been operating
at a pressure less than that determined by para. 845.213,
the following investigative and corrective measures
shall be taken:

(1) The design, initial installation, method, and
date of previous testing, Location classes, materials, and
equipment shall be reviewed to determine that the pro-
posed increase is safe and consistent with the require-
ments of this Code.
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(2) The condition of the line shall be determined
by leakage surveys, other field inspections, and exami-
nation of maintenance records.

(3) Repairs, replacements, or alterations disclosed
to be necessary by subparas. (c)(1) and (c)(2) above shall
be made prior to the uprating.

(d) A new test according to the requirements of this
Code should be considered if satisfactory evidence is
not available to ensure safe operation at the proposed

incremental increase. The number of incre-
ments shall be determined by the operator after consid-
ering the fotal amount of the pressure increase, the stress
level at thie final maximum allowable operating pressure,
the known condition of the line, and the proximity of
the line tp other structures. The number of increments
shall be sufficient to ensure that any leaks are detected
before they can create a potential hazard. Potentially
hazardous leaks discovered shall be repaired before fur-
ther incrdasing the pressure. A final leak survey shall be
conductefl at the higher maximum allowable operating
pressure.

(f) Recprds for uprating, including each investigation
required |by this section, corrective action taken, and
pressure test conducted, shall be retained as long as the
facilities {nvolved remain in service.

845.62 Uprating Steel Pipelines or Mains to a Pres:
sure Tha{ Will Produce a Hoop Stress of 30% orMore
of SMYS.| The maximum allowable operating-pressure
may be ifcreased after compliance with para. 845.61(c)
and one ¢f the following provisions:

(a) If the physical condition of the lifie as determined
by para. $45.61(c) indicates the line is apable of with-
standing |the desired higher operating pressure, is in
general apreement with the desigh requirements of this
Code, andl has previously been.tested to a pressure equal
to or gregter than that requited by this Code for a new
line for the proposed maximum allowable operating
pressure,|the line may be operated at the higher maxi-
mum allgwable ©perating pressure.

(b) If the physical condition of the line as determined
by para. $45:61(c) indicates that the ability of the line to

higher pressure, a higher maximum allowable operating
pressure may be established according to para. 845.213
using as a test pressure the highest pressure to which
the line has been subjected, either in a strength test or
in actual operation.

(d) If it is necessary to test a pipeline or main before
it can be uprated to a higher maximum allowable
operating pressure, and if it is not practical to test the
line elther because of the expense or difficulties created
ating
conditions, a higher maximum allowable eperpting
pressure may be established in Location(Clasg 1 as
follows.

(1) Perform the requirements of para. 845.61(c).
(2) Select a new maximum aflowable operpting
pressure consistent with the condition of the lin¢ and
the design requirements of this{Code, provided
(a) the new maximum:allowable operating|pres-
sure does not exceed 80%.of that permitted for 4 new
line to operate under_ the same conditions
(b) the pressure’is increased in increments a$ pro-
vided in para. 845.61(e)

845.63 Uprating Steel or Plastic Pipelines to a|Pres-
sure That Will Produce a Hoop Stress Less Than 30% of
SMYS

(). \This applies to high-pressure steel mains and|pipe-
lines where the higher maximum allowable opetjating
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 opefating
pressure of a steel pipeline or main is producing afhoop
stress level more than 30% of the specified minimum
yield strength of the pipe, the provisions of para. §45.62
shall apply.

(b) Before increasing the maximum allowable
operating pressure of a system that has been opeﬂating
atless than the applicable maximum pressure to a Higher
maximum allowable operating pressure, the follqwing
factors shall be considered:

(1) the physical condition of the line as determined
by para. 845.61(c)
(2) information from the manufacturer or supplier
determining that each component of a plastic system is
capable of performing satisfactorily at the higher

withstandtiehigher meximunroperating pressure tas
not been satisfactorily verified or that the line has not
been previously tested to the levels required by this
Code for a new line for the proposed higher maximum
allowable operating pressure, the line may be operated
at the 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 condi-
tions.

(c) If the physical condition of the line as determined
by para. 845.61(c) verifies its capability of operating at a

PIUDDUIE.
(c) Before increasing the pressure, the following steps
shall be taken:

(1) Install suitable devices on the service lines to
regulate and limit the pressure of the gas in accordance
with para. 845.243 if the new maximum allowable
operating pressure is to be over 60 psi.

(2) Adequately reinforce or anchor offsets, bends,
and dead ends in coupled pipe to avoid movement of
the pipe should the offset, bend, or dead end be exposed
in an excavation.


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

(3) Increase pressure in increments as provided in
para. 845.61(e).

845.64 Uprating a Ductile Iron High-Pressure Main
or System to a New and Higher Maximum Allowable
Operating Pressure

(a) The maximum allowable operating pressure of a
ductile iron main or system shall not be increased to a
pressure in excess of that permitted in para. 842 211.
Wher
direct apphcatlon of para 842.211, the followmg proce-
dure$ shall be used.

1) Laying Condition. Where the original laying con-
ditions cannot be ascertained, it shall be assumed that
Condition D (pipe supported on blocks, tamped backfill)
exist§ for cast iron pipe and Condition B (pipe laid with-
out hlocks, tamped backfill) exists for ductile iron pipe.
2) Cover. Unless the actual maximum cover depth
is knjown with certainty, it shall be determined by
expoping the main or system at three or more points
and making actual measurements. The main or system
shall[be exposed in areas where the cover depth is most
likely to be greatest. The greatest measured cover depth
shall|be used for computations.

3) Nominal Wall Thickness. Unless the nominal
thickhess is known with certainty, it shall be determined
with |ultrasonic measuring devices. The average of all
meagurements taken shall be increased by the allowance
indicated in the following table:

Allowance, in.

Cast Iron Pipe

Ductile

Nomipal Pit Cast Centrifugally Cast Iron

Pipe Size Pipe Pipe Pipe

3-§ 0.075 0.065 0.065
10-12 0.08 0.07 0.07

14-24 0.08 0.08 0.075

3042 0.09 0.09 0.075
48 0.09 0.09 0.08

54-40 0.09

The nominal wall‘thickness of cast iron shall be the
stanglard thickness listed in Table 10 or Table 11 —
whichever is applicable — of AWWA C101 that is nearest
the value obtained. The nominal wall thickness of ductile

iron ghall-be the standard thickness listed in Table 6 of
ANS // AVWNWA C150/A21 50 nearest the sralue obtained

(2) Adequately reinforce or anchor offsets, bends,
and dead ends in coupled or bell and spigot pipe to
avoid movement of the pipe, should the offset, bend, or
dead end be exposed by excavation.

(3) Install suitable devices on the service lines to
regulate and limit the pressure of the gas in accordance
with para. 845.243 if the new and higher maximum
allowable operating pressure is to be over 60 psig.

( c) If after comphance w1th paras 845.64(a) and (b),
i apabip of safely
w1thstand1ng the proposed new and highen maximum
allowable operating pressure, the presstur¢ shall be
increased as provided in para. 845.61(e).

845.65 Uprating a Distribution'System That Has Been
Operating at Inches of Water (Low-Pressure) t9 a Higher
Pressure

(a) In addition to the précautions outlined in para.
845.61(c) and the appliegble requirements contained in
paras. 845.63 and, 845:64, the following stepg must be
taken.

(1) Install/pressure-regulating devices at|each cus-
tomer’s meter.
(2)~Vérify that the segment being uprated is physi-
cally, disconnected from all segments of line| that will
continue to operate at inches of water.

(b) After performing the steps outlined in (a) above,
the pressure shall be increased in increments af outlined
in para. 845.61(e). After the first incremental increase,
however, steps shall be taken to verify that thp custom-
er’s regulators are performing satisfactorily.

846 VALVES®
846.1 Required Spacing of Valves

846.11 Transmission 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 pperating
emergencies. When determining the placemeft of such
valves for sectionalizing the pipeline, primary|consider-
ation shall be given to locations that provide c¢ntinuous
accessibility to the valves.

(a) In determining the number and spacing| of valves
to be installed, the operator shall perform an agsessment
that gives consideration to factors such as

(1) the amount of gas released due to repair and

(4) Manufacturing Process. Unless the cast iron pipe
manufacturing process is known with certainty, it shall
be assumed to be pit cast pipe having a bursting tensile
strength, S, of 11,000 psi and a modulus of rupture, R,
of 31,000 psi.

(b) Before increasing the maximum allowable
operating pressure, the following measures shall be
taken:

(1) Review the physical condition as required by
para. 845.61(c).

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., nui-
sance and any hazard resulting from prolonged blow-
downs)

(4) continuity of service

(5) operating and maintenance flexibility of the
system

3 See paras. 849.12 and 849.13 for provisions covering valves in
service lines.

(07)
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(6) future development in the vicinity of the
pipeline

(7) significant conditions that may adversely affect
the operation and security of the line

(b) In lieu of (a) above, the following maximum spac-

ing between valves shall be used:

(1) 20 miles in areas of predominantly Location
Class 1

(2) 15 miles in areas of predominantly Location

846.22 Distribution System Valves

(a) A valve shall be installed on the inlet piping of
each regulator station controlling the flow or pressure
of gas in a distribution system. The distance between the
valve and the regulator or regulators shall be sufficient to
permit the operation of the valve during an emergency,
such as a large gas leak or a fire in the station.

(b) Valves on distribution mains, whether for
operating or emergency purposes, shall be located in a

Class 2

(3) 10 miles in areas of predominantly Location
Class 3

(4) 3
Class 4

The spacing defined above may be adjusted to permit

a valve to be installed in a location that is more

accessiblg.

846.12
operating
follows:

(a) High-Pressure Distribution Systems. Valves shall be
installed |n high-pressure distribution systems in acces-
sible locations to reduce the time to shut down a section
of main ifi an emergency. In determining the spacing of
the valves, consideration should be given to the
operating pressure and size of the mains and local physi-
cal condifjions as well as the number and type of consum-
ers that thight be affected by a shutdown.

(b) Low-Pressure Distribution Systems. Valves may be
used on Jow-pressure distribution systems but are mot
required pxcept as specified in para. 846.22(a).

miles in areas of predominantly Location

Valves on distribution mains, whether for
or emergency purposes, shall be spaced as

846.2 Ldcation of Valves

846.21 Transmission Valves

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

(b) Sedtionalizing valyves may be installed above
ground, |n a vault, gf buried. In all installations an
operating device te-open or close the valve shall be
readily aqcessible‘toauthorized persons. All valves shall
be suitably supported to prevent settlement or move-
ment of the-attached plpmg

(c) Blow atv al-bet a
section of plpehne between main line Valves can be
blown down. The sizes and capacity of the connections
for blowing down the line shall be such that under
emergency conditions the section of line can be blown
down as rapidly as is practicable.

(d) This Code does not require the use of automatic
valves nor does the Code imply that the use of automatic
valves presently developed will provide full protection
to a piping system. Their use and installation shall be
at the discretion of the operating company.
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manner that will provide ready access and facilitatq their
operation during an emergency. Where awvalve is
installed in a buried box or enclosure, only-teady dccess
to the operating stem or mechanism is impli€éd. The box
or enclosure shall be installed in apmanner to pvoid
transmitting external loads to the inain.

847 VAULTS

847.1 Structural Design/Requirements

Underground vaultsor pits for valves, pressure-rgliev-
ing, pressure-limifing or pressure-regulating stafions,
etc., shall be‘designed and constructed in accordlance
with the following provisions:

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

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

(c) In the design of vaults and pits for prespure-
limiting, pressure-relieving, and pressure-regulating
equipment, consideration shall be given to the pfotec-
tion of the installed equipment from damage, such as
that resulting from an explosion within the vault pr pit
that may cause portions of the roof or cover to fall into
the vault.

(d) Pipe entering and within regulator vaults of pits
shall be steel for NPS 10 and smaller sizes, excepf that
control and gage piping may be copper. Where piiping
extends through the vault or pit structure, proyision
shall be made to prevent the passage of gases or lifjuids
through the opening and to avert strains in the piping.
Equipment and piping shall be suitably sustaind by

that its exposure to injury or damage is reduced to a
minimum.

(e) Vault or pit openings shall be located so as to
minimize the hazards of tools or other objects falling on
the regulator, piping, or other equipment. The control
piping and the operating parts of the equipment
installed shall not be located under a vault or pit opening
where workmen can step on them when entering or
leaving the vault or pit, unless such parts are suitably
protected.
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(f) Whenever a vault or pit opening is to be located
above equipment that could be damaged by a falling
cover, a circular cover should be installed, or other suit-
able precautions should be taken.

847.2 Accessibility

Accessibility shall be considered in selecting a site for
a vault. Some of the important factors to consider in
selecting the location of a vault are as follows:

the provisions of either (a), (b), and (c) above or (e)
below shall apply.

(e) If vaults or pits referred to in (d) above are venti-
lated by means of openings in the covers or gratings,
and the ratio of the internal volume in cubic feet to the
effective ventilating area of the cover or grating in square
feet is less than 20 to 1, no additional ventilation is
required.

(f) Vaults or pits having an internal volume less than

(a)| Exposure to Traffic. The location of vaults in street
intergections or at points where traffic is heavy or dense
should be avoided.

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

(c)| Exposure to Adjacent Subsurface Hazards. Vaults
should be located as far as is practical from water, elec-
tric, $team, or other facilities.

847.

Urnjderground vaults and closed top pits containing
eithef a pressure-regulating or reduction station, or a
presgqure-limiting or relieving station shall be sealed,
ventd¢d, or ventilated as follows:

(a)| When the internal volume exceeds 200 ft3, such
vaults or pits shall be ventilated with two ducts each
having at least the ventilating effect of an NPS 4 pipe.

(b)] The ventilation provided shall be sufficient te'min-
imiz¢ the possible formation of a combustible-atmo-
sphefe in the vault or pit. Vents associated with the
presgure-regulating or pressure-relieving-equipment
must| not be connected to the vault oftpit ventilation.

(c)] The ducts shall extend to a‘height above grade
adeqpate to disperse any gas—dir ymixtures that might
be discharged. The outside énd' of the ducts shall be
equipped with a suitable weatherproof fitting or vent
head|designed to prevent foreign matter from entering
or obstructing the ductiThe effective area of the opening
in sufch fittings or-vent heads shall be at least equal to
the ctoss-sectional area of an NPS 4 duct. The horizontal
sectign of the/ducts shall be as short as practical and
shall[be pitched to prevent the accumulation of liquids
in the #ine/ The number of bends and offsets shall be

B Vault Sealing, Venting, and Ventilation

3 s
/0 IU Niave NO SpecllC requiremernts.

847.4 Drainage and Waterproofing

(a) Provisions shall be made to minimize th¢ entrance
of water into vaults. Nevertheless, vault equipment shall
always be designed to operatecsately, if submnjerged.

(b) No vault containing gas¢iping shall be gonnected
by means of a drain connection to any other|substruc-
ture, such as a sewer.

(c) Electrical equipment in vaults shall conf¢rm to the
requirements of Class 1, Group D, of ANSI/INFPA 70.

848 CUSTOMERS’ METERS AND REGULATORS

848.1 Location for Customers’ Meter and Regulator
Installations

(@ Customers’ meters and regulators may lpe located
either inside or outside of buildings, dependinlg on local :
conditions, except that on service lines requiting series -
regulation, in accordance with para. 845.243(a), the :
upstream regulator shall be located outside of the
building.

(b) When installed within a building, the service regu-
lator shall be in a readily accessible location| near the
point of gas service line entrance, and wheneyer practi-
cal, the meters shall be installed at the samd location.
Neither meters nor regulators shall be installgd in bed-
rooms, closets, or bathrooms; under combustjble stair-
ways; in unventilated or inaccessible places;|or closer
than 3 ft to sources of ignition, including furpaces and
water heaters. On service lines supplying lafge indus-
trial customers or installations where gas is used at
higher than standard service pressure, the tegulators
may be installed at other readily accessible lqcations.

(c) When located outside of buildings, meters and
service regulators shall be installed in readily pccessible
locations where they will be reasonably protegted from

reduced-te-a-minimum;-and-provisionsshalltbeinecorpe
rated to facilitate the periodic cleaning of the ducts.
(d) Such vaults or pits having an internal volume
between 75 ft* and 200 ft? may be either sealed, vented,
or ventilated. If sealed, all openings shall be equipped
with tight-fitting covers without open holes through
which an explosive mixture might be ignited. Means
shall be provided for testing the internal atmosphere
before removing the cover. If vented, the proper provi-
sion to prevent external sources of ignition from reaching
the vault atmosphere must be provided. If ventilated,
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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. 848.33.
Individual 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
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shall not be used at a pressure in excess of 50% of the
manufacturer’s test pressure; rebuilt tinned steel case
meters shall not be used at a pressure in excess of 50%
of the pressure used to test the meter after rebuilding.

848.3 Protection of Customers’ Meter and Regulator
Installations From Damage

848.31
installed pw A a
other cayses is likely to occur, unless proven measures
are taken| to protect against such deterioration.

Meters and service regulators shall not be

848.32  Asuitable protective device, such as a back-
pressure fregulator or a check valve, shall be installed
downstream of the meter if and as required 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-
pressure fegulator downstream from the meter.

(b) Install a check valve or equivalent if

(1) the utilization equipment might induce a back-
pressure

(2) the gas utilization equipment is connected to a
source of| oxygen or compressed air

(3) liquefied petroleum gas or other supplementary
gas is uspd as standby and might flow back into the
meter. A three-way valve, installed to admit the standby
supply and at the same time shut off the regular supply,
can be sybstituted for a check valve if desired.

848.33  All service regulator vents and relief, ¢ents,
where required, shall terminate in the outside dir in rain-
and inseqt-resistant fittings. The open end of the vent
shall be Jocated where the gas can escape’ freely into
the atmopphere and away from any-openings into the
buildingq if a regulator failure resulting in the release
of gas odcurs. At locations where’service regulators
might be pubmerged during floods, either a special anti-
flood typ breather vent fitting shall be installed or the
vent ling shall be extended above the height of the
expected|flood watexs.

848.34 Pitsand vaults housing customers” meters
and regulators.shall be designed to support vehicular
traffic whefiitistalled in the following locations:

849 GAS SERVICE LINES

849.1 General Provisions Applicable to Steel,
Copper, and Plastic Service Lines

849.11 Installation of Service Lines
(a) Service lines shall be installed at a depth that will
protect them from excessive external loading and local

met due to existing substructures, less cover is pernpitted
provided such portions of these service lines that are
subject to excessive superimposed-loads are cased or
bridged or the pipe is appropriatelystrengthened.

(b) Service lines shall be pteperly supported pt all
points on undisturbed or skell-compacted soil sq that
the pipe will not be subjectto excessive external loading
by the backfill. The niaterial used for the backfill|shall
be free of rocks, building materials, etc., that might fause
damage to the pipe or the protective coating.

(c) Where theré is evidence of condensate in the gas
in sufficient\quantities to cause interruptions in the gas
supply to\the customer, the service line shall be graded
s0 as toddrain into the main or to drips at the low goints
in the'service line.

849.12 Types of Valves Suitable for Service Line
Valves

(a) Valves used as service line valves shall me
applicable requirements of paras. 810 and 831.1.

(b) The use of soft seat service line valves is not rgcom-
mended when the design of the valves is such that gxpo-
sure to excessive heat could adversely affect the ability
of the valve to prevent the flow of gas.

bt the

(c) A valve incorporated in a meter bar that pgrmits
the meter to be bypassed does not qualify undef this
Code as a service line valve.

(d) Service line valves on high-pressure service [lines,
installed either inside buildings or in confined locdtions
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 fools.

() The r\porah'ng rr\mpan} shall make certad | that

(a) travelled portions of alleys, streets, and highways
(b) driveways

848.4 Installation of Meters and Regulators

All meters and regulators shall be installed in such a
manner as to prevent undue stresses on the connecting
piping and/or the meter. Lead (Pb) connections or other
connections made of material that can be easily damaged
shall not be used. The use of standard weight close (all
thread) nipples is prohibited.
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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 manufac-
turers.

(f) On service lines designed to operate at pressures
in excess of 60 psig, the service line valves shall be the
equivalent of a pressure-lubricated valve or a needle-
type valve. Other types of valves may be used where
tests by the manufacturer or by the user indicate that
they are suitable for this kind of service.
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849.13 Location of Service Line Valves

(a) Service line valves shall be installed on all new
service lines (including replacements) in a location
readily accessible from the outside.

(b) Valves shall be located upstream of the meter if
there is no regulator, or upstream of the regulator, if
there is one.

(c) All service lines operating at a pressure greater
than 10 psig and all service lines NPS 2 or larger shall

849.2 Steel Service Lines

849.21 Design of Steel Service Lines

(a) Steel pipe, when used for service lines, shall con-
form to the applicable requirements of Chapter 1.

(b) Steel service pipe shall be designed in accordance
with the requirements of paras. 841.11 and 841.121.
Where the pressure is less than 100 psig, the steel service
pipe shall be designed for at least 100 psig pressure.

(c) Steel pipe used for service lines shall be installed

be equipped with a valve Jocated on the service line
outside of the building, except that whenever gas is
supplied to a theater, church, school, factory, or other
building where large numbers of persons assemble, an
outsile valve will be required, regardless of the size of
the sprvice line or the service line pressure.

(d)] Underground valves shall be located in a covered
durabple curb box or standpipe designed to permit ready
operation of the valve. The curb box or standpipe shall
be sypported independently of the service line.

849.14 Location of Service Line Connections to Main
It is recommended that service lines be con-
nectdd to either the top or the side of the main. The
conngction to the top of the main is preferred to mini-
the possibility of dust and moisture being carried
the main into the service line.

849.15 Testing of Service Lines After Construction

849.151 General Provisions. Each service line
shallpe tested after construction and before being placed
in seyvice to demonstrate that it does not leak. The ser-
vice line connection to the main need not be(included
in this test if it is not feasible to do so.

849.152 Test Requirements

(a)| Service lines to operate at a(pressure of less than
1 psip, which do not have a protective coating capable
of temporarily sealing a leak{ shall be given a standup
air of gas pressure test atinot less than 10 psig for at
least[5 min.

(b)] Service lines toyoperate at a pressure of less than
1 psig, which havea protective coating that might tem-
poratily seal adeak; and all service lines to operate at a
presgure of 1'psig or more, shall be given a standup air
or gds pressure test for at least 5 min at the proposed
maximum-operating pressure or 90 psig, whichever is

in such a manner that the piping strain or extepnal load-
ing shall not be excessive.

(d) Allunderground steel service lines-shall be joined
by threaded and coupled joints, cémpression-type fit-
tings, or by qualified welding or brazing methods, proce-
dures, and operators.

849.22 Installation of Steel Service Lines

849.221 Installation of Steel Service Lines in Bores

(1) When coated steel pipe is to be installed as a ser-
vice line in a bore; care shall be exercised tp prevent
damage to thé coating during installation.
(b) WheniaJservice line is to be installed by[boring or
driving, and coated steel pipe is to be used, if shall not
be used as the bore pipe or drive pipe and Jeft 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 significant damage to the coating may re¢sult from
boring or driving, the coated service line should be
installed in an oversized bore or casing pipe of{sufficient
diameter to accommodate the service pipe.
(c) In exceptionally rocky soil, coated pipe| shall not
be inserted through an open bore if significarjt damage
to the coating is likely.

849.222 Installation of Service Lines Intq or Under
Buildings

(1) Underground steel service lines, when
below grade through the outer foundation wall of a
building, shall be either encased in a sleeve or ptherwise
protected against corrosion. The service line and/or
sleeve shall be sealed at the foundation wall fo prevent
entry of gas or water into the building.

(b) Steel service lines, where installed underground
under buildings, shall be encased in a gas-tightt conduit.

installed

grea
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.)

(c) The requirements of (a) and (b) above shall apply
to plastic service lines, except that plastic service lines
shall be tested to at least 1.5 times the maximum
operating pressure, and the limitations on maximum
test pressure, temperature, and duration set forth in
para. 842.52 shall be observed.

() H 1 £t 1 1. oot I
ot vICCTIMES OT SteC oweveT thatarcoperatiing
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When such a service line suppliies the building it sub-
tends, the conduit shall extend into a normally usable
and accessible portion of the building. At the point
where the conduit terminates, the space between the
conduit and the service line shall be sealed to prevent
the possible entrance of any gas leakage. The casing
shall be vented at a safe location.

849.3 Ductile Iron Service Lines

849.31 Use of Ductile Iron Service Lines. When
used for service lines, ductile iron pipe shall meet the


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

applicable requirements of para. 842. Ductile iron pipe
may be used for service lines except for the portion of
the service line that extends through the building wall.
Ductile iron service lines shall not be installed in unsta-
ble soils or under buildings.

849.4 Plastic Service Lines

849.41 Design of Plastic Service Lines
(a) Plastic pipe and tubing shall be used for service

(b) A plastic service line installed underground under
a building shall be encased in a gas-tight conduit. When
such a service line supplies the building it subtends,
the conduit shall extend into a normally usable and
accessible portion of the building. At the point where
the conduit terminates, the space between the conduit
and the service line shall be sealed to prevent leakage
into the building. The plastic service line shall not be
exposed inside the building. The casing shall be vented

lines only where the piping strain or external loading
will not be excessive.

(b) Platic pipe, tubing, cements, and fittings used for
service lines shall conform to the applicable require-
ments of |Chapter I.

(c) Plagtic service lines shall be designed in accor-
dance with the applicable requirements of para. 842.3.

(d) Plaptic service lines shall be joined in accordance
with the ppplicable requirements of para. 842.39.

849.42 Installation of Plastic Service Lines

(a) Plagtic service lines shall be installed in accordance
with the|applicable requirements of paras. 842.4 and
849.11. Pqrticular care must be exercised to prevent dam-
age to plastic service line piping at the connection to
the main|or other facility. Precautions shall be taken to
prevent drushing or shearing of plastic piping due to
external Joading or settling of backfill and to prevent
damage ¢r pullout from the connection resulting from
thermal ¢xpansion or contraction. (See paras. 842.431
and 842.432.)

(b) Notwithstanding the limitations imposed in para:
842.43, a plastic service line may terminate above.grotind
and outside the building, provided that

(1) the aboveground portion of the plastic service
line is cqmpletely 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. bplow grade.

(2) the plastic seryieeline is not subjected to exter-
nal loading stresses by.the customer’s meter or its con-
necting piping.

849.421 -Installation of Plastic Service Lines Into or
Under Bujldings

“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 backfill. At the point where the sleeve
“terminates inside the foundation or wall, the space
“between the sleeve and the service line shall be sealed
to prevent leakage into the building. The plastic service
line shall not be exposed inside the building.

L1 -
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849.5 Copper Service Lines
849.51 Design of Copper Service Lines

849.511 Copper pipe or tubing, when usdd for
service lines, shall conform to the following require-
ments:

(a) Copper pipe or tubing'shall not be used for sgrvice
lines where the pressure-exceeds 100 psig.
(b) Copper pipe or tubing shall not be used for s¢rvice
lines where the gas carried contains more than anjaver-
age of 0.3 grainsof hydrogen sulfide per 100 stapdard
cubic feet of gas."This is equivalent to a trace as dleter-
mined by the lead-acetate test. (See para. 863.4.)
(c) Thé\minimum wall thickness for copper pipe or
tubing'ased for service lines shall be not less thar] type
“L”"as specified in ASTM B 88.
(d) Copper pipe or tubing shall not be used for s¢rvice
lines where strain or external loading may damage the

piping.
849.512 Valves in Copper Piping. Valves installed

in copper service lines may be made of any sujtable
material permitted by this Code.

849.513 Fittings in Copper Piping. It is rgcom-
mended that fittings in copper piping and exposed to
the soil, such as service line tees, pressure control fitfings,
etc., be made of bronze, copper, or brass.

849.514 Joints in Copper Pipe and Tubing. C¢pper
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-phofpho-
rous alloy or silver base alloy. Butt welds are not pgrmis-
sible for joining copper pipe or tubing. Copper tfibing
shall not be threaded but copper p1pe with a wall thick-
v ile 40
steel pipe may be threaded and used for connectlng
screw fittings or valves.

849.515 Protection Against Galvanic Action Caused
by Copper. Provisions shall be made to prevent harmful
galvanic action where copper is connected underground
to steel. [See para. 862.114(a).]

849.52 Installation of Copper Service Lines. The
following requirements shall apply to copper service
lines within buildings.
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(a) Copper service lines may be installed within build-
ings, provided that the service line is not concealed and
is suitably protected against external damage.

(b) An underground copper service line installed
through the outer foundation wall of a building shall
be either encased in a sleeve or otherwise protected
against corrosion. The annular space between the service
line and sleeve shall be sealed at the foundation wall to
prevent entry of gas or water.

849.

849.61 Service Line Connections to Steel Mains.
Service lines may be connected to steel mains by

(a)| welding a service line tee or similar device to
the main

(b)| using a service line clamp or saddle

(c)| using compression fittings with rubber or rubber-
like gaskets or welded connections to connect the service
line {o the main connection fitting. Gaskets used in a
mantifactured gas system shall be of a type that effec-
tively resists that type of gas.

(d)] welding a steel service line directly to the main
(see para. 831.42 and Table 831.42)

Service Line Connections to Mains

849.62 Service Line Connection to Cast Iron and-Duc-
tile Ifon Mains

(a)| Service lines may be connected to €ast"iron and
ductille iron mains by
1) drilling and tapping the main, provided the
diamjeter of the tapped hole shall. ot exceed the limita-
tions{imposed by para. 831.33(b),-or

(2) using a reinforcing sleeve
(b) Service line connections shall not be brazed
directly to cast iron or ductile iron mains.

849.621  Compression fittings using rubber or

rubber-like gaskets or welded connections may be used
to connect the service line to the main connection fitting.
Gaskets used in a manufactured gas system shall be of
a type that effectively resists that type of gas.

t Mains
onnected

(a) Plastlc or metal service lines shall(be
to plastic mains with suitable fittings.

(b) A compression-type service line to maih connec-
tion shall be designed and installed to'effectivelly sustain
the longitudinal pullout forces, caused by contraction of
the piping or external loading.

849.64 Service LinesConnections to Copper Mains
(a) Connections using a copper or cast bronge service
line tee or extension ‘fitting sweat-brazed to the copper
main are recommended for copper mains.
(b) Butt welds are not permitted.
(c) Fillet*brazed joints are not recommend¢d.
(d) The requirements of para. 849.514 shalllapply to
(1) joints not specifically mentioned aboye
(2) all brazing material

849.65 Plastic Service Line Connectionsg to Metal
Mains

(a) Plastic service lines shall be connected|
mains with a suitable metallic or plastic m4
as provided in para. 849.61, 849.62, or 849.64 having a
compression end or other suitable transition fitting.

(b) A compression-type service line to maih connec-
tion shall be designed and installed to effective]ly sustain
the longitudinal pullout forces caused by conffraction of
the piping or external loading.

to metal
in fitting

65
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Chapter V
Operating and Maintenance Procedures

850 OPERATING AND MAINTENANCE

850.3 Essential Features of the Operating and

PROCEDURES AFFECTING THE SAFETY OF GAS
TRANSMISSION AND DISTRIBUTION
FACILITIES

850.1 General

(a) Bedause of many variables, it is not possible to
prescribe|in a code a detailed set of operating and main-
tenance procedures that will encompass all cases. It is
possible} however, for each operating company to
develop pperating and maintenance procedures based
on the pjovisions of this Code, its experience, and its
knowledge of its facilities and conditions under which
they are ¢perated that will be adequate from the stand-
point of public safety. For operating and maintenance
procedures relating to corrosion control, see Chapter VL

(b) Uppn initiating gas service in a pipeline designed
and consructed or converted to gas service in accor-
dance with this Code, the operating company shall
determife the Location Class in accordance with
Table 854.1(c).

850.2 Basic Requirements

Each operating company having gas transmission or
distribution facilities within the-scope of this Code shall

(a) havle a written plan covering operating and main-
tenance procedures in aceerdance with the scope and
intent of fthis Code

(b) have a written‘emergency plan covering facility
failure or other efergencies

(c) opgrate-and maintain its facilities in conformance
with these plans

Maintenance Plan

The plan prescribed in para. 850.2(a) shallinclyde
(a) detailed plans and instructions for employees cov-
ering operating and maintenance procedures fof gas
facilities during normal operationscand repairs
(b) items recommended for inéltision in the plgn for
specific classes of facilities thatate given in paras. $51.2,
851.3, 851.4, 851.5, 851.6, and-861(d)
(c) plans to give particular attention to those portions
of the facilities presefting the greatest hazard tp the
public in the event of.an emergency or because of con-
struction or extragrdinary maintenance requiremg¢nts
(d) provisiens for periodic inspections along the foute
of existing steel pipelines or mains, operating at afhoop
stress in ‘exéess of 40% of the specified minimum |yield
strengtliof the pipe material to consider the possipility
of Location Class changes. It is not intended that [these
inSpections include surveys of the number of builfings
intended for human occupancy. (See para. 854.)

850.4 Essential Features of the Emergency Plan
850.41 Written Emergency Procedures

850.411 Each operating company shall estgblish
written procedures that will provide the basis for ingtruc-
tions to appropriate operating and maintenance pgrson-
nel that will minimize the hazard resulting from fa gas
pipeline emergency. At a minimum, the proceduregqshall
provide for the following:

(a) asystem for receiving, identifying, and classifying
emergencies that require immediate response by the
operating company

(b) indicating clearly the responsibility for instrycting
employees in the procedures listed in the emergency
plans and for training employees in the executipn of
those procedures

(d) modity the plans periodically as experience dic-
tates and as exposure of the public to the facilities and
changes in operating conditions require

(e) provide training for employees in procedures
established for their operating and maintenance func-
tions. The training shall be comprehensive and shall be
designed to prepare employees for service in their area
of responsibility.

(f) keep records to administer the plans and training
properly

66
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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

850.42 Training Program. Each operating company
shall have a program for informing, instructing, and
training employees responsible for executing emergency

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 stations,
and other gas handling equipment), where possible leak-

proceduses—The program shall acquaint the employee
with [the emergency procedures and how to promptly
and effectively handle emergency situations. The pro-
gran| may be implemented by oral instruction, written
instrfiction, and, in some instances, group instruction,
followed by practice sessions. The program shall be
estabflished and maintained on a continuing basis with
provision for updating as necessitated by revision of the
written emergency procedures. Program records shall
be mpintained to establish what training each employee
has received and the date of such training.

8%0.43 Liaison

(a)| Each operating company shall establish and main-
tain ljaison with appropriate fire, police, and other pub-
lic officials and public communications media.

(b)| Each operating company must have a means of
commhunication with appropriate public officials during
an erhergency.

(c)| Emergency procedures, including the contingency
plan junder para. B855.1(e), must be prepared in coordi-
nation with appropriate public officials.

850.44 Educational Program. An educatiehal pro-
gran| shall be established to enable customers and the
genefal public to recognize a gas emergency and report
it to the appropriate officials. The educational program
shall|be tailored to the type of pipeline operation and
the ehvironment traversed by-thepipeline and shall be
condlicted in each language, that is significant in the
comrpunity served. Opérators of distribution systems
shallfcommunicate their\programs to consumers and the
genetal public in théir distribution area. Operators of
transjmission systems shall communicate their programs
to redidents along their pipeline rights-of-way. Operators
of sour gas-pipelines subject to Chapter IX shall notify
residents-affected by the contingency plan under para.
B85511(¢) of the hazards of sour gas, the potential source

age of gas constitutes a hazard of fire or explogion. Each
operating company shall take steps te.minjmize the
danger of accidental ignition of gas.

(a) When a hazardous amount of(gas is to be vented
into open air, each potential souxcé.of ignition|shall first
be removed from the area and adequate fire extinguish-
ers shall be provided. All¢flashlights, lighting fixtures,
extension cords, and toels‘shall be of a type approved
for hazardous atmosphetes. Blowdown connedtions that
will direct the gas@away from any electrical trafsmission
lines must be jinstalled or used.

(b) Suitablesigns and flagmen or guards, if hecessary,
shall be posted to warn others approaching of entering
the area of the hazard.

(c)<Jo prevent accidental ignition by electtic arcing,
an‘adequate bonding cable should be connected to each
side of any pipe that is to be parted, tapped, §queezed-
off, or joined, and any cathodic protection rectifiers in
the area shall be turned off. When plastic pipg is being
parted, tapped, or joined, attention must be giyen to the
static electrical charges that may be present on both the
inside and outside diameters of the pipe. Thege charges
can be dissipated by using antistatic fluids dr a water
and detergent solution in combination with al moisture
retaining material that must be in contact|with the
exposed pipe and the earth. Cutting tools and squeeze-
off and tapping equipment used on plastic pjpe where
static charges may be present shall be groundef to drain
these charges from the pipe.

(d) When cutting by torch or welding is fo be per-
formed, a thorough check shall first be made for the
presence of a combustible gas mixture in the ar¢a 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 progtess of the
work

of the gas, and protective measures to take in an emer-
gency. The programs of operators in the same area shall
be coordinated to properly direct reports of emergencies
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.
This plan shall include a procedure to select samples of

Y

(e) Should welding be anticipated on a pipeline filled
with gas and the safety check under (d) above has been
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

(07)
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gas. Caution must be taken when using an inert gas to
provide adequate ventilation for all workers in the area.

850.7 Blasting Effects

Each operating company shall establish procedures
for protection of facilities in the vicinity of blasting activ-
ities. The operating company shall

(a) Locate and mark 1ts plpehne when exploswes are
tobe detona

blasting distances from the pipelines
dependinjg upon the type of blasting operation.

(b) Defermine the necessity and extent of observing
or monitqring blasting activities based upon the proxim-
ity of the|blast with respect to the pipelines, the size of
charge, and soil conditions.

(c) Copduct a leak survey following each blasting
operatior] near its pipelines.

851 PIPELINE MAINTENANCE

851.1 Periodic Surveillance of Pipelines

As a mpans of maintaining the integrity of its pipeline
system, ¢ach operating company shall establish and
implement procedures for periodic surveillance of its
facilities| Studies shall be initiated and appropriate
action shall be taken where unusual operating and main-
tenance donditions occur, such as failures, leakage his¢
tory, drop} in flow efficiency due to internal corrosion, or
substantipl changes in cathodic protection requirethents.

When quch studies indicate the facility is in unsatisfac-
tory condition, a planned program shall be initiated to
abandon,| replace, or recondition and proof test. If such
a facility|cannot be reconditioned or ‘phased out, the
maximur allowable operating pressure shall be reduced
commengurate with the requirements described in para.
845.213(c).

851.2 Pipeline Patrolling

Each operating,eempany shall maintain a periodic
pipeline patrol program to observe surface conditions on
and adjadent to €ach pipeline right-of-way, indications of
leaks, copstruction activity other than that performed
by the cohpa -
affecting the safety and operatlon of the pipeline. Patrols
shall be performed at least once every year in Location
Classes 1 and 2, at least once every 6 months in Location
Class 3, and at least once every 3 months in Location
Class 4. Weather, terrain, size of line, operating 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:.

851.21 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
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 operatmg company shall prov1de additional

i ctepads,

851.22 Maintenance of Cover in Cross-Co
Terrain. If the operating company learns, as a I
of patrolling, that the cover over the pipeline in ¢ross-
country terrain does not meet the ¢riginal design, if shall
determine whether the cover<has been reduced fo an
unacceptable level. If level isunacceptable, the operjating
company shall provide additional protection by r¢plac-
ing cover, lowering the line, or other suitable megns.

851.3 Leakage Sufveys

Each operating company of a transmission line|shall
provide for periodic leakage surveys of the line |in its
operatingsand maintenance plan. The types of sufveys
selected-shall be effective for determining if potertially
hazardous leakage exists. The extent and frequerfcy of
the leakage surveys shall be determined by the opetfjating
pressure, piping age, Class Location, and wheth¢r the
transmission line transports gas without an odor4qnt.

851.4 Repair Procedures for Steel Pipelines
Operating at Hoop Stress Levels at or Abpve
30% of the Specified Minimum Yield Strength

If at any time a defect mentioned in the follqwing
subsections of para. 851.4 is evident on a pipleline
operating at hoop stress levels at or above 30% ¢f the
specified minimum yield strength of the pipe, tempprary
measures shall be employed immediately to proteft the
property and the public. If it is not feasible to make
repairs at the time of discovery, permanent repairs|shall
be made as soon as described herein. The use of a welded
patch as a repair method is prohibited, except ag pro-
vided in para. 851.44(e). If the pipeline is not taken out
of serv1ce, the operatmg pressure shall be ata level that

Nonleakmg corroded areas that must be repalred or
replaced are defined in para. 862.213. Longitudinal weld
seams are commonly identified by visual inspection,
etchants, or ultrasonic testing.

A full encirclement welded split sleeve with welded
ends shall have a design pressure at least equal to that
required for the maximum allowable operating pressure
of the pipe being repaired [see para. 841.11(a)]. If condi-
tions require that the sleeve carry the full longitudinal
stresses, the sleeve shall be at least equal to the design

(07)
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strength of the pipe being repaired. Full encirclement
sleeves shall not be less than 4 in. in width.

If the defect is not a leak, the circumferential fillet
welds are optional in certain cases as described in the
following sections of para. 851.4. If circumferential fillet
welds are made, the sleeve’s longitudinal welds shall be
butt welds. The welding procedures for the circumferen-
tial fillet welds shall be suitable for the materials and
shall consider the potential for underbead cracking.

(f) Dents that contain corrosion are injurious if the
corrosion is in excess of what is allowed by para. 862.213,
or if they exceed a depth of 6% of the nominal pipe
diameter.

(g) Dents that contain stress corrosion cracks or other
cracks are injurious.

(h) Dents that affect ductile girth or seam welds are
injurious if they exceed a depth of 2% of the nominal
pipp diameter except those evaluated and determined

Backfip strips are not required. 1f the circumierential
fillet|welds are not made, the longitudinal welds may
be butt welds, or fillets to a side bar. The circumferential
edgep, which would have been sealed had the fillet weld
been[made, should be sealed with a coating material
such|as enamel or mastic, so that the soil environment
will be kept out of the area under the sleeve.

Prior to the installation of a sleeve, the pipe body
shallbe inspected by ultrasonic methods for laminations
whete sleeve fillet welds will be deposited onto the
pipe [body.

Consideration shall be given to the toughness charac-
teristics and quality of all seam welds when depositing
weldp across the seam in the course of repairs.

841.41 Definition of Injurious Dents and Mechanical
Damage

(a)] Dents are indentations of the pipe or distortions
of the pipe’s circular cross section caused by external
forcep.

(b)| Plain dents are dents that vary smoothly and)do
not ¢ontain creases, mechanical damage {such as
desctibed in 851.41(c)], corrosion, arc burns;.girth, or
seam| welds.

(c)] Mechanical damage is damage t@ the pipe surface
caus¢d by external forces. Mechanieal.damage includes
featyres such as creasing of the pipe wall, gouges,
scrapes, smeared metal, and metal loss not due to corro-
sion.|Cracking may or may ot be present in conjunction
with [mechanical damage. Denting of the pipe may or
may [not be apparenttin®conjunction with mechanical
damgge.

(d)| Plain dents\are defined as injurious if they exceed
a depjth of 6%.06f the nominal pipe diameter. Plain dents
of any depth-are acceptable provided strain levels associ-

ated |with-the deformation do not exceed 6% strain.
Strair\ ]D‘VD]Q mn} ]‘\D {")1(‘111’){"0[4 1‘1"1 nnnnv:‘]anr‘o ‘A71'+1‘\

to be safe by an engineering analysis that cofisiders weld
quality, nondestructive examinations, and.opgration of
the pipeline are acceptable provided strain levels associ-
ated with the deformation do not eXceed 4%. It is the
operator’s responsibility to establish the quality level of
the weld.

(i) Dents of any depth that affect nonductjle welds,
such as acetylene girth welds or seam weldp that are
prone to brittle fracture; are injurious.

851.42 Permanent Field Repairs of Injurigus Dents
and Mechanical Damage

(a) Injurious dents and mechanical damagg shall be
remoyed or repaired by one of the methods [below, or
thepoperating pressure shall be reduced. Th¢ 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 mechanicdl 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
by removing the defect by hot tapping, proyided the
entire defect is removed.

(c) Repairs of injurious dents or mechanicgl damage
shall be performed as described below.

(1) Plain dents, dents containing corrosion, dents
containing stress corrosion cracking, and dentg 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.

(2) External mechanical damage, and |all dents
affecting acetylene girth welds or seam welds that are

Appendix R or other engineering methodology. In evalu-
ating the depth of plain dents, the need for the segment
tobe able to safely pass an internal inspection or cleaning
device shall also be considered. Any dents that are not
acceptable for this purpose should be removed prior to
passing these devices through the segment, even if the
dent is not injurious.

(e) All external mechanical damage with or without
concurrent visible indentation of the pipe is considered
injurious.
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known to exhibit brittle fracture characteristics, may be
repaired with a full encirclement steel sleeve with ends
welded to the pipe.

(3) External mechanical damage, including cracks,
may be repaired by grinding out the damage provided
any associated indentation of the pipe does not exceed
a depth of 4% of the nominal pipe diameter. Grinding
is permitted to a depth of 10% of the nominal pipe wall
with no limit on length. Grinding is permitted to a depth
greater than 10% up to a maximum of 40% of the pipe

o7
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wall, with metal removal confined to a length given by
the following equation:

/t 2 1/2
a
O o )]
where
D = nominal outside diameter of the pipe, in.

produce a hoop stress in excess of 20% of the specified
minimum yield of the pipe, and grinding of the defective
area can be limited so that there will remain at least
% in. thickness in the pipe weld.

(b) Defective welds mentioned in (a) above, which
cannot be repaired under (a) above and where it is not
feasible to remove the defect from the pipeline by
replacement, may be repaired by the installation of a full
encirclement welded split sleeve using circumferential

L = maximum allowable longitudinal extent of the -
iound area, in. fiitet-welds:
a = measured maximum depth of ground area, in. (c) If a manufacturing defect is found in¢a ‘dpuble

t = njominal wall thickness of pipe, in.

Grinding shall produce a smooth contour in the pipe
wall. Th¢ remaining wall thickness shall be verified
using ultgasonic testing. After grinding, the surface shall
be inspedted for cracks using a nondestructive surface
examinatjon method capable of detecting cracks and the
surface shall be inspected with a suitable etchant per
para. 841|1245. If grinding within the depth and length
limitations fails to completely remove the damage, the
damage shall be removed or repaired in accordance with
para. 851142(c)(2).

(4) Dents containing stress corrosion cracking may
be repairgd by grinding out the cracks to a length and
depth pefmitted in para. 862.213 for corrosion in plain
pipe. Theg wall thickness shall be checked using ultra-
sonic tegting. After grinding, the surface shall be
inspectedl for cracks using a nondestructive surface
examinatIon method capable of detecting cracks and thé
surface shall be inspected with a suitable etchant as jper
para. 841|245. If grinding within the depth and lergth
limitations fails to completely remove the damage, the
damage shall be removed or repaired in aceordance with
para. 851142(c)(1).

(d) If & dent or mechanical damage jis’ repaired with
a sleeve not designed to carry maximum allowable
operating line pressure, the dentshall first be filled with
an incompressible filler. If the(sleeve is designed to carry
maximumn allowable operating pressure, the incom-
pressiblel|filler is recomiwended but not required.

(e) Nonmetallic composite wrap repairs are not
acceptable for repair of injurious dents or mechanical
damage, junless proven through reliable engineering
tests and|analysis.

(f) All[repairs under para. 851.42 shall pass nonde-

submerged arc welded seam or high freqtiericy [ERW
seam, a full encirclement welded split sleeve shall be
installed.

(d) If a manufacturing defect is discovered in & low
frequency ERW weld seam or any%seéam having a factor,
E less than 1.0 in Table 841.1454;, or if hydrogen ptress
cracking is found in any weld*zone, a full encirclgment
welded split sleeve designed to carry maximum alllow-
able operating pressure shall be installed.

(e) All repairs performed under (a), (b), (c), arjd (d)
above shall be(tested and inspected as providpd in
para. 851.5.

(f) Corroded areas may be repaired by filling [them
with deposited weld metal using a low-hydrogen feld-
ing proegess. Repairs shall be accomplished in accordlance
with'a written maintenance procedure, which when fol-
lowed will permanently restore the required wall thick-
ness and mechanical properties of the pipelinel The
welding procedures and welders shall be qualified
under para. 823.21. The procedures shall provide [suffi-
cient direction for avoiding burn-through and minfimiz-
ing the risk of hydrogen cracking on in-service pipdlines.
For background information on developing a weld
deposition repair procedure, refer to “Guidelings for
Weld Deposition Repair on Pipelines” (PRCI Cqtalog
L51782) in Appendix A. This method of repair shall not
be attempted on pipe that is thought to be susceptible
to brittle failure.

851.44 Permanent Field Repair of Leaks and Nonjleak-
ing Corroded Areas
(a) If feasible, the pipeline shall be taken out of s¢rvice
and repaired by cutting out a cylindrical piece of pipe
and replacing with pipe of equal or greater design
strength.

structive inspections and tests as provided in para. 851.5.

851.43 Permanent Field Repair of Welds Having Inju-
rious Defects

(a) All circumferential butt welds found to have unac-
ceptable defects (according to API 1104) shall be repaired
in accordance with the requirements of para. 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
pipeline has been reduced to a pressure that will not
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)y itis ot feasibletotake the pipetimeoutof ser-
vice, repairs shall be made by the installation of a full
encirclement welded split sleeve unless a patch is chosen
in accordance with (e) below, or unless corrosion is
repaired with deposited weld metal in accordance with
(f) below. If nonleaking corrosion is repaired with a
full encirclement welded split sleeve, the circumferential
fillet welds are optional.

(c) If the leak is due to a corrosion pit, the repair may
be made by the installation of a properly designed bolt-
on leak clamp.

(07)

(07)
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(d) A small leak may be repaired by welding a nipple
over it to vent the gas while welding and then installing
an appropriate fitting on the nipple.

(e) Leaking or nonleaking corroded areas on pipe of
not more than 40,000 psi specified minimum yield
strength may be repaired by using a steel plate patch
with rounded corners and with dimensions not in excess
of one-half the circumference of the pipe fillet welded
over the pltted area. The de51gn strength of the plate
shallft i

(f)|Small corroded areas may be repalred by filling
them| with deposited weld metal from low-hydrogen
electfodes. The higher the pressure and the greater the
flow [rate, the less is the chance of burn-through. At 20 V
and 100 A, burn-through is unlikely to occur when the
folloying actual wall thicknesses exist:

Gas Velocity, ft/sec

psia 0 5 10 20
15 0.320
500 0.300 0.270 0.240 0.205
900 0.280 0.235 0.190 0.150

This method of repair should not be attempted on
pipe that is thought to be susceptible to brittle fracture.
(¢)| All repairs performed under (a), (b), and (d) above
shall[be tested and inspected as provided in para. 851.5.

851.45 Permanent Field Repair of Hydrogen Stress
Cracking in Hard Spots and Stress Corrosion Cracking

(a)| If feasible, the pipeline shall be taken out of setvice
and fepaired by cutting out a cylindrical piecelof pipe
and feplacing with pipe of equal or greater design
strength.

(b) If it is not feasible to take the pipeline out of ser-
vice, |repairs shall be made by thesinstallation of a full
encirflement welded split sleevge. JIn the case of stress
corrgsion cracking, the filletwelds are optional. If the
fillet|welds are made, pressutization of the sleeve is
optignal. The same applies to hydrogen stress cracking
in hard spots, except. that a flat hard spot shall be pro-
tectefl with a hardenable filler or by pressurization of
a fillet welded _sleeve. Stress corrosion cracking may
also be repaifedper para. 851.42(c)(4), which describes
repaifrs forsstress corrosion cracking in dents.

(c)| All'zépairs performed under paras. 851.45(a) and
() s . : .

851.5.

851.5 Testing Repairs to Steel Pipelines or Mains
Operating at Hoop Stress Levels at or Above
30% of the Specified Minimum Yield Strength

851.51 Testing of Replacement Pipe Sections.
When a scheduled repair to a pipeline or main is made
by cutting out the damaged portion of the pipe as a
cylinder and replacing it with another section of pipe,
the replacement section of pipe shall be subjected to a
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pressure test. The replacement section of pipe shall be
tested to the pressure required for a new pipeline or
main installed in the same location. The tests may be
made on the pipe prior to installation, provided nonde-
structive tests meeting the requirements of para. 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 sectlons instead of
fpgraphed.

(See para. 851 52.)

851.52 Nondestructive Testing of(Repairs, Gouges,
Grooves, Dents, and Welds. If thedefects ar¢ repaired
by welding in accordance with_the ‘provisions of para.
851.4 and any of its subsections, the welding shall be
examined in accordance with ‘para. 826.

851.6 Pipeline Leak Records

Records shall be made covering all leaks discovered
and repairs made:All pipeline breaks shall bg reported
in detail. These records along with leakage stirvey rec-
ords, line-patrol records, and other records relating to
routinesor‘unusual inspections shall be kept n the file
of the.Operating company, as long as the section of line
remains in service.

851.7 Pipeline Markers

(a) Signs or markers shall be installed wher¢ it is con-
sidered necessary to indicate the presence of § pipeline
at road, highway, railroad, and stream crossin|gs. Addi-
tional signs and markers shall be installed plong the
remainder of the pipeline at locations where [there is a
probability of damage or interference.

(b) Signs or markers and the surrounding right-of-
way shall be maintained so markers can be epsily read
and are not obscured.

(c) The signs or markers shall include the wprds “Gas
(or name of gas transported) Pipeline,” the name of the
operating company, and the telephone numbdr (includ-
ing area code) where the operating company can be
contacted.

851.8 Abandoning of Transmission Facilities

Each operating company shall have a plan in its
operating and maintenance procedures for abandoning
tsst thtt ; he follow-

ing provisions:

(a) Facilities to be abandoned shall be disconnected
from all sources and supplies of gas such as other pipe-
lines, mains, crossover piping, meter stations, control
lines, and other appurtenances.

(b) Facilities to be abandoned in place shall be purged
of gas with an inert material and the ends shall be sealed,
except that

(1) After precautions are taken to determine that
no liquid hydrocarbons remain in the facilities to be
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abandoned, then such facilities may be purged with air.
If the facilities are purged with air, then precautions
must be taken to determine that a combustible mixture
is not present after purging. (See para. 841.275.)

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 hrde—thefoHowd

(a) deflection

(b) diameter, wall thickness, and grade of pipe
(c) pipeline pressure

(d) type of girth welds

(e) test and operating history

(f) presence of defects

(g) existing curvature

(h) bends

(i) valves and fittings

P o1l o
procedures—shat-inelrde-thefoHowing:

(a) Facflities to be decommissioned shall be isolated
and sealeld from all sources and supplies of gas such as
other pipflines, mains, crossover piping, meter stations,
control lifes, and other appurtenances.

(b) Puige 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 tp service exists, a small amount of gas can
remain ir| the facility provided the gas amount poses no
potential| hazard, and contains no corrosive contami-
nants exfeeding pipeline quality standards such as
water, catbon dioxide, and sulfides.

(c) After the facilities have been decommissioned, the
maintenance procedures shall continue to be applied as
if the facflity were still in service.

(d) Th¢ cathodic protection shall be maintained with
the perioglic inspections and record keeping to continue
as if the facility were still in service.

(e) For stations where blanket gas remains, the
Emergen¢y Shut Down (ESD) system shall remain in
service. Jome modification to the ESD system may be
required fo allow for a low pressure ESD. The hazatdous
gas and fjre detectors should remain in service to blow
the units|and piping down, if necessary.

851.10 Recommissioning of Transmission Facilities

Operafors planning to recommission (reactivate)
transmisgion facilities temporarilyxremoved from service
shall develop written procedures for recommissioning
facilities to service. The pfocédures shall include the
following:

(a) Befpre a facility is recommissioned, all mainte-
nance andl cathodjcprotection records shall be reviewed

(j) terrain and soil conditions

(k) personnel safety considerations

(I) additional stresses caused by repositioning
pipeline

f the

851.12 Pressure Testing for Integrity Assessment of
In-Service Pipelines

The integrity of an in-service pipeline may be dleter-
mined by pressure testingfor strength and leaks. {Com-
parison of new test pressures with previouq test
pressures will demonstrate that the integrity of the pipe-
line has not been feduced if new test pressures are pqual
to or greater than/previous test pressures. If ther¢ was
no previous, strength test with which to compare the
current test)a minimum specified margin of safetly can
be established. A strength test, however, will not indlicate
ongoing deterioration of the pipeline that has nof pro-
gressed to the point where defects fail durinf the
strength test. Refer to Appendix N for hydrostatig test-
ing guidelines.

eline
plus

integrity: defined here as the capability of the pif
to withstand hoop stress due to operating pressure
a margin of safety required by this section.

in-service pipeline: defined here as a pipeline thdt has
been or is in-service.

851.12.1 Pressure Test Levels. When establiphing
test pressures for a test section, the maximum test|pres-
sure shall be determined by the operator to prevent
damage to the pipeline and its components. Congider-
ation must be given to the affect of test section elevation
differences on the test pressure. Whenever test pressure
will cause a hoop stress in excess of 100% of the SMYS,
yield

to ensure| that the'edndition and integrity of the facility =~ refer to Appendix N, section N-5 for guidance on
has beer] maintained during the decommissioned monitoring. The minimum test pressure shall pe as
period. required by paras. 851.12.1(a) through (c).

(h) Facilities To be recommissioned that have been (m—Todetermine theintegrity of arrin=service pipeline

decommissioned for an extended period of time shall
be repressured incrementally.

(c) Aleak survey shall be performed after the facility
has been recommissioned. Any defects or leaks discov-
ered shall be repaired before the facility is back in full
operation.

851.11 Repositioning a Pipeline in Service

When repositioning a pipeline in service, the follow-
ing are some of the factors that shall be considered:
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by strength testing, the pipeline shall be strength tested
at a pressure which will cause a hoop stress of at least
90% of the SMYS in the segment with the lowest design
or rated pressure in the section tested except as provided
in para. 851.12.1(b) or para. 851.12.1(c).

(b) For pipelines in which SCC (Stress Corrosion
Cracking) has been identified, defects may be mitigated
by pressure testing to a pressure that will create a hoop
stress of at least 100% of the SMYS at the high point
elevation.
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(c) For those in-service pipelines for which the hoop
stress percent of the SMYS cannot be accurately deter-
mined or those pipelines that operate at hoop stress
levels lower than maximum design pressure, the mini-
mum strength test pressure shall be 1.10 times the
MAOP.

(d) Following the strength test period, a leak test
should be performed. The leak test pressure should be
at least 1.10 times the MAOP of the pipeline.

monitoring to detect encroachment are methods that can
be used to predict or confirm the presence of defects
that may reduce the integrity of the pipeline.

852 DISTRIBUTION PIPING MAINTENANCE
852.1 Patrolling

Distribution mains shall be patrolled in areas where
necessary to observe factors that may affect safe opera-

1.12.2 Pressure Hold Period
The strength test pressure shall be held for a mini-
mun] time period of one half hour, except for those lines
with|known SCC, which are to be pressure tested in
accotdance with para. 851.12.2(b).

(b)) The pressure test for SCC shall be held long
enough for the test pressure to stabilize, in most cases
one alf hour or less.

(c)] The leak test pressure should be maintained for
as log as necessary to detect and locate or evaluate any
leakage of test media. Additional leak test methods may
be ethployed if detection of leakage of the test media is
not practical due to very small leaks such as may be
expefienced after testing for SCC.

8]
(a)

851.12.3 Time Interval Between Tests. The time
interyal between pressure tests, or performing the initial
presqure test if the pipeline was not post-construction
testedl, should be based upon an engineering critical
assessment to prevent defects from growing to critieal
sized. That engineering critical assessment sh'ould
include consideration of the following factors:

(a)| Risk to the Public. The first consideratiomnin a test
or refest 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
highé¢r the stress level of the stfength test, the smaller
the r¢maining flaw will be. Smaller remaining flaws will
resulf in a longer time befofe the flaw could be expected
to grow to a critical size,ifnot mitigated. This means that
increpsing the ratio of the test pressure to the operating
presgure may potenfially increase the retest interval.

(c)| Corrosion<Growth Rate. The corrosion growth rate
on a|given pipeline depends upon the aggressiveness
of the corfosive environment and the effectiveness of
corrgdsien-eontrol measures.

tion. The patrolling shall be considered in areps of con-
struction activity, physical deterioratidnyof exposed
piping and supports, or any natural catses, which could
result in damage to the pipe. The frequency of the patrol-
ling shall be determined by the severity of the donditions
that could cause failure or leakage and the sybsequent
hazards to public safety.

852.2 Leakage Surveys

Each operating, comipany having a gas digtribution
system shall setcup in its operating and majintenance
plan a provision for making periodic leakagp surveys
on the system.

852:21 The types of surveys selected shall be effec-
tive for determining if potentially hazardous leakage
exists. The following are some procedures that may be
employed:

(a) surface gas detection surveys

(b) subsurface gas detector survey (including bar hole
surveys)

(c) vegetation surveys

(d) pressure drop tests

(e) bubble leakage tests

(f) ultrasonic leakage tests

A detailed description of the various sunveys and
leakage detection procedures is shown in Appendix M.

852.22  The extent and frequency of leifage sur-
veys shall be determined by the character of tlje general
service area, building concentrations, piping age, system
condition, operating pressure, and any oth¢r known
condition (such as surface faulting, subsidence/ flooding,
or an increase in operating pressure) that has dignificant
potential to either initiate a leak or to cause ldaking gas
to migrate to an area where it could result in a hazardous
condition. Special one-time surveys should He consid-

(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 effectiveness
of programs to prevent damage by excavation affects
pipeline maintenance.

(e) Other Inspection Methods. In-line inspection, exter-
nal electrical surveys of coating condition and cathodic
protection levels, direct inspection of the pipe, monitor-
ing of internal corrosion, monitoring of gas quality, and
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ered foltowing exposure of the gas distribution system
to unusual stresses (such as those resulting from earth-
quakes or blasting). The leakage survey frequencies shall
be based on operating experience, sound judgment, and
a knowledge of the system. Once established, frequen-
cies shall be reviewed periodically to affirm that they
are still appropriate. The frequencies of the leakage sur-
vey shall at least meet the following:

(a) Distribution systems in a principal business dis-
trict should be surveyed at least annually. Such surveys
shall be conducted using a gas detector and shall include
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tests of the atmosphere that will indicate the presence
of gas in utility manholes, at cracks in the pavement
and sidewalks, and at other locations that provide
opportunities for finding gas leaks.

(b) The underground distribution system outside the
areas covered by (a) above should be surveyed as fre-
quently as experience indicates necessary, but not less
than once every 5 years.

852.3 Lgakage

Leaks

852.3l Leakage Classification and Repair.
located by surveys and/or investigation should be eval-
uated, clgssified, and controlled in accordance with the
criteria s¢t forth in para. M-5 of Appendix M.

Prior tg taking any repair action, leaks should be pin-
pointed but only after it has been established that an
immediate hazard does not exist or has been controlled
by such ¢mergency actions as evacuation, blocking an
area off, rerouting traffic, eliminating sources of ignition,
ventilatinlg, or stopping the flow of gas. The pinpointing
guidelings provided in para. M-6 of Appendix M should
be followjed.

852.32 Investigation of Reports From Outside
Sources. | Any notification from an outside source (such
as police| or fire department, other utility, contractor,
customer] or general public) reporting a leak, explosion,
or fire, which may involve gas pipelines or other gas
facilities, ghall be investigated promptly. If the investiga-
tion revepls a leak, the leak should be classified and
action shpuld be taken in accordance with the criteria
in para. M-5 of Appendix M.

852.33 Odor or Indications From Foreign‘Sources.
When pgtentially hazardous leak indications (such as
natural, jewer, or marsh gas or gasoline vapors) are
found to|originate from a foreign.source or facility or
customertowned piping, they shall' be reported to the
operator jof the facility and, where appropriate, to the
police department, fire departirient, or other governmen-
tal agencly. When the cémpany’s pipeline is connected
to a foreign facility (such as the customer’s piping), nec-
essary acfion, such,as disconnecting or shutting off the
flow of gas to the\facility, shall be taken to eliminate the
potential |haZard.

852.34 :
is open, the adequacy of leak repairs shall be checked
by using acceptable methods. The perimeter of the leak
area shall be checked with a gas detector. In the case of
a Grade 1 leak repair as defined in Appendix M, where
there is residual 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 other leak repairs, the need for a followup inspec-
tion should be determined by qualified personnel.

852.4 Requirements for Abandoning, Disconnecting,
and Reinstating Distribution Facilities

852.41 Abandoning of Distribution Facilities. Each
operating company shall have a plan for abandoning
inactive facilities, such as service lines, mains, control
lines, equipment, and appurtenances for which there is
no planned use.

The plan shall also include the following provisions:

a he—faetities—a ; aee; 7 shall
be physically disconnected from the piping systen}. The
open ends of all abandoned facilities shall(be-capped,
plugged, or otherwise effectively sealed. The negd for
purging the abandoned facility to prevent the devielop-
ment of a potential combustion hazard*shall be cqnsid-
ered and appropriate measur€s shall be taken.
Abandonment shall not be cofapleted until it has|been
determined that the volumétef gas or liquid hydiocar-
bons contained within the abandoned section poses no
potential hazard. Air 6r inert gas may be used for purg-
ing, or the facility may-be filled with water or other inert
material. (See para. 841.275.) If air is used for puiging,
the operatingonipany shall determine that a combusti-
ble mixturé\is not present after purging. Considerjation
shall be giveén to any effects the abandonment may| have
on anactive cathodic protection system, and appropriate
action'shall be taken.

(b) In cases where a main and the service lineqd con-
nected to it are abandoned, insofar as service lings are
concerned, only the customer’s end of such service lines
needs to be sealed as stipulated above.

(c) Service lines abandoned from the active mains
should be disconnected as close to the main as practi-
cable.

(d) All valves left in the abandoned segment should
be closed. If the segment is long and there are few line
valves, consideration should be given to plugging the
segment at intervals.

(e) All above-grade valves, risers, and vault and valve
box covers shall be removed. Vault and valve box oids
shall be filled with suitable compacted backfill material.

852.42 Temporarily Disconnected Service. When-
ever service to a customer is temporarily discontihued,
one of the following shall be complied with:

f gas
to the customer shall be provided with a locking device
or other means designed to prevent the opening of the
valve by persons other than those authorized by the
operating company.

(b) A mechanical device or fitting that will prevent
the flow of gas shall be installed in the service line or
in the meter assembly.

(c) The customer’s piping shall be physically discon-
nected from the gas supply and the open pipe ends shall
be sealed.
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852.43 Test Requirements for Reinstating Abandoned
Facilities and Temporarily Disconnected Service Lines.
Facilities previously abandoned shall be tested in the
same manner as new facilities before being reinstated.

Service lines previously abandoned shall be tested
in the same manner as new service lines before being
reinstated.

Service lines temporarily disconnected because of
main renewals or other planned work shall be tested

The damaged section can be cut out and replaced in
accordance with applicable provisions of para. 8424,
Installation of Plastic Piping. The replacement pipe or
tubing shall be 100% visually inspected inside and out.
There shall be no visible defects on the inside or outside
of the replacement pipe or tubing. The replacement pipe
or tubing shall be leak tested at available system
pressure.

Repairs shall be made in accordance with qualified

fromfthepointof discormection to the service fine vatve
in the same manner as new service lines before
recor necting, 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
servife need not be tested; or

(b)] when the service line has been designed, installed,
testeql, and maintained in accordance with the require-
ments of this Code.

852.5 Plastic Pipe Maintenance

852.51 Squeezing-off and Reopening of Thermoplas-
tic Pipe or Tubing for Pressure Control

(a)| Before thermoplastic pipe or tubing is squeezed-
off apd reopened, it is required that investigations and
tests|be made to determine that the particular type,
grade, size, and wall thickness of pipe or tubing of the
same manufacture can be squeezed-off and reopenéd
with¢ut causing failure under the conditions that.will
prevail at the time of the squeezing-off and reopening.

(b)| After compliance with para. 852.51(a), whenever
thermoplastic pipe or tubing is squeezed-off and
reopg¢ned, it is required that
1) the work be done with equipment and proce-

that have been established\and proven by test
capable of performing the-operation safely and

ively
2) the squeezed-off-and reopened area of the pipe
or tuping be reinforced\itY' accordance with the appro-
priatg provisions of para. 852.52, unless it has been deter-
mined by investigation and test that squeeze-off and
reop¢ning domet affect the long-term properties of the
pipe |or tubihg

(c)| Sqtieeze-off and reopening shall be done in accor-
dance with ASTM F 1041, Standard Guide for Squeeze-

dureg
to bg
effec

PIULCdUIUb l}ldl 1ldV€ bUCIl Ebldbliblled dlld [.rOVen by
test and in accordance with the following:
(a) The recommendations of the plasti¢ymarnjufacturer
shall be taken into consideration when ldetermyining the
type of repair to be made. Special eonsideraftion shall
be given to the extent of fibef’damage in the case of
thermosetting plastic pipe,
(b) If a patch or full encirclement sleeve is used, it
shall extend at least %-in-*beyond the damagpd area.
(c) If afull encirclément split sleeve is used, the joining
line between the Kalves of the sleeve shall b¢ as far as
possible from¢the defect, but in no case closer than 1/2 in.
Suitable précattions shall be taken to ensurg a proper
fit at the fongitudinal seam.
(d) The patch or sleeve material shall be [the same
type and grade as the pipe or tubing being|repaired.
Wall' thickness of the patch or sleeve shall He at least
equal to that of the pipe or tubing.
(e) The method of attachment of the patch|or sleeve
shall be compatible with the material and shalll conform
to the applicable provisions of para. 842.391. Precau-
tions shall be taken to ensure a proper fit and ajcomplete
bond between the patch or sleeve and the piipe being
repaired. The patch or sleeve shall be clamp¢dd or held
in place by other suitable means during the petting or
curing of the bonding material or during the ardening
of a heat-fusion bond. Excess solvent cement shall be
removed from the edges of the patch or sleeye.

852.6 Piping Maintenance Records

852.61 Whenever any portion or sectjon of an
existing underground distribution piping $ystem is
uncovered for operating or maintenance purpgses or for
the installation of new facilities, the following informa-
tion shall be recorded:

(a) the condition of the surface of bare pipg, if pitted

Off of Polyolefin Gas Pressure Pipe and Tubing; and
ASTM F 1563, Standard Specification for Tools to
Squeeze-Off PE Gas Pipe or Tubing.

(d) Refer to Appendix C for a list of other pertinent
ASTM Standards and industry literature.

852.52 Repair of Plastic Pipe or Tubing. If at any
time an injurious defect, groove, gouge, or dent is found
in plastic pipe or tubing, the damaged or defective sec-
tion shall be replaced unless satisfactory repairs are
made.

or generally corroded

(b) the condition of the pipe surface and of the protec-
tive coating where the coating has deteriorated to the
extent that the pipe is corroding underneath

(c) any damaged protective coating

(d) any repairs made

852.62 Whenever broken cast iron facilities are
uncovered, the cause of breakage, such as thermal effect,
backfill, or construction by others, shall be recorded if
it can be determined.
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852.63 Distribution piping condition records shall
be analyzed periodically. Any indicated remedial action
on the piping system shall be taken and recorded.

852.7 Cast Iron Pipe Maintenance

852.71 Each cast iron caulked bell and spigot joint
operating at pressures of 25 psig 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

853.14 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.

853.15 Storage of Combustible Materials. All flam-
mable or combustible materials in quantities beyond
those required for everyday use or other than those

flexibility] of the joint and permanently seals and bonds.

852.72  Each cast iron caulked bell and spigot joint
operating at pressures of less than 25 psig that is exposed
for any rpason must be sealed by a means other than
caulking.

852.73 When a section of cast iron pipe is exposed
for any rdason, an inspection shall be made to determine
if graphifization exists. If detrimental graphitization is
found, thie affected segment must be replaced.

852.74 When an operating company has knowl-
edge that|the support for a segment of a buried cast iron
pipeline js disturbed

(a) thaf segment of the pipeline must be protected as
necessaryf against damage during the disturbance

(b) as poon as possible, appropriate steps must be
taken to provide permanent protection for the disturbed
segment from damage that might result from external
loads.

853 MISCELLANEOUS FACILITIES MAINTENANCE
853.1 (¢

853.11 Compressors and Prime Movers.. The start-
ing, opefjating, and shutdown procedutes for all gas
compressor units shall be established by the operating
company] The operating companytshall take appropriate
steps to gee that the approved 'practices are followed.

mpressor Station Maintenance

853.12 Inspection and:Testing of Relief Valves. All
pressure felieving deviceSin compressor stations shall
be inspe¢ted and/or'tested in accordance with para.
853.3, andl all deviCes-except rupture disks shall be oper-
ated perjodically o determine that they open at the
correct seft pressure. Any defective or inadequate equip-
ment foundshall be promptly repaired or replaced. All

normally used in compressor buildings shall bé stored
in a separate structure built of noncombustible material
located a suitable distance from the compigessor huild-
ing. All aboveground oil or gasoline storage tanks shall
be protected in accordance with ANSIL/NFPA 30.

853.16 Maintenance and Testing of Gas Detéction
and Alarm Systems. Each gas‘detection and alarm sys-
tem required by this Code-shall be maintained to [func-
tion reliably. The operator-shall develop maintenance
and calibration procédures to periodically veriffy the
operational integrity of the gas detectors and alarm sys-
tems installed.

853.2 Procedures for Maintaining Pipe-Type and
Bottle-Type Holders in Safe Operating
Condition

853.21  Each operating company having a [pipe-
type or bottle-type holder shall prepare and place|in its
files a plan for the systematic, routine inspection and
testing of the facilities that has the following provigions.

853.211 Procedures shall be followed to epable
the detection of external corrosion before the strength
of the container has been impaired.

853.212  Periodic sampling and testing of gas in
storage shall be made to determine the dew point of
vapors contained in the stored gas that might rause
internal corrosion or interfere with the safe opergtions
of the storage plant.

853.213  The pressure control and pressurg lim-
iting equipment shall be inspected and tested petiodi-
cally to determine that it is in a safe operating condlition
and has adequate capacity.

853.22  Each operating company, having prepared
such a plan as prescribed in para. 853.21, shall fpllow

remote control shutdown devices shall be inspected and
tested at least annually to determine that they function
properly.

853.13 Repairs to Compressor Station Piping. All
scheduled repairs to compressor station piping
operating at hoop stress levels at or above 40% of the
specified minimum yield strength shall be done in accor-
dance with para. 851.3, except that the use of a welded
patch is prohibited. Testing repairs shall be done in
accordance with para. 851.4.
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the plan and keep records that detail the inspection and
testing work done and the conditions found.

853.23  All unsatisfactory conditions found shall
be promptly corrected.

853.3 Maintenance of Pressure-Limiting and
Pressure-Regulating Stations

853.31 All pressure-limiting stations, relief
devices, and other pressure-regulating stations and
equipment shall be subject to systematic, periodic
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inspections and suitable tests, or reviewed to determine
that they are
(a) in good mechanical condition. Visual inspections
shall be made to determine that equipment is properly
installed and protected from dirt, liquids, or other condi-
tions that might prevent proper operation. The following
shall be included in the inspection where appropriate:
(1) station piping supports, pits, and vaults for gen-
eral condition and indications of ground settlement. See

checks.) The following shall be included in the inspec-
tion and/or test:

(1) station inlet, outlet, and bypass valves

(2) relief device isolating valves

(3) control, sensing, and supply line valves

(b) The final inspection procedure shall include the

following;:

(1) a check for proper position of all valves. Special
attention shall be given to regulator station bypass

para|853.5 for vault maintenance.

2) station doors and gates and pit vault covers to
detefmine that they are functioning properly and that
access is adequate and free from obstructions

3) ventilating equipment installed in station build-
: ings pr vaults for proper operation and for evidence of
 accumulation of water, ice, snow, or other obstructions
; 4) control, sensing, and supply lines for conditions
> that ¢ould result in a failure

: 5) all locking devices for proper operation

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 pressure
1) If acceptable operation is not obtained during
the operational check, the cause of the malfunction shall
be d¢termined, and the appropriate components shall
be adljusted, repaired, or replaced as required. Aftex
repailr, the component shall again be checked for proper
operation.

2) At least once each calendar year, a reyiew shall
be maade to ensure that the combined capacity of the
reliefl devices on a piping system or facilityis adequate
to linhit the pressure at all times to values prescribed by
the (Jode. This review should be baséd on the operating
condjtions that create the maximum probable require-
men{ for relief capacity in eachicase, even though such
operating conditions actually/occur infrequently and/or
for oply short periods of\time. If it is determined that
the relieving equipnient is of insufficient capacity, steps
shall|be taken to(install new or additional equipment
to prpvide adeguate capacity.

8b3.32 Whenever abnormal conditions are
impdsed.on pressure or flow control devices, the incident

valves, relief device isolating valves, and valves in con-
trol, sensing, and supply lines.

(2) restoration of all locking and securitly devices
to proper position

853.34

(a) Every distribution system supplied by more than
one pressure-regulating station shall be equipped with
telemetering or recording pressure gages to indicate the
gas pressure in the disttict.

(b) On distribation systems supplied by a single
pressure-regudlating station, the operating fompany
shall determine the necessity of installing sucl gages in
the district; In making this determination, the pperating
company'shall take into consideration the operpting con-
ditions such as the number of customers supjplied, the
opérating pressures, the capacity of the installation, etc.

(c) If there are indications of abnormal high or low
pressures, the regulator and the auxiliary egquipment
shall be inspected and the necessary measurds shall be
employed to rectify any unsatisfactory operating condi-
tions. Suitable periodic inspections of singlq pressure
regulation stations not equipped with telemé¢tering or
recording gages shall be made to determing that the
pressure-regulating equipment is functioning| properly.

853.4 Valve Maintenance

853.41 Pipeline valves that would be rgquired to
be operated during an emergency shall be [inspected
periodically and partially operated at least orce a year
to provide safe and proper operating conditipns.

(a) Routine valve maintenance procedyres shall
include, but not be limited to, the following:
(1) servicing in accordance with written pfocedures

by adequately trained personnel
(2) accurate system maps for use during

foutine or

shall
as to the need for inspection and/or repairs. Abnormal
conditions may include regulator bodies that are sub-
jected to erosive service conditions or contaminants from
upstream construction and hydrostatic testing.

1) s doe. ST | | 1ot - doe 1 111 1
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853.33

(a) An inspection and/or test of stop valves shall be
made to determine that the valves will operate and are
correctly positioned. (Caution shall be used to avoid
any undesirable effect on pressure during operational
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emergency conditions

(3) valve security to prevent service interruptions,
tampering, etc., as required

(4) employee training programs to familiarize per-
sonnel with the correct valve maintenance procedures

(b) Emergency valve maintenance procedures include

(1) written contingency plans to be followed during
any type of emergency

(2) training personnel to anticipate all potential
hazards
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(3) furnishing tools and equipment as required,
including auxiliary breathing equipment, to meet antici-
pated emergency valve servicing and/or maintenance
requirements

853.42 Distribution System Valves. Valves, the use
of which may be necessary for the safe operation of a
gas distribution system, shall be checked and serviced,
including lubrication where necessary, at sufficiently fre-
quent intervals to ensure their satisfactory operation.

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 work performed in the vault shall be in accordance
with procedures developed per para. 850.2(a), giving
particular consideration to the monitoring of the atmo-
sphere and safety protection for personnel in the vault.

Inspectioh shall include checking of alignment to permit
use of a ey or wrench and clearing from the valve box
or vault any debris that would interfere with or delay
the operdtion of the valve. System maps showing valve
locations|should be available.

853.43 Service Line Valves. Outside shutoff valves
installed|in service lines supplying places of public
assembly] such as theaters, churches, schools, and hospi-
tals, shalllbe inspected and lubricated where required at
sufficient]y frequent intervals to ensure their satisfactory
operatior]. The inspection shall determine if the valve
is accessiple, if the alignment is satisfactory, and if the
valve box or vault, if used, contains debris that would
interfere with or delay the operation of the valve. Unsat-
isfactory lconditions encountered shall be corrected.

853.44 Valve Records. A record shall be maintained
for locatipg valves covered by paras. 853.41 and 853.42.
These redords may be maintained on operating maps,
separate files, or summary sheets, and the information
on these fecords shall be readily accessible to personnel
required fo respond to emergencies.

853.44
tions sha
any valvg

Prevention of Accidental Operation,~ Precau-
1 be taken to prevent accidental operation of
covered by paras. 853.41 and 853:42. Acciden-
tal valve| operation by operating company personnel
and the general public should be considered in taking
these prgcautions. Some recommended actions to be
taken, wiere applicable, are as.follows:

(a) Lodk valves in abovegtound settings readily acces-
sible to the general public-that are not enclosed by a
building jor fence.

(b) Lodk valves,located in vaults, if accessible to the
general public.

(c) Identify the valve by tagging, color coding, or any
other suifablemeans of identification.

854 LOCATION CLASS AND CHANGES IN-NUMBER
OF BUILDINGS INTENDED FOR HUMAN
OCCUPANCY

854.1

(a) Existing steel pipelines or mains'operating atfhoop
stress levels in excess of 40% of specified minimum|yield
strength shall be monitored. to.determine if additional
buildings intended for hurhan occupancy have been con-
structed. The total number of buildings intended for
human occupancy shall be counted to determine the
current Location ©lass in accordance with the groce-
dures specified,in/paras. 840.22(a) and (b).

(b) In accerdance with the principles stated in [para.
840.1(c), @and with the knowledge that the number of
buildings intended for human occupancy is not anjexact
or absolute means of determining damage-catyising
activities, judgement must be used to determilit the
¢hanges that should be made to items, such as operfating
stress levels, frequency of patrolling and cathodic pfotec-
tion requirements, as additional buildings intendg¢d for
human occupancy are constructed.

(c) When there is an increase in the number of huild-
ings intended for human occupancy to or near the gpper
limit of the Location Class listed in Table 854.1(c) {o the
extent that a change in Location Class is likely, a $tudy
shall be completed within 6 months of perception pf the
increase to determine the following:

(1) the design, construction, and testing proceflures
followed in the original construction and a compdrison
of such procedures with the applicable provisions of
this Code

(2) the physical conditions of the pipeline or|main
to the extent that this can be ascertained from cyrrent
tests and evaluation records

(3) operating and maintenance history of thelpipe-

853.5 Vault Maintenance

Each vault housing a pressure-limiting, pressure-
relief, or pressure-regulating station shall be inspected
to determine its condition each time the equipment is
inspected and tested in accordance with para. 853.3. For
any vault that personnel enter, the atmosphere shall be
tested for combustible gas. If the atmosphere is hazard-
ous, the cause shall be determined. The vault shall be
inspected for adequate ventilation. The condition of the
vault covers shall be carefully examined for hazards.
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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.

(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.
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Table 854.1(c) 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 $0% SMYS
1 0-10 4 [Note (2)] 0.555 X test pressure but not greater than $0% SMYS
2 11-45 2 46-65 Previous MAOP but not greater than60% SMYS
2 11-45 3 66+ 0.667 X test pressure but not greater than $0% SMYS
2 11-45 4 [Note (2)] 0.555 X test pressure butmot'greater than $0% SMYS
3 46+ 4 [Note (2)] 0.555 X test pressupé but'not greater than $0% SMYS
NOTES:

(1) AfJtime of design and construction.
(2) Mpltistory buildings become prevalent.

(d)| Following this study, if a change of Location Class
is indicated, the patrols and leakage surveys shall imme-
diate]y be adjusted to the intervals established by the
operating company for the new Location Class.

854.2

If the study described in para. 854.1 indicates that the
established maximum allowable operating pressure of
a secfion of pipeline or main is not commensurate with
existing Location Classes 2, 3, or 4, and such section is in
satisflactory physical condition, the maximum allowable
operdting pressure of that section shall'be confirmed or
revispd within 18 months followifig)completion of the
study as follows.

(a)| If the section involved hag been previously tested
in place for not less than-2\ht, the maximum allowable
operating pressure shallkbe’confirmed or reduced so that
it dogs not exceed that-allowed in Table 854.1(c).

(b)] If the previgus test pressure was not high enough
to allow the pipeline to retain its MAOP or to achieve
an agceptablelower MAOP in the Location Class

its MAOP-or become qualified for an acceptable lower

(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 bfy applica-
ble editions of the B31.8 Code. Confirmation dr revision
according to para. 854.2 shall not preclude the¢ applica-
tion of para. 845.6.

(d) Where operating conditions requirq that the
existing maximum allowable operating pressure be
maintained, and the pipeline cannot be brought into
compliance as provided in (a), (b), or (c) abovg, the pipe
within the area of the Location Class chang¢ shall be
replaced with pipe commensurate with the reqpiirements
of Chapter IV, using the design factor obtained from
Table 841.114A for the appropriate Location {lass.

854.3

Where the MAOP of a section of pipeline ¢r main is
revised in accordance with para. 854.2 and bedqomes less
than the maximum allowable operating presspre of the
pipeline or main of which it is a part, a suitable|pressure-
relieving or pressure-limiting device shall bq installed
in accordance with provisions of paras. 845.1, $45.2, and
845.212.

acc‘c\)lding to'(a) above, the pipeline may either retain

MAOQOPifitisTetested ata higheT test pressure for ot tess
than 2 hr in compliance with the applicable provisions of
this Code. If the new strength test is not performed
during the 18-month period following the Location Class
change, the MAOP must be reduced so as to not 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 18-month
period has expired, however, the MAOP may be
increased to the level it would have achieved if the test
had been performed during that 18-month period.
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854.4

Where the study required in para. 854.1 indicates that
the established maximum allowable operating pressure
of a transmission pipeline is not commensurate with
that permitted by this Code for the new Location Class,
the sectionalizing valve spacing shall be reviewed and
revised as follows:

(a) If the section of pipe is qualified for continued
service because of a prior test [para. 854.2(a)], or can
be brought into compliance by lowering the maximum
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allowable operating pressure [para. 854.2(a)], or testing
[para. 854.2(b)], no additional valves will normally be
required.

(b) Where a segment of pipeline must be replaced to
maintain the established maximum allowable operating
pressure as provided in para. 854.2(d), consideration
should be given to valve spacing as follows:

(1) Where a short section of line is replaced, addi-
tional valves will normally not be required.

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.

856 PIPELINE SERVICE CONVERSIONS
856.1 General

(2) Whete the replacement section involves a mile IIH
or more ¢f transmission line, additional valve installa- The intent of this section is to provide requirements
tion shall be considered to conform to the spacing  to allow an operator of a steel pipeline previously|

requirements in para. 846.11.

855 CANCENTRATIONS OF PEOPLE IN LOCATION
CLASSES 1 AND 2

855.1

(a) (1) Where a facility meeting the criteria of para.
840.3 is bjuilt near an existing steel pipeline in Location
Classes 1 pr 2, consideration shall be given to the possible
consequence of a failure, even though the probability of
such an ofcurrence is very unlikely if the line is designed,
constructpd, and operated in accordance with this Code.
Where sych a facility results in frequent concentrations
of peopld, the requirements 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 yery remote possibility of a failure at that partic-
ular point on the pipeline virtually eliminates the possix
bility of an occurrence.

(b) Pipelines near places of public assembly ‘as out-
lined in (§) above shall have a maximum allowable hoop
stress nof exceeding 50% of SMYS. Alternatively, the
operating company may make the stddy*described in
para. 8541(c) and determine that compliance with the
following will result in an adequate level of safety:

(1) The segment is hydrostatically retested for at
least 2 h1 to a minimum hogp/stress level of

(a)] 100% of SMYSyifithe pipeline is operating at
a hoop stress level overy60% and up to 72% of SMYS

(b)) 90% of SMXS if the pipeline is operating at a
hoop strgss levelxover 50% and up to 60% of SMYS,
unless the segment was tested previously to a pressure
of at leas} 1:5:times the MAOP

used
for service not covered by this Code to qualifyj that
pipeline for service under this Code. For-a dual s¢rvice
pipeline used alternately to transport,liquids in cqnfor-
mance with an appropriate Code;suich as ASME B31.4,
and gas under this Code, onlythe initial conversion to
gas service requires qualification testing.

856.2 Historical Records Study

Review the following historical data and make
evaluation of the pipeline’s condition.
(a) Study.all available information on the original
pipeline design, inspection, and testing. Particular atten-
tion sheuld be paid to welding procedures useqd and
other{joining methods, internal and external cogating,
pipe, and other material descriptions.
(b) Study available operating and maintenancel data
including leak records, inspections, failures, cathodic
protection, and internal corrosion control practices.
(c) Consider the age of the pipeline and the length of
time it may have been out of service in preparing { final
evaluation to convert the pipeline to gas service.

an

856.3 Requirements for Conversion to Gas Servlce

A steel pipeline previously used for service not sfibject
to this Code may be qualified for service undef this
Code as follows:

(a) Review historical records of the pipeline as
cated in para. 856.2.

(b) Inspect all aboveground segments of the pij
for physical condition. During the inspection, id
the material where possible for comparison with
able records.

(c) (')pprﬂfing Stress Level Study

indi-

eline
bntify
hvail-

If the segment-containspipeof varfousoperating
stress levels, the minimum test hoop stress levels stated
above should be based on the SMYS of the pipe with
the highest operating stress level.

(2) Patrols and leakage surveys are conducted at
intervals consistent with those established by the
operating company for Location Class 3.

(3) When the maximum allowable hoop stress
exceeds 60% of SMYS, adequate periodic visual inspec-
tions are conducted by an appropriate sampling tech-
nique, or instrumented inspections capable of detecting

(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 841.114A.

(2) Conduct a study to compare the proposed
operating stress levels with those allowed for the
Location Class.

(3) Replace facilities necessary to make sure the
operating stress level is commensurate with the Location
Class.
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(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 judgement are advisable.

(f) Perform a strength test in accordance with this
Code to establish the maximum allowable operating
pressure of the pipeline, unless the pipeline has been so
tested previously.

replacement sections and other new piping shall be
cathodically protected as required for new pipelines.

856.4 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.

856.5 Records of the Conversion

(g)| Perform a leak test in conformance with this Code.
(h)| Within 1 year of the date that the converted pipe-
line ip placed in gas service, provide cathodic protection
as se} out in para. 862.2, except that wherever feasible,

Maintain for the life of the pipeline a recqgrd of the
studies, inspections, tests, repairs, replacements, and
alterations made in connection with conversjon of the
existing steel pipeline to gas service under tHis Code.
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Chapter VI
Corrosion Control

860 CORROSION CONTROL

conditions, and the service environment and cathodic

861 SCOPE

(a) Thip Chapter contains the minimum requirements
and procg¢dures for corrosion control of exposed, buried,
and submerged metallic piping and components. (See
Chapter VIII for special offshore requirements.) This
Chapter fontains minimum requirements and proce-
dures for| controlling external (including atmospheric)
and interhal corrosion. This Chapter is applicable to the
design anyd installation of new piping systems and to the
operatior] and maintenance of existing piping systems.

(b) Th¢ provisions of this Chapter should be applied
under th¢ direction of competent corrosion personnel.
Every sp¢cific situation cannot be anticipated; therefore,
the appli¢ation and evaluation of corrosion control prac-
tices requires a significant amount of competent judg-
ment to he effective in mitigating corrosion.

(c) Deyiations from the provisions of this Chapter are
permissible in specific situations, provided the operating
company|can demonstrate that the objectives expressed
herein have been achieved.

(d) Cofrosion control requirements and procedures
may, in rhany instances, require measures in-addition
to those shown in this Chapter. Each operating company
shall estgblish procedures to implement ‘its corrosion
control grogram, including the requirements of this
Chapter, [to achieve the desired objéctives. Procedures,
including those for design, installation, and mainte-
nance of fathodic protection systems, shall be prepared
and implpmented by, or under,the direction of, persons
qualified| by training andyor experience in corrosion
control njethods.

862 EXTERNAL-CORROSION CONTROL
862.1 New-Installations

protection requirements when selecting the,copting
materials. The Corrosion Data Survey, published by the
National Association of Corrosion Engineers’ (NACE),
is a source of information on materials(erformance in
corrosive environments.

862.112 Coating Requirements

(a) The surface preparation/should be comp
with the coating to be applied. The pipe surface
be free of deleterious materials, such as rust, scale, mois-
ture, dirt, oils, lacquets, and varnish. The surface|shall
be inspected for/rregularities that could profrude
through the coating. Any such irregularities shall be
removed. Fufther information can be obtained |[from
NACE RP-02-75.
(b) Suitable coatings, including compatible field joint
and patch coatings, shall be selected, giving congider-
ation-to handling, shipping, storing, installation dondi-
tion, moisture adsorption, operating temperatures pf the
pipeline, environmental factors (including the natjire of
the soil in contact with the coating), adhesion character-
istics, and dielectric strength.
(c) Coating shall be applied in a manner that enjsures
effective adhesion to the pipe. Voids, wrinkles, holidays,
and gas entrapment should be avoided.
(d) The coating shall be visually inspected for defects
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 repaired before the pipe is
installed in the ditch.
(e) In addition to the provisions of paras. 84|.222,
841.252, and 841.253, care shall be exercised in hanglling,
storage, and installation to prevent damage to the|coat-
ing, including measures noted as follows.
(1) Minimize handling of coated pipe. Use equip-

ntible
shall

862.11 Buried Steel Facilities

862.111 General. All new transmission pipelines,
compressor station piping, distribution mains, service
lines, and pipe-type and bottle-type holders installed
under this Code shall, except as permitted under para.
862.113, be externally coated and cathodically protected
unless it can be demonstrated by test or experience that
the materials are resistant to corrosion in the environ-
ment in which they are installed. Consideration shall
be given to the handling, shipping, storing, installation
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ment least 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 minimizes
damage to coating.

862.113 Cathodic Protection Requirements.
Unless it can be demonstrated by tests or experience
that cathodic protection is not needed, all buried or
submerged facilities with insulating type coatings,
except facilities installed for a limited service life, shall
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be cathodically protected as soon as feasible following
installation. Minor replacements or extensions, however,
shall be protected as covered by para. 862.212.
Facilities installed for a limited service life need not
be cathodically protected if it can be demonstrated that
the facility will not experience corrosion that will cause
it to be harmful to the public or environment. Cathodic
protection systems shall be designed to protect the bur-
ied or submerged system in its entirety. A facility is

one ¢r more of the criteria established in Appendix K.

62.114 Electrical Isolation

(a)] All coated transmission and distribution systems
shallfbe electrically isolated at all interconnections with
foreign systems including customer’s fuel lines, except
where underground metallic structures are electrically
interponnected and cathodically protected as a unit.
Steel| pipelines shall be electrically isolated from cast
iron,|ductile iron, or nonferrous metal pipelines and
components. Electrical tests shall be made of transmis-
sion Jand distribution systems to locate unintentional
contgcts with other metallic structures. If such contacts
exist] they shall be corrected. See para. 841.143 for clear-
ance [requirements.

(b)) Where a gas pipeline parallels overhead electric
transmission lines, consideration shall be given to
1) investigating the necessity of protecting insulat;
ing jpints in the pipeline against induced voltagés
resulfing from ground faults and lightning. Such pirOtec-
tion can be obtained by connecting buried \galvanic
anodes to the pipe near the insulating jointsand/or by
bridging the pipeline insulator with a spark gap, or by
othe 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
their effects on personnelsafety during construction and
operqtion of the pipelineé 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
(e)-possible adverse effects on cathodic protec-

(See Chapter VIII for special considerations for offshore
pipelines.)

(b) Special attention shall be given to the manner of
installation of electrical leads used for corrosion control
or testing to avoid harmful stress concentration at the
point of attachment to the pipe. Acceptable methods
include, but are not limited to

(1) electrical leads attached directly on the pipe or
by the thermit welding process, using copper oxide and
aluminum powder. 1he size of the thermi] welding
charge shall not exceed a 15-g cartridge.

(2) attachment of electrical leads difeatly to the pipe
by the use of soft solders or other materials that do not
involve temperatures exceeding those for soff solders.

(c) All pipe that is barred for-electrical leafl connec-
tions and all bared electrical lead wires shall be protected
by electrical insulating fnaterial compatible with
existing coating.

862.116 Electrical Interference

(a) Impressed(current cathodic protection systems
shall be designed, installed, and operated so as to mini-
mize advepse/effects on existing metallic struftures.

(b) Field tests shall be conducted to detefmine the
adverserelectrical interference from foreign structures,
including DC electrical facilities. The effecty shall be
mitigated by such means as control bonds, supplemen-
tary cathodic protection, protective coatings, and insu-
lating devices.

862.117 Casings. The use of metallif casings
should be avoided as much as as possible from a corro-
sion control standpoint. It is recognized, however, that
installation of metallic casings is frequently| required
or desirable to facilitate construction, as an e¢onomical
method of protecting existing pipelines, t¢ provide
structural protection from heavy and/or impact loads
to facilitate replacement as required by a govgrnmental
agency and as required by the landowner pr permit
grantor, and for other reasons. Where metalli¢ casing is
used, care should be exercised to ensure that doating on
the carrier pipe is not damaged during installation. The
carrier pipe should be insulated from metallic casings,
and the casing ends should be sealed with a durable
material to minimize the accumulation of splids and
liquids in the annular space. Special attentiqn should

tion, \,Ullllllullikatiullo, Ul Uthcl ClcktlUlli\, fCl\,i}it;CD
(d) the corrosive effects of high voltage direct cur-
rent (HVDC) power systems
(3) obtaining further information
NACE RP-01-77 and EPRI EL-3106

from

862.115 Electrical Connections and Monitoring
Points
(a) Except for offshore pipelines, sufficient test points
should be installed to demonstrate the effectiveness of
corrosion control or the need for cathodic protection.

be given to the casing ends to prevent electricall shorting
due to backfilling movement or settling. Where 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 protection, instal-
lation of a high-resistivity inhibited material in the annu-
lar space, or other effective means.

862.12 Atmospheric Protection

(a) Facilities exposed to the atmosphere shall be pro-
tected from external corrosion by a suitable coating or
jacket.


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

(b) The surface to be coated shall be free of deleterious
materials, such as rust, scale, moisture, dirt, oil, lacquer,
and varnish. The surface preparation shall be compatible
with the coating or jacket to be applied.

(c) The coating or jacket selected shall possess charac-
teristics that will provide adequate protection from the
environment. Coatings and jackets shall completely
cover the exposed structure and shall be applied in
accordance with established specifications or manufac-

safe operating system. Appropriate corrective 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

turer’s refommendations.
(d) Spdcial consideration shall be given to surfaces
near the ground line or in a splash zone.

862.1B3 Other Materials. Where investigation or
experiende indicates that the environment in which the
pipe or ¢omponent is to be installed is substantially
corrosive} the following shall be considered:

(a) materials and/or component geometry shall be
designed|to resist detrimental corrosion

(b) a stitable coating

(c) cat‘Iodic protection

862.2 Existing Installations

Procedures shall be established for evaluating the
need for |and effectiveness of a corrosion control pro-
gram. Appropriate corrective action commensurate with
the condifions found shall be taken. The procedures and
actions should include, but should not be limited to, the
items in paras. 862.21 through 862.25.

862.21 Buried Steel Facilities

862.p11 Evaluation

(a) Thg records available as a result of leakagesurveys
and normjal maintenance work in accordance.with paras.
852.2 and 852.6 shall be continuously feviewed for evi-
dence of [continuing corrosion.

(b) Eleftrical survey methods may be used as an indi-
cation of puspected corrosive areas where surface condi-
tions permit sufficiently accivate measurements. Such
surveys gre most effective\in nonurban environments.
Common| methods of(electrical survey include

(1) gipe-to-soilspotentials
(2) surface poténtials (cell-to-cell)
(3) spil resjstivity measurements
(c) Theq continued effectiveness of a cathodic protec-

(7) other effective measures
(8) any combination of the above
(b) When experience or testing indicates the gbove
mitigation methods will not control continuing ¢orro-
sion to an acceptable level, the segmentshall be reqondi-
tioned or replaced and suitably protected.

862.213 Repair of Corroded Pipe. If the ext¢nt of
corrosion has reduced the-strength of a facility helow
its maximum allowable gperating pressure, that pqrtion
shall be repaired, reconditioned, or replaced, qr the
operating pressure'shall be reduced, commensuratg with
the remaining strength of the corroded pipe. For|steel
pipelines opefating at hoop stress levels at or above 40%
of the specified minimum yield strength, the remaining
strength 6f-corroded pipe may be determined in gccor-
dance-with Appendix L. For background informjation
on, Appendix L, refer to ANSI/ASME B31G, {titled
Manual for Determining the Remaining Strength of
Corroded Pipelines.

862.214 Cathodic Protection Criteria

(a) A facility is considered to be cathodically]
tected when it meets one or more of the criteria ¢
lished in Appendix K.

(b) It is not intended that cathodic protection b¢ lim-
ited to these criteria if it can be demonstrated by |other
means that adequate control of corrosion has|been
achieved.

pro-
stab-

862.215 Electrical Interference

(a) Adverse electrical interference from or to fgreign
structures as determined by field tests shall be mitigated.
(b) Facilities for mitigating electrical interferenceshall
be periodically monitored.

862.216 Examination When Exposed
(1) Whenever a buried facility is exposed during nor-

tion system shall be monitored in accordance with para.
862.217.

862.212 Corrective Measures

(a) If continuing corrosion that, unless controlled,
could result in a condition that is detrimental to public
or employee safety is found by the evaluation made
under para. 862.211 or 862.217(d), appropriate corrective
measures shall be taken to mitigate further corrosion on
the piping system or segment. Corrective measures shall
be continued in effect as long as required to maintain a
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mal maintenance or construction activities, a visual
inspection shall be made of the coating condition and/or
the metal surface, if exposed.

(b) The extent of any corrosion shall be evaluated in
accordance with para. 862.213.

862.217 Operation and Maintenance of Cathodic
Protection System
(a) Inspections shall be made as required to maintain
continuous and effective operation of the cathodic pro-
tection system.
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(b) Electrical tests shall be made periodically to deter-
mine that the piping system is protected in accordance
with the applicable criteria.

(c) The type, frequency, and location of inspections
and tests shall be adequate to establish with reasonable
accuracy the degree of protection provided on the piping
system. Frequency should be determined by consider-
ation of items including, but not limited to, the fol-
lowing:

(c) pipe reinforcement and/or support
(d) pressure reduction

862.223 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 powder. The
size of the thermit welding charge shall not exceed a
32-g cartridge.
(b) All pipe that is bared for test lead connections and

1) condition of pipe
2) method of cathodic protection
3) corrosiveness of the environment
4) probability of loss or interruption of protection
5) operating experience, including inspections and
nvestigations
6) design life of the cathodic protection installation
7) public or employee safety

(d)] Where the tests or surveys indicate that adequate
protdction does not exist, appropriate corrective mea-
sure phall be taken.

leak

862.218 Casings. Electrical isolation of cathodi-
cally|protected pipelines and mains from metallic cas-
ings fthat are part of the underground system shall be
mairjtained as necessary to ensure effectiveness of
cathpdic protection. Electrical measurements and
inspgctions shall be made as necessary to provide timely
evidgnce of shorts that would adversely affect cathodi¢
protgction. If there is evidence of shorts between the
carri¢r pipe and casing that renders cathodic proteetion
of the pipeline or main ineffective, or if evidence of
corrgsion of the carrier pipe inside the casing.is found,
remegial measures shall be taken as necessary to correct
the cpndition or minimize corrosion inside the casing.

862.22 Buried Cast Iron, Wrought Iron, and Ductile
Iron

862.221 Evaluation..\The records available as a
resulf of leakage surveys.and normal maintenance work
in acfordance withparas. 852.2 and 852.6 shall be rou-
tinely reviewed 0 determine pipe conditions. Appro-
priate corrective measures shall be taken in accordance
with para. 862:222 if such review reveals that a condition
that may affect public and employee safety exists. Pipe
size,|operating pressure, terrain, recent underground

all bared test lead wires shall be protected/by| electrical

insulating material compatible with the existinig coating.
862.224 Electrical Interference
(a) If an impressed current type cathodic protection
system is used, the anodes shall be located so as to
mitigate adverse effects on existing underground metal-
lic structures.
(b) Adverse electrical intterference from foreign struc-

tures as determinedibyfield tests shall be mitigated.

862.23 Requirements for Cast Iron and Dyctile Iron
Piping Facilities Exposed to Atmosphere. Abopeground
cast iron and\ductile iron pipe shall be suitably [protected
in areasswhere severe atmospheric corrosion may occur.

862:24 Other Metallic Materials. When [a nonfer-
reus’ metal or ferrous alloy component is four}d to have
corroded to the point where public or employee safety
may be affected, it shall be reconditioned in agcordance
with para. 862.13 or replaced. The replacenpent shall
meet one of the following criteria:

(a) It shall be constructed with other matetials and/
or geometry designed for the remaining life of the parent
facility.

(b) It shall be cathodically or otherwise prgtected.

862.25 Atmospheric Corrosion. Facilitieg exposed
to the atmosphere shall be periodically insgected for
indication of surface corrosion. Where corrosjon is tak-
ing place to the extent that public or employee safety
may be affected, the facility shall be recondjtioned in
accordance with para. 862.12 or replaced. Special consid-
eration shall be given to surfaces near the grgund line.

863 INTERNAL CORROSION CONTROL
863.1 General

construction; proximity and number of other under-
- ground facilities and buildings; and pipe condition shall
- be considered in determining the presence of such a
condition.

862.222 Corrective Measures. The magnitude of
the problem will dictate the corrective measures that
shall be considered. They may include, but are not lim-
ited to

(a) pipe repair
(b) pipe replacement
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Wherr corrosive gas 5 trarnsported, provisions shall
be taken to protect the piping system from detrimental
corrosion. Gas containing free water under the condi-
tions at which it will be transported shall be assumed
to be corrosive, unless proven to be noncorrosive by
recognized tests or experience.

863.2 New Installations

When designing a new or replacement pipeline sys-
tem, or additions or modifications to existing systems,
measures shall be considered to prevent and/or inhibit
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internal corrosion. To preserve the integrity and effi-
ciency of a pipeline in which it is known or anticipated
that corrosive gas will be transported, the following
factors should be included in the design and construc-
tion, either separately or in combination.
(1) When internal coating is to be used to protect a
piping system
(1) The coating shall meet the quality specifica-
tions, and the minimum dry film thickness shall be

(e) When gas is to be treated to reduce its corrosivity
(1) Separators and/or dehydration equipment may
be installed.
(2) Equipment for the removal of other deleterious
material from the gas should be considered.
(f) The material of the pipe and other equipment
exposed to the gas stream must resist internal corrosion;
therefore,

11 be

establishd to protect the facility from the corrosive
media inyolved, based on the type of coating and meth-
ods of application.

(2) Applied coatings shall be inspected in accor-
dance wijith established specifications or accepted
practice.

(3) Hrovision shall be made to prevent joint corro-
sion, such as cleaning and recoating or the continuing
use of a puitable inhibitor when coated pipe or other
componepts are joined by welding or other methods
that leave¢ the parent metal exposed.

(4) The types of coating and pitting tools used
should b¢ evaluated and chosen to prevent damage to
the internal coating if pigs or spheres are to be used.

(b) When a corrosion inhibitor is to be used as an
additive to the gas streams

(1) The equipment for the holding, transfer, and
injection pf the inhibitor into the stream shall be included
in the depign.

~(2) The operation of the injection program should
be a part|of the planning.

* (3) Qufficient test coupon holders or other monitor-
ing equipment shall be provided to allow for continued
program fevaluations.

(4) The corrosion inhibitor selected shall be of a
type that will not cause deterioration ofany components
of the piping system.

(c) Whien a pipeline pigging system is planned

(1) Scraper traps for the ifisertion and removal of
pigs and ) or spheres shall bé\provided.

(2) Sections of pipeline‘to be traversed by pigs or
spheres ghall be designed to prevent damage to pigs,
spheres, pipes, or fittings during operations.

(3) Riping for/pigs or spheres shall be designed to
guide thq tool-and the materials they propel effectively
and safelj.

(1) Materials-selected for nive-and fittinas sh
r-r O

compatible with the components of the gas, thé\lifjuids
carried by the gas, and with each other. Axsouice of
information on materials performance in corrosivelenvi-
ronments is The Corrosion Data Survey/_publish¢d by
NACE.

(2) Where plastic, nonferrous,or alloy steel| pipe
and components are used to préyent or control internal
corrosion, such materials shallPhave been determirjed to
be effective under the eonditions encountered/| [See
paras. 842.611(b) and 849.611(b) for limitatiofs on
copper.]

(3) Erosion-gorrosion effects from high-velocity
particles at prebable points of turbulence and imyfinge-
ment shouldibe minimized by use of erosion-resjstant
materials,'added wall thickness, design or flow configu-
ratiomand size or dimensions of the pipe and fitfings.

863.3 Existing Installations

A pipeline internal corrosion control program|shall

include, but shall not be limited to, the following

(a) The establishment and evaluation of a prograjm for
the detection, prevention, or mitigation of detrinjental
internal corrosion should include the following;:

(1) Pipeline leak and repair records should be
reviewed for indication of the effects of internal cor-
rosion.

(2) When any part of a pipeline is removed ar|d the
internal surface is accessible for inspection, it shoyld be
visually examined and evaluated for internal corrgsion.

(3) If evidence of internal corrosion is discovfered,
the gas shall be analyzed to determine the type$ and
concentrations of any corrosive agents.

(4) Tiquids or solids removed from the pipelihe by

(4) Previsionsshaltbemadeforeffeetiveaccumuda
tion and handling of liquid and solid materials removed
from the pipeline by pigs or spheres.

(d) When corrosion coupons, corrosion probes, and/
or test spools are to be used

(1) Corrosion coupons, probes, or test spools shall
be installed where practical at locations where the great-
est potential for internal corrosion exists.

(2) Corrosion coupons, probes, and test spools
must be designed to permit passage of pigs or spheres
when installed in sections traversed thereby.
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pigging, draining, or cleanup should be analyzed as
necessary to determine the presence of corrosive materi-
als and evidence of corrosion products.

(b) Where itis 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 used to control detrimental internal corrosion:

(1) An effective corrosion inhibitor shall be applied
in a manner and quantity to protect all affected portions
of the piping systems.
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(2) Corrosive agents shall be removed by recog-
nized methods, such as acid gas or dehydration treating
plants.

(3) Fittings 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) Internal corrosion control measures shall be evalu-

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.

864.2 External Coating Requirements

ated py an inspection and monitoring program, inctud-
ing, but not limited to, the following;:

1) The inhibitor and the inhibitor injection system
d be periodically checked.

2) Corrosion coupons and test spools shall be
removed and evaluated at periodic intervals.

3) Corrosion probes should be checked manually
atintervals, or continuously or intermittently monitored
and /|or recorded to evaluate control of pipeline internal
corrdsion.

4) A record of the internal condition of the pipe,
of legks and repairs from corrosion, and of gas, liquids,
or solids quantities and corrosivity should be kept and
used|as a basis for changes in the pigging schedule,
inhibjitor program, or gas treatment facility.

5) When pipe is uncovered, or on exposed piping
where internal corrosion may be anticipated, pipe wall
thickhess measurement or monitoring will help evaluate
interpal corrosion.

6) Where inspections, observation, or record anal-
ysis |ndicates internal corrosion is taking place«fo an
exter|t that may be detrimental to public or éthployee
safety, that portion of the system shall be‘tepaired or
reconjditioned, and appropriate steps shall.be taken to
mitigate the internal corrosion.

shou

864
864.

Special consideratioriymntist be given to the corrosion
contrpl requirements’of buried pipelines and other facili-
ties installed in arctic'environments, particularly in per-
mafrpst regions:~For pipelines in contact with frozen
earth, the cofrosion rate is reduced because of the
extremely high resistivity of the soil and low ion mobil-
ity, bptiit-does not reach zero. Significant corrosion can

PIPELINES IN ARCTIC ENVIRONMENTS

I General

Coatings for pipelines in low-temperatureg environ-
ments shall be selected according to(thé farticular
requirements of that environment. These inclfide adhe-
sion, resistance to cracking or damage during| handling
and installation in subfreezing temperatures, applicabil-
ity of field joint coatings or coating repairs, coéﬁatibility
with any applied cathodic protection, and redjistance to
soil stresses due to frostiheave, seasonal temperature
changes, or other reasors.

864.3 Cathodic Protection Facilities

864.31 Criteria. Criteria for cathodic protection
shall*be the same as those for pipelines in femperate
envitonments. Because higher driving voltages are nor-
mally required in frozen soils, the voltage impressed
across the coating should be limited so that the coating
is not subject to damage due to cathodic overyoltage or
excessive current density.

864.32 Impressed Current Facilities

(a) Impressed current facilities shall be used on pipe-
lines in permanently frozen soil, especially yhere the
gas is chilled to prevent thawing of the earth. Sjch facili-
ties are capable of providing the higher driving voltage
needed to overcome the high resistivity of frpzen soil.
They can be installed at compressor stationg or other
facilities where power is available and access for adjust-
ment and maintenance is ensured. The effects of seasonal
variations in soil resistivity should be compensated for
by using constant potential rectifiers or manyal adjust-
ments.
installed
the pipe-

(b) Impressed current anode beds shall be
whenever feasible at a sufficient distance from

occur,_however, im unfrozen incusions, 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
caused by seasonal thaws that increase biological and
bacteriologic activity in the nonpermafrost areas or in
the “active layer” above underlying permafrost.
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Hne-or-other-tnderground-straetures—to—achitve maxi-
mum spread along the pipeline and to reduce the peak
potential at the pipeline.

(c) Anode beds shall be installed, where practical,
below the permafrost level or in other unfrozen 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.
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(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
adjacent underground metallic facilities must be electri-
cally interconnected to prevent detrimental interference.

864.33 Galvanic Anode Installations. Galvanic
anodes (packaged or ribbon) may be needed on pipelines
in permafrost areas to supplement impressed current

measures shall be considered to minimize physical
damage.

865.3 Cathodic Protection Facilities

865.31 Criteria. Criteria for cathodic protection
shall be the same as those for normal temperature ser-
vice, except that recognition should be given to the
effects of decreased resistivity and increased cathodic

facilities in localized thawed areas. This provides local-
dic protection to those sections of pipe that
might be|shielded by the extremely high resistivity of
the surropnding soil.

864.4 Mpnitoring

Installgtion of calibrated current measurement spans
should b considered in addition to the normal test
points. These should be installed at sufficient intervals
to evaluafe current distribution along the protected pipe-

line and the effects of telluric currents prevalent in polar
regions. These spans also provide contact points for mea-
suring inldications of possible coating damage due to

stresses ihduced by a frozen environment.

864.5 Inkernal Corrosion Control

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 in
internal dorrosion in the presence of contaminants, such
as sulfur fompounds or CO5. If it is anticipated, howevér;
that free water or water /alcohol solutions will be present
in the pipeline along with potentially corrosive eontami-
nants, sufitable corrective measures shall be ‘taken as
prescribefl in para. 863.

865 PI[ELINES IN HIGH-TEMPERATURE SERVICE
- 865.1 G

- Speciall consideration must\be given to the corrosion
- control rqquirements of pipelines and other facilities in
. high-temperature seryice' (above 150°F). Elevated tem-

neral

protection current requirements in elevated tempenature
service on any IR component of the pipe-to-soil potpntial
measurement. Possible depolarization effects due to
high-temperature operation shall also be consideged.

865.32 Galvanic Anodes. Consideration shall be
given to the impact on the performance of close galvanic
anodes (especially bracelet or‘¢ibbon type) subjéct to
elevated temperatures due to"their proximity to @ hot
pipeline. Higher temperatures tend to increase th¢ cur-
rent output and rate ofidegradation of most anode nate-
rials. Some anode’materials may become more hoble
than steel at tenpératures above 140°F in certain electro-
lytes. Zinc anodes containing aluminum are also syscep-
tible to intergranular corrosion above 120°F.

865.4 ‘Internal Corrosion Control

When gas or a mixture of gas and liquids or golids
known or anticipated to be corrosive is transporfed at
elevated temperatures, special consideration shall be
given to the identification and mitigation of popsible
internal corrosion. Such measures are necessary befause
corrosion reaction rates increase with elevated temjpera-
tures and are not stable. Appropriate mitigation and
monitoring measures are given in para. 863.

866 STRESS CORROSION AND OTHER
PHENOMENA

Environmentally induced and other corrosion-rdlated
phenomena, including stress corrosion cracking, ¢orro-
fogen
eline
been

© peratureq tend to,decrease the resistivity of buried or

~ submerggd pipelifie’ environments and to increase the ~ sion fatigue, hydrogen stress cracking, and hyd

. electroch¢mieal'corrosion reaction as a result of acceler- ~ embrittlement have been identified as causes of pif
ated ioni¢ @r-molecular activity. Elevated temperatures ~ failure. Considerable knowledge and data have
typlCaHy OCCur dUWIlbfdeIIl Uf COMIPIESSOT stations or "“"'1"‘;1"‘1:']l "‘“d "“’Db“‘blbd oIt th”‘j"' t’hb“\’“‘”““/ and

in gathering systems.

865.2 External Coating Requirements

Coatings shall be selected based on the particular
requirements for pipeline facilities in high-temperature
service. These include resistance to damage from soil
or secondary stresses, compatibility with any applied
cathodic protection, and particularly, resistance to ther-
mal degradation. In rocky environments, the use of a
protective outer wrap, select backfill, or other suitable
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research is continuing as to their causes and prevention.
Operating companies should be alert for evidence of
such phenomena during all pipe inspections and at other
such opportunities. Where evidence of such a condition
is found, an investigative program shall be initiated,
and remedial measures shall be taken as necessary. Any
such evidence should be given consideration in all pipe-
line failure investigations. Operating companies should
avail themselves of current technology on the subject
and/or consult with knowledgeable experts.
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This paragraph must be limited to general statements
rather than specific limits in regard to stress corrosion.
Stress corrosion is currently the subject of investigative
research programs, and more specific data will certainly
be available to the pipeline designer and operating com-
pany in the future. In the interim, this Code suggests
that the user refer to the current state of the art. Cathodic
protection current levels, quality of pipe surface prepa-
ration and coating, operating temperatures, stress levels,
and

cail conditions shall he cancidered in pipa]ino

867 RECORDS

(a) Records indicating cathodically protected piping,
cathodic protection facilities, and other structures
affected by or affecting the cathodic protection system
shall be maintained by the operating company.

(b) Records of tests, surveys, inspection results, leaks,
etc., necessary for evaluating the effectiveness of corro-

sion control measures_shall be maintained and retained

design and operations.

for as long as the piping remains in service,

89


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

Chapter VII
Miscellaneous

870 MISCELLANEOUS

(¢) The combination of the odorant and the natural

871 ODORIZATION

871.1

Any ggs distributed to customers through gas mains
or servicg lines or used for domestic purposes in com-
pressor pllants, which does not naturally possess a dis-
tinctive pdor to the extent that its presence in the
atmosphgre is readily detectable at all gas concentrations
of one-fifth of the lower explosive limit and above, shall
have an ¢dorant added to it to make it so detectable.

871.11  Odorization is not required for

(a) gas|in underground or other storage

(b) gas|used for further processing or use where the
odorant yould serve no useful purpose as a warning
agent or would be a detriment to the process

(c) gas|used in lease or field operations

871.12  If gas is delivered for use primarily in one
of the abgve exempted activities or facilities and igralso
used in ofe of those activities for space heating, refriger-
ation, waler heating, cooking, and other domestic uses,
or if such|gas is used for furnishing heat or air condition-
ing for office or living quarters, the gas shall be odorized.

871.2

Each operating company shall use odorization equip-
ment desjgned for the typ&and injection rate of odorant
being usgd.

871.3

Each operating company shall use an odorant in accor-
dance with the following requirements:

odor of the gas shall provide a distinctive odor\s¢ that
when gas is present in air at the concentration(of af little
as 1% by volume, the odor is readily detectable|by a
person with a normal sense of smell.

871.4

For all odorizers, except small, wick-type or byjpass-
type, or similar odorizers serving individual custqmers
or small distribution systéms, each operating confpany
shall maintain records,containing the following itlems

(a) the type of oddrant introduced into the gas

(b) the amount.6f odorant injected per million
feet

cubic

871.5

Each@perating company shall conduct odoran{ con-
centration tests on gas supplied through its facflities
that requires odorization. Test points shall be remjotely
Iocated from the odorizing equipment to providg data
representative of gas at all points of the system.

872 LIQUEFIED PETROLEUM GAS (LPG) SYSTI
872.1

Liquefied petroleum gases generally include bytane,
propane, and mixtures of the two that can be stored as
liquids under moderate pressures (approximptely
80 psig to 250 psig) at ambient temperatures.

EMS

872.2

This Code is concerned only with certain spfety
aspects of liquefied petroleum gases when thejy are
vaporized and used as gaseous fuels.

872.3

(a) The odorant, when blended with gas in the speci-
fied amount, shall not be deleterious to humans or to
the materials present in the gas system and shall not be
soluble in water to a greater extent than 2% parts of
odorant to 100 parts of water by weight.

(b) The 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.

All of the requirements of ANSI/NFPA 58 and ANSI/
NEFPA 59 and of this Code concerning design, construc-
tion, and operation and maintenance of piping facilities
shall apply to piping systems handling butane, propane,
or mixtures of these gases.

872.4 Special Safety Requirements for LPG Systems

872.41 Odorization. Liquefied petroleum gases are
usually nontoxic, but when distributed for consumer
use or used as fuel in a place of employment, they shall
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be odorized for safety. Criteria for odorization are given
in para. 871.!

872.42 Ventilation
(a) 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 under-
ground vaults, except in cases where suitable provisions
for forced ventilation are made

made for the repair of leaks in an underground LPG
distribution system.

873 PIPELINES ON PRIVATE RIGHTS-OF-WAY OF
ELECTRIC TRANSMISSION LINES

Where gas pipelines parallel overhead electric trans-
mission lines on the same right-of-way, the company
operating the pipelines shall take the following precau-
tions:

(b)| Special care is required in the location of relief
valvg discharge vents releasing LPG to the atmosphere
to prevent accumulation of the heavy gases at or below
groupd level. Likewise, special precautions are neces-
sary |for adequate ventilation where excavations are

! Refer to ANSI/NFPA 58 and ANSI/NFPA 59.

(a) Employ blowdown connections that willldirect the
gas away from the electric conductors.

(b) Install a bonding conductor across’points where
the main is to be separated and maintairt this cpnnection
while the pipeline is separated."The curren{ carrying
capacity of the bonding conductor should be at least
one-half of the current carrying/capacity of theloverhead
line conductors. [See alsoypara. 862.114(b).]
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Chapter VIII
Offshore Gas Transmission

A800 OFFSHORE GAS TRANSMISSION

breakaway coupling: a component introduced into the

A801 GENERAL

Chaptdr VIII pertains only to offshore gas transmis-
sion systgms as defined in para. A802.1. With the excep-
tion of s¢ctions A840 through A842, A844, and A847,
this Chapgter is organized to parallel the numbering and
the contgnt of the first six chapters of the Code. All
applicablp provisions of the remainder of this Code are
also requirements of this Chapter unless specifically
modified|herein. With the exceptions noted above, para-
graph degignations follow those in the first six chapters
with the prefix “A.”

A802 SCOPE AND INTENT

A802.1 $cope

This Chapter of the Code covers the design, material
requirements, fabrication, installation, inspection, test-
ing, and [safety aspects of operation and maintenance
of offshofe gas transmission systems. For this Chapter,
offshore gas transmission systems include offshore,gas
pipelines| pipeline risers, offshore gas compressor sta-
tions, pipeline appurtenances, pipe supports, connec-
tors, and jother components as addressed:specifically in
the Code

A802.2 Intent

The infent of this Chapt€ris'to provide adequate
requirements for the safe<ahd reliable design, installa-
tion, and pperation of offshore gas transmission systems.
Requiremjents of this.Chapter supplement the require-
ments of [the remdinder of the Code. It is therefore not
the intent of this\€hapter to be all inclusive, and provi-
sions mupt beinade for any special considerations that
are not spedifically addressed.

pipeline to allow the pipeline to separate when,a prede-
termined axial load is applied to the coupling.

buckle: a condition where the pipeline has tindetgone
sufficient plastic deformation to cause permanent rin-
kling in the pipe wall or excessive cross-sectional defor-
mation caused by bending, aXial; impact, and/or
torsional loads acting alone ©r in combination|with
hydrostatic pressure.

buckle arrestor: any devicesattached to or made a pprt of
the pipe for arresting a propagating buckle.

buckle detector: any. means for detecting dents, excgssive
ovalization, or-buckles in a pipeline.

column buckling: buckling of a beam or pipe under|com-
pressive axial load in which loads cause unstable lateral
deflection.

connectors: any component, except flanges, useld for
mechanically joining two sections of pipe.

external hydrostatic pressure: pressure acting on any ¢xter-
nal surface resulting from its submergence in wafer.
flexible pipe: pipe that is
(a) manufactured from both metal and nonmetaljcom-
ponents
(b) capable of allowing large deflections without
adversely affecting the pipe’s integrity
(c) intended to be an integral part of the permpnent
product transportation system
Flexible pipe does not include solid steel pipe, plastic
pipe, fiber reinforced plastic pipe, rubber hose, orfsolid
steel pipes lined with nonsteel linings or coatingg.

hyperbaric weld: a weld performed at ambient hydrostatic
pressure in a submerged chamber from which the fvater
has been removed from the surfaces to be welded.

offshore: the area beyond the line of ordinary high water
;\]nng the Pnrh'nn of the coast that is in direct contact

It is not the intent of this Chapter to prevent the devel-
opment and application of new equipment and technol-
ogies. Such activity is encouraged as long as the safety
and reliability requirements of the Code are satisfied.

A803 OFFSHORE GAS TRANSMISSION
DEFINITIONS

accidental loads: any unplanned load or combination of
loads caused by human intervention.

with the open seas and beyond the line marking the
seaward limit of inland coastal waters.

offshore pipeline riser: the vertical or near vertical portion
of an offshore pipeline between the platform piping and
the pipeline at or below the seabed, including a length
of pipe of at least five pipe diameters beyond the bottom
elbow, bend, 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 case-by-case basis.
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offshore pipeline system: all components of a pipeline
installed offshore for transporting gas other than pro-
duction facility piping. Tanker or barge loading hoses
are not considered part of the offshore pipeline system.

offshore platform: any man-made fixed or permanently
anchored structure or artificial island located offshore.

pipe collapse: flattening deformation of the pipe resulting
in loss of cross-sectional strength and circular shape,

axdarnal bhadeackatio o

A814 MATERIAL SPECIFICATIONS
A814.1

Concrete weight coating materials (cement, aggregate,
reinforcing steel) shall meet or exceed the requirements
of applicable ASTM standards.

Flexible pipe shall be manufactured from materials
meeting the requirements of API Spec 17].

Steel line pipe with a longitudinal joint factor of 1.00

which
sure pcting alone.

1g earrend by Ay onccivza
I5-Eatsea Oy eXeessHve-exteriartyatrostate pres

platfarm piping: due to a wide variety of configurations,
the ekact location of the transition between the offshore
pipeline riser(s), the platform piping, and the production
facility shall be selected on a case-by-case basis.

(a)] On offshore platforms where hydrocarbons are
prodyiced, platform piping consists of all the gas trans-
mission piping, appurtenances, and components that
are Between the production facility and the offshore
pipeline riser(s). This includes any gas compressors and
pipinig that are not a part of the production facility.

(b)] On offshore platforms where hydrocarbons are
not produced, platform piping consists of all the gas
transjmission piping, compressors, appurtenances, and
components between the offshore pipeline risers.

propagating buckle: a buckle that progresses rapidly along
a pipeline caused by the effect of external hydrostatic
presgure on a previously formed buckle, local collapse,
or other cross-sectional deformation.

pull fube: a conduit attached to an offshore ‘platform
throygh which a riser can be installed.

pull-fube riser: riser pipe or pipes installed through a
pull fube.

returfy interval: time interval between successive events
of dgsign environmental conditiens being equaled or
excegded, typically calculated-as the reciprocal of the
annufal probability of occtirence of the event.

soil Ifquefaction: a seileondition, typically caused by
dynajmic cyclic loading (e.g., earthquake, waves) where
the gffective shear“stresses in the soil are reduced to
zero,|and the\soil exhibits the properties of a liquid.

splash zowe-the area of the pipeline riser or other pipeline
components that is intermittently wet and dry due to

inTable-841-115Ashall- be-used

Dot

A814.2

In addition to the requirements contained| in refer-
enced standards, certain other requirements mpay be con-
sidered for pipe and other components used| offshore,
depending on water depth, water temperature, internal
pressure, product compgsition, product temperature,
installation method an@d/or other loading c¢nditions.
Thus, consideration.may include one or mqre of the
following;:

(a) wall thickness tolerance

(b) outside\diameter tolerance

(c) outéof-foundness

(d) maximum and minimum yield angl tensile
strengths

(¢) maximum carbon equivalent

(f) fracture toughness

(g) hardness

(h) pipe mill hydrostatic testing and other nfechanical
testing

A817 CONDITIONS FOR THE REUSE AND
REQUALIFICATION OF PIPE

A817.1 Unidentified Line Pipe
Unidentified line pipe shall not be used fpr subsea

pipelines.

A817.2 Requalification of Pipeline Systems

used for
subject to

A pipeline system that has previously beer
gas transmission service may be requalified,
the following conditions:

(a) The pipeline system meets the design donsidera-
tions in paras. A841, A842, and A843.

(b) The pipeline system meets the hydfotesting

wave and tidal action.

weight coating: any coating attached to the pipeline for
increasing the pipeline specific gravity.

A811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

Plastic pipe, plastic pipe with nonmetallic reinforce-
ment, cast iron pipe, and ductile iron pipe shall not be
used for transporting natural gas.
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tion, if the pipeline system is moved, it shall also meet
the testing for buckles requirement in para. A847.7.

A817.3 Reuse of Pipe

Used pipe may be reused, subject to the following
conditions:

(a) The pipe meets the design considerations in
paras. A841, A842, and A843.

(b) The pipe meets the testing requirements in
para. A847.

07)
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(c) The pipe shall be inspected per para. 817.13 to
identify any defects that impair the serviceability of the
pipe. If such defects are identified, they shall be removed
or repaired.

A820 WELDING OFFSHORE PIPELINES
A821 GENERAL
A821.1 Scope

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 Standard 1104 as supplemented by ANSI/AWS
D3.6, Specification for Underwater Welding for Type
“O” Welds.

This S¢ction concerns the welding of carbon steel
materials| that are used in a pipeline in the offshore
environment. The welding covered may be performed
under at:Eospheric or hyperbaric conditions.

A821.2

The welding may be done by any process or combina-
tion of prpcesses that produce welds that meet the proce-
dure qualification requirements of this Code and can be
inspected by conventional means.

elding Processes

A821.3 Requirements

(a) Prigr to atmospheric welding of any pipe, piping
componehts, or related equipment, Welding Procedure
Specificafions shall be written and the procedure shall
be qualiffed. The approved procedure shall include all
of the applicable details listed in API Standard 1104.

(b) Prigr to hyperbaric welding of any pipe, piping
componets, or related equipment, Welding Procedure
Specificafions shall be written and the procedure shall
be qualiffed. The approved procedure shall include ali
of the applicable details listed in API Standard 1104 and
ANSI/AWS D3.6.

(c) Each welder or welding operator shall belqualified
for the egtablished procedure before performing any
welding |on any pipe, piping componént, or related
equipment installed in accordance with-this Code.

(d) Wqlding procedure qualifications, as well as
welder o1l welding operator qualifieations, are valid only
within thle specified limits of the’welding procedure. If
changes hre made in certain“details, called “essential
variables| or “essential‘changes,” additional qualifica-
tion is refuired. API Standard 1104 essential variables
shall take precedence in matters not affected by the
underwater environment, and ANSI/AWS D3.6 shall
govern thosefessential changes related to the underwater
welding ¢nvironment and working conditions.

A825 STRESS RELIEVING

Stress relieving requirements may be waived, regard-
less of wall thickness, provided thathit can be dgmon-
strated that a satisfactory welding procedure without
the use of postweld heat treatmentshas been develpped.
Such a demonstration shall be eonducted on matgerials
and under conditions that@imulate, as closely as practi-
cal, the actual productionrwelding. Measurements| shall
be taken of the tensile;toughness, and hardness prpper-
ties of the weld and heat-affected zone. No stress rpliev-
ing will be reqaired if

(a) the meaSurements indicate that the metalluygical
and mechanijcal properties are within the limits spefified
for the materials and intended service.

(b)an engineering analysis is conducted to epsure
that the mechanical properties of the weldment anjd the
residual stresses without postweld heat treatment are
satisfactory for the intended service. In some cases,|mea-
surement of residual stresses may be required.

A826 WELDING AND INSPECTION TESTS

A826.2 Inspection and Tests for Quality Control|of

Welds on Piping Systems

A826.21 Extent of Examination. One hundred
cent of the total number of circumferential field butt
welds on offshore pipelines shall be nondestructively
inspected, if practical, but in no case shall less thaf 90%
of such welds be inspected. The inspection shall cover
100% of the length of such inspected welds.

A826.22 Standard of Acceptability. All welds that
are inspected must meet the standards of acceptapility
of API Standard 1104 or BPV Code, Section VIII, as

per-

A823 QUALIFICATION OF PROCEDURES AND
WELDERS

Qualification of procedures and welders shall be in
accordance with the requirements of para. 823, except
paras. 823.1 and 823.2 do not apply offshore.

(a) Welding procedures and welders performing
atmospheric welding under this section shall be quali-
fied under API Standard 1104, except that for applica-
tions in which design, materials, fabrication, inspection,

94

appropriate for the service of the weld, or be appropri-
ately repaired and reinspected or removed.

A826.23 Alternative Flaw Acceptance Limits. For
girth welds on a pipeline, alternative flaw acceptance
limits may be established based on fracture mechanics
analyses and fitness-for-purpose criteria as described in
API Standard 1104. Such alternative acceptance stan-
dards shall be supported by appropriate stress analyses,
supplementary welding procedure test requirements,
and nondestructive examinations beyond the minimum
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requirements specified herein. The accuracy of the non-
destructive techniques for flaw depth measurement
shall be verified by sufficient data to establish probabili-
ties for the proposed inspection error allowance.

A830 PIPING SYSTEM COMPONENTS AND
FABRICATION DETAILS

A830.1 General

The requirements of para. 835.51 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 purpose of this paragraph is to provide a set of
critetfia for system components to be used in an offshore
application.

A831 PIPING SYSTEM COMPONENTS

Capt iron or ductile iron shall not be used in flanges,
fittings, or valve shell components.

Al system components for offshore applications shall
be cajpable of safely resisting the same loads as the pipe
in the run in which they are included, except “weak
links|" (e.g., break-away couplings) designed into a sys-
tem fo fail under specific loads. Consideration should
be given to minimizing stress concentrations.

System components which are not specifically covered
in pdra. 831 shall be validated for fitness by either

(a)] documented full scale prototype testing of the
components or special assemblies, or

(b)] a history of successful usage of these components
or special assemblies produced by the same design
method. Care should be exercised in any new applica-
tion pf existing designs to ensure suitability(fof the
intenided service.

A832 EXPANSION AND FLEXIBILITY:

Thermal expansion and contraetion calculations shall
consider the temperature differential between material
temperature during operations’ and material tempera-

A840.1 Generat Provisions |

The design, installation, and testing of ‘offshore gas
transmission systems shall be in agcerdance with
Chapter IV as specifically modified®y the provisions of
Chapter VIII. Also, all provisions, of Chaptgr IV that
depend on Location Class andycohstruction type do not
apply to offshore gas transmission systems, ekcept that
offshore pipelines approaching shoreline areas shall be
additionally designed@nd tested consistently yith Class
Location provisions\d@s determined in para. A840.2.

A840.2 Shoreline Approaches

Offshore, pipelines approaching shoreline areas shall
be additionally designed and tested consistgntly with
ClassLocation provisions as determined in para. 840,
exgept that

(n) offshore pipelines in Location Class 3 apd 4 may
alternatively be hydrostatically tested to a pr¢ssure not
less than 1.25 times the maximum operating pressure
so long as the provisions of section A826 are|met

(b) for offshore pipelines, the provisions of fara. A847
supersede para. 841.32

A841 DESIGN CONSIDERATIONS
A841.1 Design Conditions

A number of physical parameters, henceforth referred
to as design conditions, govern design of th¢ offshore

ture fluring installation. pipeline system so that it meets installation, ¢peration,
and other postinstallation requirements. Soine of the
A834 SUPPORTS AND ANCHORAGE FOR EXPOSED factors which may influence the safety and reljiability of
PIPING an offshore pipeline and riser include
(a) waves
Nd attachn'nent, other thar} an gncircling member, shall (b) current
be welded-directly to the pipeline. (See para. A842.27.) (c) marine soils
(d) wind
A835 ANCHORAGE FOR BURIED PIPING (e) ice

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.
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(f) seismic activity

(¢) platform motion

(h) temperature

(i) pressure

(j) water depth

(k) support settlement

(I) accidental loads

(m) commercial shipping

(n) fishing/shrimping activities

(07
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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
pipeline
sideratiop of the parameters listed in paras. A841.21
through A841.25. These parameters shall be considered
to the exfent that they are significant to the proposed
system and applicable to the method of installation
being considered.

-~ A841.21 Weight. The effect of pipe or pipeline
assembly|weights (in air and submerged) on installation
stresses and strains shall be considered. Variability due
to weight coating manufacturing tolerances and water
absorptign shall also be considered.

A841.p2 Profile. Variations in water depth along
the pipeline route shall be considered. The effect of tides
shall be Included for locations where such variations
are a sighificant fraction of the water depth. Bottom
slope, obgtructions, or irregularities which affect instal-
lation strgsses shall be considered.

A841.23 Environmental Loads. Local environmental
forces indluding those induced by wind, wave, currents,
ice, seisniic activity, and other natural phenomenon are
subject tq radical change in offshore areas. These poten-
tial changes should be considered during installation
design ard contingency planning.

A841.24 Loads Imposed by Construction' Equipment
and Vesse¢l Motions. Limitations andbehavioral charac-
teristics qf installation equipment shall’be considered in
the installation design.

Vessel motions shall be considered if they are expected
to result In pipe stresses or pipe/coating damage suffi-
cient to ilnpair the serviceability of the pipeline.

A841.25 Bottom Soils. Soil characteristics shall be
considergd when¢nstallation procedures are developed
for the fdllowihg:

(a) risdr installation in pull tubes

(b) la no horizontal curvesin-the nineline routina
y O r°r O

= conditions, then

no less than five times the design life of the pipeline or
100 years, 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
€ system shall be designed for

(a) full operational loads plus maximum coincidental
environmental loads

(b) design environmental loads plds, approyriate
reduced operational loads

Directionality of waves, winds/and currents shpll be
considered to determine the mgst cfitical expected|com-
bination of above loadings.

A841.32 Operational'loads. Operational loadp that
shall be considered are those forces imposed on the
pipeline system uhder static environmental cond]tions
(i.e., excluding.wind, waves, current, and other dynamic
loadings).

Loads thatshould be considered as operational [oads
include

(a)weight of unsupported span of pipe, including (as
appropriate) the weight of

(1) pipe

(2) coatings and their absorbed water
(3) attachments to the pipe

(4) transported contents

(b) internal and external pressure

(c) thermal expansion and contraction

(d) buoyancy

(e) prestressing (exclusive of structurally restrhined
pipe configurations, such as in a pull-tube riser bend)

(f) static soil induced loadings (e.g., overburdeh)

The effects of prestressing, such as permanent curva-
tures induced by installation, should be considered
when they affect the serviceability of the pipeling.

Additional information for operational loads can be
found in API RP 1111, para. 4.1.4.

A841.33 Design Environmental Loads. Loaglings

(c) pipeline bottom tows
(d) trenching and backfilling

A841.3 Operational Design Considerations

A841.31 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

thatshould-becorsideredurnderthistategory include,
as appropriate, those arising due to

(a) waves

(b) current

(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 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.,

operating design of the pipeline system (see
para. A842.2).

A842.18 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 and

hand]ling, laying, trenching, etc., through testing).

A842.11 Buckling. The pipeline should be designed
and Jnstalled in a manner to prevent buckling during
instdllation. Design and procedures for installation
should account for the effect of external hydrostatic pres-
sure,| bending moment, axial, and torsional loads and
pipe|out-of-roundness. Consideration should also be
given to the buckle propagation phenomenon.

Additional information for calculating buckling
stresges due to bending and external pressure can be
foungl in API RP 1111, para. 4.3.2.2.

A842.12 Collapse. The pipe wall thickness shall be
designed to resist collapse due to external hydrostatic
presgure. Considerations shall include the effects of mill
tolerances in the wall thickness, out-of-roundness, and
any o¢ther applicable factors.

Additional information for designing to prevent col-
lapsg can be found in API RP 1111, para. 4.3.2.1.

A842.13 Allowable Longitudinal Stress. The maxi-
mun] longitudinal stress due to axial and bendingloads
durir)g installation shall be limited to a value that pre-
ventq pipe buckling and will not impair the(serviceability
of the installed pipeline.

Additional information for longitudinal load design
can He found in API RP 1111, para. 4.3.1.1.

AB42.14 Allowable Strains. . Instead of the stress
critetfia of para. A842.13, an allowable installation strain
limit{may be used. The{maximum longitudinal strain
due to axial and bending'loads during installation shall
be lithited to a value that prevents pipe buckling and will
not impair the_Serviceability of the installed pipeline.

A842.15vInstallation Fatigue. Anticipated stress
flucthations. of sufficient magnitude and frequency to

~ indugesighificant fatigue shall be considered in design.

API Spec 17].)

A842.2 Strength Considerations During Operations
A842.21 Operational and Design Criteria

A842.211 Pipelines and tisers shall be
against the following possible modes of failure
priate:

(a) excessive yieldifig

(b) buckling

(c) fatigue failure

(d) ductile fracture

(e) brittle\fracture

(f) loss of in-place stability
(g) propagating fracture
(h) corrosion

(i) collapse

A842.212 Furthermore, consideration shall be
given to impacts due to
(a) foreign objects
(b) anchors
(c) trawlboards
(d) vessels, ice keels, etc.

designed
as appro-

A842.22 Design Against Yielding. Pipelings and ris-
ers shall be designed against yielding in accordance with
this pargraph. The combined stress calculafions and
allowables of paras. 833.2, 833.3, and 833.4 dre super-
seded by the provisions of paras. A842.222(b) and
AB842.223(c). See also Table A842.22.

A842.221 Hoop Stress. For pipelines gnd risers
the tensile hoop stress due to the differencq between
internal and external pressures shall not exceed the value
given below. S, may be calculated by either ¢f the fol-
lowing;:

A842.16 Special Assemblies. Installation of pipe-

lines with special assemblies (such as tap valves and
- riser offsets) are subject to the same requirements stated
- in paras. A842.11 through A842.15.

A842.17 Residual Stresses. The pipeline system

shall normally be installed in a manner so as to minimize
i 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

97

NOTE: Sign convention 1s such that tension 1s positive and com-
pression is negative.

S, < F,ST
D
Si=(Pi=P) 5
or

. (D? + D?)
Sp = (P; _Pe)(52+_Di25_Pe
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Table A842.22 Design Factors for Offshore
Pipelines, Platform Piping, and Pipeline Risers

Additional information for longitudinal load design
can be found in API RP 1111, para. 4.3.1.1.

F F F A842.223 Combined Stress. For pipelines and ris-
Hoop  Longitudinal  Combined ers the combined stress shall not exceed the value given
Location Stress Stress Stress by the maximum shear stress equation (Tresca combined
- stress):
Pipeline 0.72 0.80 0.90
Platform piping and risers 0.50 0.80 0.90 S, - S, )2 , |12
[Note (1)] 2 [ (T) + S ] < F3S
NOTE: where
(1) The wall thickpgss used in the calculation of combined §t.ress A = _secti ] £ bi terialint
for platform piping and risers shall be based upon specified cross-sectional area of pipe materids,-in.
minimym wall thickness, including manufacturing, corrosion, F, = axial force, Ib
and erdsion allowances. F; = combined stress design factor from Table
A842.22
M; = in-plane bending momént, in.-lb
where M, = out-plane bending me@ment, in.-lb
D = mominal outside diameter of pipe, in. M; = torsional momentyin.-Ib
D, = — 2¢, in. S = specified minimum yield strength, psi
F; = hoop stress design factor from Table A842.22 S¢ = maximum lengitudinal stress, psi (pogitive
P, = ¢xternal pressure, psig tensile or negative compressive)
P; = internal design pressure, psig = S, + S50r S, — S, whichever results ih the
S = gpecified minimum yield strength, psi larger stress value
Si = hoop stress, psi S, = axial stress, psi (positive tensile or negative
T = {emperature derating factor from Table compressive)
41.116A £ F,/A
t = mominal wall thickness, in. Sp»= resultant bending stress, psi
Lo o = (M) + (,M)*] 2/
A842.222 Longitudinal Stress. For pipelines and S, = hoop stress, psi
risers thg longitudinal stress shall not exceed values S; = torsional stress, psi
found frqgm = M,/2z
i; = in-plane stress intensification factor [from
S| < F,S A dix E
ppendix
where i, = out-plane stress intensification factor |from
A I . . NI Appendix E
= {ross-sectional area of pipe material, in. _ . . .3
. z = section modulus of pipe, in.
F, = axial force, Ib
F, = Jongitudinal stress design factor from Table Alternatively, the Maximum Distortional Enjergy
\842.22 Theory (Von Mises combined stress) may be usgd for
M; = In-plane bending nioment, in.-Ib limiting combined stress values. Accordingly, the|com-
M, = out-plane bending-moment, in.-lb bined stress should not exceed values given by
S = gpecified minimum yield strength, psi
. ) . . e 2 2 2\1/2
5. = maximumdongitudinal stress, psi (positive ten- (8™ = S1Sy + 5.7 + 357) " < S
pile or pegative compressive) A842.23 Alternate Design for Strain. In situgtions
= Pa+Spor S, — Sy, whichever results in the larger  where the pipeline experiences a predictable nongyclic
stress-value displacement of its support (e.g., fault movement plong
S, = dcial-stresspsi{pesitive—tensile—ornegative the pipetine Toute or differentiat subsidence atong the
compressive) line) or pipe sag before support contact, the longitudinal
=F,/A and combined stress limits need not be used as a crite-
Sy = resultant bending stress, psi rion for safety against excessive yielding, so long as
= [GM) + (o M)]1'?/2 the consequences of yielding are not detrimental to the
i; = in-plane stress intensification factor from integrity of the pipeline. The permissible maximum lon-
Appendix E gitudinal strain depends on the ductility of the material,
i, = out-plane stress intensification factor from any previously experienced plastic strain, and the buck-
Appendix E ling behavior of the pipe. Where plastic strains are antici-
z = section modulus of pipe, in.? pated, the pipe eccentricity, pipe out-of-roundness, and

= absolute value
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the ability of the weld to undergo such strains without
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detrimental effect should be considered. Similarly, the
same criteria may be applied to the pipe during construc-
tion (e.g., pull-tube or bending shoe risers).

A842.24 Design Against Buckling and Ovalization.
Avoidance of buckling of the pipeline and riser during
operation shall be considered in design. Modes of buck-
ling that may be possible include

(a) local buckling of the pipe wall

(b) agation b ing followi

(c)| column buckling

Additional information for determining buckling
tend¢ncies can be found in API RP 1111, paras. 4.3.2.2
and 4.3.2.3, and Appendix D.

A842.25 Design Against Fatigue. Stress fluctuations
of sufficient magnitude and frequency to induce signifi-
cant fatigue should be considered in design.

Lopdings that may affect fatigue include:

(a)| pipe vibration, such as that induced by vortex
shedging

(b)[ wave action

Pipe and riser spans shall be designed so that vortex
induged resonant vibrations are prevented, whenever
practical. When doing so is impractical, the total resul-
tant ptresses shall be less than the allowable limits in
para] A842.22, and such that fatigue failure should not
resulf during the design life of the pipeline.

Additional information for fatigue analysis can be
foung in API RP 1111, para. 4.5.

A842.26 Design Against Fracture. Materidls used
for pipelines transporting gas or gas-liquid. mixtures
undefr high pressure should have reasonably/high resist-
ance [to propagating fractures at the design conditions,
or other methods shall be used todimit the extent of a
fractyire.

A842.27 Design of Clamps.and Supports. Clamps
and gupports shall be desighed such that a smooth trans-
fer of loads is made fromt the pipeline or riser to the
suppprting structure’without highly localized stresses
due fo stress concentrations. When members are to be
weldpd to the-pipe they shall fully encircle the pipe and
be welded_ to.the pipe by a full encirclement weld. The
suppprt shall be attached to the encircling member and
not the\pipe.

Connectors and flanges shall have a level of safety
against failure by yielding and failure by fatigue that is
comparable to that of the attached pipeline or riser.

A842.29 Design of Structural Pipeline Riser Protec-
tors. Where pipeline risers are installed in locations
subject to impact from marine traffic, protective devices
shall be installed in the zone subject to damage to protect
the pipe and coating.

AB42: 3 fal Assem-
blies. Design of connections and special ‘agsemblies,
such as subsea tie-in assemblies, exparision lpops, sea-
bed riser connections, and subsea pipeline manifolds,
shall consider the additional forces and effecty imposed
by a subsea environment. Such~additional donsidera-
tions include design storm ctitrents and pofential for
seabed movement in soff’sediments, soil ligpefaction,
increased potential cprrosion, thermal exparnsion and
contraction, and stress-due to installation pjocedures.
In areas of active’fishing, protective measurgs may be
appropriate for cehnections and special assetnblies.

A842.31 \Design of Flexible Pipe. Due to it} compos-
ite makeup, the mechanical behavior of flexiljle pipe is
significantly different from steel pipe. Flexible[pipe may
be ased for offshore pipelines if calculations aind/or test
results verify that the pipe can safely withstand loadings
considered in paras. A841.32 through A841.33. In the
selection of flexible pipe, consideration should be given
to its permeable nature. The possibility of jmplosion
under the combined conditions of high presgure, high
temperature, and very rapid depressurization should be
investigated where such conditions may be jexpected.
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 limitation$ imposed
when designing offshore compression facilities and
therefore relate only to offshore compression [facilities.

It is the further intent of this section to make the
designer aware of personnel safety during the design
and operation of offshore compression facilitfes.

All welds to the pipe shall be nondestructively tested.
Clamps and supports shall be designed in accordance
with the requirements of API RP 2A, Section 3.

Clamp and support design shall consider the corrosive
effects of moisture retaining gaps and crevices and gal-
vanically dissimilar metals.

A842.28 Design of Connectors and Flanges. Con-
nectors and flanges shall be such that smooth transfer
of loads is made without high localized stresses or exces-
sive deformation of the attached pipe.

99

A843.11 Location of Compressor Facilities. The
compressor facilities located on platforms should be
designed to facilitate free movement of fire fighting or
other emergency equipment.

A843.12 Enclosures. All enclosures located on an
offshore platform shall be constructed of noncombusti-
ble or limited combustible material as defined in
NFPA 220, Chapter 2, Section 2-6 and Section 2-3. Design
of enclosures on offshore platforms shall consider the
loading conditions defined in para. A841.3.
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A843.13 Exits. A minimum of two exits shall be
provided for each operating level of a compressor build-
ing. Any elevated walkway, including engine catwalks
more than 10 ft above the deck, shall also be provided
with two exits. The maximum distance from any point
within the compressor building to an exit shall not
exceed 75 ft. Enclosure exits shall be unobstructed and
located so as to provide a convenient route of escape
and shall provide continuous unobstructed passage to

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 ON-BOTTOM STABILITY

Pipeline design for lateral and vertical stability is gov-
erned by seafloor bathymetry, soil characteristics, and
by hydrodynamic, seismic, and soil behavior events hav-

a place j{ safety—Exitdoorstocatedomexterior watls
shall swing outward and shall be equipped with latches
that can He readily opened from the inside without a key.

A843.2 [lectrical Facilities

All elegtrical equipment and wiring installed on off-
shore compression platforms shall conform to the
requiremlents of NFPA 70, if commercially available
equipment permits.

Electriqal installations in offshore hazardous locations
as definefl in NFPA 70, Chapter 5, Article 500 and that
are to remain in operation during compressor station
emergen{y shutdown as provided in para. A844.431
shall be designed to conform to NFPA 70, for Class I,
Division [ requirements.

The guidelines of API RP 14F should be considered
in electrig¢al facility design.

431 Emergency Shutdown Facilities. All gas
ion equipment shall be provided with an emer-
tdown system that will block out the gas-going
m the compressor station. Operation of the
y shutdown system shall causesthe shutdown
ompression equipment and all gas fired equip-
shall de-energize the electrical facilities in the
r building, except for those that provide emer-
ting for personnelprotection and those that
ary for protectioh.of equipment. The emer-
tdown systemshall be operable from a mini-
mum of two locations(on each deck level; that is, should
an offshofe platformfacility have more than one clearly
defined deck, each.deck shall have a minimum of two
shutdown locations. Blowdown piping shall extend to
a locatio Wwhere the discharge of gas is not likely to

ing a significant probability of occurrence during the
life of the system. Design conditions to cofisidqr are
provided in following subsections.

The pipeline system shall be designedde preventfhori-
zontal and vertical movements, or shall be designled so
that any movements will be limitedjtoalues not capising
design strength to be exceeded (se€ para. A842).

Typical factors to be considered in the stability design
include

(a) wave and current fotces

(b) scour and resultant spanning

(c) liquefaction

(d) slope failvixe

Stability inay be obtained by such means including,
but not limited to, pipe submerged weight, trenching of
pipe below grade, and anchoring.

When calculating hydrodynamic forces, the spatial
variance of wave forces along the length of the pipeline
fay be taken into account.

Additional information on hydrostatic stability can
be found in API RP 1111, para. 4.4.2.

A844.1 Design Storm Conditions

Design wave and current conditions for portionf of a
pipeline that will not be trenched shall be based|on a
storm having a minimum return interval of no lesq than
five times the design life or 100 years, whicheyer is
smaller. Portions of the pipeline system to be trenched
shall be designed for wave and current conditions based
on prudent assessment of the period of pipe expgsure.
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 condlition
selection shall account for the timing of occurrerjce of
the wave and current direction and magnitude.

create a hazardtothe platformm facititiesConsideratiorn
should be given to potential entrained liquids, prevailing
winds, and 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.

A843.44 Pressure-Limiting Requirements for Off-
shore Compression Facilities

A843.443 Venting. Pressure relief valves shall be
vented to atmosphere such that no hazard is created.

100

A844.2 Stability Against Waves and Currents

A844.21 Submerged Weight. The submerged
weight of the pipe may be designed (such as by weight
coating) to resist or limit movement to acceptable values.
Hydrodynamic forces shall be based on the wave and
current values for the design storm condition for the
specific location.

Wave and current directionality and concurrency shall
be considered.
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A844.22 Bottom Soils. The pipe-soil interaction fac-
tors that are used shall be representative of the bottom
conditions at the site.

A844.23 Trenching. The pipeline and its appurte-
nances may be trenched below bottom grade to provide
stability. The pipeline must be designed for wave and
current stability prior to trenching. Such stability, how-
ever, need only be based on environmental conditions
expected during the period of pipe exposure.

of soil liquefaction due to wave overpressures shall be
based on a storm return interval of no less than five
times the design life or 100 years, whichever is smaller.

A846 VALVES

Offshore transmission lines shall be equipped with
valves or other components to shut off the flow of gas
to an offshore platform in an emergency.

A844.24 Backfilling. Backfilling or other protective
covefings, when necessary, shall be accomplished by
using such materials and procedures to preclude dam-
age tp the pipeline and coatings.

A844.25 Anchoring. Anchoring may be used
instepd of or in conjunction with submerged weight
to maintain stability. The anchors shall be designed to
withgtand lateral and vertical loads expected from the
design storm condition. Anchors shall be spaced to pre-
vent[excessive stresses in the pipe sections between
anchors. The anchoring system and adjacent pipe shall
be designed to prevent scour and resultant spanning
fromfoverstressing the pipe. The effect of anchors on the
cathqdic protection system shall be considered.

A844.3 Shore Approaches

Pipe in the shore approach zone shall be trenched
or bgred to the depth necessary to prevent scouring}
spanhing, or stability problems that affect integrity ahd
safe pperation of the pipeline during its anticipatéd-ser-
vice life. Seasonal variation in the near shorethickness
of seafloor sediments and shoreline erosion* over the
pipejﬁne service life shall be considered.

A84

The pipeline shall be designed for slope failure in
zonep of known or anticipated occurrence, such as mud-
slide[zones and areas of seismic slumping. The design
expopure period shall bewno less than the expected life
of th¢ pipline. If it ig'mot practical to design the pipeline
syst¢m to survigejthe event, the pipeline shall be
designed for centrolled breakaway with check valving
to prpvent blowdown of the pipeline.

.4 Slope Failure

A844.5_Soil Liquefaction

Block—~vatvesstattbe—accessibteardt—proterted from
damage and tampering. If a blowdown valve'is{involved,
it shall be located where the gas can be\bloyn to the
atmosphere without undue hazard,

Blowdown valves shall be proyided so that|each sec-
tion of pipeline between main line*valves can|be blown
down. The sizes and capacity) of the conneftions for
blowing down the line shall'be such that ungler emer-
gency conditions the section of line can be blown down
as rapidly as is practicable.

A847 TESTING

A847.1 General Provisions

Al] offshore pipelines shall be tested after irjstallation
and prior to operation within the provisions of this
section.

A847.2 Test Pressure

The installed pipeline system shall be hydr
tested to at least 1.25 times the maximum
operating pressure. Offshore platform piping and off-
shore pipeline risers must be tested to at least| 1.4 times
the maximum allowable operating pressure either before
or after installation. Prefabricated portions of platform
piping that have been pretested to 1.4 times fthe maxi-
mum allowable operating pressure need not|be tested
after installation if all items are tied in by c¢nnectors,
flanges, or welds that have been radiogrgphically
inspected.

statically
hllowable

CAUTION: When an external pressure, P,, greater fhan zero is
used in the hoop stress formula in para. A842.221) 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 shall be checked to see that it is within allowable
limits considering both the internal and external prespures when
determining the maximum hydrostatic test pressure

Desigmfor—the effects—of Hiquefactiorn stattbe per-
formed for areas of known or expected occurrence. Soil
liquefaction normally results from cyclic wave overpres-
sures or seismic loading of susceptible soils. The bulk
specific gravity of the pipeline shall be designed, or
alternative methods shall be selected to ensure both
horizontal and vertical stability.

Seismic design conditions used to predict the occur-
rence of bottom liquefaction or slope failure shall have
the same recurrence interval as used for the operating
design strength calculations for the pipeline. Occurrence

101

A847.3 Test Medium

The test medium for all offshore pipelines will be
water. Additives to mitigate the effects of corrosion,
biofouling, and freezing should be considered. Such
additives should be suitable for the methods of disposal
of the test medium.

In arctic areas where freezing of water is a hazard,
the use of air, inert gas, or glycol is allowable. Platform
gas and compression piping may be tested with inert
gas.

(07)


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

A847.4 Test Procedure

The hydrostatic pressure test shall be conducted in
accordance with a specified procedure that shall, at a
minimum, provide for

(a) performance of the test after installation 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 system hydro-

A850.3 Essential Features of the Operating and
Maintenance Plan

The plan prescribed in para. 850.2(a) shall include

(a) detailed plans and instructions for employees cov-
ering operating and maintenance procedures for gas
facilities during normal operations and repairs

(b) items recommended for inclusion in the plan for
specific classes of facilities, which are given in paras.
A851.2, A851.4, and A860

static tesf, whenever practical.

(c) majntenance of the test and recording of results
on pipelifie and assemblies for a minimum of eight con-
tinuous lours at or above the specified pressure. All
variations in test pressure shall be accounted for. Test
duration jof prefabricated piping may be 2 hr.

(d) a rdtest if, during the hold time, a rupture or haz-
ardous leak occurs that renders the test invalid. Retesting
shall conmence after repairs have been made.

A847.5 Records

The operating company shall maintain in its file, for
the useful] life of each pipeline, records showing the type
of test flfid, the test procedure, the test pressure, and
the duratfion of the test.

A847.6 Tie-ins

It is reg
statically
sure testi
in weld ig
cable ND

ognized that it may not be possible to hydro-
test the tie-in between two test sections. Pres-
hg of tie-in welds may be exempted if the tie-
inspected by radiographic and/or other appli-
T methods.

A847.7 Testing for Buckles

. Testing]
tions sha
be acconf
device th
capable
having ey
ability o
replaced
repairing
pigging ¢

for buckles, dents, and other diameter restric-
1 be performed after installation. Testing shall
plished by passing a deformation detection
ough the pipeline section;or by other methods
f detecting a changeyih pipe diameter. Pipe
cessive deformatioh which affects the service-
f the pipeline‘facilities shall be repaired or
. Consideration should also be given to
excessiye ‘ovality which may interfere with
peration.'0r internal inspection.

(c) plans to give particular attention to those poftions
of the facilities presenting the greatest hazard 'tp the
public and environment in the event of afi ‘emergency
or because of construction or extraordindry maintenance
requirements

(d) provisions for periodic inspections along the
of existing pipelines

route

A850.4 Essential Features-of the Emergency Plap

A850.43 Liaison. “Each operating company|shall
establish and maintain liaison with available offshore
fire fighting entities (public and or privately owned)
that might be désignated for any particular offshord area.

A850.44 Educational Program. An educationa] pro-
gram shall be established to enable producers and the
geneéral public operating in the offshore area to recognize
and report a gas emergency to the appropriate offjcials.
The educational program called for under this s¢ction
should be tailored to the type of pipeline operation and
the environment traversed by the pipeline and should
be conducted in each language that is significant in the
community served. Operators of transmission systems
should communicate their programs to people, contrac-
tors, or others that usually work in the offshore afea of
concern. The programs of operators in the samgq area
should be coordinated to properly direct reports of ¢mer-
gencies and to avoid inconsistencies.

A850.7 Blasting Effects

Each operating company shall establish proce
for protection of facilities in the vicinity of blasting
ities. The operating company shall

(a) locate and mark its pipeline when explosiv¢s are
tobe detonated within distances as specified in confpany
plans. Consideration should be given to the marking of
lines

Hures
hetiv-

A850 OPERATING AND MAINTENANCE
PROCEDURES AFFECTING THE SAFETY OF
GAS TRANSMISSION FACILITIES

A850.1 General

All provisions 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 maintained con-
sistently with Class Location provisions as determined
in para. 840.

102

1351 11 41 it £ 4] H
mintmum—blasting—distances—from—the—pip
depending on the type of blasting operation.

(b) determine the necessity and extent of observing
or monitoring blasting activities based on the proximity
of the blast considering the pipe materials, the operating
conditions, the size of charge, and soil conditions.

Consideration should be given to

(1) the effect of shock waves on the pipeline from
blasting

(2) conducting a leak survey following completion
of the blasting program
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A851 PIPELINE MAINTENANCE
A851.2 Pipeline Patrolling

Each operating company shall maintain a periodic
pipeline patrolling program to observe conditions on
and adjacent to the pipeline right-of-way, indication of
leaks, construction activity other than that performed
by the company, and any other factors affecting the
safety and operation of the pipeline. These inspections
shou]d be made as often as necessary to maintain the

Personnel working on pipeline repairs should under-
stand the need for careful job planning, be briefed on
procedures to be followed in accomplishing repairs, and
follow necessary precautionary measures and proce-
dures.

When pipe is repaired, damaged coating should also
be repaired. Replacement pipe and components shall be
protected from corrosion.

A851.46 Offshore Repair of Flexible Pipe. If the

integrity of the pipeline. Records of these inspections
shall|be maintained for the life of the facility. Provisions
of paras. 851.2, 851.21, and 851.22 do not apply to this
Chapjter.

A851.4 Above Water and Hyperbaric Repair

Procedures for Steel Pipelines

Al
steel
851.4
level
stren

above water and hyperbaric repair procedures for
pipelines shall conform to the requirements of para.
as specified for pipelines operating at hoop stress
5 at or above 40% of the specified minimum yield
oth.

A851.45 Offshore Below Water Repair Procedures for
Steel Pipelines. Submerged offshore pipelines may be
repaired by replacement of the damaged section or by
the use of a full encirclement split sleeve of appropriate
design installed over the imperfection or damage.
Replacement sections and split sleeves shall be secured
by atmospheric dry or hyperbaric welding or mechanical
devides. Repairs shall be visually inspected for leaks
after|being returned to service.

Ary offshore below water repair proceduresshall con-
form(to para. 851.4 provisions for pipelines-operating
at hdop stress levels at or above 40% of the specified
minijnum yield strength.

Repairs should be performed under qualified supervi-
sion py trained personnel aware of and familiar with
the rhaintenance plan and opefating conditions of the

operability of the flexible pipe is impaired) (1.e., major
structural damage), the pipe shall be repaired bly replace-
ment of the damaged section. In the"event ¢f surface
cuts and abrasions in the protectivé epating that do not
expose the load carrying members'topotential forrosion,
the repair shall be performed in.amanner reconmended
by the manufacturer.

A851.7 Pipeline Markers and Signs

Permanent markers are not required for offshore pipe-
lines; however, stitable signs should be postefl on plat-
forms to sefve as a hazard area warning. Where
appropriatejsigns should display the operafing com-
pany identification and emergency communichtion pro-
cedures:

A854 LOCATION CLASS

There are no operating Location Classes offshore.

A860 CORROSION CONTROL OF OFFSHORE
PIPELINES

A861 SCOPE

Since offshore pipelines cannot be readily
after installation and there is the possibility o
to the coating system, special consideration

inspected
f damage
hould be

o , . given to the selection, design, and applicatior} of corro-

pipeline, the company’s safety requirements, and the . . . .
; . sion control coatings, the cathodic protectiop system,
hazayds to public safetjrnand environment. . .
. : . . and other corrosion design elements.

Evhcuation and repair operations should not result in
impgsed loads or deformations that would impair the
integrity of the-pipe materials, weight, or protective =~ A862 EXTERNAL CORROSION CONTROL
coatihg. .

The use of 'subsurface equipment equipped with cut- A862.1 New Installations
ters, pjéctots, jets, or air suction systems should be care- All submerged steel pipe, valves, and relatgd fittings
fully corntrolted amnd monitored to avoid damaging tie shattbeextermatty coatedand-cathodicalty protected. All

pipeline, external coating, or cathodic protection system.

When lifting or supporting pipe during repairs, the
curvature of a pipe sag bend and overbend should be
controlled and maintained within limits to minimize
pipe coating damage, overstressing, denting or buckling
during the repair operation, and lifting equipment
should be selected accordingly.

Wave and current loads should be considered in
determining total imposed stresses and cyclical loads in
both surface and subsurface repairs.

above water piping and components shall be protected
from the particularly corrosive conditions of the salt
water atmosphere and cyclic wetting and drying.

A862.11 Submerged Facilities

A862.12 Coating Requirements

(a) Coating Design. The design of coating systems for
offshore installation should reflect the type of environ-
ment in which the facility is to be installed. Selection of
the protective coating should be based on
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(1) low water absorption

(2) compatibility with the type of cathodic protec-
tion to be applied to the system

(3) compatibility with the system operating tem-
perature

(4) sufficient ductility to minimize detrimental
cracking

(5) sufficient toughness to withstand damage dur-
ing installation

the design formula for the system should include the
output of the anodes, the desired life of the system,
anode material, and utilization efficiency. Anodes used
should be compatible with the operating temperature
of the pipeline and the marine environment.

(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

(6) fesistance to future deferioration in a sub-
merged gnvironment
(7) epse of repair

(b) Clepning and Surface Preparation. There may be
additiongl cleaning and surface preparation require-
ments, sych as a near white metal finish and an anchor
pattern tq promote a good bond for all epoxy-based thin
film coatings. Welds should be inspected for irregulari-
ties that ¢ould protrude through the pipe coating, and
any such|irregularities should be removed.

(c) Application and Inspection. The coating should be
applied Yinder controlled conditions and have a high
resistancg¢ to disbondment. Further information can be
obtained |from NACE RP-06-75, Section 4. A holiday
detector, jsuitable for the type of coating applied, shall
be used fo detect flaws. Flaws noted shall be repaired
and retesfed. Weights or weight coating shall not dam-
age the protective coating during application or instal-
lation.

(d) Codting for Weld Joints, Appurtenances, and Patching.
Weld joints and appurtenances shall be coated with
material fthat is compatible with the basic coating.. A
holiday dletector, designed for the type of fieldjoint
material applied, may be used to detect flaws, and flaws
shall be fepaired and retested.

(e) Field Inspection. The pipe shallibe visually
inspected prior to installation to enstite“that unaccept-
able dampge has not occurred duringloading, welding,
or other Jaying activities prior to-Submergence of the
pipe. An}y significant damage)to the coating shall be
repaired |with material compatible with the pipeline
coating. (Care should be ¢Xercised to minimize damage
to the copting systemy-particularly during laying and
trenching of the pipe.

A862.13 Cathodic Protection Requirements
(a) DesignCriteria. An offshore facility is considered

Isirstatted:

A862.14 Electrical Isolation. Underwater pipeline
systems shall be electrically isolated from 6ther me¢tallic
structures so that cathodic protection ¢éan be effective.
An exception can be made when both'the foreign $truc-
ture and the pipeline are designedite’be protectedl as a
unit. Other general consideratiohs ificlude the following:

(a) Tie-Ins. Isolation from.foréign pipelines at tje-ins
may be made by installing’insulation flanges, umions,
or other insulating deyices. When making a tie—ii of a
coated line to a bare dine, the two lines shall be electri-
cally isolated.

(b) Foreign Pipeline Crossings. When crossing a fg
pipeline, care shall be exercised to ensure adequate
ration between the two lines so that the possibili
electrigal interference is minimized.

(c)\Pipeline Riser Support and Secondary Piping. When
installing riser piping at platforms, supporting d¢vices
such as clamps and pipe supports shall isolate the piiping
from the structure. Insulating devices shall be installed
where electrical isolation of a portion of the piping sys-
tem from production piping, tanks, and other facilifies is
necessary to facilitate application of cathodic proteftion.
Electrical interference between electrically isollated
structures shall be minimized. Wiring and piping con-
nections to an isolated pipeline shall also have insulation
between the pipeline and the platform. Tests shall be
made to ensure adequate isolation, and approgriate
action shall be taken to ensure such isolation wher nec-
essary.

reign
sepa-
y for

A862.15 Electrical Connections and Monitpring
Points. Test leads shall be installed so that thely are
mechanically secure, electrically conductive, and gcces-
sible for testing. It is considered impractical to Jocate
test leads in deep or open water. Test leads installdtions
are usually limited to platforms and the pipkline

to be Caﬁludigdﬁy Pluwued wierT it reets ore or oTe
of the criteria established in Appendix K.

(b) Impressed Currents. Where impressed current sys-
tems are used, the system shall be designed to minimize
outages, and the output shall be such that the design
criterion is met. Also, consideration should be given to
minimize the interference effect on other pipelines or
structures.

(c) Galvanic Anodes. Where galvanic anodes are used
for protection, consideration shall be given to the quality
of the coating (i.e., the percent of exposed pipe). Also,

104

entrance to the shore.

A862.16 Atmospheric Protection
(a) The splash zone area, where the pipeline is inter-
mittently 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
(2) special protective systems and techniques
(3) other suitable measures, including selection of
pipe material
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(b) Coatings and other protective systems shall be
installed on a properly prepared surface and in accor-
dance with established specifications or manufacturer’s
recommendations. The coating should resist water
action, atmospheric deterioration, mechanical damage,
and cathodic disbondment.

A862.2 Existing Installations

The operating company must rely on monitoring,

ensure electrical isolation in accordance with para.
862.114. If electrical isolation cannot be attained, mea-
sures shall be taken to minimize electrical interference.
Electrical isolation from the platform should be checked
and maintained unless the system was specifically
designed to be jointly protected.

A862.216 Examination When Exposed. When a
pipeline is lifted above water for maintenance or repair,
the operating company shall visually inspect for evi-

invedtigation, inspections, and corrective action to con-
trol cprrosion. Such activities shall be performed at peri-
odic|intervals sufficient to ensure that adequate
corrgsion control is maintained. Where it is determined
that forrosion that is taking place may be detrimental
lic or employee safety, the facility shall be repaired
laced, and corrosion control measures shall be
applied or augmented.

A862.21 Submerged Facilities

862.214 Cathodic Protection Criteria

(a)| Criteria. The criteria for cathodic protection are
specified in Appendix K.

(b)| Electrical Checks. The operating company shall
take glectrical readings periodically at each test location
availgble to ensure that the cathodic protection level
meetp one of the criteria in Appendix K.

Before each electrical test is performed, an inspection
shall|be made to ensure electrical continuity and that
good| contact to the pipelines is made by the test con-
nectipn.

A862.215 Electrical Interference. Petriodic tests
shall{be made to ensure that electrical isolation from
foreign pipelines or other structures remains complete.
Somg indications of electrical interférence are changes
in pipe to electrolyte potential, changes in current mag-
nitude or direction, localized pitting, and coating break-
dowh. When new foreign-pipelines are laid in the
vicinfty of existing lines; inspections shall be made to

dence of coating deterioration, external cofrgsion, and
where possible, the condition of any explsed|anode. If
excessive corrosion is present, remedial‘action shall be
taken as necessary.

If repairs are made below water, inspectio
dence of external corrosion orcoating deteriorgtion shall
be made, and necessary corrective action shall be taken
to maintain the corrosion\protection of the pipeline.

h for evi-

A862.25 Atmospheric Corrosion. Detailgd inspec-
tions shall be made periodically of all piping [for atmo-
spheric corrosion.’ This inspection shall inclfide those
areas most/susceptible to corrosion such a§ flanges,
flange bolts,"areas under pipe straps, areas whhere pipe
is in contact with supports, and other places wlhere mois-
ture‘collects. Where atmospheric corrosion [is found,
prompt corrective action shall be taken. Clorrective
action shall consist of painting, replacement ¢f compo-
nents as necessary, or other action deemed apjpropriate
by the operating company.

A863 INTERNAL CORROSION CONTROL
A863.1 General

The design and maintenance of offshore pipgline facil-
ities that may carry natural gas containing carbon diox-
ide, chlorides, hydrogen sulfide, organic acids} solids or
precipitates, sulfur-bearing compounds, oxygen, or free
water require special consideration for the ¢ontrol of
internal corrosion.

105
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Chapter IX
Sour Gas Service

B800 SOUR GAS SERVICE

load. For the standard 3,000-kg load, numbers range

B801 GENERAL

Chaptdr 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 seven chapters
of the Cqde. All provisions of the first seven chapters
of the Cofle are also requirements of this Chapter unless
specifically modified herein. Paragraph headings follow
those in the first seven chapters with the prefix “B”.

If a pafagraph appearing in Chapters I through VII
does nof 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 VII, 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
requirempnts 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 ©f the remainder of the Code.
It is not the intent of{ this Chapter to be all inclusive.
Provisions must be'made for special considerations that
are not gpecifically addressed. This Chapter is not
intended|to prevent the development and application
of new ejqtipment and technology. Such activity is
encourag Tabiti iTe-
ments of the Code are satisfied.

B803 SOUR GAS TERMS AND DEFINITIONS

hardness: resistance of metal to plastic deformation usu-
ally by indentation. For carbon steels, hardness can be
related to the ultimate tensile strength.

Brinell Hardness Number (BHN): a value to express the
hardness of metals obtained by forcing a hard steel ball
of specified diameter into the metal under a specified

from 81 to 945.
Microhardness: any hardness measurement\using an
indentor load less than 10 kg.
Rockwell Hardness: a series of hardness scalgs for
metals.
(a) The Rockwell “C” (HRC) Seale uses a cong¢ dia-
mond indentor and a load of 150 kg. The scale stqrts at
20 for soft steels and reaches'a maximum of abgut 67
for very hard alloys.
(b) The Rockwell “B? (HRB) scale uses a hard metal
ball indentor and/starts at 0 for extremely soft npetals
and reaches a maximum of 100 for soft steels and aflloys.
HRB 100 = _HRC 20.
Vickers, Haxidness 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 induced cracking (HIC): a cracking mechgnism
of susceptible materials caused by atomic hydrogen dif-
fusion in the metal. The atomic hydrogen usudllly is
created by the corrosive reaction of hydrogen sulfifle 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.

partial pressure: determined by multiplying the mo] frac-
tion (mol percent divided by 100) of hydrogen stilfide
in the gas by the total system pressure.

radius of exposure (ROE): the distance from a point of
release at which the hydrogen sulfide concentrdtions
ifi or

500 ppm) determined by dispersion calculations.

sour gas: gas containing hydrogen sulfide (H,S) at 65 psia
(4.5 Bar) or greater at a partial pressure of 0.05 psia
(3.5 m Bar) or greater. See NACE MRO0175, titled Sulfide
Stress Cracking Resistant-Metallic Materials for Oilfield
Equipment.

sulfide stress cracking (SSC): a corrosion-related cracking
mechanism caused by exposure of susceptible materials
to sulfide ions in the presence of free water.
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B813 MARKING

Valves meeting NACE MRO0175 shall be so identified
with a permanent tag or marking.

B814 MATERIAL SPECIFICATIONS
B814.1 General Requirements

Materials must meet the requirements of NACE
MRO175.

B823.24 Hardness Control. The hardness of all weld
zones including weld metal and heat affected zones on
welding qualification test specimens shall meet the hard-
ness requirements for the alloys welded as specified
in NACE MRO0175. For most common pipe alloys, the
maximum allowable hardness is HRC 22. It is the user’s
responsibility to ensure the welding qualification speci-
men is metallurgically representative of full-scale pipe-
line welds.

B82() WELDING SOUR GAS PIPELINES
B821 GENERAL
B821.1

Thjs section concerns the welding of pipe in sour gas
servife in both wrought and cast steel materials and
covefs butt and fillet welded joints in pipe, valves,
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 Seam Welds

This section does not apply to the welding of the seam
in th¢ manufacture of pipe, but the user is cautioned to
ensufte that such seams are suitable for sour gas service
in their installed condition.

4

standards of acceptability for welds of, piping
ms as established in API 1104, Section 6,(or ASME
Boiler and Pressure Vessel Code, Section VI, Division
1, shall be used; however, additional requirements for
hardness and residual stress should<be considered.

B821

Th|
syste

b
C

B822 PREPARATION FOR WELDING
B822.3 Seal Welds

Segl welds shall haye\a‘separate qualified procedure.

B822

Pipe that haSbeen in sour gas service shall be thor-
oughlly cleahéd’ to bright metal on the inside surfaces
back|1 im_from the weld bevel.

.4 Cleaning

NOTE: Both macrohardness and microhardness surveys of prop-
erly prepared qualification specimens are frequently tised to deter-
mine the presence of thin HAZ hard zones. A common|ly accepted
maximum macrohardness limit near the inside surface is 250 HV10.

B824 PREHEATING
B824.5 Hydrogen Bake Qut of Used Pipe

Pipe that has been used"in sour gas servic
heated for at least 20 fmin 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 shauld be in
addition to,and immediately preceding any preheating
specifieddn the welding procedure for new plipe.

b shall be

B825. STRESS RELIEVING
B825.2

The chemistry of the steel and welding procefure shall
be controlled to limit the hardness of the weldment as
required by para. B823.24. When the effectil:reness of
such controls is questionable, consideratiof shall be
given to stress relieving welds in sour gas service. In
general, temper bead welding, peening proc¢dures, or
low-temperature postweld heat treatment does not pro-
vide the equivalent protection from service cijacking as
does a full thermal stress relief.

B825.6 Stress Relieving Temperature

(a) Stressrelieving is normally performed atfa temper-
ature of 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 propgrly sup-
ported with metallurgical evidence. The exact|{tempera-
ture range shall be stated in the procedure spegification.

(b) When stress relieving a joint between flissimilar
metals having different stress relieving reqyirements,

B823 QUALIFICATIONS OF PROCEDURES AND
WELDERS

The requirements of paras. 823.1 and 823.11 shall not
apply to this section.

B823.2 Requirements for Qualifications of
Procedures and Welders on Piping Systems

B823.22  All procedure and performance qualifica-
tions shall be based on destructive mechanical test
requirements.

107

the mmatertat requiring the higherstress tetieving 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 temperature and held at that temperature for
a period of time proportioned on the basis of at least
1 hr/in. (1 hr/25 mm) of pipe wall thickness, but in no
case less than 1/2 hr, and shall be allowed to cool slowly
and uniformly.

(d) Records. A suitable record of the stress relief cycles
shall be provided for each weld stress relieved.
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(e) Temperature Control. A group of closely spaced
welds, such as three welds on a tee, can be controlled
and recorded by a single thermocouple.

B826 WELDING AND INSPECTION TESTS

B826.2 Inspection and Tests for Quality Control of
Welds on Sour Gas Piping Systems

B841.114 Design Factors F and Location Classes.
When using Table 841.114A, design factor F of 0.80 shall
not be used for sour gas service.

B841.2 Installation of Steel Pipelines and Mains

B841.23 Bends, Elbows, and Miters in Steel Pipe-
lines

B841.231

In addition to subparas. 826 2(a) through (f), for sour
gas lines n Class 3 or 4 Locations, compressor stations,
major or|navigable river crossings, railroad crossings,
and road crossings, 100% of all field welds shall be
checked by nondestructive inspection. Nondestructive
inspectign may be conducted before or after stress
relieving|

B830 HIPING SYSTEM COMPONENTS AND

BRICATION DETAILS

In addjtion to para. 830, all components shall meet
the requitements of NACE MRO0175 as appropriate.

B831 HIPING SYSTEM COMPONENTS
B831.1 Yalves and Pressure-Reducing Devices

B831.13

(a) Indtruments, instrument tubing, controllers,
gauges, and other components that become a part of the
pressure fontainment system shall meet NACE MR0175
requirements.

(b) Mopt copper-based alloys suffer severe corrosion
in sour service. Use of such alloys in any components
shall be investigated for suitability.

B831.2 klanges

B831.22 Bolting

(h) Bolting exposed to sour gas and denied access to
air due t¢ thermal insulatien; flange protectors, or cer-
‘tain design features shall meet the requirements of
“NACE MRO0175 as appropriate. Designers should note
“that boltihg meetifig NACE MRO0175 requirements, such
‘as type ASTM<AN93 grade B7M, have derated tensile
‘ propertief, ahdthe joint design shall be appropriate for
;'such deration. Bolting opened to atmosphere may be

{7 Bends used in s0UT gas pipe shall meet the fequire-
ments of NACE MR0175 in the as-bent condition}. Hot
bends may be needed to meet NACE MRO175 Tequire-
ments. The first prototype bend may be needed fof test-
ing to ensure hardness requirements of NACE MR0175
and that both toughness and tensile*properties arp still
acceptable. Neither wrinkle bends.nor miter bends are
permitted for sour gas lines.

B841.24 Pipe Surfaces’Requirements Applicable to
Pipelines and Mains to Operate at a Hoop Stress of 20%
or More of the Specified Minimum Yield Strength

B841.245_Arc Burns. Additionally, arc burnghave
been found to'€ause serious stress concentration inpipe-
lines and in“sour gas lines, and shall be prevented or
eliminated in all lines.

Ar¢burns may be removed by grinding, chipping,
or. mdchining. The resulting cavity shall be thoroyighly
cleaned and checked for complete removal of damaged
material by etching with a 10% solution of ammopium
persulfate or a 5% solution of nitric acid in alcohol (nital).
If removal of damaged material is complete, the ¢avity
may be merged smoothly into the original contqur of
the pipe by grinding, provided the remaining wall thick-
ness is within specified limits.

B841.26 Hot Taps. In addition to para. 84126 of
Chapter 1V, it should be noted that hot tapping of sour
gas lines presents special health and metallurgical con-
cerns and shall be done only to written operating|com-
pany approved plans.

B841.27 Precautions to Avoid Explosions of (Gas—
Air Mixtures or Uncontrolled Fires During Construction
Operations

B841.271 In addition to the precautions ouflined
in para. 841.271 of Chapter IV, it should be noted that

“conventional ASTM A 193 grade B7 bolting.

B840 DESIGN, INSTALLATION, AND TESTING
B841 STEEL PIPE
B841.1 Steel Piping Systems Design Requirements

B841.11 Steel Pipe Design Formula
(c) Fracture Control. Fracture control should be con-
sidered for sour gas service.

welding and cutting on sour gas lines presents special
health and metallurgical concerns and shall be done
only to written operating company approved plans.

B841.3 Testing After Construction

B841.31 General Provisions. In addition to para.
841.31 of Chapter 1V, it should be noted that testing
with sour gas presents special health and metallurgical
concerns and shall be done only to written operating
company approved plans.
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B842 OTHER MATERIALS
B842.1

Materials shall meet
NACE MRO0175 as applicable.

the requirements of

B842.3 Design of Plastic Piping

B842.39 Plastic Pipe and Tubing Joints and Connec-
tions

where

mol fraction of hydrogen sulfide in the gaseous

mixture

maximum volume determined to be available
for escape in cubic feet per day corrected to

14.65 psia and 60°F
radius of exposure (ROE) in feet

842.392 Joint Requirements. Fusion bonded
jointg in thermoplastic pipe used in sour gas service are
acceptable. All cement, adhesive, and fusion bonding
joining procedures and joiners shall be qualified to writ-
ten procedures using destructive test specimens of
full-scale plastic pipe joints.

B843 COMPRESSOR STATIONS
B843.4 Compressor Station Equipment
B843.41 Gas Treating Facilities

843.413  All metallic materials in contact with
presgurized sour gas shall meet the requirements of
NACE MRO0175 as applicable.

Personal safety equipment should be considered for
use dt sour gas facilities. Use of appropriate hydrogen
sulfidle sensors capable of actuating station emergency
shutdown systems should be considered.

[}

(5) vletric Equations

(a) 100-ppm level of H,S after dispersal:

X =[(8.404) M Q] ©%*

(b) 500-ppm level 6f’H,S after dispers

where

M

QO

Xin

X & [(2.404) M Q] %628

miel fraction of hydrogen sulfide in th|
mixture

maximum volume determined to be
for escape in cubic meters per day co|
1.01 bars and 15.6°C.

radius of exposure (ROE) in meters

—_

pl:

£ gaseous

available
rrected to
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B844 PIPE-TYPE AND BOTTLE-TYPE HOLDERS
NOTE: The equations assume a 24-hr release. When} a pipeline
Pipge- and bottle-type holders shall not betused for segment can be isolated in less than 24 hr, appropriatg reductions
sour gas. Storage of sour gas is outside the.stope of this ~ in Q may be used.
Codg.
(4) Examples of 100-ppm and 500-ppm| ROE for
‘B850 ADDITIONAL OPERATING/AND various 24-hr releases and H,S mol fractigns are as
MAINTENANCE CONSIDERATIONS AFFECTING  follows:
THE SAFETY OF SOUR GAS PIPELINES
B850.1 100-ppm ROE
(c)| Radius of expesure (ROE) to H,S calculations shall Rf(t)E ]\E\e/[l;és;]) II\_I/IZS
‘ . ) s . . / ol
be mlade using.assditable air dispersion equation such X Q(1,000,000) Fraction
“as thp Pasquél<Gifford equation given as follows: — - —
: 1) Edehoperator shall determine the hydrogen sul- 1,165 ! 0.05
fide qoncentration in the gaseous mixture in the system. 3191 > 0.05
Suitablestandardsare ASTM D 2385 GPA C-1 DA ki 10 0.05
.. 4 4 7,597 20 0.05
publication 2265. 9,792 30 0.05
(2) Radius of Exposure Equations 1,798 1 0.1
(a) Radius of exposure equation to the 100-ppm 4,924 5 0.1
level of H,S after dispersal: 7,597 10 0.1
11,723 20 0.1
X = [(1.589) M Q] %628 15,109 30 0.1
2,775 1 0.2
(b) Radius of exposure equation to the 500-ppm 7,597 5 0.2
level of H,S after dispersal: 11,723 10 0.2
18,090 20 0.2
X = [(0.4546) M Q] **** 23,315 30 0.2
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500-ppm ROE (1) The protection should be provided by fencing
ROE Release H,S and locking or removal of valves and instrumentation
ft, MMSCFD Mol and plugging of ports, or other similar means.
X Q(1,000,000) Fraction (2) Surface pipeline is not considered a fixed sur-
533 1 0.05 face facilit}.l..
1,458 5 0.05 (d) Additional control and safety procedures or safety
2,250 10 0.05 devices should be installed and maintained to prevent
3,472 20 0.05 the undetected continuing release of hydrogen sulfide
4/5;1 3(1) 2?5 if any of the following conditions exist:
(1) The I00-ppim radius of exposure is in excess of
o ; o 50 ft (152 m) and includ f a publ
3472 10 01 t (15. m)' and includes any part of a publid area
5,357 20 0.1 except a public road.
6,904 30 0.1 (2) The 500-ppm radius of exposurgis greatei than
1,268 1 0.2 50 ft (15.2 m) and includes any part ef a“public rpad.
3,472 5 0.2 (3) The 100-ppm radius of exposure is greatey than
5,357 10 0.2
3,000 ft (915 m).
8,266 20 0.2 . . .
10,654 30 02 (e) Contingency Plan. Operatiohs subject to (d) above

B850.4 kssential Features of the Emergency Plan

B850.
tional tra
line pers

12 Training Program. In addition to conven-
ning, all sour gas operation and maintenance
nnel shall be trained in

(a) hazards and characteristics of H,S

(b) effect on metal components of the lines and
equipment

(c) safgty precautions

(d) opdration of safety equipment and life support
systems

(e) corfective action and shutdown procedures

B851 HIPELINE MAINTENANCE
B851.7

(d) In pddition to each sign required in subpara.
851.7(c) of Chapter V, for operations where the 100-ppm
radius of exposure is greaterthan 50 ft (15.2 m), a
“POISON GAS” sign shall be-installed.

All surface facilities shall also be marked with
“POISON GAS” signs.

B851.10

When
shallbe g
rary flare

blowing.down sour gas lines, consideration
vernito the use of suitable permanent or tempo-
systems.

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
PIRPELINES

B861 " "GENERAL
B861.1 Scope

This section contains the minimum additive or syibsti-
tutive requirements for corrosion control of externdl and
internal corrosion of sour gas piping and compoments.
Where specific provisions are not set forth hereiI, the
provisions of para. 860 of Chapter VI shall apply,

B861.2 Special Considerations

Due to the corrosivity of hydrogen sulfide anfl 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 naty
the sour gas, special consideration shall be given
selection of the corrosion allowance.

re of
o the

B862 EXTERNAL CORROSION CONTROL

B855 CONCENTRATIONS OF PEOPLE IN LOCATION
CLASSES 1 AND 2

B855.1

(c) Security. Unattended fixed surface facilities
should be protected from public access when located
within 1/4 mile of a residential, commercial, or other
inhabited or occupied structure; bus stop; public park;
or similarly populated area.

110

B%Giﬂ_NeW'IﬂSt‘a'H‘at;uua
B862.11 Buried Steel Facilities

B862.113 Cathodic Protection Requirements.
Unless it can be demonstrated by tests or experience
that cathodic protection is not needed, all buried or
submerged facilities with insulating type coatings,
except facilities installed for a limited service life, shall
be cathodically protected as soon as feasible following
installation, except that minor replacements or exten-
sions shall be protected as covered by para. 862.212.
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Facilities installed for a limited service life need not
be cathodically protected if it can be demonstrated that
the facility will not experience corrosion that will cause
it to be harmful to the public or environment. Cathodic
protection systems shall be designed to protect the bur-
ied or submerged system in its entirety.

A facility is considered to be cathodically protected
when it meets one or more of the criteria established in
Appendix K.

of liberated hydrogen atoms to enter the steel. The
hydrogen causes many problems that have been given
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 MR0175
outlines all of the acceptable materials combinations to
resist this type of cracking.

(2) Hvdrogen induced cracking (HIC) occurs when

Ub S Uf Cd ll lUdiL PIU LCC LiUI 1 ib crcour dgCL‘l o PI OLcCt
burigd sour gas facilities.

B863 INTERNAL CORROSION CONTROL
B863.1 General

Soir gas facilities shall be assumed to be internally
corrdsive unless proven by experience to be otherwise.
Water dewpoint control frequently is used as a corrosion
contrpl method. Upset conditions or operational changes
may [make this control method ineffective. The use of
inhibjitors is also common.

B863.2 New Installations

New installations should be designed with

(a)] suitable dedicated fittings for corrosion inhibitor
injection

(b)| suitable dedicated fittings and valves to insert and
retrigve corrosion measuring devices such as probes and
couppns
B866¢ STRESS CORROSION AND OTHER
PHENOMENA

B864.1

Sofir gas lines, particularly when combined with car-
bon gioxide and produced salt water'can suffer from
sevetal corrosion-related phenomena:

(a)| Hydrogen-Related Problems. The corrosion reaction
in th¢ presence of the sulfideion permits a high amount

laminate.
delamin-
e of HIC
sour gas

hydrogen causes inclusions in the steel to”dg
Multiple shear cracks then develop to link.thej
ations creating a stair step crack system. Us
resistant materials should be considered for
service.

(3) Stress oriented hydrogen induced
(SOHIC) is another variant of HIC. SOHI
enhanced by high-tensile-stress.

cracking
C is HIC

(4) Hydrogen blistéring consists of hydro
diffusing inside-the steel to delaminated 2
recombining £0 form molecules of hydrogen
resulting pfesstire can create large blisters on
inside or wutside surfaces of the steel.

Pen atoms
reas and
gas. The
either the

(b) Chloride stress corrosion cracking is daused by
chlorides in the produced water. Austenitid stainless
steels are particularly prone to this type of cragking. The
sulfide ion has a synergistic effect with the chloride ion.
The net result is the occurrence of cracking| at lower
temperatures and at lower chloride concentrations than
normally expected. Except for small low stregsed parts
such as thermowells, use of alloys not resistamt to chlo-
ride stress cracking above 140°F (60°C) is dijcouraged
in wet sour gas systems.

(c) Microbiologic Induced Corrosion (MIC). Microbio-
logic activity can create severe pitting-type [corrosion
and hydrogen-related cracking in sour gas lines. Use of
appropriate biocides and monitoring may be [needed.

111
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APPENDIX A
REFERENCES

These references may be immediately applied to mate-

API RP 516, Recommended Practice for Transportation

rials [purchased for use under this Code and shall be
applied to all materials purchased 12 months or later
after|the date of issuance of the reference’s latest edition,
including addenda, if applicable. A component or pipe
confgrming to an earlier approved material specification
editipn purchased by the user before the date of issuance
of a jew edition or addenda may be used, provided the
component or pipe is inspected and determined to be
satisfactory for the service intended by the user.
Stgqndards are incorporated in this Code by reference,
and fhe names and addresses of the sponsoring organi-
zatiops are shown in this Appendix. It is not practical
to refler to a specific edition of each standard throughout
the Code text; instead, the latest edition including
addehda, if applicable, shall be used unless otherwise
noted.
An asterisk (*) is used to indicate standards that have
been|accepted as American National Standards by the
Ametrican National Standards Institute (ANSI).

A-1 | AGA STANDARDS

*AGA Z223.1, National Fuel Gas Code

ANS]/GPTC 7380.1, GPTC Guide for Gas Transmission
angl Distribution Piping Systems

Gas Piping Technology Committee’s Guide Material
Appendix G-15, Design of Uncased Pipeline Crossings
of Highways and Railroads

Publisher: American Gas Association (AGA), 400 North
Capitol Street, NWxsWashington, DC 20001

ae

A-2 | APl STANDARDS

API Manual of Petroleum Measurement Standards,
Chapter21, Section 1 — Electronic Gas Measurement

of Line Pipe on Inland Waterways
API RP 5LW, Transportation of Line Pipe 'on Barges and
Marine Vessels
API RP 17B, Recommended Practiéé-for Flexible Pipe
API Spec 17], Specification for Untbonded Flekible Pipe
API RP 1102, Steel Pipelines)Crossing Railfoads and
Highways
API RP 1111, Design, €onstruction, Operafion, and
Maintenance of Offshore Hydrocarbon Pipelines
(Limit State Desigt)

Publisher: Ameriean Petroleum Institute (APf), 1220 L
Street, NW; Washington, DC 20005-4070

A-3 “ASME STANDARDS

F¥ASME B1.1, Unified Inch Screw Threads (UN|and UNR
Thread Form)
*ASME B1.20.1, Pipe Threads (Except Dryseal)
*ASME B16.1, Gray Iron Pipe Flanges and| Flanged
Fittings: Classes 25, 125, and 250
*ASME B16.5, Pipe Flanges and Flanged Fittinjgs NPS
Through NPS 24 Metric/Inch Standard
*ASME B16.9, Factory-Made Wrought Butfwelding
Fittings
*ASME B16.11, Forged Fittings, Socket-Welding and
Threaded
*ASME B16.20, Metallic Gaskets for Pipe|Flanges:
Ring-Joint, Spiral-Wound, and Jacketed
*ASME B16.24, Cast Copper Alloy Pipe Flanges and
Flanged Fittings: Class 150, 300, 600, 900, [L500, and
2500
*ASME B16.33, Manually Operated Metallic (Jas Valves
for Use in Gas Piping Systems up to 125 psi (Sizes
NPS % Through NPS 2)
*ASME Bl6 34 Valves — Flangpr‘] Threaded, and

API 5EHnePipe

API 6A, Wellhead Equipment

API 6D, Pipeline Valves

API 1104, Standard for Welding Pipelines and Related
Facilities

API RP 2A, Recommended Practice for Planing,
Designing and Constructing Fixed Offshore Platforms

API RP 5L1, Recommended Practice for Railroad
Transportation of Line Pipe

API RP 5L5, Recommended Practice for Marine
Transportation of Line Pipe

Welding End)

*ASME B16.38, Large Metallic Valves for Gas
Distribution (Manually Operated, NPS 2% to 12, 125
psig Maximum)

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

*ASME B16.42, Ductile Iron Pipe Flanges and Flanged
Fittings Classes 150 and 300

*ASME B16.47, Large Diameter Steel Flanges, NPS 26
Through NPS 60
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*ASME B16.49, Factory-Made Wrought Steel
Buttwelding Induction Bends for Transportation and
Distribution Systems

*ASME B18.2.1, Square and Hex Bolts and Screws (Inch
Series)

*ASME B18.2.2, Square and Hex Nuts (Inch Series)

ASME B31G, Manual for Determining the Remaining
Strength of Corroded Pipelines

*ASME B31.1, Power Piping

*ASME B8T2; ipi

*ASME B31.3, Process Piping

*ASME B31.4, Pipeline Transportation Systems for
Liquid|Hydrocarbons and Other Liquids

*ASME B31.8S, Managing System Integrity of Gas
Pipelines

ASME B36.10M, Welded and Seamless Wrought Steel
Pipe

*ASME H
Section

ASME SI
(Metriq

Publishg

PV Code, Section VIII, Pressure Vessels, and
IX, Welding Qualifications

1, ASME Orientation and Guide for Use of SI
) Units

r: The American Society of Mechanical
Engineprs (ASME), Three Park Avenue, New York,
NY 10016; Order Department: 22 Law Drive, Box 2300,
Fairfield, NJ 07007-2300

A-4 AS

ASTM A
Coated|
ASTM A
Applic
ASTM A

M STANDARDS

53, Pipe, Steel, Black and Hot-Dipped, Zinc-
Welded and Seamless
105/ A 105M, Carbon Steel Forgings for Piping
htions
106, Seamless Carbon Steel Pipe. for' High-
Temperature Service
ASTM A|120, Pipe, Steel, Black and Hot:-Dipped Zinc-
Coatei (Galvanized) Welded and Seamless for
Ordinary Use

ASTM A|134, Pipe, Steel, Electric-Fusion (Arc)-Welded
(Sizes INPS 16 and Over)

ASTM A|135, Electric-Resistance-Welded Steel Pipe

ASTM A[139, Electrie=Fusion (Arc)-Welded Steel Plate
Pipe (Sizes 4 in, and Over)

ASTM A 372/ A 372M, Carbon and Alloy Steel Forgings
for Thin-Walled Pressure Vessels

ASTM A 381, Metal-Arc-Welded Steel Pipe for Use With
High-Pressure Transmission Systems

ASTM A 395, Ferritic Ductile Iron Pressure-Retaining
Castings for Use at Elevated Temperatures

ASTM A 449, Quenched and Tempered Steel Bolts
and Studs

ASTM A 671, Electric-Fusion-Welded Steel Pipe for

e for
bs

ASTM A 672, Electric-Fusion-Welded Steel-Pip
High-Pressure Service at Moderate Temperatur

ASTM B 88, Seamless Copper Water Tube

ASTM D 696, Test for Coefficient of [inear Th
Expansion of Plastics

ASTM D 2513, Thermoplastic GasPressure Pipe, Ty
and Fittings

ASTM D 2517, Reinforced-"Epoxy Resin Gas Preg
Pipe and Fittings

ASTM D 2837, Hydrostatic Design Basis
Thermoplastic Pipe-Materials, Obtaining

ASTM E 380, Metric Practice

Publisher: Arnerican Society for Testing and Materials
(ASTM),-100 Barr Harbor Drive, P.O. Box C700,|West
Conshohocken, PA 19428-2959

brmal
bing,
ssure

for

A-5. AWS STANDARDS
*AWS A3.0 Welding Terms and Definitions
AWS D3.6 Underwater Welding, Type “O” Welds

Publisher: American Welding Society (AWS), 55(
LeJeune Road, Miami, FL 33126

NW

A-6 AWWA STANDARDS

*AWWA A21.14, Ductile-Iron Fittings 3-Inch Thjough
24-Inch for Gas

*AWWA A21.52, Ductile-Iron Pipe, Centrifugally
in Metal Molds or Sand-Lined Molds for Gas

AWWA C101, Thickness Design of Cast Iron Pipd'

*AWWA C111/A21.11, Rubber Gasket Joints for Dyctile-
Iron and Gray-Iron Pressure Pipe and Fittings

Cast,

WA),

ASTM A|193/AJ93M, Alloy-Steel and Stainless Steel ~ *AWWA C150/A21.50, Thickness Design of Duftile-
Bolting Matetials for High-Temperature Service Iron Pipe

ASTM A [194/A 194M, Carbon and Alloy Steel Nuts for Publisher: American Water Works Association (AWM
BOltS fér 111611 Presstire-or 1118}—1 Terr llJCLatulC SCL viee 6666 West Q'dil‘w}' AAXVCI‘luC/ DC:‘.VCI', PO 80235

or Both

ASTM A 211, Spiral-Welded Steel or Iron Pipe

ASTM A 307, Carbon Steel Bolts and Studs, 60 000 psi
Tensile Strength

ASTM A 320/ A 320M, Alloy Steel Bolting Materials for
Low-Temperature Service

ASTM A 333/ A 333M, Seamless and Welded Steel Pipe
for Low-Temperature Service

ASTM A 354, Quenched and Tempered Alloy Steel Bolts,
Studs, and Other Externally Threaded Fasteners

114

A-7 EPRI STANDARDS

EPRI EL-3106 (Also published as AGA-L51418, Power
Line-Induced AC Potential on Natural Gas Pipelines
for Complex Rights-of-Way Configurations)

Publisher: Electric Power Research Institute (EPRI), 3420
Hillview Avenue, Palo Alto, CA 94304

! This publication is no longer in print.
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A-8 GTI STANDARD

GRI Report No. 91/0284, Guidelines for Pipelines
Crossing Highways

Publisher: Gas Technology Institute (GTI), 1700 South
Mount Prospect Road, Des Plaines, IL 60018-1804

A-9 MSS STANDARDS
MSS SP-6, Standard Finishes for Contact Faces of Pipe

NACE RP0169, Control of External Corrosion on
Underground or Submerged Metallic Piping Systems

NACE RP0275, Application of Organic Coatings to the
External Surface of Steel Pipe for Underground
Service

NACE RP0675, Control of External Corrosion on
Offshore Steel Pipelines

NACE RP0177, Mitigation of Alternating Current and
Lightning Effects on Metallic Structures and Corrosion

Flgnges and Connecting End Flanges of vaives and Control Systems
Fitfings NACE Corrosion Data Survey'
MS,S ,SP'25’ Standard Ma}rk1ng System for Valves, Publisher: National Association of Coftosion
Fittings, Flanges,. and .Un1ons (NACE International), 1440 South Cred
MSS [SP-44, Steel Pipe Line Flanges Houston. TX 77084-4906
MSS| SP-70, Cast Iron Gate Valves, Flanged and !

Thfeaded Ends

MSS[5P-71, Cast Iron Swing Check Valves, Flanged and
Thieaded Ends

MSS BP-75, Specification for High Test Wrought Welding
Fittings

MSS [SP-78, Cast Iron Plug Valves

Publisher: Manufacturers Standardization Society of the
Va]ve and Fittings Industry, Inc. (MSS), 127 Park
Street, NE, Vienna, VA 22180-4602

A-10

NA(
Mg

NACE STANDARDS

E MRO0175, Sulfide Stress Cracking Resistant-
tallic Materials for Oilfield Equipment

Engineers
k Drive,

A-11 NFPA STANDARDS

*NFPA 10, Portable Eire Extinguishers

*NFPA 30, Flammable and Combustible Liquids Code

*NFPA 58, Liquetied Petroleum Gases, Storage and
Handling

*NFPA 59/ Liquefied Petroleum Gases at Utfility Gas
Plants

*NEPA 70, National Electrical Code

*NFPA 220, Types of Building Construction

Publisher: National Fire Protection Association (NFPA)
1 Batterymarch Park, Quincy, MA 02169-74

115


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

APPENDIX B
NUMBERS AND SUBJECTS OF STANDARDS AND
SPECIFICATIONS THAT APPEAR IN APPENDIX A

The information in this Appendix has been incorporated into Appendix A.
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APPENDIX C
PUBLICATIONS THAT DO NOT APPEAR IN THE CODE
OR APPENDIX A

C-1 | AGA STANDARDS

AGA| Catalog XF0277, Classification of Gas Utility Areas
for] Electrical Installation

Publisher: American Gas Association (AGA), 400 North
Capitol Street, NW, Washington, DC 20001

C-2 | APl STANDARDS

API 3B, Specification for Threading, Gaging, and Thread
Ingpection of Casing, Tubing, and Line Pipe Thread

API 3LU, Specification for Ultra High Test Heat Treated
Lije Pipe'

API $LE, Specification for Polyethylene Line Pipe

API 5LP, Specification for Thermoplastic Line Pipe

API pLR, Specification for Reinforced Thermosetting
Repin Line Pipe

API RP 514, Recommended Practice for Care and Use
of [Reinforced Thermosetting Resin Line Pipe

API RP 500, Recommended Practices for Classification
of [Locations for Electrical Installations at Petroleum
Fagilities

API RP 1107, Recommended Pipeline Maintenance
Welding Practices

Publisher: American Petroleum Institute (API), 1220 L
Street, NW, Washington, DC 20005

C-3 | ASCE STANDARD

ASCE Manuals and Réperts on Engineering Practices
Ng. 89 — Pipeling)Crossings Handbook

Publjsher: Ameri¢an Society of Civil Engineers (ASCE),
18)1 AlexanderBell Drive, Reston VA 20191-4400

C-4 | ASME STANDARDS

ASME B16.22, Wrought Copper and Copper Alloy
Solder Joint Pressure Fittings
ASME B16.25, Buttwelding Ends
ASME B16.47, Large Diameter Steel Flangeq, NPS 26

Through NPS 60
ASME B36.10M, Welded and‘Seamless Wroyght Steel
Pipe
Publisher: The American Society of Mgchanical
Engineers (ASME)~Three Park Avenue, New York,
NY 10016; Order,Department: 22 Law Drive,|Box 2300,
Fairfield, NJ-07007-2300

C-5 ASTM STANDARDS

ASTM A 6, Rolled Structural Steel Bars, Platep, Shapes,
and Sheet Piling

ASTM A 20, Steel Plates for Pressure Vessels

ASTM A 29, Steel Bars, Carbon and Alloy, Hot-Wrought
and Cold-Finished

ASTM A 36, Carbon Structural Steel

ASTM A 47, Ferritic Malleable Iron Castings

ASTM A 48, Gray Iron Castings

ASTM A 125, Heat-Treated Steel Helical Sprihgs

ASTM A 126, Gray Iron Castings for Valve§, Flanges
and Pipe Fittings

ASTM A 155, Electric-Fusion Welded Steel Pipe for
High-Pressure Service

ASTM A 181, Carbon Steel Forgings, for [General-
Purpose Piping

ASTM A 182, Forged or Rolled Alloy and Stairless Steel
Pipe Flanges, Forged Fittings, and Valves pnd Parts
for High-Temperature Service

ASTM A 197, Cupola Malleable Iron

ASTM A 216, Steel Castings, Carbon, Suitable for Fusion
Welding for High-Temperature Service

ASMEB120:3; Dryseat Pipe Threads

ASME B16.3, Malleable Iron Threaded Fittings

ASME B16.4, Gray Iron Threaded Fittings

ASME B16.14, Ferrous Pipe Plugs, Bushings, and
Locknuts With Pipe Threads

ASME B16.15, Cast Copper Alloy Threaded Fittings:
Classes 125 and 250

ASME B16.18, Cast Copper Alloy Solder Joint Pressure
Fittings

1 This publication is obsolete; instead, refer to API 5L.

ASTMA217,Steel-Castings, Martensitic Stainless and
Alloy, for Pressure-Containing Parts, Suitable for
High-Temperature Service

ASTM A 225, Pressure Vessel Plates, Alloy Steel,
Manganese-Vanadium-Nickel

ASTM A 234, Piping Fittings of Wrought Carbon Steel
and Alloy Steel for Moderate and High-Temperature
Service

ASTM A 242, High-Strength Low Alloy Structural Steel

ASTM A 283, Low and Intermediate Tensile Strength
Carbon Steel Plates

(07)
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ASTM A 285, Pressure Vessel Plates, Carbon Steel, Low-
and Intermediate-Tensile Strength

ASTM A 350, Carbon and Low-Alloy Steel Forgings
Requiring Notch Toughness Testing for Piping
Components

ASTM A 377, Cast Iron and Ductile Iron Pressure Pipe

ASTM A 420, Piping Fittings of Wrought Carbon Steel
and Alloy Steel for Low-Temperature Service

ASTM A 441, High-Strength Low-Alloy Structural

C-6 AWWA STANDARD

AWWA C207-55, Steel Pipe Flanges

Publisher: American Water Works Association (AWWA),
6666 West Quincy Avenue, Denver, CO 80235

C-7 MSS STANDARDS
MSS SP-55, Quality Standard for Steel Castings — Visual

MangayreseVarradiumnr Steet Method
ASTM Al 442, Pressure Vessel Plates, Carbon Steel,  MSS SP-61, Pressure Testing of Steel Valves
Improved Transition Properties . N \
Publisher: Manufact Standardization§
ASTM A #87, Steel Castings Suitable for Pressure Service uprisher: Manufacturers standarclization Jpelety

ASTM A

ASTM A
Interm

ASTM A
Moder

ASTM Al
Tubing]

ASTM A
Steel B

ASTM A
Quality

ASTM A| 691, Carbon and Alloy Steel Pipe, Electric-
Fusion-Welded for High-Pressure Service at High
Temperatures

ASTM A 94, Forgings, Carbon and Alloy Steel for Pipe
Flanges, Fittings, Valves and Parts for High-Pressure
Transnjission Service

ASTM B P1, Naval Brass Rod, Bar, and Shapes

ASTM B §2, Seamless Copper Pipe, Standard Sizés

ASTM B @3, Seamless Red Brass Pipe

ASTM B p1, Steam or Valve Bronze Castings

ASTM B|62, Composition Bronze or‘©unce Metal
Castings

ASTM B p8, Seamless Copper Tube, 'Bright Annealed

ASTM B /5, Seamless Copper Tube

ASTM B P49, Wrought Copper and Copper-Alloy Rod,
Bar, Shapes, and Forgings

ASTM B| 251, General Requirements for Wrought
Seamless Copper afd)Copper-Alloy Tube (Metric)

ASTM B |84, Copper-Alloy Sand Castings for General
Applications

Publishey: Afnerican Society for Testing and Materials
(ASTM)), T00 Barr Harbor Drive, P.O. Box C700, West

502, Steel Structural Rivets

515, Pressure Vessel Plates, Carbon Steel for
pdiate- and Higher-Temperature Service

516, Pressure Vessel Plates, Carbon Steel, for
hte- and Lower-Temperature Service

539, Electric-Resistance-Welded Coiled Steel
for Gas and Fuel Oil Lines

575, Merchant Quality Hot Rolled Carbon
hrs

576, Steel Bars, Carbon, Hot Rolled, Special

bf the
Valve and Fittings Industry, Inc. (MSS), 127(Park

Street, NE, Vienna, VA 22180-4602

C-8 NACE STANDARD

NACE MRO0175, Sulfide“Stress Cracking Resi
Metallic Material for Qil Field Equipment
Publisher: National Association of Corrosion Engineers

(NACE International), 1440 South Creek Drive,
Houston, TX/77084-4906

stant

C-9 NFPA STANDARD

NEPA 59A, Liquefied Natural Gas, Production, Stq
and Handling of

rage,

Publisher: National Fire Protection Association (N|
1 Batterymarch Park, Quincy, MA 02169-7471

FPA),

C-10 OTHER STANDARDS

GRI Report No. 96/0368, Guidelines for the Applig
of Guided Horizontal Drilling to Install
Distribution Pipe

GRI Report 00/0154, Design Guide for Pipes A
Bridges

Publisher: Gas Technology Institute (GTI), 1700 $outh
Mount Prospect Road, Des Plaines, IL 60018-1804

PRCI PR-227-9424, Installations of Pipeline
Horizontal Directional Drilling, An Engine
Design Guide

Publisher: Technical Toolboxes, P.O. Box 98

ation
Gas

Cross

s By
Pring

D550,

Conshohocken, PA 19428-2959

118

Houston, TX 77098.


https://asmenormdoc.com/api2/?name=ASME B31.8 2007.pdf

ASME B31.8-2007

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

Spec. No. Grade [Note (2)] SMYS, psi
API 5L [Note (2)] A25 BW, ERW, S 25,000
API 5L [Note (2)] A ERW, S, DSA 30,000
API 5L [Note (2)] B ERW, S, DSA 35,000
API 5L [Note (2)] x42 ERW, S, DSA 42,000
API 5L [Note (2)] x46 ERW, S, DSA 46,000
API 5L [Note (2)] x52 ERW, S,-DSA 52,000
API 5L [Note (2)] X56 ERW,/S,"\D5A 56,000
API 5L [Note (2)] x60 ERW, S, DSA 60,000
API 5L [Note (2)] x65 ERW, S, DSA 65,000
API 5L [Note (2)] x70 ERW, S, DSA 70,000
API 5L [Note (2)] x80 ERW, S, DSA 80,000
ASTM A 53 Type F BW 25,000
ASTM A 53 A ERW, S 30,000
ASTM A 53 B ERW, S 35,000
ASTM A 106 A S 30,000
ASTM A 106 B S 35,000
ASTM A 106 C S 40,000

ASTM A 134 . EFW [Note (3)]
ASTM A 135 A ERW 30,000
ASTM A 135 B ERW 35,000
ASTM A %39 A EFW 30,000
ASTMA 139 B EFW 35,000
ASTMA 139 C EFW 42,000
ASTM A 139 D EFW 46,000
ASTM A 139 E EFW 52,000
ASTM A 333 1 S, ERW 30,000
ASTM A 333 3 S, ERW 35,000
ASTM A 333 4 s 35,000
ASTM A 333 6 S, ERW 35,000
ASTM A 333 7 S, ERW 35,000
ASTM A 333 8 S, ERW 75,000
ASTM A 333 9 S, ERW 46,000

! 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
Spec. No. Grade [Note (1)] SMYS, psi
ASTM A 381 Class Y-35 DSA 35,000
ASTM A 381 Class Y-42 DSA 42,000
ASTM A 381 Class Y-46 DSA 46,000
ASTM A 381 Class Y-48 DSA 48,000
ASTM A 381 Class Y-50 DSA 50,000
ASTM A 381 Class Y-52 DSA 52,000
ASTM A 381 Class Y-56 DSA 56,000
ASTM A 381 Class Y-60 DSA 60,000
ASTM A 381 Class Y-65 DSA 65,000

GENERAL NOTE: This table is not complete. For the minimum specified yield strength ofiother grades

and grades in other approved specifications, refer to the particular specification.

NOTES:

(1) Abbreviations: BW = furnace buttwelded; DSA = double submerged-arc welded; EFW = electric
fusion welded; ERW = electric resistance welded; FW = flash welded; S, =\seamless.

(2) Intermediate grades are available in API 5L.

(3) See applicable plate specification for SMYS.

Long-Term Hydrostatic Strength Values for Thermoplastic Pipés Covered by ASTM D 2513. The values
apply only to materials and pipes meeting all the requirements of the basic materials and ASTM D
2513. They are based on engineering test data obtained-in accordance with ASTM D 1599 and ana-
lyzed in accordance with ASTM D 2837. A list of commiercial compounds meeting these requirements is
published yearly by the Plastics Pipe Institute.

Plastic Pipe Material Long-Term-Hydrostatic Strength
Designation (D 2513) at 73°F, psi

PB 2110 2,000

PE 2406 1,250

PE 3408 1,600

PVC 1120 4,000

PVC 1220 4,000

PVC 2110 2,000

PVC 2116 3,150

Long-Term-Hydrostatic Strength for Reinforced Thermosetting Pipes Covered by ASTM D 2517 is 11,000
psi. The values apply only to materials and pipes meeting all the requirements of the basic materials
and’ASTM D 2517. They are based on engineering test data obtained in accordance with ASTM D 1599
and ‘ahalyzed in accordance with ASTM D 2837.
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APPENDIX E
FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Table E-1 begins on 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 iy i; h Sketch

Welding elbow or pipe bend 1.65 0.75 0.9 E
[Notes (1)-(5)] h K3 K3 r,2

Closely spajced miter bend [Notes 1.52 0.9 0.9 cot 6 Ts
(1), 2, B), and (5)] i e 5 =
s<r, (1} tan 9) h h h [p)

Single mitef bend or widely _
spaced miter bend 1.52 0.9 0.9 1+cotdT
s>r, (1} tan 6) 516 K23 K23 2 r
[Notes (1)), (2), and (5)]

Welding teg per ASME B16.9 with _
ro > % 1 09 30 1 !
To157 1 e AR 4.4 -
[Notes (1)), (2), and (6)]

Reinforced fabricated tee with 1 5/2

. ) T
pad or syddle [Notes (1), (2), 1 07/93 %G +Y, ( +_3//j t)
- h Tn

Unreinforced fabricated tee 1 09 304y, z
[Notes (1), (2), and (9)] p23 4lo ™ /4 ry

Extruded o{tlet _
1o 2 0.05¢ 09 i n) T
T.<157T ! K23 Yulo+ /s ! )
[Notes (1), (2), and (6)]

Welded-in dontour insert _ a7
ro 2 d/g 1 0.9 3/ i 4+ L I
Ts157 1 P AR 4.4 5
[Notes (1)), (2),-and (10)]

BranclT we.ldsd-or:j)fl[t;lmtg SIH(; . 0.9 0.9 is i
grally reinforce ote s e 20 34

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
Buttweld [Notes (1) and (12)]
— 1 1.0
T>0.237 in.,
5max. < 1/1_6 in.,
and 8,,,/7 < 0.13
Buttwéld [Notes (1) and (12)]
= . T \ / 1T
T>10.237 in,,
Shax. < Vg in., 1.9 max. or_ 1-8
apd 8,,/T = any value 1 [0.9 + 2.7(8avg/ D],
but not less than
Buttwéld [Notes (1) and (12)] 1.0
T<[0.237 in.,
5nax. < 1/16 in-,
and 8,,e/T<0.33
1 1.9 max. or = —
Taperdd transition per D 5 T
ASME B16.25 1.3 + 0.0036 ?" +3.6 = ]
[Nofe (1)] i
Do~ e
1 2.0 maxeor T
1
Doy\12 B | 7
Concehtric reducer per 0.5 + 0.0l (_—) I f & l_
ASME B16.9 [Notes (1) and & D Ty
a3 171 / o
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 ASME 1 1.6
B1¢.9 lap joint stub)
[Nofe (14)]
Threaded pipe joint or 1 2.3
threaded flange [Note (14)]
Corrugated straight pipe,<or 5 2.5
corrugated or creased/bend
[Nofe (16)]
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

100
80 Flexibility factor for
elbows, k = 1.65/h
60| ,/

miters, k = 1.52/h %6

/ Flexibility factor for

Stress intensification factor, /,
and flexibility factor, k

Corr factor, ¢4

Stress intensificatign
factor, i = 0.9/h /3

Stress intensification
factor, i = 0.75/h%/3

N

N
1.5 \ N

1 NN

0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 06 081.0 1.5
Characteristic, h
Chart A

1.00 7‘“

\

m——
0.75 ’—/’
L~

0.50]
TN

AN fianged cq = h /6

I
™

A
(%
Q
o1

™ 2 Ends flanged cy=h'3

0.25/

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

NOTES

(1) The nomenclature is as follows:

R, = bend radius of welding elbow or pipe bend, in. (mm)

T = nominal wall thickness of piping component, in. (mm)
= for elbows and miter bends, the nominal wall thickness of the fitting, in. (mm)
for welding tees, the nominal wall thickness of the matching pipe, in. (mm)

for fabricated tees, the nominal wall thickness of the run or header (provided that if thickness is greater than that of matching

pipe, increased thickness must be maintained for at least one run outside diameter to each side of the branch outside diame-

ter), in. (mm)

@
The

3

@

)

divide]|i

where

©

@
8)
©)

(10)

',rc —_ t‘lc LIUtL:I t:l;L:\IICDD Uf tCCD, ;II. (IIIIII)

= outside diameter of branch, in. (mm)

» = radius of curvature of external contoured portion of outlet, measured in the plane containing the axes of the ‘head
branch, in. (mm)

S Q

r, = mean radius of matching pipe, in. (mm)
s = miter spacing at centerline, 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 (showir~by heavy centerlines in {
ketches) for curved and miter bends and to the intersection point for tees.

values of k and i can be read directly from Chart A by entering with the characteristic, h, cdmputed from the formulas giv
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.

[he 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
o8l
ESNT r

i by
r 5/2 R 2/3
{1+3.25 Phe) (& ]
EJ\T ra
E. = cold modulus of elasticity
P = gage pressure

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 cycles exceeds 200, the out-plane and in-plane stress intensifi
ors shall be calculated as(1.127h*? and (0.67/h%%) + Y, respectively.

When t, > 1Y4T, use h £ %4.05T/r,.

[he minimum value of the stress intensification factor shall be 1.2.

When the branch-to‘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%2 and (0.67/h*) + Y, respecti
nless the transition weld between the branch and run is blended to a smooth concave contour. If the transition weld is b
h smooth,eoncave 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 §

r and

not be less
he

En.
read

ch they are

from the

e radius
cation fac-

ceeds
vely,
lended to

e radius
tress inten-

ification factors shall be calculated as 1.8/h%> and (0.67/h%*3) + Y. respectively.

(11) The designer must be satisfied that this fabrication has a pressure rating equivalent to straight pipe. _
(12) The stress intensification factors ag_ply 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

average mismatch or offset.
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-D,and T are nominal outside diameter and nominal wall thickness, respectively. Savg is the
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

(13) The equation applies only if the following conditions are met.

(a) Cone angle « does not exceed 60 deg, and the reducer is concentric.

(b) The larger of D,y /T and Dy,/T does not exceed 100.

(¢) The wall thickness is not less than T; throughout the body of the reducer, except in and immediately adjacent to the cylindrical por-
tion on the small end, where the thickness shall not be less than 72.

(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 equation.

M, = (C/4) (Sp Ay — PA)

Ap| = total area of flange bolts, in.2 (mm?)

A,| = area to outside of gasket contact, in.? (mm?
C| = bolt circle, in. (mm)

M;| = moment to produce flange leakage, in.-lb (mm-N)
P| = internal pressure, psi (MPa)

S| = bolt stress, psi (MPa)

(15) Gy is the fillet weld length. For unequal lengths, use the smaller leg for C,.
(16) Factofs shown apply to bending. Flexibility factor for torsion equals 0.9.
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APPENDIX F
EXTRUDED HEADERS AND WELDED BRANCH CONNECTIONS

F-1 EXTRUDED HEADERS

t

required thickness of the run according to the

Ds
throy
D
D,
D,

4]
rU

finitions and limitations applicable to Figs. F-1
gh F-4 are as follows:

outside diameter of run

corroded internal diameter of run

corroded internal diameter of extruded outlet
measured at the level of the outside surface
of run

height of the reinforcement zone

0.7 JdT,

actual thickness of branch wall, not including
corrosion allowance

actual thickness of the run wall, not including
the corrosion allowance

corroded finished thickness of extruded outlet
measured at a height equal to 7, above the out-
side surface of the run

outside diameter of branch pipe

corroded internal diameter of branch pipe
height of the extruded lip. This must be equal
to or greater than r,, except as shown in limjta-
tion (b) of r, below.

half width of reinforcement zone (equal to D,)
radius of curvature of external contoured por-
tion of outlet measured in the plane containing
the axes of the run and braheh. This is subject
to the following limitations:

(a) Minimum Radjus.~This dimension shall
not be less than 0:05d, except that on branch
diameters largerthan 30 in., it need not exceed
1.50 in.

(b) Maxfmwm Radius. For outlet pipe sizes
NPS 8 and larger, this dimension shall not
exceéd\0.10d + 0.50 in. For outlet pipe sizes
smaller than NPS 8, this dimension shall not
be greater than 1.25 in.

(c) When the external contour contains more

steel pipe design formula para. 841.1
including any allowance for(cor1
under-thickness tolerance

F-2 EXAMPLES ILLUSTRATING, THE APPLIC
OF THE RULES FOR REINFORCEMENT
WELDED BRANCH CONNECTIONS

F-2.1 Example 1

An NPS 8 outlet is'welded to an NPS 24 he
header material iSYAPI 5LX 46 with a 0.312-in.
outlet is APLSL Grade B (Seamless) Schedule
0.322-in. wall! The working pressure is 650
fabricatioris in Class Location 1. Using para.
jointeefficiency is 1.00. The temperature is 100
facters F = 0.60, E = 1.00,and T = 1.00. For dij
see Fig. F-6.

1, but not
osion or

ATION
DF

ader. The
wall. The
40 with a
psig. The
841.1, the
F. Design
nensions,

F-2.11 Header. Nominal wall thickness rpquired:
,__PD__ 650 x 24
T 2SFET ~ 2 x 46,000 x 0.60 x 1.00 x 1.00
= 0.283 in.

Excess thickness in header wall:

H-t = 0312 -0.283 = 0.029 in.

F-2.12 Outlet. Nominal wall thickness r¢
. 650 X 8.625
» = 27x 35,000 x 0.60 x 1.00 x 1.00

= 0.133 in.
Excess thickness in outlet wall:

0.189 in.

B-t, = 0.322 - 0.133

d = inside diameter of opening = 8.625 - 2 ¥

= 7.981 in.

quired:

0.322

than one radius, the radius on any arc sector
of approximately 45 deg shall meet the require-
ments of (a) and (b) above.

(d) Machining shall not be employed to meet
the above requirements.
required thickness of branch pipe according to
the steel pipe design formula of para. 841.11,
but not including any thickness for corrosion

! See para. 831.6.
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F-2.13 Reinforcement Required

Ag = dt = 7.981 x 0.283 = 2.259 in.2

F-2.14 Reinforcement Provided by Header

Ay = (H-1td =002 x 7981 = 0.231 in.?

F-2.15 Effective Area in Outlet

Height L = 21/2 B + M (assume 1/4—ir1. pad)
= (2'/, x 0.322) + 0.25 = 1.055 in.
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orL =2'/,H =25x0.312 = 0.780 in. Use L = 0.780 in.

Ay =2B-t)L =2 x0.189 x 0.780

d = inside diameter of opening = 16.000 — 2 x 0.312

= 15.376 in.

F-2.23 Reinforcement Required

Ag = dt = 15376 % 0.283 = 4.351 in.?

F-2.24 Reinforcement Provided

A = (H-td = 0029 x 15376 = 0.446 in2

= 0.295 in?
This must be multiplied by 35,000/46,000. [See para.
831.41(f).]
o 35,000 )
Effective A’ = 0.295 x 16,000 — 0.224 in.
Requirgd area:

Usear
practicab

A

Fillet W

Total A
See als

A3=AR—A1—A,2
= 2259 - 0.231 - 0.224 = 1.804 in?

binforced plate that is 0.250 in. thick (minimum
e) X 15.5 in. in diameter.

ea = (15.500 — 8.625) x 0.250 = 1.719 in.2
relds (assuming two Yi-in. welds each side):
1/,(0.25 x 0.25) x 4 = 0.125 in.2

5 provided = 1.844 in?
b Fig. F-5.

F-2.2 Example 2

An NP
header m|
outlet is 4
0.312-in.
fabricatio
reinforce
type. Usi
temperat
and T =

F-2.21

Excess

F-2.22

b 16 outlet is welded to an NPS 24 header. The
aterial is API 51X 46 with a 0.312-in. wall. The
A\PI 5L Grade B (Seamless) Schedule 20 with a
wall. The working pressure is 650 psig. The
n is in Class Location 1. By para. 831.42)the
ment must be of the complete encixclement
hg para. 841.1, the joint efficiency is 1.00. The
ire is 100°F. Design factors F = 0160,"E = 1.00,
1.00. For dimensions, see FigE=7.

Header. Nominal wall thickness required:

PD 650) X 24

T 2SFET ~ 2 x 46,000.% 0.60 X 1.00 X 1.00

0.283 in.
thickness in‘header wall:

H -%=70.312 - 0.283 = 0.029 in.

F-2.25 Effective Area in Outlet

Height L = 21/, B + M (assume °/¢-irx. plate)
= (2.5 x 0.312) + 0.312 = 12092 in.

or

L =2',H=25x 0312

Ay =2 (B - t)E="2 x 0.064 x 0.780

= 0.100 in?

This must bednultiplied by 35,000/46,000. [See
831.4(f).]

Effective A’, = 0.100 x 35,000/46,000 = 0.076 in.[

Réquired area:

Ay = Ag - Ay - A%
= 4.351 - 0.446 — 0.076 = 3.829 in.?

Approximate required thickness of reinforcems
3.829 + (30 — 16) = 0.274 in.

Use a 0.312-in. plate minimum required Ig
(neglecting welds):

3.829 + 0.312 = 12.272 in.

16 + 12.272 = 29 in. (rounded to the next higher wi
number)

Use a plate that is 29 in. long;:

Area = 0.312 X (29 — 16) = 4.056 in.2

0:780' in. Use L = 0.780|i

para.

nt:

ngth

ole

Excess

Qutlet. Nominal wall thickness required:
L 50 X 16
7 2% 35,000 x 0.60 x 1.00 X 1.00

= 0.248 in.
thickness in outlet wall:

B -t, = 0312 - 0.248 = 0.064 in.

128

Two 14-111. wetdstooutiet:
1/, x (0.25 x 0.25) x 2 = 0.063 in.?
Total A; provided = 4.119 in.?

The use of end welds is optional. See Fig. I-3.
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Fig. F-1

Limits of
reinforcement
zone

.

2

of branch

Taper bore inside

diameter (if required)
to match branch pipe;

1:3 max. taper

GENER

AL NOTE:

L
!
l

Corrosion allowance
j———————— =
r1 =Dy

Sketch to show method of establishing T, when the taper encroaches on the crotch radius.

Fig. F-3

(|

Reinforcement
zone

Dc \— Corrosion allowance

GENERAL NOTE: Sketch is drawn for condition where K = 1.00.
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Fig. F-4

4

Reinforcement
zone

ﬁiﬁiiJ

\
§

Y

n

\

GENERAL NOTE: Sketch is drawn for condition where K = 1.00.

Corrosion allowance
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Fig. -5 Rules for Reinforcement of Welded Branch Connections
L =smaller of 27/, H

< B/\/
or2', B+Mm

7_['—_ B [ Y 4o

)
&

|

(/1

|
o S A S

~ > Ll‘-

X ¥

Area of reinforcement enclosed by —_—— lines.
Reinforcement area required Ap = dt

Area available as reinforcement = Ay + Ay + Az

A = (H- 1) (d) {Ifnegative, use zero for value of A¢)

Ay=2(B-)L

Ag = summation of area of all added reinforcement, including
weld areas that lie within the area of reinforcement

Aj. +'A + Az must be equal to or greater than Ag

where

B = nominal wall thickness of branch

H = nominal wall thickness of header

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

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

t = required nominal wall thickness of the header

(under the appropriate section of the Code)
tp, = required nominal wall thickness of the branch
(under the appropriate section of the Code)
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Fig. F-6
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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¢
requy
testir

(b)
12 in|
pipe
incly
weld|

(c)
conf(
weld

(d)
subje
a cra
weld
tion,
on tH
be cq
the

(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-year intervals or by cutting out and
)g production work at least every 6 months.

The test may be made on pipe of any diameter
or smaller. The test weld shall be made with the
in a horizontal fixed position so that the test weld
des at least one section of overhead position
Ing.

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. long in any direc-
this shall be cause for rejection. Cracks occtirting
e corner of the specimen during testing-shall not
nsidered. If not more than one coupen,is rejected,
Feld 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 it\otf).
bample shall be rejected if the broken weld at the
joiv-of the fitting and run pipe shows incomplete

(f) For the periodic checking of welders
on small service lines only (2 in. or smaller in ¢
the following special field test‘may be emplq
test should not be used as,a substitute for thj
qualifying test.

Two sample welds,made by the welder
shall be taken from steel service line. Each saf
be cut 8 in. long with the weld located appr
in the center. One“sample shall have the ends
and the entifejoint subjected to the tensile str¢
Failure must’be in the parent metal and not a

tho work
liameter),
yed. This
e original

nder test
nple shall
bximately
flattened
ngth test.
djacent to

or in the:weld metal to be acceptable. The second sample

shall“be centered in the guided bend testing
and'bent to the contour of the die for a distan|
on each side of the weld. The sample to be 3
must show no breaks or cracks after removal
bending machine.

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 following tes
torily.

machine
ce of 2 in.
cceptable
from the

not avail-
le in lieu

e to work
t satisfac-

A brazed or soldered copper bell joint shouldl 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
hd of the
bt end of
alloy has
blescoped

surfaces. At least 50% of the length at the t

op of the

fusio

;-Overiap, Or poor penetration.

1 See para. 823.11.
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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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APPENDIX H
FLATTENING TEST FOR PIPE!

H-1 TEST PROCEDURES

(a) Th

weight af

be requir|

(b) For
section sl

shall be 1
applied f

:( ¢) For
from eac
parallel d
bending
opening
between

(e) The test shall consist of flattening a section of pipe

e flattening test shall be made on standard
nd extra strong pipe over NPS 2. It shall not
bd for double extra strong pipe.

a lap-welded and buttwelded pipe, the test
hall be 4 in. to 6 in. in length, and the weld
bcated 45 deg from the line of direction of the
brce.

electric-resistance welded pipe, both crop ends
h length of pipe shall be flattened between
lates with the weld at the point of maximum
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 dfiameter of the pipe. No cracks or breaks in the

metal othl
between
outside d
five time
laminatig
the entire|
injurious

(d) For
than 2% i

! See par

er than in the weld shall occur until the distance
the plates is less than one-third of the original
iameter of the pipe, but in no case less than
5 the thickness of the pipe wall. Evidence of
n or burnt material shall not develop during
flattening process, and the weld shall not show
defects.

seamless pipe the test section shall be ngt less
n. in length.

. 817.13(b).

between parallel plates until the opposite walls
For welded pipe, no opening in the weld shall take
until the distance between the plates is less ‘than {
fourths of the original outside diameterfor buttw,
pipe, and two-thirds of the outside /diameter fo
welded and electric-resistance welded pipes. No g
or breaks in the metal other than invthe weld shall
until the distance between the.plates is less than {
fifths of the outside diaméter for buttwelded pipe
one-third of the outside diameter for lap-weldeg
electric-resistance welded (Grades A and B) pipe
seamless (Grades<A and B) pipe, no breaks or cra
the metal shall\occur until the distance betwee
plates is less than that shown below:

(et

e+ t/D

actual outside diameter of pipes, in. (2.3
nominal)

distance between flattening plates, in.
deformation per unit length (constant
given grade of steel, 0.09 for Grade A and
for Grade B)

nominal wall thickness of pipe, in.

meet.
place
hree-
blded

lap-
racks
bccur
hree-
, and
| and
5. For
ks in
n the

V5 in.

for a
1 0.07
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APPENDIX |
END PREPARATIONS FOR BUTTWELDING

EXPLANATORY NOTES

is necessary, provided full penetration and bond is

General

js Appendix applies to end preparation for butt-
ing sections having unequal thicknesses and
ual specified minimum yield strengths. See Figs. I-1
gh I-4.

The sketches in Fig. I-5 illustrate acceptable prepa-
(s for joining pipe ends by buttwelding for materi-
aving unequal wall thicknesses and/or with
ual strengths (specified minimum yield strength).
The thickness of the sections to be joined beyond
pint design area shall comply with the design

requirements of this Code.

(c)
the sq

When the specified minimum yield strengths of
bctions to be joined are unequal, the deposited weld

meta| shall have mechanical properties at least equal to

thosd
(d)
may
or by
(e)
wher]
f)
minij
excef
(g)
shall

1-1.2

(a)
20%
wall
than
adeq
ing.
para

(b)

of the section having the higher strength.

The transition between ends of unequal thickness
be accomplished by taper or welding as illustrated
means of a prefabricated transition ring.

Sharp notches or grooves at the edge of the weld
e it joins a slanted surface shall be avoided:

For joining unequal thicknesses of equal specified
mum yield strengths, the rules given‘hérein apply,
t there is no minimum angle limit fo the taper.
The maximum thickness, tp/for design purposes
not be greater than 1.5t.

Unequal Internal Diameters

For piping to opetate at hoop stresses of less than
f specified minimum yield strength, if the nominal
thicknesses of the adjoining ends do not vary more
% in., no-special treatment is necessary provided
late penetration and bond is accomplished in weld-
[f the offset is greater than % in., the following
praphs will apply.

accomplished in welding. See sketch (a) of1Fi

(2) Where the nominal internal offsetlis\gr
%, in. and there is no access to the ifiside of
for welding, the transition must be @hade by a
on the inside end of the thicker Section. See
of Fig. I-5. The taper angleshall be not gre
30 deg nor less than 14 deg.

. I-5.

pater than
the pipe
taper cut
tketch (b)
ater than

(3) Where the nominalvinternal offset is qnore than

% in. but does not exceed one-half the thinng
and there is access to/the inside of the pipe fo1
the transition may*be made with a tapered
shown in sketeh (c) of Fig. I-5. The land on t}
section maust/be equal to the offset plus thg
abutting section.

T section,
welding,
weld as
he thicker
land on

(4)yWhere the nominal internal offset is qore than

ong-half the thinner section and there is acc
ifside of the pipe for welding, the transitio
made with a taper cut on the inside end of tl
section as shown in sketch (b) of Fig.I-5, or by a
tion taper weld to one-half the thinner sectj
taper cut from that point as shown in sket
Fig. I-5.

I-1.3 Unequal External Diameters

(1) Where the external offset does not ex
half the thinner section, the transition may be
welding as shown by sketch (e) of Fig. I-5, prq
angle of rise of the weld surface does not exce
and both bevel edges are properly fused.

(b) Where there is an external offset excee
half the thinner section, that portion of the g
%t shall be tapered as shown in sketch (f) of

I-1.4 Unequal Internal and External Diamete

Where there is both an internal and an exter
the joint design shall be a combination of sk

bss to the
h may be
he thicker
combina-
on and a

ch (d) of

reed one-
made by
vided the
ed 30 deg

Hing one-
ffset over
Fig. I-5.

rs

nal offset,
etches (a)

b al I Qo I kDL VaYs) A4 £ Q T |
Ur 110Up olress Levtls ZU 7o Ur IvIUTe Ul THe O PJECL]Ici

Minimum Yield Strength
(1) If the nominal wall thickness of the adjoining

ends

does not vary more than %, in., no special treatment

135

throught(f)of Fig-1-5; e, sketch(g)Particuta

attention

must be paid to proper alignment under these condi-

tions.
See also Fig. I-6 and Table I-1.
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Fig. I-1 Welding Details for Openings Without Reinforcement Other Than That In
Header and Branch Walls

Branch
. <
45 deg, min.
< “REL
-1 N 7 45 deg, min.
AN

Header

GENERAL NOTES:

(a) When a welding saddle is used, it shall be inserted over this type of connection.
(b)Wq = 3BJg, but not less than /4 in.

(¢c) N = V1 in. min., Vg in. max., unless back welded or backing strip is\dsed.

Fig. -2 Welding Details for Openings With Localized-Type Reinforcement

N
\\\\\\\\&\\\\

-

W,

w. W

N
AN

N\

3

A Y A1 111NN

Saddle Pad

W, min. = 3B/g, but not less than 1/ in.
Wy min. = Mj,, but not less than 1/, in.
W3 min. = M, but not greater than H
N = 16 in. min., unless back welded or backing strip is used

GENERAL NOTES:

(a) 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.

(c) Provide hole in reinforcement to reveal leakage in buried welds and to provide venting during
welding and heat treatment. [See para. 831.41 (h).]
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Fig. I-3 Welding Details for Openings With Complete Encirclement Types of Reinforcement

)

N N
N N
’ N N
N N
\ § N
N . N N
: ’ Optional weld N N lonal weld
7, G N \
'/////////////// & B

UIINIIIIIIILIIY2. -

SN 900, SIS s

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

LI LIIITIIIII2 LILII I LI L1 I EEL 2L LI 2011102 Uiz

Tee Type Sleeve Type
[Note (1)] [Note (2)]

Id

Optional weld Optional’'weld Optional weld

\\ 4

%7
WIS L LSS d

SN 7 L ‘I////'I/I/I,J

A\
N\

|
I
|
l
I
I
|
I
L

S

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.
831.41 (h).] Not required for tee type.
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(07) 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
Ga 3\ reinforcing sleeve —
Pipe wall thickness = t \
\

Fillet weld leg = 1.0t + gap to 1.4t = gap
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Fig. I-5 Acceptable Design for Unequal Wall Thickness

! t Z
y % ] /’/ tp=1.5t
L KA, )
3/22 in. max 30 deg, ma(x. ) 0-51max. !
14 deg, min. (1:4 —_—
(a) (b) [Note (1)] I \

tD t
i 'p
30 deg, max. l
\ } 30 deg, max.
(c) 30 deg, max. *
(d) 14 deg; min. (1:4)
[Note (1)]
Internal Offset \
30 deg, max.
14 deg, min. (1:4) B
[Note (1)]

30 deg, max.

T

30 deg, max. 0.5¢t, max.

(e) ()
External Offset

30 deg, max.
14 deg, min. (1:4)

[Note (1)]
0.5¢t, max. ‘

30 deg, max.

* tD
t

+ l

30 deg, max.
14 deg, min. (1:4)
[Note (1)] *

(g) Combination Offset

NOTE:
(1) No minimum when materials joined have equal specified minimum yield strengths.
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Fig. -6 Recommended Attachment Details of Flanges

Not less
than t

S, S

e

1/5 in., max.

C, min. =144, but not less than %/35 in.

L NN\

(a) Lap Joint Flange

X

(c) Front and Back Weld

7

4
N

i
N

(b) Butt Welding Flange

N

— 1.4t

Q:707t
(or t if preferred)

'<_

i

1.4t

(d) Face and Back Weld

.I le— 1.4t

o ANNARANRNNNNNT 4

) —¥— Nominal
t  pipe wall
—L_ thickness

(e) Socket Welding Only

Thearetical throat

(f) Socket Welding Flange

Size of weld

Theoretical throat

(g) Convex Fillet Weld

Size of weld

(h) Concave Fillet Weld
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Table I-1 Lightweight Flanges

-

r E ;i ‘
m r
|« A REN
Inside Outside Drilling Template
Nominal Outside Diameter, Length Diameter Number Diameter Didmeter Approx. \Veight
Pipe Diameter, Thickness, B of Hub, of Hub, of and Length of Bolt Each,
Size A T [Note (1)] L E Bolts of Bolts Circle lb
6 11 %16 6.72 1%, 7%6 8 Yo % 2 9% 13
8 13% 16 8.72 1Y, 9% 8 Y X2, 11%, 14
10 16 Wie 10.88 1, 12 12 Ve X 2/ 14Y, 26
12 19 e 12.88 1%, 14%, 12 Ys X 2's 17 43
14 21 VA 14.14 1Y, 15% 12 1% 2% 18%, 44
16 23Y, A 16.16 1Y, 18 16 1 x 2%, 21Y, 54
18 25 A 18.18 1Y, 1974 16 1% x 3 22%, 54
20 27Y, A 20.20 1Y, 22 20 1% x 3 25 64
22 29Y, 1 22.22 1%/, 24Y, 20 1Y, x 3Y, 27Y, 74
24 32 1 24.25 1% 2677 20 1Y, x 3% 297 113
26 34%, 1 26.25 1% 287, 24 1Y, x 3% 31% 124
28 36% 1 28.25 1% 307 28 1Y, x 3% 34 139
30 38% 1 30.25 1%, 32, 28 1%, x 3% 36 153
32 41%, 1% 32.25 1%, 34%, 28 1Y, x 4 38Y, 204
34 43%, 1Y% 34.25 1%, 36%, 32 1% x 4 40Y, 211
36 46 1% 1%, 38%, 32 1Y, x 4 42%, 234
38 48%, 1Y% 1%/, 40%, 32 1% x 4 45Y, 261
40 50%, 1% 1%, 43 36 1Y, x 4 47Y, 28
42 53 1Y, 1%, 45 36 1Y% x 4Y, 49Y, 324
44 55Y, 1Y, 2Y, 47 40 1Y, x 4Y, 51%, 344
46 57Y, 1Y, 2Y, 49 40 1Y% x 4Y, 53%, 367
48 59Y, 134 2Y, 51 44 1Y, x 4Y, 56 424
50 61%, B 2Y, 53 44 13/, x 4%, 58Y, 45
52 64 1% 2Y, 55 44 1%/, x 4%, 60Y% 471
54 66Y, 1% 2Y 57 44 1%, x 4%, 627, 50/
60 73 1Y, 2%, 63 52 1%, x 5 69Y, 641
66 80 1Y, 2%, 69 52 1%, x 5 76 754
72 86, 1Y%, 2%, 75 60 1%, x 5 82Y, 844

GENERAL NOTES:

(@) Lightweight flanges are flat-faced and designed for use with full-face gasket or asbestos sheet gasket extending to the bolt holes.

(b) Maximum pressure for lightweight flanges is 25 psi; drilling is the same as Class 125 standard.

() This table encompasses forged and rolled steel; for further information, refer to ASTM A 105.

NOTE:

(1) For nominal pipe sizes 36 through 72, the inside diameter, B, shall be as specified by the purchaser.

L4z
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APPENDIX }
COMMONLY USED CONVERSION FACTORS'

Table J-1 Commonly Used Conversion Factors

Acceleration

b\(avoir) to kg
slug to kg

ft/sec? to m/s?
std. grav. to m/s?

Quantity Conversion Factor

Plane angle deg to rad 1.745 329E-02

Length in.tom 2.54E-02 (1)
ft tom 3.048E=201 (1)
mile to m 1.609-344E+03 (1)

Area in.2 to m? 6.451 600E-04 (1)
ft? to m? 9.290 304E-02 (1)

Volume ft® to m3 2.831 685E-02
U.S. gal to m? 3.785 412E-03
in2 tom? 1.638 706E-05
oz (fluid, U.S.) to m? 2.957 353E-05
liter to m> 1.000 000E-03

Velocity ft/min to m/s 5.08E-03 (1)
ft/sec to m/s 3.048E-01 (1)
km/h to m/s 2.777 778E-01
mi/hr to my/s 4.470 4E-01 (1)
mi/hr to Km/h 1.609 344E+00 (1)

Mass oz (avoir) to kg 2.834 952E-02

4.535 924E-01
1.459 390E+01

3.048E-01 (1)
9.806 65E+00 (1)

Force kgf to N 9.806 65E+00 (1)
Ibf to N 4.448 222E+00
poundal to N 1.382 550E-01

Bending, torque kgf-mto N-m 9.806 65E+00 (1)
Ibf-in. to N - m 1.129 848E-01
Ibf-ft to N - m 1.355 818E+00

PTessure (1) PSTTO Dar 6.074 /5/E-UZ
Pa to bar 1.000E-05
kPa to bar 1.000E-02

! Extracted partially from ASME SI-1.
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Table J-1 Commonly Used Conversion Factors (Cont’d)

Quantity Conversion

Factor

Stress (1) psi to MPa
kips/in.2 to MPa
N/mm? to MPa

6.894 757E-03
6.894 757E+00
1.000E+00

1.055 056E+03
4.186 8E+00 (1)
1.355 818E+00

Energy, work Btu (IT) to J
Calorie (IT) to )
Ibf-ft to |
Power hp (550 ft |bf/sec) to W
Temperature (1) °C to K
°F to K
°F to °C
Temperature °Cto K
interval °F to K or °C

7.456 999E+02

te = tc+273.15
t/( = (f/:+ 45967)/18
t(: = (t;:— 32)/18

1.0E+00 (1)
5.555 556E-01

GENERAL NOTES:
(@) For other commonly used conversion factors, refer to ASTM E 380.

(b) The factors are written as a number greater than one and less than 10 with(Six*or less decimal
places. The number is followed by the letter E (for exponent), a plus or fpinus symbol, and two dig-
its that indicate the power of 10 by which the number must be multiplied to obtain the correct

value.
For example,

1.745 329E-02 is 1.745 329 X 1072 6£°0/017 453 29

NOTE:
(1) Relationships are exact in terms of the base units.
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