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FOREWORD

The need for a national code for pressure piping became increasingly evident from 1915 to 1925. To meet this need, the
American Engineering Standards Committee [later changed to the American Standards Association, now the American

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

Mechanic

B31 and

Pressure
A revis

hl Engineers and with that Society as sole sponsor. After several years of work by Sectional Comni
ts subcommittees, a first Edition was published in 1935 as an American Tentative Standard €oc
Piping.

on of the original tentative standard began in 1937. Several more years of effort were given to seg

uniformitly among sections, eliminating divergent requirements and discrepancies, keeping the\Code abre
current dgvelopments in welding technique, calculating stress computations, and including referefi¢eto new dimen
and matettial standards. During this period, a new section on refrigeration piping was prepared in cooperation wi
Americar Society of Refrigeration Engineers and complemented the American Standard Code for Mechz
Refrigeration. This work culminated in the 1942 American Standard Code for Pressure’Piping.

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

and mater|

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

explanati
Engineeri

By 194
and desig

n or interpretation of Code requirements and for publishing stich/inquiries and answers in Mech
g for the information of all concerned.

s to meet these higher requirements warranted more extefsive changes in the Code than could be pro

from supplements alone. The decision was reached by the American.Standards Association and the sponsor to reorg

the sectio
represent|

hal committee and its several subcommittees and Eo invite the various interested bodies to reaffirm
. & 3 I
htives or to designate new ones.

Becaus¢ of the wide field involved, between 30 and 40 different engineering societies, government bureaus,

associatio

ns, institutes, and similar organizations had one-or more representatives on the sectional committee, plug

“memberg-at-large” to represent general interests. Gode activities were subdivided according to the scope of the s¢

sections. (

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

Followi
resulted i
(a) ag
(b) the

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

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

ences to the new ones

(c) the
Arevisi

clarification of ambigtous or conflicting requirements
bn was presented.for letter ballot vote of Standards Committee B31. Following approval by this body, the p

was apprgved by the sponsor organization and by the American Standards Association. It was finally designated

American

Standard in-February 1951, with the designation B31.1-1951.

Standailds Commiittee B31 at its annual meeting of November 29, 1951, authorized the separate publication ofas
of the Code for Pressure Piping addressing gas transmission and distribution piping systems, to be complete wi
applicablg parts of Section 2, Gas and Air Piping Systems; Section 6, Fabrication Details; and Section 7, Materials —

Specificat

ety of
hittee
le for

uring
st of
tional
th the
nical

tional

ial standards, a new formula for pipe wall thickness, and more comprehensive requirements for instrument and

iring
inical

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

vided
anize
their

trade
afew
bveral

keneral direction of Code activities restéed\with the Standards Committee officers and an executive comnpittee,

b that
refer-
roject
as an
bction

th the
Their

ons and Identirication. Ine purpose was to provide an integrated document 1or gas transmission and dis

tion piping that would not require cross-referencing to other sections of the Code.
The first Edition of this integrated document, known as American Standard Code for Pressure Piping, Section 8, Gas
Transmission and Distribution Piping Systems, was published in 1952 and consisted almost entirely of material taken

from Sect

ions 2, 6, and 7 of the 1951 Edition of the Pressure Piping Code.

ribu-

A new section committee was organized in 1952 to update Section 8 as necessary to address modern materials and
methods of construction and operation.
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After a review by B31 Executive and Standards Committees in 1955, a decision was made to develop and publish
industry sections as separate Code documents of the American Standard B31 Code for Pressure Piping. The 1955 Edition
constituted a general revision of the 1952 Edition with a considerably expanded scope. Further experience in the applica-
tion of the Code resulted in revisions in 1958, 1963, 1966, 1967, 1968, 1969, 1975, and 1982.

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

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

Edition.
The 1992 Edition of the Code was a compilation of the 1989 Edition, the subsequent three addenda, and the two special
Erratp-issted-to-the—1989-Edition-

The¢ 1995 Edition of the Code was a compilation of the 1992 Edition and the subsequent three addenda‘iss
1992 |Edition.
The 1999 Edition of the Code was a compilation of the 1995 Edition and the revisions that occurred foll

issua
Th
of thd
Th
of thd
Thd
of thd
Th
of thd
Thd
of thd
Thd
of thd
Th
the 2

ce of the 1995 Edition.

2003 Edition of the Code was a compilation of the 1999 Edition and revisions that occurred following th
1999 Edition.

e 2007 Edition of the Code was a compilation of the 2003 Edition and revisions that occurred following th|
2003 Edition.

t 2010 Edition of the Code was a compilation of the 2007 Edition and revisions.that occurred following th
2007 Edition.

t 2012 Edition of the Code was a compilation of the 2010 Edition and revisiens that occurred following th
2010 Edition.

t 2014 Edition of the Code was a compilation of the 2012 Edition and’revisions that occurred following th
2012 Edition.

t 2016 Edition of the Code was a compilation of the 2014 Editieh-and revisions that occurred following th
2014 Edition.

b 2018 Edition of the Code is a compilation of the 2016 Edition and revisions that have occurred since the i

D16 Edition. This, Edition was approved by ANSI on-August 3, 2018,

ued to the
pwing the
e issuance
e issuance
e issuance
e issuance
e issuance
e issuance

ssuance of
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INTRODUCTION

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

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

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

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

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

This Code Section includes

(a) references to acceptable material specifications

Technical limitations of the various Sections, legalre

the use of another issue or different rpnlnirpmpnf

Users of this Code are cautioned against making,lise of
revisions without assurance that they are aceeptaple to
any authorities of jurisdiction where the piping is to
be installed.

The Code is under the direction of ASME Comrhittee
B31, Code for Pressure Piping, which is organizefl and
operates under procedures of{Phe American Socigty of
Mechanical Engineers that have been accredited hy the
American National Standards Institute. The Comrhittee
is a continuing oneiahd keeps all Code Sections
current with new detelopments in materials, conftruc-
tion, and industrialk practice.

When no Section of the ASME Code for Pressure §
specifically ¢evers a piping system, the user has discretion
to select @ny Section determined to be generally applic-
able; hawever, itis cautioned that supplementary reqquire-
ments.to the Section chosen may be necessary to provide
for a safe piping system for the intended applicption.
uire-
ments, and possible applicability of other Codes or
Standards are some of the factors to be considergd by
the user in determining the applicability of any S¢ction
of this Code.

iping

Appendices. This Code contains two kinds of appen-

and component standards, including dimensional and

mechanicl property requirements dices: mandatory and nonmandatory. Mandatory appen-
(b) requirements for designing‘components and dices contain materials the user needs to carry |out a

assembliek requirement or recommendation in the main t¢xt of
(c) reqpirements and data for.evaluating and limiting ~ the Code. Nonmandatory appendices, which are

stresses, fleactions, and moyéniehts associated with pres- ~ Writtenin mandatory language, are offered for appli¢ation

perature changés, and other forces

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

(e) redquirements for fabricating, assembling, and
installing |piping

) reqllurements for examining, inspecting, and testing

sure, tem

at the user's discretion.

Interpretations and Revisions. The Committee has
established an orderly procedure to consider requests
for interpretation and revision of Code requirev:'/ltents.

To receive consideration, inquiries must be in wyiting
and must give full particulars. (See Nonmandhtory

piping

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

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

[tis intended that this Edition of Code Section B31.8 not
be retroactive. The latest edition issued at least 6 months
before the original contract date for the first phase of
activity covering a piping system or systems shall be
the governing document, unless agreement is specifically

Xiv

Appendix O covering preparation of technical inquiries.)

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

Requests for interpretation and suggestions for revision
should be addressed to the Secretary, ASME B31
Committee, The American Society of Mechanical
Engineers, Two Park Avenue, New York, NY 10016-5990.
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Cases. A Case is the prescribed form of reply to an
inquiry when study indicates that the Code wording
needs clarification or when the reply modifies existing
requirements of the Code or grants permission to use
new materials or alternative constructions. The Case
will be published on the B31.8 Committee Page at
http://cstools.asme.org/.

A Case is normally issued for a limited period, after
which it may be renewed, incorporated in the Code, or

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

allowed—te—expire—if-thereisno-indication-offorther H-{Fe-develop-usage-andgainexperienceunlisted mate-
need for the requirements covered by the Case. The provi- rials may be used in accordance with para®811.2.2.)
sions|of a Case, however, may be used after its expiration .

or withdrawal, provided the Case was effective on the Effective Date. This Edition, when)issued| contains
origijal contract date or was adopted before completion ~ Neéw Code provisions. It is a compilation of|the 2016
of thd work, and the contracting parties agree to its use. ~ Edition and revisions to the 2016"Edition.

XV
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ASME B31.8-2018
SUMMARY OF CHANGES

Following approval by the ASME B31 Committee and ASME, and after public review, ASME B31.8-2018 was approved by

the Amerjcan National Standards Institute on August 3, 2018.
ASME B31.8-2018 includes the following changes identified by a margin note, (18).
Page Location Change
xiv Introduction Last paragraph updated
4 803.7 Definition of excess flow valve added
6 804.7.3 (1) Subparagraphs (a) and (d) revised
(2) Subparagraph (f) deleted
(3) Former subpara. (g) redésignated as (f)
7 805.1.4 Definition of wrinkle bend revised
12 805.2.6 Definition of vortex-indiiced vibration (vortex shedding) added
14 811.2.2 Revised
15 814.1.1 In subpara. (2}, ASTM A984, ASTM A1005, and ASTM A1004
delete-d’ N
19 820 Paragraph added
19 821 Reviged in its entirety
24 831.1.4 Added
33 833.10 Revised in its entirety
35 836 Added
38 841.1.1 (1) Subparagraph (b) added
(2) Former subpara. (b) redesignated as (c)
38 841.1.2 Subparagraph (c) revised
40 841.1.4 Subparagraph (a)(1) revised
41 Table 841.156+2 Penultimate row revised
42 Table 841.1.7-1 Last three ASTM rows deleted
43 841. 110 (1) Subparagraph (c) revised
(2) Subparagraph (e) added
45 841.2.3 Subparagraph (a)(7) revised
+ 50 Table-844-32-1 Nete—{2}-revised
59 843.3.1 Revised in its entirety
72 849.1.6 Added
77 850.4.3 Subparagraph (a) revised
77 850.4.4 Last sentence added
78 850.8 Revised in its entirety
78 850.9 Added
79 851.4 Revised
80 851.4.1 Subparagraph (d) revised
XVi
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81 851.4.2

Subparagraph (c)(3) revised in its entirety

|

82 851.4.3 (1) Subparagraph (e) deleted
(2) Former subpara. (f) redesignated as (e)
(3) Subparagraph (f) added

83 851.4.4 Revised in its entirety

83 851.4.5 Subparagraph (a) revised

83 851.5.1 Revised

83 851.5.3 Added

98 861.1.2 Second paragraph revised

100 862.1 Revised

105 A800 Paragraph added

105 A802.1 Revised

10pH A803 (1) Definition of offshore platform revised
(2) Definition of vortex shedding deleted

1017 A820 Paragraph added

1017 A821.1 Revised

110 A842.11 Second paragraph revised

11f1 A842.1.2 Second paragraph revised

11f1 A842.1.3 Second paragraph revised

111 A842.2.1 Subparagraph (a)yrevised

111 A842.2.2 (1) First paragraph revised
(2) In subpara. (b), last paragraph revised

11B A842:24 Last paragraph revised

115 A844 Second paragraph revised

115 A844.5 Second paragraph revised

119 A861.1.2 Subparagraph (a) revised

120 A862 Revised in its entirety

121 B800 Paragraph added

121 B801 First paragraph revised

122 B820 Paragraph added

12 B821.1 Revised

123 B840 Paragraph added

127 B861/1.2 Penultimate paragraph revised

128 Mandatory Appendix A Updated

134 Nenmandatory Appendix C Updated

139 Table D-1 (1) ASTM A984, ASTM A1005, and ASTM A1006 deleted
(2) Note (1) revised

139 Table D-2 Metric values added to second column

146 F-2.1 First paragraph revised

147 F-2.1M First paragraph revised

150 F-2.2 First paragraph revised

151 F-2.2M First paragraph revised

151 F-2.2.5M Second and penultimate equations revised

169 Mandatory Appendix K Deleted

185 Nonmandatory Appendix R Revised in its entirety
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General Provisions and Definitions

801 GENERAL

801.1 Approved Standards and Specifications

Standards and specifications approved for use under

(b) This Code does not apply to
(1) design and manufacture of pressure vessels
covered by the BPV Code’
(2) piping with metal temperatures above 450°F
(232°C) (For low-temperature considerations, see

this Cjode and the names and addresses of the Sponsoring
orgarfizations are shown in Mandatory Appendix A. It is
not considered practicable to refer to a specific edition of
each of the standards and specifications in the individual
Code |paragraphs.

801.2 Use of Standards and Specifications

Incorporated by Reference

Sorpe standards and specifications cited in Mandatory
Appendix A are supplemented by specific requirements
elsewhere in this Code. Users of this Code are advised
againpt attempting direct application of any of these stan-
dardq without carefully observing the Code's reference to
that dtandard.

801.3 Standard Dimensions

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

801.4 Sl (Metric) Conversion
Forf factors used in converting U.S. Customary units to SI

units|see Nonmandatory Appendix J.

802 SCOPE AND INTENT

802.]1 Scope

(a)| This _Codé covers the design, fabrication, installa-
tion, inspection, and testing of pipeline facilities used
for the\transportation of gas. This Code also covers

) dimensions is.strongly, recommended ;wherever, ;-

section 812.)
(3) piping beyond the outlet of the custompr's meter
set assembly (Refer to ANSI Z223.1/NEPA 54
(4) pipingin oil refineries or natural gasoljne extrac-
tion plants, gas treating plant piping other than the main
gas stream piping in dehydration,-and all other processing
plants installed as part of a’gas transmission system, gas
manufacturing plants, industrial plants, or njines (See
other applicable sections of the ASME Code for
Pressure Piping, B31¥)
(5) vent pipihg to operate at substantiglly atmo-
spheric pressufes for waste gases of any kind|
(6) wellhead assemblies, including contfol valves,
flow lines between wellhead and trap or sepqrator, off-
shore platform production facility piping, or dasing and
tubing in gas or oil wells (For offshore platform produc-
tion facility piping, see API RP 14E.)
(7) the design and manufacture of propriefary items
of equipment, apparatus, or instruments
(8) the design and manufacture of heat ekchangers
(Refer to appropriate TEMA? standard.)
(9) liquid petroleum transportation pipinjg systems
(Refer to ASME B31.4.)
(10) liquid slurry transportation piping systems
(Refer to ASME B31.4.)
(11) carbon dioxide transportation piping systems
(12) liquefied natural gas piping systemg (Refer to
NFPA 59A and ASME B31.3.)
(13) cryogenic piping systems

802.2 Intent

802.2.1 Adequacy for Normal Conditions. The re-
quirements of this Code are adequate for safety under
conditions usually encountered in the gas|industry.
Requirements for all unusual conditions cannot be speci-
fically provided for, nor are all details of enging¢ering and

safety aspects of the operation and maintenance of
those facilities. (See Mandatory Appendix Q for scope
diagrams.)

This Code is concerned only with certain safety aspects
ofliquefied petroleum gases when they are vaporized and
used as gaseous fuels. All of the requirements of NFPA 58
and NFPA 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.

1

construction prescribed; therefore, activities involving
the design, construction, operation, or maintenance of
gas transmission, gathering, or distribution pipelines
should be undertaken using supervisory personnel
having the experience or knowledge to make adequate
provision for such unusual conditions and specific

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

2 Tubular Exchanger Manufacturers Association, 25 North Broadway,
Tarrytown, NY 10591.
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engineering and construction details. All work performed
within the scope of this Code shall meet or exceed the
safety standards expressed or implied herein.

802.2.2 More Complete Analysis. The Code generally
specifies a simplified approach for many of its
requirements.

(a) Fordesignand construction, a designer may choose
to use a more rigorous analysis to develop design and
construction requirements. When the designer decides

802.2.7 Further Information. For further information
concerning pipeline integrity, see the nonmandatory
supplement ASME B31.8S, Managing System Integrity
of Gas Pipelines.

802.3 Offshore Gas Transmission

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

to take thfis approach, the designer shall provide to the
operating company details and calculations demon-
strating that design, construction, examination, and
testing afe consistent with the criteria of this Code.
These ddtails shall be adequate for the operating
company|to verify the validity of the approach and
shall be ppproved by the operating company. The
details shpll be documented in the engineering design.

(b) For operation and maintenance, an operating
company [may choose to use a more rigorous analysis
to develop operation and maintenance requirements.
When the operating company decides to take this
approach| the operating company shall provide details
and calculptions demonstrating that such alternative prac-
tices are dqonsistent with the objectives of this Code. The
details shall be documented in the operating records and
retained for the lifetime of the facility.

802.2.3 Safety. This Code is concerned with

{a) safgty of the general public.

(b) employee safety to the extent that it is affected by
basic design, quality of materials and workmanship, and
refquiremvnts for testing, operations, and maintenance of
gds transjmission and distribution facilities(Existing
industrial safety procedures pertaining to work areas,
safety devices, and safe work practices are-not intended
to:be supplanted by this Code.

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

802.2.5 Application to Existing Facilities. Provisions
of this Cogle\shall be applicable to operating and mainte-

803 PIPING SYSTEMS DEFINITIONS

803.1 General Terms and Definitions

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

environment: the surrounding$<r conditions (physical,
chemical, mechanical) in which'a material exists.

gas: as used in this Codé}sis any gas or mixture of |gases
suitable for domestic ortindustrial fuel and transmitged or
distributed to the_user through a piping system. The
common types.are natural gas, manufactured gas, and
liquefied petroleum gas distributed as a vapor, wjth or
without the admixture of air.

hot taps:, branch piping connections made to operating
pipelines, mains, or other facilities while they are in dpera-
tien. The branch piping is connected to the operating line,

“@nd the operating line is tapped while it is under prefsure.

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

liquefied petroleum gases (LPG): composed predominantly
of the following hydrocarbons (either by themselveg or as
mixtures): butane (normal butane or isobutene), butylene
(including isomers), propane, propylene, and ethan¢. LPG
can be stored as liquids under moderate prespgures
[approximately 80 psig (550 kPa) to 250 psig (1 720
kPa)] at ambient temperatures.

listed specification: a specification listed in Mandatory
Appendix A.

operating company: as used in this Code, is the indiviidual,
partnership, corporation, public agency, owner, aggnt, or
other entity responsible for the design, construftion,
inspection, testing, operation, and maintenance ¢f the
pipeline facilities.

nance procedures ol existing installations, and when
existing installations are uprated.

802.2.6 Qualification of Those Performing
Inspections. Individuals who perform inspections shall
be qualified by training and/or experience to implement
the applicable requirements and recommendations of this
Code.

operator: see operating company.

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

petroleum: crude oil, condensate, natural gasoline, natural
gas liquids, liquefied petroleum gas, and liquid petroleum
products.
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pipeline: all parts of physical facilities through which gas
moves in transportation, including pipe, valves, fittings,
flanges (including bolting and gaskets), regulators, pres-
sure vessels, pulsation dampeners, relief valves, appurte-
nances attached to pipe, compressor units, metering
facilities, pressure-regulating stations, pressure-limiting
stations, pressure relief stations, and fabricated assem-
blies. Included within this definition are gas transmission
and gathering lines, Wthh transport gas from productlon

803.3 Distribution Systems

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

gas main: see distribution main.

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

facilit - — —r—. L
of thg closed pipe type that is fabricated or forged from lgh-pressure distribution system. agas istribufion piping

. ) : L system that operates at a pressure higherithat} the stan-
pipe pr fabricated from pipe and fittings. dard service pressure delivered to the customer. In such a
private rights-of-way: as used in this Code, are rights-of- system, a service regulator is required.on‘each sprvice line
way 1ot located on roads, streets, or highways used by the to control the pressure deliveredrto.the customer.
publit, or on railroad rights-of-way. low-pressure distribution system:a’gas distribution piping
pipelipe system: either the operator's entire pipeline infra- system in which the gas pres§sure in the mains apd service
structure or large portions of that infrastructure that have lines is substantially the same as that delivered to the
defingble starting and stopping points. customer's appliances-In’such a system, a seryice regu-
systeth: see pipeline system. lator is not required\on the individual service|lines.
transportation of gas: gathering, transmission, or distribu- 803.4 Gathering Systems
tion gf gas by pipeline or the storage of gas. . s .

gas storageline: a pipeline used for conveying gals between
vault{an underground structure that may be entered and a comptessor station and a gas well used for storing gas
that i$ designed to contain piping and piping components undérground.
(such| as valves or pressure regulators). ] . L .
gathering line: a segment of pipeline installed|in a gath-
803.2 Piping Systems ering system.
comppnent: an individual item or element fitted in line2’ gathering system: one or ‘more segments off pipeline,
with pipe in a pipeline system, such as, but not limited usually interconnected to form a network, that meets
to, vallves, elbows, tees, flanges, and closures. one or more of the following criteria:

. (a) transports gas from one or more produgtion facil-
pipelihe component: see component. ities to the inlet of a gas processing plant. If no gps proces-
pipelipe facility: new and existing pipelines, rights-of-way, sing plant exists, the gas is transported to|the most
and aphy equipment, facility, or building‘used in the trans- downstream of one of the following:
portation of gas or in the treatment'of gas during the (1) the point of custody transfer of gas stiitable for
coursge of transportation. delivery to a distribution system
pipelipe section: a continuous runof pipe between adjacent (2) thepointwhereaccumulationand preparation of
compyressor stations, betweén compressor stationanda ~ 8as from separate geographic production fieldsin reason-
block|valve, or betweentadjacent block valves. able proximity has been'co.mpleted _
segment: alength of pipeline or part of the system that has (l;) tr.ansports }glas.w1th1n the iathermg S Zstemfforl
uniqye characteristi¢s in a specific geographic location. pro ucthn or gaF ering Uses Such as comprpssor fue

gas, gas lift, heating, or other processes, the[source of
storage field: ageographic field containing a well or wells which is within the gathering system (i.e., upstream of
that are completed for and dedicated to subsurface a transmission system).
storage.oflarge quantities of gas for later recovery, trans- (c) is in conformance with the definition fofr onshore
mission,;and-end-use gatheringHresas—definedinAPIRP 80 Refer to
transmission line: a segment of pipeline installed inatrans- ~ Mandatory Appendix Q, Figures Q-1 and Q-2 for additional

mission system or between storage fields.

transmission system: one or more segments of pipeline,
usually interconnected to form a network, that transports
gas from a gathering system, the outlet of a gas processing
plant, or a storage field to a high- or low-pressure distri-
bution system, a large-volume customer, or another
storage field.
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803.5 Miscellaneous Systems

control piping: all piping, valves, and fittings used to inter-
connect air, gas, or hydraulically operated control appa-
ratus or instrument transmitters and receivers.

gas processing plant: a facility used for extracting commer-
cial products from gas.
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instrument piping: all piping, valves, and fittings used to
connect instruments to main piping, to other instruments
and apparatus, or to measuring equipment.

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

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

803.7 Valves

block: avalve installed for the purpose of blocking or stop-
ping the flow of gas in a pipe.

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

transportffion by pipeline.

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

803.6 Mpters, Regulators, and Pressure Relief
Stltions

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

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

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

pressure-lfmiting station: consists of equipment that under.
abnormallconditions will act to reduce, restrict, or shut off
the supply of gas flowing into a system to prevent the gas
pressure from exceeding a predetermined value. While
normal priessure conditions prevail, the pressure-limiting
station my exercise some degree of control of the flow of
the gas or[may remain in the wide open position. Included
in the station are piping and auxiliary dewvices, such as
valves, coptrol instruments, control lines,/the enclosure,
and ventilating equipment, installed in‘accordance with
the pertirfent requirements of this.Code.

pressureqregulating station: ‘consists of equipment
installed for automaticallysreducing and regulating the
pressure |n the downstream pipeline or main to which
it is connected. Included are piping and auxiliary
devices sjuch as valves, control instruments, control
lines, the |enclosure; and ventilation equipment.

pressure relief station: consists of equipment installed to

Alknc e ravzan. Paavel

R
\ 's'top valve: see block valve.

reverse direction.

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

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

service line valve: & stop valve readily operable and
sible for the pufpose of shutting off the gas to the ¢usto-
mer's fuel lined. The stop valve should be located In the
service lingyahead of the service regulator or ahgad of
the meter; if a regulator is not provided. The valve is
alsoknown as a service line shutoff, service line|cock,
or.meter stop.

cces-

803.8 Gas Storage Equipment

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

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

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

804 PIPING SYSTEMS COMPONENT DEFINITIONS

804.1 Plastic Terms and Definitions

vent gas fremrasystembeingprotected-to-preventthegas
pressure from exceeding a predetermined limit. The gas
may be vented into the atmosphere or into a lower pres-
sure system capable of safely absorbing the gas being
discharged. Included in the station are piping and auxiliary
devices, such as valves, control instruments, control lines,
the enclosure, and ventilating equipment, installed in
accordance with the pertinent requirements of this Code.

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

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

(18)
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thermosetting plastic: plastic that is capable of being
changed into a substantially infusible or insoluble
product when cured under application of heat or chemical
means.

804.2 Iron Terms and Definitions

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

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

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

804.6 Mechanical Properties

througiout teTretat. specified minimum elongation: the minimum_dlongation
ductile iron: sometimes called nodular iron, a cast ferrous (expressed in percent of the gage length)\in-the tensile
material in which the free graphite present is in a spher- test specimen, prescribed by the specificatigns under

oidal form, rather than a flake form. The desirable proper-
ties ¢f ductile iron are achieved by chemistry and a
ferrit{zing heat treatment of the castings.

804.3 General Terms and Definitions

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

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

804.4 Pipe Terms and Definitions

cold ekpanded pipe: seamless or welded pipe thatis formed
and then cold expanded while in the pipe mill so that the
circu

miter} two or more straight sections of pipe matched and
joined on a line bisecting the angle of junction s&.as to
prodyce a change in direction.

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

ference is permanently increased by atleast0.50%;7 >

which the material is purchased from,the manufacturer.

specified minimum tensile strength’expressed [n pounds
per square inch (MPa), the fminimum tensilg strength
prescribed by the specification under whigh pipe is
purchased from the manufacturer.

specified minimum yield strength (SMYS): expressed in
pounds per squate'inch (MPa), the minimum yield
strength prescribed by the specification under which
pipe is purchased from the manufacturer.

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

yield strength: expressed in pounds per square imch (MPa),
the strength at which a material exhibits a|specified
limiting permanent set or produces a specified fotal elon-
gation under load. The specified limiting set or ¢longation
is usually expressed as a percentage of gage |ength. Its
values are specified in the various material spefifications
acceptable under this Code.

804.7 Steel Pipe

pipe 804.7.1 Carbon Steel.> By common custor, steel is
R . . ere considered to be carbon steel when no Elinimum
804.5 Dimensional Terms’and Definitions content is specified or required for aluminum, boron,

diampter: the as-preduced or as-specified outside
diameter of the pipeiarot to be confused with the dimen-

chromium, cobalt, molybdenum, nickel, niofium, tita-
nium, tungsten, vanadium, zirconium, or gny other

sionl¢ss NPS (DN),\For example, NPS 12 (DN 300) pipehas ~ element added to obtain a desired alloying effect;
a spefified outside diameter of 12.750 in. (323.85 mm), when the specified minimum for copper |does not
NPS § (DN 200)has a specified outside diameter of 8.625 exceed 0.40%; or when the maximum content specified
in. (219.08mm), and NPS 24 (DN 600) pipe has a specified for any of the following elements does not exceed the
outsidle \diameter of 24.000 in. (609.90 mm). following percentages:

diameter nominal (DN): a dimensionless designator of Element Percentage

pipe. It indicates a standard pipe size when followed Copper 0.60

by the appropriate number [e.g., NPS 1% (DN 40), NPS Manganese 1.65

12 (DN 300)]. See ASME B36.10M, page 1 for additional Silicon 0.60

information on NPS.

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

nominal outside diameter: see diameter.

5

3 From Steel Products Manual, Section 6, American Iron and Steel
Institute, August 1952, pp. 5 and 6.
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In all carbon steels, small quantities of certain residual
elements unavoidably retained from raw materials are
sometimes found but are not specified or required,
such as copper, nickel, molybdenum, chromium, etc.
These elements are considered as incidental and are
not normally determined or reported.

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

or
(b) a definite range or a definite minimum quantity of
any of the following elements is specified or required
within th¢ limits of the recognized field of constructional
alloy steels:
(1) aluminum

Coalescence is produced by heating with an electric
arc or arcs between the bare metal electrode or electrodes
and the work. The welding is shielded by a blanket of gran-
ular, fusible material on the work. Pressure is not used,
and filler metal for the inside and outside welds is obtained
fromthe electrode or electrodes. Typical specifications are
ASTM A381 and API 5L.

(b) electric-flash-welded pipe: pipe having a longitudi-
nal butt joint wherein coalescence is produced simulta-
i i s by
the heat obtained from resistance to the flow offelectric
current between the two surfaces, and by the-appli¢ation

Element Percentage of pressure after heating is substantiallycomp]|eted.
Copper 0.60 Flashing and upsetting are accompanied by expulsion
Manganese 1.65 of metal from the joint. A typical specification is API 5L.
ilicon 0.60 (c) electric-fusion-welded pipe: pipe having a longitudi-

nal butt joint wherein coales€ence is produced in the
preformed tube by manualor automatic electrjc-arc
welding. The weld may.be/single or double and may
be made with or without the use of filler metal.
Typical specifications.dre ASTM A134 and ASTM A139,
which permit single or double weld with or without
the use of fillép metal. Additional typical specifications

2) oron are ASTM A671 and ASTM A672, which require| both
(3) chromium (up to 3.99%) inside anid outside welds and the use of filler metl.
(4) cpbalt (1)Zspiral-welded pipe: also made by the eldctric-

(5) cplumbium

(6) molybdenum

(7) nlickel

(8) titanium

(9) thngsten

(10) vanadium

(11) [zirconium

(12) Jany other alloying element added to“obtain a
desired alloying effect

Small quantities of certain elements(arge unavoidably

present in alloy steels. In many applications, these are
not consifdered to be important and are not specified
or required. When not specified or required, they
should nat exceed the following amounts:

fusion-welded process with either a butt joint,|a lap

jeint, or.a lock-seam joint. Typical specificatiorls are
WASTM A134, ASTM A139 (butt joint), API 51

and
ASTM A211 (butt joint, lap joint, or lock-seam joint).

(d) electric-resistance-welded pipe: pipe produded in
individual lengths or in continuous lengths from ¢oiled
skelp and subsequently cut into individual lengths. The
resulting lengths have a longitudinal butt joint wherein
coalescence is produced by the heat obtained from [resis-
tance of the pipe to the flow of electric currentin a cirguit of
which the pipe is a part, and by the application of prefsure.
Typical specifications are ASTM A53, ASTM A135, arjd API
5L.

(e) furnace buttwelded pipe

Element Percentage (1) bell-welded: furnace-welded pipe produded in
Chromium 0.20 individual lengths from cut-length skelp. The pipe's lon-
Copper 0.35 gitudinal butt joint forge welded by the mechanical|pres-
lolybdentmi 0.06 sure is developed in drawing the furnace-heated |skelp
ickét 0.25 through a cone-shaped die (commonly knowrl as a

welding bell), which serves as a combined forminjg and

804.7.3 Pipe Manufacturing Processes. Types and
names of welded joints are used herein according to
their common usage as defined in AWS A3.0, or as speci-
fically defined as follows:

(a) double submerged-arc-welded pipe: pipe having a
longitudinal or helical butt joint produced by at least
two passes, one of which is on the inside of the pipe.

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

welding die. Typical specifications are ASTM A53 and
API 5L.

(2) continuous-welded: furnace-welded pipe
produced in continuous lengths from coiled skelp and
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 speci-
fications are ASTM A53 and API 5L.
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(f) seamless pipe: a wrought tubular product made
without a welded seam. It is manufactured by hot-
working steel and, if necessary, by subsequently cold-
finishing the hot-worked tubular product to produce
the desired shape, dimensions, and properties. Typical
specifications are ASTM A53, ASTM A106, and API 5L.

804.8
For plastic pipe, see para. 805.1.3.

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

long-term hydrostatic strength: the estimated hoop stress
in pounds per square inch (MPa) in a plastic pipe wall that
will cause failure of the pipe at an average of 100,000 hr
when subjected to a constant hydrostatic pressure. (See
Mandatory Appendix D.)

solvent cement joint: a joint made in thermoplastic piping
by the use of a solvent or solvent cement that forms a

805 DESIGN, FABRICATION, OPERATION, AND

TESTING TERMS AND DEFINITIONS

continuous bond between the mating surfacey.

standard dimension ratio (SDR): the ratig-of‘outside pipe

diameter to wall thickness of thermoplastic pipe. It is
calculated by dividing the specified outside diameter of
805.1 General the pipe by the specified wall thickness.
805%.1.1 Area o .
class [ocation: a geographic area along the pipeline clas- 805.1.4 Fabrication Tegfas ¥nd Definitions

sified|according to the number and proximity of buildings
intengled for human occupancy and other characteristics
that gre considered when prescribing design factors for
constfuction, operating pressures, and methods of testing
pipelines and mains located in the area and applying
certain operating and maintenance requirements.

arc weld: a group of welding processes that|produces
coalescence of metals by heating them with ah arc. The
processes are used'with or without the applicatipn of pres-
sure and with,or\without filler metal.

arc welding: see arc weld.

butt joint: a joint between two members alignefl approxi-

locatipn class: see class location. mately in the same plane. See Figures 1(A), 2(A), 3, 51(A),
right{of-way (ROW): a strip of land on which pipelines, and>51(B) in AWS A3.0.
railrgads, power lines, roads, highways, and other butt weld: a nonstandard term for a weld in a [putt joint.

similar facilities are. constructed. The ROW agreement .
secufes the right to pass over property owned by
others. ROW agreements generally allow the right of
ingreps and egress for the operation and maintenance
of the facility, and the installation of the facility. The
ROW|width can vary with the construction ahd mainte-
nancg requirements of the facility's operator and is usually
determined based on negotiation with-the affected land-
ownel by legal action, or by permitting authority.

805%.1.2 Leakage Investigative Terms and Definitions.
For definitions of gas leakagé cotitrol criteria investigation
termg, see Nonmandator$; Appendix M.

80%.1.3 Plastic Terms and Definitions

adhedive joint: ajointmade in plastic piping by the use ofan
adhedive substance that formsa continuous bond between
the mpting surfaces without dissolving either one of them.

dimension-ratio (DR): the ratio of outside pipe diameter to

“rcold-springing:'whene useddin the Code, the fabrication of
piping to an actual length shorter than its nominal length
and forcing it into position so that it is stresged in the
erected condition, thus compensating partially for the
effects produced by the expansion due to an increase
in temperature. Cold-spring factor is the rafio of the
amount of cold spring provided to the total fFomputed
temperature expansion.

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

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

heat treatment: heating and cooling a solid metjal or alloy
in such a way as to obtain desired properties. Heating for
the sole purpose of hot working is not considered heat
treatment. If a weldment is heated and cdoled in a
controlled manner, then the term “postweld heat treat-

wall thickmessof thermopiastic pipe. itis calcutated by
dividing the specified outside diameter of the pipe by
the specified minimum wall thickness.

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

hydrostatic design basis (HDB): one of a series of estab-
lished stress values (specified in ASTM D2837) for a
plastic compound obtained by categorizing the long-
term hydrostatic strength determined in accordance

7

ment” is used.

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

stress relieving: heating a metal to a suitable temperature,
holding at that temperature long enough to reduce resi-
dual stresses, and then cooling slowly enough to minimize
the development of new residual stresses.
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submerged arc welding: an arc welding process that uses
anarcorarcs between abare metal electrode or electrodes
and the weld pool. The arc and molten metal are shielded
by a blanket of granular flux on the workpieces. The
process is used without pressure and with filler metal
from the electrode and sometimes from a supplemental
source (welding rod, flux, or metal granules).

tie-in: a connection where a gap is left to divide a pipeline
into test sections, or to install a pretested replacement

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

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

section, oif in the continuous line construction at a location
such as afriver or highway crossing.

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

weld: a lqcalized coalescence of metals or nonmetals
producegl either by heating the materials to the
welding temperature, with or without the application
of pressure, or by the application of pressure alone
and with pr without the use of filler material.

welder: one who performs manual or semiautomatic
welding.

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

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

wrinkle bdnd: a pipe bend produced by a field process that
deliberatgly introduces prominent wrinkles-as-ameansof
shortening the inside bend radius. This definition does not
apply to a pipeline bend in which incidental minor, smooth
ripples are present.

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

805.2 Design
805.2.1) Pressure Terms and Definhitions

design prdssure: the maximum{pyéessure permitted by this
Code, as determined by thesdesign procedures applicable
to the matlerials and locations involved. It is used in calcu-
lations of analysis fer/pressure design of a piping
componeipt.

hydrostatic testsa pressure test using water as the test
medium.

overpressure protection: the prevention of the pressjire in
the system or part of the system from exceeding.a frede-
termined value and is typically provided by a’devjce or
equipment installed in a gas piping system.

pressure: unless otherwise stated, expressed in ppunds
per square inch (kilopascals) abovéatmospheric prgssure
(i.e., gage pressure) and is abbreyiated as psig (kHa).

pressure test: a means by which the integrity of a pipce of
equipment (pipe) is asséssed, in which the item is|filled
with a fluid, sealed, andsubjected to pressure. It is ufed to
validate integrity/and”’detect construction defects and
defective materials.

standard seryice pressure: sometimes called the nprmal
utilization.pressure, the gas pressure a utility undertakes
to maintaih at its domestic customers' meters.

standup pressure test: a procedure used to demongtrate

’ghg leak tightness of a low-pressure, gas servicq line,

using air or gas as the test medium.

805.2.2 Temperature Terms and Definitions

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

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

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

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

hydkotest: See hydrostatic test.
internal design pressure: see design pressure.

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

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

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

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

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

(U.S. Customary Units)

certification: written testimony of qualification.

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

crack: very narrow, elongated defect caused by mechan-

S PD ical splitting into parts.
H = . . . . .
2t defect: a physically examined anomaly with dimensions or
. characteristics that exceed acceptable limits.
(SI Units)
- dent: a permanent deformation of the circular cross-
SH = section of the pipe that produces a decredse in the
2000¢ diameter and is concave inward.
maximum allowable hoop stress: the maximum hoop stress discontinuity: an interruption of the typical strycture of a

permjtted by this Code for the design of a piping system. It
depends on the material used, the location of the pipe, the
operdting conditions, and other limitations imposed by
the designer in conformance with this Code.

material, such as a lack of homogene€ity in its mechanical,
metallurgical, or physical characteristics. A dispontinuity
is not necessarily a defect.

evaluation: a review following the characterizqtion of an

operdlting stress: the stress in a pipe or structural member actionable anomaly to_determine whether th¢ anomaly
under normal operating conditions. meets specified acceptance criteria.
residyal stress: stress present in an object in the absence of examination: the direct physical inspection of & pipeline,

any external loading, typically resulting from manufac-
turing or construction processes.

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

stress} the internal resistance of a body to an externally.
appli¢d force, expressed in units of force per unit area{psi
(MPa)]. It may also be termed unit stress.

stresy concentration: a discontinuity in a_structure or
change in contour that causes a local increase in stress.

stress| concentrator: see stress concentration.

stress|level: the level of tangential.or_hoop stress, usually
exprgssed as a percentage of speeified minimum yield
strength.

¥y

which may includethe use of nondestructive examination
(NDE) techniques or methods.

experiencé: work activities accomplished in ja specific
nondestructive testing (NDT) method under th¢ direction
of gualified supervision including the performgnce of the
NDT method and related activities but not inclyding time
spent in organized training programs.

failure: a'general term used to imply that a partjin service
has become completely inoperable; is still operable but is
incapable of satisfactorily performing its interjded func-
tion; or has deteriorated seriously, to the pointfthat it has
become unreliable or unsafe for continued usg.

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

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

tensile stress: the applied pilling force divided by the ~ JOUge: mechanically induced metal loss that capses local-
origitfal cross-sectional-area ized elongated grooves or cavities in a metal pipeline.
grinding: removal of material by abrasion, usually utilizing

80%.2.4 Construction, Operation, and Maintenance
Termp and Definitions

abandonedspérmanently removed from service.

actiopable-anomaly: an anomaly that may exceed accept-

a rigid abrasive carrier, such as a disk.

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

inclusion: a nonmetallic phase such as an oxide,|sulfide, or

able limttsbasedomthreoperator's cluuumly amd-pipetine
data analysis.

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

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

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

9

silicate particle in a metal pipeline.

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

in-line inspection (ILI): a steel pipeline inspection tech-
nique that uses devices known in the industry as intelli-
gent or smart pigs. These devices run inside the pipe and
provide indications of metal loss, deformation, and other
defects.
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in-service pipeline: a pipeline that contains natural gas to
be transported. The gas may or may not be flowing.

inspection: the use of anondestructive testing technique or
method.

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

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

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

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

ccacemant: o nracacc that inelidac incmaction Af
SSeSSHehRt-aprocessSthatiierdaesHhspectono+t

integrity
pipeline facilities, evaluating the indications resulting
from the| inspections, examining the pipe using a
variety offtechniques, evaluating the results of the exam-

inations, dharacterizing the evaluation by defect type and

yltracaony
HEFSOHHE

shigh fraananey connd TTracanie avaainy ation
—HE e GHeREY-Sott—ortraSoHe-exaiiiy

is used to determine wall thickness and to detect thelpres-
ence of defects.

uprating: the qualifying of an existing pipeline’or mgin for

a higher maximum allowable operating pressure.

severity, and determining the resulting integrity of the

pipeline through analysis. 805.2.5 Corrosion Control Terms and Definitigns
leak: an unintentional escape of gas from the pipeline. The anode: the electrode of an eléstrdchemical cell at which
source of fhe leak may be holes, cracks (including propa- oxidation occurs. Electronsflow away from the angde in
gating andl nonpropagating, longitudinal, and circumfer-  the external circuit. Corfosion usually occurs and metal

ential), separation or pullout, and loose connections.

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

ions enter the solutionat the anode.

bracelet anodes: galvanic anodes with geometry sujitable
for direct attachment around the circumference of a|pipe-
line. These may be half-shell bracelets consisting gf two
semicirculansections or segmented bracelets consisting of
a largemmumber of individual anodes.

mitigation: the limitation or reduction of the probability of  catHodic protection (CP): a technique to reduce the ¢orro-
occurrenge or expected. consequence for a particular. . sion of a metal surface by making that surface the cathode
event. of an electromechanical cell.

nondestrugtive examination (NDE): a testing method, such
as radiography, ultrasonic, magnetic testing, liquid pen-
etrant, visual, leak testing, eddy current, and _acoustic
emission,|or a testing technique, such as magnetic flux
leakage, magnetic particle inspection, shear-wave ultra-
sonic, and contact compression-wave ultrasonic.

nondestrugtive testing (NDT): see nondestructive examina-
tion (NDE)).
pig: a dev
pipeline,

ce run inside a pipeline-to clean or inspect the
r to batch fluids.

pig trap: an ancillary item¢f pipeline equipment, such asa
launcher|or receiver,swith associated pipework and
valves, fof introducing a pig into a pipeline or removing
a pig from a pipelinie.

pigging: th
tool, or vel
line for inspecting, dimensioning, cleaning, or drying.

euseof any independent, self-contained device,

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

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

scraper trap: see pig trap.
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cell: a system consisting of an anode and a cathode
immersed in an electrolyte so as to create an elegtrical
circuit. The anode and cathode may be different metals
or dissimilar areas on the same metal surface.

that,
solid
film.

coating: a liquid, liquefiable, or mastic compositioy
after application to a surface, is converted into a
protective, decorative, or functional adherent
Coating also includes tape wrap.

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

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

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

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

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

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

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

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

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

graphitization: the formation of graphite in iron or steel,

over a period of time.

currept: a flow of electric charge.

currept density: the current to or from a unit area of an
electrjode surface or through a unit area of a conductor or
electrjolyte.

usually from decomposition of iron carbide)af elevated
temperatures. This should not be used*as p term to
describe graphitic corrosion.

holiday: a discontinuity in a protective cogting that
exposes unprotected surface torthe environmént.

depolprization: the removal of factors resisting the current hyd”’ge” embrittleme.nt: 3 108s of ductility of a metal

in anlelectrochemical cell resulting from absorption.of/hydrogen.

dieleftric coating: a coating that does not conduct hydrogen stress cracking;*cracking that resulty from the

electrficity presence of hydregen'in a metal in combingtion with

J ’ Is: diff Is th d £ tensile stress. It occirs most frequently with high-strength
issimilar metals: different metals that could form an

alloys.

anodp-cathode relationship in an electrolyte when ) ) ) )
conndcted by a metallic path. impressedcurfent: an electric current supplied By a device
) ) ) o employing a power source that is external to thq electrode
electrlc.potentlal: a Voltage dlffer?nce e)-ﬂstlng between system! (An example is direct current for| cathodic
two points, such as the pipe and its environment. prétection.)
electrical interference: any electrical disturbance on a impressed current anode: an electrode suitable|for use as
metallic structure in contact with an electrolyte caused ;3° .4 o hode when connected to-a source of impressed
by stfay current(s). current, which is generally composed of a sulpstantially
electrjcal isolation: the condition of being electrically §épa- inert material that conducts by oxidation of the ¢lectrolyte

rated|from other metallic structures or the envirénment.

electrnochemical cell: see cell.

electrpde: a conductor used to establish contact with an
electrolyte and through which currentisitransferred to or
from jan electrolyte.

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

epoxyt type of resin formed by the reaction of aliphatic or
aromptic polyols (like Bisphenol) with epichlorohydrin
and dharacterized by the presence of reactive oxirane
end groups.

and, for this reason, is not corroded appreciably.

intergranular corrosion: preferential corrosion
the grain boundaries of a metal (also known as
talline corrosion).

it or along
intercrys-

ion: an electrically charged atom or group of atoms.

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

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

overvoltage: the change in potential of an electfode from

erosign: the'progressive loss of material from a solid its equilibrium or steady-state value when g¢urrent is
surface due to mechanical interaction between that applied.
surfage and a fluid, a multicomponent fluid, or solid parti- paint: a pigmented liquid or resin applied to a substrate as

cles carried with the fTuid.

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

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

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

a thin layer that is converted to an opaque solid film after
application. Itis commonly used as a decorative or protec-
tive coating.

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

11
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pitting: localized corrosion of a metal surface that is
confined to a small area and takes the form of cavities
called pits.

polarization: the change from the open-circuit potential as
a result of current across the electrode/electrolyte
interface.

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

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

engineering critical assesment: an analytical procedure
based upon fracture mechanics that allows determination

resistivity:

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

(b) amleasure of the ability of an electrolyte (e.g., soil)
to resist the flow of electric charge (e.g., cathodic protec-
tion current). Resistivity data are used to design a
groundbefl for a cathodic protection system.

of the maximum tolerable sizes for imperfection$, and
conducted by or under supervision of a completent
person with demonstrated understanding of\and experi-
ence in the application of the engineeying pringiples
related to the issue being assessed.

modulus of elasticity: a measure of the-stiffness or rigidity
of amaterial. [tis actually the ratio of stress to strainfin the

rust: corrgsion product consisting of various iron oxides elastic region of a material. If detérmined by a tens{on or
and hydrajted iron oxides. (This term properly applies only compression test, it is alsofealled Young's modulus pr the
to iron arld ferrous alloys.) coefficient of elasticity.
shielding:|preventing or diverting the flow of cathodic probability: the likelihood of an event occurring.
protection current from its natural path.

risk: a measure 6f potential loss in terms of both th¢ inci-

stray curfent: current through paths other than the
intended fircuit.

stress cortosion cracking (SCC): a form of environmental
attack of the metal involving an interaction of alocal corro-
sive envifonment and tensile stresses in the metal,

dent probability (likelihood) of occurrence and the magni-
tude of thesconsequences.

span: assection of the pipe that is unsupported.

strain»the change in length of a material in responsq to an

resulting |n formation and ‘growth' of cracks: . applied force, expressed on a unitlength basis [e.g., ipches

per inch (millimeters per millimeter)].
(18) ~ 805.2.§ Engineering Terms and Definitions vortex-induced vibration: the periodic shedding of fluid
brittle frlacture: fracture with little or no plastic  vortices from air or water flow impinging on thg pipe
deformatijon. that may introduce oscillatory forces on the pipeline

design lifd: a period of time used in design calculations,
selected fpr the purpose of verifying that a\replaceable

and consequent fatigue damage. Also called vprtex
shedding.

or permahent component is suitable for the anticipated 805.2.7 Miscellaneous Terms and Definitions
period off service. Design life may hot pertain to the o ) )
life of a pjpeline system because 4 properly maintained shall or shall not: used to indicate that a provisjon is
and protpcted pipeline system/can provide service mandatory.

indefinitely. should, should not, or it is recommended: used to inflicate

ductility:
deformed

measure of the-eapability of a material to be
plastically before fracturing.

elastic digtortion:{changes of dimensions of a material
upon the application of a stress within the elastic
range. Following the release of an elastic stress, the mate-
rial return i igi i i i
nent deformation.

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

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

12

that a provision is not mandatory but recommended as
good practice.

806 QUALITY ASSURANCE

Quality Control systems consist of those plahned,
ystematic, a ti i : equired
to ensure that materials, products, and services will
meet specified requirements. Quality Assurance
systems and procedures consist of periodic audits and
checks that ensure the Quality Control system will
meet all of its stated purposes.

The integrity of a pipeline system may be improved by
the application of Quality Assurance systems. These
systems should be applied to the design, procurement,
construction, testing, operating, and maintenance activ-
ities in the applications of this Code.
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Organizations performing design, fabrication,
assembly, erection, inspection, examination, testing,
installation, operation, and maintenance application for
B31.8 piping systems should have a written Quality
Assurance system in accordance with applicable docu-
ments. Registration or certification of the Quality
Assurance system should be by agreement between
the contracting parties involved.

807 ANHNG-A
PERSONNEL

807.]

Ea¢h operating company shall have a program to
manajge the qualification of personnel who perform oper-
ating|maintenance, and construction activities that could
impagt the safety or integrity of a pipeline. The program
shall pddress, at a minimum, the following elements:

(a)] Identify those tasks for which the qualification
prov]sions of the program apply. The tasks shall
includle operating, maintenance, and construction activ-
ities that could impact the safety or integrity of a pipeline.

(b)| For each task covered by the program, identify
abnofrmal operating conditions, and describe the
procgss used to ensure that individuals who perform
theseltasks are able to recognize and react to such condi-
tions|An abnormal operating condition is defined in ASME _
B31Q|as a condition that'may indicate ‘a‘malfunction-of &7
comppnent or deviation from normal operations that may
7) indicate a condition exceeding design limits
) result in hazard(s) to persons, property;-or the
bnment

Program

envir

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

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

(1) initial qualification

(2) subsequent or ongoing qualification

(3) suspension or revocation of qualifications

(4) reinstatement of qualifications
(e) Establish organizational responsibilities for

luate the
including
d on the

(f) Establish a process to periodically evsg
effectiveness of the qualification program,
provisions for updating the programr base
results of effectiveness appraisals.

(g) Describe how program requirements are commu-
nicated to affected individtals and how changes to
program requirements aregimanaged and comrhunicated.

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

807.2 Operating and Maintenance Functjons

In additién)to the requirements in para. 807.1, each
operating‘¢company shall provide training for gmployees
in procedures established for operating and mgintenance
functions. The training shall be comprehensive and
designed to prepare employees for service in their
area of responsibility.

807.3 Reference

A useful reference for managing personnel
tions is ASME B31Q, Pipeline Personnel Quali

qualifica-
Fication.

13
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Chapter |
Materials and Equipment

810 MATERIALS AND EQUIPMENT

It is intgnded that all materials and equipment that will
become d permanent part of any piping system con-
structed yinder this Code shall be suitable and safe for
the condifions under which they are used. All such mate-
rials and gquipment shall be qualified for the conditions of
their use by compliance with certain specifications, stan-
dards, and special requirements of this Code, or otherwise
as provided herein.

811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

811.1 Categories

Materidls and equipment fall into the following six cate-
gories perfaining to methods of qualification for use under
this Code

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

(b) iterps that are important from a safety standpoint;
of a type for which standards or specifications are tefer-
enced in this Code but specifically do not confopm to a
referencefl standard (e.g., pipe manufactured’to a speci-
fication npt referenced in this Code)

(c) items of a type for which standards.or specifications

aiistandard-orispecification! [para:/811.1(c)] may be

811.2.2 Nonconformance (Important ItJms). (18)

Important items of a type for which standards or ppeci-
fications are referenced in this Code, such ds|pipe, vialves,
and flanges, but that do not conform to standards or speci-
fications referenced in this Code [para. 811.1(b)] shall be
qualified as follows:

A material conforming to a @yritten specificatio
does not vary substantially from a referenced standard
or specification and that meets the minimum require-
ments of this Code with Tespect to quality of materials
and workmanship, miay be used. This paragraph|shall
not be construed-to permit deviations that would tend
to affect weldability or ductility adversely. If the devia-
tions tend texeduce strength, full allowance for the rleduc-
tion shalkbe provided for in the design.

n that

811:2:3 Nonconformance (Unimportant ItrIlms).
Relatively unimportant items that do not conform to a
used,
provided that
(a) they are tested or investigated and found sujfitable
for the proposed service
(b) they are used at unit stresses not greater than 50%
of those allowed by this Code for comparable materials
(c) their use is not specifically prohibited by thig Code

811.2.4 No Standards or Specifications Referenced.

are referepced in this Code, but thatdo'not conform to the Items of a type for which no standards or specifications
standards and are relatively unimportant from a safety ~ are referenced in this Code [para. 811.1(d)] and proprie-
standpoift because of theirzsinall size or because of ~ tary items [para. 811.1(e)] may be qualified by th¢ user
the conditions under which théy are to be used provided

(d) items of a type foréwhich no standard or specifica- (a) the user conducts an investigation and tegts (if

tion is referenced in this' Code (e.g., gas compressor)
(e) proprietary items (see definition, para. 804.3)
(f) unidentified\of used pipe

811.2 Prpcedures for Qualification

needed) that demonstrate that the item of materjial or
equipment is suitable and safe for the propgosed
service (e.g, clad or duplex stainless steel pipe); dr

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

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

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

14

pressure relier devices])

811.3 Unidentified or Used Pipe

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

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

Whenever the minimum design temperature is below

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

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

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

Of primary importance in the fracture control program
is thg prevention of brittle fracture initiation that can
occunf at small stress concentrations. As a minimum,
the ffracture control program shall require Charpy
impagt energy testing at or below the minimum design
temperature. The specific energy requirement is a func-
tion df the strength of the material, its thickness, and the
desigh stress. See para. 841.1.2 for additional require-
ment$ relative to fracture control for pipe.

Prdvided the manufacturer's fracture toughness testing
of reference material (material standards and specifica-
tiong referenced in Mandatory Appendix A or
Nonnpandatory Appendix C) is performed at or below

the plipeline minimum design temperature and meetd?

the requirements of the fracture control plan, additional
toughness testing of the material is not required.-The
welding procedure for circumferential welds-shall be
quallfied as conforming to the fracture control
progitam by Charpy testing at or below thé minimum
desigh temperature.

813 MARKING

813.]

All valves, fittings, flanges, bolting, pipe, and tubing shall
be m3rked in accordance with the marking sections of the
standards and specifications to which the items were
manufactured’or. in accordance with the requirements
of MYS SP-25:

Scope

=

813.2

Die Stamping

ineluding thaoca accan tabla +o thic Coda ol 111 not be
.......... £t 5ea€EeePrapBre—+to+tH S Eo6ae—S5{

used or substituted for those in the selected spgcification.

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

Multiple marking shall be in accordance with|the mate-
rial specification, if allowed. Otherwise, multiple marking
shall be in accordance with thejguidelines set jout in the
BPV Code, Section II, PartD; Appendix 7.

814 MATERIAL SPECIFICATIONS

For alisting of allreferenced material specificptions, see
Mandatory Appendix A. For alisting of standardk for other
commonly~used materials that are not refergnced, see
Nonmandatory Appendix C.

814.1' Pipe Conforming to Referenced Standards
and Specifications

Ripe thatis qualified under para. 811.1(a) mdy be used.
814.1.1 Steel Pipe

(a) Steel pipe manufactured in accordancg with the

following standards may be used:

API 5L [Note (1)]
ASTM A53/A53M

Line Pipe
Steel, Black and Hot-Dipped, Zinc-

(18)

Coated, Welded and Spamless Pipe

ASTM A106/A106M
Temperature Service
ASTM A134
Pipe (Sizes NPS 16 apd Over)
Electric-Resistance-Welfled Steel
Pipe
Electric-Fusion (Arc)-WElded Steel
Pipe (Sizes NPS 4 angl Over)

ASTM A135/A135M
ASTM A139/A139M

ASTM A333/A333M

Die stamping, if used, shall be done with dies having

Low-Temperature Ser vice

Steel, Electric-Fusion (Arc)-Welded

Seamless Carbon Steel Bipe for High-

Seamless and Welded Steel Pipe for

blunt or rounded edges to minimize stress concentrations. ASTM A381 Metall-Arc-Welded Steel Pipe fqr l.Jse
With High-Pressure Transmission
813.3 Multiple Marking of Materials or Systems
Components ASTM A671 Electric-Fusion-Welded Steel Pipe for
. i Atmospheric and Lower
Materlals or components marke.d' as .meetlng the re- Temperatures
quirements for two or more specifications (or grades, ) ) .
classes, or types) are acceptable, provided ASTM A672 Electric-Fusion-Welded Steel Pipe for
’ ’ High-Pressure Service at Moderate
Temperatures
;;;;;;;;;;;; -
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ASTM A691
Fusion-Welded for High-Pressure
Service at High Temperatures

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

(b) Cold expanded pipe shall meet the mandatory re-

Carbon and Alloy Steel Pipe, Electric- 815 EQUIPMENT SPECIFICATIONS

Except for the piping components and structural mate-
rials listed in Mandatory Appendix A and Nonmandatory
Appendix C, it is not intended to include in this Code
complete specifications for equipment. Certain details
of design and fabrication, however, necessarily refer to
equipment, such as pipe hangers, vibration dampeners,
electrical facilities, engines, compressors, etc. Partial
specifications for such equipment items are given

quiremen s of APT 5L.

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

814.1.3| Plastic Pipe and Components

(a) Plastic pipe and components manufactured in
accordande with the following standards may be used:
(1) Hor polyethylene (PE) pipe, use

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

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

ASTM D2517 Reinforced Epoxy Resin Gas Pressure Pipe
and Fittings

ASTM F2945 Polyamide 11 Gas Pressure Pipe, Tubing, and
Fittings

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

814.1.4

(a) In addition to complying with_the) provisions of
para. 814{1.3, the user shall thoroughly investigate the
specific plastic pipe, tubing, or_fitting to be used and
shall detefmine material serviceability for the conditions
anticipatgd. The selected miaterial shall be adequately
resistant fo the liquids anid-chemical atmospheres that
may be encountered.

(b) Whien plasticpipe, tubing, or fittings of different
material dpecifications are joined, a thorough investiga-
tion shall[be made to determine that the materials are
compatibléswith each other. See para. 842.2.9 for

Qualification of Plastic Piping Materials

5 RP.5LW.-Where it is,not-poessible to establish tha

herein, particularly if they affect the safety, df the
piping system in which they are to be install¢d. In
other cases where this Code gives no specifications for
the particular equipment item, the infent is that the
safety provisions of this Code shall govern, insofar as
they are applicable. In any case, the safety of equigment
installed in a piping system shall, be’equivalent 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 duringzany transportation (highway, rail, ahd/or
water) of line pipe.

Any linepipe to be transported by railroad, ipland
waterway, or by marine transportation shall be Ipaded
and transported in accordance with API RP 5L1 dr API
pipe
was loaded and transported in accordance with the
above referenced recommended practice, the pipg 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 presspre if
installed in a Class 2, 3, or 4 Location.

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

817.1.1 Equivalent Service Level. Removal of a pgrtion
of an existing steel line and reuse of the pipe, in the|same
line or in a line operating at the same or lower rated|pres-
sure, is permitted, provided that the fracture toughness of
the removed pipe is commensurate with or exceeds qhat of

the line operating at the same or lower rated pressute and

joining reUITEITEILS.

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

theusedpipemreetsthe restrictions of paras—8+71.3(a),
817.1.3(f), and 817.1.3(i). Reuse of the pipe in the same
line or in a line operating at the same or lower pressure
and the same or higher temperature is permitted subject
to the same para. 817.1.3 restrictions above and any dera-
tions as required by Table 841.1.8-1. Removed pipe that is
reinstalled in the same location need not be retested. Used
pipe installed elsewhere is subject to paras. 817.1.3(i) and
817.1.3(j).

16
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817.1.2 Low Hoop Stress Service Level [Less Than
6,000 psi (41 MPa)]. Used steel pipe and unidentified
new steel pipe may be used for low-stress [hoop stress
less than 6,000 psi (41 MPa)] level service where no
close coiling or close bending is to be done, provided that

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

(b) if the pipe is to be welded and is of unknown spec-
ificat

4 (DN 100) and smaller, or 0.80 for pipe larger than NPS 4
(DN 100).

(e) Weldability. Weldability shall be determined as
follows. A qualified welder shall make a girth weld in
the pipe. The weld shall then be tested in accordance
with requirements of API 1104. The qualifying weld
shall be made under the most severe conditions under
which welding will be permitted in the field and using
the same procedure as to be used in the field. The

wraldabilite tactc
uuuuuuuuuuuuu y—te5t5

Ot —Tt—Sticr—SaerSTa oty

prescribed in para. 817.1.3(e)

pipe—shall-be-considered-weldableif thereqylirements
set forth in API 1104 are met. At least one|such test
f pipe on

weld shall be made for each 100 lengths o

817.1.3 Midrange Hoop Stress Service Level [Greater . 2
Than|6,000 psi (41 MPa) but Less Than 24,000 psi (165 511383 larger th?ln NPS 4 t(DI: 1(.)1?)56()? WZEs prs 4 (Dﬁ
MPa)]. Unidentified steel pipe and unidentified new steel anc smatier, one test wi equireq for eac
pipe fnay be qualified for use at hoop stress levels above 400 lengths of pipe. If in testing the weld the reqpirements
6,000 psi (41 MPa) or for service involving close coiling or O.fAPI 1104 cz.annot be .met, theceldability may be estab-
close|bending by the procedures and within the limits lished by making chemicaltests for carbon and nianganese

ed below:

Inspection. All pipe shall be cleaned inside and
e, if necessary, to permit good inspection. All
chall be visually inspected to determine that it is
nably round and straight and to discover any
defects that might impair its strength or tightness.

(b)| Bending Properties. For pipe NPS 2 (DN 50) and
smaller, a sufficient length of pipe shall be bent cold
throujgh 90 deg around a cylindrical mandrel, the diameter
of which is 12 times the nominal diameter of the pipe,
withd
opening the weld.

Foy pipe larger than NPS 2 (DN 50), flattening tests as
prescfibed in Mandatory Appendix H shall be made. The
pipe ghall meet the requirements in this test)éxcept that
the nymber of tests required to determine flattening prop-

outlin
(a)
outsi
pipe
reasd

ut developing cracks'at any ‘portioncand without?,”

e with the
umber of
r circum-

(see para.823.2.3), and preceeding in accordang
provisions of the BRV Code, Section IX. The 1
chemical tests shall be the same as required fi
ferential weld tests stated above.

(f) Surface Defects. All pipe shall be examined for
gouges, grooves, and dents and shall be qualifiefl in accor-
dance with the provisions of para. 841.2.4.

(g)Petermination of Yield Strength. When the
turer's specified minimum yield strength, tensil
or elongation for the pipe is unknown, and n
tests are made, the minimum yield strength
shall be taken as not more than 24,000 psi (
Alternatively, the tensile properties may be e
as follows:

(1) Perform all tensile tests prescribed
except that the number of such tests shall be
in Table 817.1.3-1.

manufac-
e strength,
b physical
or design
|65 MPa).
stablished

y API 5L,
as shown

i:itrllees;i};iljl :frg;egtssme as required in (g) below to deter- (2) All test specimens shall be selected at random.
(c)| Determination of Wall Thickness: Unless the nominal shall(r?) tllf)zhjszziel(:;:eenstﬂ:s raﬁ;ﬁ;??gs 2':25 ,8t1h7e 1p;pe
wall thickness is known with certainty, it shall be deter- ’ p p para. S

mine
endo

by measuring the thickness at quarter points on one
f each piece of pipe Ifthe lot of pipe is known to be of

(h) SValue. 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 strengtlf, shall be

uniform grade, size, and:nominal thickness, me:flsufement 24,000 psi (165 MPa), or determined as folloyys.
shall be made onmot less than 10% of the individual . .
. Determine the average value of all yield strength tests
lengths, but notless than 10 lengths; thickness of the .
e . for a uniform lot. The value of S shall then be taken as the
other|lengthsémay be verified by applying a gage set to

the minimtm ‘thickness. Following such measurement,
the njpminal wall thickness shall be taken as the next
comntercial wall thickness below the average of all the

lesser of the following:
(1) 80% of the average value of the yiel
tests

|l strength

measurements taken, but in no case greater than 1.14
times the least measured thickness for all pipe smaller
than NPS 20 (DN 500), and no greater than 1.11 times
the least measured thickness for all pipe NPS 20 (DN
500) and larger.

(d) Longitudinal Joint Factor. If the type of longitudinal
joint can be determined with certainty, the corresponding
longitudinal joint factor, E (Table 841.1.7-1 in Chapter IV),
may be used. Otherwise, shall be taken as 0.60 for pipe NPS

17

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

(i) Hydrostatic Test. New or used pipe of unknown spec-
ification and all used pipe, the strength of which is
impaired by corrosion or other deterioration, shall be
retested hydrostatically either length by length in a
mill-type test or in the field after installation before
being placed in service. The test pressure used shall
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Table 817.1.3-1 Tensile Testing

Lot Number of Tensile Tests, All Sizes

10 lengths or less
11 to 100 lengths

1 set of tests from each length

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

than 10
Greater than 100 1 set of tests for each 10 lengths, but not less
lengths than 20

establish the maximum allowable operating pressure,

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

817.2.2 Known Specifications. Used pipe of known
specifications may be reused in accordance with the provi-
sions and specifications of para. 842.1 provided a careful

subject tof Timitations described 1n para. 841.1.3.

(j) Fraqture Control and Arrest. Without fracture tough-
ness testing per para. 841.1.2, unidentified steel pipe and
new or uged pipe of unknown specification shall not be
used in the following applications:

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

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

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

817.2 Rduse of Ductile Iron Pipe

817.2.1| Equivalent Service Level. The removal of a
portion of an existing line of unknown specifications
and the reuse of the pipe in the same line or in a line oper-

inspection indicates the pipe is sound and permits the
makeup of tight joints.

817.3 Reuse of Plastic Piping

tions
1 gas
f the

Used plastic pipe and tubing of known specific:
and dimensions that have beer used in naturg
service only may be reused,provided that all
following are true:

(a) Itmeetsthe requirenments of ASTM D2513 or
F2945 for new thermoplastic pipe or tubing, or
D2517 for new thermosetting pipe.

(b) A carefulinspection indicates thatitis free of v
defects.

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

ASTM
ASTM

isible
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WELDING

s Chapter addresses the welding of pipe joints in
wrought and cast steel materials and covers butt-
d and fillet-welded joints in pipe, valves, flanges,
ttings, and fillet-welded joints in pipe branches,
n flanges, socket weld fittings, etc., as applied in pipe-
and connections to apparatus or equipment. This
er does not apply to the welding of the seam in
anufacture of pipe.

GENERAL

en valves or equipment are furnished with welding
suitable for welding directly into a pipeline, the
N, composition, welding, and stress relief procedures
be such that no significant damage will result from
elding or stress relieving operation.

Welding Processes W
e welding may be done by any process or combina-
f processes that produce welds that meet the-proce-
gualification requirements of this CodéxThe welds
e produced by position welding or rolkwelding, or a
ination of position and roll welding.

) Welding Procedure

pbr to welding of any pipe) piping components, or
d equipment covered-bythis Code, a welding proce-
shall be established and qualified. Each welder or

welding operator shall'be qualified for the established

proce
pipin
accor]

821.3

dure before (pérforming any welding on any pipe,
b components, or related equipment installed in
dance with' this Code.

Weld Acceptance

821.5 Welding Safety

Prior to welding in or around a structur
containing gas facilities, a thorough”check
made to determine the possible presence ofa co
gas mixture. Welding shall begindonly when s
tions are indicated.

821.6 Welding Terms

Definitions pertaining to welding as used in
conform to the standard definitions establish
American Welding Society and contained in A

822 PREPARATION FOR WELDING
822.1 Butt Welds

(a) Some acceptable end preparations are
Mandatory -Appendix'[; Figure -4,

(b) Mandatory Appendix I, Figure I-5 shows 4
end preparations for buttwelding of pieces hay
unequal thickness or unequal yield strength,

AN

822.2 Fillet Welds

Minimum dimensions for fillet welds used in {
ment of slip-on flanges and for socket welded
shown in Mandatory Appendix I, Figure I-
minimum dimensions for fillet welds used
connections are shown in Mandatory Ap
Figures I-1 and I-2.

822.3 Seal Welds

Seal welding shall be done by qualified we
welding of threaded joints is permitted, bu
welds shall not be considered as contributi
strength of joints.

e or area

shall be
mbustible
hfe condi-

this Code
ed by the
WS A3.0.

shown in

cceptable
ing either
r both.

he attach-
joints are
b. Similar
n branch
pendix I,

ders. Seal

k the seal

ng to the

The standards of acceptability for welds of piping

syste
more
in AP

ms to operate at hoop stress levels of 20% or
of specified minimum yield strength as established
[ 1104 shall be used.

821.4 Welding Qualifications

All
be in
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823 QUALIFICATION OF PROCEDURES AND
WELDERS

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

Welders whose work is limited to piping operating at

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

823.4 Qualification Records

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

hoop stress levels of less than 20% of the specified
yield strength shall be qualified under any of
nces given in para. 823.2.1 or in accordance
Hatory Appendix G.

minimum
the referd
with Man

823.2 Requirements for Qualifying Procedures
and Welders on Piping Systems Operating at

Hoop Stresses of 20% or More of the

Specified Minimum Yield Strength

823.2.]) Qualifying Standards. Welding procedures
and welders performing work for new construction
and out-g¢f-service pipelines shall be qualified under
the BPV (Code, Section IX or API 1104. For in-service
welding, welding procedures and welders shall be qual-
ified under Appendix B of API 1104. Procedures qualified
under Appendix B are suitable for weld deposition repair,
provided the procedure is appropriate for the remaining
wall thickiness to which it is being applied.

823.2.1 Compressor Station Piping. When welders
qualified iinder API 1104 are employed on compressor
station piping, their qualification shall have been based
on the deptructive mechanical test requirements-gf APl

1104.

823.2.3
Welders.
sections

Variables for the Separate Qualification of
The references given in parar823.2.1 contain
titled “Essential Variables/ applicable to
welder gpalification. These shall ' be followed, except
that for gurposes of this Codé, all carbon steels that
have a cabon content not exceeding 0.32% by heat anal-
ysis and 4 carbon equivalent(C + ¥, Mn) not exceeding
0.65% by| heat analysis~are considered to come under
material grouping P-Ne:"1. Alloy steels having weldability
characteristics demonstrated to be similar to these carbon
steels shall be.welded, preheated, and stress relieved as

prescribefl herein for such carbon steel. There may be
Signiﬁcan differences-in the base metal ch‘nngfh encome-

2o When weldingdissimilan materials having dif

tests.

824 PREHEATING
824.1 Carbon Steels

Carbon steels having a carbor_content in excg¢ss of
0.32% (ladle analysis) or a carbon equivalent (¢ + Y,
Mn) in excess of 0.65% (ladle:analysis) shall be preheated
to the temperature indicateéd by the welding proc¢dure.
Preheating shall also be required for steels having Jower
carbon content or carbon equivalents when the w¢lding
procedure indicate§ that chemical composition, anjbient
and/or metaldemperature, material thickness, or weld-
end geometty require such treatment to produce satisfac-
tory welds:

824.2 Dissimilar Materials

erent
preheating requirements, the material requiring the

higher preheat shall govern.

824.3 Suitable Methods

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

824.4 Temporary Monitoring

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

825 STRESS RELIEVING

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

823.3 Welder Requalification Requirements

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

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

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

825.3 Different Wall Thicknesses

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

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

(d) Branches or other welded attachments for which

tef i relieved

and SZS—Z—Sh&H—be—sepemehef—HeﬁwpeHﬁa-}bHeeaﬂy—s&e:f
(a)| the thicker of the two parts being joined, measured by heating a circumferential band around-thle pipe on

at thg weld joint
(b)| the thickness of the pipe run or header in case of
brandh connections, slip-on flanges, or socket weld fittings

825.4 Dissimilar Materials

If ejther material in welds between dissimilar materials
requies stress relieving, the joint shall require stress
relieviing.

825.% Connections and Attachments

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

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

(b)
grooy
nonp

fillet and groove welds not over % in. (10 min)
e size that attach supporting members or*other
'essure attachments

825.6 Stress Relieving Temperature

(a)| Stress relieving shall be perforined at a tempera-
ture pf 1,100°F (593°C) or greater/for carbon steels,
and 1,200°F (649°C) or greater for ferritic alloy steels.
The eikact temperature range-shall be stated in the proce-
dure ppecification.

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

(c)| The parts heated shall be brought slowly to the
requifed temperature and held at that temperature for
a perjod/of time proportioned on the basis of at least 1

" thas beensaccomplished:

which the branch or attachment is welded with the attach-
ment at the middle of the band. The width,ef the band shall
be at least 2 in. (51 mm) greater than'the diameter of the
weld joining the branch or attachment to the h¢ader. The
entire band shall be brought dpto the required tempera-
ture and held for the timetspecified.

825.8 Equipment forLocal Stress Relie\:ling

(a) Stress relieving may be accomplished By electric
induction, electric resistance, fuel-fired ring burners,
fuel-fired térches, or other suitable means df heating,
provided ‘that a uniform temperature is obtained and
maintaihed during the stress relieving.

(b)“The stress relieving temperature shall be checked
by~the use of thermocouple pyrometers or othg¢r suitable
equipment to ensure that the proper stress religving cycle

826 WELD INSPECTION REQUIREMENTS
826.1 Visual Inspection

Visual inspection of welds must be conducted by a
person qualified by appropriate training and ekperience.

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

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

826.2 Inspection of Welds on Piping Sy'}ems

826.3 Inspection and Tests for Quality Cpntrol of
Welds-onPiping-Systems-Intended to

hr/in. (1 h/25 mm) of pipe wall thickness, but in no
case less than %, hr, and shall be allowed to cool
slowly and uniformly.

825.7 Methods of Stress Relieving

(a) Heat the complete structure as a unit.

(b) Heat a complete section containing the weld or
welds to be stress relieved before attachment to other
sections of work.
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Operate at Hoop Stress Levels of 20% or
More of the Specified Minimum Yield
Strength

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

(b) In addition, a certain percentage of the welds shall
be examined through radiographic examination, ultra-
sonic testing, magnetic particle testing, or other compar-
able and acceptable methods of nondestructive testing.
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The trepanning method of nondestructive testing is
prohibited.

The following minimum number of field butt welds shall
be selected on a random basis by the operating company
from each day's construction for examination. Each weld
so selected shall be examined over its entire circumfer-
ence or else the equivalent length of welds shall be exam-
ined if the operating company chooses to examine only a
part of the circumference of each. The same minimum

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

(e) When pipe size islessthan NPS 6 (DN 150), or when
the construction projectinvolves such a limited number of
welds that nondestructive inspection would be imprac-
tical, and the pipe is intended to operate at hoop
stress levels of 40% or less of the specified minimum
yield strength, then provisions (b) and (c) above are

percentag
head or yprd.

(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) 715% of welds in Location Class 4.

(5) 100% of the welds in compressor stations, and at
major or navigable river crossings, major highway cross-
ings, and 1jailroad crossings, if practical, but in no case less
than 909%]. All tie-in welds not subjected to a pressure
proof test| shall be examined.

(c) All velds that are inspected must either meet the
standards|of acceptability of AP1 1104 or be appropriately
repaired and reinspected. The results of the inspection
shall be used to control the quality of welds.

cchall ha avamainad for dayhla anding ot »ail
S-SHamroe-examreatrer-aotnre-enaRgatair

notmandatoryprovided-the-weldsareinspected
and approved by a qualified welding inspector.

(f) In addition to the nondestructive inspectig
quirements outlined above, the quality of/welds

be continually controlled by qualified personnel.

wsually

n re-
shall

827 REPAIR OR REMOVAL OFDEFECTIVE WELDS
IN PIPING INTENDED FO-OPERATE AT HOOP
STRESS LEVELS OF 20% OR MORE OF THE
SPECIFIED MINIMUM YIELD STRENGTH

Defective welds shallbe repaired or removed. If a fepair
is made, it shall bein accordance with API 1104. W¢lders
performing repairs shall be qualified in accordancg with
para. 823.2

22
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Chapter Il
Piping System Components and Fabrication Details

830 GENERAL

(a)| The purpose of this Chapter is to provide a set of
standprds for piping systems covering

API 6A

API 6D/ISO 14313

Specification for Wellhéa

l and

Christmas Tree-Equipnjent

Specification fap-Pipeline

Valves

7) specifications for and selection of all items and ASME B16.33 Manually Opérated Metallic Gas Valves
acces;orifes that are a part of the piping system, other than for Us€in-Gas Piping Systems up to
the pipe itself 175 psi (Sizes NPS ¥ Through NPS

2) acceptable methods of making branch 2)
conngctions

3) provisions to care for the effects of temperature ASME B16.34 yawes L Flanged, Threaled, and
changes Welding End

4) approved methods for support and anchorage of ~ ASME B16.38 Large Meta.llic Valves for|Gas
expoded and buried piping systems Dlstrl?utlon: Manually [Operated,

(b)| This Chapter does not include NPS2 /2 (DN 65) to NPS _12 (DN300),

1) pipe materials (see Chapter I) 125 psig (8.6 bar) Maximum

) welding procedures (see Chapter II) ASME"B16.40 Manually Operated Thernjoplastic Gas

3) design of pipe (see Chapter 1V) Shutoffs and Valves in |Gas

#) installation and testing of piping systems (see _ Distribution Systems
Chapter V) <& 'MsssP-70 Gray Iron Gate Valves, Flanged and

5) special conditions for offshore application (see Threaded Ends
Chapfer VHI). s Y MSS SP-71 Gray Iron Swing Check Valves, Flanged

) special conditions for sour gas application (see
Chapfer 1X) and Threaded Ends
MSS SP-78 Gray Iron Plug Valves, Flanged and

831 PIPING SYSTEM COMPONENTS

All|components of piping systems, including valves,
flanges, fittings, headers, specialassemblies, etc., shall
be designed in accordance with' the applicable require-
ments$ of this section and récognized engineering practices
to withstand operating\pressures and other specified
loadimgs.

Components shall/be selected that can withstand the
desigh, operating, and test conditions of the system in
which the comiponent is to be used without failure or
leakage dnd ‘without impairment of their serviceability.

(b) Valves having shell (body, bonnet, covg
end flange) components made of cast ducti
compliance with ASTM A395 and having di
conforming to ASME B16.1, ASME B16.3
B16.34, ASME B16.38, ASME B16.40, or AR
14313 may be used at pressures not exceediy
the pressure ratings for comparable steel
their listed temperature, provided the pres

Threaded Ends

r, and/or
Lt: iron in

ensions
3, ASME
1 6D/ISO
1g 80% of

valves at
sure does

not exceed 1,000 psig (6 900 kPa), and welding is not

employed on any ductile iron componentin the f]
of the valve shells or their assembly as part of

hbrication
the piping

831.1 Valves and Pressure-Reducing Devices

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

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

system.

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

stations.

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

831.1.3 Pressure-Reducing Devices. Pressure-reduc-
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Code for valves in comparable service conditions.
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831.1.4 Service Lines: Excess Flow Valve
Performance Standards. Excess flow valves shall be
manufactured and tested by the manufacturer in accor-
dance with ASTM F1802, ASTM F2138, MSS SP-115, or
the manufacturer’s written specification.

831.2 Flanges
831.2.1 Flange Types and Facings

(a) The_dimensions and drilling for all line or end

(g) Nonferrous flanges shall have contact faces finished
in accordance with ASME B16.24.

(h) Class 25 and 125 cast iron integral or threaded
companion flanges may be used with a full-face gasket
or with a flat ring gasket extending to the inner edge
of the bolt holes. When using a full-face gasket, the
bolting may be of alloy steel (ASTM A193). When
using a ring gasket, the bolting shall be of carbon steel,
equivalent to ASTM A307 Grade B, without heat treatment

othar than ctrace palinf
othHer—tah-5StFesstenet

flanges shall conform to one of the following standards:

ASME B1p.1 Gray Iron Pipe Flanges and
Flanged Fittings: Classes 25,

125, and 250

(i) When bolting together two Class 250 integral or
threaded companion cast iron flanges having “f;¢-in.
(1.6-mm) raised faces, the bolting shall ‘be of carbon
steel equivalent to ASTM A307 Grade B)without heat
treatment other than stress relief.

ASME B1b.5 Plp? Elanges ar;d Flanged (j) Class 150 steel flanges may<be bolted to Clags 125
Fittings: NPS"/, Through NPS . L 1
. cast iron flanges. When such cofistruction is used, the /;6-
24 Metric/Inch Standard . .
) in. (1.6-mm) raised face on-the steel flange shall be
ASME B1p.24 Cast Copper Alloy Plpe Flanges removed. When bolting.such flanges together uging a
and Flanged Fittings: Classes flat ring gasket extending to the inner edge of th¢ bolt
150, 300, 600, 900, 1500, and holes, the bolting shall’ be of carbon steel equivalent to
2500 ASTM A307 Grade B, without heat treatment pther
ASME B1p.42 Ductile Iron Pipe Flanges and than stress relief. When bolting such flanges together
Flanged Fittings: Classes 150 using a full-face gasket, the bolting may be alloy| steel
and 300 (ASTM A193).
ASME B1b.47 Large Diameter Steel Flanges: (k) .Class 300 steel flanges may be bolted to Clags 250

NPS 26 Through NPS 60
Metric/Inch Standard

ASME B3J1.8, Table I-1 Lightweight Flanges

MSS SP-44 Steel Pipeline Flanges

WA307 Grade B, without heat treatment other

castiiron flanges. Where such construction is usefl, the
’QQIting shall be of carbon steel, equivalent to ASTM
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 equivalgnt to

Flangeq cast or forged integral with pipe, fittings, or
valves ar¢ permitted in sizes and the pressure_classes ASTM A307 Grade B. . . .
covered by the standards listed above, subject to the _(U Forged ste.el'weldlng neck flanges having an ofitside
facing, bolting, and gasketing requirements of this para- dl'ameter a.nld drilling the §ame as that OfASME ]_316 1, but
graph and paras. 831.2.2 and 831.2.3 with modified flange thickness, hub dimensiong, and

(b) Thileaded companion flanges-that comply with the
B16 group of ASME standards are'permitted in sizes and
pressure ¢lasses covered by, thése standards.

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

(d) Slig-on welding.flanges are permitted in sizes and
pressure |classes<established in ASME B16.5. Slip-on

special facing details, may be used to bolt against flat-
faced cast iron flanges and may operate at the |pres-
sure-temperature ratings given in ASME B16J1 for
Class 125 cast iron pipe flanges, provided

(1) the minimum flange thickness, T, is not les$ than
that specified in Mandatory Appendix I for lightweight
flanges

flanges of rectangular section may be substituted for (2) flange.s are used With nonmetallic full-face
hubbed §lip“6n flanges, provided the thickness is gaskets exterlld.mg to Fhe periphery of the flange
increased_ as required to produce equivalent strength (3) the joint design has been proven by testjto be

as determined by calculations made in accordance with
the BPV Code, Section VIII.

(e) Welding neck flanges are permitted in sizes and
pressure casses established in ASME B16.5, ASME
B16.47, and MSS SP-44. The bore of the flange should
correspond to the inside diameter of the pipe used.
For permissible welding end treatment, see Mandatory
Appendix I, Figure I-5.

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

24

suitable for the ratings

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

831.2.2 Bolting

(a) Forallflangejoints, the bolts or stud bolts used shall
extend completely through the nuts.
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(b) For all flange joints other than those described in
paras. 831.2.1(h) through 831.2.1(k), the bolting shall be
made of alloy steel conforming to ASTM A193, ASTM A320,
or ASTM A354, or of heat treated carbon steel conforming
to ASTM A449. Bolting, however, for ASME B16.5, Class
150 and 300 flanges at temperatures between -20°F and
400°F (-29°C and 204°C) may be made of ASTM A307
Grade B material.

(c) Alloy-steel bolting material conforming to ASTM

flanges lighter than Class 150, or when ASTM A307 Grade
B bolts or equivalent are used.
(c) Temperature
(1) Gasket materials shall be capable of maintaining
their desired mechanical and chemical properties for the
full range of temperatures to which they will be exposed.
(2) Consideration should be given to the use of fire-
safe materials to withstand emergency conditions.

(d) Types

A19 3-0+ASTM-A354-shal-beusedforinsulating {1—Fhe-use-of-metal-ormetaljacketed gaskets
flanggs if such bolting is made %-in. (3.2-mm) undersized. (either plain or corrugated) is not pressursp limited,

(d)| The materials used for nuts shall conform to ASTM except as noted in (b)(2), provided that the gagket mate-
A194|and ASTM A307. ASTM A307 nuts may be used only rial is suitable for the service temperature. These types of
with ASTM A307 bolting. gaskets are recommended for use with’the small male and

(e)| All carbon and alloy-steel bolts, stud bolts, and their female or the small tongue-and-groove facings.[They may
nuts shall be threaded in accordance with the following also be used with steel flangeswith lapped, larg¢ male and

threafl series and dimension classes as required by ASME
B1.1.
7) Carbon Steel. All carbon-steel bolts and stud bolts
shall have coarse threads having Class 2A dimensions, and
their nuts shall have Class 2B dimensions.

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

female, large tongue-and-groove, or raised-fage facings.

(2) Full-face gaskets-should be used with pll bronze
(or copper alloy) flangés’and with Class 25 and|Class 125
cast iron flangesk Flat ring gaskets with an outside
diameter extending to the inside of the bolt holes may
be used with cast iron flanges, with raised-face steel
flanges, of )with lapped steel flanges, providefl that the
bolting.requirements of ASME B16.5, para.|5.3.5 are
followed.

(3) For steel flanges to secure higher unitj compres-

sion; [their nuts shall have Class 2B dimension. sion on the gasket, metallic gaskets of a width legs than the
(f) |Bolts shall have, ASME Standards, regular square .\ full male face of the flange may be used with raised face,
headg or heavy hexagonal heads and shall have ASME~ lapped, or large male and female facings. The wjdth of the

Standards heavy hexagonal nuts conforming to the dimen-
sions|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

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

(4) Rings for ringjoints shall be of dimensipns estab-
lished in ASME B16.20. The material for these rings shall
be suitable for the service conditions encounftered and

flang¢s are castiron and for joints withssteel flanges where shall be softer than the flanges.
the pressure does not exceed 250.psig (1 720 kPa). Such (5) Special Gaskets. Special gaskets, inclufling insu-
nuts ghall not be used for joints.inswhich both flanges are lating gaskets, may be used, provided they are suitable

steel [and the pressure exceeds 250 psig (1 720 kPa),
exceft that for nut sizes-in. (12.7 mm) and smaller,
these|limitations do not\apply.

831.2.3 Gaskets
(a)

General
7) Gasket'materials shall be capable of maintaining
their serviceability once installed and exposed to the gases

and fluids contained in the piping system.

for the temperatures, pressures, gas com
fluids, and other conditions to which the
subjected.

position,
y may be

831.3 Fittings Other Than Valves and Flanges
831.3.1 Standard Fittings

(a) The minimum metal thickness of flanged or
threaded fittings shall not be less than specified for the

(2) ASME B16.20 and ASME B16.21 are standards
that provide guidance for applicable gaskets and
materials.

(b) Pressure

(1) Gaskets shall be made of materials suitable for
the design and test pressures of the systems in which
they are installed.

(2) Metallic gaskets other than ring-type or spirally
wound metal gaskets shall not be used with ASME Class
150 orlighter flanges. Metallic gaskets shall not be used for

25

pressures amd temperatures i threappticabte ASME stan-
dards 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
temperature ratings based on stresses for pipe of the
same or equivalent material. For adequacy of fitting
design, the actual bursting strength of fittings shall at
least equal the computed bursting strength of pipe of
the designated material and wall thickness. Mill hydro-
static testing of factory-made steel buttwelding fittings
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is not required, but all such fittings shall be capable of
withstanding a field test pressure equal to the test pres-
sure established by the manufacturer, without failure or
leakage, and without impairment of their serviceability.

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

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

(e) Ductile iron flanged fittings shall comply with the

831.3.5 Special Components Fabricated by Welding

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

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

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

requiremests—-ef ASME-B16-42-or ANSHAZ 14

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

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

(d) Prefabricated units, other than regularly manufac-
tured buttwelding fittings, that employ plate arid lopgitu-
dinal seams as contrasted with pipe that-has|been
produced and tested under one of theyspecificqtions

listed in this Code, shall be designedj.censtructed, and
831.3.2| Special Fittings. When special cast, forged,  tested under requirements of the-BPV Code. BPV|Code
wrought, pr welded fittings are required to dimensions requirements are not intended-to apply to such partial
differing from those of regular shapes specified in the assemblies as split rings ori\cellars or to other| field
applicabl¢ ASME and MSS standards, the provisions of  welded details.
para. 831|3.6 shall apply. (e) Every prefabricated unit produced undef this
. section of the Code shall'successfully withstand a prgssure
831.3.3| Branch Connections test without failuré,leakage, distress, or distortion |other
(a) Welded branch connections on steel pipe must than elastic distortion at a pressure equal to the test|pres-
meet the glesign requirements of paras. 831.4 and 831.5. sure of the system in which it is installed, either hefore
(b) Thieaded taps in cast iron pipe for branch connec- installation'9r'during the system test. When such unfits are
tions are permitted without reinforcement to a size not  t0 be installed in existing systems, they shall be prgssure
more thah 25% of the nominal diameter of the pipe;  tested before installation, if feasible; otherwise, they shall
however, where climate service conditions or soil condi-  Withstand a leak test at the operating pressure of the line.
tions creafe abnormal or unusual external loadings'on cast™ ’?\‘831.3.6 Pressure Design of Other Pressure-
iron pipe,|unreinforced threaded taps for branch connec- Containing Components. Pressure-containing cdmpo-
tions are permitted only on cast iron pipe NPS8 (DN 200}~ pents that are not covered by the standards lisfed in
and largef in diameter, provided that the tap sizei$no  Mandatory Appendix A and for which design equjtions

greater than 25% of the nominal pipe diameter:

(c) Exigting threaded taps in castiron pipe maybe used
for replacement branch connections when.careful inspec-
tion showfs there are no cracks or other deterioration in
the main jmmediately surrounding the Jopening.

(d) Thieaded taps in ductile iron)pipe are permitted
without rpinforcement to a size _not more than 25% of
the nomipal diameter of the\pipe, except that 1%-in.

or procedures are not given herein may be used where
the design of similarly shaped, proportioned, and|sized
components has been proven satisfactory by succpssful
performance under comparable service condifions.
(Interpolation may be made between similarly shaped
components with small differences in size or propoition.)
In the absence of such service experience, the prdssure
design shall be based on an analysis consistent] with

(DN 32) taps are permitted in NPS 4 (DN 100) pipe  the general design philosophy embodied in this|Code

having a pominal wall'thickness of not less than 0.380 and substantiated by at least one of the following

in. (9.65 mm). (a) proof tests, as described in the BPV Code, S¢ction
(e) Meghanicalfittings may be used for making hot taps VIII, Division 1, UG-101

on pipelinles and'inains, provided they are designed for the
operating|canditions of the pipeline or main and are suit-

(b) experimental stress analysis, as described |n the

BPV Code, Section VIII, Division 2, Annex 5.F

able for that purpose:

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

26

(c) engineering calculations

831.3.7 Closures

(a) Quick Opening Closures. A quick opening closure is a
pressure-containing component (see para. 831.3.6) used
for repeated access to the interior of a piping system. It is
not the intent of this Code to impose the requirements of a
specific design method on the designer or manufacturer of
a quick opening closure.
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Quick opening closures shall have pressure and
temperature ratings equal to or in excess of the design
requirements of the piping system to which they are
attached.

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

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

usual combinations of the above loads, except for exces-
sive external loads.

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

(c) The required cross-sectional area, Ag, is defined as

(b) EleswreFittings-Closurefittings-commenlyreferred the-preduct-of-d-timest
to as [‘weld caps” shall be designed and manufactured in Ag = dt
accordance with ASME B16.9 or MSS SP-75. [See para.
831.31(b).] where

(c)| Closure Heads. Closure heads such as flat, ellipsoidal d = the greater of the length of thé finished ppening in
[othef than in (b)], spherical, or conical heads are allowed the header wall measuredparallel to thelaxis of the
for uge under this Code. Such items may be designed in run or the inside diameter of thé branch

accorfdance with the BPV Code, Section VIII, Division 1. For
closure heads not designed to the BPV Code, Section VIII,
Divisjon 1, the maximum allowable stresses for materials
used |n these closure heads shall be established under the
provisions of section 841 and shall not exceed a hoop
stresg level of 60% SMYS.

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

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

(d)
orange-peel swages are prohibited on systems operating
at hopp stress levels of 20% or more of the specified
minirhum yield strength of the pipe material.(Fish tails
and flat closures are permitted on pipe NPS;3 (DN 75)
and gmaller operating at less than 100°psi (690 kPa).
Fish thils on pipe larger than NPS 3 (DN:Z5) are prohibited.
Flat cJosures on pipe larger than NPS 3 shall be designed
accorfing to the BPV Code, Section’VIII, Division 1. [See

AN

Fabricated Closures. Orange-peel bull plugs and-

connection
the nominal hegader wall thickness reguired by
para. 841.1glfor the design prespure and
temperature

When the/pipe wall thickness includes an allqwance for
corrosion‘or érosion, all dimensions used shall result after
the anticipated corrosion or erosion has taken place.

(d)\The area available for reinforcement sHall be the
sum’of

(1) the cross-sectional area that results|{from any
excess;thickness, available in.the header thickness over
the minimum required for the header as defiphed in (c)
and that lies within the reinforcement area 3s defined
in (e)

(2) the cross-sectional area that results|from any
excess thickness available in the branch wall|thickness
over the minimum thickness required for the branch
and that lies within the reinforcement area 3s defined
in (e)

(3) the cross-sectional area of all added reinforcing

(0] ) _ . metal that lies within the reinforcement area, as|defined in
(e) B?lted Blind Flange Eennections. Bolted blind flange (e), including that of solid weld metal that is cqnvention-
conngctions shall conformivto para. 831.2. ally attached to the header and/or branch

831.4 Reinforcement of Welded Branch
Connections

83]
conng

(a)

.4.1 ‘General Requirements. All welded branch
ctions shall meet the following requirements:
When hranch connections are made ta pipe in the

(e) The area of reinforcement, shown in Mlandatory
Appendix F, Figure F-5, is defined as a rectangle whose
length shall extend a distance, d, on each side of{the trans-
verse centerline of the finished opening and wHose width
shall extend a distance of 2% times the header all thick-
ness on each side of the surface of the header yall. In no

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
acting on the area of the branch opening, and any external
loadings due to thermal movement, weight, vibration, etc.
The following paragraphs provide design rules for the

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 material,
respectively.
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(g) The material used for ring or saddle reinforcement
may be of specifications differing from those of the pipe,
provided the cross-sectional areais made in direct propor-
tion to the relative strength of the pipe and reinforcement
materials at the operating temperatures, and provided it
has welding qualities comparable to those of the pipe. No
credit shall be taken for the additional strength of material
having a higher strength than that of the part to be
reinforced.

(h) W

ringe ox caddlac cavar tha vwald hatwvwaan
5—6F coOvVer—e—wWeraoetWweeh

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

(c) The reinforcement member may be of the complete
encirclementtype, pad type, saddle type, or welding outlet
fitting type. The edges of reinforcement members should
be tapered to the header thickness. Itis recommended that

lagc of Gllat vaoalde doining tha watnfaorcing paamahar- nd
legs-offillet-weldsjoining-thereinforeingmember a

an.
ST SataTres

hd header, a vent hole shall be provided in
or saddle to reveal leakage in the weld
branch and header and to provide venting
elding and heat treating operations. Vent
uld be plugged during service to prevent
orrosion between pipe and reinforcing
but no plugging material that would be
bf sustaining pressure within the crevice

branch a
the ring
between
during w
holes sh
crevice
member,
capable
should be| used.

(i) Theljuse of ribs or gussets shall not be considered as
contributing to reinforcement of the branch connection.

............

header do not exceed the thickness of the header

(d) Reinforcement calculations are not require
openings 2 in. (51 mm) and smaller in,diam
however, care should be taken to providesuitable p
tion against vibrations and other external forces to
these small openings are frequently)Subjected.

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

(f) Theinside edges ofthe finished opening shall, yvhen-
ever possible, be rounded to a % in. (3.2 mm) radius|If the

d for
eter;
Fotec-
which

This doeg not prohibit the use of ribs or gussets for encircling membet is thicker than the header gnd is
purposes [other than reinforcement, such as stiffening. welded to the header, the ends shall be tapered down
(j) The[branch shall be attached by a weld for the full to the header thickness, and continuous fillet yelds

thickness [of the branch or header wall plus a fillet weld,
W1, as shown in Mandatory Appendix I, Figures I-1 and I-2.
The use of|concave fillet welds is preferred to further mini-
mize corrjer stress concentration. Ring.or saddle rein-
forcemenit shall be attached as shown by Figure I-2.
When a flll fillet is not used, it is recommended that
the edge ¢f the reinforcement be relieved or chamfered
at approximately 45 deg to merge with the edge of,the
fillet.

(k) Reipforcementringsand saddles shall be accurately
fitted to the parts to which they are attached:Mandatory
Appendix|], Figures I-2 and I-3 illustrate\some acceptable
forms of reinforcement.

(1) Bramch connections attachedatan angle lessthan 85
deg to thelrun become progressively weaker as the angle
decreases| Any such design mustbe given individual study,
and sufficlentreinforceméntmust be provided to compen-
sate for the inherent weakness of such construction. The
use of engircling ribsto support the flat or re-entering
surfaces [is permissible and may be included in the
strength faletlations. The designer is cautioned that
stress copncéntrations near the ends of partial ribs,

\\cases involving pressures over 100 psig (690

shall be made. In the case of hot tap or plugging fif
use spécial requirement (j).

(g9>Reinforcement of openings is not manda
’ngever, reinforcement may be required for sj

tings,

tory;
ecial
kPa),
thin wall pipe, or severe external loads.

(h) If a reinforcement member is required, an
branch diameter is such that a localized type of rein
ment member would extend around more than hg
circumference of the header, then a complete eng
ment type of reinforcement member shall be used, rg
less of the design hoop stress, or a smoothly cont
wrought steel tee of proven design may be used.

(i) The reinforcement may be of any type meeting the
requirements of para. 831.4.1.

(j) For hot tap or plugging fittings of tee-type cpnfig-
urations (see Figure I-3.1), where the reinforcing sleeve is
pressurized and thicker than the header, and the applica-
tion results in additional loading such as that from hot
tapping and plugging equipment, the following require-
ments apply:

(1) The minimum leg dimension of the fillet wield at

d the
force-
If the
ircle-
gard-
bured

straps, or gussets may deleat their reinforcing value.

831.4.2 Special Requirements. In addition to the re-
quirements of para. 831.4.1, branch connections must
meetthe special requirements of the following paragraphs
as given in Table 831.4.2-1:

(a) Smoothly contoured wrought steel tees of proven
design are preferred. When tees cannot be used, the rein-
forcing member shall extend around the circumference of
the header. Pads, partial saddles, or other types of local-
ized reinforcement are prohibited.

28

the ends of the sleeve shall be 1.0t pIus the gap observed or
measured between the inside of the fitting and the outside
of the pipe on installation, where t is the actual wall thick-
ness of the pipe. This will result in a minimum effective
weld throat of 0.7¢.

(2) The maximum leg dimension of the end fillet
welds shall be 1.4t plus the gap observed or measured
between the inside of the fitting and the outside of the
pipe on installation, resulting in an effective weld
throat not to exceed 1.0t.
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Table 831.4.2-1 Reinforcement of Welded Branch Connections, Special Requirements

Ratio of Design

Ratio of Nominal Branch Diameter to Nominal Header Diameter

Hoop Stress to
Minimum
Specified

Yield Strength

in the Header 25% or Less

More Than 25% Through 50%

More Than 50%

20% or less

More than 20%
through 50%

paras. 831.4.2(g), 831.4.2(j)
paras. 831.4.2(d), 831.4.2(i), 831.4.2(j)

paras. 831.4.2(g), 831.4.2(j)
paras. 831.4.2(i), 831.4.2(j)

paras. 831.4.2(h), 831.4.2(j)
paras. 831.4.2(h), 831.4.2(i), 831.4.2(j)

More than 50% paras. 831.4.2(c), 831.4.2(d), 831.4.2(e),

831.4.2(j)

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

paras. 831.4.2(a), 831.4.2(e);.8p1.4.2(f),
831.4.2(j)

3) Ifnecessary, the fittings shall be tapered, beveled,
or chpmfered at their ends to a minimum approximate
angle¢ of 45 deg (with respect to the end face).
Tapering, beveling, or chamfering should provide at
least|a nominal face to accommodate the fillet weld,
but the face dimension should not exceed 1.4 times the
calculated thickness required to meet the maximum
hoop|stress of the pressurized sleeve. The leg of the
fillet Heposited 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
manllfacturer.

831.3 Reinforcement of Multiple Openings

(a)| When two or more adjacent branches are spaced at
less than two times their average diameter (socthat their
effective areas of reinforcement overlap)/the group of
openings shall be reinforced in accordance with para.
831.4f The reinforcing metal shall be added as a combined
reinfprcement, the strength of whi¢ch shall equal the
combfined strengths of the reinforcements that would
be refjuired for the separate openings. In no case shall
any gortion of a cross section be considered to apply
to mgre than one opening or be evaluated more than
once n a combinedatea.

(b)| When more(than two adjacent openings are to be
provifled with,a&combined reinforcement, the minimum
distaipce betiweéenh centers of any two of these openings
shall|preferably be at least 1/ times their average
diamé¢tép~and the area of reinforcement between them

AP

831.6 Extruded Outlets

(a) The rules in this paragraph-apply to stee| extruded
outlets in which the reinforcement is integral
An extruded outlet is defified as an outlet in jwhich the
extruded lip at the outletthas a height above the|surface of
the run that is equal te,or'greater than the radiug of curva-
ture of the external contoured portion of the oputlet. (See
Mandatory Appendix F, Figures F-1 through F-4 and
nomenclature.)
(b) These Yules do not apply to any nozzles [or branch
connections in which additional nonintegral raterial is
applied’in the form of rings, pads, or saddles.
{€¢) Theserules apply only to cases where thejaxis of the
outletintersects and is perpendicular to the axisjof the run.
(d) Figures F-1 through F-4 define the pertingnt dimen-
sions and limiting conditions.
(e) Required Area. The required area is defined as
A = Kt,D,

where
K

1.00 when d/D > 0.60
0.6 + % d/D when 0.15 < d/D < 0.60
0.70 when d/D < 0.15

The design must meet the criterion that the [reinforce-
ment area defined in (f) is not less than the reqyired area.
(f) Reinforcement Area. The reinforcementarga shall be
the sum of areas A, + A, + Az as defined below:
(1) AreaA;isthearealying within the reinforcement
zone resulting from any excess thickness availgble in the
run wall, i.e,,

Ay = Dy(T, — 1,)

(7) Aread.,isthe area ]yihg within the reinforcement

shall be at Ieast equal to 0% of the total required for
these two openings on the cross section being considered.

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

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

zone resulting from any excess thickness available in the
branch pipe wall, i.e.,

Ay =2L(T, — 1)

(3) AreaAj;isthearealying within the reinforcement
zone resulting from excess thickness available in the
extruded outlet lip, i.e.,

Ay = 21y(T, — tp)

29
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Table 832.2-1 Thermal Expansion or Contraction of
Piping Materials — Carbon and Low Alloy
High Tensile Steel and Wrought Iron

Approximate Expansion or

cations of the National Institute of Standards and
Technology. A table containing approximate amounts
of expansion or contraction per unit length for selected
temperatures is provided in Table 832.2-1.

Temperature, Contraction, in./100 ft (mm/m) vy ene .
°F (°C) Above or Below 32°F (0°C) 832.3 FleX|b|l|t_y Reqmrements
125 (-87) 1.2 (1.0) (a) Piping systems shall be designed to have sufficient
-100 (-74) 1.0 (0.8) flexibility to prevent thermal expansion or contraction
=75 (-60) 0.8 (0.7) from causing excessive stresses in the piping material,
-50 (F45) 0.6 (0.5) excessive bending or unusual loads at joints, or unfesir-
0 (-18) 0.2 (0.2) able forces or moments at points of connection\to-gquip-
32 (0) 0.0 (0.0) ment or at anchorage or guide points. Formal ealculations
shall be performed where reasonable deubt’exists|as to
60 (16) 0.2 (02) the adeque.lte flexibility of the system. Seepara. 833.7 for
100 (38) 05 (0.4) further gul-dz}r.lce. .
(b) Flexibility shall be provided\by the use of Hends,
125 (52) 0.7 (0.6) .
loops, or offsets, or provisiofizshall be made to apsorb
150 (66) 0.9 (0.8) e
thermal changes by thecuse of expansion joirts or
175 (79) 11 (09) couplings of the lip joints-type or expansion joints of
200 (93) 13 (1.1) the bellows type. If expansion joints are used, anchors
or ties of sufficient’strength and rigidity shall be installed
225 (107) 1.5 (1.3) to provide for efid)forces due to fluid pressure and|other
250 (121) 1.7 (1.4) causes.
300 (149) 2.2 (1.8) (c) In calculating the flexibility of a piping systein, the
350 (177) 2.6 (2.2) system shall be treated as a whole. The significanceg of all
400 (R04) 3.0 (2.5) partsofthe line and all restraints, such as rigid suppqrts or
450 (p32) 3.5 (2.9) guides, shall be considered.

(g) Reihforcement of Multiple Openings. The rules in

217 (d) “Calculations shall take into account stress inftensi-

than
h flex-

fication factors found to exist in components othej

para. 831|5 shall be followed, except that the required’ Plain straight pipe. Credit may be taken for the extr

area and [reinforcement area shall be as given in“this ibility of such components. The flexibility factors and
paragraphj. stress intensification factors shown in Table E-1 may

(h) In dddition to the above, the manufacturer-shall be be used.

responsibje for establishing and marking on.the section (e) Properties of pipe and fittings for these calculations
containing extruded outlets the following: the design pres- ~ Shall be based on nominal dimensions, and the joint factor
sure and femperature, and that these were established E shall be taken as 1.00.

under prjvisions of this Code.(The manufacturer's (f) The total range in temperature from minjmum

name or frademark shall be marked on the section.

832 EXPANSION AND-FLEXIBILITY

design temperature to the maximum design temperature
shall be considered in all expansion stress calculations,
whether piping is cold-sprung or not. Should installation,
start-up, or shutdown temperatures be outside ¢f the

832.1 Application design temperature range, the maximum pogsible
) ) X o ] o temperature range shall be considered. In addition to
Section|(832 is applicable to piping meeting the defini- the expansion of the line itself, the linear and arlgular

tion of ur1restrained piping in para. 833.1(c).

movements of the equipment to which it is attached

shall be considered

832.2 Amount of Expansion or Contraction

The thermal expansion and contraction of the more
common carbon and low alloy steels may be calculated
using 6.5 x 107° in./in./°F (1.17 x 10> cm/cm/°C) as
the coefficient of thermal expansion. The expansion or
contraction to be considered is the difference between
the maximum or minimum design temperatures and
the expected average installation temperature. For
more precise thermal expansion coefficients for specific
materials, refer to authoritative source data, such as publi-

30

(g) Flexibility calculations shall be based on the
modulus of elasticity corresponding to the lowest
temperature of the operational cycle.

(h) In order to modify the effect of expansion and
contraction, runs of pipe may be cold-sprung. Cold-
spring may be taken into account in the calculations of
the reactions, provided an effective method of obtaining
the designed cold-spring is specified and used.
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Table 832.5-1 Modulus of Elasticity for Carbon
and Low Alloy Steel

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

Temperature, Modulus of Elasticity, . L . .
°F (°C) psi x 10°(GPa) (2) bends and adjacent piping buried in soft or
-100 (-73) 30.2 (208) unconsolidated soil
70 (3) anunbackfilled section of otherwise buried pipe-
(21 29.5 (203) . . - : .
line that is sufficiently flexible to displace laterally or that
200 (93) 28.8 (198) .
300 (149) 28.3 (195) contains a bend
: 4) pipe subject to an end cap pressure force
400 (204) 27.7 (191) (4 pip : PP
500 (260) 27.3 (188) 833.2 Calculation of Longitudinal Stresd

832.4 Reactions

(a)| Reaction forces and moments to be used in the
desigh of restraints and supports for a piping system,
and ip evaluating the effects of piping displacements
on cqnnected equipment shall consider the full range
of thermal displacement conditions plus weight and
external loads. Cold-spring may be useful for maintaining
reactjons within acceptable limits.

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

(c)]| Consideration shall be given to the load-carrying
capadity of attached rotating and pressure-containing
equipment and the supporting structure.

832.% Modulus of: Elasticity A

Thée modulus of elasticity for carbon and low alloy steel
at varjious temperatures is given in Table 832.5-1, Values
betwe¢en listed temperatures may be linearly interpolated.

833 DESIGN FOR LONGITUDINAL STRESS
833.1 Restraint

(a)| The restraint condition is a.factor in the structural
behayior of the pipeline. The degree of restraint may be
affected by aspects of pipeline construction, support
desigh, soil propertiesgand terrain. Section 833 is applic-
able to all steel pipinng within the scope of this Code. For
purppses of design, this Code recognizes two axial
restraint conditions, “restrained” and “unrestrained.”

given| below.

Components

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

Sy = 038y

where Sy is the hoop stress, psi (MPa)
(b) The longitudinalStress due to internal pressure in
unrestrained pipelin€ is

Sy = 058y

where S;fis the hoop stress, psi (MPa)
(c) The longitudinal stress due to thermal expansion in
restrained pipe is

St = Ea(T; — Tp)

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

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

T, = the warmest or coldest pipe operating tempera-
ture, °F (°C)

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

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

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

. . . . .. . Sg=M/Z
Guidance in\categorizing the restraint condition is
. . . . . . . Where
(b)|Pibing in which soil or supports prevent axial dis- M = thebendinamomentacrossthepipecrdss section
. : - . M=thebendingmomentacrossth apipecros ,
placement or flexure at bends is “restrained.” Restrained Ib-in. (N-m)

piping may include the following:

(1) straight sections of buried piping

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

(3) sections of aboveground piping on rigid supports

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

bends is “unrestrained.” Unrestrained piping may
include the following:

Z = the pipe section modulus, in.®> (cm?)

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

SB = MR/Z
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where My, is the resultant intensified moment across the
fitting or component. The resultant moment shall be calcu-
lated as

1/2
Mg = [(0.75iM;)* + (0.75i,M,)* + M1 " ", Ib-in. (N-m)

where 0.75i 2 1.0 and
i; = in-plane stress intensification factor from
Mandatory Appendix E

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

(d) S, in (a) above is calculated considering both 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.

i, = out-of-plane stress intensification factor from 833.5 Design for Stress Greater Than Yield
Mandatory Appendix E o
M, = ip-plane bending moment, Ib-in. (N-m) (a) The limits in paras. 833.3 and 833.4 may be
M, = dut-of-plane bending moment, Ib-in. (N-m) exceeded where due consideration is given to the dugtility
M(Z = tprsional moment, lb-in. (N-m) and strain capacity of seam weld, girth weld, and pipg body
materials; and to the avoidance of buckles, swelling, or
(f) The|stress due to axial loading other than thermal coating damagej. . ST 0
expansior] and pressure is (b) The maximum permitted,strain is limited td 2%.
Sx = R/A 833.6 Summation of Longitudinal Stresses ip
Unrestrained Pipe
where
A = pipe metal cross-sectional area, in.? (mm?) (a) The net longitudinal stress in unrestrained gipe is
R = external force axial component, 1b (N) S;°= Sp + Sy + Sg, psi
833.3 Symmation of Longitudinal Stress in (b) The maximum permitted longitudinal stre¢ss in
Restrained Pipe unrestrained pipe is S, < 0.755T, where S is the spdcified
o . . . minimuim yield strength, psi (MPa), per para. 841.1.1(a),
(a) Thq netlongitudinal stresses in restrained pipeare ;4’5 the temperature derating factor per para. 841.1.8.
SL=Sp+ST+SX+SB N
JdI R, op_ope . . .
833.7 Flexibility Analysis for Unrestrained Pjping
Note that|Sg, S;, S, or Sy can have negative values.

(b) Th¢ maximum permitted value of |S;| is 0.9ST;
where S {s the specified minimum yield strength, psi
(MPa), pqr para. 841.1.1(a), and T is the teniperature
derating factor per para. 841.1.8.

(c) Regdidual stresses from construction are often
present; |[for example, bending in buried pipelines
where sganning or differential.settlement occurs.
These stresses are often difficult-to-evaluate accurately,
but can b¢ disregarded in most-cases. It is the engineer's

responsibijility to determine.whether such stresses should _ by <K
be evaluafed. (L - U)2
833.4 Combined Stress for Restrained Pipe where
D = nominal outside diameter of pipe, in. (mm

(a) Theg combined biaxial stress state of the pipeline in

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

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

(2) can be readily judged adequate by comp4
with previously analyzed systems

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

hange

rison

. , . o K = 0.03, for U.S. Customary units (208, for SI inits)
the operating mode is evaluated using the calculation in . . .
. listed in the equation above
either (1)lori(2) belaw:
JES L= developed length of piping between anchors, ft
(1) max. {|SH - SLl; |SH|, |SL|} or (m)
(2) [s%-s5Sy+S 2]1/2 U = straight line separation between anchors, ft (m)
L H Y = resultant of total displacement strains, in. (mm), to

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

(b) For loads of long duration, the value of k shall not
exceed 0.90.
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be absorbed by the system

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

(b) Any piping system that does not meet one of the
criteria in (a) should undergo a flexibility stress analysis

by a simplified, approximate, or comprehensive method as
deemed appropriate

833.9 Local Stresses

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

833.1L Flexibility Stresses and Stresses Due to
Periodic or Cyclic Fatigue Loading

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

where Mg is the resultant intensified moment range from

one dtress state to another. The resultant intensified
moment shall be calculated as

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

(b)

The cyclic stress range Sg < S5, where
SA =f[1.25(SC + Sh) - SL]

address the maximum allowable value for locql stresses.
It is the engineer's responsibility to determing whether
such stresses must be evaluated.

(b) The maximum allowable sum-of circumferential
stress due to internal pressurésand circumferential
through-wall bending stress.caused by surfafe vehicle
loads or other local loads is/0.95T, where S is the specified
minimum yield strength, psi”(MPa), per para. 841.1.1(a),
and T'is the temperatutederating factor per parfa. 841.1.8.

(c) Local stresses\iti (a) or (b) caused by periodic or
repetitive loads mray require further limitations|in consid-
eration of fatigue.

833.10. Buckling and Lateral Instability

(a)\Pipe sections that are subjected to sfgnificant
cofpressive stresses and strains due to force-fontrolled
loading, displacement-controlled loading, or both shall be

= designed to prevent local buckling and glohal lateral
f= 6N~ %2 < 10 instability. Examples of force-controlled loading include
internal pressure, self-weight of the pipe and it contents,
N |= equivalent number of cycles during the-expécted soil overburden, external hydrostatic pressure, jand buoy-
service life of the piping system ancy. Examples of displacement-controllefl loading
S, [ 0.33S,T at the minimum installed.or operating include differential temperature loads in restrained
temperature pipe sections and bending caused by ground mpvements.
Sy |F 0.33 S,T at the maximum installed or operating (b) To prevent local buckling where the donfinant lon-
temperature gitudinal load is caused by force-controlled logding, lon-
S, |= longitudinal stress caleulated according to para. gitudinal compressive strains shall be limited tp a critical
833.6(a), psi (MPa) buckling strain determined in accordance with an estab-
S, |= specified minimufiultimate tensile strength, psi lished method. In the absence of more detailed informa-
(MPa) tion, the compressive strain limit, ecfcr‘t, should Qe taken as

T = temperaturé.derating factor per para. 841.1.8 2

€St = 0.4 — 00020 + 2,400 M-
(c)| When the.computed stress range varies, Sg is of D ) ’ 21E

definled as.the greatest computed stress range. The

value|of N“in such cases can be calculated as for
N=NgF Z [Tigl\ll'] fort =127
(- 5)P
9 <04
where 28
Ng = number of cycles of maximum computed stress
range, Sg and
N; = number of cycles associated with stress range, S; it t 0.4S)?
r; = SI/SE e‘ff = 045 — 0.0020 + 2,400(T)
S; = any computed stress range smaller than S, psi
(MPa)
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for is not made in the manufacture of the coupling, suitable
( B )D bracing or strapping shall be provided, but such design
kb > 04 must not interfere with the normal performance of the
2tS - coupling nor with its proper maintenance. Attachments
must meet the requirements of para. 834.5.
where
D = nominal outside diameter of pipe, in. (mm) 834.5 Attachment of Supports or Anchors
E = elasticmodulus of steel, psi (MPa) (Table 832.5-1)
p; = maximum internal design pressure, psig (MPa) (a) Ifthe pipe is designed to operate at a hoop stress of
po = minimum external hydrostatic pressure, psig less than 50% of the specified minimum yield strength,
(MPa) structural supports or anchors may be welded.-difectly
S = specified minimum yield strength, psi (MPa) to the pipe. Proportioning and welding strength require-
t = npminal wall thickness, in. (mm) ments of such attachments shall conform~to)stapdard
structural practice.

(c) To prevent global lateral instability in pipelines (b) Ifthe pipe is designe-d- to operate atahoop strjess of
subjected to axial compression, the pipeline section ~ 0% or more of the specified mipjimum yield str¢ngth,
shall be designed to limit the maximum allowable net structural supports or anchors shallnotbe welded difectly
compress|ve stress to two-thirds of the critical buckling ~ t© the pipe. Where it is necessary to provide a welded
stress defermined in accordance with an established  attachment, structural supports or anchors shall be
method. welded to a member that-fully encircles the pipg. The

connection of the pipe\to the encircling member| shall
834 SUPPORTS AND ANCHORAGE FOR EXPOSED be by continuous,rather than intermittent, welds [or by
PIPING use of a bolted or)clamped mechanical connection{
834.1 General 835 ANCHORAGE FOR BURIED PIPING

Piping and equipment shall be supported in a substan- 835.1 General
tial and wprkmanlike manner, so as to prevent or reduce
excessive [vibration, and(shall-be anchored sufficiently to- 2 N 98 SF s atsdn DUk Rip S cajige longitudinal forces

. . that must be resisted by anchorage at the bend, by
prevent undue strains on connected equipment. g
Ir restraint due to friction of the soil, or by longitudinal
834.2 Provision for Expansion stresses in the pipe.

Supports, hangers, and anchors should be so installed as 835.2 Anchorage at Bends
not to intgrfere with the free expansion and contraction of L .
the pipinglbetween anchors. Suitable springhangers, sway If the pipe 1s'anc'hored by bearing at the be:nd, carg shall
bracing, eftc., shall be provided where necessary. be t;ilken to dlStr_lbuFe Fhe loaq on the soil S,O_th t the

bearing pressure is within safe limits for the soil invplved.
834.3 Materials, Design, and Installation 835.3 Restraint Due to Soil Friction

All permpanent hangers, supports, and anchors shall be . .
fabriczte | from durible in(F:)(I))mbustible materials and .Wf.lere there is (.ioubt as to the adequacy O_f re%‘tramt
designed |and installed in-accordance with good engi- f“““’?" calculatl(.)ns shall be made, and indifated
neering pfactice for the service conditions involved. All anchoring shall be installed.
parts of the supporting equipment shall be designed 835.4 Forces on Pipe Joints
and installed so.thatthey will not be disengaged by move-
ment of the supported piping. If anchorage is not provided at the bend (see|para.

835.2), pipe joints that are close to the points of thrust

834.4 Forces on Pipe Joints

(a) All exposed pipe joints shall be able to sustain the
maximum end force, 1b (N), due to the internal pressure,
i.e,, the design pressure, psig (kPa), times the internal area
of the pipe, in.? (mm?), 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 provision

34

origin shall be designed to sustain the longitudinal
pullout force. If such provision is not made in the manu-
facture of the joints, suitable bracing or strapping shall be
provided.

835.5 Supports for Buried Piping

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

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

(c) When openings are made in a consolidated backfill

carapmuct ha
e

of considerable magnitude. If connections are made at
such a location to a relatively unyielding line or other
fixed object, it is essential that the interconnection
shall have ample flexibility to compensate for possible
movement, or the line shall be provided with an
anchor sufficient to develop the forces necessary to
limit the movement.

836 LIQUID REMOVAL EQUIPMENT

to conpecthew hyanchac o o avicting lina
nReecthHew-Dfrahenestoahi-exiSth TSt

5 TS Care1t

taken|to provide firm foundation for both the header and
the branch to prevent vertical and lateral movements.

835.6 Interconnection of Underground Lines

Unferground lines are subjected to longitudinal

Liquid removal equipment shall be manufactured in
accordance with the BPV Code, Section\VI[I, except
that those constructed of pipe and fittings without any
components welded to the inside of-the sepafrator may
be constructed in accordance with.ASME B31.B utilizing
a design factor from Table 841;1.6-2. The designer of the

stresses dge to chang.es 'in pressure and terpperature. liquid removal equipment shdll apply an appropriate
For lpng lines, the friction of the earth will prevent corrosion allowance andshall address all ljquid and
changes in length from these stresses, except for  \ater hammer loads(so that Code-allowabl¢ stresses

severlal hundred feet adjacent to bends or ends. At
these|locations, the movement, if unrestrained, may be

are not exceeded.
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Chapter IV
Design, Installation, and Testing

840 DESIGN, INSTALLATION, AND TESTING explosive limit can create an explosive condition| (See
section 864 and paras. 841.2.7 and 850.6.)

840.1 Géneral Provisions (4) Water Vapor Content and Free Liquids, Free jvater

(a) The design requirements of this Code are intended and hydrocarbons at certain combinationis of pregsures

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

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

(1) Gas Composition. Uncontrolled~0r unexpected
variation$ in heating value may restltin problems at
the end User's burner tip or process. Noncombustible

Bther facilities associated with providing the set

and temperatures may produce hydrates, which arg crys-
talline solids that may cause partial'or complete pipeline
blockages, that may lead to a-disruption of pigeline
operations.
Based on the charactefistics of the gas stream (i.e.,
heating value, specificigravity, temperature, free liquid,
odorization, imputities, and other objectiopable
substances), appropriate precautions shall be consiflered
to address any problems that might adversely affeft the
pipeline system or the end user.
(c) Thenmost significant factor contributing flo the
failurecof a gas pipeline is damage to the line caused
by the activities of people along the route of thg line.
Damage will generally occur during constructipon of
vices
associated with human dwellings and commercjal or
industrial enterprises. These services, such as Water,
gas and electrical supply, sewage systems, drajnage
lines and ditches, buried power and communidation
cables, streets and roads, etc., become more preyalent
and extensive, and the possibility of damage to the|pipe-
line becomes greater with larger concentrations of puild-
ings intended for human occupancy. Determining the
Location Class provides a method of assessinig the

compoun s (e.g., nitrogen, nltroge?n Compoundsf carbon degree of exposure of the line to damage.
dioxide, efc.) may reduce the‘heating value and increase L . .
L . .. (d) A pipeline designed, constructed, and operated in
the specific gravity of theigas stream. Carbon dioxide . . .
. . N accordance with the requirements of Location Class [l [see
contributles to internalCorrosion in the presence of

. Increased\specific gravity of the gas stream

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

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

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

36

para. 840.2.2(a)] is basically safe for pressure contain-
ment in any location; however, additional meakures
are necessary to protect the integrity of the line |n the
presence of activities that might cause damage. One of
the measures required by this Code is to lowdr the
. This
activity is quantified by determining Location Class
and relating the design of the pipeline to the appropriate
design factor.

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

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

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

areas such as wasteland, deserts, mountains, grazing land,
farmland, and sparsely populated areas.

(1) Class 1, Division 1. This Division is a Location Class
1 where the design factor of the pipe is greater than 0.72
but equal to or less than 0.80. (See Table 841.1.6-2 for
exceptions to design factor.)

(2) Class 1, Division 2. This Division is a Location Class
1 where the design factor of the pipe is equal to or less than
0.72. (See Table 841.1.6-2 for exceptions to design factor.)

cactablichad 11 copanlianon vaith meaviaone aditionc
S-eSstapHSeah-comprahee-With previouseartons

of this Code may continue to use the Location Classes so

(B) Tocation Clace 2 AT ocation Clace D 3o oy
OOt ttort oSS = r O tatOeraSS=15atty

1-mi (1.6-

km) section that has more than 10 but fewer, than 46 build-

determined, provided that when observed increases in the ings intended for human occupancy. A Lecatior] Class 2 is

number of buildings intended for human occupancy occur, intended to reflect areas where the degreeof population is

the Location Class determination shall be as presented in intermediate between Location Class®and Locgtion Class

para.|840.2. 3, such as fringe areas around cities‘and towns,|industrial
areas, ranch or country estates) étc.

840.2 Buildings Intended for Human Occupancy (c) Location Class 3. A Location Class 3 is any|1-mi (1.6-

840.2.1 General

(a)| To determine the number of buildings intended for
human occupancy for an onshore pipeline, lay out a zone
Y,-mif (0.4-km) wide along the route of the pipeline with
the pipeline on the centerline of this zone, and divide the
pipeline into random sections 1 mi (1.6 km) in length such
that the individual lengths will include the maximum

km) section that has 46ver'more buildings infended for
human occupancy exceptwhen a Location Class f prevails.
A Location Class 3 is intended to reflect aregs such as
suburban housing.developments, shopping centers, resi-
dential areasyihdustrial areas, and other populated areas
not meetifg Location Class 4 requirements.

(d) Location Class 4. Location Class 4 inclydes areas
wherevmultistory buildings are prevalent, where traffic

number of buildings intended for human occupancy. i heavy or dense, and where there may be humerous
Count the number of buildings intended for human occu-  “gyher utilities underground. Multistory means four or
pancy within each 1-mi (1.6-km) zone. For this purpose, . more floors aboveground including the first pr ground
each peparate dwelling unit in a multiple dwelling Ui floor. The depth of basements or number of pasement

building is to be counted as a separate building intended
for hfiman occupancy.

(b)] It is not intended here that a full 1 mi (}:6-km) of
lower stress level pipeline shall be installed jf‘there are
physigal barriers or other factors that will limit the further
exparsion of the more densely populated area to a total
distafce ofless than 1 mi (1.6 km). Itlis intended, however,
that where no such barriers exist, ample allowance shall
be mfade in determining the {limits of the lower stress
desigh to provide for probable further development in
the afea.

(c)|When a cluster) of 'buildings intended for human
occupjancy indicatés that a basic 1 mi (1.6 km) of pipeline
should be identified as a Location Class 2 or Location Class

floors is immaterial.

840.3 Considerations Necessary for
Concentrations of People in Locatig
or 2

nClass1

hra. 840.2,
b possible

(a) In addition to the criteria contained in p
additional consideration must be given to th
consequences of a failure near areas where a ¢oncentra-
tion of people is likely, such as a church, schoo|, 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 requirfements of
(b) need not be applied.

3, the| Location(Glass 2 or Location Class 3 may be termi- (b) Pipelines near places of public assembly ¢r concen-
nated 660 ft(200 m) from the nearest building in the  trations of people, such as churches, schools, multiple
clustdr. dwelling unit buildings, hospitals, or recreatignal areas

(d)-Forpipetimes shorter thamr t it -6 komimrtengtin = of-an-organizednatureintocationClass1-or 2 shall

Location Class that is typical of the Location Class that
would be required for 1 mi (1.6 km) of pipeline traversing
the area shall be assigned.

840.2.2 Location Classes for Design and Construction

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

37

meet requirements for Location Class 3.

(c) Concentrations of people referred to in (a) and (b)
above are not intended to include groups of fewer than 20
people per instance or location but are intended to cover
people in an outside area as well as in a building.
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(18)  841.1.1| Steel Pipe Design Formula A P= D— tFET
(a) Th¢ design pressure for steel gas piping systems or (SI Units)
the nominal wall thickness for a given design pressure
shall be determined by the following formula (for limita- P= 20008¢ FET
D—-t

ASME B31.8-2018

840.4 Intent

(a) Itshould be emphasized that Location Class (1, 2, 3,
or 4) as described in the previous paragraphs is defined as
the general description of a geographicarea having certain
characteristics as a basis for prescribing the types of

(h) and 841.1.4. The specified minimum yield
strengths of some of the more commonly used
piping steels whose specifications are incorpo-
rated by reference herein are tabulated for conve-
nience in Mandatory Appendix D.

. : - T = temperature derating factor obtained from Table
design, construction, and methods of testing to be used 841.1.8-1
in those locations or in areas that are comparable. A t = nominal wall thickness, in. (mm)

numbered Location Class, such as Location Class 1,
refers only to the geography of that location or a

similar area and does not necessarily indicate that a
design fagtor of 0.72 will suffice for all construction in
that particular location or area [e.g., in Location Class
1, all aeripl crossings require a design factor of 0.6; see
para. 841|1.9(b)].

(b) WHen classifying locations for determining the
design fagtor for pipeline construction and testing that
should beg prescribed, due consideration shall be given
to the possibility of future development of the area. If
at the timle of planning a new pipeline this future devel-
opment dppears likely to be sufficient to change the
Location (lass, this shall be taken into consideration in
the design and testing of the proposed pipeline.

841 STEEL PIPE

841.1 Steel Piping Systems Design Requirements

tions, see[para. 841.1.3):

(U.S. Customary Units)

P = 2—StPET
D

(SI Units)

200057
= 20008,

p T

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

E = lopgitudinal joint factor obtained from Table
8411.1'7<1" [see also para. 817.1.3(d)]

F = dédsign factor obtained from Table 841.1.6-1. In

CAUTION: This cautionary note is nonmandatory. Stedl pipe
may exhibit pronounced differences in strength befween
the longitudinal and circumferential directions."The prien-
tation of the strength test is established by the pipe prjoduct
specification depending on pipe size andimethod of pipe
making. Consequently, pipe may have,a qualified strjength
in an axis orientation that does not«onform to the orjienta-
tion of the principal loading or stress:The user is alerted to
be aware of the standard test orientation used to detefmine
conformance of pipe to the minimum strength requir¢ment
of the selected grade, and to-consider whether the intended
uses or anticipated service conditions of the pipeline system
warrant supplemental‘testing of the strength properties in
other orientations:

(b) Where P/t < 30, the following alternative prgssure
design formula may be used:
(U.S. Customary Units)

28t

Nomenclature is the same as specified in para. 841.1.1
(a).
(c) The design factor for pipelines in Location Class 1,
Division 1 is based on gas pipeline operational expetience
at operation levels in excess of those previously r¢com-
mended by this Code.
It should be noted that the user may be requited to
change out such pipe or reduce pressure to 0.72 [SMYS
maximum in accordance with para. 854.2.

841.1.2 Fracture Control and Arrest

(a) Fracture Toughness Criterion. A fracture toughness
criterion or other method shall be specified to control frac-

setting the values of the design factor, F, due
consideration has been given and allowance
has been made for the various underthickness
tolerances provided for in the pipe specifications
listed and approved for usage in this Code.

design pressure, psig (kPa) (see also para. 841.1.3)
specified minimum yield strength, psi (MPa),
stipulated in the specifications under which the
pipe was purchased from the manufacturer or
determined in accordance with paras. 817.1.3

ture propagation when one of the following is true:

(1) apipeline is designed to operate either at a hoop
stress over 40% through 80% of SMYS in sizes NPS 16 (DN
400) or larger

(2) apipeline is designed to operate at a hoop stress
over 72% through 80% of SMYS in sizes smaller than NPS
16 (DN 400)

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

(18)
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When a fracture toughness criterion is used, control
can be achieved by ensuring that the pipe has adequate
ductility and by either specifying adequate toughness or
installing crack arrestors on the pipeline to stop
propagation.

(b) Brittle Fracture Control. To ensure that the pipe has
adequate ductility, fracture toughness testing shall be
performed in accordance with the testing procedures
of supplementary requirements SR5 or SR6 of API 5L

~
1

nominal wall thickness, in. (mm)
maximum allowable hoop stress, ksi (MPa)

NOTE: If full-size test pieces are used and the CVN-absorbed
energy value derived from these equations exceeds 74 ft-lb
(100 J), the arrest toughness value requires correction. A
specialist should be consulted to determine such corrections.

For API 5L pipe, the minimum impact values shall be
the greater of those given by the equations above or those

(431' nA‘hnn'\ or-ApRex—G nF AR L'.'I f/1 Cth nA-hnn\ oOF

her| equival : G l“ ) If the operating teme required by APT5L for PSL 2 pipe. Annex G of ARI 5L (45th
other| e(%)ullv a eréto;:Fterlngféves. the Opeljatmff tempera- edition) contains additional acceptable methodglogies for
ture js below ( ), an approprlla'te ower test establishing minimum or all heat average Charjpy energy
temperature shall be used when determining adherence values

to theminimum impact values in (c) and shear appearance
as ouflined below. The appropriate lower test tempera-
ture ghall be taken to be at or below the lowest expected
metal temperature during pressure testing (if with air or
gas) 4nd during service, having regard to past recorded
temperature data and possible effects of lower air and
grourjd temperatures. The average shear value of the frac-
ture gppearance of three Charpy specimens from each
heat|shall not be less than 60%, and the all-heat
averdge for each order per diameter, size, and grade
shall |not be less than 80%. Alternatively, when drop-
weight tear testing is specified, at least 80% of the
heats| shall exhibit a fracture appearance shear area of
40% pr more at the specified test temperature.

(c)| Ductile Fracture Arrest. To ensure that the plpelme
has aflequate toughness to arrest a ductile fracture, the-
pipe ghall be tested in accordance with the procedures
of supplementary requirements SR5 of API 5L (43rd
editign) or Annex G of API 5L (45th edition). The all-

For pipe manufactured to other standards where the
minimum impact values are speocified within [that stan-
dard, those minimum requirements shall be mjaintained.
In cases where the pipe mahufacturing standarfl does not
specify the minimum impact requirements, thelminimum
impact requirements»of API 5L (45th edition)) shall be
utilized.

(d) Mechadical Crack Arrestors. Mechan
arrestors consisting of sleeves, wire-rope wr
wall pipe)<or other suitable types have been|shown to
providereliable methods of arresting ductilg fracture.
The mechanical crack arrestors shall be placed at intervals
along the pipeline.

cal crack
p, heavy-

CAUTION: The requirements specified in (d), Ductile
Fracture ‘Arrest, assume the pipeline is transpor{ing essen-
tially pure methane and the pipe is similar in fradture beha-
vior to that used to develop the empirical equatipns above.
The presence of heavier hydrocarbons can causq the gas to
exhibit two-phase behavior on sudden decompression and

heat average of the Charpy energy values(shall meet or thus requires a greater Charpy energy to arrest pfopagating
excedd the energy value calculated using one of the pipe fracture. Likewise, pipe with heavy wall|thickness
following equations that have been developed in  greater than 1.25 in. (32 mm) or that has be¢n control
variofis pipeline research programs:; rolled or quench and tempered may not behave asg indicated

by the equations and may also require a greatier Charpy

7) Battelle Columbus Laboratories (BCL) (AGA)
(U.S. Customary Units)

CVN = 1.08'%1026%(Dt/2)/3

(S1 Units)
CYN = 3.57 x 10 562(Dt/2)}/3

P ). American Iron and Steel Institute (AISI)

energy to arrest a propagating fracture. Calculations
must be performed to determine if the decompresgsion exhi-
bits two-phase behavior, and an assessment mugt be made
as to the applicability of the arrest equations where addi-
tional toughness may be required. Otherwise, mechanical
crack arrestors [see (d) above] should be installed, or
the Charpy toughness requirements for arrest[should be
verified through experiments or additional calqulations.

NOTE: The empirical equations specified in (c), Ductjle Fracture
Arrest, were developed utilizing conventional liné¢ pipe wall

(U.S. Customary Units)

CVN = 240 x 10 263/2p!/2

thicknesses. The user of this Code is advised that lowering of
the test temperature to below the minimum design temperature
is sometimes necessary to accurately simulate the performance
of materials when the pipe wall thickness is significantly greater

(SI Units) than the size of the test specimens.
CVN =357 x 10 43/2p1/2
841.1.3 Limitations on Design Pressure, P, in Para.
where 841.1.1. The design pressure obtained by the formula in
CVN = full-size Charpy V-notch absorbed energy, ft-lb para. 841.1.1 shall be reduced to conform to the following:

)

nominal outside diameter of pipe, in. (mm)

39
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Table 841.1.6-1 Basic Design Factor, F

Location Class

Design Factor, F

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

Location Class 1, Division 1 0.80 (a) The nominal wall thickness, t, required for pressure
Location Class 1, Division 2 0.72 containment as determined by para. 841.1.1 may not be
Location Class 2 0.60 adequate for other forces to which the pipeline may be
Location Class 3 0.50 subjected. [See para. 840.1(a).] Consideration shall also
Location Class 4 0.40 be given to loading due to transportation or handling

(a) P forfurnace buttwelded pipe shall not exceed the

of the pipe during construction, weight of water during
testing, and soil loading and other secondary loads

restrictions of para. 841.1.1 or 60% of mill test pressure,
whichever is the lesser.

(b) P shall not exceed 85% of the mill test pressure for
all other plipes provided; however, that pipe, mill tested to
a pressurje less than 85% of the pressure required to
produce 4 hoop stress equal to the specified minimum
yield, may be retested with a mill type hydrostatic test
or tested|in place after installation. In the event the
pipe is retested to a pressure in excess of the mill test
pressure, then P shall not exceed 85% of the retest pres-
sure rathe¢r than the initial mill test pressure. It is man-
datory to yise aliquid as the test medium in all tests in place
after instdllation where the test pressure exceeds the mill
test presdure. This paragraph is not to be construed to
allow an|operating pressure or design pressure in
excess of [that provided for by para. 841.1.1.

841.1.4 Limitations on Specified Minimum Yield
Strength, (S, in Para. 841.1:1

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

(1) Svalue for new pipe qualified under,para.811.2.2

during operation. [See para. 841.1.11(e) for suggested
methods to provide additional protectjon.]
Consideration should also be given to weldingor mechan-
ical joining requirements. Standard wall thicknefs, as
prescribed in ASME B36.10M, shall"be the [least
nominal wall thickness used for threaded and grgoved
pipe.

(b) Transportation, installation, or repair of pipq shall
not reduce the wall thicknéss\at any point to a thickness
less than 90% of the nominalwall thickness as determined
by para. 841.1.1 for thedesign pressure to which the pipe
is to be subjecteds

841.1.6 Design Factors, F, and Location Classep. The
design factorin Table 841.1.6-1 shall be used for the ¢lesig-
nated Lo¢dtion Class. All exceptions to basic design factors
tobe used in the design formula are given in Table 84{1.1.6-
2.

1 841.1:7 Longitudinal Joint-Factor. The longitydinal

joint factor shall be in accordance with Table 841)1.7-1.

841.1.8 Temperature Derating Factor. The tenjpera-
ture derating factor shall be in accordance with [Table
841.1.8-1.

(2) Svalue for reuse of steel pipe qualified under one 84%'1’9 Additional Design Informatign or
of the prqvisions of para. 817.1 .

(3) 4 value for pipe of unknown/specification as (a) Fabricated Assemblies. When fabricated assenpblies,
determingd by para. 817.1.3(h) such as connections for separators, main line valve agsem-

(b) When pipe that has been\celd worked for meeting
the specified minimum yield.strength is subsequently
heated to|a temperature higher than 900°F (482°C) for

are to
esign
il for a

blies, cross connections, river crossing headers, etc.,
be installed in areas defined in Location Class 1, a d
factor of 0.6 is required throughout the assembly an

any perigd of time or over 600°F (316°C) for more distance equal to the lesser of 5 diameters or 10 ft (3|m) in
than 1 hr| the maximum allowable pressure at which it each direction beyond the last fitting. A shorter digtance
can be usgd shallviet exceed 75% of the value obtained may be used provided that combined stresses are cgnsid-

by use off
841.1.1.

the’steel pipe design formula given in para.

ered in the design of the installation. Transition piefces at
the end of an assembly and elbows used in place of pipe

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

40

bends are not considered fittings under the requirements
of this paragraph. Also see section 822.

(b) Pipelines or Mains on Bridges. The design factor for
pipelines or mains upported by railroad, vehicular, pedes-
trian, or pipeline bridges shall be determined in accor-
dance with the Location Class prescribed for the area
in which the bridge is located. In Location Class 1,
however, a design factor of 0.6 shall be used.
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(18) Table 841.1.6-2 Design Factors for Steel Pipe Construction
Location Class
1
Facility Div.1  Div. 2 2 3 4

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

(a) Private roads 0.80 0.72 0.60 0.50 0.40

(b) Unimproved public roads 0.60 0.60 0.60 0.50 0.40

(c) Roads, highways, or public streets with hard surface and railroads 0.60 0.60 0.50 0650 0.40
Crossipgs of roads, railroads with casing:

(a)) Private roads 0.80 0.72 0.60 0.50 0.40

() Unimproved public roads 0.72 0.72 0.60 0.50 0.40

(c) Roads, highways, or public streets with hard surface and railroads 0.72 0.72 0.60 0.50 0.40
Parall¢l encroachment of pipelines and mains on roads and railroads:

(a) Private roads 0.80 0.72 0.60 0.50 0.40

() Unimproved public roads 0.80 0.72 0.60 0.50 0.40

() Roads, highways, or public streets with hard surface and railroads 060 0.60 0.60 0.50 0.40
Fabricpted assemblies [see para. 841.1.9(a)] 0.60 0.60 0.60 0.50 0.40
Pipelies on bridges [see para. 841.1.9(b)] 0.60 0.60 0.60 0.50 0.40
Pressyre/flow control and metering facilities [see para. 841.1.9(d)] 0.60 0.60 0.60 0.50 0.40
Compfyessor station piping 0.50 0.50 0.50 0.50 0.40
Liquid| removal equipment;constructed of pipe and fittings,without-internal welding 0.50 0.50 0.50 0.50 0.40

[sed] section 836]

Near doncentration of people in Location Classes 1 and 2 [se&’para. 840.3(b)] 0.50 0.50 0.50 0.50 0.40

(c)| Decompression Cooling. When reduction of pressure
due t¢ depressurization is anticipated to result in a signif-
icant reduction in the temperature of the'piping system or
any portion thereof, the user of this Code is cautioned to
evalujate the effects of decompression and associated
cooling on material serviceability and induced stresses.

(d)| Design of Metering.and Pressure/Flow Control
7) All piping andtpiping components, up to and
incluging the outlet'stop valve(s) of individual meter
and pressure/flow control runs, shall meet or exceed
the maximumsdesign pressure of the inlet piping
system. Thredded reducing bushings should not be
used [in pressure/flow control facilities where they are
subjeftite-high frequency piping vibrations. The design

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

(e) Metering Facilities. Particular considerfation and
attention shall be given to sizing meter run blowdowns
and/or flow-restricting plates for turbine and pgsitive dis-
placement meters. Rapid depressurization of meter runs
can damage or destroy meters due to meter ovérspin and
high differentials and can endanger personnel.

(f) Other (Nonmandatory) Considerations for Metering
Facilities

(1) Meter proving reduces measuremepnt uncer-
tainty. Where meter design, size, and flow rate allows,
consider installing meter proving taps.

requi ermentsof para. 840-3—amd-Table 84t+1+6-2 appl_y
to the design requirements of this section.

(2) All piping shall be tested in accordance with para.
841.3 and the Location Class requirements of Table
841.1.6-2. Instrumentation devices such as transmitters,
recorders, controllers, etc., excluding testing instrumen-
tation, should be isolated from the piping during the test.
Test fluids shall be removed from piping and piping
components and the piping purged with natural gas
before placing the facilities in service.

2 Bpstreanrdrygasfiltter{s)shoutdbeconsidered
when installing rotary or turbine meters. Particulates and
pipeline dust can contaminate meter lubricating oil and
damage bearings and other internal meter components.

(g) Pressure/Flow Control Facilities

(1) Overpressure protection shall be provided by the

use of

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

(-b) adequately sized relief valve(s) downstream
of the controlling regulator(s).
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(18) Table 841.1.7-1 Longitudinal Joint Factor, E
Spec. No. Pipe Class E Factor
ASTM A53 Seamless 1.00
Electric-resistance-welded 1.00
Furnace-buttwelded, continuous weld 0.60
ASTM A106  Seamless 1.00
ASTM A134  Electric-fusion arc-welded 0.80
ASTM A135  Electric-resistance-welded 1.00
ASTM A139
ASTM A333  Seamless .
Electric-resistance-welded 1.00
ASTM A381 Submerged-arc-welded 1.00
ASTM A671  Electric-fusion-welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
ASTM A677 Electric-fusion-welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
ASTM A691  Electric-fusion-welded
Classes 13, 23, 33, 43, 53 0.80
Classes 12, 22, 32, 42, 52 1.00
API 5L Electric welded 1.00
Seamless 1.00
Submerged-arc-welded (longitudinal 1.00
seam or helical seam)
Furnace-buttwelded, continuous weld 0.60

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

GENERAL NOTE: Definitions for the various classes of welded pipe

are given irn

para. 804.7.3.

Table¢ 841.1.8-1 Temperature Derating Factor,

T, for Steel Pipe

Temperature Derating

Temperpture, °F (°C) Factor,»T
250 (1R1) or lower 1,000
300 (1jt9) 0.967
350 (1f7) 0.933
400 (2p4) 0.900
450 (2B2) 0.867
GENERAL NOTE: For intermediate temperatures, interpolate for
derating fadtor.
(-c) oyerpressure shutoff valve(s) upstream or
downstreamsof'the controlling regulator(s). Installation

pipeline gas, or external ambient conditions.

(4) Sound pressure levels of 110 dBA and greater
shall be avoided to prevent damage to control equipment

and piping.

(5) Gasvelocities in piping should not exceed 1

ommended. High gas velocities in piping increase-
lence and pressure drop and contribute to excessive
pressure levels (aerodynamic noise) and-can
internal piping erosion.
(h) Other (Nonmandatory) Considerations for Prej
Flow Control Facilities
(1) Filtration of gas, partictlarly for instrument
instrument regulators, etc.,.should be considered ¥
particulate contaminants-are a present or pot
problem.
(2) Installation‘of conical reducers immed
downstream of a-fegulator or control valve will
a more gradual expansion of gas to larger pipin
reduce turbulence and pressure drop durin
expansion,
(i). Electrical Facilities and Electronic Equipme
Pressure/Flow Control and Metering Facilities
A (1) All electrical equipment and wiring instal
pressure/flow control facilities and metering fac
shall conform to the requirements of NFPA 7
other applicable electrical codes. Additional AP
AGA references are listed in Nonmandatory Appen|
(2) Electronic control, monitoring, and gas mej
ment equipment shall be properly grounded and is
from piping to help prevent overpressure/accid
shutoff situations caused by equipment failure d
lightning strikes and electrical transients a
prevent safety hazards caused by fault cury
Electrical isolation equipment for corrosion cd
purposes should not be installed in buildings unless
fically designed to be used in combustible atmosp
(3) Uninterruptible power sources or redu
backup systems should be considered to help pr
overpressure/unintentional shutoff situations c
by power outages.
(4) A useful reference for electronic gas meg

00 ft/
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of alarm devitesthatimdicate primmary {comtroting) regu=
lator failure is useful and should be considered for moni-
toring regulator systems.

(2) Each regulator supply, control, and sensing line
shall have a separate isolation valve for isolation purposes
during regulator setup and maintenance and to prevent a
safety device (i.e., monitor, regulator) from becoming
unintentionally inoperable due to plugging or freezing
of instrument lines.
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ments 1s APl Manual of Petroleum Measurement
Standards, Chapter 21 — Flow Measurement Using
Electronic Metering Systems, Section 1 — Electronic
Gas Measurement.
(j) Pipeline Installation by Directional Drilling

(1) Qualifications. Drilling contractors shall maintain
written design and installation procedures addressing
crossings to be completed by the directional drilling
method. Drilling equipment operators and personnel
responsible for establishing the location of the pilot
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head and reamer during drilling operations shall be qual-
ified by training and experience in the implementation of
the contractor's procedures.

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

(3) Installation Forces and Stresses. Loads on, and
stresses in, the pipe string during installation shall be eval-
uated to ensure protection of the pipe against yielding,

accumulation of full MAOP cycles may exceed the
following number of occurrences:

(U.S. Customary Units)
_ 60x 107
(F x §)% x t9°

(SI Units)

buckhbnrg—eeHapse—and—undesiredmovement-ofthe
pipe string due to the combined effects of external pres-
sure, [friction, axial forces, and bending. (See directional
drilligg references in Nonmandatory Appendix C.)

4) Protective Coating. The frictional and abrasive
forces that may be exerted on the pipe coating during
installation shall be considered when specifying the
type pf coating system to be applied to the pipe and
weld |joints. During installation, care shall be taken to
proteft the quality and integrity of the external corrosion
coating.

5) Additional Evaluation Measures. In addition to the
minirhum inspection and post-inspection testing require-
ments of this Code, consideration shall be given to
performing the following additional measures on the
pipe $tring:

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

tring prior to installation

(-c) passingan internal sizing plate, caliper toel, or
instrymented inspection device through the pipe string
following installation
6) Damage Prevention. To minimize the potential for
damdge to existing surface or subsurface structures,
design of the crossing plan and profile shall consider
the agcuracy of the methods to be ‘eniployed in locating
existipg structures, maintaining required clearances from
existipg structures, tracking the position of the pilot head
and reamer during drilling-eperations, and tracking of the
reamer during pullback:
Rrior to the cominencement of drilling operations, the
locatipn of all subsunface structures in near proximity to
the d¢sign drill path shall, where practical, be exposed to
permjt a visttalConfirmation of the structure's location.
Rrior’toMnitiating the reaming operation, considera-
tion shallbe given to the potential impact of the operation

pipe

(-b) pressure testing (pretest) of the fabricated’,;\,

28 x 10"
(F x S)3 x 03

= design factor from Table 841.1.6-1
N = equivalent number of cycles during thg expected
service life of the piping System
S = specified minimufyyield strength, gsi (MPa),
stipulated in thesspecification under which the
pipe was purchased from the manufgcturer or
determined in accordance with parap. 817.1.3

(h) and 841.1.4
t = nomindl wall thickness, in. (mm)

The pipeline is considered not susceptible to| fatigue in
the longitudinal seams due to pressure cycles if the pipe-
line’has been exposed to a hydrostatic test at 4 pressure
level at least 1.25 times the MAOP, and the explected life-
time accumulation of full-MAOP. cyclesis N or feyver, or the
design factor, F, is 0.4 or less. For purposes of applying this
screening criterion, pressure cycles larger than $0% of the
MAOP in magnitude should be counted as full-MAOP
cycles. Seam welds that are not oriented parallel to the
longitudinal axis of the pipe are exempt [from the
evaluation.

841.1.10 Protection of Pipelines and Mains From
Hazards

(a) When pipelines and mains must be installed where
they will be subject to natural hazards, such as washouts,
floods, unstable soil, landslides, earthquale-related
events (such as surface faulting, soil liquefagtion, and
soil and slope instability characteristics), or other condi-
tions that may cause serious movement of, or{abnormal
loads on, the pipeline, reasonable precautions shall be
taken to protect the pipeline, such as increasing the
wall thickness, constructing revetments, pfeventing

on all adjacent structures due to any realized deviations
from the design path.

(k) Other (Nonmandatory) Considerations for Pressure
Cycle Fatigue of Longitudinal Pipe Seams. Line pipe longi-
tudinal seams are not generally regarded as susceptible to
fatigue due to operational pressure cycles in most natural
gas service. Evaluation of the potential for fatigue crack
growth due to pressure cycles is recommended for pipe
containing longitudinal seams where the expected lifetime

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
channel, or changing of the channel location in the
waterway, design consideration shall be given to

(18)
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protecting the pipeline or main at such crossings. The
crossing shall be located in the more stable bank and
bed locations. The depth of the line, location of the

Table 841.1.11-1 Pipeline Cover Requirements

Cover, in. (mm)

. . . . For Rock
bends 1r'15tallled in the bfmks, wall thickness of the pipe, Excavation [Note (1)]
and weighting of the line shall be selected based on o
he characteristics of the wat In addition to th Fipe Size
the characteris ics of the waterway. In addition to the NPS 20  Pipe Size
above hazards, pipe exposed to cross-currents may be (DN 500) Larger Than
susceptible to vortex-induced vibration (“vortex shed- For Normal  and NPS 20
ding”) in some flow regimes. This can cause fatigue Location Excavation Smaller (DN 500)
damage ingirth-welds—inthe-exposed-spans—When Class1 24-{610)—12 (300318 {460)
these exp@sed span conditions are encountered, analyses Class 2 30 (760) 18 (460) 18-(460)
shall be updertaken to determine whether this phenom- Classes 3 and 4 30 (760) 24 (610)_(\24 ($10)
enon is anticipated for the given pipe configuration and Drainage ditch at public 36 (910) 24 (610) I/ 24 (610)
orientatiopn and the anticipated water velocity conditions. roads and railroad
Should conditions exist that could resultin the pipe under- crossings (all locations)
going vibrjation and consequent fatigue damage, counter- NOTE: (1) Rock excavation is excavationthat requires blasting.

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

asures (burial, reburial, or vortex-shedding
thall be installed to reduce the potential for

Where these cover provisiens cannot be met or yhere
external loads may be excéssive, the pipeline shpll be
encased, bridged, or deSigned to withstand any| such
anticipated external {oads. In areas where farming or
other operations-might result in deep plowing, in jareas
subject to erosion; or in locations where future grading
is likely, such as at roads, highways, railroad crossings,

(e) When pipelines and mains areinstalled abovegrade ~ and ditch¢rossings, additional protection sh3ll be
and expoded to cross-wind conditions, the pipelines and ~ provided. [See (e) for suggested methods to providejaddi-
mains shall be reasonably protected from vortex-induced tional\protection.]
vibration.[Such vibration can cause fatigue damage in girth..__.Y¢) _Clearance Between Pipelines or Mains and |Other

weldsin the exposed span. Analyses shall be undertaken to
determing whether this phenomenonis anticipated for the

K 'Underground Structures

(1) There shall be atleast6in. (150 mm) ofclelalhance

given pipd configuration and orientation and the fullrange~  wherever possible between any buried pipeline and any
of naturally occurring wind conditions. Should conditions ~ other underground structure notused in conjunction with
exist that ¢ould resultin the pipe undergoing vibrationand ~ the pipeline. When such clearance cannot be attgined,
consequent fatigue damage, counteracting measures  precautions to protect the pipe shall be taken, sych as

(strakes, yibration dampeners, or other vertex-shedding
devices) shall be installed or the naturalfrequency of the
piping system changed to reduce the potential for damage.

841.1.11 Cover, Clearance, and/Casing Requirements
for Buried Steel Pipelines and Mains

(a) Cover Requirementsfor Mains. Buried mains shall be
installed with a cover notless than 24 in. (610 mm). Where
this covef provision‘cannot be met, or where external

the installation of casing, bridging, or insulating material.
(2) There shall be at least 2 in. (50 mm) of clearance
wherever possible between any buried gas main aqjd any
other underground structure not used in conjunction with
the main. When such clearance cannot be attained, pijecau-
tions to protect the main shall be taken, such as the instal-
lation of insulating material or casing.
(d) Casing Requirements Under Railroads, Highways,
Roads, or Streets. Casings shall be designed to withistand

loads maly be «X¥%sive, the main shall be encased, the superimposed loads. Where there is a possibility of
bridged, dr designed to withstand any such anticipated water entering the casing, t}_le ends of the casi.ng shalll
external loxds. Where farming or other operations be sealed. If the end sealing is of a type that will retain

the maximum altowabie operating pressure of the

might result in deep plowing, in areas subject to
erosion, or in locations where future grading is likely,
such as road, highway, railroad, and ditch crossings, addi-
tional protection shall be provided. [See (e) for suggested
methods to provide additional protection.]

(b) Cover Requirements for Pipelines. Except for
offshore pipelines, buried pipelines shall be installed
with a cover not less than that shown in Table
841.1.11-1.
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carrier pipe, the casing shall be designed for this pressure
and at least to the design factor of 0.72. Venting of sealed
casings is not mandatory; however, if vents are installed
they should be protected from the weather to prevent
water from entering the casing. (Requirements for cross-
ings within casing of railroads and highways are shown in
Table 841.1.6-2.)
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(e) Additional Underground Pipe Protection. The pipe
design factor, F, shall be in accordance with Table
841.1.6-2 for the crossing of roads and railroads. The guid-
ance provided by API RP 1102, Steel Pipelines Crossing
Railroads and Highways; or GRI Report No. 91/0284,
Guidelines for Pipelines Crossing Highways; or Gas
Piping Technology Committee's Guide Material
Appendix G-15, Design of Uncased Pipelines Crossing
of Highways and Railroads, may be considered for
desig : . o e o
operdtor shall evaluate the need for extending additional
pipe protection over the pipeline when the road or rail-
road fight-of-way width is undefined based on anticipated
loading from traffic or heavy equipment performing main-
tenarfce activities adjacent to the road or railroad.

Vatying degrees of additional protection from third-
partyl damage to a buried main or pipeline crossing
withif (or parallel to) the right-of-way of road or railroad
may pe achieved using the following techniques, or
variants thereof, singly or in combination:

7) A physical barrier or marker may be installed
above or around the pipe (see para. 851.7). If a physical
barrigr is used, the potential conflict with the right-of-way
maintenance activities should be recognized. Physical
barri¢r or marker methods include

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

pipe

blevation
(-c) damage-resistant coating material, such as
concriete
(-d) extra depth of cover additional to that
requifed in (b)

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

(-f) pipe casing [see (d). and para. 861.1.6]
) A heavier wall thickness than is required by the
esign factor, F, in accordance with Table 841.1.6-1 or
841.1.6-2.
: 3) Pipeline alighment should be as straight and
" perpéndicular to the road or railroad alignment as
- possible to promote reliable marking of the pipe location
- throufgh the tight-of-way and at the right-of-way limits.
- Additienalunderground pipe protection shall be used in
- conjunction with an effective educational program (para.

pipe

paral

piped
. Tablg

(-b) a concrete slab placed vertically adjacent to o
the piipe on each side and extended above the top of-

841.2 Installation of Steel Pipelines and Mains

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

841.2.2 Inspection Provisions

(a) The operating company shall provid¢ suitable
inspection. Inspectors shall be qualified either py experi-
ence or training. The inspector shall have the aythority to
order the repair or removal and ne€placemgnt of any
component found that fails toymeét the stapndards of
this Code.

(b) The installation inspéetion provisions for pipelines
and other facilities to operate at hoop stresses jof 20% or
more of the specified“minimum yield strength shall be
adequate to make¢possible at least the followihg inspec-
tions at sufficiertly frequent intervals to ensure good
quality of werkmanship:

(1) Inspect the surface of the pipe for serious surface
defectsjjust prior to the coating operation. [See para.
841.2:4(b)(1).]

(2) Inspect the surface of the pipe coatipg as it is
lowered into the ditch to find coating lacerations that indi-
cate the pipe might haye been damaged after being coated.

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

(4) Visually inspect the stringer beads befpre subse-
quent beads are applied.

(5) Inspect the completed welds beforsg
covered with coating.

(6) Inspect the condition of the ditch bgttom just
before the pipe is lowered in, except for offshorepipelines.

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

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

(9) Perform such special tests and inspectjons as are
required by the specifications, such as nondgstructive
testing of welds and electrical testing of the protective
coating.

(10) Inspect backfill material prior tq use and
observe backfill procedure to ensure no damdge occurs

they are

i' 850.4.4], periodic surveillance of pipelines (para. 851.1J,
* pipeline patrolling (para. 851.2), and utilization of
programs that provide notification to operators regarding
impending excavation activity, if available.

841.1.12 Design Factors Summary. Design factors are
summarized in Table 841.1.6-2.
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0 the coating im tie process ot backiiing:

841.2.3 Bends, Miters, and Elbows in Steel Pipelines
and Mains. Changes in direction may be made by the use of
bends, miters, or elbows under the limitations noted
below:

(a) Bends

(1) A bend shall be free from buckling, cracks, or
other evidence of mechanical damage.
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Table 841.2.3-1 Pipeline Field Cold Bend Requirements

(2) In systems intended to operate at hoop stress
levels of 10% or more but less than hoop stress levels

Minimum . L .
Radius of of 40% of the specified minimum yield strength, the
Bend in Pipe total deflection angle at each miter shall not exceed
Deflection of Diameters 121/2 deg.
Nominal Pive Si LOI;‘g_it“:i“al 84[lseze3paraé (3) In systems intended to operate at hoop stress
omma *pe >ze X', Ceg 2:3@)(3)] levels of less than 10% of the specified minimum yield
Smaller than NPS 12 See para. 18D strength, the total deflection angle at each miter shall
(DN 300) 841.2.3(a)(4)
not exceed 90 deg.
NPS 12 (DN 300) 3.2 18D 41 1 . st dad & PPV N ot
Hr-systems—intended-to-operate—athoep-stress
NPS 14 (DN 350) 2.7 21D levels of 10% or more of the specified minimtim|yield
NPS 16 (DN 400) 2.4 24D strength, the minimum distance between" njiters
NPS 18 (DN 450) 2.1 27D measured at the crotch shall not be less than ong pipe
NPS 20 (DN[500) and larger 1.9 30D diameter.
(5) Care shall be taken in making ‘mitered joints to
(2) The maximum degree of bending on a field cold provide proper spacing and<dbignment and full

bend may be determined by either method in Table
841.2.3-1. The first column expresses the maximum
deflection in an arc length equal to the nominal
outside dlameter, and the second column expresses the
minimum| radius as a function of the nominal outside
diameter.

. (3) 4 field cold bend may be made to a shorter

penetration.

(c) Elbows. Factory-made, wrought-steel welding
elbows or transverse segments cut therefrom mpy be
used for changes in direction, provided that the arc
length measured along the crotch is at least 1 in. (25
mm) on pipe sizes‘NPS 2 (DN 50) and larger.

minimum radius than permitted in (1), provided the ,841,'2'4 Ripe SL,"face Requirements Appllcajle to
completel bend meets all other requirements of this P'poelmes QM Mains to Opera‘lt.e at a .H?OP Str‘s.s of
section, and the wall thickness after bending is not less 20% qg More of the Specified Minimum Yield
than the [minimum permitted by para. 841.1.1. This Strex@ih. Gouges, grooves, and notches have|been

may be demonstrated through appropriate testing.

. (4) Hor pipe smaller than NPS 12 (DN 300), the re-
quirements of (a)(4) must be met, and the wall thickness
after ber{ding shall not be less than the minimufn
permitted by para. 841.1.1. This may be demonstrated
through appropriate testing.

(5) Hxcept for offshore pipelines, when a-circumfer-
ential welfl occursin a bend section, it shallbe subjected to
radiography examination after bending.

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

(7) Wrinkle bends shall not-be used.

(8) Ihcidental ripples inthe pipe surface may occur
along the|inside radius during the forming of cold field
bends in spme pipe. Ripples having a dimension measured
from peal§ to valley hotexceeding 1% of the pipe outside
diameter |are considéred acceptable for all gas service.
Larger ripplesmay be permitted based on an engineering
analysis thateonsiders the effects of pipeline construction
and operation on the reiiability of pipe atfected by Suc
features. In addition, the bend shall meet all other provi-
sions of this section.

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

(1) In systems intended to operate at hoop stress
levels of 40% or more of the specified minimum yield
strength, mitered bends are not permitted. Deflections
caused by misalignment up to 3 deg are not considered
as miters.

2/tand all harmful defects of this nature must be prev
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found to be an important cause of pipeline failures,
bnted,
uring

t the

eliminated, or repaired. Precautions shall be taken d
manufacture, hauling, and installation to prevery
gouging or grooving of pipe.

(a) Detection of Gouges and Grooves

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

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

(3) Lacerations of the protective coating sh
carefully examined prior to the repair of the coat
determine if the pipe surface has been damaged.

(b) Field Repair of Gouges and Grooves

ide to
fause

hll be
ng to

pved.

(2) Gouges or grooves may be removed by grinding
to a smooth contour, provided that the resulting wall
thickness is not less than the minimum prescribed by
this Code for the conditions of usage. [See para.
841.1.5(b).]

(3) When the conditions outlined in (2) cannot be
met, the damaged portion of pipe shall be cut out as a
cylinder and replaced with a good piece. Insert patching
is prohibited.
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(c) Dents

(1) A dent may be defined as a depression that
produces a gross disturbance in the curvature of the
pipe wall (as opposed to a scratch or gouge, which
reduces the pipe wall thickness). The depth of a dent
shall be measured as the gap between the lowest point
of the dent and a prolongation of the original contour
of the pipe in any direction.

is a cylinder.
3) All dents that affect the curvature of the pipe at
the longitudinal weld or any circumferential weld shall be
remoyed. All dents that exceed a maximum depth of %, in.
(6 mrp) in pipe NPS 12 (DN 300) and smaller or 2% of the
nominal pipe diameter in all pipe greater than NPS 12 (DN
300) shall not be permitted in pipelines or mains intended
to opprate at hoop stress levels of 40% or more of the
specified minimum yield strength. When dents are
remoped, the damaged portion of the pipe shall be cut
out ap a cylinder. Insert patching and pounding out of
the dgnts is prohibited.

(d)| Notches
7) Notches on the pipe surface can be caused by
mechpnical damage in manufacture, transportation, hand-
ling, dr installation, and when determined to be mechani-
cally |caused, shall be treated the same as, gouges and’,j\,
grooves [see (a) above].
(2) Stress concentrations that may or may~not
involye a geometrical notch may also be created-by a
procgss involving thermal energy in which(the pipe
surfafe is heated sufficiently to change its mechanical
or metallurgical properties. These imperfections are
term¢d “metallurgical notches.” Examples include an
arc Qurn produced by accidental contact with a
welding electrode or a grinding burh produced by exces-
sive fprce on a grinding wheel.\Metallurgical notches may
resulf in even more severe,stress concentrations than a
mechpnical notch and shallbe prevented or eliminated in
all pipelines intendedto operate at hoop stress levels of
20% pr more of the)specified minimum yield strength.

(e)| Eliminatiotrof Arc Burns. The metallurgical notch
caus¢d by_arc/burns shall be removed by grinding,
provided the grinding does not reduce the remaining
wall thickness to less than the minimum prescribed by

be exercised to ensure that the heat of grinding does not
produce a metallurgical notch.

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

(a) 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 as not to
damage the pipe.

D FIStailatio e Ditch. OT

T of PIDe 17

pipelines oper-

ating at hoop stress levels of 20% or more of th¢ specified

Except for offshore pipelines, the-pipe shall fit the
ditch without the use of external force to hold it in
place until the backfill is compléeted. When lonig sections
of pipe that have been welded alongside the|ditch are
lowered in, care shall be exercised so as npt to jerk
the pipe or impose ‘@any strains that may kink or put a
permanentbend inthe pipe. Slackloops are not prohibited
by this paragraph-where laying conditions repder their
use advisable:
(c) Bdckfilling
(1)»Backfilling shall be performed in a tpanner to
provide firm support under the pipe.
(2) Ifthere are large rocks in the material fo be used
for backfill, care shall be used to prevent dampge to the
coatingby such means as the use-ofrock shield mjaterial, or
by making the initial fill with rock-free materia] sufficient
to prevent damage.
(3) Where the trench is flooded to consdlidate the
backfill, care shall be exercised to see that the pipe is
not floated from its firm bearing on the trench bottom.

841.2.6 Hot Taps. All hot taps shall be inftalled by
trained and experienced crews.

841.2.7 Precautions to Avoid Explosions gf Gas-Air
Mixtures or Uncontrolled Fires During Construction
Operations

(a) Operations such as gas or electric welding and
cutting with cutting torches can be safely performed
on pipelines, mains, and auxiliary equipment) provided
that they are completely full of gas or air that is free
from combustible material. Steps shall be| taken to
prevent a mixture of gas and air at all poiits where

this Code Tor 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

! 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.

47

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

such operations are to be performed.

(b) When a pipeline or main can be kept full of gas
during a welding or cutting operation, the following proce-
dures are recommended:

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

(2) Control the gas pressure at the site of the work by
a suitable means.
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(3) After a cut is made, immediately close all slots or
open ends with tape, tightly fitted canvas, or other suitable
materials.

(4) Donotpermittwo openings to remain uncovered
atthe same time. This is doubly important if the two open-
ings are at different elevations.

(c) Welding, cutting, or other operations that could be a
source of ignition shall not be done on a pipeline, main, or
auxiliary apparatus that contains air, if it is connected to a

sources of gas and then thoroughly purged with air,
water, or inert gas before any further cutting or
welding is done.

(4) If a gas pipeline, main, or auxiliary equipment is
to be filled with air after having been in service, and there
is a reasonable possibility that the inside surfaces of the
facility are wetted with volatile inflammable liquid, or if
such liquids might have accumulated in low places,

purging procedures designed to meet this situation
challbhayicnd CHoqpnin g A4 et ant] Al canhy Stlble

TS o eSSt e TH e S T S o e e p

o afo n
SHarBe-uSea>teahg- ottt rachity- vithrar€6ms

prevent the formation of an explosive mixture in the work liquids have been evaporated and swept out,iS{n¢com-
area. mended. Filling of the facility with an inert gap and
(d) Insjtuations where welding or cutting mustbe done keeping it full of such gas during the progress df any

on facilitips that are filled with air and connected to a

work that may ignite an explosive mixture in the facility

source of gas, and the precautions recommended is an alternative recommendation:The possibiljty of
above cannot be taken, one or more of the following striking static sparks within the fa€ility must not be|over-
precautions, depending on circumstances at the jobsite, looked as a possible source oféignition.

are suggepted: (f) Whenever the accidentalignition in the open|air of

(1) purging of the pipe or equipment upon which

gas-air mixture may be lik€ly to cause personal injyiry or

welding of cutting is to be done with an inert gas or contin- property damage, precautions, such as the following shall

uous purgjing with air in such a manner that a combustible be taken:

mixture does not form in the facility at the work area (1) Prohibit-smoking and open flames in the [area.
(2) testing of the atmosphere in the vicinity of the (2) Installametallic bond around the location gf cuts

zone to bg heated before the work is started and at inter- in gas pipes:\to be made by means other than cyitting

vals as th¢ work progresses with a combustible gas indi-
cator or Hy other suitable means

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

AP

torches.

(3)/Take precautions to prevent static elecfricity
sparks.
(4). Provide a fire extinguisher of appropriatg size
and type, in accordance with NFPA 10.

(e) Pupging of Pipelines and Mains
(1) When a pipeline or main s tobe placed inservice;”, 841.3 Testing After Construction
the air in|it shall be displaced. The following arg€gme 841.3.1 General Provisions. All piping systems shall be
acceptablg methods: tested after construction to the requirements of thig Code

(-a) Method 1. Introduce a moderately rapid and
continuous flow of gas into one end of the line,and vent the
air out the other end. The gas flow shall be continued
without interruption until the vented-gas is free of air.

(-b) Method 2. If the vent is.jn.a location where the
release of|gas into the atmospheremay cause a hazardous

except for pre-tested fabricated assemblies and welded
tie-in connections where post construction tie-in
testing is not practical.

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

condition| then a slug of inert’gas shall be introduced :
between [the gas anég air-The g;gas flow shall then be post construc.tlon retest. . . .

. . ) . . ) (a) The circumferential welds associated|with
f:ontmuec without interruption until all of th.e. air and connecting pretested assemblies, pretested repaif pipe
inert gasf have bggfremoved from the facility. The lengths or sections, and welded tie-in connectiors not

vented gdses shall\be monitored and the vent shall be
closed before”any substantial quantity of combustible
gas is rel¢ased to the atmosphere.

pressure tested after construction shall be inspected
by radiographic or other accepted nondestryctive
methods in accordance with para. 826.2

(2) Incases where gas in a pipeline or main is to be
displaced with air and the rate at which air can be supplied
to the line is too small to make a procedure similar to but
the reverse of that described in (1) feasible, a slug of inert
gas should be introduced to prevent the formation of an
explosive mixture at the interface between gas and air.
Nitrogen or carbon dioxide can be used for this purpose.

(3) If a pipeline or main containing gas is to be
removed, the operation may be carried out in accordance
with (b), or the line may be first disconnected from all

48

(b) Nonwelded tie-in connections not pressure tested
after construction shall be leak tested at not less than the
pressure available when the tie-in is placed into service.

(c) Pressure testing with water is recommended when-
ever possible. However, itis recognized that certain condi-
tions may require testing with gases. When a gas is used as
the test medium, the test pressure shall not exceed the
maximum values stated in Tables 841.3.2-1 and
841.3.3-1.
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The user is cautioned that the release of stored energy in
a gas test failure can be significantly more hazardous than
a similar failure with water. When testing with gas, a
formal risk assessment is recommended, wherein risks
are identified, and appropriate mitigating measures
and practices are identified and implemented to minimize
these additional risks.

(d) When pipeline systems are installed in unstable
soils or the mass of the test medium contributes to addi-

equipment. Both sour gas and flammable gas tests
must meet the test pressure limitations per Table
841.3.3-1.

(b) The pressure test medium requirements of Table
841.3.2-1 for the pressure testing of pipelines in Class
Locations 3 and 4 need not apply if, at the time the pipe-
lines are first ready for pressure testing, one or both of the
following conditions exist:

(1) Ground temperature at pipe depthsis sufficiently

tiona}-stresses—in-the-pipeline-system—the-stresses-and low—durins-thetestto—cause—thetestmedinnmto change
reactjons due to expansion, longitudinal pressure, and state and cause damage or blockage that weuld damage
longitudinal bending shall be investigated prior to the pipe or invalidate the test, and use of chemjcal freeze
testinfg. This investigation shall confirm that the test pres- depressants is not possible.

sures|and loads do not produce unacceptable stresses, (2) Approved water of satisfactory quality is not
strains, deflections, or other conditions that could reasonably available in sufficient.quantity.

advepsely impact the ability of the system to perform (c) Where one or both of theonditions in (b) exist, itis
as required. permissible to pressure test using air or nonflammable,

(e)| Test planning shall consider pressure test medium nontoxic gases as the préssure test medium proyided that
temperatures and duration of testing operations to limit all of the following conditions exist:
damage to pipe from freezing of the test medium and (1) The maximum hoop stress during|pressure
prevent detrimental pipeline deformation due to destabi- testing is less than 50% of the specified minimum
lizati¢gn of permafrost soils. yield strengthtin Class 3 Locations, and less than 40%
(f) |Each test assembly (a fabrication that is not part of of the specified minimum yield strength ip Class 4

the permanent facility used for filling, pressuring and

Locatiois.

monitoring the test) shall be designed, fabricated, and {2) The maximum pressure at which the pipeline is
installed in accordance with the provisions of this to.bé operated does not exceed 80% of the maximum field
Codef Each test assembly shall be designed to operate test pressure.

at thg anticipated maximum test pressure, The operator . (3). The pipe involved has been confirmed o be fit for

is enqouraged to consider pretesting of the test assembly service and has a longitudinal joint factor of|1.00 (see
prior| to its use to reduce risk to testing personnel. Table 841.1.7-1).

Pretepting of the test assembly is required when, the'pres- (d) Before being placed in service, a newly canstructed
sure fest is to be conducted with a sour gas(hmedium. pipeline system shall be strength tested for a[minimum
Subsgquent retesting prior to reuse should bejconsidered period of 2 hr at a minimum pressure equal to or
if the test assembly is suspected to have undergone greater than that specified in Table 841.3.2-1 dfter stabi-

damage during or between tests.

lization of temperatures and surges from pjressuring

(g)| Test assemblies should be'located considering operations has been achieved. The minimum| pressure
accespibility, sources of test medium, and the elevation shall be obtained and held at the highest el¢vation in
profile of the test segment~Selected locations should the pipeline system.

provide testing flexibility-while limiting test pressures

(e) Test requirements as a function of Location Class

between the minimum ‘test pressure and the selected are summarized in Table 841.3.2-1.
maximum test pressure: (f) In selecting the test pressure, the designgr or oper-
. ating company should be aware of the proyisions of
84]1.3.2 Pressure Test Requirements to Prove 5 pany . . P
section 854 and the relationship between test pressure

Strength of Pipelines and Mains to Operate at Hoop
Stresses 0f-30% or More of the Specified Minimum
Yield|Strength of the Pipe. The following are pressure

test lequirements to prove erpngfh of pipplinpc and

and operating pressure when the pipeline experiences
a future increase in the number of dwellingd intended
for human occupancy.

mains to operate at hoop stresses of 30% or more of
the specified minimum yield strength of the pipe:

(a) The permissible pressure test media are stated in
Table 841.3.2-1. The recommended test medium is water.
Sour gas as defined in section B803 and flammable gas
may only be used for testing purposes in Location
Class 1, Division 2 locations. When either of these
media are utilized, the public shall be removed to a
safe distance during the test and testing personnel
shall be equipped with appropriate personal protective
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(g] Other provisions of this Code notwithstanding,
pipelines and mains crossing highways and railroads
may be pretested independently or tested in conjunction
with the adjoining pipeline segments in the same manner
and to the same pressure as the pipeline on each side of the
crossing.

(h) Other provisions of this Code notwithstanding,
fabricated assemblies, including main line valve assem-
blies, cross connections, river crossing headers, etc.,
installed in pipelines in Location Class 1 and designed

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

Licensee=Hong Kong Polytechnic University/9976803100, User=Siu, Kit Hang
Not for Resale, 12/12/2018 00:19:35 MST


https://asmenormdoc.com/api2/?name=ASME B31.8 2018.pdf

ASME B31.8-2018

(18) Table 841.3.2-1 Test Requirements for Steel Pipelines and Mains to Operate at Hoop Stresses of 30% or More of the

Specified Minimum Yield Strength of the Pipe

Maximum Pressure Test Prescribed
Design Factor, Permissible Test Maximum Allowable Operating
Location Class F Medium Minimum Maximum Pressure, the Lesser of
1, Division 1 0.8 Water 1.25 x MOP None TP/1.25 or DP
1, Division 2 0.72 Water 1.25 x MOP None TP/1.25 or DP
0.72 Air or gas [Note (1)] 1.25 x MOP 1.25 x DP TP/1.25 or DP
2 0.6 Water 1.25 x MOP None TP/1.25 or DP
6 Attt 55 ——fetH> TSt ST B

3 [Note (2)] 0.5 Water [Note (3)] 1.50 x MOP None TP/1.5 or DP

4 0.4 Water [Note (3)] 1.50 x MOP None TP/1.5 or DP

LEGEND:

DP = design pressure
MOP = npaximum operating pressure (not necessarily the maximum allowable operating pressure)
TP = tegst pressure

GENERAL NOTES:

(a) This Table defines the relationship between test pressures and maximum allowable operating pressures subsequent to the test. If an
operatipg company decides that the maximum operating pressure will be less than the design.pressure, a corresponding redudtion in
the prepcribed test pressure may be made as indicated in the Pressure Test Prescribed, Minimium column. If this reduced test pjessure
is used,|however, the maximum operating pressure cannot later be raised to the design presSstre without retesting the line to a higler test
pressurfe. See paras. 805.2.1, 845.2.2, and 845.2.3.

(b) Gas pipjng within gas pipeline facilities (e.g., meter stations, regulator stations, etc.).is't0 be tested and the maximum allowable opg¢rating
pressurfe qualified in accordance with para. 841.3 and Tables 841.3.2-1 and 841.3.3-1'suibject to the appropriate location class, design|factor,
and test medium criteria.

(c) When ah air or gas test is used, the user of this Code is cautioned to evaluate the ability of the piping system to resist propagating brjittle or
ductile [fracture at the maximum stress level to be achieved during the tést.

NOTES: AR

(1) When pressure testing with air or gas, see paras. 841.3.1(c) and 84.1:3.2(a) through 841.3.2(c), and Table 841.3.3-1.

(2) Comprgssor station piping shall be tested with water to Locatien Class 3 pipeline requirements as indicated in para. 843.4.1(c)

(3) For exgeptions, see paras. 841.3.2(b) and 841.3.2(c).

in accordgnce with a design factor of 0.60 as required in 841.3.4 Leak Tests for Pipelines or Mains to Operate

para. 841.1.9(a), may be pretested independently or  at 100 psig (690 kPa) or More

tested in cpnjunction with the adjoining pip€line segments T .

P . ) SR & (a) Each pipeline and main shall be tested |after

as requirgd for Location Class 1. - . . .

. . . ). o construction and before being placed in operation to
(i) Opefating companies shall retaily; in their files, for . .
. - . . demonstrate that it does not leak. If the test ind]cates

the usefulllife of each pipeline andinain, records showing .

. that a leak exists, the leak or leaks shall be located and

the procedures used and the"data developed in estab- . . .

. . . eliminated, unless it can be determined that no yndue

lishing thle maximum allowable operating pressure of . .

. . . . hazard to public safety exists.
that pipgeline or main—~Refer to section N-7 of
\ . (b) The test procedure used shall be capaljle of

Nonmandatory Appendix N for a list of suggested . . . . .

. disclosing all leaks in the section being tested and

records for retention: . . .

shall be selected after giving due consideration to thgvolu-

841.3.B Tests Required to Prove Strength for metric content of the section and to its location| This

Pipelines|and-Mains to Operate at Hoop Stress Levels  requires the exercise of responsible and experi¢nced
of Less T ifi HH i ; : o

Strength of the Pipe, but in Excess of 100 psig (690
kPa). Steel piping that is to operate at hoop stress
levels of less than 30% of the specified minimum yield
strength in Class 1 Locations shall at least be tested in
accordance with para. 841.3.4. In Class 2, 3, and 4
Locations, such piping shall be tested in accordance
with Table 841.3.2-1, except that gas or air may be
used as the test medium within the maximum limits
set in Table 841.3.3-1.

50

(c) In all cases where a line is to be stressed in a
strength proof test to a hoop stress level of 20% or
more of the specified minimum yield strength of the
pipe, and gas or air is the test medium, a leak test
shall be made at a pressure in the range from 100 psig
(690 kPa) to that required to produce a hoop stress of
20% of the minimum specified yield, or the line shall
be walked while the hoop stress is held at approximately
20% of the specified minimum yield.
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Table 841.3.3-1 Maximum Hoop Stress Permissible
During an Air or Gas Test

Location Class, Percent of
Specified Minimum Yield

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

GENERAL NOTE: Refer to para. 841.3.2(c).

841.4.2 Cleaning and Drying Procedures.
Consideration shall be given to the need for cleaning
and drying the pipe and its components beyond that
required for removal of the test medium.

841.4.3 Functional Testing of Equipment and
Systems. As a part of commissioning, all pipeline and
compressor station monitor and control equipment
and systems shall be fully function-tested, especially
including safety systems such as pig trap interlocks, pres-

84{.3.5 Leak Tests for Pipelines and Mains to Operate
at Less Than 100 psig (690 kPa)

(a)| Each pipeline, main, and related equipment that
will ¢gperate at less than 100 psi (690 kPa) shall be
tested after construction and before being placed in opera-
tion fo demonstrate that it does not leak.

(b)| Gas may be used as the test medium at the
maxijum pressure available in the distribution system
at the time of the test. In this case, the soap bubble
test may be used to locate leaks if all joints are accessible
durinjg the test.

(c)| Testing at available distribution system pressures
as provided for in (b) may not be adequate if substantial
proteftive coatings are used that would seal a split pipe
seam|If such coatings are used, the leak test pressure shall
be 170 psig (690 kPa).

84]
and thains after construction shall be done with due
d for the safety of employees and the plblic
durinig the test. When air or gas is used, suitable steps
- shall[be taken to keep persons not working on the
testing operations out of the testing area when the
- hoopl|stress is first raised from 50%of-the specified
* minithum yield to the maximum test Stress, and until
- the pressure is reduced to th¢ 'maximum operating
. presspre.

841.4 Commissioning<of Facilities

.4.1 General. Written procedures shall be estab-
il for commiSsioning. Procedures shall consider

selected to ensure that nothingis 1ntroduced into the pipe-
line system that will be incompatible with the gas to be
transported, or with the materials in the pipeline
components.

.3.6 Safety During Tests: Allitesting of pipelines
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sure and flow-monitoring systems, and emergg¢ncy pipe-
line shutdown systems. Consideration_should also be
given to performing a final test of-pipelipe valves
before the gas is introduced to ensure’that dach valve
is operating correctly.

841.4.4 Start-Up Procedures and Introduction of
Transported Gas. Writtep(start-up procedurds shall be
prepared before introducing the transported gas into
the system and shall.require the following:

(a) the system be mechanically comp
operational

(b) all funetional tests be performed and a

(c) all fgcessary safety systems be operatid

(d) operating procedures be available

(e)<a’communications system be establishefl

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

lete and

cepted
nal

841.4.5 ‘Documentation-and-Records. The|following
commissioning records shall be maintained as jermanent
records:

(a) cleaning and drying procedures

(b) cleaning and drying results

(c) function-testing records of pipeline monpitoring

(d) control equipment systems

(e) completed prestart checklist

842 OTHER MATERIALS

842.1 Ductile Iron Piping Systems Requirements
842.1.1 Ductile Iron Pipe Design

(a) Determination of Required Wall Thicknefs. Ductile

iron pipe shall be designed in accordance|with the
methods set forth in ANSI/AWWA C150/A21.50.
(b) Allowable Values ofs and f. The values|of design
f, at the
bottom of the pipe, to be used in the equations given
in ANSI/AWWA C150/A21.50, are

s = 16,800 psi (116 MPa)

f = 36,000 psi (248 MPa)
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(c) Standard Ductile Iron Strength and Conformance to
ANSI A21.52. Ductile iron pipe shall be (60-42-10) grade
and shall conform to all requirements of ANSI A21.52.
Grade (60-42-10) ductile iron has the following mechan-
ical properties:
Minimum tensile strength 60,000 psi (414 MPa)
42,000 psi (290 MPa)

10%

Minimum yield strength

Minimum elongation

842.2 Design of Plastic Piping

General Provisions.The design requirements of this
section are intended to limit the use of plastic piping
primarily to mains and service lines in typical polyvinyl
chloride (PVC) distribution systems? operating at a pres-
sure of 100 psig (690 kPa) or less, polyethylene (PE) distri-
bution systems operating at a pressure of 125 psig (860
kPa) or less, and polyamide-11 (PA-11) distribution
systems operating at pressures up to the design pressure

(d) Alldwable Thickness jor Ductile Iron Pipe. The least
ductile irgn pipe thicknesses permitted are the lightest
standard [class for each nominal pipe size as shown in
ANSI A21.52. Standard wall thicknesses for 250 psig
(1720 kPa) maximum working pressure and standard
laying conditions at several depths of cover are shown
in Table §42.1.1-1.

(e) Dugtile Iron Pipe joints

(1) Mechanicaljoints. Ductile iron pipe with mechan-
ical jointg shall conform to the requirements of ANSI
A21.52 apd ANSI/AWWA C111/A21.11. Mechanical
joints shall be assembled in accordance with “Notes on
Installation of Mechanical Joints” in ANSI/AWWA
C111/A21.11.

(2) Qther Joints. Ductile iron pipe may be furnished
with othef types of joints provided they are properly qual-
ified and meet the appropriate provisions of this Code.
Such joints shall be assembled in accordance with applic-
able standards or in accordancerwith the: manufacturer's
written r¢commendations.

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

842.1.2| Installation of Ductile Iron Pipe

(a) Layling. Ductile iron pipe shall be laid in.a¢cordance
with the gpplicable field conditions descsibed in ANSI/
AWWA C150/A21.50.

(b) Cover. Underground ductile,iron pipe shall be
installed |with a minimum cov¥en of 24 in. (610 mm)
unless prevented by otherlunderground structures.
Where sufficient cover cannot be provided to protect
the pipe from external1eads or damage and the pipe is
not designed to withstand such external loads, the pipe
shall be chsed or bridged to protect the pipe.

(c] Joint Restraint. Suitable harnessing or buttressing
shall be previded at points where the main deviates
from a stkaightline-and-the thrust-if notrestrained
would separate the joints.

(d) Making Ductile Iron Field Joints. Ductile iron pipe
joints shall conform to para. 842.1.1(e) and shall be
assembled according to recognized American National
Standards or in accordance with the manufacturer's
written recommendations.

842.1.3 Testing Ductile Iron Field Joints. Ductile iron
pipe joints shall be leak tested in accordance with para.
841.3.4 or 841.3.5.
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of the material as determined by the formulasqin|para.
841.2.1. For other applications in Class, 1|or 2
Locations, plastic piping may be used within-the ljmita-
tions prescribed in this Code. Plastic pipifng,shall megt the
requirements of a specification listed  in Mandptory
Appendix A.

842.2.1 Plastic Pipe and Tubifig Design Formula. The
design pressure for plasticigas piping systems qr the
nominal wall thickness-for a given design prepsure
(subject to the limitatidns'in para. 842.2.2) shall be ¢leter-
mined by the following formulas:

(U.S. Customary,Units)

p=2—st
(SDR) — 1

or
o pu 28t 3k Dj
D -t
(SI Units)
_ 20008
(SDR) — 1~
or
2
p= 0008t % Dj
D-—-t
where
D = specified outside diameter, in. (mm), in thg case
of reinforced thermosetting plastic (RTP) pipe,
the specified outside diameter of the reinforced
thermoset layer
Dy = design factor = 0.32 or 0.40 for PA-11. The

design factor is a number less than or

0 nd 1] U D d )
maximum pressure to obtain the design
pressure.

DR = dimension ratio, the ratio of the average speci-
fied outside diameter to the specified minimum
wall thickness

P = design pressure, gage, psig (kPa)

2Under ASTM D2513, PVC piping may be used only for repair and
maintenance of existing PVC installations.
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Table 842.1.1-1 Standard Thickness Selection Table for Ductile Iron Pipe

Nominal Pipe

Thickness, in. (mm), for Depth of Cover, ft (m)

Size, NPS (DN) Condition 2Y, 3Y, 5 8 12 16 20 24
3 (75) 028 (7.1)  028(71) 028(71) 028(71) 028 (71)  0.28(7.1) 0.28 (7.1)  0.28 (7.1)
028 (7.1)  028(71) 028(71) 028(71) 028 (71) 0.8 (7.1) 0.28 (7.1)  0.28 (7.1)
4 (100) 0.29 (74) 029 (74) 029 (7.4) 029 (7.4) 029 (74)  0.29 (7.4) 0.29 (74)  0.29 (7.4)
029 (7.4) 029 (74) 029 (74) 029 (74) 029 (74)  0.29 (7.4) 0.29 (7.4)  0.29 (7.4)
6 (150) 031(79) 031(79) 031(79) 031(79) 031(79) 031 (7.9) 0.31 (7.9) 31 (7.9)
031 (7.9) 031(79) 031(79) 031(7.9) 031(79) 031 (7.9) 0.31 (7.9) 31 (7.9)
8(200) 033 (84) 033(84) 033(84) 033(84) 033(84) 033 (84) 033y(8.4) 33 (8.4)
033 (84) 033(84) 033(84) 033(84) 033(84) 033 (84) 0,33 (8.4) 33 (8.4)
10| (250) 035(89) 035(89) 035(89) 035(89) 035(89) 035 (89) 0.38 (9.7) 38 (9.7)
0.35(89) 035(89) 035(89) 035(89) 035(89)  0.35(89) 0.38 (9.7) 38 (9.7)
12| (300) 037 (94) 037 (94) 037 (94) 037 (94) 037 (9.4)¢ ¥0.37 (9.4) 0.40 (10.2) .43 (10.9)
037 (9.4) 037 (94) 037 (94) 037 (9.4) 037 (94)) 037 (9.4) 0.40 (10.2) .40 (10.2)
14| (350) 036 (9.1)  036(9.1) 036 (9.1) 036 (9.1) <089(9.9) 042 (10.7) 045 (11.4) .45 (11.4)
036 (9.1)  036(9.1)  036(9.1) 036 (9.1) “\036 (9.1)  0.42 (10.7) 042 (10.7) .45 (11.4)
16| (400) 037 (9.4) 037 (94) 037 (94) 037.(%4) 040 (10.2) 043 (109) 046 (117) (.49 (12.4)
037 (9.4) 037 (9.4) 037 (9.4)  037'(9.4) 040 (10.2) 0.43 (10.9) 0.46 (11.7) .49 (12.4)
A
18| (450) 038 (9.7) 038(9.7) 038 (9.7)N" 038 (9.7) 041 (104) 047 (11.9) 050 (127) .53 (13.5)
038 (9.7) 038(9.7) 038(9%7) 038(9.7) 041 (104) 044 (11.2) 047 (11.9) .53 (13.5)
20| (500) 039 (99) 039 (9.9) {0139 (9.9)  039(9.9) 045 (11.4) 048 (122)  0.54 (13.7)
0.39(9.9) 039 (9.9) ) 039 (9.9) 039 (9.9) 042 (10.7) 048 (12.2) 051 (13.0)
24(600) 0.44 (11.2) ,041(10.4) 041 (104) 0.44 (11.2) 050 (12.7)  0.56 (14.2)
041 (10.4)/~ 041 (10.4)  0.41 (104) 041 (104) 047 (11.9) 0.53 (13.5)
GENEHAL NOTES:
(a) THis Table is taken from ANSI A21.52.
(b) Laying Condition A: flat-bottom trench without blocks, untamped backfill.
(c) 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 (1 720 kPa) working pressyre.
(e) Al] thicknesses shown in this Table for the depths of cover indicated are adequate for trench loads, including truck superlpads.
(f) Fdr the basis, of-design, see ANSI/AWWA C150/A21.50.
(g) THread engagement in taps for service connections and bag holes may require consideration in selecting pipe thicknesses. See Appendix of
ANSI A2R52!
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S = for thermoplastic pipe, hydrostatic design basis
(HDB) determined in accordance with ASTM
D2837 at a temperature equal to 73°F
(23°C), 100°F (38°C), 120°F (49°C), 140°F
(60°C), or 180°F (82°C). In the absence of a
HDB established at the specified temperature,
the HDB of a higher temperature may be used in
determining a design pressure rating at the

specified temperature by arithmetic interpola-
tion pcingtha

sure design formula for sizes NPS 2 (DN 50) and smaller.
Manufacturers of the specific pipe material should be
contacted for recommendations or a qualified procedure
shall be used.

(e) The design pressure for PE pipe may exceed a gage
pressure of 100 psig (689 kPa), provided that

(1) the design pressure does not exceed 125 psig

(862 kPa)

(2) the material is a PE material as specified within
ASFM-D2543

rusing-the procedureinPart D2 of PRPFTFR-3-
For RTP pipe NPS 6 (DN 150) and below, used in
Class 1 and 2 locations, the HDB determined in

accordance with the listed specification. For all

(3) the pipe size is NPS 12 (DN 300) or smaller
(4) the design pressure is determined in‘accorflance
with the design equation defined in para. 842.2.1

other RTP pipe, use 11,000 psi (76 MPa). (f) Polyamide-11 (PA-11) pipe may be operafed at
SDR = |standard dimension ratio, the ratio of the pressures up to its design pressure.as determined in
average specified outside diameter to the accordance with the design equation defined in|para.
minimum specified wall thickness, corre- 842.2.1.
sponding to a value from a common numbering . . .
system that was derived from the American 8{12.2._3 Belpforced Thermosetting Plastic (RTP)
National Standards Institute preferred  Design Limitations
number series 10. In the case of RTP pipe, (a) The value of P for RTP mains and service lines in
SDR s the ratio of the average outside diameter  gjstribution systéms in Class 3 and 4 Locations shqll not
of the reinforced thermoset layer to the  exceed 100 psig (689 kPa) except as prescribed i (d).
minimum specified wall thickness of the rein- (b) Reinforced thermosetting plastic pipe and fiktings
forced thermoset layer. DR may be substituted  gha|] not be’used where operating temperatures will be
for SDR in this calculation when the dimension below~£20°F (-29°C), or above 150°F (66°C), and |f rec-
rfitio is 1.10t an above defined “standard” dimen- ommehded by the manufacturer, up to 180°F (824C).
sion ratio. - 1r9:(¢) The wall thickness for, RTP-pipe shall not bg less
t = [specified wall thickness, in. (mm), in the case of _\\than that specified in ASTM D2517.

RTP pipe, the specified wall thickness of the
reinforced thermoset layer

NOTE: Lonjg-term hydrostatic strength at 73°F (23°C) for the
plastic matprials whose specifications are incorpaerated by refer-
ence herein are given in Mandatory Appendix b:

842.2.2 Thermoplastic Design Limitations

(a) Exdept as provided in (e)\and (f), the design pres-
sure may not exceed a gage pressure of 100 psig (689 kPa)
for plasti¢ pipe used in

(1) distribution systems
(2) Uocation Classes 3 and 4

(b) Plaptic pipedshall not be used where the design

temperatyre of the pipe will be
(1) below<40°F (-40°C). In no case shall the pipe or

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

842.2.4 Design Pressure of Plastic Fittings| The
maximum pressure rating for fittings shall be the|same
value as the maximum design pressure of the dorre-
sponding pipe size and wall thickness as indicated in
the referenced standard for the fittings and as determined
in paras. 842.2.1 and 842.2.2. The manufacturer shoyld be
consulted for advice on maximum pressure ratings for
fittings not covered by referenced standards.

842.2.5 Valves in Plastic Piping

(a) Valves in plastic piping may be made of any sujitable
material and design permitted by this (ode.
Thermoplastic valves shall comply with ASTM 02513

plpmg COlupuucutb beused-in applipatiuua bc_yuud the
manufacturer's recommended ratings for the pipe or
piping component.

(2) above the temperature at which the HDB used in
the design formula is determined.

(c) Thevalue of t for thermoplastic pipe shall not be less
than that specified in ASTM D2513.

(d) For saddle-type service connections made by heat
fusion techniques, it may be necessary for some materials
that are intended for use at high operating pressures to
require a heavier wall thickness than defined by the pres-
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and ASME B16.40.

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

842.2.6 Protection From Hazards. Plastic piping shall
conform to the applicable provisions of para. 841.1.10.
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842.2.7 Cover and Casing Requirements Under
Railroads, Roads, Streets, or Highways. Plastic piping
shall conform to the applicable requirements of paras.
841.1.11(a) and 841.1.11(d). Where plastic piping
must be cased or bridged, suitable precautions shall be
taken to prevent crushing or shearing of the piping.
(See also para. 842.3.3.)

842.2.8 Clearance Between Malns and Other

.2.9 Plastic Pipe and Tubing Joints and
ections

(a)| General Provisions. Plastic pipe, tubing, and fittings
may be joined by the solvent cement method, adhesive
methgpd, heat-fusion method, or by means of compression
couplings or flanges. The method used must be compatible
with the materials being joined. The recommendations of
the manufacturer shall be considered when determining
the nfethod to be used.

(b)| Joint Requirements
7) Pipe or tubing shall not be threaded.

) Solvent cement joints, adhesive joints, and heat-

fusion joints shall be made in accordance with quallfled"

procedures that have been established and proven by-test
to prqduce gas-tight joints at least as strong as the pipe or
tubing being joined.

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

4) Solvent cement shall be used/only on PVC joints.
5) Heat-fusion or mechanieal joints shall be used

Fusion of PE components with different melt cate-
gories may require “dissimilar fusion” procedures
provided by the manufacturer.

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

(c) Solvent Cement Joints

(1) Square cut ends free of burrs are required for a

proper socket ]omt

ac e sand mating
socket or sleeve is essentlal to a good ]omt So nd joints
cannot normally be made between loose,or very tight-
fitting components.

(3) The mating surfaces must be_¢lean, dry, and free
of material that may be detrimental to the joint.

(4) Solvent cements that/conform to ASTM D2513
and are recommended by the'pipe or tubing manufacturer
shall be used to make_cemented joints.

(5) A uniformecoating of the solvent ¢ement is
required on bothmating surfaces. After the joint is
made, excess cement shall be removed from the
outside of thé joint. The joint shall not be fisturbed
until it has)properly set.

(6).The solvent cement and piping components to be
joined'may be conditioned prior to assembly by ywarming if
dome in accordance with the manufalcturer's
recommendations.

(7). A solvent cement joint shall not be
accelerate the setting of the cement.

(8) Safety requirements in Appendix A
D2513 shall be followed when solvent cements

(d) Heat-Fusion Joints

(1) Sound butt heat-fusion joints require the use of a
jointing device that holds the heater element sqliare to the
ends of the piping, can compress the heated end$ together,
and holds the piping in proper alignment while the plastic
hardens.

heated to

of ASTM
are used.

wherl joining polyethylene.or polyamide-11 pipe, (2) Sound socketheat-fusion joints requirg the use of
tubing, or fittings. PA-11-components may be joined to ajointing device that heats the mating surfaces ¢f the joint
PA-11 components, and\PE components may be joined uniformly and simultaneously to essentially[the same
to PE[ components. PE-and PA-11 components shall not temperature. The completed joint must not be[disturbed

be hdat-fused to, €ach other. Polyethylene components
madg of different grades of materials may be heat-
fused, provided that properly qualified procedures for
joining thie-specific components are used. Any combina-
tion df PE-materials with an ASTM D2513, Table 4, Pipe

until properly set.

(3) Care must be used in the heating opgration to
prevent damage to the plastic material from overheating
or having the material not sufficiently heated tp ensure a
sound joint. Directapplication of heat with a tor¢h or other

Category, melt index category C may be joined by heat
fusion procedures such as those detailed in PPI TR-33.
The Plastics Pipe Institute (PPI) publishes the following
generic heat-fusion procedures:

(-a) TR-33, Generic Butt Fusion Joining Procedure
for Polyethylene Gas Piping

(-b) TR-41, Generic Saddle Fusion Joining
Procedure for Polyethylene Gas Piping

(-c) TR-45, Butt Fusion Joining Procedure for Field
Joining of Polyamide-11 (PA-11) Pipe
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open flame is prohibited.

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

(e) Adhesive joints

(1) Adhesives that conform to ASTM D2517 and are
recommended by the pipe, tubing, or fitting manufacturer
shall be used to make adhesive bonded joints.
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(2) When dissimilar materials are bonded together, a
thorough investigation shall be made to determine that
the materials and adhesive used are compatible with
each other.

(3) Anadhesive bonded joint may be heated in accor-
dance with the pipe manufacturer's recommendation to
accelerate cure.

(4) Provisions shall be made to clamp or otherwise
prevent the joined materials from moving until the adhe-
sive is prep

cotb

Typical coefficients of thermal expansion, which may be
used to make calculations, are given in Table 842.2.9-1.

842.3 Installation of Plastic Piping

842.3.1 Construction Specifications. All construction
work performed on piping systems in accordance with the
requirements of this Code shall be done using construction
specifications. The construction specifications shall cover
the requirements of this Code and shall be in sufficient

pearlz
efry—5€e+

() Meghanical joints®
(1) When compression-type mechanical joints are

detall to ensure proper installation.

842.3.2 Inspection and Handling Provisions. Hlastic

used, the elastomeric gasket material in the fitting piping components are susceptible té damage by
shall be ¢ompatible with the plastic (i.e., the plastic =~ mishandling. Gouges, cuts, kinks, or ‘gther forms of
and the elastomer shall not cause deterioration in one damage may cause failure. Care shall be exercised
another's|chemical and physical properties over a long during handling and installation te_prevent such damage.
period). (a) Plastic pipe and tubing shall be carefully insgected

(2) The tubular stiffener required to reinforce the
end of the pipe or tubing shall extend at least under
that sectfion of the pipe being compressed by the

for cuts, scratches, gouges, and.other imperfections hefore
use, and any pipe or tubing€ontaining harmful imperfec-
tions shall be rejecteds

.gasket or|gripping material. The stiffener shall be free (b) Each installation)shall be field inspected to dletect
of rough pr sharp edges and shall not be a force fit in harmful imperfections. Any such imperfections found
‘the pipe qr tube. Split tubular fittings shall not be used. ~ shall be eliminated.

: (3) Yince pullout resistance of compression-type
fittings vdqries with type and size, all mechanical joints
-shall be designed and installed to effectively sustain
‘the longitpidinal pullout forces caused by contraction of
ithe pipihg or by maximum anticipated external
loading. Tlhe installation shall be designed and made to

Inspection provisions shall be checked visually. If
AP 3 -Gl = . .
is any reason to believe the joint is defective, it

(c) Skillfil.application of qualified techniques and the
use of préper materials and equipment in good conflition
are required to achieve sound joints in plastic piping by
the 'solvent cement, adhesive, or heat fusion methods.
there
shall

minimize [these forces as follows: be removed and replaced.
(-a) In the case of direct burial when the pipe is (d) Care shall be exercised to avoid rough handling of
sufficiently flexible, the pipe may be snaked in the ditch. plastic pipe and tubing. It shall not be pushed or pulled
(-b) In the case of pipe installed by insertion in over sharp projections or dropped, or it shall notl have
casing, the pipe shall be pushed rather than pulled into ~ other objects dropped on it. Care shall be taken to
place so a$ to place it in compression ratherthan tension. ~ prevent kinking or buckling, and any kinks or byckles
(-c}) Allowance shall be made fok_thermal expan- that occur shall be removed by cutting out as a cyljnder.

sion and dontraction due to seasonal chahges in tempera-
ture of inftalled pipe. The importance of this allowance
increaseq as the length of thesinstallation increases.
Such allowance is of paramount importance when the
plastic plipe is used for-insertion renewal inside
another pipe, becaus$e )it is not restrained by earth
loading. This allowance may be accomplished by appro-
priate corpbinations’of

-1) (offsets

-2)-anchoring

(e) Care shall be exercised at all times to proteft the
plastic material from fire, excessive heat, or hafmful
chemicals.

(f) Plastic pipe and tubing shall be adequfately
supported during storage. Thermoplastic pipe, tybing,
and fittings shall be protected from long-term explosure
to direct sunlight.

842.3.3 Installation Provisions

(a) Aboveground Installation. Plastic piping mpy be

-3) aligning the pipe and fitting

(-4) in the case of compression, fittings by the
use of long-style types and placement of the pipe in slight
axial compression

(-5) expansion-contraction devices, or

(-6) fittings designed to prevent pullout

3 Refer to the current editions of the AGA Catalog No. XR0104, Plastic
Pipe Manual for Gas Service; ASTM D2513; ANSI/GPTC Z380.1, Guide for
Gas Transmission and Distribution Piping Systems; and technical publica-
tions of plastic pipe and fitting manufacturers.
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installed aboveground if it is one of the following:

(1) encased in metal pipe that is protected against
atmospheric corrosion; protected against deterioration
(e.g., high-temperature degradation); and protected
against external damage

(2) installed on a bridge in accordance with GRI
Report 00/0154, Design Guide for Pipes Across Bridges

(3) installed for plastic service lines as permitted in
para. 849.4.2(b)
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Table 842.2.9-1 Nominal Values for Coefficients of
Thermal Expansion of Thermoplastic Pipe Materials

Nominal
Coefficients of
Thermal Expansion

(2) 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. 842.2.9(f).]

(3) When long sections of piping that have been

General ASTSM_ D696, assembled alongside the ditch are lowered in, care
Material * 107 in./in./°F shall be exercised to avoid any strains that may overstress
Designation (x 107> mm/mm/°C) . . .
or buckle the piping or impose excessive stress on the
PA 32312 (PA-11) 8.5 (4.3) joints
PA 32316 (PA-11) 8.5 (4.3) {4} Backfilling shall- beperformedin-a-manner to
PE 2406 9.0 (5.0) provide firm support around the piping, Th¢ material
PE 2606 10.0 (5.6) used for backfilling shall be free of large rocks, pieces
PE 2706 10.0 (5.6) of pavement, or any other materials that might damage
PE 2708 10.0 (5.6) the pipe.
PE 3408 9.0 (5.0) (5) Where flooding of the trench is done|to conso-
PE 3608 9.0 (5.0) lidate the backfill, care shali/bé exercised t see that
PE 3708 9.0 (5.0) the piping is not floated from its firm bearipg on the
PE 3710 9.0 (5.0) trench bottom.. . . o
(6) A positive anethod of locating plastic piping
PE 4708 9.0 (5.0) . . . . .
pE 4710 90 (5.0 systems is required. A common method is the ipstallation
060 of electrically conductive material, such as tracer wire or
PVC 1120 3.0 (17) plastic coated\metallic tape with the plastic pipe to facil-
PVC 1220 3.5 (1.9) itate locating'it with an electronic pipe locator. Alternative
PVC 2]16 4.0 (2.2) proven-locating methods may be used.

GENERAL NOTES:

(a) Infividual compounds may differ from values in this Table as
mpich as #+10%. More exact values for specific commercial
prpducts may be obtained from the manufacturers.

(b) AH
pdlyvinyl chloride.

Rlastic pipe shall not be used to support. external
loads| Encased plastic pipe shall be able to.Wwithstand
anticjpated temperatures without detériorating or
decr¢asing in strength below the design limitations
statedl in paras. 842.2.2 and 842.2.3::When protecting
againfst external damage, consideration shall be given
to the need to isolate the encased segment and to
safely vent or contain gas that'may escape the plastic
pipe |n the event of a leak or'rupture.

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

(c)|Stresses. Plastic piping shall be installed in such a
way that shear or tensile stresses resulting from construc-
tion, lpackfill, thermal contraction, or external loading are

breviations: PA-11‘=polyamide-11;PE =‘polyethylene;, PVG 997

(e)Nnsertion of Casing
(1) The casing pipe shall be prepared to fhe extent
hecessary to remove any sharp edges, projectior}s, or abra-
sive material that could damage the plastic during and
after insertion.
(2) Plastic pipe or tubing shall be inserted into the
casing pipe in such a manner so as to protect the plastic
during the installation. The leading end of the plastic shall
be closed before insertion. Care shall be taken fo prevent
the plastic piping from bearing on the end of the casing.
(3) The portion of the plastic piping expoged due to
the removal of a section of the casing pipe shall pe of sulffi-
cient strength to withstand the anticipated external
loading, or it shall be protected with a suitablg bridging
piece capable of withstanding the anticipatedl external
loading.

(4) The portion of the plastic piping t
disturbed earth shall be adequately protected
ging piece or other means from crushing or she
external loading or settling of backfill.

(5) The piping shall be installed to prjovide for
possible contraction. Cooling may be necessdry before

hat spans
by a brid-
ring from

minimized. [See para. 842.2.9(f).]
(d) Direct Burial

(1) 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
completed. Plastic piping shall not be supported by
blocking. Well-tamped earth or other continuous
support shall be used.
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the Tast connection is made when the pipe has been
installed in hot or warm weather. [See para. 842.2.9(f).]

(6) If water accumulates between the casing and the
carrier pipe where it may be subjected to freezing
temperatures, the carrier pipe can be constricted to
the point where the capacity is affected or the pipe
wall could be crushed and leak. To avoid this, one or
more of the following steps shall be taken:
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(-a) The annulus between the carrier pipe and
casing shall be kept to a minimum so that the increased
volume of water changing to ice will be insufficient to
crush the carrier pipe.

(-b) Adequate draining for the casing shall be
provided.

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

(f) Trenchless Installations — Plastic Pipe. For general

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

842.3.7 Purging. Purging of plastic mains and service
lines shall be done in accordance with the applicable
provisions of paras. 841.2.7(e) and 841.2.7(f).

842.4 Testing Plastic Piping After Construction

842.4.1 General Provisions

installatiopreguirements;seepara-84+-1-9 1 naddition;
the followling measures shall also be taken for trenchless
installations of plastic pipe:

(1) Protecting Pipe

(-a) Precautions shall be taken to avoid pushing or
pulling th¢ exposed pipe string over sharp objects or abra-
sive surfages that may damage the pipe during installation.

(-b) Visual inspection of the exposed pipe surface
shall be performed before and after installation. This
would indlude any exposed pipe sections at the pulling
head and|at holes dug for test pits, tie-ins, and branch
or servide connections. If damage (e.g., scratches,
gouges, effc.) exceeds 10% of the nominal wall thickness,
then the lipe shall be replaced in its entirety.

(-c) Measures shall be taken to prevent overstres-
sing plastjic pipe during trenchless installations. These
measures| may include monitoring of the pulling force,
use of a|weak link at the pulling head, or other
methods| For further information, see Handbook of
Polyethyl¢ne Pipe.

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

J/@etting plastic piping shall 'het be tested at maFerial

{aJ Pressure Testing. All plastic piping shall be prassure
tested after construction and before being placed ingpera-
tion to demonstrate that it does not leak.

(b) Tie-Ins. Because it is sometimes negessary to dlivide
a pipeline or main into sections for testing, and to install
test heads, connecting piping, and other necessary appur-
tenances, itis notrequired that the tie'in sections of piping
be tested. The tie-in joints, hewever, shall be test¢d for
leaks at line pressure.

842.4.2 Test Requiftements

(a) The test pracedure used, including the duratjon 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 qf the
sectionand its location.

(b)Thermoplastic piping shall not be tested at m3
temperatures above 140°F (60°C), and reinforced th

terial
bI'mo-

f the
3°C),

temperatures above 150°F (66°C). The duration
test of thermoplastic piping above 100°F (3
however, shall not exceed 96 hr.

(c) Sufficient time for joints to “set” properly muist be

(2) Additional Evaluation Measures. The minimum ST
. . . . . . allowed before the test is initiated.
inspection and post-inspection testing requirements else- () Plastic pipelines and mains shall be tested at apr
where in this Code shall be employed. asticpipelinesa amns shafibetested atgpres

842.3.4 Bends and Branches. Changes'in direction of
plastic piping may be made with beénds, tees, or elbows
under the following limitations

(a) Plasgtic pipe and tubingmay be deflected to a radius
not less than the minimunirecommended by the manu-
facturer for the kind, type, grade, wall thickness, and
diameter pf the particular plastic used.

(b) Th¢ bends shall be free of buckles, cracks, or other
evidence pf damage.

(c) Changesiin direction that cannot be made in accor-
dance with (n) above shall be made with r-\]hn\/\r-fypp

sure not less than 1.5 times the maximum operating
sure or 50 psig (340 kPa), whichever is greater, excey
(1) the test pressure for reinforced thermos
plastic piping shall not exceed 3.0 times the design
sure of the pipe
(2) the test pressure for thermoplastic piping
not exceed 3.0 times the design pressure of the pjpe at
temperatures up to and including 100°F (38°C) ¢r 2.0
times the design pressure at temperatures excegding
100°F (38°C)
(e) Gas, air, or water may be used as the test medium.

pres-
tthat
ptting
pres-

shall

fittings.
(d) Field-fabricated miter fittings are not permitted.
(e) Branch connections shall be made only with socket-
type tees or other suitable fittings specifically designed for
the purpose.

842.3.5 Field Repairs of Gouges and Punctures.
Injurious gouges or punctures shall be removed by
cutting out and replacing the damaged portion as a cyl-
inder or repaired in accordance with para. 852.5.2.
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842.4.3 Safety During Tests. All testing after construc-
tion shall be done with due regard for the safety of
employees and the public during the test.

842.5 Copper Mains
842.5.1 Design of Copper Mains

(a) Requirements. When used for gas mains, copper
pipe or tubing shall conform to the following
requirements:
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(1) Copper pipe or tubing shall not be used for mains
where the pressure exceeds 100 psig (690 kPa).

(2) Copper pipe or tubing shall not be used for mains
where the gas carried contains more than an average of 0.3
grains of hydrogen sulfide per 100 standard cubic feet (2.8
m?) of gas. This is equivalent to a trace as determined by a
lead acetate test.

(3) Copper tubing or pipe for mains shall have a
minimum wall thickness of 0.065 in. (1.65 mm) and
shall be-hard-drawn :

tible or limited combustible materials as defined in NFPA
220.

843.1.3 Exits. A minimum of two exits shall be
provided for each operating floor of a main compressor
building, basements, and any elevated walkway or plat-
form 10 ft (3 m) or more above ground or floor level.
Individual engine catwalks shall not require two exits.
Exits of each such building may be fixed ladders, stairways,
etc. The maximum distance from any point on an operating

oGt

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

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

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

(d)| Joints in Copper Pipe and Tubing. Copper pipe shall
be joined using either a compression-type coupling or a
brazed or soldered lap joint. The filler material used for
brazing shall be a copper-phosphorus alloy or silver base
alloy.|Butt welds are not permissible for joining copper
pipe pr tubing. Copper tubing shall not be threaded,
but cppper pipe with wall thickness equivalent to the
compprable size of Schedule 40 steel pipe, i.e., ranging

from|0.068 in. (1.73 mm) for NPS 7 (DN, 6) to 0.406 ;3
in. (10.31 mm) for NPS 12 (DN 300), may be threaded™

and ysed for connecting screwed fittings or valves;,

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

842.5.2 Testing of Copper Mains-After Construction.
All cgpper mains shall be tested after construction in
accorfdance with the provisions of para. 841.3.5.

843 COMPRESSOR STATIONS

843.1 Compressor Station Design

843.1.1 Location of Compressor Building. Except for
offshore pipélinés, the main compressor building for gas
compresSoitstations should be located at such clear
distapces-from adjacent property not under control of

floor to an exit shall not exceed 75 ft (23 m), [measured
along the centerline of aisles or walkwayshExifs shall be
unobstructed doorways located so as toyprovide a conve-
nient possibility of escape and shall ppovide ungbstructed
passage to a place of safety. Door latches shall be of a type
that can be readily opened from the inside witout a key.
All swinging doors located jn an’exterior wall shall swing
outward.

843.1.4 Fenced Areas. Any fence that may ﬂ;amper or
prevent escape %f'persons from the vicinity of a
compressor station in an emergency shall be| provided
with a minimfum of two gates. These gate§ shall be
located s¢jas’to provide a convenient opporftunity for
escape to a place of safety. Any such gatejs located
withinn200 ft (61 m) of any compressor plant building
shall open outward and shall be unlocked (dr capable
of being opened from the inside without a Key) when
the area -within the enclosure is o¢cupied.
Alternatively, other facilities affording a similafly conve-
nient exit from the area may be provided.

843.2 Electrical Facilities

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

Electrical installations in hazardouslocationsfs defined
in NFPA 70 and that are to remain in operation during
compressor station emergency shutdown as|provided
in para. 843.3.3(a)(1) shall be designed to c¢nform to
NFPA 70 for Class I, Division 1 requirements.

843.3 Compressor Station Equipment

843.3.1 Liquid Removal for Gas Treating Facilities.
When condensable vapors are present illl the gas

the operating company as to minimize the hazard of
communication of fire to the compressor building from
structures on adjacent property. Sufficient open space
should be provided around the building to permit the
free movement of firefighting equipment.

843.1.2 Building Construction. All compressor station
buildings that house gas piping in sizes larger than NPS 2
(DN 50) or equipment handling gas (except equipment for
domestic purposes) shall be constructed of noncombus-

streanr i suffictentquantity totquefyumder—the antici-
pated pressure and temperature conditions, the suction
stream to each stage of compression (or to each unit for
centrifugal compressors) shall be protected against the
introduction of dangerous quantities of entrained
liquids into the compressor. Every liquid separator
used for this purpose shall be provided with manually
operated facilities for removal of liquids therefrom. In
addition, automatic liquid removal facilities, an automatic
compressor shutdown device, or a high liquid level alarm

(18)
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shall be used where slugs of liquid might be carried into
the compressors.

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

843.3.3 Safety Devices

that is designed to shut down the unit before the
maximum safe speed of either the prime mover or
driven unit, as established by the respective manufac-
turers, is exceeded.

843.3.4 Pressure-Limiting Requirements in
Compressor Stations

(a) Pressure Relief. Pressure relief or other suitable
protective devices of sufficient capacity and sensitivity

(a) Enmergency Shutdown Facilities
(1) Hxcept as noted or clarified in (2) through (4),
compresspr station shall be provided with an emergency
shutdown system by means of which the gas can be
blocked dqut of the station and the station gas piping
blown ddwn. Operation of the emergency shutdown

Shatl be instatied and maintained to ensure that the
maximum allowable operating pressure of the(station
piping and equipment is not exceeded by more‘than|10%.

(b) Pressure Relief Valves. A pressure,relief valve or
pressure-limiting device, such as a pressure swifch or
unloading device, shall be installed,in the discharge
line of each positive displacetwent transmigsion

system algo shall cause the shutdown of all gas compres- )
: . . . . compressor between the gasycompressor and thg first
sing equipment and all gas-fired equipment. Operation of . .

. . . e discharge block valve. If a-pressure relief valve |s the
this syst¢m shall de-energize the electrical facilities . . : L .
located in the vicinity of head d in th primary overprotection device, then the relieving capacity

shall be equal to or greater than the capaci e
ocated in the vicinity of gas headers and in the ;

compresspr room, except those that provide emergency
lighting fqr personnel protection and those that are nec-
essary for|protection of equipment. The emergency shut-
down system shall be operable from any one of atleast two
locations putside the gas area of the station, preferably
near exit |gates in the station fence, but not more than

500 ft (150 m) from the limits of the stations.

compressor. If the relief valves on the compresspr do
not prevent the possibility of overpressuring the pipeline
as specified in‘section 845, arelieving or pressure-lirpiting
device shallbe installed on the pipeline to prevent if from
being overpressured beyond the limits prescribed Qy this
Code,

(c)+Venting. Ventlines provided to exhaust the gag from

gilsxj(r)ge]olf)lg:sl%ssﬁzltl leiizj}lzlciot?:rii(t):a;lﬁ:z;};eig EEZ - rithe pressure reliefvalves toatmosphere shall be ext¢nded
compressbr station or surrounding area to a location where the gas may be discharged without
F}Z) Unattended field compressgor staéions 0f 1,000 ) undue hazard. Vent lines shall have sufficient capacity

(746 kW) and less are excluded from the provisions of\(1).
(3) Hach compressor station supplying gas-directly

f the
5, see

so that they will not inhibit the performance ¢
relief valve. For additional design consideration
para. 841.1.9(d).

to a distrilpution system shall be provided with emérgency
shutdown/facilities located outside the compressor station 843.3.5 Fuel Gas Control. An automatic device
buildings py means of which all gas can be)blocked out of designed to shut off the fuel gas when the engine|stops

the station, provided there is another‘adequate source of

shall be provided on each gas engine operating with|pres-

gas for th¢ distribution system. These shutdown facilities sure gas injection. The engine distribution manifold shall
can be either automatic or manually operated as local be automatically vented simultaneously.
conditions designate. When no.other gas source is avail-

able, no gshutdown facilities that might function at the
wrong time and causé an outage on the distribution
system sHall be installed.

843.3.6 Cooling and Lubrication Failures. All gas
compressor units shall be equipped with shutdoyn or
alarm devices to operate in the event of inadefjuate
cooling or lubrication of the units.

(4) Notwithstanding the exceptions in (2) and (3),
each compressorstation handling gas that contains quan- 843.3.7 Explosion Prevention
tities or cdncentrations of hydrogen sulfide and/or liquids
sufficient to presentamrenvir onnrentat-or aafct_y hazard (n) Muﬁﬂprc The external shell of mufflers for ed gines

shall be provided with an emergency shutdown
system. The emergency shutdown system and automatic
or manual blowdown processes and equipment must be
designed to prevent the automatic release of hydrogen
sulfide, condensable vapors, or free liquids into the atmo-
sphere in concentrations that may be hazardous to the
operator or the general public.

(b) Engine Overspeed Stops. Every compressor prime
mover, except electrical induction or synchronous
motors, shall be provided with an automatic device

60

using gas as fuel shall be designed in accordance with good
engineering practice and shall be constructed of ductile
materials. It is recommended that all compartments of
the muffler be manufactured with vent slots or holes
in the baffles to prevent gas from being trapped in the
muffler.

(b) Building Ventilation. Ventilation shall be ample to
ensure that employees are not endangered under normal
operating conditions (or such abnormal conditions as a
blown gasket, packing gland, etc.) by accumulations of
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hazardous concentrations of flammable or noxious vapors
or gases in rooms, sumps, attics, pits, or similarly enclosed
places, or in any portion thereof.

(c) LPG Ventilation. All liquefied petroleum gases are
heavier than air; hence, structures aboveground for
housing regulators, meters, etc., shall have open vents
near the floor level. Such equipment shall not be installed
in pits or in underground vaults, except in cases where
suitable provisions for forced ventilation are made.

(b) Installation of Gas Piping. The provisions of para.
841.2 shall apply where appropriate to gas piping in
compressor stations.

(c) Testing of Gas Piping. All gas piping within a
compressor station shall be tested after installation in
accordance with the provisions of para. 841.3 for pipelines
and mains in Location Class 3, except that small additions
to operating stations need not be tested where operating
conditions make it impractical to test.

(d)

I D Cpacial Dyacaytione Cnncial copn i paayiead 130
o opeeittrFecattiois—opecareareiSTreqtireatt

(d) TdontifGoating of VValuae agnd Dinina All
T eRt I eat o6 aryes—ahRaT1ptig—x

H-emergency

the lofration of relief valve discharge vents releasing LPG to valves and controls shall be identified by signs| The func-
the afmosphere to prevent accumulation of the heavy tion of allimportant gas pressure piping shall'be|identified
gases|at or below ground level. Likewise, special precau- by signs or color codes.

tions jare necessary for adequate ventilation where exca- 843.4.2 Fuel Gas Piping. Therfollowing afe specific

vatiofs are made for the repair of leaks in an underground
LPG distribution system.

843.3.8 Gas Detection and Alarm Systems
(@)

wher
shall
the b

Each compressor building in a compressor station
b hazardous concentrations of gas may accumulate
have a fixed gas detection and alarm system unless
hilding is
7) constructed so that at least 50% of its upright
side area is permanently open to the atmosphere or
adequately ventilated by forced or natural ventilation, or
?) in an unattended field compressor station loca-
tion pf 1,000 hp (746 kW) or less and adequately
ventilated 5

(b)| Except when shutdown of the system is necessaty:
for mlaintenance (see para. 853.1.6), each gas deteCtion
and alarm system required by this section shall
1) continuously monitor the compressor-building
concentration of gas in air of not meré than 25%

lower explosive limit
?) warn persons about to enter;the building and
persons inside the building of the-danger if that concen-
tratiojn of gas is exceeded

(c)| The compressor building configuration shall be
consiflered in selecting the number, type, and placement
of detectors and alarms.

(d)| Alarm signals¢shall be unique and immediately
recogizable, considering background noise and lighting,
to pefsonnel who.are inside or immediately outside each
compfressor.building.

for a
of thd

843.4 Compressor Station Piping

¥y

provisions applicable to compressor station fuel gas
piping only:

(a) All fuel gas lines withii a compressor sfation that
serve the various buildings and residential areas shall be
provided with mastershutoff valves located outfide of any
building or residential area.

(b) The préssure-regulating facilities for thle fuel gas
system for.a compressor station shall be proyided with
pressure-limiting devices to prevent the normalloperating
pressure-of the system from being exceeded by more than
25%, or the maximum allowable operating pressure by
more than 10%.

(c) Suitable provision shall be made to prevent fuel gas
from ‘lentering 'the ' powerccylinders of an engine and
actuating moving parts while work is in prpgress on
the engine or on equipment driven by the engine.

(d) All fuel gas used for domestic purpfoses at a
compressor station that has an insufficient ddor of its
own to serve as a warning in the event of its escape
shall be odorized as prescribed in section 8584.

843.4.3 Air Piping System

(a) All air piping within gas compressing stafions shall
be constructed in accordance with ASME B31{3.

(b) The starting air pressure, storage volume, and size
of connecting piping shall be adequate to rotate the engine
at the cranking speed and for the number of r¢volutions
necessary to purge the fuel gas from the powdr cylinder
and muffler. The recommendations of the eng|ne manu-
facturer may be used as a guide in determirling these
factors. Consideration should be given to thp number

843.4.1 Gas Piping. The following are general provi-
sions applicable to all gas piping:

(a) Specifications for Gas Piping. All compressor station
gas piping, other than instrument, control, and sample
piping, up to and including connections to the main pipe-
line shall be of steel and shall use a design factor, F, per
Table 841.1.6-2. Valves having shell components made of
ductile iron may be used subject to the limitations in para.
831.1.1(b).

61

having to
startseveral of these engines within a short period of time.

(c) A check valve shall be installed in the starting air -
line near each engine to prevent backflow from the engine
into the air piping system. A check valve shall also be :
placed in the main air line on the immediate outlet
side of the air tank or tanks. It is recommended that equip-
ment for cooling the air and removing the moisture and
entrained oil be installed between the starting air
compressor and the air storage tanks.

£ . . PRSI | D | IR | aloalon £
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(d) Suitable provision shall be made to prevent starting
air from entering the power cylinders of an engine and
actuating moving parts while work is in progress on
the engine or on equipment driven by the engines.
Acceptable means of accomplishing this are installing a
blind flange, removing a portion of the air supply
piping, or locking closed a stop valve and locking open
a vent downstream from it.

(e) Air receivers or air storage bottles for use in
compress t t
in accordfnce with the BPV Code, Section VIII.

or bottles and the fence, and the maximum operating pres-
sure, as shown in Table 844.3-1.

(c¢) The minimum clearance between containers and
the fenced boundaries of the site is fixed by the
maximum operating pressure of the holder as shown
in Table 844.3-2.

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

(U.S. Customary Units)

3DPF

843.4.4 Lubricating Oil Piping. All lubricating oil = Tono
piping within gas compressing stations shall be con- ’
structed ih accordance with ASME B31.3. (SI Units)

843.4.% Water Piping. All water piping within gas C= 3DPF
compress]ng stations shall be constructed in accordance 6895
with ASME B31.1.

. . . o where
843.4.¢ Steam Piping. All steam piping within gas C = minimum clearan¢e between pipe contain¢rs or

compressjng stations shall be constructed in accordance
with ASME B31.1 or ASME B31.3.

bottles, in. (mm)

D = outside diameter of pipe container or bottle, in.
843.4.7 Hydraulic Piping. All hydraulic power piping (mm)
within ga$ compressing stations shall be constructed in F = design factor [see (b) above]
accordande with ASME B31.3. P = maximum allowable operating pressure| psig

844 PIPE-TYPE AND BOTTLE-TYPE HOLDERS

Under Exclusive Use and Control of the
Operating Company

A pipe-fype holder that is to be installed in streets,high-
ways, or ih private rights-of-way not under the exclusive
control and use of the operating company shall be

844.1 Pilfe-T_ype Holders in Rights-of-Way Not

\\€ontainer notless than 24 in. (610 mm) below the g

(kPa)

3 ‘(e) Pipe containers shall be buried with the top of each
round
surface.

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

(g) Pipe-typeholdersshall be tested inaccordanc
the provisions of para. 841.3.2 for a pipeline located

ainer
24in.

b with
in the

designed,|installed, and tested in accardance with the same Location Class as the holder site, provided, however,
provisions of this Code applicable to‘a pipeline installed that in any case where the test pressure will produce a
in the sanje location and operated(atjthe same maximum hoop stress of 80% or more of the specified minjmum

pressure.

844.2 Bottle-Type Holders

Bottle-tiype holders shall be located on land owned or
under the¢ exclusjve.control and use of the operating
company.

844}3 Pipe-Type and Bottle-Type Holders on

yield strength of the pipe, water shall be used gs the

test medium.

844.4 Special Provisions Applicable to Bottle-

Type Holders Only

steel
all of

A bottle-type holder may be manufactured from
thatis not weldable under field conditions, subject tq
the following limitations:

Property Under the Exclusive Use and
Control of the Operating Company

(a) The storage site shall be entirely surrounded with
fencing to prevent access by unauthorized persons.

(b) A pipe-type or bottle-type holder that is to be
installed on property under the exclusive control and
use of the operating company shall be designed in accor-
dance with construction design factors. The selection of
these factors depends on the Location Class in which the
site is situated, the clearance between the pipe containers

62

(a) Bottle-type holders made from alloy steel shall
meet the chemical and tensile requirements for the
various grades of steel in ASTM A372.

(b) In no case shall the ratio of actual yield strength to
actual tensile strength exceed 0.85.

(c) Welding shall not be performed on such bottles
after they have been heat treated and/or stress relieved,
except that it shall be permissible to attach small copper
wires to the small diameter portion of the bottle end
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Table 844.3-1 Design Factors, F

Design Factors, F

For Minimum
Clearance Between
Containers and Fenced
Boundaries of Site of

For Minimum Clearance
Between Containers
Holder Size and Fenced Boundaries

845 CONTROL AND LIMITING OF GAS PRESSURE

845.1 Basic Requirement for Protection Against
Accidental Overpressuring

Every pipeline, main, distribution system, customer's
meter and connected facilities, compressor station,

maximum
(refer to

Location  of Site of 25 ft (7.6 m) 100 ft (30 m)
Class to 100 ft (30 m) and Over pipe-type holder, bottle-type holder, containers fabri-
1 0.72 0.72 cated from pipe and fittings, and all special equipment,
” QED a79 if connected to a compressor or to a gas source where
] 0.60 0.60 the failure of pressure control or other cauges might
) 0.40 0.40 result in a pressure that would exceed_ the
allowable operating pressure of therfacility
Tabld 844.3-2 Minimum Clearance Between Containers - .- 805.2.1), shall be equipped qjth suitg

and Fenced Boundaries

Maximum Operating Minimum
Pressure, psig (kPa) Clearance, ft (m)
Less than 1,000 (6 900) 25 (7.6)
1,000 (6 900) or more 100 (30)

e for cathodic protection purposes using a localized
thermit welding process (charge not to exceed 15 g).

(d)| Such bottles shall be given a hydrostatic test in the
mill ahd need not be retested hydrostatically at the time of
installation. The mill test pressure shall not be less than
that required to produce a hoop stress equal to 85% of the
specified minimum yield strength of the steel. Careful
insp¢q
shall pe made, and no damaged bottle shall be used.

(e)| Such bottles and connecting piping shall be‘tested
for tightness after installation using air or gas at a:pressure
of 50 psi (340 kPa) above the maximumoperating
presspre.

closu

844.5 General Provisions Applicable to Both Pipe-
Type and Bottle-Type (Holders

(a)| No gas containing more than 0.1 grain of hydrogen
sulfide per 100 standard cubiefeet (2.8 m®) shall be stored
wher] free water is present or anticipated without
emplpoying suitable/means to identify, mitigate, or
prevent detrimental internal corrosion. (See section 864.)

(b)] Provisign'shall be made to prevent the formation or
accurmulation®of liquids in the holder, connecting piping,
and quxiliayy equipment that might cause corrosion or
interferewith the safe operation of the storage equipment.

ction of the béttles at the time of installation?;”

ble pres-
sure-relieving or pressure-limiting-devices. Spekial provi-
sions for service regulators arejset forth in parp. 845.2.7.

845.2 Control and Limiting of Gas PressLure

845.2.1 Control.and Limiting of Gas Pr
Holders, Pipelines,‘and All Facilities That
Times Be Bottle_Tight. Suitable types of p
devices to_préevent overpressuring of such
include

(a) spring-loaded relief valves of types m
provisions of the BPV Code, Section VIII

(B) pilot-loaded back-pressure regulators us
valves, so designed that failure of the pilot
control lines will cause the regulator to open

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

ssure in
Might at
rotective
facilities

peting the

bd asrelief
tystem or

visions of

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

(a) The design pressure (defined in para. §05.2.1) of
the weakest element of the pipeline or main. [Assuming
that all fittings, valves, and other accessorjes in the
line have an adequate pressure rating, the maximum
allowable operating pressure of a pipeling or main
shall be the design pressure determined in afcordance
with para. 841.1.1 for steel or para. 842.2 for|plastic.

(b) The pressure obtained by dividing the pfessure to
which the pipeline or main is tested after constiuction by

Relief valves shall be installed in accordance with provi-
sions of this Code that will have relieving capacity
adequate to limit the pressure imposed on the filling
line and thereby on the storage holder to 100% of the
design pressure of the holder or to the pressure that
produces a hoop stress of 75% of the specified
minimum yield strength of the steel, whichever is the
lesser.
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the appropriate factor for the Location Class involved, as
shown in Table 845.2.2-1.

(c) The maximum safe pressure to which the pipeline
or main should be subjected based on its operating and
maintenance history (for pipelines, see para. 851.1).

(d) When service lines are connected to the pipeline or
main, the limitations set forth in paras. 845.2.4(c)(2) and
845.2.4(c)(5).
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Table 845.2.2-1 Maximum Allowable Operating Pressure
for Steel or Plastic Pipelines or Mains

(5) While the maximum pressure of a test used to
establish the maximum allowable working pressure is
not limited by this paragraph except by (2), due

Location Pressure for Steel Pressure for . . . ; ’
Class [Note (1)] Plastic caution should be exercised in selecting the maximum
Test test pressure.
1, Division 1 —Spreme NA. (b) Pipelines Operating at Less Than 100 psig (690 kPa).

125

Test pressure

1, Division 2 1.50

This paragraph applies to existing natural gas pipelines or
to existing pipelines being converted to natural gas service
where one or more factors of the steel pipe design formula
to be

ic
TS

Test pressure
3 1.50

[Note (2)]

[Note (2)]

NOTES:

(1) Seeparp.845.2.3 for test factors applicable to conversion of pipe-
lines w|th unknown factors.

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

(coa nara QA1 1 1 3
Pata—o e W He—tt €

otepart o Tt

operated at less than 100 psig (690 kPa). The max
allowable operating pressure shall be determinedby
sure testing the pipeline.

(1) The maximum allowable operating pregsure
shall be limited to the pressure obtained by diyiding
the pressure to which the pipelirie”of main is tested by
the appropriate factor for theltocation Class invplved
as shown in Table 845.2.3-2:

(2) The test pressure-to be used in the max
allowable operating pressure calculation shall he the
test pressure obtained at the high elevation pofnt of
the minimum stréngth test section and shall njot be
higher than the ‘pressure required to produce alhoop
stress equalto the yield strength as determing¢d by
testing. Only’the first test to yield can be used to determine
maxim@m allowable operating pressure.

(3) Records of pressure tests and line repairs sHi

dic ynmlenavazn and +ha i alin o
Hs SWih—& e-pipelin

jmum
pres-

mum

allbe

845..3 Qualification of a Steel Pipeline-or Main to r1‘,@1\;eserved as. long as the facilities_involved remain in
Establish [the MAOP wervice.
(4) Determine thatall valves, flanges, and otherpres-
(a) Pipgline Operating at 100 psig (690 kPa) or More: sure rated components have adequate ratings.

This paragraph applies to existing natural gas pipélines
or to existing pipelines being converted to natural gas
service where one or more factors of the steel pipe
de$ign formula (see para. 841.1.1) is unknown, and the
pipeline |s to be operated at 100 psig)(690 kPa) or
more. The maximum allowable operating pressure
shall be d¢termined by hydrostatic'testing of the pipeline.

* (1) The maximum allowable operating pressure
shall be lImited to the preSsufe obtained by dividing
the presstfire to which thelpipeline or main is tested by
the apprdpriate factot for the Location Class involved
as shown|in Table,845:2.3-1.

(5) Although the maximum pressure of a test utilized
to establish the maximum allowable working pressjure is
not limited by this paragraph except by (2), due cdution
should be exercised in selecting the maximum test
pressure.

845.2.4 Control and Limiting of Gas Pressure in High-
Pressure Steel, Ductile Iron, Cast Iron, or Plastic
Distribution Systems

(a) Each high-pressure distribution system or main,
supplied from a source of gas that is at a higher pressure
than the maximum allowable operating pressure for the

(2) The test pressure to be used in the maximum  gyqrem, shall be equipped with pressure-regulating
allowablg operating pressure calculation shall be the  ja.vices of adequate capacity and designed to megt the
test pressure-obtained at the high elevation point of pressure, load, and other service conditions ynder

the minimum strength test section and shall not be
higher than the pressure required to produce a hoop
stress equal to the yield strength as determined by
testing. Only the first test to yield can be used to determine
maximum allowable operating pressure.

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

(4) Determine thatall valves, flanges, and other pres-
sure rated components have adequate ratings.

64

which they will operate or to which they may be subjected.
(b) In addition to the pressure-regulating devices
prescribed in (a), a suitable method shall be provided
to prevent accidental overpressuring of a high-pressure
distribution system.
Suitable types of protective devices to prevent over-
pressuring of high-pressure distribution systems include
(1) relief valves as prescribed in paras. 845.2.1(a)
and 845.2.1(b).
(2) weight-loaded relief valves.
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Table 845.2.3-1 Maximum Allowable Operating Pressure
for Pipelines Operating at 100 psig (690 kPa) or More

subjected in accordance with the requirements of this
Code. It shall not exceed
(1) thedesign pressure of the weakest element of the

Location Maximum Allowable . .
Class Operating Pressure system as defined in para. 805.2.1
(2) 60 psig(410KkPa)iftheservicelinesinthe system
Test pressure . . .
1, Division 1 —_— are not equipped with series regulators or other pressure-

125

Test pressure

1, Division 2 139

limiting devices as prescribed in para. 845.2.7(c)
(3) 25 psig (170 kPa) in cast iron systems having
caulked bell and spigot joints, which have not been

aguippad—adth -hall ioint clamane o arh oy A£C ctive leak
g ppea— Wittt oot eampSorotne—EHeC

Test pressure

2.5

Tablq 845.2.3-2 Maximum Allowable Operating Pressure
for Pi;elines Operating at Less Than 100 psig (690 kPa)

3) amonitoringregulatorinstalled in series with the
ry pressure regulater:

4) a series regulaterinstalled upstream from the
primdry regulator and set to limit the pressure on the
inlet|of the pripiahy regulator continuously to the
maximum allowable operating pressure of the distribu-
tion qystem oriléss.

5) an.automatic shutoff device installed in series
with fhesprimary pressure regulator and set to shut off

primg

sealing methods

2 167 (4) the pressure limits to which any\joinf could be
subjected without possibility of parting

Test pressure (5) 2 psig (14 kPa) in high-pressure digtribution

3 a0 systems equipped with serviceregulators not meeting

the requirements of para. 845:2.7(a) and that do not

. Test pressure have an overpressure protective device as rgquired in

para. 845.2.7(b)

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

845.2.5~Control and Limiting of Gas Pressufe in Low-

Location Maximum Allowable Pressure Distribution Systems
Class Operating Pressure

(a)~Eachlow-pressure distribution system or{low-pres-
1 suré’main supplied from a gas source that is gt a higher
pressure than the maximum allowable operating pressure
= forithe low-pressure system shall be equipped with pres-
2 sure-regulating devices of adequate capacity. These
devices must be designed to meet the presgure, load,
Test pressure and other service conditions under which [they will

3 150 -~ have to operate.
(b) In addition to the pressure-regulatinig devices
prescribed in (a), a suitable device shall be provided to
4 prevent accidental overpressuring. Suitable types of
protective devices to prevent overpressuring offlow-pres-

sure distribution systems include

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

(2) weight-loaded relief valves

(3) an automatic shutoff device as describ
845.2.4(b)(5)

(4) a pilot-loaded, back-pressure regulator as
described in para. 845.2.1(b)

(5) a monitoring regulator as describe
845.2.4(b)(3)

bd in para.

1 in para.

when The pressure on the distribution system reacies
the maximum allowable operating pressure or less.
This device must remain closed until manually reset. It
should not be used where it might cause an interruption
in service to a large number of customers.
(6) spring-loaded, diaphragm-type relief valves.

(c¢) Maximum Allowable Operating Pressure for High-
Pressure Distribution Systems. This pressure shall be
the maximum pressure to which the system can be

65

(6) aseriesregulator as described in para.845.2.4(b)
(4)

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

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

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

(a) Before converting a low-pressure distribution
system to a high-pressure distribution system, it is
required that the following factors be considered:

(1) the design ofthe system, including kinds of mate-
rial and equipment used

(2) past maintenance records, including results of
any previous leakage surveys

(5) the capability under normal operating conditions
of regulating the downstream pressure within the neces-
sary limits of accuracy and of limiting the buildup of pres-
sure under no-flow conditions to no more than 50% over
the normal discharge pressure maintained under flow
conditions

(6) a self-contained service regulator with no
external static or control lines

(b) Ifthe maximum allowable operating pressure of the

dict n lac

dotribation cuctara 3o 60 i (410 1D A G ».nd a
IS TrToaeroT Sy otCHT 1o OU—pPST5 ¢ T OT1E557

(b) Befpre increasing the pressure, the following steps i ' R -
(not necepsarily in sequence shown) shall be taken: service regulator not having all of the charactejistics
(1) Make a leakage survey and repair leaks found. listed in (a) is used, or if the gas contains\matgrials
(2) Reinforce or replace parts of the system found to that seriously interfere with the operation of servicelregu-
be inadequate for the higher operating pressures lators, suitable protective devices shalltbe installed to
(3) Install a service regulator on each service line prevent unsafe overpressuring of the, customer's ppli-
and test each regulator to determine that it is functioning. ances, should the service rggulator Dil. Some of the Sl,“t_
In some chses it may be necessary to raise the pressure able types of protective devicesto prevent overpresquring
slightly o permit proper operation of the service of the custome.rs a.lppllances Ve
regulators (1) a monitoring regulator
(4) Isolate the system from adjacent low-pressure (2) a relief Valvle .
systems (3) an automatié¢.shutoff device
(5) At bends or offsets in coupled or bell and spigot These devices'may be installed as an integral part of
pipe, reinforce or replace anchorages determined to be the service regu.lator or as a separate -umt.
(c) Ifthemaximum allowable operating pressurefof the

inadequate for the higher pressures.

distribution/system exceeds 60 psig (410 kPa), sufitable

Th in th tem bei ted shall b
. () Thqpressure tn the Syster being convertec snar be methodssshall be used to regulate and limit the pregssure
increased|by steps, with a period to check the effect of the . .
. . . of thie)gas delivered to the customer to the maximurn safe
previous Increase before making the next increase. The .
. . . value..Such methods may, include
desirable [magnitude of ‘eachiincrease and the'lengthrof> a1 . [ -
. . . s (1) a service regulator having the characteristics
the check period will vary depending on conditions. . :
N . . . listed in (a) and a secondary regulator located upsfream
The objective of this procedure is to afford an opportunity. .
. from the service regulator. In no case shall the secopdary
to discovdr any unknown open and unregulated connec- o . .
. . e regulator be set to maintain a pressure higher than 6 psig
tions to afjacent low-pressure systems or to individual ) .
. (410 kPa). A device shall be installed betweeph the
customers before excessive pressures are reached. . o
secondary regulator and the service regulator tof limit
845.2.7 Control and Limiting of the Pressure of Gas  the pressure on the inlet of the service regulator to 60
Delivered to Domestic, Small Commercial, and Small  psig (410 kPa) or less in case the secondary regylator
Industrial Customers From High-Pressure Distribution  fails to function properly. This device may be either a
Systems relief valve or an automatic shutoff that shuts if the|pres-
. ] sure on the inlet of the service regulator exceeds the set
(a) Ifthe maximum allowableoperating pressure of the pressure [60 psig (410 kPa) or less] and remains dlosed
distr.ibuti bn system i§ 60~psig (419 kPa) or less., a.nd a until manually reset.
service regulator having th follow1r%g c.haracte.rlstlcs is (2) aservice regulator and a monitoring regulafor set
used, no gther pressure-limiting device is required: to limit to a maximum safe value the pressure of the gas
(1) & pressureyegulator capable of reducing distri- delivered to the customer.
bution lin¢ pressure, psig (kPa), to pressures recommend- ed to

ed for household appliances, inches (millimeters) of water

(3) a service regulator with a relief valve ven
the outside atmosphere, with the relief valve set to open so

column

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

(3) avalve seat made of resilient material designed
to withstand abrasion of the gas, impurities in gas, and
cutting by the valve, and designed to resist permanent
deformation when it is pressed against the valve port

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

66

that the pressure of gas going to the customer shall not
exceed a maximum safe value. The relief valve may be
either built into the service regulator or may be a separate
unitinstalled downstream from the service regulator. This
combination may be used alone only in cases where the
inlet pressure on the service regulator does not exceed the
manufacturer's safe working pressure rating of the service
regulator, and it is not recommended for use where the
inlet pressure on the service regulator exceeds 125 psig
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(860 kPa). For higher inlet pressures, the method in (1) or
(2) should be used.

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

845.3 Requirements for Design of Pressure Relief

(a)| Pressure relief or pressure-limiting devices except
rupture disks shall
7) be constructed of materials such that the opera-
tion df the device will not normally be impaired by corro-
sion qf external parts by the atmosphere or internal parts
by gak
) have valves and valve seats that are designed not
to sti¢k in a position that will make the device inoperative
and r¢sultin failure of the device to perform in the manner
for which it was intended
3) be designed and installed so that they can be
readily operated to determine if the valve is free, can
be tested to determine the pressure at which they will
operate, and can be tested for leakage when in the
closedl position
4) be designed and installed such that operation is
not itppaired at the minimum design temperature

(b)| Rupture disc¢s“shall 'meet-the' requiremeiits foi?;”

design as set out in the BPV Code, Section VHI,
Divisjon 1.

(c)| The discharge stacks, vents, or outlet ports of all
pressjure relief devices shall be located where’gas can
be didcharged into the atmosphere without tindue hazard.

Consideration should be given to alltexposures in the
immediate vicinity, including where/gas pipelines parallel
overhead electric transmission lirles;on the same right-of-
way tp ensure that the blowdgwn-connections will direct
the gds away from the electric conductors. Where required
to protect devices, the discharge stacks or vents shall be
proterted with rain caps‘to preclude the entry of water.

(d)] The size of the‘openings, pipe, and fittings located
between the system to be protected and the pressure-
relieying deyicé and the vent line shall be of adequate
size to pre¥ent hammering of the valve and to prevent
impairment of relief capacity.

(e) Precautions shall be taken to preve 3 orize
operation of any stop valve that will make a pressure relief
valve inoperative. This provision shall not apply to valves
that will isolate the system under protection from its
source of pressure. Acceptable methods for complying
with this provision are as follows:

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

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

(f) Precautions shall be taken to prevent unauthorized
operation of any valve that will make pressure-limiting

iees—H re—Thi Fisi ies—tq isolating
valves, bypass valves, and valves on coxtrdl or float
lines that are located between the pressure-limiting
device and the system that the device protects. A
method similar to that described in (€)(1) shall pe consid-
ered acceptable in complying with“this provisjon.

(g) When a monitoring régulator, series regulator,
system relief, or system shutoff is installed af| a district
regulator station to protect a piping system from over-
pressuring, the installation shall be designed anf installed
to prevent any single incident, such as an explosion in a
vault or damage by a vehicle or icing (both internal and
external), front.affecting the operation of both| the over-
pressure protéctive device and the district regullator. (See
sections 846 and 847.)

(h)Special attention shall be given to contrdl lines. All
control lines shall be protected from falling objects, exca-
vations by others, or other foreseeable causes pf damage
and shall be designed,and installed to prevent flamage to
any one control line from making both the district regu-
lator and the overpressure protective device inpperative.

845.4 Capacity of Pressure-Relieving a
Pressure-Limiting Station and Deyices

845.4.1 Required Capacity of Pressure-Relieving and
Pressure-Limiting Stations

(a) Each pressure relief station, pressure-limiting
station, or group of such stations installed to[ protect a
piping system or pressure vessel shall have sufficient ca-
pacity and shall be set to operate to prevent th¢ pressure
from exceeding the following levels:

(1) Systems With Pipe or Pipeline Components
Operating at Hoop Stress Levels Over 72% of the SMYS.
The required capacity shall not be less than the capacity
required to prevent the pressure from exceeding the
maximum allowable operating pressure plus 4%.
2T S Pipe or Pipeline Components
Operating at Hoop Stress Levels at or Below 72% of the
SMYS Other Than in Low-Pressure Distribution Systems.
The required capacity shall not be less than the capacity
required to prevent the pressure from exceeding the
lesser of the following two items:

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

(-b) the pressure that produces a hoop stress of
75% of the specified minimum yield strength
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(3) Low-Pressure Distribution Systems. The required
capacity shall not be less than the capacity required to
prevent the pressure from exceeding a pressure that
would cause the unsafe operation of any connected
and properly adjusted gas burning equipment.

(4) Pressure Vessels. Pressure vessels shall be
protected against overpressure in accordance with the
BPV Code, Section VIII, Division 1.

(b) When more than one pressure regulatlng or
compresse rte-th
system arld 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 sgation. 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 cppacity of the remote relief device, whichever is
less.

845.4.7 Proof of Adequate Capacity and Satisfactory
Performapce of Pressure-Limiting and Pressure Relief
Devices. Where the safety device consists of an additional
regulator that is associated with or functions in combina-
tion with pne or more regulators in a series arrangement
to controlfor limit the pressure in a piping system, suitable
checks shall be made. These checks shall be conducted to
determing that the equipment will operate in a satisfac-
tory manper to prevent any pressure in excess of the
establishgd maximum allowable® operating‘pressure of
the systerp, should any one of the associated regulators
malfunctipn or remain in the wide-open position.

845.5 Instrument, Control, and Sample Piping
845.5.1

. (a) Thgrequirements given in this section'apply to the
design of instrument, control, and sampling piping for safe
and propdr operation of the pipingtself and do not cover
design of [piping to secure proper functioning of instru-
ments for| which the piping is_installed.

+ (b) Thip section does not-apply to permanently closed
pziping sydtems, such as-fluid-filled, temperature-respon-
sive devides.

Scope

845.5.2
(a) The

Materials and Design

materials employed for valves, fittings, tubing,

\ between tubing and/or pipe and valves or fittings

(c) Ashutoffvalve shall be installed in each takeoffline
as near as practicable to the point of takeoff. Blowdown
valves shall be installed where necessary for the safe
operation of piping, instruments, and equipment.

(d) Brasspipeor copper pipe or tubing shallnotbe used
for metal temperatures greater than 400°F (204°C).

(e) Piping subject to clogging from solids or deposits
shall be provided with suitable connections for cleaning.

(f] P1pe or tublng requ1red under thls section may be

: ntrol
apparatus, or sampling device, provided that thesafety of
the pipe or tubing asinstalled is atleast equal tothat ¢ther-
wise required under the Code.

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

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

(i) The arrangement of piping and supports shpll be
designed to provide nét only for safety under operating
stresses, but also to ‘provide protection for the giping
against detrimental sagging, external mechanical ipjury,
abuse, and damage due to unusual service condjtions
other than those connected with pressure, temperpture,
and service-vibration.

(j) Suitable precautions shall be taken to pijotect
agaihst corrosion. (See section 864.)

(k) Joints between sections of tubing and/or|pipe,
shall
be made in a manner suitable for the pressur¢ and
temperature conditions, such as by means of flared, |flare-
less, and compression-type fittings, or equal, or they may
be of the brazed, screwed, or socket-welded type. If
screwed-end valves are to be used with flared, flageless,
or compression-type fittings, adapters are requirefl.

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

(1) Plastic shall not be used where operating tenpera-
tures exceed limitations shown in paras. 842.2.2(4) and
842.2.3(b).

(m) Plastic piping shall not be painted. If identifi¢ation
other than that already provided by the manufactprer's
marking is required, it shall be accomplished by [other
means.

and pipin
tions of service.

(b) Takeoff connections and attaching bosses, fittings,
or adapters shall be made of suitable material and shall be
capable of withstanding the maximum and minimum
operating pressures and temperatures of the piping or
equipment to which they are attached. They shall be
designed to satisfactorily withstand all stresses
without failure by fatigue.

shall bhe r]acignnd tomeetthe pnri—ir‘n]ar condi-
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846 VALVES™

846.1 Required Spacing of Valves

846.1.1 Transmission Lines. Onshore block valves
shall be installed in new transmission pipelines at the
time of construction for the purpose of isolating the pipe-
line for maintenance and for response to operating

*See paras. 849.1.2 and 849.1.3 for provisions covering valves in
service lines.
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emergencies. When determining the placement of such
valves for sectionalizing the pipeline, primary considera-
tion shall be given to locations that provide continuous
accessibility to the valves.

(a) In determining the number and spacing of valves to
beinstalled, the operator shall perform an assessment that
gives consideration to factors such as

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

2) tha tivna +a Wlavsy daovarn an dcalatad cacting

accessible to authorized persons. All valves shall be
suitably supported to prevent settlement or movement
of the attached piping.

(c) Blowdown valves shall be provided so that each
section of pipeline between main line valves can be
blown down. The sizes and capacity of the connections
for blowing down the line shall be such that under emer-
gency conditions the section of line can be blown down as
rapidly as is practicable.
automatic

tHHe—tHHe—t0—oo0vWw— GO W5 orate a5t Eerott

3) the impact in the area of gas release (e.g.,
nce and any hazard resulting from prolonged
lowns)
4) continuity of service
5) operating and maintenance flexibility of the
m
6) future development in the vicinity of the pipeline
7) significant conditions that may adversely affect
the operation and security of the line

(b)| Inlieu of (a) above, the following maximum spacing
betw¢en valves shall be used:
7) 20 mi(32km)inareas of predominantly Location
Class|1
?) 15mi (24 km)inareas of predominantly Location

nuisg
blow

syste

{d)ThisCode-deesnotrequiretheuseof
valves nor does the Code imply that the use‘of putomatic
valves presently developed will provide full prgtection to
a piping system. Their use and installation shalll be at the

discretion of the operating company.

846.2.2 Distribution System.Valves

(a) Avalve shall be installed on the inlet piping of each
regulator station contrelling the flow or pressute of gas in
a distribution system:The distance between theg valve and
the regulator or regulators shall be sufficient to permit the
operation of the valve duringan emergency, such asalarge
gas leak or@fire in the station.

(b) Valveson distribution mains, whether for
or emergency purposes, shall be located in am

operating
hnner that

Class|2 ' . _ _ will provide ready access and facilitate their joperation
3) 10mi(16km)inareasofpredominantly Location  guf§hg an emergency. Where a valve is instplled in a
Class|3

Class|4
The spacing defined above may be adjusted to permit
a valvle to be installed in a location that is more accessible.

846.1.2 Distribution Mains. Valves on-distribution
maing, whether for operating or emergency purposes,
shall pe spaced as follows:

(a)| High-Pressure Distribution Systems. Valves shall be
instaljed in high-pressure distriblitioh systems in acces-
sible Jocations to reduce the tinie te shut down a section of
main [in an emergency. In détérmining the spacing of the
valvep, consideration should be given to the operating
presspre and size of the-mains and local physical condi-
tions [as well as the~tumber and type of consumers that

#) 5 mi (8 km) in areas of predominantly Location

buried box or enclosure, only ready access to the
stem:onmechanismis implied: The box or enclg
be installed in a manner to avoid transmittin
loads to the main.

operating
sure shall
b external

847 VAULTS

847.1 Structural Design Requirements

Underground vaults or pits for valves and [pressure-
relieving, pressure-limiting, or pressure-rpgulating
stations, etc., shall be designed and constructed in accor-
dance with the following provisions:

(a) Vaults and pits shall be designed and con;
accordance with good structural engineering
meet the loads that may be imposed on them

tructed in
ractice to

might be affected\by a Sh'Utdf’W“- (b) Sufficient working space shall be provided so that
(b)| Low-Pressure Distribution Systems. Valves may be 4] of the equipment required in the vault can bg properly
used on low=pressure distribution systems but are not  jngtalled, operated, and maintained.

requifed except as specified in para. 846.2.2(a).

(c) Inthedesign of vaults and pits for pressurp-limiting,

846.2 Location of Valves
846.2.1 Transmission Valves

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

(b) Sectionalizing valves may be installed above
ground, in a vault, or buried. In all installations an oper-
ating device to open or close the valve shall be readily

69

pressurc-T c‘xiuviug, atrdt pressure-1 cguldLiug squipment,
consideration shall be given to the protection of the
installed equipment from damage, such as that resulting
from an explosion within the vault or pit that may cause
portions of the roof or cover to fall into the vault.

(d) Pipe entering and within regulator vaults or pits
shall be steel for NPS 10 (DN 250) and smaller sizes,
except that control and gage piping may be copper.
Where piping extends through the vault or pit structure,
provision shall be made to prevent the passage of gases or
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liquids through the opening and to avert strains in the
piping. Equipment and piping shall be suitably sustained
by metal, masonry, or concrete supports. The control
piping shall be placed and supported in the vault or
pit so that its exposure to injury or damage is reduced
to a minimum.

(e) Vault or pit openings shall be located so as to mini-
mize the hazards of tools or other objects falling on the
regulator, piping, or other equipment. The control piping
and the o

mulation of liquids in the line. The number of bends and
offsets shall be reduced to a minimum, and provisions
shall be incorporated to facilitate the periodic cleaning
of the ducts.

(d) Such vaults or pits having an internal volume
between 75 ft* and 200 ft* (2.1 m® and 5.7 m*) may
be either sealed, vented, or ventilated. If sealed, all open-
ings shall be equipped with tight-fitting covers without
open holes through which an explosive mixture might

narating mapte Af tha aciiinaaant dnctrallad chall
uuuuuuuu S PpafFts-ertre-egtHpme T RStanea—Sior

not be ldcated under a vault or pit opening where
workmen| can step on them when entering or leaving

beignited-Meansshallbeprovidedfortestingtheinternal
, the
hition

atmosphere before removing the cover. If vente
proper provision to prevent external sources of‘ig

the vault ¢r pit, unless such parts are suitably protected. from reaching the vault atmosphere must be provided. If
(f) Whe¢never a vault or pit opening is to be located ventilated, the provisions of either (a), (bJ,and (c) pbove

above eqipment that could be damaged by a falling or (e) below shall apply.

cover, a clrcular cover should be installed, or other suit- (e) If vaults or pits referred to4n)(d) above are yenti-

able precautions should be taken. lated by means of openings in the covers or gratingg, and

847.2 Accessibility

Accessipility 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:

(a) Exposure to Traffic. The location of vaults in street
intersectipns or at points where traffic is heavy or dense
should be| avoided.

(b) Exposureto Flooding. Vaults should notbe located at
points of minimum elevation, near catch basins, or where
the accesg cover will be(inthe-course: of surface waters.

(c) Exposure to Adjacent Subsurface Hazards. Vaults
should bellocated as far as is practical from water, electrig,
steam, or|other facilities.

847.3 Vjult Sealing, Venting, and Ventilation

Underground vaults and closed top pits\containing
either a gressure-regulating or reduction'station, or a
pressure{limiting or relieving statian)shall be sealed,
vented, or ventilated as follows:

(a) Whien the internal volume\exceeds 200 ft* (5.7 m?),
such vaulfs or pits shall be ventilated with two ducts each

aralways berdesigned toroperate safely, if submergefl

the ratio of the internal voluime'in cubic feet (m®) to the
effective ventilating areaof the cover or grating in spuare
feet (m?) is less than 2@ to 1, no additional ventilatjion is
required.

(f) Vaults or pitshaving an internal volume less than 75
ft* (2.1 m®) hayevho specific requirements.

847.4 Drainage and Waterproofing

(a)Provisions shall be made to minimize the entrance
of water into vaults. Nevertheless, vault equipmeng shall

(b) Novaultcontaininggas piping shall be connected by
means of a drain connection to any other substrugture,
such as a sewer.

(c) Electrical equipment in vaults shall conform
requirements of Class 1, Group D of NFPA 70.

to the

848 CUSTOMERS' METERS AND REGULATORS

848.1 Location for Customers' Meter and
Regulator Installations

(a) Customers' meters and regulators may be ldcated

h.aving at feast the ventilatingeffect of an NPS 4 (DN 100) either inside or outside of buildings, depending on local

pipe. . : - o conditions, except that on service lines requiring series
(b) Th¢ ventilation-provided shall be sufficient to mini- regulation, in accordance with para. 845.2.7(c), the

mize the gossiblefarmation of a combustible atmosphere upstream regulator shall be located outside df the

in the vaylt or pit. Vents associated with the pressure- building.

regulating gr.pressure-relieving equipment must not (b) When installed within a building, the service[regu-

be connected—tothevaultorpit-ventitation:

(c) The ducts shall extend to a height above grade
adequate to disperse any gas-air mixtures that might
be discharged. The outside end of the ducts shall be
equipped with a suitable weatherproof fitting or vent
head designed to prevent foreign matter from entering
or obstructing the duct. The effective area of the
opening in such fittings or vent heads shall be at least
equal to the cross-sectional area of an NPS 4 (DN 100)
duct. The horizontal section of the ducts shall be as
short as practical and shall be pitched to prevent the accu-

70

lator shall be in areadily accessible location near the point
of gas service line entrance, and whenever practical, the
meters shall be installed at the same location. Neither
meters nor regulators shall be installed in bedrooms,
closets, or bathrooms; under combustible stairways; in
unventilated or inaccessible places; or closer than 3 ft
(0.9 m) to sources of ignition, including furnaces and
water heaters. On service lines supplying large industrial
customers or installations where gas is used at higher than
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standard service pressure, the regulators may be installed
at other readily accessible locations.

(c) When located outside of buildings, meters and
service regulators shall be installed in readily accessible
locations where they will be reasonably protected from
damage.

(d) Regulators requiring vents for their proper and
effective operation shall be vented to the outside atmo-
sphere in accordance with the provisions of para. 848.3.3.

848.2 Operating Pressures for Customers' Meter
Installations

Irop or aluminum case meters shall not be used at a
maximum operating pressure higher than the manufac-
turerl's rating for the meter. New tinned steel case
metefs shall not be used at a pressure in excess of
50% pf the manufacturer's test pressure; rebuilt tinned
steel[case meters shall not be used at a pressure in
exceds of 50% of the pressure used to test the meter
after frebuilding.

848.3 Protection of Customers' Meter and
Regulator Installations From Damage

848.3.1 Corrosive Area. Meters and service regulators
shall [not be installed where rapid deterioration from
corrd
prov
deter]

848.3.2 Protective Device. A suitable prdtective
devide, such as a back-pressure regulator or-a check
valve, shall be installed downstream of\the meter if
and ds required under the following conditions:

(a)| If the nature of the utilizatiomequipment is such
that [t may induce a vacuum &t the meter, install a
back-pressure regulator downStream from the meter.

(b)| Install a check valve (or)équivalent if
7) the utilization ,éqliipment may induce a back
presspre.

?) the gas utiliZation equipment is connected to a
source of oxygen or’compressed air.

3) liquefied petroleum gas or other supplementary
used as'standby and may flow back into the meter. A
waywvalve, installed to admit the standby supply and

bn measures are taken to protect against such
oration.

gasis
three
at thel

sion or other.causes is likely to occur, unless’,;,

floods, either a special antiflood type breather vent
fitting shall be installed or the vent line shall be extended
above the height of the expected flood waters.

848.3.4 Pit and Vault Design. Pits and vaults housing
customers' meters and regulators shall be designed to
support vehicular traffic when installed in the following
locations:

(a) traveled portions of alleys, streets, and highways

(b) driveways

IndivW.
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 donnecting
piping and/or the meter. Lead (Rb)\connections or other
connections made of material¢hat can be easily damaged
shall not be used. The use{of standard weigh{ close (all
thread) nipples is prohibited.

849 GAS SERVICE'LINES

849.1 Generdl Provisions Applicable to $teel,
Copper, and Plastic Service Lines

849.1:1 Installation of Service Lines

(aj) Service lines shall be installed at a depth that will
protect them from excessive external loading|and local
activities, such as gardening. It is requirpd that a
minimum of 12 in. (300 mm) of cover be piovided in
private property and a minimum of 18 in. (440 mm) of
cover be provided in streets and roads. Whlere these
cover requirements cannot be met due tqd existing
substructures, less cover is permitted prov]ded such
portions of these service lines that are subject td excessive
superimposed loads are cased or bridged or the pipe is
appropriately strengthened.

(b) Service lines shall be properly suppoj
points on undisturbed or well-compacted sg
the pipe will not be subject to excessive
loading by the backfill. The material used for the backfill
shall be free of rocks, building materials, etc.| that may
cause damage to the pipe or the protective cdating.

(c) Where there is evidence of condensate infthe gas in
sufficient quantities to cause interruptions in the gas
supply to the customer, the service line| shall be
graded so as to drain into the main or to drfips at the

ted at all
il so that
external

same time shut offthe regular supply can he suhsti-
tuted for a check valve if desired.

848.3.3 Termination of Vents. All service regulator
vents and relief vents, where required, shall terminate
in the outside air in rain- and insect-resistant fittings.
The open end of the vent shall be located where the
gas can escape freely into the atmosphere and away
from any openings into the buildings if a regulator
failure resulting in the release of gas occurs. At locations
where service regulators may be submerged during
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Iow points 1n the service lne.

849.1.2 Types of Valves Suitable for Service Line
Valves

(a) Valves used as service line valves shall meet the
applicable requirements of section 810 and para. 831.1.

(b) The use of soft seat service line valves is not rec-
ommended when the design of the valves is such that
exposure to excessive heat could adversely affect the
ability of the valve to prevent the flow of gas.
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(c) Avalveincorporated in a meter bar that permits the
meter to be bypassed does not qualify under this Code asa
service line valve.

(d) Service line valves on high-pressure service lines,
installed either inside buildings or in confined locations
outside buildings where the blowing of gas would be haz-
ardous, shall be designed and constructed to minimize the
possibility of the removal of the core of the valve acciden-
tally or willfully with ordinary household tools.

(e) The

oftemporarily sealing a leak shall be given a standup air or
gas pressure test at not less than 10 psig (69 kPa) for at
least 5 min.

(2) Service lines to operate at a pressure less than 1
psig (7 kPa) that have a protective coating that might
temporarily seal a leak, and all service lines to operate
at a pressure of 1 psig (7 kPa) or more, shall be given
a standup air or gas pressure test for at least 5 min at
the proposed maximum operating pressure or 90 psig

Thparty -Sticrr - Cerattrar et

service linle valves installed on high-pressure service lines
are suitable for this use either by making their own tests or
by reviewfing the tests made by the manufacturers.

(f) On gervice lines designed to operate at pressures in

f620-kPaj—whicheveris-greater—Service Hnes—ofsteel,
however, that are operating at hoop stress, leygls 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.)

excess of 60 psig (410 kPa), the service line valves shall be (3) Therequirements of (a) and-(b)above shalljapply
the equivdlent of a pressure-lubricated valve or a needle- to plastic service lines, except that plastic service] lines
type valvd. Other types of valves may be used where tests shall be tested to atleast 1.5 timég'the maximum operating

by the maphufacturer or by the user indicate that they are
suitable for this kind of service.

849.1.3| Location of Service Line Valves

(a) Serjvice line valves shall be installed on all new
service lines (including replacements) in a location
readily agcessible from the outside.

(b) Valyes shall be located upstream of the meter if
there is rfo regulator, or upstream of the regulator, if
there is ohe.

pressure, and the limitationsten' maximum test prefsure,
temperature, and duration Set forth in para. 842.4.4 shall
be observed.

849.1.6 ExcessElow Valve (EFV) Installation. The use
of EFVs is recognized by the gas industry as an effpctive
way to mitigate risks associated with excavation damage,
natural force'damage, and other outside force damagg, e.g.,
vehicular‘damage on gas service lines. The follgwing
considerations apply to EFV installations:

(a)” The operator should consider installing an EFV on

(c) Allgervicelines operatingata pressuregreatenthan - any new or replaced gas service/lirie. Such a servide line
10 psig (§9 kPa) and all service lines NPS 2 (DN 50) or -\cap typically serve the following categories of customers:
larger shall be equipped with a valve located on the service (1) a service line to a single family residence [SFR)
line outsigle of the building, except that whenever gas is (2) a branched gas service line to an SFR installed

supplied to a theater, church, school, factory, orether
building Wwhere large numbers of persons assemble, an
outside valve will be required, regardless of the size of
the servide line or the service line pressure:

(d) Underground valves shall be located in a covered
durable clirb box or standpipe designed to permit ready
operation|of the valve. The curb pox-or standpipe shall be
supported independently of the,service line.

849.1.4 Location of Service Line Connections to Main
Piping. It |s recommendéd‘that service lines be connected
to either the top or the'side of the main. The connection to
the top of the main'iS preferred to minimize the possibility
of dust anfl meisture being carried from the main into the
service lines

concurrently with the primary SFR service line (A
single EFV may be installed to protect both service lines.)

(3) abranched gas service line to an SFR installed off
a previously installed SFR gas service line that do¢s not
contain an EFV

(4) multifamily installations with known customer
loads at time of gas service installation, based on installed
meter capacity less than 1,000 standard ft*/hr (28. m*/
h) per gas service and where the customer load |s not
expected to increase significantly over time

(5) asingle small commercial customer with known
customer load at the time of service installation, baded on
installed meter capacity up to 1,000 standard ft* /hr{(28.3
m?>/h) served by a single gas service line and whefe the
customer load is not m{pprfpd to increase cigniﬁ nntly

849.1.5 Testing of Service Lines After Construction

(a) General Provisions. Each service line shall be tested
after construction and before being placed in service to
demonstrate that it does notleak. The service line connec-
tion to the main need not be included in this test if it is not
feasible to do so.

(b) Test Requirements

(1) Service lines to operate at a pressure less than 1
psig (7 kPa) that do not have a protective coating capable

72

over time
(b) Excess flow valves should not be installed if one or

more of the following conditions are present:

(1) The gas service line will not operate at a pressure
of 10 psig (69 kPa) or greater throughout the year.

(2) The operator has prior experience with contami-
nants in the gas stream that could interfere with the EFV's
operation or cause loss of service to a residence.
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(3) An EFV could interfere with necessary operation
or maintenance activities, such as removing liquids from
the line.

(4) An EFV meeting performance standards in para.
831.1.4 is not commercially available to the operator, or

(5) The anticipated maximum flow through the
service line equals or exceeds 1,000 standard ft®/hr
(28.3 m*/h).

(c) An operator should 1dent1fy the presence of an EFV
in the 3
riser,|or statement on the service order
(d)] An operator should locate an EFV as near as prac-
tical to the fitting connecting the gas service line to its
source of gas supply.

849.2 Steel Service Lines

849.2.1 Design of Steel Service Lines

(a)| Steel pipe, when used for service lines, shall
confofrm to the applicable requirements of Chapter I.
. (b)| Steel service pipe shall be designed in accordance
¢ with fhe requirements of paras. 841.1.1 and 841.1.9(a).
-~ Wherle the pressure is less than 100 psig (690 kPa),
~ the steel service pipe shall be designed for at least 100
- psig (690 kPa) pressure.
© (c)|Steel pipe used for service lines shall be installed in
- such f manner that the piping strain or external loading
. shall phot be excessive.

(d)| All underground steel service lines shall be joinéd'j\‘

by thifeaded and coupled joints, compression-type fittings,
or by|qualified welding or brazing methods, procedutes,
and dperators.

849.2.2 Installation of Steel Service Lines

(a)| Installation of Steel Service Lines,in Bores

7) When coated steel pipe-is.to be installed as a
servilce line in a bore, care shall be exercised to
prevent damage to the coating.during installation.

?) When a service line'is’to be installed by boring or
driving, and coated steel\pipe is to be used, it shall not be
used gs the bore pipe®©i-drive pipe and leftin the ground as
part ¢f the servicé line unless it has been demonstrated
that he coating\is"sufficiently durable to withstand the
boring or driving operation in the type of soil involved
withdut significant damage to the coating. Where signifi-
cant flamage to the coating may result from boring or

protected against corrosion. The service line and/or
sleeve shall be sealed at the foundation wall to prevent
entry of gas or water into the building.

(2) Steel service lines, where installed underground
under buildings, 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 acces-
sible portion of the building. At the point where the
conduit termlnates the space between the conduit and

ke e—Hn e e evert-the possible
entrance of any gas leakage. The casing shall be vented
at a safe location.

849.3 Ductile Iron Service Lines

When used for service lines, ductile iron pipe ghall meet
the applicable requirements of.section 842. Diictile iron
pipe may be used for servigelihes except for the|portion of
the service line that extends through the building wall.
Ductile iron service lines shall not be installed ih unstable
soils or under buildings.

849.4 Plastic Service Lines
849.4.1 Design of Plastic Service Lines

(a)\Plastic pipe and tubing shall be used fpr service
lin€s only where the piping strain or external loading
will not be excessive.

(b) Plastic pipe; tubing, cements, and fittings used for
service lines shall conform to the applicable reqpiirements
of Chapter I

(c) Plastic service lines shall be designed in apcordance
with the applicable requirements of para. 842.2.

(d) Plastic service lines shall be joined in afcordance
with the applicable requirements of para. 842.2.9.

849.4.2 Installation of Plastic Service Linges

(a) Plastic service lines shall be installed in apcordance
with the applicable requirements of paras. $42.3 and
849.1.1. Particular care must be taken tq prevent
damage to plastic service line piping at the cpnnection
to the main or other facility. Precautions shal| be taken
to prevent crushing or shearing of plastic pjiping due
to external loading or settling of backfilll and to
prevent damage or pullout from the connection resulting
from thermal expansion or contraction. [See paras.
842.3.3(d) and (e).]

driving, the coated service line should be installed in
an oversized bore or casing pipe of sufficient diameter
to accommodate the service pipe.

(3) In exceptionally rocky soil, coated pipe shall not
be inserted through an open bore if significant damage to
the coating is likely.

(b) Installation of Service Lines Into or Under Buildings

(1) Underground steel service lines, when installed
below grade through the outer foundation wall of a
building, shall be either encased in a sleeve or otherwise

(b) Notwithstanding the limitations imposed in para.
842.3.3, a plastic service line may terminate above
ground and outside the building, provided that

(1) the aboveground portion of the plastic service
line is completely enclosed in a conduit or casing of suffi-
cient strength to provide protection from external damage
and deterioration. Where a flexible conduit is used, the top
of the riser must be attached to a solid support. The
conduit or casing shall extend a minimum of 6 in. (150
mm) below grade.
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(2) theplasticservicelineis not subjected to external
loading stresses by the customer's meter or its connecting
piping.

(c) Installation of Plastic Service Lines Into or Under
Buildings

(1) An underground plastic service line installed
through the outer foundation or wall of a building
shall be encased in a rigid sleeve with suitable protection
from shearing action or backfill settlement. The sleeve

(d) Joints in Copper Pipe and Tubing. Copper pipe shall
be joined by using either a compression-type coupling or a
brazed or soldered lap joint. The filler material used for
brazing shall be a copper-phosphorus alloy or silver base
alloy. Butt welds are not permissible for joining copper
pipe or tubing. Copper tubing shall not be threaded,
but copper pipe with a wall thickness equivalent to the
comparable size of Schedule 40 steel pipe, i.e., ranging
from 0.068 in. (1.73 mm) for NPS % (DN 6) to 0.406

shall exterd-pastthe-outsideface-ofthefoundationasutfi
cient disthnce to reach undisturbed soil or thoroughly
compactefl backfill. At the point where the sleeve termi-
nates insigle the foundation or wall, the space between the
sleeve anld the service line shall be sealed to prevent
leakage into the building. The plastic service line shall
not be exposed inside the building.

(2) A plastic service line installed underground
under a |building shall be encased in a gas-tight
conduit. When such a service line supplies the building
it subtengls, the conduit shall extend into a normally
usable and accessible portion of the building. At the
point whgre the conduit terminates, the space between
the condpit and the service line shall be sealed to
prevent lpakage into the building. The plastic service
line shal|l not be exposed inside the building. The
casing shall be vented at a safe location.

849.5 Copper Service Lines
849.5.1 Design of Copper Service Lines

(a) Use|of Copper Service Lines. Copper pipe or tubing,
when used for service lines, shall conform to the following
requireme¢nts:

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

(2) Gopper pipe or tubing shall hot be used for
service limes where the gas carriéd contains more than
an averagg of 0.3 grains of hydrogeh sulfide per 100 stan-
dard cubig feet (2.8 m®) of gas.This is equivalent to a trace
as deternfined by a lead-acetate test.

(3) The minimum wall thickness for copper pipe or
tubing us¢d for seryiceilines shall be not less than type “L”
as specifigd in ASFM B88.

(4) Gopper.pipe or tubing shall not be used for
service lines<where strain or external loading may

{103 mm-for NPS12(DN-300)may be-threaded
and used for connecting screwed fittings or valves.

(e) Protection Against Galvanic Action"€auspd by
Copper. Provisions shall be made to prevent hafmful
galvanic action where copper is connectéd underground
to steel. [See para. 861.1.3(a).]

849.5.2 Installation of Copper/Service Lines. The
following requirements shall\apply to copper sgrvice
lines within buildings:

(a) Copper service lines'may be installed within puild-
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 otter foundation wall of a building|shall
be either encased in a sleeve or otherwise protected
against,corrosion. The annular space betweeph the
service.line and sleeve shall be sealed at the foundation
wall to prevent entry of gas or water.

a1 ic) ‘A copper-servicelinetinstalled:underground finder

buildings shall be encased in a conduit designed to prlevent
gas leaking from the service line from getting info the
building. When joints are used, they shall be of bfrazed
or soldered type in accordance with para. 849.5.1(d).

849.6 Service Line Connections to Mains

849.6.1 Service Line Connections to Steel Mains.
Service lines may be connected to steel mains by

(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 rybber-
like gaskets or welded connections to connect the s¢rvice
line to the main connection fitting. Gaskets used in a nanu-
factured gas system shall be of a type that effecfively
resists that type of gas.

(d) welding a steel service line directly to the maih (see

damage tlrepiping:

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

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

para. 651.4.2 and Iable 6531.4.2-1).

849.6.2 Service Line Connection to Cast Iron and
Ductile Iron Mains

(a) Service lines may be connected to cast iron and
ductile iron mains by
(1) drilling and tapping the main, provided the
diameter of the tapped hole shall not exceed the limita-
tions imposed by para. 831.3.3(b), or
(2) using a reinforcing sleeve

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

Licensee=Hong Kong Polytechnic University/9976803100, User=Siu, Kit Hang
Not for Resale, 12/12/2018 00:19:35 MST


https://asmenormdoc.com/api2/?name=ASME B31.8 2018.pdf

ASME B31.8-2018

(b) Serviceline connections shall notbe brazed directly (b) Butt welds are not permitted.
to cast iron or ductile iron mains. (c) Fillet-brazed joints are not recommended.

(c) Compression fittings using rubber or rubber-like (d) The requirements of para. 849.5.1(d) shall apply to
gaskets or welded connections may be used to connect (1) joints not specifically mentioned in (a) through
the service line to the main connection fitting. (c)

(d) Gaskets used in a manufactured gas system shall be (2) all brazing material

of a type that effectively resists that type of gas.
849.6.5 Plastic Service Line Connections to Metal

849.6.3 Service Line Connections to Plastic Mains Mains
(@[t eq to metal
plastic mains with suitable fittings. mains with a suitable metallic or plastic main fitting as

(b)| A compression-type service line to main connection provided in para. 849.6.1, 849.6.2, or.849.6.4 having a
shall pe designed and installed to effectively sustain the compression end or other suitable transition fitting.

longifudinal pullout forces caused by contraction of the (b) Acompression-type serviceline-to main gonnection
piping or external loading. shall be designed and installed ‘to, effectively spstain the
. . . . longitudinal pullout forces caused by contractfion of the
849.6.4 Service Line Connections to Copper Mains piping or external loading,
(a)| Connections using a copper or cast bronze service
line tpe or extension fitting sweat-brazed to the copper
main [are recommended for copper mains.
e
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Chapter V
Operating and Maintenance Procedures

850 OPHRATING AND MAINTENANCE
PRQCEDURES AFFECTING THE SAFETY OF
GAS TRANSMISSION AND DISTRIBUTION
FAQILITIES

850.1 General

(a) Bedause of many variables, it is not possible to
prescribelin a code a detailed set of operating and main-
tenance grocedures that will encompass all cases. It is
possible,| however, for each operating company to
develop dperating and maintenance procedures based
on the prjovisions of this Code, its experience, and its
knowledge of its facilities and conditions under which
they are dperated that will be adequate from the stand-
point of public safety. For operating and maintenance
procedurgs relating to corrosion control, see Chapter VI.

(b) Upgn initiating gas service in a pipeline designed
and constructed or converted to gas service in accordance
with this (ode, the operating company shall determine the
Location (lass in accordance with Table 854.1-1.

850.2 Basic Requirements

Each operating company having facilities ‘within the
scope of this Code shall

(a) havle a written plan covering operating and main-
tenance grocedures in accordance with the scope and
intent of this Code.

(b) have a written emergency’plan covering facility
failure or|other emergencies.

(c) opefrate and maintain-its facilities in conformance
with thes¢ plans.

(d) modify the plans periodically as experience dictates
and as exposure of.the public to the facilities and changes
in operating €onditions require.

(e) prdvide training for employees in procedures

850.3 Essential Features of the Operating’and
Maintenance Plan

The plan prescribed in para. 850.2(a)Cshall inclgde
(a) detailed plans and instructiohs for emplpyees
covering operating and maintenance procedurg¢s for
gas facilities during normal operations and repairs.
(b) items recommended foririclusion in the plgn for
specific classes of facilities*that are given in paras.
851.2, 851.3, 851.4, 851.5,"851.6, and 860.1(d).
(c) plans to give particular attention to those poftions
ofthe facilities preSenting the greatest hazard to the public
in the event of annemergency or because of constructjon or
extraordinary maintenance requirements.
(d) previsions for periodic inspections along the[route
of existing'steel pipelines or mains, operating at alhoop
stress, in excess of 40% of the specified minimum| yield
strength of the pipe material to consider the possjbility

</®f Location' Class‘changes. It is not intended that[these

inspections include surveys of the number of buildings
intended for human occupancy. (See section 854.)

850.4 Essential Features of the Emergency Plan

850.4.1 Written Emergency Procedures. Each [oper-
ating company shall establish written procedure that
will provide the basis for instructions to appropriate|oper-
ating and maintenance personnel that will minimize the
hazard resulting from a gas pipeline emergency| At a
minimum, the procedures shall provide for the follgwing:

(a) a system for receiving, identifying, and classfifying
emergencies that require immediate response by the
operating company

(b) indicating clearly the responsibility for instrficting
employeesin the procedureslisted in the emergency|plans
and for training employees in the execution of those
procedures

established for their operating and maintenance functions
thatis comprehensive and designed to prepare employees
for service in their area of responsibility. See section 807
for guidance on the training and qualification of personnel
performing tasks that could impact the safety or integrity
of a pipeline.

(f) keep records to administer the plans and training
properly.

(cJ indicating clearly those responsible for updating
the plan

(d) establishing a plan for prompt and adequate hand-
ling of all calls that concern emergencies whether they are
from customers, the public, company employees, or other
sources

(e) establishing a plan for the prompt and effective
response to a notice of each type of emergency
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(f) controlling emergency situations, including the
action to be taken by the first employee arriving at the
scene

(g) the dissemination of information to the public

(h) the safe restoration of service to all facilities
affected by the emergency after proper corrective
measures have been taken

(i) reporting and documenting the emergency

850.4.2 Training Program. Each operating company

of emergencies and to avoid inconsistencies. See para.
850.9.1 for additional guidance.

850.5 Pipeline Failure Investigation

Each operating company shall establish procedures to
analyze all failures and accidents for determining the
cause and to minimize the possibility of a recurrence.
This plan shall include a procedure to select samples
of the failed facility or equipment for laboratory examina-

shall have a program for informing, instructing, and
training employees responsible for executing emergency
procddures. The program shall acquaint the employee
with the emergency procedures and how to promptly
and effectively handle emergency situations. The
progfam may be implemented by oral instruction,
writtén instruction, and, in some instances, group instruc-
tion, followed by practice sessions. The program shall be
established and maintained on a continuing basis with
provision for updating as necessitated by revision of
the Written emergency procedures. Program records
shall{be maintained to establish what training each
employee has received and the date of such training.

tion when necessary.

850.6 Prevention of Accidental Ignition

Smoking and all open flames shall‘be prohibited in and
around structures, or areas under the control of the oper-
ating company containing)gas facilities|(such as
compressor stations, metef,and regulator stafions, and
other gas handling equipment), where possible leakage
of gas constitutes a hazatd of fire or explosion. Each oper-
ating company shall take steps to minimize the|danger of
accidental ignition)of gas.

(a) Whenahazardous amountofgasis tobe viented into
open air, each potential source of ignition shall first be
removed from the area and adequate fire extnguishers

(18)  850.4.3 Liaison shallcberprovided. All flashlights, lighting fixtufes, exten-
(a)| Each operating company shall establish and main- siom,cords, and tools shall be of a type approved for haz-
tain ljaison with appropriate fire, police, and other public dardous atmospheres. Blowdown connectiong that will
officigls, entities in or near the pipeline right-of-way (e.g., .«\direct the gas away from any electrical trajsmission
electrfical and other utilities, highway authorities, and railiZs " lines must be installed or used.
roadq), and news media. See para. 850.9.1 for additional (b) Suitable signs and flagmen or guards, if hecessary,
guidance. shall be posted to warn others approaching or erjtering the
(b)| Each operating company must have a means of area of the hazard.
communication with appropriate public officials during (c) To prevent accidental ignition by electric|arcing, an
an emergency. adequate bonding cable should be connected td each side
(c)| Emergency procedures, including‘the contingency of any pipe that is to be parted, tapped, squeeked-off, or
plan yinder para. B854.5(e), must be prepared in coordi- joined, and any cathodic protection rectifiers ih the area
natiop with appropriate public offitials. shall be turned off. Where gas pipelines paralle] overhead
(18) 850.4.4 Educational Program. An educational electric transmission lines on the same right-of-way, the

progiam shall be establiShed to enable customers and
the general public tosrecognize a gas emergency and
repoit it to the appropriate officials. The educational
program shall be tailored to the type of pipeline operation
and the envirghment traversed by the pipeline and shall
be conductedyn each language that is significant in the

company operating the pipeline shall ensure that the
current carrying capacity of the bonding donductor
should be atleast one-half of the current carrying capacity
of the overhead line conductors. [See also parja. 861.1.3
(b).] The bonding connection is to be maintaipned while
the pipeline is separated. When plastic pip¢ is being

/ L . arted, tapped, or joined, attention must b¢ given to
community) served. Operators of distribution systems p +app or) 5
. . the static electrical charges that may be present on
shall [communicate their programs to consumers and Lo R . AR .
both—theinstde—anmd—outsideditameters—of-the pipe.

the general public in their distribution area. Operators
of transmission systems shall communicate their
programs to residents along their pipeline rights-of-
way. Operators of sour gas pipelines subject to Chapter
IX shall notify residents affected by the contingency
plan under para. B854.5(e) of the hazards of sour gas,
the potential source of the gas, and protective measures
to take in an emergency. The programs of operators in the
same area shall be coordinated to properly direct reports

77

These charges can be dissipated by using antistatic
fluids or a water-and-detergent solution in combination
with a moisture retaining material that must be in contact
with the exposed pipe and the earth. Cutting tools and
squeeze-off and tapping equipment used on plastic
pipe where static charges may be present shall be
grounded to drain these charges from the pipe.

(d) When cutting by torch or welding is to be
performed, a thorough check shall first be made for
the presence of a combustible gas mixture in the area
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outside of the pipeline. If found, the mixture shall be elimi-
nated before starting welding or cutting. Monitoring of the
air mixture should continue throughout the progress of
the work.

(e) Should welding be anticipated on a pipeline filled
with gas and the safety check under (d) above has been
completed satisfactorily, the gas pressure must be
controlled by a suitable means to keep a slight positive
pressure in the pipeline at the welding area before starting

(d) establishing lines of communication with the exca-
vator to allow for the immediate protection and future
operation of the facility. Communications could include
review of directional drilling plans, load restrictions,
clearance requirements, hand excavation requirements,
and formalized crossing and encroachment agreements.

(e) monitoring of excavation activities, as well as direct
observation of excavation. Consideration should be given
to the frequency of monitoring, criteria for continual

work. Precautionsshoetld-be-takentopreventabackdraft
from occyrring at the welding area.

(f) Befqre cutting by torch or welding on a line that may
contain a mixture of gas and air, it shall be made safe by
displacing the mixture with gas, air, or an inert gas.
Caution must be taken when using an inert gas to
provide aflequate ventilation for all workers in the area.

ebservation—actions—H-the-exeavaterrefuses—teo—fpllow
operating company requirements, and documengation
to be maintained during observations.

(f) performinginspections of pipelines where thefe are
indications that the pipe could have heen’damageg as a
result of excavation. If damage oceurs that affects the
integrity of the pipeline, the damage)shall be remediated
in accordance with established procedures.

850.7 Blasting Effects (9) maintaining maps indicating the location of|facil-
Each ogerating company shall establish procedures for ities. The maps .should be.updated to reflect new and re-

protection of facilities in the vicinity of blasting activities. placement faf:llltles. i i
The operdting company shall (h) assessing the éffectiveness of the program| This
assessment mayiinclude trending of excavation

(a) locjte and mark its pipeline when explosives are to
be detondted within distances as specified in company
plans. Comsideration should be given to the marking of

damages and locCation, investigation of excavption
damages and.identification of root cause, and identifica-

minimum|blasting distances from the pipelines depending t¥on of PFEV;.HEVS measures targeting excavators off loca-
upon the ftype of blasting operation. tiong g high damage .rates.. .
A*useful reference for identifying elements of an |effec-

(b) determine the necessity and extent of observing or
monitoring blasting activities based upontheproximity of
the blast yith respect to the pipelines, the size of charge,
and soil cpnditions.

(c) confductaleaksurvey following each blasting opéra-
tion near [fits pipelines.

850.8 Damage Prevention Program

Each operating company shall have a program to reduce
the risk agsociated with damage to gas facilities resulting
from excavation activities. Operators should consider
including [the following actions in/the program:

(a) participating in excavation notification systems, in
places where such a system eXists. Excavation notification
systems 3llow excavators to provide notification to a
single point of contaet;which in turn forwards the excava-

’tme damage prevention program .is the Best Pragtices

Guide, maintained and published by the Comimon
Ground Alliance.

850.9 Communication Plan

The operator shall develop and implement a commu-
nications plan to provide operating company pers¢nnel,
jurisdictional authorities, emergency response offfcials,
potential excavators, public officials, and the gublic
with pipeline safety information to help keep commulnities
near pipelines safe. The information may be communi-
cated as part of other required communications.

Communications should be conducted as often af nec-
essary so that appropriate individuals and authdrities
have access to current information about the operptor's
system, operation and maintenance efforts, and intpgrity

tion details to participating facility owners/operators. ) )

(b) idenptifyingof persons who normally perform exca- management program (as de'sc.rlbed n ASME B31/8S).
vations in the:area in which the operator has facilities, APIRP 1162 provides additional guidance.
including the-pubtic;amd-providing for perfodiccommu—"850.9-1 Externat Commumnitations. The following

nication with these parties in accordance with section
850.9.

(c) receiving notifications of planned excavations,
providing the excavators with locations of the operator's
facilities through temporary field markings, establishing
lines of communication with the excavator to ensure the
immediate protection and future operation of the facility,
and consideration of monitoring excavation activities.
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items should be considered for communication to the
various interested parties, such as landowners and
tenants along the rights-of-way, public officials, local
and regional emergency responders, general public, exca-
vators, and one-call centers:

(a) operating company name, location, and contact
information (both routine and emergency contacts)

(b) general location information and instructions for
obtaining more specific location information or maps
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(c) facility description

(d) commodity transported

(e) potential hazards of a natural gas release

(f) how to recognize, report, and respond to a natural
gas leak

(g) information about the operator’s damage preven-
tion program, including excavation notification phone
numbers, excavation notification center requirements,
and who to contact if there is any damage

h ganaral tnfaoraation oyt tha apmaratar’c dntagrity
SeRerarhrorataohaBotctie-6Ppet ty

851.2 Pipeline Patrolling

Each operating company shall maintain a periodic pipe-
line patrol program to observe surface conditions on and
adjacent to each pipeline right-of-way, indications of
leaks, construction activity other than that performed
by the company, natural hazards, and any other factors
affecting the safety and operation of the pipeline.
Patrols shall be performed at least once every year in
Location Classes 1 and 2, at least once every 6 months

TeOT-5Te ST

management program and how to obtain a summary of the

in Location Class 3, and at least once every |3 months
in Location Class 4. Weather, terrain, size of lin€ Joperating

integrity management program L . .
(i)|information about the operator’s emergency pressures, and other conditions will be)factor§ in deter-
respanse program mining the need for more frequent patrol. Main highways
(i) |continuing liaison with emergency responders, and railroad crossings shall be_ihspected with greater
frequency and more closelyythan pipeline$ in open

including local emergency planning commissions,
regiophal and area planning committees, jurisdictional
emergency planning offices, etc., to share information
on edch party’s capabilities in responding to pipeline
emergencies, pipeline facility information, maps, and
emergency response plans

(k)| dialogue with the public to convey the operator’s
expedtations of the public as to how they can help the
operdtor maintain integrity of the pipeline

850.9.2 Internal Communications. Operating
comppny management and other appropriate personnel
should understand and support the operation and main-

tenarice efforts, damage ‘prevention-program; emergency®;”

response program, and integrity management program.
This $hould be accomplished through the development
and implementation of an internal commupieations
aspe¢t of the plan. The development and\periodic
reviey of performance measures and the resulting adjust-
ment$ to the integrity management program should also
be part of the internal communications plan.

country.

851.2.1 Maintenance‘of Cover at Road Crossings and
Drainage Ditches. The-operating company shall deter-
mine by periodic surveys if the cover over the pipeline
at road crossings and drainage ditches has been
reduced below-the requirements of the origirjal design.
If the opépating company determines that the normal
cover provided at the time of pipeline constriiction has
become unacceptably reduced due to earth r¢moval or
linemovement, the operating company shall prdvide addi-
tional protection by providing barriers, culverts, concrete
pads, casing, lowering of the line, or other suitalple means.

851.2.2 Maintenance of Cover in Cross-Country
Terrain. If the operating company learns, as § result of
patrolling, that the cover over the pipeline|in cross-
country terrain does not meet the original [design, it
shall determine whether the cover has been reduced
to an unacceptable level. If the level is unag¢ceptable,
the operating company shall provide additionfal protec-
tion by replacing cover, lowering the line, or other suitable

851 PIPELINE MAINTENANCE means.
851.1 Periodic Surveillance of Pipelines 851.3 Leakage Surveys
As g means of maintaining the integrity of its pipeline Each operating company of a transmission|line shall

system, each opg€rating company shall establish and
implgment procedures for periodic surveillance of its
facilities. Studies shall be initiated and appropriate
action shall\be taken where unusual operating and main-
tenanjce\¢onditions occur, such as failures, leakage history,

provide for periodic leakage surveys of the line in its oper-
ating and maintenance plan. The types of surveys selected
shall be effective for determining if potentially hazardous
leakage exists. The extent and frequency of the leakage
surveys shall be determined by the operating| pressure,

drop in flow efficiency due to internal corrosion, or
substantial changes in cathodic protection requirements.

When such studies indicate the facility is in unsatisfac-
tory condition, a planned program shall be initiated to
abandon, replace, or recondition and proof test. If such
a facility cannot be reconditioned or phased out, the
maximum allowable operating pressure shall be
reduced commensurate with the requirements described
in para. 845.2.2(c).
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piping age, Location Class, and whether the transmission
line transports gas without an odorant.

851.4 Repair Procedures for Steel Pipelines

Evaluation of pipeline defects and associated repair
methods are discussed in paras. 851.4.1 through
851.4.5. Additional guidance may be found in ASME
PCC-2, Repair of Pressure Equipment and Piping, and
in the following PRCI documents: Pipeline Repair
Manual (original or updated version), and Pipeline

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

Licensee=Hong Kong Polytechnic University/9976803100, User=Siu, Kit Hang
Not for Resale, 12/12/2018 00:19:35 MST


https://asmenormdoc.com/api2/?name=ASME B31.8 2018.pdf

ASME B31.8-2018

Defect Assessment — A Review and Comparison of
Commonly Used Methods. Information on these docu-
ments is found in Mandatory Appendix A.

The use of nonmetallic composite repair is prohibited
for repairing leaks on pipelines operating over 100 psig
(690 kPa). The use of nonmetallic composite repair is not
recommended for repairing cracks or pipe manufacturing
defects in pipelines unless reliable engineering analysis or
testing demonstrates the effectiveness of the repair device

If the defect is not a leak, the circumferential fillet welds
are optional in certain cases as described in the following
sections of para. 851.4. If circumferential fillet welds are
made, the sleeve's longitudinal welds shall be butt welds.
The welding procedures for the circumferential fillet
welds shall be suitable for the materials and shall consider
the potential for underbead cracking. Backup strips are
not required. If the circumferential fillet welds are not
made, the longitudinal welds may be butt welds, or

e O-5t e aereetess

Fllate 0 o cida oy
tO—a—StHare—oaf

Tha civenpafarantial adgac o yhich
THTets e e e T et rar e a g eSSy

Repair paterials or equipment for which no standards would have been sealed had the fillet weld beémymade,
or specifigations are referenced in this Code shall only be should be sealed with a coating material suth as
permitted if qualified in accordance with para. 811.2.4. enamel or mastic, so that the soil environment will be
Such repajrs shall be described in detail in documentation kept out of the area under the sleeve,
that is refained by the operating company. Prior to the installation of a sleeve;the pipe bodyf shall

If at arly time a defect mentioned in the following
subsectidns of para. 851.4 is evident on a pipeline,
temporary measures shall be employed immediately to
protect the property and the public. If it is not feasible
to make fepairs at the time of discovery, permanent
repairs shall be made as soon as described herein. The
use of a welded patch as a repair method is prohibited,
except as provided in para. 851.4.4(e). Whenever a pipe-
line remains pressurized while being exposed to investi-
gate or repair a likely defect, the operating pressure shall
be at a levpl that provides safety during excavation, inves-
tigation ahd/or repair operations.

(a) Ifthere is sufficient information about the defect to
determing through engineering analysis the pressure at
which excpvation, investigation, and/or repair operations
may be conducted safely, the pipeline shall be operated at
or below fhis pressure during these activities.

(b) If there is insufficient information about the'defect
to determfne the pressure at which excavation, investiga-

be inspected by ultrasonic methodsforlaminations ywhere
sleeve fillet welds will be depgsited onto the pipe |body.

Consideration shall be given to the toughness charac-
teristics and quality of all seam welds when depofsiting
welds across the seanicin'the course of repairs.

851.4.1 Definition of Injurious Dents and Mechanical
Damage

(a) Dents:are indentations of the pipe or distortipns of
the pipe's«circular cross section caused by external fprces.

(b) PRlain dents are dents that vary smoothly and dlo not
contain creases, mechanical damage [such as described in
’(g]], corrosion, arc burns, girth, or seam welds.
~ (c) Mechanical damage is damage to the pipe syrface
caused by external forces. Mechanical damage indludes
features such as creasing of the pipe wall, gouges,
scrapes, smeared metal, and metal loss not due to ¢orro-
sion. Cracking may or may not be present in conjunction
with mechanical damage. Denting of the pipe may of may

tion, and/|or repair operations may be conduicted safely, not be apparent in conjunction with mechanical damage.
the pipeline shall be operated ata pressure no greater than (d) Plain dents are defined as injurious if they ex¢eed a
80% of the operating pressure at the-time of discovery.  depth of 6% of the nominal pipe diameter. Upon fyrther
The operfiting pressure shall remain at or below this analysis, plain dents of any depth are acceptable and are
reduced pressure during thesg-agtivities unless sufficient not considered injurious provided strain levels assogiated
informatipn becomes availableé‘to determine a different ~ with the deformation do not exceed the following ptrain
pressure. limits:

Nonleaking corroded areas that must be repaired or (1) half of the minimum elongation specified| for a

replaced |are definéd™in para. 860.2(a). Longitudinal
weld seanps are commonly identified by visual inspection,
etchants, pr ultrasonic testing.

A full gncirclement welded split sleeve with welded

tensile strap test in accordance with the pipe prpduct
manufacturing specification or pipe purdhase
specification

(2) 40% of the average elongation from pipe|man-

ends shall have a design pressure at least equal to that
required for the maximum allowable operating pressure
of the pipe being repaired [see para. 841.1.1(a)]. If condi-
tions require that the sleeve carry the full longitudinal
stresses, the design and fabrication details shall ensure
that the pipeline design criteria are met with considera-
tion given to circumferential fillet welds (see ASME PCC-2,
Article 2.6). Full encirclement sleeves shall notbe less than
4 in. (100 mm) in width.

80

ufacturer mill test reports

(3) where the pipe mill test reports are unavailable
and the specification of the pipe is not known with
certainty, a maximum strain level of 6%

Strain levels may be calculated in accordance with
Nonmandatory Appendix R or other engineering metho-
dology. In evaluating the depth of plain dents, the need for
the segment to be able to safely pass an internal inspection
or cleaning device shall also be considered. Any dents that
are not acceptable for this purpose should be removed

(18)
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prior to passing these devices through the segment, even if
the dent is not injurious.

(e) All external mechanical damage with or without
concurrent visible indentation of the pipe is considered
injurious.

(f) Dents that contain corrosion are injurious if the
corrosion is in excess of what is allowed by para.
860.2(a), or if they exceed a depth of 6% of the
nominal pipe diameter.

(2) External mechanical damage, and all dents
affecting acetylene girth welds or seam welds that are
known to exhibit brittle fracture characteristics may be
repaired with a full encirclement steel sleeve with
ends welded to the pipe.

(3) External mechanical damage, including cracks,
may be repaired by grinding out the damage, provided
any associated indentation of the pipe does not exceed
a depth of 4% of the nominal pipe diameter. Grinding

(9) Pents-thatcontain-stress-corrosion-eracks-or-other is—permitted-to—a—depth-ef 1+0%of-theneminal pipe
crackp are injurious. wall with no limit on length. Grinding shallyproduce a
(h)| Dents that affect ductile girth or seam welds are smooth contour in the pipe wall. The remaining vall thick-

injurious if they exceed a depth of 2% of the nominal
pipe fliameter, except those evaluated and determined
to be| safe by an engineering analysis that considers
weld fjuality, nondestructive examinations, and operation
of the pipeline are acceptable provided strain levels asso-
ciated with the deformation do not exceed 4%. It is the
operdtor's responsibility to establish the quality level of
the weld.

(i) |Dents of any depth that affect nonductile welds, such
as acetylene girth welds or seam welds that are prone to
brittle fracture, are injurious.

() |The allowable height of mild ripples in carbon steel
pipe formed during the cold bending process can be deter-
mined from Figure 851.4.1-1, where d is the maximum
deptH or crest-to-trough dimension of the ripple and D
is the
carbon steel pipe are acceptable if their height is
below the line shown. Ripples with heights above-the

specified outside diameter of the pipe. Ripples in

5.

ness shall be verified using ultrasonie testfng. After
grinding, the surface shall be inspected fpr cracks
using a nondestructive surface examination method
capable of detecting cracksfand the surfac¢ shall be
inspected with a suitable‘etchant per para. 8§41.2.4(e).
If grinding within the depth and length limitations fails
to completely remove the damage, the damage shall be
removed or repaited‘in accordance with (2).

(-a) For pipelines operating at or ahove 30%
SMYS, grindiinig is permitted to a depth grejater than
10% up t0 a’/maximum of 40% of the pipe yall, with
metal removal confined to a length given by th¢ following

equation:
N )2
) i

t
L= 1120 (oo)|| — 2
lla/t=0.11

line may be demonstrated to be acceptable using a where . .
more|rigorous analysis. a = measured maximum depth of ground area, in.
(mm)
(18)  851.4.2 Permanent Field Repairs of Injurious Dents D = nominal outside diameter of the pipe, [in. (mm)
and Mechanical Damage L = maximum allowable longitudinal extent of the
.. . ground area, in. (mm)
(a)| Injurious dents and mechanieal damage shall be t = nominal wall thickness of pipe, in. (mi)

remoped or repaired by one jof the methods below, or
the operating pressure shall\bé reduced. The reduced
presspre shall not exceed/80% of the operating pressure
experienced by the injurious feature at the time of
discovery. Pressuré/reduction does not constitute a
permpnent repair,

(b)| Removal,of injurious dents or mechanical damage
shall pe perforthed by taking the pipeline out of service
and cuttihg)out a cylindrical piece of pipe and replacing
same|with pipe of equal or greater design pressure, or by

(-b) For pipelines operating below 30% SMYS,
grinding is permitted to lengths and depth$ meeting
the acceptance criteria of ASME B31G.

(4) Dents containing stress corrosion cragking may
be repaired by grinding out the cracks to a length and
depth permitted in para. 860.2(a) for corfosion in
plain pipe. The wall thickness shall be checked using ultra-
sonic testing. After grinding, the surface shall belinspected

removing the defect by hot tapping, provided the entire
defect is removed.

(c) Repairs of injurious dents or mechanical damage
shall be performed as described below:

(1) Plain dents, dents containing corrosion, dents
containing stress corrosion cracking, and dents affecting
ductile girth welds or seams may be repaired with either a
full encirclement steel sleeve with open ends or with ends
welded to the pipe.
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for-eracks—usinganondestructive-surface-examination
method capable of detecting cracks and the surface
shall be inspected with a suitable etchant as per para.
841.2.4(e). If grinding within the depth and length limita-
tions fails to completely remove the damage, the damage
shall be removed or repaired in accordance with (1).
(d) If a dent or mechanical damage is repaired with a
sleeve not designed to carry maximum allowable oper-
ating line pressure, the dent shall first be filled with an
incompressible filler. If the sleeve is designed to carry
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Figure 851.4.1-1 Allowable Ripple Heights

Hoop Stress at MAOP, MPa
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0.030 = 3% $ $ $ $ $ $ $ $
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\ Gas pipelines
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Allowable Ripple Height/Pipe [Diameter, a/D
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GENERALNPTE: Source: “Development of Acceptance Criteria for Mild Ripplesin Pipeline'Field Bends” paper IPC02-27124 from the Internptional
Pipeline Copference 2002. Copyright © 2002 by The American Society of Mechanical Engineers.

maximum| allowable operating pressure, the incompres- «{¢) If a manufacturing defect is found in a dpuble

sible fillexf is recommended but not required: “Bubmerged-arc-welded' 'seam ‘or‘high frequency|ERW
(e) Nonmetallic composite wrap repairs are not accept- seam, a full encirclement welded split sleeve shall be

able for r¢pair of injurious dents or mechanical damage; installed.

unless prjoven through reliable engineering tests-and (d) If a manufacturing defect is discovered in p low

analysis. frequency ERW weld seam or any seam having a factor
(f) All fepairs under para. 851.4.2 shall pass-niondes- E less than 1.0 in Table 841.1.7-1, or if hydiogen

tructive ijspections and tests as provided.invpara. 851.5. stress cracking is found in any weld zone, a full engircle-

. . . ment welded split sleeve designed to carry maxjmum
(18) 851.4.3 Permanent Field Repairof-Welds Having allowable operating pressure shall be installed.

Injﬁurious Defects (e) Corroded areas may be repaired by filling themy with

3(a) All fircumferential butt welds found to have unac- ~ deposited Wel_d metal using a low-hydrpgen wglding
ceptable defects (according to-API 1104) shall be repaired =~ PTOCESS. R.epalrs sh'all be accomplished in accor lance
in accordance with the/fequirements of section 827, ~ With a written maintenance procedure, which when
provided| the pipelife )can be taken out of service. followed will permanently restore the required wall thick-

Repairs oh welds nfay*be made while the pipeline is in ness .and mechanical properties of the pipeline..'ljhe
service, provided-thé weld is not leaking, the pressure ~ Welding procedures and welders shall be q.ualllfle.d
in the pipelime Has been reduced to a pressure that  under para. 823.2.1. The procedures shall provide|suffi-

will not prédice a hoop stress in excess of 20% of the cient direction for avoiding burn-through and minimizing
specified minimum yield oTﬁﬂ_f_‘heﬂWe pipe, and grinding o ' ' ' tee-pipetines. For
the defective area can be limited so that there will ~ background information on developing a weld deposition
remain at least % in. (3.2 mm) thickness in the pipe weld. repair procedure, refer to “Guidelines for Weld Deposition
(b) Defective welds mentioned in (a) above, which Repair on Pipelines” (PRCI Catalog L51782) in Mandatory
cannot be repaired under (a) above and where it is Appendix A. This method of repair shall not be attempted
not feasible to remove the defect from the pipeline by re- on pipe that is thought to be susceptible to brittle failure.
placement, may be repaired by the installation of a full (f) Allrepairs performed under (a) through (e) shall be
encirclement welded split sleeve using circumferential tested and inspected as provided in para. 851.5.
fillet welds.
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Table 851.4.4-1 Wall Thickness for Unlikely Occurrence of Burn-Through

Gas Velocity, ft/sec (m/s)

psia (kPa) 0 5 (1.5) 10 (3.0) 20 (6.1)

15 (100) 0.320 in. (8.13 mm)
500 (3,450) 0.300 in. (7.62 mm) 0.270 in. (6.86 mm) 0.240 in. (6.10 mm) 0.205 in. (5.21 mm)
900 (6,200) 0.280 in. (7.11 mm) 0.235 in. (5.97 mm) 0.190 in. (4.83 mm) 0.150 in. (3.81 mm)

851.4.4 Permanent Field Repair of Leaks and

If the fillet welds are made, pressurization of the sleeve

Nonleaking Corroded Areas ~ is optional. The same applies to hydrogen tress cracking

If feasible, the pipeline shall be taken out of service
and repaired by cutting out a cylindrical piece of pipe and
Fing with pipe of equal or greater design pressure.
Ifitis not feasible to take the pipeline out of service,
repairs shall be made by the installation of a full encircle-
mentfwelded splitsleeve, unless corrosion is repaired with
depogited weld metal in accordance with (e) or unless a
patch|is chosen in accordance with (f). If nonleaking corro-
sion |s repaired with a full encirclement welded split
sleeve, the circumferential fillet welds are optional.

(c)|Ifthe leakis due to a corrosion pit, the repair may be
made| by the installation of a properly designed bolt-on
leak ¢lamp.

(d)| A small leak may be repaired by welding a nipple
over it to vent the gas while welding and then installing an
apprqpriate fitting on the nipple.

(e)| Small corroded areas may be repaired by filling
them
trodep. The higher the pressure and the greater the flow:
rate, the lesser the chance of burn-through. At 20,V and
100 A, burn-through is unlikely to occur when the actual
wall thicknesses exist, as shown in Table 851.44-1.

This method of repair should not be attempted on pipe
that ik thought to be susceptible to brittle fracture.

(f) |Leaking or nonleaking corroded.areas on pipe with a
specified minimum yield strengthof net more than 40,000
psi (2[76 MPa) may be repaired/by using a steel plate patch
with founded corners and with-dimensions not in excess
of ong-halfthe circumference of the pipe fillet welded over
the pjtted area. The repair plate design and fabrication
details shall ensurethat the pipeline design criteria are
met. This method 'of repair should not be attempted on
pipe [that is thought to be susceptible to hydrogen
cracking/brittle fracture.

(9)| All'répairs performed under (a) through (f) shall be
tested and inspected as provided in para. 851.5.

with deposited-weld metalfrom-low-hydrogen elecy

in hard spots, except that a flat hard spot shall be
protected with a hardenable filler or by.pressurization
of a fillet-welded sleeve. Stress corro$ipn’ cra¢king may
also be repaired per para. 851.4.2(c}(4), which|describes
repairs for stress corrosion cracking in dents.

(c) All repairs performed 4inder (a) and (4) shall be
tested and inspected as provided in para. 851.5.

851.5 Testing Repairs to Steel Pipelines pr Mains

scheduled repair to a pipeline or main is made py cutting
out the dantaged portion of the pipe as a cylinder and
replacingit'with another section of pipe, the replacement
section of pipe shall be subjected to a pressur¢ test. The
replacement section of pipe shall be tested to th¢ pressure
required for a new pipeline or main installed ir the same
location. The tests may be made on the pipe priof to instal-
lation, provided nondestructive tests meeting the require-
ments of section 826 are made on all field girth butt welds
after installation. If the replacement is made under
controlled fire conditions (gas in the pipeline),|full encir-
clement pressure-containing type B, welded spllit sleeves
(see ASME PCC-2) may be used to join the pipe sections
instead of butt welds. All sleeve welds should| be radio-
graphed. (See para. 851.5.2.)

851.5.1 Testingof Replacement Pipe SectiorF. Whena

851.5.2 Nondestructive Testing of Repairy, Gouges,
Grooves, Dents, and Welds. If the defects are repaired
by welding in accordance with the provisions of para.
851.4 and any of its subsections, the welding shall be
examined in accordance with section 826.

851.5.3 Leak Testing of Leak Repairs. In addition to
the requirements of paras. 851.5.1 and 851.5{2, repairs
made to leaks shall be leak tested. The leak|test shall
be performed in accordance with Nonmhndatory
Appendix M, M-3(e), M-3(f), or M-3(g). The leal test pres-

851.4.5 Permanent Field Repair of Hydrogen Stress
Cracking in Hard Spots and Stress Corrosion Cracking

(a) If feasible, the pipeline shall be taken out of service
and repaired by cutting out a cylindrical piece of pipe and
replacing with pipe of equal or greater design pressure.

(b) If it is not feasible to take the pipeline out of
service, repairs shall be made by the installation of a
full encirclement welded split sleeve. In the case of
stress corrosion cracking, the fillet welds are optional.
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sure shall be at or above the maximum operating pressure
available when the repair is placed back into service.

851.6 Pipeline Leak Records

Records shall be made covering all leaks discovered and
repairs made. All pipeline breaks shall be reported in
detail. These records along with leakage survey
records, line patrol records, and other records relating
to routine or unusual inspections shall be kept in the
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file of the operating company, as long as the section of line
remains in service.

851.7 Pipeline Markers

(a) Signs or markers shall be installed where it is
considered necessary to indicate the presence of a pipeline
at road, highway, railroad, and stream crossings.
Additional signs and markers shall be installed along

(c) After the facilities have been decommissioned, the
maintenance procedures shall continue to be applied as if
the facility were still in service.

(d) The cathodic protection shall be maintained with
the periodic inspections and record keeping to continue
as if the facility were still in service.

(e) For stations where blanket gas remains, the
Emergency Shut Down (ESD) system shall remain in
service. Some modification to the ESD system may be
i - rdous
gas and fire detectors should remain in service toblgw the
units and piping down, if necessary.

not obscured. e e . A
851.10 Recommissioning of Transmission
(c) The signs or markers shall include the words “Gas Facilities 9
(or name |of gas transported) Pipeline,” the name of the
operating|company, and the telephone number (including Operators planning to recommission (reactivate) frans-

area code) where the operating company can be
contacted

851.8 Abandoning of Transmission Facilities

Each opjerating company shall have a plan in its oper-
ating and maintenance procedures for abandoning trans-
mission facilities. The plan shall include the following
provisions:

(a) Fadilities to be abandoned shall be disconnected
from all spurces and supplies of gas such as other pipe-
lines, mains, crossover piping, meter stations, control
lines, and|other appurtenances.

(b) Fadjlities to be abandoned in place shall be purged

of gas with an inert material and the ends shall be sealed, operation.
except that ses s TR .
(c) Aftgr precautions are taken to determine that no 85L11 Repositioning a Pipeline in Service

liquid hydrocarbons remain in the facilities to be aban-
doned, then such facilities may be purged\with air. If
the facilities are purged with air, then precautions
must be|taken to determine thatJa combustible
mixture isjnot present after purging.[See para.841.2.7(e).]

8519 D

Operatgrs planning the‘décommissioning (temporary
disconneqt) of transmission facilities shall develop proce-
dures for [the decommissioning of facilities from service.
The procddures.shall include the following:

(a) Fadilitiesjto be decommissioned shall be isolated
and sealed from all sources and supplies of gas, such

commissioning of Transmission Facilities

mission facilities temporarily femoved from servicg shall
develop written proceduresfor recommissioning fadilities
to service. The procedures-shall include the following:
(a) Beforeafacilityisrecommissioned, all maintehance
and cathodic protection records shall be reviewed to
ensure that thé condition and integrity of the f3cility
has been maintained during the decommissioned ppriod.
(b) Facilities to be recommissioned that have|been
decommissioned for an extended period of time|shall
be repressured incrementally.

(c)”A leak survey shall be performed after the facility

a/thas been recommissioned. Any defects or leaks discojered

shall be repaired before the facility is back ip full

When repositioning a pipeline in service, the foll
are some of the factors that shall be considered:

(a) deflection

(b) diameter, wall thickness, and grade of pipe

(c) pipeline pressure

(d) type of girth welds

(e) test and operating history

(f) presence of defects

(g) existing curvature

(h) bends

(i) valves and fittings

(j) terrain and soil conditions

(k) personnel safety considerations

wing

as other pipelines, mains, crossover piping, meter stations,
control lines, and other appurtenances.

(b) Purge facilities to be commissioned with an inert
material and effectively seal the ends. For facilities
where purging is not necessary and where a need to
restore to service exists, a small amount of gas can
remain in the facility provided the gas amount poses
no potential hazard, and contains no corrosive contami-
nants exceeding pipeline quality standards such as water,
carbon dioxide, and sulfides.

(J—additiomal Stresses caused by Tepositioning of the

pipeline

851.12 Pressure Testing for Integrity Assessment
of In-Service Pipelines

The integrity of an in-service pipeline may be deter-
mined by pressure testing for strength and leaks.
Comparison of new test pressures with previous test pres-
sures will demonstrate that the integrity of the pipeline
has not been reduced if new test pressures are equal to or
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greater than previous test pressures. If there was no
previous strength test with which to compare the
current test, a minimum specified margin of safety can
be established. A strength test, however, will not indicate
ongoing deterioration of the pipeline that has not
progressed to the point where defects fail during the
strength test. Refer to Nonmandatory Appendix N for
hydrostatic testing guidelines.

851.12.1 Pressure Test Levels. When establishing test

tion tested, should be based upon an engineering critical
assessment to prevent defects from growing to critical
sizes. That engineering critical assessment should
include consideration of the following factors:

(a) Riskto the Public. The first consideration in a test or
retest should be the exposure that the public could have to
a failure of a given pipeline.

(b) Stress Level of Previous Test. Testing shows that the
higher the stress level of the strength test, the smaller the

presspres for a test section, the maximum test pressure
shall be determined by the operator to prevent damage to

remaiinsfaw-wil be-Smalerremainineflawswill result
Femah g aw-Wwhrse>anrerremaHRgHawsw

in a longer time before the flaw could be expéct
to a critical size, if not mitigated. This'm

bd to grow
bans that

the plpeline and its components. Consideration must be . . . .
: . : . increasing the ratio of the test pressure to theloperating
given(to the effect of test section elevation differences on . . .
. pressure may potentially increase the retest interval.
the tgst pressure. Whenever test pressure will cause a (c) Corrosion Growth Rate. The torrosion giowth rate
hoop|stress in excess of 100% of the SMYS, refer to 5

Nonnpandatory Appendix N, section N-5 for guidance

on a given pipeline depends tipon the aggressfveness of
the corrosive environment@nd the effectivenes of corro-

on yigld monitoring. The minimum test pressure shall sion control measures
be as|required by (a) through (c). . D . T
(@)| To determine the integrity of an in-service pipeline (d) Maintenance. Detetrioration of the pipelire is also a
function of the tilmihg and effectiveness of actions to

by strfength testing, the pipeline shall be strength tested at
a pregsure that will cause a hoop stress of at least 90% of
the SMYS in the segment with the lowest design or rated
presspre in the section tested except as provided in (b) or
(©).

(b)| For pipelines in which SCC (Stress Corrosion
CracKing) has been identified, defects may be mitigated

correct such conditions as corrosion control ddficiencies,
external forcé\damage, and operating condifions that
increase the‘potential for corrosion. The effg¢ctiveness
of programs to prevent damage by excavation affects pipe-
line maintenance.

(€é) Other Inspection Methods. In-line inlspection,
external electrical surveys of coating condfition and

by pressure testing to a pressure that will create a . : : . . . .
hoop|stress of at lexst 100% of: the' SMYS ‘at the high?7 cathodic protection levels, direct inspection of the pipe,
point|elevation monitoring of internal corrosion, monitoring of gas
s . - . lity, and monitorin ncroachment ar
(c)|For those in-service pipelines for which the hoop quality, and monitoring to detect encroachment are

stres§ percent of the SMYS cannot be accurately-deter-
minefl or those pipelines that operate at-hoop stress
levels lower than maximum design pressure, the
minifnum strength test pressure shall be 1.10 times
the MAOP.

(d)| Following the strength téstperiod, a leak test
should be performed. The leak test pressure should be

at least 1.10 times the MAQP)of the pipeline.

851.12.2 Pressure Hold Period

(a)| The strengthytest pressure shall be held for a
minihum timesperiod of % hr, except for those lines
with known SECywhich are to be pressure tested in accor-

methods that can be used to predict or confirnj the pres-
ence of defects that may reduce the integrjty of the
pipeline.

852 DISTRIBUTION PIPING MAINTENAN
852.1 Patrolling

Distribution mains shall be patrolled in ar¢as where
necessary to observe factors that may affect spfe opera-
tion. The patrolling shall be considered in areas of
construction activity, physical deterioration gf exposed
piping and supports, or any natural causes, which
could result in damage to the pipe. The frequency of

dancq with(b). the patrolling shall be determined by the sg¢verity of
(b)| The-pressure test for SCC shall be held long enough the conditions that could cause failure or legkage and
etk PSR LT : - 1,9 1 the subseguent hazards to public safety
fOF th., LC3L }Jl COS5UIT LU SUAUILLILT, IITHIUST LASTES /72 111 UL 1TSS, T T 4

(c) The leak test pressure should be maintained for as
long as necessary to detect and locate or evaluate any
leakage of test media. Additional leak test methods
may be employed if detection of leakage of the test
media is not practical due to very small leaks such as
may be experienced after testing for SCC.

851.12.3 Time Interval Between Tests. The time
interval between pressure tests, or performing the
initial pressure test if the pipeline was not post-construc-

85

852.2 Leakage Surveys

Each operating company having a gas distribution
system shall set up in its operating and maintenance
plan a provision for making periodic leakage surveys
on the system.
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852.2.1 Types of Surveys. The types of surveys
selected shall be effective for determining if potentially
hazardous leakage exists. The following are some proce-
dures that may be employed:

(a) surface gas detection surveys

(b) subsurface gas detector survey (including bar hole
surveys)

(c) vegetation surveys

(d) pressure drop tests

lating, or stopping the flow of gas. The pinpointing guide-
lines provided in section M-6 of Nonmandatory Appendix
M should be followed.

852.3.2 Investigation of Reports From Outside
Sources. Any notification from an outside source (such
as police or fire department, other utility, contractor,
customer, or general public) reporting a leak, explosion,
or fire, which may involve gas pipelines or other gas facil-
ities, shall be investigated promptly. If the investigation

e5th

(e) bu
(f) ultr

bleleakage-tests
hsonic leakage tests

A detalled description of the various surveys and
leakage| detection procedures is shown in
Nonmandptory Appendix M.

852.2.2 Frequency of Surveys. The extent and
frequency of leakage surveys shall be determined by
the charagdter of the general service area, building concen-
trations, piping age, system condition, operating pressure,
and any other known condition (such as surface faulting,
subsidendge, flooding, or an increase in operating pressure)
that has significant potential to either initiate a leak or to
cause leaking gas to migrate to an area where it could

reveals a leak, the leak should be classified and action
should be taken in accordance with the criteria in
section M-5 of Nonmandatory Appendix M:

852.3.3 Odor or Indications From Foreign Soyrces.
When potentially hazardous leak indications (such as
natural, sewer, or marsh gas or‘gasoline vaporg) are
found to originate from a foréign source or faciljty or
customer-owned piping, theysshall be reported o the
operator of the facility and/where appropriate, fo the
police department, fite department, or other goyvern-
mental agency. When the company's pipeline is connjected
to a foreign facility’(such as the customer's piping), nec-
essary actiongsuch as disconnecting or shutting off the

result in|a hazardous condition. Special one-time i P
) . flow of gas\to the facility, shall be taken to elinjinate
surveys ghould be considered following exposure of the potential hazard
the gas djstribution system to unusual stresses (such p )
as those resulting from earthquakes or blasting). The 852.3:4 Follow-Up Inspections. While the excayation

leakage syirvey frequencies shall be based on operating is,open, the adequacy of leak repairs shall be checked by
experienge, sound judgment,cand’acknowledge of the" 2 msing acceptable methods. The perimeter of the leak area
system. Opce established, frequencies shall be reviewed shall be checked with a gas detector. In the case of a firade
periodically to affirm that they are still appropriate. The 1 leak repair as defined in Nonmandatory Appendix M,

frequenciges of the leakage survey shall at least meetithe where there is residual gas in the ground, a follpwup
following] inspection should be made as soon as practicable| after

(a) Distribution systems in a principal businessdistrict allowing the soil to vent to the atmosphere and stapilize,
should be surveyed atleast annually. Such sutveys shall be but in no case later than 1 month following the reppir. In

conducted using a gas detector and shall'include tests of
the atmogphere 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 gqs leaks.

(b) Thq underground distribution system outside the
areas coyered by (a)-above should be surveyed as

the case of other leak repairs, the need for a followup
inspection should be determined by qualified perspnnel.

852.4 Requirements for Abandoning,
Disconnecting, and Reinstating Distrib
Facilities

852.4.1 Abandoning of Distribution Facilities.
operating company shall have a plan for abandoning
tive facilities, such as service lines, mains, control

equipment, and appurtenances for which there
planned use.

ition

Each
inac-
lines,
is no

irTeaks
located by surveys and/or investigation should be eval-
uated, classified, and controlled in accordance with the
criteria set forth in section M-5 of Nonmandatory
Appendix M.

Prior to taking any repair action, leaks should be
pinpointed but only after it has been established that
an immediate hazard does not exist or has been controlled
by such emergency actions as evacuation, blocking an area
off, rerouting traffic, eliminating sources of ignition, venti-

86

The plan shall also include the following provisions:

(a) If the facilities are abandoned in place, they shall
be physically disconnected from the piping system. The
open ends of all abandoned facilities shall be capped,
plugged, or otherwise effectively sealed. The need for
purging the abandoned facility to prevent the develop-
ment of a potential combustion hazard shall be consid-
ered and appropriate measures shall be taken.
Abandonment shall not be completed until it has
been determined that the volume of gas or liquid
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hydrocarbons contained within the abandoned section
poses no potential hazard. Air or inert gas may be
used for purging, or the facility may be filled with
water or other inert material. [See para. 841.2.7(e).]
If air is used for purging, the operating company
shall determine that a combustible mixture is not
present after purging. Consideration shall be given to
any effects the abandonment may have on an active
cathodic protection system, and appropriate action
shall

(b) when the service line has been designed, installed,
tested, and maintained in accordance with the require-
ments of this Code

852.5 Plastic Pipe Maintenance

852.5.1 Squeezing-Off and Reopening of
Thermoplastic Pipe or Tubing for Pressure Control

(a) Before thermoplastic pipe or tubing is squeezed-off
and reopened, it is required that investigationg and tests

tarcCti

(b)| In cases where a main and the service lines be made to determine that the particular typ€,-grade, size,
conngcted to it are abandoned, insofar as service lines and wall thickness of pipe or tubing of the\same manu-
are cpncerned, only the customer's end of such service facture can be squeezed-off and reopened without causing
lines needs to be sealed as stipulated above. failure under the conditions that will‘prevail at the time of

(c)| Service lines abandoned from the active mains
should be disconnected as close to the main as practicable.

(d)| All valves left in the abandoned segment should be
closedl. If the segment is long and there are few line valves,
consifleration should be given to plugging the segment at
interyals.

(e)| All above-grade valves, risers, and vault and valve
box cpvers shall be removed. Vault and valve box voids
shall pe filled with suitable compacted backfill material.

85
Wher
tinue

(a)

P.4.2 Temporarily Disconnected Service.
ever service to a customer is temporarily discon-
1, one of the following shall be complied with:

The valve that is closed to prevent the flow of gas to

the clistomer shall be*provided ‘witha locking device oip;”

other|means designed to prevent the opening of the valve
by pefrsons other than those authorized by the operating
comppny.

(b)| A mechanical device or fitting that will'\prevent the
flow of gas shall be installed in the service\line or in the

the squeezing-off and reopening,
(b) After compliance with (@);;whenever thefmoplastic
pipe or tubing is squeezed-off and reopened, it is required
that
(1) the work be ‘done with equipment ajnd proce-
dures that have been established and proven |by test to
be capable of performing the operation spfely and
effectively
(2) the'squeezed-offand reopened area of
tubing be reinforced in accordance with the aj
provisions of para. 852.5.2, unless it has been determined
bydnvestigation and test that squeeze-off and feopening
donot affect the long-term properties of the pip¢ or tubing
(c) Squeeze-off and reopening shall be dong in accor-
dance with ASTM F1041, Standard Guide for Squeeze-Off
of Polyolefin Gas Pressure Pipe and Tubing, and ASTM
F1563, Standard Specification for Tools to Squeeze-Off
Polyethylene (PE) Gas Pipe or Tubing.
(d) Refer to Nonmandatory Appendix C fgr a list of
other pertinent ASTM standards and industry [literature.

he pipe or
propriate

meter assembly.

(C) The customer's plplng shall be physu:ally discon- 852.5.2 Repair Of PlaStiC Pipe or Tubing. Ifatany time
nectdd from the gas supply and the open pipe ends an injurious defect, groove, gouge, or dent i found in
shall be sealed. plastic pipe or tubing, the damaged or flefective

852.4.3 Test Requirements for Reinstating
Abandoned Facilities. and Temporarily Disconnected
Servige Lines. Facilities previously abandoned shall be
testef in the same)manner as new facilities before
being| reinstated:

Serjvice linlesvpreviously abandoned shall be tested in
the spme”manner as new service lines before being
reinsfated:

section shall be replaced unless satisfactory rgpairs are
made.

The damaged section can be cut out and r¢placed in
accordance with applicable provisions of pajra. 842.3.
The replacement pipe or tubing shall be 100%o 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.

Service [ines temporarily disconnected because of main
renewals or other planned work shall be tested from the
point of disconnection to the service line valve in the same
manner as new service lines before reconnecting, except

(a) when provisions to maintain continuous service are
made, such as by installation of a bypass, any portion of the
original service line used to maintain continuous service
need not be tested; or

87

Repairs shall be made in accordance with qualified
procedures that have been established and proven by
test and in accordance with the following (special consid-
eration shall be given to ensure that the repair procedure
is applicable at the ambient temperature during the
repair):

(a) The recommendations of the plastic manufacturer
shall be taken into consideration when determining the
type of repair to be made. Special consideration shall be
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given to the extent of fiber damage in the case of thermo-
setting plastic pipe.

(b) If apatch or full encirclement sleeve is used, it shall
extend at least % in. (13 mm) beyond the damaged area.

(c) Ifafull encirclement split sleeve is used, the joining
line between the halves of the sleeve shall be as far as
possible from the defect, but in no case closer than 1/2
in. (13 mm). Suitable precautions shall be taken to
ensure a proper fit at the longitudinal seam.

852.7.2 Sealing Joints Under 25 psig (170 kPa). Each
cast iron caulked bell and spigot joint operating at pres-
sures of less than 25 psig (170 kPa) that is exposed for any
reason must be sealed by a means other than caulking.

852.7.3 Inspection for Graphitization. When a section
of cast iron pipe is exposed for any reason, an inspection
shall be made to determine if graphitization exists. If detri-
mental graphitization is found, the affected segment must
be replaced.

(d) Thg

natch ar claaua maatarial chall ha tha carna tuyna
paten-ef-sreeve-faterar-shanrpe-tne

sare-type
and grade|as the pipe or tubing being repaired. Wall thick- 852.7.4 Disturbed Pipeline Support. When an
ness of th¢ patch or sleeve shall be at least equal to that of ating company has knowledge that the support
the pipe qr tubing. segment of a buried cast iron pipeline is disturbedl
(e) Thg method of attachment of the patch or sleeve (a) that segment of the pipeline mustbe protec

shall be|compatible with the material and shall
conform fo the applicable provisions of para. 842.2.9
(b). Precjutions shall be taken to ensure a proper fit
and a complete bond between the patch or sleeve and
the pipe peing repaired. The patch or sleeve shall be
clamped |or held in place by other suitable means
during the setting or curing of the bonding material or
during the hardening of a heat-fusion bond. Excess
solvent cgment shall be removed from the edges of the
patch or gleeve.

852.6 Piping Maintenance Records

852.6.1
any portid
bution pif
tenance p,
the follow

(a) the
generally

(b) the
tive coati
extent tha

(c) any]

(d) any

852.6.2 Cause of Cast lron Breakage. Whenever
broken cgst iron facilities.are uncovered, the cause of
breakage,[such as thermal‘effect, backfill, or construction
by others| shall be,recorded if it can be determined.

852.6.3 Analysis of Condition Records. Distribution
piping cordition records shall be analyzed periodically.
Any indi¢ated remedial action on the piping system

Inspection of Underground Piping. Whenever
n or section of-an existingauunderground distri-
ing system is uncovered for operating or main-
urposes or for the installation of new facilities,
ing information shall be recorded:
condition of the surface of bare pipe, if pitted or
corroded
condition of the pipe surface and of the protec-
hg where the coating has deteriorated to the
t the pipe is corroding undérneath
damaged protective coating

repairs made

oper-
for a

ed as
necessary against damage during the disturbance

(b) as soon as possible, apprépriate steps mu
taken to provide permanent protection for the dist
segment from damage that®might result from ex{
loads

st be
rbed
ernal

853 MISCELLANEOUS FACILITIES MAINTENANCE

853.1 Compressor Station Maintenance

853.1.1 .Compressors and Prime Movers. The stdrting,
operating, and shutdown procedures for all gas
compfessor units shall be established by the operating
company. The operating company shall take appropriate

2/steps to'see that the approved practices are followed.

853.1.2 Inspection and Testing of Relief Valvegs. All
pressure-relieving devices in compressor stationg shall
be inspected and/or tested in accordance with [para.
853.3, and all devices except rupture disks shall be|oper-
ated periodically to determine that they open at the
correct set pressure. Any defective or inadequate gquip-
ment found shall be promptly repaired or replacqd. All
remote control shutdown devices shall be inspected
and tested at least annually to determine that they|func-
tion properly.

853.1.3 Repairs to Compressor Station Piping. All
scheduled repairs to compressor station piping operating
at hoop stress levels at or above 40% of the speified
minimum yield strength shall be done in accordlance
with para. 851.3, except that the use of a welded |patch
is prohibited. Testing of repairs shall be done in gccor-
dance with para 8514

shall be taken and recorded.

852.7 Cast Iron Pipe Maintenance

852.7.1 Sealing Joints of 25 psig (170 kPa) or More.
Each cast iron caulked bell and spigot joint operating at
pressures of 25 psig (170 kPa) or more that is exposed for
any reason must be sealed with a mechanical leak clamp or
a material or device that does not reduce the flexibility of
the joint and permanently seals and bonds.
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853.1.4 Isolation of Equipment for Maintenance or
Alterations. The operating company shall establish proce-
dures for isolation of units or sections of piping for main-
tenance, and for purging prior to returning units to
service, and shall follow these established procedures
in all cases.

853.1.5 Storage of Combustible Materials. All flam-
mable or combustible materials in quantities beyond
those required for everyday use or other than those
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normally used in compressor buildings shall be stored in a
separate structure built of noncombustible material
located a suitable distance from the compressor building.
All aboveground oil or gasoline storage tanks shall be
protected in accordance with NFPA 30.

853.1.6 Maintenance and Testing of Gas Detection
and Alarm Systems. Each gas detection and alarm
system required by this Code shall be maintained to func-
tion reliably. The operator shall develop maintenance and

853.3 Maintenance of Pressure-Limiting and
Pressure-Regulating Stations

853.3.1 Condition and Adequacy. All pressure-limiting
stations, relief devices, and other pressure-regulating
stations and equipment shall be subject to systematic,
periodic inspections and suitable tests, or reviewed to
determine that they are

(a) in good mechanical condition. Visual inspections
shall be made to determine that equipment is properly

calibifation procedures to periodically verify the opera-
tional integrity of the gas detectors and alarm systems
instalfed.

85B8.1.7 Monitoring Effects of Pulsation and
Vibration. Facilities exposed to the effets of vibration
and gulsation induced by reciprocating compression as
well ps vibration induced by gas flow or discharge,
may lye susceptible to fatigue crack growth in fabrication
and dattachment welds. Susceptible facilities include

(a)| compressor station piping having an observed
histofy of vibration

(b)| blowdown piping

(c)|pulsation bottles and manifolds

(d)| piping not meeting the requirements of para.
833.7(a)

Sudh facilities may warrant engineering assessment
and/gr nondestructive examination for fatigue cracking

in fabhrication and attachment.welds. :

853.2 Procedures for Maintaining Pipe-Type and
Bottle-Type Holders in Safe Operating

Condition

(a)
bottld
plan
of thd

Each operating company having a ‘pipe-type or
-type holder shall prepare and _place in its files a
for the systematic, routine inSpgction and testing
facilities that has the following provisions:

1) Procedures shall be fallowed to enable the detec-
f external corrosion| before the strength of the
iner has been impaired.

) Periodic sampling and testing of gas in storage
shall|be made tosdetermine the dew point of vapors
contdined in the stored gas that might cause internal
corrgsion orfinterfere with the safe operations of the

tion
contal

determine that it is in a safe operating condition and
has adequate capacity.

(b) Each operating company, having prepared such a
plan as prescribed in (a), shall follow the plan and keep
records that detail the inspection and testing work done
and the conditions found.

(c) All unsatisfactory conditions found shall be
promptly corrected.
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installed and protected from dirt, liquids, orether condi-
tions that might prevent proper operation. The| following
shall be included in the inspection whére’appropriate:

(1) station piping supports, pits, and yaults for
general condition and indications“of ground settlement.
See para. 853.5 for vault maintenance.

(2) station doors and/gatés and pit vault|
determine that they are furctioning properly
access is adequate and-free from obstructions

(3) ventilating equipment installed in station build-
ings or vaults forproper operation and for eyidence of
accumulation‘ef water, ice, snow, or other obgtructions.

(4) centrol, sensing, and supply lines for ¢onditions
that could result in a failure.

(5)yall locking devices for proper operati

(6) station schematics for correctness.

(b) adequate from the standpoint of capacity
bility of operation for the service in which
employed and set to function at the correct p

(1) Ifacceptable operation is not obtained
operational check, the cause of the malfunctio
determined, and the appropriate component
adjusted, repaired, or replaced as requin
repair, the component shall again be chg
proper operation.

(2) Atleastonce each calendaryear, arevig
made to ensure that the combined capacity of
devices on a piping system or facility is adequd
the pressure at all times to values prescribed by
This review should be based on the operating
that create the maximum probable requiremen
capacity in each case, even though such operat
tions actually occur infrequently and/or for
periods of time. Ifitis determined that the reliev
ment is of insufficient capacity, steps shall b
install new or additional equipment to provide

covers to
and that

pn.

and relia-
they are
ressure

during the
n shall be
s shall be
ed. After
cked for

AN

wshallbe -
the relief
te to limit 5:
this Code.
ronditions
t for relief -
ing condi- .
nly short
ing equip-
e taken to
adequate

853.3.2 Abnormal Conditions. Whenever abnormal
conditions are imposed on pressure or flow control
devices, the incident shall be investigated and a determi-
nation shall be made as to the need for inspection and/or
repairs. Abnormal conditions may include regulator
bodies that are subjected to erosive service conditions
or contaminants from upstream construction and hydro-
static testing.
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853.3.3 Stop Valves

(a) An inspection and/or test of stop valves shall be
made to determine that the valves will operate and are
correctly positioned. (Caution shall be used to avoid
any undesirable effect on pressure during operational
checks.) The following shall be included in the inspection
and/or test:

(1) station inlet, outlet, and bypass valves
(2) relief device isolating valves

(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

(3) furnishing tools and equipment as required,
including auxiliary breathing equipment, to meet antici-

naintao
Tt

(3) cpntrol, sensing, and supply line valves

Batad-amarcanewzualua capruicing and /o nance
pParea—emergenty—Vvarve-Serviegaita o+

(b) Thg¢ final inspection procedure shall include the requirements
following: 853.4.2 Distribution System Valves. Valves,)the pse of
(1) acheck for proper position of all valves. Special which may be necessary for the safe operation of|a gas
attention shall be given to regulator station bypass valves, distribution system, shall be checkedand seryiced,

relief deyice isolating valves, and valves in control,
sensing, and supply lines.

 (2) rpstoration of all locking and security devices to
proper pgsition.

f:;' 853.3.4 Pressure-Regulating Stations

 (a) Evdry distribution system supplied by more than
one pressure-regulating station shall be equipped with
telemeteling or recording pressure gages to indicate
the gas pfessure in the district.

(b) On distribution systems supplied by a single pres-
sure-regylating station, the operating company shall
determing the necessity of installing such gages in the
district. In making this determination, the operating
company|shall take into consideration the operating
conditionp such as the number of customers supplied,
the operating pressures, the capacity of the installation,
etc.

(c) If there are indications of abnormal high“or low
pressureq, the regulator and the auxiliarynequipment
shall be inspected and the necessary nieasures shall be
employed| to rectify any unsatisfactory operating condi-
tions. Suifable periodic inspections) of single pressure
regulation stations not equipped/with telemetering or
recording|gages shall be made to'determine that the pres-
sure-regulating equipment is' functioning properly.

853.4 Valve Maintenance

\“accessible, if the alignment is satisfactory, and if the

including lubrication where necessary, at sufficlently
frequent intervals to ensure their satisfactory operation.
Inspection shall include checKing’of alignment to permit
use of a key or wrench and(cl¢aring from the valve hox or
vault any debris that would interfere with or deldy the
operation of the valve=System maps showing valvg loca-
tions should be available.

853.4.3 Service Line Valves. Outside shutoff yalves
installed injservice lines supplying places of gublic
assemblyysuch as theaters, churches, schools, and hospi-
tals, shall be inspected and lubricated where requifed at
sufficiently frequent intervals to ensure their satisfactory
operation, The inspection shall determine if the vdlve is
valve
erfere
ctory

box or vault, if used, contains debris that would int
with or delay the operation of the valve. Unsatisfz
conditions encountered shall be corrected.

853.4.4 Valve Records. A record shall be maintained
for locating valves covered by paras. 853.4.1 and 853.4.2.
These records may be maintained on operating maps,
separate files, or summary sheets, and the information
on these records shall be readily accessible to personnel
required to respond to emergencies.

853.4.5 Prevention of Accidental Operation.
Precautions shall be taken to prevent accidental opefation
of any valve covered by paras. 853.4.1 and 85B.4.2.
Accidental valve operation by operating company pgrson-

853.4.1 PipelineValves. Pipeline valves that wouldbe ~ nel and the general public should be considered in faking
required fo be-operated during an emergency shall be  these precautions. Some recommended actions [to be
inspected petiodically and partially operated at least  taken, where applicable, are as follows:

once a year to provide safe and proper operating
conditions.
(a) Routine valve maintenance procedures shall

include, but not be limited to, the following:

(1) servicing in accordance with written procedures
by adequately trained personnel

(2) accurate system maps for use during routine or
emergency conditions

(3) valve security to prevent service interruptions,
tampering, etc., as required

90

(a) Lock valves in aboveground settings readily acces-
sible to the general public that are not enclosed by a
building or fence.

(b) Lock valves located in vaults, if accessible to the
general public.

(c) ldentify the valve by tagging, color coding, or any
other suitable means of identification.
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853.5 Vault Maintenance

Each vault housing a pressure-limiting, pressure-relief,
or pressure-regulating station shall be inspected to deter-
mine 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 hazardous, the cause
shall be determined. The vault shall be inspected for
adequate ventilation. The condition of the vault covers

(4) the maximum operating pressure and the corre-
sponding 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.

shall pe carefully examined for hazards. Unsatisfactory
conditions disclosed shall be corrected. The applicable
provilsions of para. 821.6 shall be met before any
welding is performed in the vault. Maintenance work
performed in the vault shall be in accordance with proce-
dureg developed per para. 850.2(a), giving particular
consifleration to the monitoring of the atmosphere and
safety protection for personnel in the vault.

854 |LOCATION CLASS AND CHANGES IN NUMBER
OF BUILDINGS INTENDED FOR HUMAN
OCCUPANCY

854.
(a)

stresg
stren

| Monitoring

Existing steel pipelines or mains operating at hoop
levels in excess of 40% of specified minimum yield
bth shall be monitored to determine if additional

buildjngs intended for human occupancy have been cons» >

strucfed. The total number of buildings intended for
humgn occupancy shall be counted to determineé the
currept Location Class in accordance with the precedures
specified in paras. 840.2.2(a) and 840.2.2(b).

(b)] In accordance with the principles stated in para.
840.9(c), and with the knowledge that the number of
buildlings intended for human oecupancy is not an
exact or absolute means of détefmining damage-
. causipg activities, judgment must be used to determine
~ the changes that should be fmade to items, such as oper-
© ating|stress levels, frequéncy of patrolling and cathodic
© proteftion requirements,as additional buildings intended
- for himan occupancy, are constructed.
© (c)|When therelis’an increase in the number of build-
> ings ihtendedder-human occupancy to or near the upper
- limit pf thesLocation Class listed in Table 854.1-1 to the
" extenlt that@a change in Location Class is likely, a study shall
be cdmpleted within 6 months of perception of the
increase to determine the following:

(1) the design, construction, and testing procedures
followed in the original construction and a comparison of
such procedures with the applicable provisions of this
Code.

(2) the physical conditions of the pipeline or main to
the extent that this can be ascertained from current tests
and evaluation records.

(3) operating and maintenance history of the pipe-
line or main.
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1 immedi-

the oper-

fachangn 0FT Ana4d
indicated, the patrols and leakage surveys, sha
ately be adjusted to the intervals established by

ating company for the new Location Class.

854.2 Confirmation or Revision of MAOR

If the study described in para: 854.1 indicatg¢s that the
established maximum allowable operating pressure of a
section of pipeline opmiain is not commensyrate with
existing Location Class2, 3, or 4, and such seftion is in
satisfactory physical condition, the maximum |allowable
operating preSsure of that section shall be ¢onfirmed
or revised within 18 months following completion of
the studyds follows:

(a) M'the section involved has been previously tested in
place for not less than 2 hr, the maximum allowpble oper-
ating pressure shall be confirmed or reduced|so that it
does not exceed that allowed in Table 854.1-1.

(b) rIfthe previoustestpressure was not highlenough to
allow the pipeline to retain its MAOP or to achieve an ac-
ceptablelower MAOP in the Location Class acconding to (a)
above, the pipeline may either retain its MAOP ¢r become
qualified for an acceptable lower MAOP ifitis retested ata
higher test pressure for not less than 2 hr in cpmpliance
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 not to exceed the design pressure
commensurate with the requirements of Chaptgr IV at the
end of the 18-month period. If the test is perfqrmed any
time after the 18-month period has expired, however, the
MAOP may be increased to the level it wquld have
achieved if the test had been performed dyring that
18-month period.

(c) An MAOP that has been confirmed
according to (a) or (b) above shall not exceed

pplicable
editions of ASME B31.8. Confirmation or revision
according to para. 854.2 shall not preclude the application
of section 857.

(d) Where operating conditions require that the
existing maximum allowable operating pressure be main-
tained, and the pipeline cannot be brought into compli-
ance as provided in (a), (b), or (c) above, the pipe
within the area of the Location Class change shall be
replaced with pipe commensurate with the requirements
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Table 854.1-1 Location Class

Original
[Note (1)] Current
Location Number of Location Number of Maximum Allowable
Class Buildings Class Buildings Operating Pressure (MAOP)
1, Division 1 0-10 1 11-25 Previous MAOP but not greater than 80% SMYS
1, Division 2 0-10 1 11-25 Previous MAOP but not greater than 72% SMYS
1 0-10 2 26-45 0.800 x test pressure but not greater than 72% SMYS
1 0-10 2 46-65 0.667 x test pressure but not greater than 60% SMYS
1 U=-1U ) [s]end U.06/7 X 1eSt pressure put not greﬁter tlan oU7% SMYS
1 0-10 4 [Note (2)] 0.555 x test pressure but not greater than 50% SMYS
2 11-45 2 46-65 Previous MAOP but not greater than 60% SMYS
2 11-45 3 66+ 0.667 x test pressure but not greater than 60% SMYS
2 11-45 4 [Note (2)] 0.555 x test pressure but not greater than‘50% SMYS
3 46+ 4 [Note (2)] 0.555 x test pressure but not greater than 50% SMYS
NOTES:
(1) At time| of design and construction.
(2) Multistpry buildings become prevalent.
of Chaptery IV, using the design factor obtained from Table (2) Where thedeplacementsectioninvolves 1 npi (1.6
841.1.6-1|for the appropriate Location Class. km) or more ofitrahsmission line, additional valverilstal-

854.3 Pressure-Relieving or Pressure-Limiting
Devices

Where the MAOP of a section of pipeline or main is
revised in accordance with,para; 854.2,and,becomes
less than|the maximum allowable operating pressure

AP

lation shall.be ‘considered to conform to the spaci
quirements in para. 846.1.1.

g re-

854.5 Concentrations of People in Location
Classes 1 and 2

(a) Where afacility meeting the criteria of para.840.3 is

of the pipeline or main of which it is a part, a suitable builtnear an existing steel pipeline in Location Classg¢s 1 or
pressure-relieving or pressure-limiting device shall be 2, consideration shall be given to the possible cpnse-
installed In accordance with provisions of paras;845.1, quence of a failure, even though the probabiljty of
845.2, andl 845.2.1. such an occurrence is very unlikely if the line is designed,

constructed, and operated in accordance with this|Code.

854.4 Review of Valve Spacing

Where the study required in para. 854.1 indicates that
the establ{shed maximum allowablé operating pressure of
a transmifgsion pipeline is not ¢ommensurate with that
permitted by this Code for the new Location Class, the
sectionalfizing valve spacing shall be reviewed and
revised ag follows:

(a) If the section-of pipe is qualified for continued
service b¢cause of/a prior test [para. 854.2(a)], or can
be brought intéteompliance by lowering the maximum

allowablg eperating pressure [para. 854.2(a)], or
testlng [p Ara. Q':A._')(b)]’ noadditionalvalvessaill hr\vmf)”y

(1) Where such a facility described in (a) dbove
results in frequent concentrations of people, the require-
ments of (b) below shall apply.

(2) However, (b) below need not be applied |if the
facility is used infrequently. The lesser usage compined
with the very remote possibility of a failure at that parti-
cular point on the pipeline virtually eliminates the possi-
bility of an occurrence.

(b) Pipelines near places of public assembly as ou
in (a) above shall have a maximum allowable hoop
not exceeding 50% of SMYS. Alternatively, the operating
company may make the study described in para. 85¢.1(c)

tlined
Stress

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.

92

and determine that compliance with the following will
result in an adequate level of safety:

(1) The segment is hydrostatically retested for at
least 2 hr to a minimum hoop stress level of one of
the following:

(-a) 100% of SMYS if the pipeline is operating at a
hoop stress level over 60% and up to 72% of SMYS
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(-b) 90% of SMYS if the pipeline is operating at a
hoop stress level over 50% and up to 60% of SMYS, unless
the segment was tested previously to a pressure of at least
1.5 times the MAOP

If the segment contains pipe of various operating
stress levels, the minimum test hoop stress levels stated
above should be based on the SMYS of the pipe with the
highest operating stress level.

(2) Patrols and leakage surveys are conducted at
intery

(b) Inspect all aboveground segments of the pipeline
for physical condition. During the inspection, identify
the material where possible for comparison with available
records.

(c) Operating Stress Level Study

(1) Establish the number of buildings near the pipe-
line or main intended for human occupancy, and deter-
mine the design factor for each segment in accordance
with para. 840.2 and Table 841.1.6-1.

alc comaictant vaith thaoca actabhlichad hey tha anage
uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu BYy—tHEe-0Pet

(2} Conduecta ah.Ay to-compare +h

anron
ot ttta—5tutr pore—ric-prop

sed oper-

ating|company for Location Class 3. ating stress levels with those allowed for ‘thg Location
3) When the maximum allowable hoop stress Class.
exceeds 60% of SMYS, adequate periodic visual inspec- (3) Replace facilities necessary to,make sure the
tions|are conducted by an appropriate sampling tech- operating stress level is commeénsurate [with the
niqup, or instrumented inspections capable of  Location Class.
detedting gouges and corrosion damage are made to (d) If necessary, make irlspéctions of appropriate
confirm the continuing satisfactory physical condition sections of underground piping to determine the condi-
of th¢ pipe. tion of the pipeline.
4) If the nearby facility is likely to encourage addi- (e) Make replacements, repairs, or alteratigns that in
tional construction activity, provide appropriate pipeline the operating conipany's judgment are advisaple.
markers. (f) Perform,a strength testin accordance with this Code

855 PIPELINE SERVICE CONVERSIONS

855.1 General

The intent of this section is to provide requirements to

to establish thé‘maximum allowable operating gressure of
the pipelineyunless the pipeline has been [so tested
previously.
(g)-Rerform a leak test in conformance with
(A) Within 1 yr of the date that the converted
placed in gas service, provide cathodic protect

this Code.
pipeline is
ion as set

allovy an operator of a s'Feel pipeline p.reV1ously us.ed for -\ out in para. 860.2(a), except that wherever fepsible, re-
servig¢e not covered bythis Code'to-qualify thatpipeline for?; / L

. . . o placement sections and other new piping shalll be catho-
servige under this Code. For a dual service pipeline used . . 2o

L . dically protected as required for new pipelings.

alternately to transport liquids in conformance with' an
apprgpriate Code, such as ASME B31.4, and gas-under 855.4 Conversion Procedure
this Code, only the initial conversion to-gas’service

requifes qualification testing.

855.2 Historical Records Study

Reyiew the following historical data and make an
evaluption of the pipeline's condition:

(a)| Study all available information on the original pipe-
line design, inspection, and testing. Particular attention
should be paid to welding procedures used and other
joining methods,(internal and external coating, pipe,
and dther matefial descriptions.

(b)| Studytavailable operating and maintenance data
inclufling-leak records, inspections, failures, cathodic
proteftion, and internal corrosion control practices.

(¢
time it may have been out of service in preparing a final
evaluation to convert the pipeline to gas service.

855.3 Requirements for Conversion to Gas Service

A steel pipeline previously used for service not subject
to this Code may be qualified for service under this Code as
follows:

(a) Review historical records of the pipeline as indi-
cated in para. 855.2.

ol 0 1
Consider the age of the plpeIme and the IengEH of 856.1Generat

93

Prepare a written procedure outlining the steps to be
followed during the study and conversion of the pipeline
system. Note any unusual conditions relating to this
conversion.

855.5 Records of the Conversion

rd of the
ents, and
on of the
s Code.

Maintain for the life of the pipeline a rec
studies, inspections, tests, repairs, replacem
alterations made in connection with convers
existing steel pipeline to gas service under th

856 ODORIZATION

Any gas distributed to customers through gas mains or
service lines or used for domestic purposes in compressor
plants, which does not naturally possess a distinctive odor
to the extent that its presence in the atmosphere is readily
detectable at all gas concentrations of one-fifth of the
lower explosive limit and above, shall have an odorant
added to it to make it so detectable. Liquefied petroleum
gases are usually nontoxic, but when distributed for
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consumer use or used as fuel in a place of employment,
they shall also be odorized for safety.’

Odorization is not required for

(a) gas in underground or other storage

(b) gas used for further processing or use where the
odorant would serve no useful purpose as a warning
agent or would be a detriment to the process

(c) gas used in lease or field operations

If gas is delivered for use primarily in one of the above

located from the odorizing equipment to provide data
representative of gas at all points of the system.

857 UPRATING

This section of the Code prescribes minimum require-
ments for uprating pipelines or mains to higher maximum
allowable operating pressures.

857.1 General

exemptedraetivities-orfacilities-andis-alse-used-inone-of
those actjvities for space heating, refrigeration, water
heating, ¢ooking, and other domestic uses, or if such
gas is usd¢d for furnishing heat or air conditioning for
office or living quarters, the gas shall be odorized.

856.2 0

Each operating company shall use odorization equip-
ment designed for the type and injection rate of
odorant being used.

Horization Equipment

(a) A higher maximum allowable operating pregssure
established under this section may not €xceef the
design pressure of the weakest element in the segment
to be uprated. It is not intended that the’requirefnents
of this Code be applied retroactively to such items as
road crossings, fabricated assemblies, minimum ¢over,
and valve spacings. Instead, the’requirements for [these
items shall meet the criteriacof the operating comppany

before the uprating is performed.

(b) A plan shall be‘prepared for uprating that{ shall
856.3 Odorant Requirements include a written procedure that will ensure compliance
with each applieable requirement of this section.

Each ogerating company shall use an odorant in accor- (c) Before {ncreasing the maximum allowable joper-

dance with the following requirements: ating pressure of a segment that has been operatjng at

(a) Thqodorant, whenblended with gasinthespecified  ; ressufedess than that determined by para. 845.2.2,

amount, S 1all.n0tbe deleterious to humans or to the mat.e- the following investigative and corrective meafures
rials pres¢nt in the gas system and shall not be soluble in shall'be taken:

water to algreater extent than 2% parts of odorant to 100
parts of water by weight.

(b) Thg products of combustion from the odorant shall
be nontokic to humans breathing air containing the
products |of combustion and shall not be corrosive-or
harmful tp the materials with which such preducts of
combustign would ordinarily come in contact.

(c) Thq combination of the odorant and\the natural
odor of the gas shall provide a distinctive'odor so that
when gaq is present in air at the cententration of as
little as 1% by volume, the odoriis readily detectable
by a perspn with a normal sense_of smell.

856.4 Records

A (1) The design, initial installation, method, and date

of previous testing, Location Classes, materials, and gquip-
ment shall be reviewed to determine that the proposed
increase is safe and consistent with the requirements of
this Code.

(2) The condition of the line shall be determined by
leakage surveys, other field inspections, and examination
of maintenance records.

(3) Repairs, replacements, or alterations disclo
be necessary by (1) and (2) shall be made prior {
uprating.

(d) A new test according to the requirements df this
Code should be considered if satisfactory evidence is
not available to ensure safe operation at the proposed

sed to
o the

For all jodorizers, except small wick-type or bypass- maximum allowable operating pressure.
type, or sjmilar odorizers serving individual customers (e) When gas upratings are permitted under paras.
or small dlistribution systems, each operating company 857.2 through 857.5, the gas pressure shall be increased
shall maintain-records containing the following items: in increments, with a leak survey performed afterl each
(a) the[type of odorant introduced into the gas incremental increase. The number of increments| shall

(b) the amount of odorant injected per million cubic
feet (m®)

856.5 Odorant Concentration Tests

Each operating company shall conduct odorant concen-
tration tests on gas supplied through its facilities that
requires odorization. Test points shall be remotely

1 Refer to NFPA 58 and NFPA 59.

194

be determined by the operator after considering the
total amount of the pressure increase, the stress level
at the final maximum allowable operating pressure, the
known condition of the line, and the proximity of the
line to other structures. The number of increments
shall be sufficient to ensure that any leaks are detected
before they can create a potential hazard. Potentially haz-
ardous leaks discovered shall be repaired before further
increasing the pressure. A final leak survey shall be
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conducted at the higher maximum allowable operating
pressure.

(f) Records for uprating, including each investigation
required by this section, corrective action taken, and pres-
sure test conducted, shall be retained as long as the facil-
ities involved remain in service.

857.2 Uprating Steel Pipelines or Mains to a

857.3 Uprating Steel or Plastic Pipelines to a
Pressure That Will Produce a Hoop Stress
Less Than 30% of SMYS

(a) This applies to high-pressure steel mains and pipe-
lines where the higher maximum allowable operating
pressure is less than that required to produce a hoop
stress of 30% of the specified minimum yield strength

Pressure That Will Produce a Hoop Stress of

Th
incre
of thg

(a)
para.
the dd
ment
previ
than
prop
line 1
operd

(b)
para.
stand
been
been
Code

e maximum allowable operating pressure may be
hsed after compliance with para. 857.1(c) and one
following provisions:
Ifthe physical condition of the line as determined by
B57.1(c) indicates the line is capable of withstanding
sired higher operating pressure, is in general agree-
with the design requirements of this Code, and has
busly been tested to a pressure equal to or greater
that required by this Code for a new line for the
sed maximum allowable operating pressure, the
hay be operated at the higher maximum allowable
ting pressure.
Ifthe physical condition of the line as determined by
357.1(c) indicates that the ability of the line to with-
the higher maximum operating pressure has not
satisfactorily verified or that the line has not
previously tested to the levels required by this
for a new line for'the ‘proposed higher maximum?;”
allowpble operating pressure, the line may be operated
at the higher maximum allowable operating pressure if
it shdll successfully withstand the test required:by this
Code for a new line to operate under the sameé.conditions.
(c)|If the physical condition of the line as determined by
para.[857.1(c) verifies its capability of operating at a
highe}r pressure, a higher maximuni allowable operating

of the pipe and to all high-pressure plastic distribution

A N nion A N N 110 D

sure of a steel pipeline or main is producing @h
level more than 30% of the specified minin
strength of the pipe, the provisions of para. 8
apply.

(b) Before increasing the maximum allowz
ating pressure of a system that-has been op

pop stress
um yield
57.2 shall

ble oper-
erating at

less than the applicable maximum pressure t a higher

maximum allowable operating pressure, the
factors shall be considéered:

(1) the physicaltcondition of the line as d
by para. 857.1(c)

(2) information from the manufacturer o
determining\that each component of a plastic
capableef performing satisfactorily at the highe|

(c)<‘Before increasing the pressure, the follov
shall, be taken:

(1) Install suitable devices on the servig
regulate and limit the pressure of the gas in aj
with para. 845.2.7(c) if the new maximum allow
ating pressure is to be over 60 psi (410 kPa),

(2) Adequately reinforce or anchor offsg
and dead ends in coupled pipe to avoid moy
the pipe should the offset, bend, or dea
exposed in an excavation.

(3) Increase pressure in increments as p
para. 857.1(e).

following
ptermined

r supplier
system is
[ pressure
ving steps

e lines to
ccordance
able oper-

ts, bends,
rement of

d end be

rovided in

pressjire may be established acdording to para. 845.2.2
using| as a test pressure the highest pressure to which 857.4 Uprating a Ductile Iron High-Pressure Main
the lihe has been subjected, either in a strength test or or System to a New and Higher MsEximum
in acfual operation. Allowable Operating Pressure

(d)| If it is necessary, to‘test a pipeline or main before it
can bg uprated to ahigher maximum allowable operating (a) The maximum allowable operating prepsure of a
presspre, and ifit.is not practical to test the line either ~ ductile iron main or system shall not be incr¢ased to a
becayse of the/expense or difficulties created by taking pressure in excess of that permitted in para. 842.1.1
it out|of sefice or because of other operating conditions, (). Where records are not complete enough [to permit
a higher.maximum allowable operating pressure may be  the direct application of para. 842.1.1(a), the|following

established-in-Locatien-Class—1 as follows:

prnr‘pdnrnc shall he used:

(1) Perform the requirements of para. 857.1(c).
(2) Selectanew maximum allowable operating pres-
sure consistent with the condition of the line and the
design requirements of this Code, provided
(-a) the new maximum allowable operating pres-
sure does not exceed 80% of that permitted for a new line
to operate under the same conditions
(-b) the pressure is increased in increments as
provided in para. 857.1(e)
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(1) Laying Condition. Where the original laying
conditions cannot be ascertained, it shall be assumed
that Condition D (pipe supported on blocks, tamped back-
fill) exists for cast iron pipe and Condition B (pipe laid
without blocks, tamped backfill) exists for ductile iron
pipe.

(2) Cover.Unless the actual maximum cover depth is
known with certainty, it shall be determined by exposing
the main or system at three or more points and making
actual measurements. The main or system shall be
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Table 857.4-1 Wall Thickness Allowance for Uprating a Ductile Iron High-Pressure Main or System

Nominal Pipe Size, in. (DN)

Allowance, in. (mm)

Cast Iron Pipe

Pit Cast Pipe

Centrifugally Cast Pipe

Ductile Iron Pipe

3-8 (75-200) 0.075 (1.9) 0.065 (1.7) 0.065 (1.7)
10-12 (250-300) 0.08 (2.0) 0.07 (1.8) 0.07 (1.8)
14-24 (350-600) 0.08 (2.0) 0.08 (2.0) 0.075 (1.9)
30-42 (750-1 050) 0.09 (2.3) 0.09 (2.3) 0.075 (1.9)
48-f+266) 869233 8-69-f2-3) 866126
44-60 (1 350-1500) 0.09 (2.3)
exposed in areas where the cover depth is most likely to be (3) Install suitable devices on the service lines to
greatest. '{he greatest measured cover depth shall be used regulate and limit the pressure of the,gas/in accorflance
for compytations. with para. 845.2.7(c) if the new and, higher maxjmum
(3) WNominal Wall Thickness. Unless the nominal allowable operating pressure is_to be over 6(Q psig
thickness fis known with certainty, it shall be determined (410 kPa).
with ultrgsonic measuring devices. The average of all (c) If after compliance with:{a) and (b) it is established
measurements taken shall be increased by the allowance that the main system is capable of safely withstanding the
indicated |in Table 857.4-1. proposed new and higher'maximum allowable operating
The gominal wall thickness of cast iron shall be the pressure, the pressure-shall be increased as provided in
standard thickness listed in Table 10 or Table 11, which- para. 857.1(e).
everis applicable, of AWWA C101 that is nearest the value
obtained. [The nominal wall thickness of ductile iron shall ~ 857.5 Uprating a Distribution System That Has

be the sta

dard thickness listed in Table 6 of ANSI/AWWA

C150/A21.50 nearest the value obtained.

4
manufact
assumed
strength,
rupture, H

(b) Bef
ating preq

(1) R
para. 857

2) A
and dead
avoid mo
or dead e

anufacturing Process. Unless the cast iron pipe
ring process is known with certainty, it shall be
to be pit cast pipe having a bursting tensile
S, of 11,000 psi (76 MPa) and a modulus of
, of 31,000 psi (214 MPa).

pre increasing the maximum allowable oper-
sure, the following measures shall be taken:
eview the physical condition as,required by
1(c).

dequately reinforce or anchor-offsets, bends,
ends in coupled or bell and spigot pipe to
vement of the pipe, should the offset, bend,
hd be exposed by excavation.

X ’§§7.1(C) and-the applicable requirements contain

Been Operating at Inches (Millimeters) of

Water (Low Pressure) to a Higher Pre:

@) In addition to the precautions outlined in

paras. 857.3 and 857.4, the following steps must be {
(1) Install pressure-regulating devices at each
mer's meter.
(2) Verify that the segment being uprated is |

bsure
para.
ed in
aken:
fusto-

bhysi-

cally disconnected from all segments of line that will

continue to operate at inches (millimeters) of wat
(b) After performingthe steps outlined in (a) abov

er.
e, the

pressure shall be increased in increments as outlijed in

para. 857.1(e). After the first incremental incr
however, steps shall be taken to verify that the custo
regulators are performing satisfactorily.

ease,
mer's
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Chapter VI
Corrosion Control

860 GENERAL

860.

(@)
and p

| Scope

This Chapter contains the minimum requirements
rocedures for corrosion control of exposed, buried,
and Jubmerged metallic piping and components. (See
Chapter VIII for special offshore requirements.) This
Chapter contains minimum requirements and procedures
for controlling external (including atmospheric) and
internal corrosion. This Chapter is applicable to the
design and installation of new piping systems and to
the operation and maintenance of existing piping systems.

(b)] The provisions of this Chapter should be applied
under the direction of competent corrosion personnel.
Every specific situation cannot be anticipated; therefore,
the application and evaluation of corrosion control prac-
tices fequires a significantamount of competent judgment
to beleffective in mitigating «corrosion:

(c)| Deviations from the provisions of this Chapter are
permjssible in specific situations, provided the operating
comppny can demonstrate that the objectives expressed
hereih have been achieved.

(d)] Corrosion control requirements and_procedures
may, [in many instances, require measures in addition
to thjose shown in this Chaptery"Each operating
complany shall establish procedures to implement its
corrogion control program, including the requirements
of thjs Chapter, to achieyé)the desired objectives.
Procddures, including those for design, installation, and
maintenance of cathgdic protection systems, shall be
prepdred and implemeénted by, or under the direction
of, pdrsons qualified by training and/or experience in
corrofion control methods.

(e)| Records indicating cathodically protected piping,
cathqdicprotection facilities, and other structures
affectledth ing i i
shall be maintained by the operating company.

(f) Records of tests, surveys, inspection results, leaks,
etc., necessary for evaluating the effectiveness of corro-
sion control measures shall be maintained and retained
for as long as the piping remains in service.

JI{
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860.2 Evaluation of Existing Installations

(a) Procedures shall be established for-eval
need for and effectiveness of a corrosjon contro
Appropriate corrective action shall be taken c
rate with the conditions found;Ifthe extent of
has reduced the strength of-a facility below its
allowable operating presstre, that portior
repaired, reconditioned, or replaced, or the
pressure shall be neduced, commensurate
remaining strength“of the corroded pipe. For 1
lines, the remaining strength of corroded pip
determined. in accordance with ASME B31
for Deterthining the Remaining Strength of
Pipelines.

(b) “The records available as a result of leaka
afid normal maintenance work in accordance
852.2 and 852.6 shall be continuously rev
evidence of continuing’corrosion.

(c) Electrical survey methods may be used
cation of suspected corrosive areas where surf]
tions permit sufficiently accurate measuremsd
surveys are most effective in nonurban envi
Common methods of electrical survey include

(1) pipe-to-soil potentials
(2) surface potentials (cell-to-cell)
(3) soil resistivity measurements

(d) The continued effectiveness of a cathod
tion system shall be monitored in accorda
section 863.

(e) Whenever a buried facility is exposg
normal maintenance or construction activitie
inspection shall be made of the coating cond
metal surface, or both, if exposed. The extent of
sion shall be evaluated in accordance with pa
(f) When any part of a pipeline is remove|

lating the
program.
mmensu-
corrosion
maximum
shall be
operating
with the
teel pipe-
e may be
r, Manual
Corroded

re SUrveys
yith paras.
ewed for

AN

s an indi-
hce condi-
ents. Such
fonments.

ic protec-
nce with

d during
5, a visual
ition, the
ANy COrro-
ra. 860.2.
d and the
ernal surface is accessible fo spection,t shall be
visually examined and evaluated for internal corrosion.

(1) If evidence of internal corrosion is discovered,
the gas shall be analyzed to determine the types and
concentrations of any corrosive agents.

(2) Liquids or solids removed from the pipeline by
pigging, draining, or cleanup shall be analyzed as neces-
sary for determining the presence of corrosive materials
and evidence of corrosion products.
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860.3 Corrective Measures

(a) If continuing external corrosion that, unless
controlled, could result in a condition that is detrimental
to public or employee safety is found by the evaluation
made under para. 860.2(a) or section 863, appropriate
corrective measures shall be taken to mitigate further
corrosion on the piping system or segment. Corrective
measures shall be continued in effect as long as required
to maintain a safe operating system. Appropriate correc-

International, is a source of information on materials
performance in corrosive environments.

861.1.1 Coatings

(a) The surface preparation should be compatible with
the coating to be applied. The pipe surface shall be free of
deleterious materials, such as rust, scale, moisture, dirt,
oils, lacquers, and varnish. The surface shall be inspected
for irregularities that could protrude through the coating.

Any such irrngnlarifinc shall be removed.-Further infor-

tive measpires may include the following:

(1) provisions for proper and continuous operation
of cathodjc protection facilities

(2) application of protective coating

(3) installation of galvanic anode(s)

(4) application of impressed current

(5) electrical isolation

(6) sfray current control

mation can be obtained from NACE SP0169.

(b) Suitable coatings, including compatible.field joint
and patch coatings, shall be selected, giving‘consideration
to handling, shipping, storing, installation condlition,
moisture adsorption, operating temperatures of the|pipe-
line, environmental factors (including the nature pf the
soil in contact with the coating); adhesion characterjistics,
and dielectric strength.

(7) other effe.ctivg measures (c) Coating shall be applied in a manner that ernjsures
(8) apy combination of the above effective adhesion to the pipe. Voids, wrinkles, holjdays,
(b) Where it is determined that internal corrosion and gas entrapment §hould be avoided.

taking place could affect PUbliC or e.mployee safe.ty, (d) The coating shall be visually inspected for dpfects
one or mpre of the following protective or corrective  pefore the pipe)isdowered into the ditch. Insulating type
measures|shall be used to control detrimental internal coatings ofhmains and transmission lines shgll be
corrosion _ o ) inspectédfor holidays by the most appropjriate
_ (1) An effective corrosion inhibitor shall be applled method?Coating defects or damage that may impair|effec-
in amanner and quantity to protectall affected portionsof  tjye'chrrosion control shall be repaired before the gipe is
the piping systems.

(2) Qorrosive agents shall be removed by recognized
methods, puch as acid gas or dehydration treating plants.

(3) Hittings shall be added for removal of water from
low spots| or piping shall be positioned to reduce sump
capacities

(4) Under some circumstances, application‘of a suit-
able interpal coating may be effective.

(c) When experience or testing indicates the above
mitigatior] methods will not control cantinuing corrosion
to an acceptable level, the segment(shall be reconditioned
or replacgd and suitably protected.

861 EXTERNAL CORROSION CONTROL FOR STEEL
PIPELINES

861.1 By

All new transmission pipelines, compressor station
piping, digtribution mains, service lines, and pipe-type

ried/Submerged Installations

\ "\(e) In addition to the provisions of paras. 841.2

installed in the ditch.
2(b),
hand-
o the

841.2.5(b),and 841.2.5(c), care shall be exercised in
ling, storage, and installation to prevent damage
coating, including measures noted as follows:

(1) Minimize handling of coated pipe. Use equig
least likely to damage the coating, e.g., belts or c1
instead of cables.

(2) Use padded skids where appropriate.

(3) Stack or store pipe in a manner that mini
damage to coating.

ment
adles

mizes

861.1.2 Cathodic Protection Requirements. Un
can be demonstrated by tests or experience that cathodic
protection is not needed, all buried or submerged fadilities
with insulating type coatings, except facilities installed for
a limited service life, shall be cathodically protected as
soon as feasible following installation. Minor replace-
ments or extensions, however, shall be protected as
covered by para. 860.3

and bottle-type holders installed under this Code shall,
except as permitted under para. 862.1.2, be externally
coated and cathodically protected unless it can be demon-
strated by test or experience that the materials are resis-
tant to corrosion in the environment in which they are
installed. Consideration shall be given to the handling,
shipping, storing, installation conditions, and the
service environment and cathodic protection require-
ments when selecting the coating materials. The
Corrosion Data Survey, published by NACE

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 buried or
submerged system in its entirety. A facility is considered
to be cathodically protected when it meets the applicable
criteria established in NACE SP01609.

%

ess it (18)
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861.1.3 Electrical Isolation

(a) All coated transmission and distribution systems
shall be electrically isolated at all interconnections
with foreign systems including customer's fuel lines,
except where underground metallic structures are elec-
trically interconnected and cathodically protected as a
unit. Steel pipelines shall be electrically isolated from
cast iron, ductile iron, or nonferrous metal pipelines
and components. Electrical tests shall be made of trans-

(2) attachment of electrical leads directly to the pipe
by the use of soft solders or other materials that do not
involve temperatures exceeding those for soft solders.

(c) Allpipe thatisbarred for electrical lead connections
and all bared electrical lead wires shall be protected by
electrical insulating material compatible with existing
coating.

861.1.5 Electrical Interference

missipn and distribution systems to locate unintentional
contacts with other metallic structures. If such contacts

{a) TMpressed CUrrent catiodic protection systems
shall be designed, installed, and operatedso_gs to mini-
mize adverse effects on existing metallic_strugtures.

exist,|they shall be corrected. See para. 841.1.11(c) for

cleargnce requirements. (b) Field tests shall be conducted to’detefmine the
(b)| Where a gas pipeline parallels overhead electric ~ adverse electrical interference from*foreign structures,

transfnission lines, consideration shall be given to including DC electrical facilities! The effects shdll be miti-

1) investigating the necessity of protecting insu-
lating joints in the pipeline against induced voltages
resulting from ground faults and lightning. Such protec-
tion chn be obtained by connecting buried galvanicanodes
to thg pipe near the insulating joints and/or by bridging
the pipeline insulator with a spark gap, or by other effec-
tive means.

?) making a study in collaboration with the electric
comppny, taking the following factors into consideration
and applying remedial measures as appropriate:

(-a) the need to mitigate induced AC voltages or

their pffects on personnel safety during construction and

operdtion of the pipeline'by means-of suitable design forp;”

bonding, shielding, or grounding techniques

(-b) the possibility of lightning or fault curkents
induding voltages sufficient to puncture pipe‘coeatings
or pipe
(-c) possible adverse effects on cathedic protec-

gated by such means as control bonds, supp
cathodic protection, protective coatings, and
devices.

ementary
insulating

f metallic
tible from
ognized,
requently

861.1.6 Isolation \From Casings. The use d
casings should béavoided as much as as pos
a corrosion’control standpoint. It is red
however, thatinstallation of metallic casings is
required or desirable to facilitate construct]on, as an
economical method of protecting existing pipelines, to
provide structural protection from heavly and/or
impact loads to facilitate replacement as required by a
governmental agency and as required by the landowner
or permit grantor, and for other reasons. Wheie metallic
casing is used, care should be exercised to emsure that
coating on the carrier pipe is not damaged durirg installa-
tion. The carrier pipe should be insulated from metallic
casings, and the casing ends should be sealed with a
durable material to minimize the accumylation of

tion, fommunications, or other electrqnic facilities _ solids and liquids in the annular space. Special attention
(-d) the corrosive effects ofhigh voltage direct  ghould be given to the casing ends to prevend electrical
currept (HVDC) power systems shorting due to backfilling movement or| settling.

(13) obtaining further jfiformation from NACE
SP01Y7 and EPRI EL-3106.

86

(a)| Except for offshore pipelines, sufficient test points
should be installed to demonstrate the effectiveness of
corrosion control or the need for cathodic protection.
(See Chapter-VIII for special considerations for offshore
pipelines.)

.1.4 Electrical Connéctions and Monitoring Points

Where electrical isolation is not achieved, adtion shall
be taken to correct the condition or mitigate [corrosion
inside of the casing by supplemental or localizefl cathodic
protection, installation of a high-resistivity|inhibited
material in the annular space, or other effective means.

861.1.7 Electrical Interference

(a) Adverse electrical interference from or [to foreign
structures as determined by field tests shall be mitigated.

(b)-Spectatattentiomrshatt-begivenrtothemammerof
installation of electrical leads used for corrosion
control or testing to avoid harmful stress concentration
at the point of attachment to the pipe. Acceptable methods
include, but are not limited to

(1) electricalleads attached directly on the pipe or by
the thermit welding process, using copper oxide and
aluminum powder. The size of the thermit welding
charge shall not exceed a 15-g cartridge.

99

(b] Facilities for mitigating electrical interference shall
be periodically monitored.

861.2 Aboveground Piping Atmospheric
Protection

861.2.1 Coatings. Facilities exposed to the atmosphere
shall be protected from external corrosion by a suitable
coating or jacket.
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861.2.2 Surface Preparation. The surface to be coated
shall be free of deleterious materials, such as rust, scale,
moisture, dirt, oil, lacquer, and varnish. The surface
preparation shall be compatible with the coating or
jacket to be applied.

861.2.3 Coating Characteristics. The coating or jacket
selected shall possess characteristics that will provide
adequate protection from the environment. Coatings
and jackets shall completely cover the exposed structure

863.3 Frequency of Testing

The type, frequency, and location of inspections and
tests shall be adequate to establish with reasonable accu-
racy the degree of protection provided on the piping
system. Frequency should be determined by considera-
tion of items including, but not limited to, the following:

(a) condition of pipe

(b) method of cathodic protection

(c) corrosiveness of the environment

and shall be applied in accordance with established speci-
fications ¢r manufacturer's recommendations.

861.2.4 Air/Electrolyte Interface. Special considera-
tion shall[be given to surfaces near the ground line or
in a splash zone.

861.3 Harsh Environments

Where [investigation or experience indicates that the
environment in which the pipe or component is to be
installed |s substantially corrosive, the following shall
be considpred:

(a) materials and/or component geometry shall be
designed fo resist detrimental corrosion

(b) a stitable coating

(d) probability of loss or interruption of protecfion
(e) operating experience, including inspections and
leak investigations
(f) design life of the cathodic protection installd
(g) public or employee safety

tion

863.4 Appropriate Correction Measure

Where the tests or suryeys'indicate that ade
protection does not exiSt, appropriate corre
measure shall be taken.

Huate
ctive

864 INTERNAL-CORROSION CONTROL
864.1 General

(c) cathodic protection When,corrosive gas is transported, provisions shall be
takente protect the piping system from detrimental ¢orro-

862 CATHODIC PROTECTION CRITERIA sion. Gas containing free water under the conditigns at
aiwhichitwill be‘transportedshall be'assumed to be ¢orro-

862.1 Standard Criteria

A facility is considered to be cathodically protected
when it meets the applicable criteria established in
NACE SP(169.

862.2 Alternative Criteria

It is not
these crit
that adeq

intended that cathodic protectien be limited to
bria if it can be demonstratéd by other means
hlate control of corrosion“has been achieved.

863 OPHERATION AND _MAINTENANCE OF
CATHODIC PROTECTION SYSTEMS

863.1 In

Inspecqions shall be made as required to maintain

spection of Equipment

continuoys and effective operation of the cathodic protec-

sive, unless proven to be noncorrosive by recognized tests
or experience.

Internal corrosion control measures shall be evaluated
by an inspection and monitoring program, includinjg but
not limited to, the following:

(a) The inhibitor and the inhibitor injection system
should be periodically checked.

(b) Corrosion coupons and testspools shall be renmoved
and evaluated at periodic intervals.

(c) Corrosion probes should be checked manus
intervals, or continuously or intermittently moni
recorded, or both, to evaluate control of pipeline in
corrosion.

(d) A record of the internal condition of the pipe, of
leaks and repairs from corrosion, and of gas, liquids,
or solids quantities and corrosivity should be kegt and
used as a basis for changes in the pigging schedule} inhi-
bitor program, or gas treatment F:\r‘i]i‘l’y

lly at
ored,
ernal

tion system.

863.2 Measurement of Cathodic Protection

Electrical tests shall be made periodically to determine
that the piping system is protected in accordance with the
applicable criteria.

100

(e) When pipe is uncovered or on exposed piping
where internal corrosion may be anticipated, pipe wall
thickness measurement or monitoring will help evaluate
internal corrosion.

(f) Where inspections, observation, or record analysis
indicates internal corrosion is taking place to an extent
that may be detrimental to public or employee safety,
that portion of the system shall be repaired or recondi-
tioned, and appropriate steps taken to mitigate the
internal corrosion.
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864.2 Design of New Installations

When designing a new or replacement pipeline system,
or additions or modifications to existing systems,
measures shall be considered to prevent and/or inhibit
internal corrosion. To preserve the integrity and efficiency
of a pipeline in which itis known or anticipated that corro-
sive gas will be transported, the following factors should
be included in the design and construction, either sepa-
rately or in combination.

(a) corrosion coupons, probes, or test spools shall be
installed where practical at locations where the greatest
potential for internal corrosion exists

(b) corrosion coupons, probes, and test spools must be
designed to permit passage of pigs or spheres when
installed in sections traversed thereby

864.2.5 Sweetening or Refining of Gas. When gas is to
be treated to reduce its corrosivity
(a) separators and/or dehydration equipment may be

86*.2.1 Use of Internal Protective Coating. When
internal coating is to be used to protect a piping system

(a)| the coating shall meet the quality specifications, and
the minimum dry film thickness shall be established to
protect the facility from the corrosive media involved,
based on the type of coating and methods of application

(b)| applied coatings shall be inspected in accordance
with pstablished specifications or accepted practice

(c)| provision shall be made to prevent joint corrosion,
such as cleaning and recoating or the continuing use of a
suitable inhibitor when coated pipe or other components
are joined by welding or other methods that leave the
parert metal exposed

(d)| the types of coating and pigging tools used should
be evaluated and chosen to prevent damage to the internal
coating if pigs or spheres are to be used

864.2.2 Use of Corrosion Inhibitor. When a corrosion

inhibjtor is to be used ‘as'an“additive to the gas streams?;”

(a)| the equipment for the holding, transfer, and injee-
tion off the inhibitor into the stream shall be includedinthe
desigh

(b)| the operation of the injection program'should be a
part ¢f the planning

(c)| sufficient test coupon holders or'other monitoring
equipment shall be provided to allow for continued
program evaluations

(d)| the corrosion inhibitor Selected shall be of a type
that will not cause deterioration of any components of the
piping system

864.2.3 Use of Pigging Equipment. When a pipeline
pigging system is planned

(a)| scrapertraps for the insertion and removal of pigs,
spherles, or. beth, shall be provided

(b)| sectipns of pipeline to be traversed by pigs or
spheres/shall be designed to prevent damage to pigs,

installed
(b) equipment for the removal of other deleterious
material from the gas should be considered

864.2.6 Use of Corrosion-Resistant Matefials. The
material of the pipe and otheryequipment ekposed to
the gas stream must resist intepnal corrosion;|therefore

(a) materials selected, for, pipe and fittings shall be
compatible with the components of the gas, the liquids
carried by the gas, and with each other. A sourde of infor-
mation on materials ‘performance in corrosiv¢ environ-
ments is The, Corrosion Data Survey, published by
NACE Intermational.

(b) whére'plastic, nonferrous, or alloy stee] pipe and
components are used to prevent or control intetnal corro-
sion,xsuch materials shall have been determined to be
effective under the conditions encountered. [fee paras.
842.5.1(a)(2) and 849.5.1(a)(2) for limitations on
copper.]

(c) erosion-corrosion effects from high-velocity parti-
cles at probable points of turbulence and impingement
should be minimized by use of erosion-resistantjmaterials,
added wall thickness, design or flow configurption, and
size or dimensions of the pipe and fittings.

864.2.7 High-Temperature Considerations.|When gas
or a mixture of gas and liquids or solids knowr or antici-
pated to be corrosive is transported at elevated tempera-
tures, special consideration shall be given to the
identification and mitigation of possible interpal corro-
sion. Such measures are necessary because [corrosion
reaction rates increase with elevated tempergdtures and
are not stable. Appropriate mitigation and monitoring
measures are given in section 864.

864.2.8 Low-Temperature Considerations. Where the
gas stream is chilled to prevent melting of ffozen soil
surrounding the pipeline, there will not nofmally be

spheres, pipes, or fittings during operations

(c) piping for pigs or spheres shall be designed to guide
the tool and the materials they propel effectively and
safely

(d) provisions shall be made for effective accumulation
and handling of liquid and solid materials removed from
the pipeline by pigs or spheres

864.2.4 Use of Corrosion Coupons. When corrosion
coupons, corrosion probes, and/or test spools are to
be used

enough free water in the gas to resultin internal corrosion
in the presence of contaminants, such as sulfur
compounds or CO,. If it is anticipated, however, that
free water or water/alcohol solutions will be present
in the pipeline along with potentially corrosive contami-
nants, suitable corrective measures shall be taken as
prescribed in section 864.
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865 STEEL PIPELINES IN ARCTIC ENVIRONMENTS

865.1 Special Considerations for Arctic
Environments

Special consideration must be given to the corrosion
control requirements of buried pipelines and other facil-
ities installed in arctic environments, particularly in
permafrost regions. For pipelines in contact with
frozen earth, the corrosion rate is reduced because of
the extrenhely high resistivity of the soil and low ion mobi-
lity, but itf does not reach zero. Significant corrosion can
occur, however, in unfrozen inclusions, discontinuous
permafrqgst, or thaw areas such as those that may
occur in the vicinity of rivers, lakes, springs, or pipeline
sections where the pipe surface temperature is above the
freezing point of the environment. Cathodic protection in
localized fthaw areas may be more difficult due to the
b of cathodic protection currents by the
surround]ng frozen soil. Other detrimental effects can
be caused by seasonal thaws that increase biological
and bactgriologic activity in the nonpermafrost areas
or in the [active layer” above underlying permafrost.

Pipeling facilities installed in arctic environments shall
be coatedfand cathodically protected in the same manner
as pipelings in temperate locations, and the same consid-
eration shall be given to the need for protection from
internal and atmospheric corrosion, except as specifically
provided n this section.

865.1.1
pipelines
selected
that envi
to crackin
in subfred
coatings
applied ca
due to fro
changes,

865.1.2

External Coating Requirements. Coatings for
in low-temperature environments shall be
hccording to the particular requirements’ of
ronment. These include adhesion, réesistance
g or damage during handling and installation
zing temperatures, applicability-of field joint
or coating repairs, compatibility with any
thodic protection, and resistance to soil stresses
theave, thaw settlement,seasonal temperature
r other reasons.

Impressed Current Considerations. Criteria
for cathodic protectionshall be the same as those for pipe-
lines in temperate environments. Because higher driving
voltages afre normally required in frozen soils, the voltage

\~calibrated current measurement spans should be ¢

(b) Impressed current anode beds shall be installed
whenever feasible at a sufficient distance from the pipe-
line or other underground structures to achieve maximum
spread along the pipeline and to reduce the peak potential
at the pipeline.

(c) Anode beds shall be installed, where practical,
below the permafrostlevel or in other unfrozen locations,
such as a stream or lake, to achieve better cathodic current
distribution. Where anodes must be installed in perma-

’ g - Folan anedebackfill
material should be increased to reduce the effective|resis-
tance between the anode and the surrounding eaifth.

(d) Impressed current facilities using distributed or
deep anode ground beds should be used to pijotect
buried station facilities and pilings*where usgd to
support aboveground plant faciliti€s. The pilings and
any other adjacent underground metallic facilities| must
be electrically interconnected*to prevent detrinjental
interference.

vanic
blines
rrent
hlized
tht be
f the

865.1.3 Galvanic/Anode Considerations. Gal
anodes (packaged®r ribbon) may be needed on pip
in permafrost.dreas to supplement impressed cy
facilities in localized thawed areas. This provides loc
cathodic protection to those sections of pipe that mif
shielded by the extremely high resistivity o
surrotinding soil.

on of
nsid-
ered in addition to the normal test points. These shotild be
installed at sufficient intervals to evaluate current listri-
bution along the protected pipeline and the effefts of
telluric currents prevalent in polar regions. These
spans also provide contact points for measuring indica-
tions of possible coating damage due to stresses influced
by a frozen environment.

5865.1.4 Monitoring Considerations. Installati

866 STEEL PIPELINES IN HIGH-TEMPERATURE
SERVICE

866.1 Special Considerations for High-
Temperature Service

Special consideration must be given to the corrosion

impressed acroSs-the coating should be limited so that the control requirements of pipelines and other facilijies in
coating is|net subject to damage due to cathodic overvol- high-temperature service [above 150°F (64°C)].
tage ore cessive current AD“C‘.'—_‘]" Elcvatcd tCllllJCl atul TS tCllC‘l tU C‘lCLl CTas’T t}lC lCDl._thlty

(a) Impressed current facilities shall be used on pipe-
lines in permanently frozen soil, especially where the gas
is chilled to prevent thawing of the earth. Such facilities are
capable of providing the higher driving voltage needed to
overcome the high resistivity of frozen soil. They can be
installed at compressor stations or other facilities where
power is available and access for adjustment and main-
tenance is ensured. The effects of seasonal variations in
soil resistivity should be compensated for by using
constant potential rectifiers or manual adjustments.
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of buried or submerged pipeline environments and to
increase the electrochemical corrosion reaction as a
result of accelerated ionic or molecular activity.
Elevated temperatures typically occur downstream of
compressor stations or in gathering systems.

866.1.1 External Coating Considerations. Coatings
shall be selected based on the particular requirements
for pipeline facilities in high-temperature service.
These include resistance to damage from soil or secondary
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stresses, compatibility with any applied cathodic protec-
tion, and particularly, resistance to thermal degradation.
In rocky environments, the use of a protective outer wrap,
select backfill, or other suitable measures shall be consid-
ered to minimize physical damage.

866.1.2 Impressed Current Considerations. Criteria
for cathodic protection shall be the same as those for
normal temperature service, except that recognition

should be given to the effects of decreased resistivity

and i

in elevated temperature service on any IR component of

the pi

also

86
Consil
mang
ribb
their
tend
tion

contal
Ccorro

867

Eny
phen
sion
embr
failur
acqu
resea
Operz
phen
oppo
found
reme
such ¢
failur|

creased cathodic protection current requirements

e-to-soil potential measurement. Possible depolar-
effects due to high-temperature operation shall
e considered.

6.1.3 Galvanic Anode Considerations.

eration shall be given to the impact on the perfor-

of close galvanic anodes (especially bracelet or
n type) subject to elevated temperatures due to
proximity to a hot pipeline. Higher temperatures
o increase the current output and rate of degrada-
f most anode materials. Some anode materials may
e more noble than steel at temperatures above
F (60°C) in certain electrolytes. Zinc anodes
fning aluminum are also susceptible to intergranular
Kion above 120°F (49°C).

STRESS CORROSION.AND OTHER
PHENOMENA

rironmentally induced and other corrosion-related
mena, including stress corrosion cracking; corro-
fatigue, hydrogen stress cracking, and\hydrogen
ttlement have been identified as causes of pipeline
e. Considerable knowledge and\data have been
red and assembled on the§e)phenomena, and
Ich is continuing as to theircauses and prevention.
ting companies should be alert for evidence of such
mena during all pipe inspections and at other such
Ftunities. Where evidence of such a condition is
, an investigativesprogram shall be initiated, and
dial measur€s)shall be taken as necessary. Any
vidence should be given consideration in all pipeline
e investigations. Operating companies should avail

B31.8-2018

themselves of current technology on the subject and/or

consult with knowledgeable experts.
This paragraph must be limited to general s
rather than specific limits in regard to stress

tatements
corrosion.

Stress corrosion is currently the subject of investigative

research programs, and more specific data wil

1 certainly

be available to the pipeline designer and operating

company in the future. In the interim, this Cod

tion and coating, operating temperatures, sty
and soil conditions shall be considered"in
design and operations.

868 CAST IRON, WROUGHTIRON, DUCTI
AND OTHER METALLIC PIPELINES

868.1 Requirements.for'Cast Iron and Du
Piping Facitities Exposed to Atmo

Aboveground c¢ast iron and ductile iron pip
suitably protected in areas where severe atr
corrosion/may occur.

868.2 Other Metallic Materials

When a nonferrous metal or ferrous alloy con
found to have corroded to the point where
employee safety may be affected, it shall be recg
in accordance with para. 861.3 or replaced. Th
ment shall meet one of the following criteria:

(a) It shall be constructed with other 1
geometry, or both, designed for the remain
the parent facility.

(b) 1t shall be cathodically or otherwise pr

868.3 Installation of Electrical Connecti

(a) Electrical connections may be attache
onto the cast or ductile iron pipe by thg
welding process using copper oxide and 4
powder. The size of the thermit welding ch
not exceed a 32-g cartridge.

(b) All pipe that is bared for test lead conne
all bared test lead wires shall be protected by
insulating material compatible with existing c

e suggests

that the user refer to the current state of the art. Cathodic

e prepara-
bss levels,
pipeline

LE IRON,

ctile Iron
sphere

e shall be
nospheric

hponent is
public or

e replace-

naterials,
ng life of

tected.

ons

d directly

thermit
luminum
hrge shall

rtions and
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bating.
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Chapter VII
Intentionally Left Blank

The material previously shown in this Chapter has been This Chapter has been intentionally left blark-and is
moved to|other Chapters in this Code. reserved for future use.
AP
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Chapter VIII
Offshore Gas Transmission

A80Q OFFSHORE GAS TRANSMISSION

This Chapter of the Code covers the design, material
requirements, fabrication, installation, inspection,
testinlg, and safety aspects of operation and maintenance
of offshore gas transmission systems.

A801;
Ch(

GENERAL

pter VIII pertains only to offshore gas transmission
systemns as defined in para. A802.1. With the exception of
sectiqns A840 through A842, A844,and A847, this Chapter
is organized to parallel the numbering and the content of
the first six chapters of the Code. All applicable provisions
of Chapters [ through VI of this Code are also requirements
of this Chapter unless specifically modified herein. With
the efxceptions noted above, paragraph designations
follow those in the first six chapters with the prefix “A.”

A802 SCOPE AND INTENT

A802

Fox this Chapter, offshore gas transmission systems
includle offshore gas pipelines, pipeline risers, platform
piping, offshore gas compressor stations pipeline appur-
tenarnlces, pipe supports, connectors,jyand other compo-
nents| as addressed specifically in this Code.

.1 Scope

A802.2 Intent

Th¢ intent of this Chapteér is to provide adequate re-
quirements for the safeand reliable design, installation,
and gperation ofloffshore gas transmission systems.
Requlrements of this Chapter supplement the require-
ment$ of thelremainder of this Code. It is therefore not
the intentof this Chapter to be all inclusive, and provisions
must pemade for any special considerations that are not

AP

A803 OFFSHORE GAS TRANSMISSION TE
DEFINITIONS
accidental loads: any unplanned load.or’ comb

unplanned loads caused by human interv
natural phenomena.

ination of
bntion or

biofouling: an accumulatign of deposits. Thi§ includes
accumulation and growth"of marine organisms on a
submerged metal strface and the accumylation of
deposits (usually inofganic) on heat exchanger tubing.

e pipeline
ptermined

breakaway coupling: a component installed in th
to allow the“pipeline to separate when a pred
axial load(js dpplied to the coupling.

buckle~a-condition in which the pipeline has U
sufficient plastic deformation to cause perman
lingin the pipe wall or excessive cross-sectiona
tion caused by bending, axial, impact, and/or
loadsracting aloneror in'combination with h
pressure.

ndergone
ent wrink-
deforma-
torsional
ydrostatic

etween a
ducts of a

cathodic disbondment: the loss of adhesion 1
coating and the coated surface caused by pro|
cathodic reaction.

column buckling: buckling of a beam or pipe under
compressive axial load in which loads causq unstable
lateral deflection, also referred to as “upheaval[buckling.”

connectors: any component, except flanges) used for

mechanically joining two sections of pipe.

disbondment: the loss of adhesion between a c
the substrate.

ating and

documented: the condition of being in written| form.

external hydrostatic pressure: pressure actimg on any
external surface resulting from its submergencg in water.

flexible pipe: pipe that is

specifically addressed.

It is not the intent of this Chapter to prevent the devel-
opment and application of new equipment and technol-
ogies. Such activity is encouraged as long as the safety and
reliability requirements of this Code are satisfied.
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o Tmanufacturedasacomposite fromrbotlrmetal and
nonmetal components

(b) capable of allowing large deflections without
adversely affecting the pipe's integrity

(c) intended to be an integral part of the permanent
product transportation system

Flexible pipe does not include solid metallic steel pipe,
plastic pipe, fiber-reinforced plastic pipe, rubber hose, or
metallic pipes lined with nonmetallic linings or coatings.
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fracture mechanics: a quantitative analysis for evaluating
structural reliability in terms of applied stress, crack
length, specimen geometry, and material properties.

hyperbaric weld: a weld performed at ambient hydrostatic
pressure in a submerged chamber from which the water
has been removed from the surfaces to be welded.

minimum wall thickness, t,,;,: the nominal wall thickness, t
(see para. 804.5), minus the manufacturing tolerance in
accordance with the applicable pipe specification, and
minus all corrosion and erosion allowances. The
minimum|wall thickness is used in the design equations
in para. AB42.2.2(d).

e blast cleaned: a surface that, when viewed

near whit

compressors and piping that are not a part of the produc-
tion facility.

(b) Onoffshore platforms not producing hydrocarbons,
platform piping is all the gas transmission piping,
compressors, appurtenances, and components between
the offshore pipeline risers.

(c) Because of a wide variety of configurations, the
exact location of the transition between the offshore pipe-
line riser(s), the platform piping, and the production

prefabricated piping: a section of riser, platformypiping, or

without magnification, is free of all visible oil, grease,  gystem during installation. Some eXamples of prefabri-
dust, diry, mill scale, ru_st, coating, oxides, Cor_'rf)sm_n cated piping include a riser offsét) jumper, expahsion
products,|and other foreign matter. Random staining is loop, tie-in spool, and prefabricated riser.

limited to not more than 5% of each unit area of ] )

surface [hpproximately 9.0 in.? (58 cm?)], and may prqpagatmgbuckle:abucklethatprogressesrapldlyalong
consistoflight shadows, slight streaks, or minor discolora- apipeline caus:ed by the effect of external hydrostatigpres-
tions causfed by stains of rust, stains of mill scale, or stains sureona p.reV1ously form(.ed buckle, local collapse, orjother
of previously applied coating (see NACE No. 2/SSPC-SP cross-sectional defermation.

10). pull tube: a conduit attached to an offshore plafform
offshore: the area beyond the line of ordinary high water through which a riser can be installed.

along the portion of the coast that is in direct contact with  pull-tube riser: riser pipe or pipes installed through|a pull
the open $eas and beyond the line marking the seaward tube\feg., J-tube or I-tube).

limit of ifland coastal waters. retyrn interval: statistically determined time inferval
offshore plpeline riser: the'vertical or near vertical portion~ = Between sliccessive events' 'of design environmental
of an offshore pipeline between the platform piping and conditions being equaled or exceeded, typically calcylated
the pipeline at or below the seabed, including a length'ef~  asthe reciprocal of the annual probability of occurrepce of
pipe of at| least five pipe diameters beyond the bottom the event.

elbow, bend, or fitting. Due to the wide variety of config-
urations, the exactlocation of transition between'pipeline,

riser: see offshore pipeline riser.

pipeline rser, and platform piping must he selécted on a s.eaﬂoorbathymetry: refers to water depths along the pipe-
case-by-case basis. line route.

offshore pipeline system: all components of a pipeline soil liquefaction: a soil condition, typically causgd by
installed dffshore for transporting gas other than produc- ~ dynamic cyclic loading (e.g., earthquake, waves), where
tion facilit the effective shear strength in the soil is reduced such

y piping. Tanker or batge loading hoses are not

that the soil exhibits the properties of a liquid.

consideref part of the offshore pipeline system.

offshore platform: any niah=made fixed or permanently s;?ecic'll assembly: a subsea pipeline section that contains

anchored|structure, floeating facility, or artificial island pipeline components such as abuckle or fracture arrestor,

located offshore. in-line sled, subsea tie-in assembly, pipeline end manifold,
) / ) ) ) pipeline end termination, in-line valve assembly, side

pipe collapse: flattening deformation of the pipe resulting a1y assembly, or subsea manifold and is typically [fabri-

in loss of] cross-sectional strength and circular shape, cated onshore and connected to the pipeline system

which is caused-by-exeessive-external-hydrostatic pres
sure acting alone.

plastic deformation: a permanent deformation caused by
stressing beyond the elastic limit.

platform piping:

(a) On offshore platforms producing hydrocarbons,
platform piping is all the gas transmission piping, appur-
tenances, and components between the production facility
and the offshore pipeline riser(s). This includes any gas

during installation.

splash zone: the area of the pipeline riser or other pipeline
components thatis intermittently wetand dry due to wave
and tidal action.

steel catenary riser (SCR): a catenary-shaped extension ofa
subsea pipeline that is attached to a floating or fixed
offshore platform.

trawl board: a structure that is attached to the bottom of
commercial fishing nets and is dragged along the seafloor.
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weight coating: any coating applied to the pipeline for
increasing the pipeline specific gravity.

A811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

Plastic pipe, plastic pipe with nonmetallic reinforce-
ment, cast iron pipe, and ductile iron pipe shall not be
used for transporting natural gas.

(b) The pipe meets the testing requirements in section
AB47.

(c) The pipe shall be inspected per para. 817.1.3 to
identify any defects that impair the serviceability of
the pipe. If such defects are identified, they shall be
removed or repaired.

Unidentified line pipe shall not be used for subsea
pipelines.

A81j MATERIAL SPECIFICATIONS
A814.1 Pipe Conforming to Referenced Standards
and Specifications

A8
joint

|4.1.1 Steel Pipe. Steel line pipe with a longitudinal
factor of 1.00 in Table 841.1.7-1 shall be used.

A814.3 Weight Coating

Concrete weight coating materials (cement, aggregate,
reinforcing steel) shall meet or exceed the requirements of
appli¢able ASTM standards.

A814.4 Flexible Pipe

Flekible pipe shall be manufactured from materials
meeting the requirements of applicable ASTM or ASME
standprds.

A814.5 Other Requirements

In gddition to the requirements contained in referénced
standprds, certain other requirements may be considered
for pipe and other components used offshoré; depending
on water depth, water temperature, internal pressure,
prodyct composition, product temperature, installation
methpd and/or other loading conditions. Thus, considera-
tion rpay include one or more of the following:

(a)| wall thickness tolerance

(b)| outside diameter tolérance

(c)| out-of-roundness

(d)| maximum and miinimum yield and tensile strengths

(e)| maximum carbon equivalent

(f) |fracture toughness

(g)| hardness

(h)| pipemill hydrostatic testing and other mechanical
testing

AP

A817.4 Requalification of Pineline Sustems

A pipeline system that has previously been‘us
transmission service may be requalified, subj
following conditions:

(a) The pipeline system meets.the” design
tions in sections A841, A842, and A843.

(b) The pipeline system mieets the hydrotesting re-
quirements in paras. A847.X.through A847.6. In addition,
if the pipeline systemr’issmoved, it shall also| meet the
testing for buckles regilirement in para. A847}7.

ed for gas
ect to the

onsidera-

A820 WELDING OFFSHORE PIPELINES

This sectiorf concerns the welding of carbon steel mate-
rials that are used in a pipeline in the|offshore
environment.

A821 GENERAL

A821.1 General Requirements

The welding covered may be performed under atmo-
spheric or hyperbaric conditions.

A821.2 Welding Processes

The welding may be done by any process or] combina-
tion of processes that produce welds that meet the proce-
dure qualification requirements of this Code and can be
inspected by conventional means.

A821.3 Welding Procedure

(a) Prior to atmospheric welding of any pi
components, or related equipment, Welding
Specifications shall be written and the proce
be qualified. The approved procedure shall i
of the applicable details listed in API 1104.

(b) Prior to hyperbaric welding of any pipe, piping

pe, piping
Procedure
Hure shall
hclude all

A817 CONDITIONS FOR THE REUSE AND
REQUALIFICATION OF PIPE

A817.1 Reuse of Steel Pipe

Used pipe may be reused, subject to the following
conditions:

(a) The pipe meets the design considerations in
sections A841, A842, and A843.
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components, or related equipment, Welding Procedure
Specifications shall be written and the procedure shall
be qualified. The approved procedure shall include all
of the applicable details listed in API 1104 and AWS D3.6.

(c) Each welder or welding operator shall be qualified
for the established procedure before performing any
welding on any pipe, piping component, or related equip-
ment installed in accordance with this Code.
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(d) Welding procedure qualifications, as well as welder
or welding operator qualifications, are valid only within
the specified limits of the welding procedure. If changes
are made in certain details, called “essential variables” or
“essential changes,” additional qualification is required.
API 1104 essential variables shall take precedence in
matters not affected by the underwater environment,
and AWS D3.6 shall govern those essential changes
related to the underwater welding environment and

A826 INSPECTION OF WELDS

A826.2 Inspection and Tests for Quality Control of
Welds on Piping Systems

A826.2.1 Extent of Examination. One-hundred
percent of the total number of field welds on offshore pipe-
lines and pipeline components that are subjected to
loading by pipeline internal pressure shall be nondestruc-
tively inspected, if practical, but in no case shall less than

ki onditions:
WOrKIng 90% of such welds be inspected. The inspection shalllcover
100% of the length of such i ted welds,
A823 QUALIFICATION OF PROCEDURES AND % of the length of such Inspected welds
WELDERS A826.2.2 Standard of Acceptability. All welds thiat are
. ) inspected must meet the standards of accéptability pf API

Qualifig atlon. of procedurgs and welders shall be in 1104 or the BPV Code, Section VIII, as:appropriate fpr the
accordanjce with the requirements of section 823, service of the weld, or be appropriately repaired and rein-
except pafas. 823.1 and 823.2 do not apply offshore. spected or removed.

(a) We|ding procedures and welders performing atmo- . L
spheric welding under this section shall be qualified under A826.2.3 Alternative Flaw Acceptance Limitg. For
API 1104/ except that for applications in which design, girth welds on a pipeling,-alternative flaw accepftance
materials|fabrication, inspection, and testing are inaccor- ~ limits may be established based on fracture mechanics
dance with the BPV Code, Section VIII, welding procedures -analyses and fitness-for-pur-pose criteria as desdribed
and welddrs shall be qualified under the BPV Code, Section in API 1104. Such alternative acceptance stanglards
IX. shall be supported by appropriate stress analyses, supple-

(b) Wdlding procedures and welders performing mentary,welding procedure test requirements, and
hyperbarilc welding under this section shall be qualified =~ nondestructive examinations beyond the minimum re-
in accordgnce with the testing provisions of API 1104 as ~ quiréfments specified herein. The accuracy of the ngndes-
supplemehted by AWS D3.6, Specification for Underwater  tructive techniques for flaw depth measurement shall be
Welding for Type “0” Welds. < werified by sufficient data‘toestablish probabilities fpr the

proposed inspection error allowance.
A825 STRESS RELIEVING
lievi ) b ved f A830 PIPING SYSTEM COMPONENTS AND

Stress 1fe ieving requlremgnts may be waived, regard- FABRICATION DETAILS
less of wall thickness, provided that it can be.demon-
strated that a satisfactory welding procedure without A830.1 General
the use off postweld heat treatment has/been developed. _ .
Such a dethonstration shall be conducted on materials and The purpose of sections A831 through A835|is to
under conditions that simulate, as ¢losely as practical, the ~ provide a set of criteria for system components|to be
actual prdduction welding. Meastirements shall be taken ~ used in an offshore application.
of the tengpile, toughness, and<hardness properties of the
weld and |heat-affected zone.\No stress relieving will be ~ A831 PIPING SYSTEM COMPONENTS
required |f N . Cast iron or ductile iron shall not be used in flynges,

(a) the|measurements indicate that the metallurgical _

. . L L > fittings, or valve shell components.
and mechgnical properties are within the limits specified -
. . . All system components for offshore applicationg shall
for the materials;and intended service, and .. ..
- i .. be capable of safely resisting the same loads as the plipe in

(b) an ¢nginteering analysis is conducted to ensure that . . : « C

\ : . the run in which they are included, except “weak [inks
the mechdni€al properties of the weldment and the resi-

dual stresses without postweld heat treatment are satis-
factory for the intended service. In some cases,
measurement of residual stresses may be required.

108

(e-g;, breakaway couptings)designed o asystent to fail
under specific loads. Consideration should be given to
minimizing stress concentrations.

System components that are not specifically covered in
section 831 shall be validated for fitness by either

(a) documented full scale prototype testing of the
components or special assemblies, or
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(b) ahistory of successful usage of these components or
special assemblies produced by the same design method.
Care should be exercised in any new application of existing
designs to ensure suitability for the intended service.

A831.1 Valves and Pressure-Reducing Devices

A831.1.1 Valves. In addition to the valve standards
listed in para. 831.1.1(a), the following specifications
may be used:

approaching shoreline areas shall be additionally
designed and tested consistently with Location Class
provisions as determined in para. A840.2.

A840.2 Shoreline Approaches

Offshore pipelines approaching shoreline areas shall be
additionally designed and tested consistently with
Location Class provisions as determined in section
840, except that

API Spec 6DSS/
1SQ 14723

API Spec 17D

Specification for Subsea Pipeline
Valves

Design and Operation of Subsea
Production Systems — Subsea
Wellhead and Tree Equipment

A832 EXPANSION AND FLEXIBILITY

Thée¢rmal expansion and contraction calculations shall
consifler the temperature differential between material
temperature during operations and material temperature
durinjg installation.

A834 SUPPORTS AND ANCHORAGE FOR EXPOSED
PIPING

Nopttachment other than an encircling member shall be

weldg¢d directly to the pipeline (see para, A842,2.7): (. o=

A833 ANCHORAGE FOR BURIED PIPING

Thérmal expansion and contraction calculations shall
consifler the effects of fully saturated backfill material
on sojil restraint.

WHhen a submerged pipeline is to belaid across a known
fault gone, or in an earthquake-prione' area where new
are a possibility, consideration shall be given to
ed for flexibility in the pipeline system and its
nents to minimize the possibility of damage due
ismic activity.
requirements of para. 835.5(c) for header and
brangh connections  are not applicable to offshore
submlerged piping systems. An appropriate means of
preventingwfidue stresses at offshore submerged
piping connections is to provide adequate flexibility at
brandh ‘connhections on the seabed.

(a] offshore pipelines in Location Classes 3 #nd 4 may
alternatively be hydrostatically tested to a.prg¢ssure not
less than 1.25 times the maximum operatihg pressure so
long as the provisions of section A826 dre mdqt

(b) for offshore pipelines, the\provisions pf section
A847 supersede para. 841.3.2

A841 DESIGN CONSIDERATIONS
A841.1 Design Conditions

A number of physical parameters, henceforth referred
to as design cenditions, govern design of the offshore pipe-
line system so that it meets installation, operation, and
other postinstallation requirements. Some of the
factors.that may influence the safety and reljability of
an(@ffshore pipeline and riser include

(a) waves

(b) current

(c) marine soils

(d) wind

(e) ice

(f) seismic activity

(g) platform motion

(h) temperature

(i) pressure

(j) water depth

(k) support settlement

(1) accidental loads

(m) commercial shipping

(n) fishing/shrimping activities

The design of offshore pipelines is often cortrolled by
installation considerations rather than by operjating load
conditions.

Additional information for design conditions can be
found in API RP 1111, para. 4.1.

A840 DESIGN, INSTALLATION, AND TESTING

A840.1 General Provisions

The design, installation, and testing of offshore gas
transmission systems shall be in accordance with
Chapter IV as specifically modified by the provisions of
Chapter VIII. Also, all provisions of Chapter IV that
depend on Location Class do not apply to offshore gas
transmission systems, except that offshore pipelines

AB41:2-Instattation-Design-Considerations

The design of an offshore pipeline system suitable for
safe installation and the development of offshore pipeline
construction procedures shall be based on consideration
of the parameters listed in paras. A841.2.1 through
A841.2.5. These parameters shall be considered to the
extent that they are significant to the proposed system
and applicable to the method of installation being
considered.
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A841.2.1 Weight. The effect of pipe or pipeline
assembly weights (in air and submerged) on installation
stresses and strains shall be considered. Variability due to
weight coating manufacturing tolerances and water
absorption shall also be considered.

A841.2.2 Profile. Variations in water depth along the
pipeline route shall be considered. The effect of tides shall
be included for locations where such variations are a
significant fraction of the water depth. Bottom slope,

Directionality of waves, winds, and currents shall be
considered to determine the most critical expected combi-
nation of above loadings.

A841.3.2 Operational Loads. Operational loads that
shall be considered are those forces imposed on the pipe-
line system under static environmental conditions (i.e.,
excluding wind, waves, current, and other dynamic
loadings).

Loads that should be considered as operational loads

obstructipns, or irregularities that affect installation
stresses shall be considered.

A841.2)3 Environmental Loads. Local environmental
forces incjuding those induced by wind, wave, currents,
ice, seismfc activity, and other natural phenomenon are
subject toradical change in offshore areas. These potential
changes should be considered during installation design
and contipgency planning.

A841.2{4 Loads Imposed by Construction Equipment
and Vess¢l Motions. Limitations and behavioral charac-
teristics off installation equipment shall be considered in
the installation design.

Vessel motions shall be considered if they are expected
toresultin pipe stresses or pipe/coating damage sufficient
to impair [the serviceability of the pipeline.

A841.2
considere
for the fol]lowing:

(a) risqr installation in pull tubes

(b) laying horizontal curves in the pipeline routing

(c) pipe¢line bottom tows

(d) tremching and backfilling

5 Bottom Soils. Soil characteristics shall be
d when installation procedures are developed

A841.3 Qperational Design Considerations

A841.3|1 Loading Classifications. All parts of the
offshore pipeline and riser system shall be designed
for the mlost critical combinations”of operational and
design environmental loads, acting concurrently, to
which th¢ system may betsubjected. Wind, wave, and
current dlesign loads-should be based on a design
return interval no less\than five times the design life of
the pipelihe or 100 yr, whichever is smaller.

If the pipeline.operating philosophy is such that opera-
tions with|{full'operational loads will be maintained during
design storms, then the system shall be designed for

include J\
(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 ptessure
(c) thermal expansion and“contraction
(d) buoyancy
(e) prestressing (exclusive of structurally restrpined
pipe configurationsy such as in a pull-tube riser bgnd)
(f) static sojlféinduced loadings (e.g., overburder])
The effects of prestressing, such as permanent qurva-
tures induced by installation, should be considered when
they affect the serviceability of the pipeline.
Additional information for operational loads c
found in API RP 1111, para. 4.1.4.

hn be

“hsa133 Design Environmental Loads. Loadings that

should be considered under this category includle, as
appropriate, those arising due to

(a) waves

(b) current

(c) wind

(d) seismic events

(e) accidental loadings (e.g., trawl boards and ang

(f) dynamic soil-induced loadings (e.g., mudslide
liquefaction)

(g) ice loads (e.g., weight, floating impacts, and
scouring)

hors)
s and

A842 STRENGTH CONSIDERATIONS

Design and installation analyses shall be bas
accepted engineering methods, material strength
applicable design conditions.

bd on
, and

concurrent action of operational and design environmen-
tal loads.

If the operating philosophy is such that operations will
be reduced or discontinued during design storm condi-
tions, then the system shall be designed for

(a) full operational loads plus maximum coincidental
environmental loads

(b) design environmental loads plus appropriate
reduced operational loads
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A842.1 Strength Consideration During Installation

The following subsections define the minimum safety
requirements against failure due to yielding or buckling
duringall phases of pipeline system installation (i.e., hand-
ling, laying, trenching, etc., through testing).

A842.1.1 Buckling. The pipeline should be designed
and installed in a manner to prevent buckling during
installation. Design and procedures for installation
should account for the effect of external hydrostatic
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pressure, 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 stresses
due to bending and external pressure can be found in API
RP 1111, para. 4.3.2.3.

A842.1.2 Collapse. The pipe wall thickness shall be
designed to resist collapse due to external hydrostatic
pressure. Considerations shall include the effects of

A842.2 Strength Considerations During
Operations

A842.2.1 Operational and Design Criteria

(a) Failure Modes. Pipelines, risers, and platform piping
shall be designed against the following possible modes of
failure, as appropriate:

(1) excessive yielding
(2) buckling

mill tolerances in the wall thickness, out-of-roundness,
and any other applicable factors.

Adfitional information for designing to prevent
collapse can be found in API RP 1111, para. 4.3.2.2.

A842.1.3 Allowable Longitudinal Stress. The
maximum longitudinal stress due to axial and bending
loadq during installation shall be limited to a value
that grevents pipe buckling and will not impair the servi-
ceability of the installed pipeline.

Addgitional information for longitudinal load design can
be foyind in API RP 1111, para. 4.3.1.2.

A842.1.4 Allowable Strains. Instead of the stress
criteria of para. A842.1.3, an allowable installation
strain limit may be used. The maximum longitudinal
strair] due to axial and bending loads during installation
shall be limited to a value that prevents pipe buckling and
will njot impair the serviceability of the installed pipeline.

tuatigns of sufficient magnitude and frequency to induce
signifjcant fatigue shall be considered in design.

A842.1.6 Special Assemblies. Installation‘df pipelines
with $pecial assemblies are subject to the same require-
ment$ stated in paras. A842.1.1 through A842.1.5.

A842.1.7 Residual Stresses. The'\pipeline system shall
normplly be installed in a mannerso as to minimize resi-
dual stresses. The exception-shall be when the designer
purppsefully plans for residual stresses (e.g., cold-
springing of risers and_pull-tube risers). When residual
stresges are significant, they should be considered in
the operating design of the pipeline system (see para.
AB42(2).

A8412.1.8-Flexible Pipe. The manufacturers recom-
mended maximum loadings and minimum bending
radiuk_shall be adhered to dnring installation. Flexible

5.

A8412.1.5 Installation Fatigue. Anticipated stress flue

(3) fatisuc fai}ulc

(4) ductile fracture

(5) brittle fracture

(6) loss of in-place stability

(7) propagating fracture

(8) corrosion

(9) collapse

(b) Other Considerations{Furthermore, conideration

shall be given to impacts-due to

(1) foreign objects

(2) anchors

(3) trawlboards

(4) vessels, ice keels, etc.

A842.2.2 Design Against Yielding. Pipelines, risers,
and platform piping shall be designed againgt yielding
in accordance with this paragraph. The dombined
stress calculations and allowables of parps. 833.2
through 833.6 are superseded by the provisigns of (b),
(), 'and'(d) below' (see’ also Table A842.2.2-1]:

(a) Hoop Stress. For pipelines, risers, and
piping, the tensile hoop stress due to the difference
between internal and external pressures [shall not
exceed the value given below. S, may be caldulated by
either of the following:

platform

NOTE: Sign convention is such that tension is p¢sitive and

compression is negative.

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).
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Sp < FST (6Y)
(U.S. Customary Units)
D
Sp= (P — Pe); @
(51 Units)
D
S, =P —-P (3)
h ( i e) 2 000t
or
(U.S. Customary Units)
D—t
Sp= (B — B)— )
(SI Units)
D—t
S,=(P —P ()
h ( i e) 2 000¢
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Table A842.2.2-1 Design Factors for Offshore Pipelines,
Platform Piping, and Pipeline Risers

Additional information for longitudinal load design can
be found in API RP 1111, para. 4.3.1.2.
(c) Combined Stress for Pipelines. The combined stress

Hoop Stress, Longitudinal Combined . .
Location F, Stress, F, Stress, Fs shall not exceed the value given by the maximum shear
Pipeline 072 0.80 0.90 stress equation (Tresca combined stress):
Platform piping 0.50 0.80 0.90 [Note (1)] 1/2

and risers

NOTE: (1) The wall thickness used in the calculation of combined
stress for platform piping and risers shall be based upon

2
S-S
2(%) +82  <EsS

minimum wall thickness, t,. where
A = cross-sectional area of pipe material using|t, in.?
where (mm?)
D = npminal outside diameter of pipe, in. (mm) F3 = combined stress design facter from Table
F; = hoop stress design factor from Table A842.2.2-1 A842.2.2-1
P, = .external pressure, psig (kPa) F, = axial force, Ib (N)
P; = internal design pressure, psig (kPa) - I; = in-plane stress intensification factor |from
S = specified minimum yield strength, psi (MPa) Mandatory Appendix\E
Sp = hpop stress, psi (MPa) i, = out-plane stresscintensification factor|from
T = temperature dergtlngfacFor from Table 841.1.8-1 Mandatory Appéndix E
t = npminal wall thickness, in. (mm) M, = in-plane bending moment, in.-Ib (N-m)
M, = out-plane/bending moment, in.-lb (N-m)
NOTE: It i recommended that eq. (2) or (3) be used for D/t M, = torsional moment, in.-lb (N-m)
greater than or equal to 30 and that eq. (4) or (5) be used S = specified minimum yield strength, psi (MPa)
for D/t lesg than 30. S, = axial'stress, psi (positive tensile or negative
Additiopal information for pressure design can be found compressive) (MPa)
in API RP[1111, paras. 4.3.1 and 4.3.2. =F . /A
(b) Longitudinal Stress. For pipelines, risers, and plat- Sp°= resultant bending stress, psi (MPa)
form pipirlg, the longitudinal stress shall notexceed values 2/ < =1 (i M2 (i, M) VP f2
found from Sr = hoop stress using ¢, psi (MPa)
IS, < FyS S; = longitudinal stress, psi (positive tensile or nega-
- tive compressive) (MPa)
where = S, + S, or S, - Sp, whichever results in the larger
A = cross-sectional area of pipe material-ising t, combined stress value
in2 (mm?) S = torsional stress, psi (MPa)
F, 4 longitudinal stress design factor from Table = M/2z
A842.2.2-1 t = nominal wall thickness, in. (mm)
F, o axial force, Ib (N) z = section modulus of pipe using ¢, in.> (cm?)
i; § in-plane stress intensification factor from
Mandatory Appendix E Alternatively, the Maximum Distortional Energy Theory
i, 3 out-plane stressuintensification factor from (Von Mises combined stress) may be used for lithiting
Mandatory Appendix E combined stress values. Accordingly, the combined
M, 5 in-plane bending moment, in.-Ib (N-m) stress should not exceed values given by
M, 4 out-plane-bending moment, in.-lb (N-m) 1/2
S o specified minimum yield strength, psi (MPa) (Sh2 — SpSh+ S+ 3St2) < BS
S, 9 axial stress, psi (positive tensile or negative
ot Coo;vc) {Mpa) (rl) Combined Cf‘rpccfnr' Risers and Plntfnrm PipinJ, The
=F,/A combined stress shall not exceed the value given by the
S, = resultant bending stress, psi (MPa) maximum shear stress equation (Tresca combined
= [0 M)? + (i,MJ)?] V/2/2 stress):
Simax = maximum longitudinal stress, psi (positive 5 1/2
tensile or negative compressive) (MPa) 5 SL (mwt) = Sh (mwt) s < B
= S,+S,0rS, - S, whicheverresults in the larger 2 * 5 (mwt)2 =3
stress value
t = nominal wall thickness, in. (mm)
z = section modulus of pipe usng t, in.®> (cm®)

absolute value
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where A842.2.4 Design Against Buckling and Ovalization. (18)
Agmwe) = cross-sectional area of pipe material using Avoidance of buckling of the pipeline and riser during
tmin, in.2 (Mm?) operation shall be considered in design. Modes of buckling
F3 = combined stress design factor from Table that may be possible include
A842.2.2-1 (a) local buckling of the pipe wall
F, = axial force, Ib (N) (b) propagation buckling following local buckling
i; = in-plane stress intensification factor from (c) column buckling
Mandatory Appendix E Additional information for determining buckling
i, = out-plane stress intensification factor from tendencies can be found in API RP 1111, paras. 4.3.2.3
MandatoryApperdhat areA4-32A—and-Aanex-
AA/;I g ; ELE lalr;iebf)r;itinii mn(ir;lnelrelitlni;l})lbﬂ\g].\]rﬂl) A842.2.5 Design Against Fatigue. Stress ﬂJ ctuations
MO _ torsiIZ)nal momentg in-Ib (N’-m). of sufficient magnitude and frequency to-induce signifi-
£ o T . cant fatigue should be considered im.deSign.
§ = specified minimum yield strength, psi (MPa) Loadings that may affect fatigue _include
Sanwyy = axial stress, psi (positive tensile or negative (a) pipe vibration, such as that induced by vortex
compressive) (MPa) shedding ’
s _ F“/Al(g'wz bendine st i (MP (b) wave action
b{nwt) _ re.sl\l; gn , ;In 2”’1*‘7’25 ress, psi (MPa) Pipe and riser span§-shall be designed so that vortex
S ; l[l(cl)iopi)stt'(el;s fl)si]ng t/Z-(mvg)si (MPa) induced resonant vibrations are prevented, whenever
Sh W) - loneitudinal strees mms’i (positive tensile or practical. When deing so is impractical, the tota] resultant
Lgmwo gt' ' P lVPiP stresses shall¢be less than the allowable limits in para.
_ Eega 1stc0mpre§i1\;e) ( _ag which- A842.2.2,and such that fatigue failure should not
e?zt[arzu;tt)esulljt(smr/r?the l:u{gg/tfjcofn({)nivrvlt()e’d stress result during the design life of the pipeline.
value Additienal information for fatigue analysis cah be found
S¢dnwy = torsional stress, psi (MPa) in APFRP 1111, para. 4.5.
= M/2Zmwe A842.2.6 Design Against Fracture. Materials used for
tmin = minimum. wall thickness, in. (mm) ) pipelines transporting gas or gas-liquid mixtures under
Zgmwy) = section modulus of pipe using tp;p, in.® (cm3~ high pressure should have reasonably high fesistance
to propagating fractures at the design conditions, or
Alternatively, the Maximum Distortional Energy Theory other methods shall be used to limit the extent of a
(Von [Mises combined stress) may be used fof limiting fracture.
comHined stress values. Accordingly, theyeombined

A842.2.7 Design of Clamps and Supports. Clamps and

stresy should not exceed values given by supports shall be designed such that a smooth {ransfer of
1/2 ; el ; ;
2 2 2 loads is made from the pipeline or riser to the supporting
S - § S + S +)3S < F3§
( h(mpt) = SL(mwtPh(mwt) L (mwg) t(mwt) ) 3 structure without highly localized stresses du¢ to stress
. . ions. Wh 1dl h
A842.2.3 Alternate Design.-for Strain. In situations concentrations en members are to be welfled to the

wher
displd
the p|

b the pipeline experienees a predictable noncyclic
cement of its suppert (e.g., fault movement along
peline route or’differential subsidence along the
line) pr pipe sag before support contact, the longitudinal
and cpmbinedstréss limits need not be used as criteria for
safety againSt eXcessive yielding, so long as the conse-
quenges of+yielding are not detrimental to the integrity
of th¢ pipeline. The permissible maximum longitudinal

ded to the
t shall be
e pipe.

bly tested.
ance with
B.
corrosive
hnd galva-

pipe they shall fully encircle the pipe and be we
pipe by a full encirclement weld. The suppor
attached to the encircling member and not th

All welds to the pipe shall be nondestructivi
Clamps and supports shall be designed in accorg
the requirements of API RP 2A-WSD, Section

Clamp and support design shall consider the
effects of moisture retaining gaps and crevices
nically dissimilar metals

strain depends on the ductility of the material, any
previously experienced plastic strain, and the buckling
behavior of the pipe. Where plastic strains are anticipated,
the pipe eccentricity, pipe out-of-roundness, and the
ability of the weld to undergo such strains without detri-
mental effect should be considered. Similarly, the same
criteria may be applied to the pipe during construction
(e.g., pull-tube or bending shoe risers).
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A842.2.8 Design of Connectors and Flanges.
Connectors and flanges shall be such that smooth transfer
of loads is made without high localized stresses or exces-
sive deformation of the attached pipe.

Connectors and flanges shall have a level of safety
against failure by yielding and failure by fatigue that is
comparable to that of the attached pipeline or riser.

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

Licensee=Hong Kong Polytechnic University/9976803100, User=Siu, Kit Hang
Not for Resale, 12/12/2018 00:19:35 MST


https://asmenormdoc.com/api2/?name=ASME B31.8 2018.pdf

ASME B31.8-2018

A842.2.9 Design of Structural Pipeline Riser
Protectors. Where pipeline risers are installed in loca-
tions subject to impact from marine traffic, protective
devices shall be installed in the zone subject to
damage to protect the pipe and coating.

A842.2.10 Design and Protection of Special
Assemblies. Design of connections and special assemblies
shall consider the additional forces and effects imposed by
a subsea environment. Such additional considerations

catwalks more than 10 ft (3 m) above the deck, shall
also be provided with two exits. The maximum distance
from any point within the compressor building to an exit
shallnotexceed 75 ft (23 m). Enclosure exits shall be unob-
structed and located so as to provide a convenient route of
escape and shall provide continuous unobstructed
passage to a place of safety. Exit doors located on exterior
walls shall swing outward and shall be equipped with
latches that can be readily opened from the inside

include design storm currents and potential for seabed
movement in soft sediments, soil liquefaction, increased
potential forrosion, thermal expansion and contraction,
and stresg due to installation procedures. In areas of
active fishing, protective measures may be appropriate
for conneftions and special assemblies.

A842.2
site make|
significan
used for
results ve
considere

11 Design of Flexible Pipe. Due to its compo-
1p, the mechanical behavior of flexible pipe is
ly different from steel pipe. Flexible pipe may be
bffshore pipelines if calculations and/or test
Fify that the pipe can safely withstand loadings
d in paras. AB41.3.2 and A841.3.3. In the selec-

withouta lkay
WHeHta—key

A843.1.5 Hazard Analysis for Offshore Comprlessor
Stations. A hazard analysis for offshore~compressor
stations shall be conducted in accordange with API RP
14] to meet the requirements of API RP-14C.

A843.2 Electrical Facilities

All electrical equipment andwiring installed on offshore
compression platforms shall donform to the requirements
of NFPA 70, if commercially available equipment pefmits.

Electrical installatiéns in offshore hazardous locgtions
as defined in NFRA70, Chapter 5, Article 500 and thit are

tion of flekible pipe, consideration should be given to its ~ to remain in gperation during compressor station gmer-
permeabl¢ nature. The possibility of implosion under the ~ gency shutdown as provided in para. A843.3.3(a) sHall be
combined|conditions of high pressure, high temperature, ~ designed‘toconform to NFPA 70, for Class I, Divigion I
and very fapid depressurization should be investigated requirements.

where sud
ible pipe 5
Spec 17].

h conditions may be expected. Selection of flex-
hall be in accordance with API RP 17B,and API

A843 COQMPRESSOR STATIONS

A843.1 Compressor Station Design

glgctrical facility design.

The.guidelines of API RP 14F should be considefed in
A843.3 Compressor Station Equipment
A843.3.3 Safety Devices

ssion
shut-

(a) Emergency Shutdown Facilities. All gas compreé
equipment shall be provided with an emergency

The requirements of this paragraph recognize the down system that will block out the gas going tp and
unique design conditions and space-limitations from the compressor station. Operation of the emergency
imposed ywhen designing offshore commpression facilities shutdown system shall cause the shutdown of afll gas

and ther
facilities.
It is th

bfore relate only to offshore compression

e further intent of\this section to make the

compression equipment and all gas-fired equipment
and shall de-energize the electrical facilities ip the
compressor building, except for those that provide ¢mer-

designer pware of personnel safety during the design gency lighting for personnel protection and those that are
and operdtion of offsheré.compression facilities. necessary for protection of equipment. The emergency

A843.1/1 Location"of Compressor Facilities. The  Shutdown system shall be operable from a minimum of
compresdor facilifi€s located on platforms should be twolocations on each decklevel; thatis, should an offshore
designed o facilitate free movement of fire fighting or ~ Platform facility have more than one clearly definedideck,
other emdr@éncy equipment. each deck shall have a minimum of two shutdown| loca-

A843.1.2 Enclosures. All enclosures located on an
offshore platform shall be constructed of noncombustible
or limited combustible material as defined in NFPA 220,
Chapter 2. Design of enclosures on offshore platforms
shall consider the loading conditions defined in para.
AB841.3.

A843.1.3 Exits. A minimum of two exits shall be
provided for each operating level of a compressor
building. Any elevated walkway, including engine

114

Hons—Blowdewnpipingshalextend-teo-ateecationWhere
the discharge of gas is not likely to create a hazard to the
platform facilities. Consideration should be given to
potential entrained liquids, prevailing winds, and location
of crew quarters if part of the platform facility. Under
conditions of heavy liquid entrainment and poor
prevailing wind conditions, a separate structure for a
blowdown facility shall be considered.
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A843.3.4 Pressure-Limiting Requirements for
Offshore Compression Facilities

(c) Venting. Pressure relief valves shall be vented to
atmosphere such that no hazard is created. Vent lines,
common headers, and platform blowdown lines shall
have sufficient capacity so that they will not interfere
with the performance of the relief device.

A844 ON-BOTTOM STABILITY

Hydrodynamic forces shall be based on the wave and
current values for the design storm condition for the spe-
cific location.

Wave and current directionality and concurrency shall
be considered.

A844.2.2 Bottom Soils. The pipe-soil interaction
factors that are used shall be representative of the
bottom conditions at the site.

A

Pipgeline design for lateral and vertical stability is
governed by seafloor bathymetry, soil characteristics,
and by hydrodynamic, seismic, and soil behavior
evenis having a significant probability of occurrence
durinjg the life of the system. Design conditions to consider
are pfrovided in the following subsections.

The¢ pipeline system shall be designed to prevent hori-

A844-2. - appurte-
nances may be trenched below bottowy|grade to
provide stability. The pipeline must be, degigned for
wave and current stability prior to trenching. Stich stabil-
ity, however, need only be based on environmental condi-
tions expected during the period.of pipe expdsure.

A844.2.4 Backfilling. Backfilling or other protective
coverings, when necessaryy shall be accomplished by

zontall and vertical moverpents, qr ghall be designed so using such materials-and procedures to [preclude

that. any movements will be limited to values r_10t damage to the pipeliite and coatings.

causing allowable stresses to be exceeded (see section

A8472). A844.2.5 Anchoring. Anchoring may be us¢d instead
Typical factors to be considered in the stability design ~ of or in conjuiiction with submerged weight t¢ maintain

includle stability.<The”anchors shall be designed to yithstand
(a)| wave and current forces lateralsand vertical loads expected from the design
(b)| scour and resultant spanning stormeondition. Anchors shall be spaced to preyent exces-
(c)|liquefaction sive’stresses in the pipe sections between anghors. The
(d)] slope failure anchoring system and adjacent pipe shall be| designed

Stapility may be obtained,by;such. means including; but 3=

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
may be taken into account.

Additional information on hydrostatic stability can be
found in API RP 1111, para. 4.4.2.

to-prevent scour and resultant.spanning from pverstres-
sing the pipe. The effect of anchors on the cathodlic protec-
tion system shall be considered.

A844.3 Shore Approaches

Pipe in the shore approach zone shall be trpnched or
bored to the depth necessary to prevent scouifing, span-
ning, or stability problems that affect integrity and safe
operation of the pipeline during its anticipat¢d service

A844.1 Design Storm Conditions life. Seasonal variation in the near shore thijckness of
Degign wave and current conditions for portions of a seafloor sediments and shoreline erosion ovei the pipe-
pipeljne that will not bé.tvenched shall be based on a line service life shall be considered.

storm having a mipiftum return interval of no less
than five times the~design life or 100 yr, whichever is
smaller. Portions*of‘the pipeline system to be trenched
shall|be designed for wave and current conditions
based on ptudent assessment of the period of pipe expo-
sure. The most unfavorable expected combination of wave

and clrrent conditions shall be used Maximum wave and

A844.4 Slope Failure

The pipeline shall be designed for slope failure in zones
of known or anticipated occurrence, such as|mudslide
zones and areas of seismic slumping. The desigr exposure
period shall be no less than the expected life of the pipline.

maximum current conditions do not necessarily occur
simultaneously. The most unfavorable condition selection
shall account for the timing of occurrence of the wave and
current direction and magnitude.

A844.2 Stability Against Waves and Currents

A844.2.1 Submerged Weight. The submerged weight
of the pipe may be designed (such as by weight coating) to
resist or limit movement to acceptable values.
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Hittsmotpracticattodesigmthe pipetimesystenrto survive
the event, the pipeline shall be designed for controlled
breakaway with check valving to prevent blowdown of
the pipeline.

A844.5 Soil Liquefaction

Design for the effects of liquefaction shall be performed
for areas of known or expected occurrence. Soil liquefac-
tion normally results from cyclic wave overpressures or
seismic loading of susceptible soils. The bulk specific

(18)
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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
stress calculations for the pipeline. Occurrence of soil
liquefaction due to wave overpressures shall be based
on a storm return interval of no less than five times

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.

the designt

fa or-100 - ahichavar ic cyaallag
Too—y - WHHERevVerI5-5t

e B A84/7.4 Test Procedure
A846 VALVES The hydrostatic pressure test shall be conducted in
o ) ) ) accordance with a specified procedure_that shall, at a

Offshoije transmission lines shall be equipped with minimum, provide for
valves or lother components to shut off the flow of gas (a) performance of the test after installation and hefore
to an offspore platform in an emergency. initial operation of the pipeline systeéni'except as provided

Block vjalves shall be accessible and protected from in para. A847.2.
damage and tampering. If a blowdown valve is involved, (b) theinclusion of prefabricated, pretested portipns of
it shall be Jocated where the gas canbe blown totheatmo-  ,¢fchore pipeline risers inthe'pipeline system hydrdstatic
sphere without undue hazard. . . test, whenever practical.

B!qu nvalves sha_ll b_e provided so that each section (c) maintenance ofithe test and recording of results on
of pipeling between main line valves can be blown down.  iseline and asseitiblies for a minimum of eight cpntin-
The sizes|and capacity of the connections for blowing ;55 hours at/or'@bove the specified pressure. All yaria-
down the line shall be such that under emergency condi- ;55 i, testressure shall be accounted for. Test dufation
tions the dection ofline can be blown down as rapidly as is of prefabricated piping may be 2 hr.
practicab (d) dvetest if, during the hold time, a rupture of haz-

ardous leak occurs that renders the test invalid. Retgsting
A847 TESTING ’s)h\all commence after repairs have been made.
A847.1 General Provisions A847.5 Records
- All offshore pipelines shall be tested after installation The operating company shall maintain in its file, fpr the
and priog to operation within the provisions.of.this  ysefullife of each pipeline, records showing the type pftest
section. fluid, the test procedure, the test pressure, and the|dura-
tion of the test.
A847.2 Test Pressure

The installed pipeline system (incliding any SCR up to A847.6 Tie-Ins
its han.g-o fpoint) sh.allbe hydrostatically tes.ted toatleast It is recognized that it may not be possible to hydro-
1.25 timep the maximum allowable operating pressure.  statically test the tie-in between two test sections.
Offshore platform piping aid bffshore pipeline risers Pressure testing of tie-in welds may be exempfed if
other than SCRs must be'tested to at least 1.5 times the tie-in weld is inspected by radiographic afd/or
the maximum allowable operating pressure either other applicable NDT methods.
before or after installation. Prefabricated portions of plat-
form pipipg that have been pretested to 1.5 times the ~ A847.7 Testing for Buckles

i 11 bl ti d not b
faximun auotable operating pressure need not be Testing for buckles, dents, and other diameter r¢stric-
tested aftgrdnstallation if all items are tied in by connec- . i i ,
tors. flansest or welds that have been radiogranhically tions shall be performed after installation. Testing siall be
’ co i 7 accomplished by passing a deformation detection device

inspected.

CAUTION: When an external pressure, P,, greater than zero
isused in the hoop stress formula in para. A842.2.2(a), there
is a possible combination of conditions where the yield
strength of the pipe could be exceeded during the hydro-
static test. Therefore, the hoop stress and combined
stress shall be checked to confirm that they are within allow-
able limits to prevent pipe yielding, considering both the
internal and external pressures when determining the
maximum hydrostatic test pressure.
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through the pipeline section, or by other methods capable
of detecting a change in pipe diameter. Pipe having exces-
sive deformation that affects the serviceability of the pipe-
line facilities shall be repaired or replaced. Consideration
should also be given to repairing excessive ovality that
may interfere with pigging operation or internal
inspection.
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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

(a) locate and mark its pipeline when explosives are to
be detonated within distances as specified in company
plans. Consideration should be given to the marking of
minimum blasting distances from the pipelines 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.

consistently with Location Class provisions as determined
in seqtion 840.

A850.3 Essential Features of the Operating and

Maintenance Plan

Th
(a)
covel
gas fd
(b)
speci
A851
(c)
ofthe
ande
of cd
requi
(d)

of exi

e plan prescribed in para. 850.2(a) shall include
detailed plans and instructions for employees
ing operating and maintenance procedures for
cilities during normal operations and repairs
items recommended for inclusion in the plan for
fic classes of facilities, which are given in paras.
2 and A851.4, and section A860
plans to give particular attention to those portions
facilities presenting the greatest hazard to the public
hvironment in the event of an emergency or because
nstruction or extraordinary maintenance
fements
provisions for-periodic inspections.along the route,
sting pipelines

A85(

A8%0.4.3 Liaison. Each operating company-shall estab-
lish and maintain liaison with available offshore fire-
fighting entities (public and or privately owned) that
may be designated for any particular offshore area.

A8
progy
the gd
nize g
cials.

.4 Essential Features of the Emergency Plan

50.4.4 Educational Program. An educational
am shall be established\to enable producers and
neral public operatinginthe offshore area to recog-
nd report a gas emergency to the appropriate offi-
The educatiofidl'program called for under this
sectiqn should be tailored to the type of pipeline operation
and the environment traversed by the pipeline and should
be copductedhin’ each language that is significant in the
community,served. Operators of transmission systems
should communicate their programs to people, contrac-

AN

O STaCatron—51oura—0ot

(1) the effect of shock waves on the pipd
blasting
(2) conducting aleak survey following con
the blasting program

tline from

ipletion of

A851 PIPELINE MAINTENANCE
A851.2 Pipeline Patrolling

Each operating company shall maintain a per
line patrolling program to observe conditions o1
cent to the pipeline right-of-way, indication of leaks,
construction activity other than that performled by the
company,‘and any other factors affecting the safety
and pperation of the pipeline. These inspectigns should
be made as often as necessary to maintain th¢ integrity
ofthe pipeline. Records of these inspections shall be main-
tained for the life of the facility. Provisions of pafas. 851.2,
851.2!1)'and '851.2.2°do 'not ‘apply to this Chapter.

odic pipe-
1 and adja-

A851.4 Above-Water and Hyperbaric Re
Procedures for Steel Pipelines

air

bdures for
ts of para.

All above-water and hyperbaric repair proc
steel pipelines shall conform to the requiremen
851.4.

A851.4.5 Offshore Below-Water Repair P
for Steel Pipelines. Submerged offshore pipelines may
be repaired by replacement of the damaged $ection or
by the use of a full encirclement split sleeve of appropriate
design installed over the damage. Replacement sections
and split sleeves shall be secured by atmosphdric dry or
hyperbaric welding or mechanical devices. Repairs shall
be visually inspected for leaks after being rgturned to
service.

Any offshore below-water repair proced
conform to para 8514 pravisions

rocedures

llll‘es shall

tors, or others that usually work in the offshore area of
concern. The programs of operators in the same area
should be coordinated to properly direct reports of emer-
gencies and to avoid inconsistencies.

A850.7 Blasting Effects

Each operating company shall establish procedures for
protection of facilities in the vicinity of blasting activities.
The operating company shall

117

Copyright ASME International

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

Repairs should be performed under qualified supervi-
sion by trained personnel aware of and familiar with the
maintenance plan and operating conditions of the pipe-
line, the company's safety requirements, and the hazards
to public safety and environment.

Evacuation and repair operations should not result in
imposed loads or deformations that would impair the
integrity of the pipe materials, weight, or protective
coating.
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The use of subsurface equipment equipped with cutters,
ejectors, jets, or air suction systems should be carefully
controlled and monitored to avoid damaging the 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 selectgq

A860.2 Evaluation of Existing Installations

(a) Monitoring. The operating company must rely on
monitoring, investigation, inspections, and corrective
action to control corrosion. Such activities shall be
performed at periodic intervals sufficient to ensure
that adequate corrosion control is maintained. Where
it is determined that corrosion that is taking place may
be detrimental to public or employee safety, the facility
shall be repaired or replaced, and corrosion control

Since offshore pipelines cannot be readily inspected
after installation and there is the possibility of damage
to the coating system, special consideration should be
given to the selection, design, and application of corrosion
control coatings, the cathodic protection system, and
other corrosion design elements.
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d accordinglyy

Wave apd current loads should be considered in deter- measures applieq or augmented.
mining tofal imposed stresses and cyclical loads in both (b) Examlnatmfl W.hen.Ex.posed .
surface afd subsurface repairs. (1) When a pipeline is lifted above water'for main-

Personlel working on pipeline repairs should under- tenance or repair, the operating company, shall vigually
stand the| need for careful job planning, be briefed on inspect for evidence of coating deterioration, exfernal
procedures to be followed in accomplishing repairs, corrosion, and where 'p0551ble,.the' condition of any
and follow necessary precautionary measures and exposed anode. If excessive corrosion is present, remedial
procedurds. action shall be taken as necessary.

When pipe is repaired, damaged coating should also be ) (2) If repairs are made.below watfer, 1nspec.t1 n .for
repaired.|Replacement pipe and components shall be evidence of external corkosion or coating deteriofation
protected|from corrosion. shall be made, and necessary corrective action shill be

taken to maintain the corrosion protection of the pigeline.

A851.4.6 Offshore Repair of Flexible Pipe. If the oper-
ability of the flexible pipe is impaired (i.e., major structural A861 EXTERNAL CORROSION CONTROL

* damage), the pipe shall be repaired by replacement of the

damaged pection. In the event of surface cuts and abra- A861.1 . Submerged Installations

- sions in the protective coating that do not expose the load . 1.

" carrying thembers to potential corrosion, the repair shall Allsubmerged steel pipe, valves, and related fiftings
“be perfofmed in a mannerrecommended by the" = shall be, externally,coated and. cathodically protected.
" manufactiirer. All above-water piping and components shall be protected
: from the particularly corrosive conditions of the salt water
- A851.7 Ripeline Markers and Signs atmosphere and cyclic wetting and drying.

Permanent markers are not required for offshore pipe- A861.1.1 Coatings
lines; however, suitable signs should be pos.ted on plat- (a) Coating Design. The design of coating systers for
forms to serve as a hazard area warnims. Wh?re offshore installation should reflect the type of enyiron-
approprijate, signs should displaylthe operating  ment in which the facility is to be installed. Seldction
company |identification and emergency communication of the protective coating should be based on
procedurgs. (1) low water absorption

(2) compatibility with the type of cathodic ptotec-
A854 LQCATION CLASS tion to be applied to the system
There gre no operating.Location Classes offshore. (3) compatibility with the system operpting
temperature
A860 CORROSION CONTROL OF OFFSHORE (4) sufficient ductility to minimize detrimental
cracking
PIPELINES (5) sufficient toughness to withstand damage during
A860.1 $ installation

(6) resistance to future deterioration in a submerged
environment
(7) ease of repair
(b) Cleaning and Surface Preparation. There may be
additional cleaning and surface preparation require-
ments, such as a near white metal finish and an
anchor pattern to promote a good bond for all epoxy-
based thin film coatings. Welds should be inspected for
irregularities that could protrude through the pipe
coating, and any such irregularities should be removed.
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(c) Application and Inspection. The coating should be
applied under controlled conditions and have a high resis-
tance to disbondment. Further information can be
obtained from NACE SP0169. A holiday detector, suitable
for the type of coating applied, shall be used to detect
flaws. Flaws noted shall be repaired and retested.
Weights or weight coating shall not damage the protective
coating during application or installation.

(d) Coating for Weld jJoints, Appurtenances, and

anmartananecac chall ha
bl o4 o

(b) Foreign Pipeline Crossings. When crossing a foreign
pipeline, care shall be exercised to ensure adequate sep-
aration between the two lines so that the possibility for
electrical interference is minimized.

(c) Pipeline Riser Support and Secondary Piping. When
installing riser piping at platforms, supporting devices
such as clamps and pipe supports shall isolate the
piping from the structure. Insulating devices shall be
installed where electrical isolation of a portion of the
pipirgsyste and other

frompn mpadiotion g Fanlec
HFe—proatetoR-—pPipH S —ahKS;

Patching—Weldjeints—andappurtenances—shal-be
coated with material that is compatible with the basic
coating. A holiday detector, designed for the type of
field [joint material applied, may be used to detect
flaws| and flaws shall be repaired and retested.

(e)| Field Inspection. The pipe shall be visually inspected
prior|to installation to ensure that unacceptable damage
has npt occurred during loading, welding, or other laying
activifies prior to submergence of the pipe. Any significant
damage to the coating shall be repaired with material
compptible with the pipeline coating. Care should be exer-
cisedto minimize damage to the coating system, particu-
larly furing laying and trenching of the pipe.

A861.1.2 Cathodic Protection Requirements

(a)| Design Criteria. An offshore facility is considered to
be cathodically protected when it meets the applicable
criterjia of NACE SP0115/ISO 15589-2.

(b)
systems are used, the system shall be designed to mini*
mize putages, and the output shall be such that the désign
criterjion is met. Also, consideration should be.givén to
minirpize the interference effect on other pipelines or
structures.

(c)| Galvanic Anodes. Where galvanie.anodes are used
for plzotection, consideration shallibe given to the
quality of the coating (i.e., the percent of exposed
pipe)t Also, the design formula for the system should
includle the output of the anmodes, the desired life of the
systgm, anode material,"and utilization efficiency.
Anodps 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 pfetection of variations in oxygen content,
temperature,\aiid water/soil resistivity of the particular
offshgre enyironment in which the pipeline is installed.

A86LT: :
systems shall be electrically isolated from other metallic
structures so that cathodic protection can be effective. An
exception can be made when both the foreign structure
and the pipeline are designed to be protected as a unit.
Other general considerations include the following:

(a) Tie-Ins. Isolation from foreign pipelines at tie-ins
may be made by installing insulation flanges, unions,
or other insulating devices. When making a tie-in of a
coated line to a bare line, the two lines shall be electrically
isolated.

Impressed Currents. Where impressed current->
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piping-system
facilities is necessary to facilitate application gf cathodic
protection. Electrical interference between electrically
isolated structures shall be minimized. Wjring and
piping connections to an isolatedpipeline ghall also
have insulation between the pipeline and the| platform.
Tests shall be made to ensutejadequate isolation, and
appropriate action shall bettaken to ensure such isolation
when necessary.

A861.1.4 Electrical Connections and M
Points. Test leads\shall be installed so thaf
mechanically §ecure, electrically conductive, 3
sible for testing. It is considered impractical
test leads'in deep or open water. Test leads in
are usually limited to platforms and the pipelin
to the“shore.

pnitoring
they are
nd acces-
to locate
ctallations
b entrance

A861.1.7 Electrical Interference. Periodic fests shall
be.made to.ensure that electrical isolation frgm foreign
pipelines or other structures remains complete. Some
indications of electrical interference are changes in
pipe-to-electrolyte potential, changes in currgnt magni-
tude or direction, localized pitting, and coating break-
down. When new foreign pipelines are 1qid in the
vicinity of existing lines, inspections shall b¢ made to
ensure electrical isolation in accordance with para.
861.1.3(a). If electrical isolation cannot be|attained,
measures shall be taken to minimize electrical interfer-
ence. Electrical isolation from the platform $hould be
checked and maintained unless the system wjs specifi-
cally designed to be jointly protected.

A861.2 Above-Water Atmospheric Protegtion

A861.2.1 Coatings. The splash zone area, where the
pipeline is intermittently wet and dry, shall b¢ designed
with additional protection against corrosion. THis shall be
mplish ing:

(a) special coating

(b) special protective systems and techniques

(c) other suitable measures, including selection of pipe
material

A861.2.2 Surface Preparation. Coatings and other
protective systems shall be installed on a properly
prepared surface and in accordance with established
specifications or manufacturer's recommendations. The
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coating should resist water action, atmospheric deteriora-
tion, mechanical damage, and cathodic disbondment.

A861.4 Atmospheric Corrosion Inspection

Detailed inspections shall be made periodically of all
piping for atmospheric corrosion. This inspection shall
include those areas most susceptible to corrosion such
as flanges, flange bolts, areas under pipe straps, areas
where pipe is in contact with supports, and other

A862.3 Electrical Checks

The operating company shall take electrical readings
periodically at each test location available to ensure
that the cathodic protection level meets the applicable
criteria in NACE SP0115/ISO 15589-2.

Before each electrical test is performed, an inspection
shall be made to ensure electrical continuity and that a
good contact to the pipelines is made by the test
connection.

places whfre moisture collects. Where atmospheric corro-
sion is fopind, prompt corrective action shall be taken.
Corrective action shall consist of painting, replacement
of compopnents as necessary, or other action deemed
appropriate by the operating company.

A862 CATHODIC PROTECTION CRITERIA

A862.1 Criteria

The applicable criteria for cathodic protection are speci-
fied in NACE SP0115/ISO 15589-2.

A864 INTERNAL CORROSION CONTROL
A864.1 General

The design and maintenance of offshore pipeling facil-
ities that may carry natural gas containing carbon dipxide,
chlorides, hydrogen sulfide, orgahic acids, solids or preci-
pitates, sulfur-bearing compounds, oxygen, or free water
require special consideration for the control of infernal
corrosion.
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Chapter IX
Sour Gas Service

B80Q SOUR GAS SERVICE

Chgpter IX pertains only to gas pipeline service that
contalins hydrogen sulfide levels defined as “sour gas”
in this Chapter.

B801 GENERAL

This Chapter is organized to parallel the numbering and
contepnt of the first six chapters of the Code. All provisions
of the first six chapters of the Code are also requirements
of thjs Chapter unless specifically modified herein.
Paragraph headings follow those in the first six chapters
with the prefix “B.”

If a|paragraph appearing in Chapters I through VI does
not have a corresponding paragraph in this Chapter, the
provisions apply to sour gas service without modification.
If a pgragraph in this Chapter has no corresponding para-

graplj in Chapters I-through.Vl,.the;proyisions.apply; to =

B803 SOUR GAS TERMS AND DEFINITIONS

chloride stress corrosion cracking: cracking ¢f a metal
under the combined action of tensile.stress and|corrosion
in the presence of chlorides and jan.electrolyte (usually
water).

diffusion: the flow of the gag'through a substancg in which
the gas actually migrates.through the crystal laftice of the
substance rather thantthrough a geometrical lgak (mole-
cular diameters versus hole dimension).

hardness: resjstance of metal to plastic deformation
usually by indéntation. For carbon steels, hardness can
be related tovthe ultimate tensile strength.

Brinell.Hardness Number (BHN): a value to express the
hardness of metals obtained by forcing a hard steel ball of
spécified diameter into the metal under a spedified load.
For the standard 3 000-kg load, numbers range from 81 to
945.

sour gas only. Microhardness: any hardness measurement using an
indentor load less than 10 kg.
Rockwell Hardness: a series of hardness $cales for

B802 SCOPE AND INTENT

B802.1 Scope

This Chapter of the Code covers the'design, material
requirements, fabrication, installation, inspection,
testinfg, and safety aspects of opetation and maintenance
of sofir gas systems.

B802.2 Intent

The¢ intent of this(Chapter is to provide adequate re-
quirements for the safe and reliable design, installation,
operdtion, and maintenance of sour gas service pipeline
systefns. Requirements of this Chapter supplement the
requirenients of the remainder of this Code. It is not
the irlrtent of this Chapter to be all inclusive. Provisions

metals.
(a) The Rockwell “C” (HRC) scale uses a con¢ diamond
indentor and aload of 150 kg. The scale starts at[20 for soft
steels and reaches a maximum of about 67 for|very hard
alloys.
(b) The Rockwell “B” (HRB) scale uses a hard{metal ball
indentor and starts at 0 for extremely soft njetals and
reaches a maximum of 100 for soft steels apd alloys.
HRB 100 = HRC 20.
Vickers Hardness HV 10: a value achieved bl use of a
diamond pyramid indentor with a load of 10 kg.

heat-affected zone (HAZ): the portion of the basejmetal that
was not melted during brazing, cutting, or wdlding, but
whose microstructure and properties were affected by
the heat of these processes.

must be made for special considerations thatare not speci-
fically addressed. This Chapter is not intended to prevent
the development and application of new equipment and
technology. Such activity is encouraged as long as the
safety and reliability requirements of this Code are
satisfied.

hydrogen blistering: the formation of subsurface planar
cavities, called hydrogen blisters, in a metal resulting
from excessive internal hydrogen pressure. Growth of
near-surface blisters in low-strength metals usually
results in surface bulges.

hydrogen-induced cracking (HIC): a cracking mechanism of
susceptible materials caused by atomic hydrogen diffu-
sion in the metal. The atomic hydrogen usually is
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created by the corrosive reaction of hydrogen sulfide on
steel in the presence of water.

hydrogen sulfide (H,S): a toxic gaseous impurity found in
some well gas streams. It also can be generated in situ as a
result of microbiologic activity.

microbiologically influenced corrosion (MIC): corrosion or
deterioration of metals resulting from the metabolic
activity of microorganisms. Such corrosion may be
either initiated or accelerated, or both, by microbial

B821 GENERAL

B821.1 General Requirements

This section covers buttwelded and fillet-welded joints
in pipe, valves, flanges, and fittings, and fillet-welded joints
in pipe, slip-on flanges, socket welds, fittings, etc., as
applied in pipelines, components, and connections to
apparatus or equipment.

activity.

B821.2” Welding Processes

microstrugture: the grain size and morphology of metals This paragraph does not apply to the welding ¢f the
and alloyd as revealed after polishing and etching; char- ~ seam in the manufacture of pipe, but the usérjis’cautioned
acterized py grains or regions that exhibit distinct phases to ensure that such seams are suitable forsour gas s¢rvice

of solid s¢lutions of constituent elements.

partial pressure: the contribution of a single component,
such as hydrogen sulfide, in a mixture of gases to the total
pressure pf the mixture, determined by multiplying the
mol fraction (mol percent divided by 100) of hydrogen
sulfide in|the gas by the total system pressure.

radius of dxposure (ROE): when dealing with sour gas, the
distance from a point of release at which the hydrogen
sulfide doncentrations reached a specified level
(frequently 100 ppm or 500 ppm) determined by disper-
sion calcylations.

sour gas: gas containing hydrogen sulfide (H,S) at 65 psia
(450 kPa)|or greater at a partial pressure of 0.05 psia (350
Pa) or greater. See NACE MR0175/1SO 15156, Petroleum
and natural gas industries — Materials for use in H,S-
containing environments in oil and gas production.

sulfide stress cracking (SSC): a corrosion-related craeking
mechanism caused by exposure of susceptible materials to
sulfide ions in the presence of free water.

B813 MARKING

meeting NACE MR0175/1SO 15156 shall be so
with a permanent tag-er marking.

Valves
identified

B814 MATERIAL SPECIFICATIONS

AP

in their installed condition.

B821.4 Weld Acceptance

The standards of acceptability for welds of giping
systems as established in-API 1104 or the BPV [Code,
Section VIII, Division 1’shall be used; however, additional
requirements for hardness and residual stress shoyld be
considered.

B822 PREPARATION FOR WELDING
B822.3”Seal Welds

_Seal welds shall have a separate qualified procegdure.

B822.4 Cleaning

Pipe that has been in sour gas service shall be
oughly cleaned to bright metal on the inside sut
back 1 in. (25 mm) from the weld bevel.

thor-
faces

B823 QUALIFICATION OF PROCEDURES AND
WELDERS

The requirements of para. 823.1 shall not apply to this
section.

B823.2 Requirements for Qualification of
Procedures and Welders on Sour Gas Pjping

B814.1 Ripe Conforming to Referenced Standards Systems
and Spécifications B823.2.1 Qualifying Standard. All procedur¢ and
Materipls.must meet the requirements of NACE performance qualifications shall be based on destrfictive
MRO0175/1S0-15156- mechanical test requirements

B820 WELDING SOUR GAS PIPELINES

This section concerns the welding of pipe in sour gas
service in both wrought and cast steel materials.

122

B823.2.4 Hardness Control. The hardness of all weld
zones including weld metal and heat-affected zones on
welding qualification test specimens shall meet the hard-
ness requirements for the alloys welded as specified in
NACE MR0175/ISO 15156. For most common pipe
alloys, the maximum allowable hardness is HRC 22. It
is the user's responsibility to ensure the welding
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qualification specimen is metallurgically representative of
full-scale pipeline welds.

NOTE: Both macrohardness and microhardness surveys of prop-
erly prepared qualification specimens are frequently used to
determine the presence of thin HAZ hard zones. A commonly
accepted maximum macrohardness limit near the inside
surface is 250 HV10.

B824 PREHEATING

B826 WELDING AND INSPECTION TESTS

B826.2 Inspection and Tests for Quality Control of
Welds on Sour Gas Piping Systems

In addition to paras. 826.3(a) through 826.3(f), for sour
gas lines in Class 3 or 4 Locations, compressor stations,
major or navigable river crossings, railroad crossings, and
road crossings, 100% of all field welds shall be checked by
nondestructive inspection. Nondestructive inspection

BBZ4I.5 Hydrogen Bake Out of Used Pipe

Piple that has been used in sour gas service shall be
heated for at least 20 min at 400°F (204°C) or higher
to drjve off any hydrogen in the metal. Heating shall
be ddne just prior to welding. This heating should be
in addition to and immediately preceding any preheating
specified in the welding procedure for new pipe.

B825 STRESS RELIEVING

B825.1 Carbon Steels

Th¢ chemistry of the steel and welding procedure shall
be controlled to limit the hardness of the weldment as
required by para. B823.2.4. When the effectiveness of
such |controls is questionable, consideration shall be
given| to stress relieving welds in sour gas service. In
genel
low-emperature postweld heat treatment does ngt
provife the equivalent protection from service cracking
as dops a full thermal stress relief.

B825.6 Stress Relieving Temperature
(a

Stress relieving is normally ‘performed at a
temperature of 1,100°F (593°C) for)carbon steels and
1,20Q°F (649°C) for ferritic alloy)steels. Other stress

relieving procedures may be §ubstituted when properly

al, temper bead welding;peening procedures,: oz

may be conducted before or after stress relieying.

B830 PIPING SYSTEM COMPONENTS AN
FABRICATION DETAILS

In addition to section 830, alLcomponents shal
requirements of NACE MR0175/1S0 1
appropriate.

D

I meetthe
5156 as

B831 PIPING SYSTEM COMPONENTS

B831.1 Valves and Pressure-Reducing De¢vices
B831.1,3, Pressure-Reducing Devices

(a) Tnstruments, instrument tubing, controll
and other components that become a part of th
cotnftainment system shall meet NACE MR0175/
requirements.

(b) -Mostcopper-based alloys suffer severe cd
sour service. Use of such alloys in any componer]
investigated for suitability.

ers, gages,
P pressure
SO0 15156

rrosionin
ts shall be

B831.2 Flanges
B831.2.2 Bolting

(h) Bolting exposed to sour gas and denied adcess to air
due to thermal insulation, flange protectors, pr certain
design features shall meet the requirementg of NACE

MRO0175/1ISO 15156 as appropriate. Designers should

suppprted with metallurgical evidence. The exact e that bolting meeting NACE MR0175/1SO [15156 re-
tem;.)t.erat.ure range shall,be stated in the procedure quirements, such as type ASTM A193 grade B7M, have
specification. derated tensile properties, and the joint design shall be

(b)| When stress relieving a joint between dissimilar
metals having, different stress relieving requirements,
the mpterial sequiring the higher stress relieving tempera-
ture shall.govern. Special considerations may be required
for aystenitic and other high alloys.

appropriate for such deration. Bolting opened to atmo-
sphere may be conventional ASTM A193 grade B7 bolting.

B840 DESIGN, INSTALLATION, AND TESTING

(C) TIIC }}altb hcatcd D}ld}} b!: 1IJI Uus}lt D}UVV})’ tU t}lC
required temperature and held at that temperature for
a period of time proportioned on the basis of at least 1
hr/in. (1 h/25 mm) of pipe wall thickness, but in no
case less than 1/2 hr, and shall be allowed to cool
slowly and uniformly.

(d) Records. A suitable record of the stress relief cycles
shall be provided for each weld stress relieved.

(e) Temperature Control. A group of closely spaced
welds, such as three welds on a tee, can be controlled
and recorded by a single thermocouple.

123

tion, and

Tl i sha Jocs iaatall
T'ITIS SULUUIUIT CUILICUTITS UIIT ucolsu, IIIswall

testing of pipe in sour gas service.

B841 STEEL PIPE

B841.1 Steel Piping Systems Design Requirements
B841.1.2 Fracture Control and Arrest

(c) Fracture Control. Fracture control should be consid-
ered for sour gas service.

(18)
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B841.1.6 Design Factors, F, and Location Classes.
When using Table 841.1.6-1, design factor F of 0.80
shall not be used for sour gas service.

B841.2 Installation of Steel Pipelines and Mains

B841.2.3 Bends, Miters, and Elbows in Steel Pipelines

(a) Bends. Bends used in sour gas pipe shall meet the
requirements of NACE MR0175/1SO 15156 in the as-bent

B842 OTHER MATERIALS

Materials shall meet the requirements of NACE
MRO0175/1SO 15156 as applicable.

B842.2 Design of Plastic Piping
B842.2.2 Thermoplastic Design Limitations

(f) The designer should consider extra protection from
third party damage in all class locations and at all road

condition._Hot bends may be needed to meet NACE
MRO0175/[ISO 15156 requirements. The first prototype Crossings. . L
bend may| be needed for testing to ensure hardness re- (g) New construction for sour gas applicatigey shall
quirements of NACE MR0175/1SO 15156 and that both utllllze only ASTM D2513 polyethylene, ASTM F294_5 poly-
toughnesf and tensile properties are still acceptable. a}rlmde, Oli AS_TM,F2817 PVC (maintenancggrifepairjonly)
Neither wrinkle bends nor miter bends are permitted thermoplastic pipe.
for sour gas lines. B842.2.9 Plastic Pipe and"Tubing Jointg and
B841.2/4 Pipe Surfaces Requirements Applicable to Connections
Pipelines| and Mains to Operate at a Hoop Stress of (b) Joint Requirements. Alhyjoining procedures shall be
20% or More of the Specified Minimum Yield Strength  qualified using destructive test specimens of full fcalle
(e) Arc|Burns. Additionally, arc burns have been found plastic pipe joints: Polyethyler'le.and polyamide pipe
to cause serious stress concentration in pipelines and in for sour gas SEK e may 'be joined by butt fy Sllon'
sour gas ljnes, and shall be prevented or eliminated in all socket fusion, and/electrofusion methods, or mechanical
lines ’ fittings when recommended by the manufacturer a$ suit-
Arc buins may be removed by grinding, chipping, or able for SO;:r gaslser'mce.
‘machininlg. The resulting cavity shall be thoroughly (f) Mechanica ]ozr'1ts . . .
" cleaned ahd checked for complete removal of damaged (4) Ste.el Fo Plastic Transition Flttt“mgs. Steel to plastic
E'material by etching with. a. 10% selution of ammonium tre‘msmor? fittings for sour 'gas serv1'ce shall'bg fdctory
"persulfata or a 5% solution of nitric acid in alcohol ’I?Iad('%.'IOII‘ltS made'from field-fabricated fittings are
“(nital). If femoval of damaged material is complete, the prohibited.
~cavity may be merged smoothly into the original  gggy 4 Testing Plastic Piping After Construftion
i contour of the pipe by grinding, provided the remdining ’ 9 ping
wall thickness is within specified limits. B842.4.2 Testing Requirements
B841.2|6 Hot Taps. In addition to par@a, 841.2.6 of (f) All plastic pipe installed for sour gas service sHall be
Chapter IV, it should be noted that hottapping of sour leak tested with air for 12 hr minimum at a pressufe not
gas lines|presents special health and 'metallurgical less than 1.5 times the maximum allowable opefating
concerns [and shall be done only(to written operating  pressure or 50 psig (340 kPa), whichever is greatgr.
company ppproved plans.
. ) . . B843 COMPRESSOR STATIONS
B841.2{7 Precautions to:Avoid Explosions of Gas-Air
Mixtures|or Uncontrolled-Fires During Construction  B843.3 Compressor Station Equipment
Operatior)s . -
P B843.3.1 Gas Treating Facilities
In fddition te th ti tlined i .
84(3)2 ;l( :) (;f](zjlil’la([))tef F;e??us;lztslgubem:otle% I?jlr:t (c) Metallic Materials. All metallic materials in cgntact
1di docutti li t ial with pressurized sour gas shall meet the requirements of
welding gnd>cutting on sour gas lines presents specia NACE MRO175/1SO 15156 as anplicable.

health andTmetatturgicalconcerms—amd-—statt-bedome
only to written operating company approved plans.

B841.3 Testing After Construction

B841.3.1 General Provisions. In addition to para.
841.3.1 of Chapter 1V, it should be noted that testing
with sour gas presents special health and metallurgical
concerns and shall be done only to written operating
company approved plans.
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Personal safety equipment should be considered for use
at sour gas facilities. Use of appropriate hydrogen sulfide
sensors capable of actuating station emergency shutdown
systems should be considered.

B844 PIPE-TYPE AND BOTTLE-TYPE HOLDERS

Pipe- and bottle-type holders shall not be used for sour
gas. Storage of sour gas is outside the scope of this Code.
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B850 ADDITIONAL OPERATING AND
MAINTENANCE CONSIDERATIONS

Table B850.1-1 100-ppm ROE

Release, Q, H2S
AFFECTING THE SAFETY OF SOUR GAS ROE, X, MMSCFD Mol
PIPELINES ft (1,000,000) Fraction
1,165 1 0.05
B850.1 General 3,191 5 0.05
(c) Radius of exposure (ROE) to H,S calculations shall 4924 10 0.05
be made using a suitable air dispersion equation such as 7,597 20 0.05
the Pasquel-Gifford equation given as follows: 9,792 30 0.05
7) Each operator shall determine the hydrogen
sulfide concentration in the gaseous mixture in the 1,798 1 01
system. Suitable standards are GPA Plant Operations 4,924 5 of1
Test Manual, Section C, and GPA Standard 2265. 7,597 10 0|1
) Radius of Exposure Equations 11,723 20 of1
(-a) Radius of exposure equation to the 100-ppm 15,109 30 ol
level jof H,S after dispersal:
X = [(1.589)MQ 6258 2775 1 of2
7,597 5 0f2
(-b) Radius of exposure equation to the 500-ppm 11,723 10 of2
level pf H,S after dispersal: 18,090 20 of2
X = [(0.4546)MQ]0'6258 23,315 30 0|2
and H,S.umol fractions are shown in Tables B840.1-3 and
where B850.1-4.
M E mol fraction of hydrogen sulfide in the gaseous
mixture B850.4 Essential Features of the Emergency Plan

Q F maximum volume determined to be available for _

and 60°F
X E radius of exposure (ROE) in feet

3) Metric Equations for Radius of Exposure
(-a) 100-ppm level of H,S after dispersal:

X,, = [(8404)MQ,, |62

(-b) 500-ppm level of H,S. after dispersal:
X,, = [(2404)MQ,, 6258

wherg
M| = mol fraction of hydrogen sulfide in the gaseous

mixture

Q,»| = maximudm volume determined to be available for

escape in cubic meters per day corrected to 101

kPa and 15.6°C

escapein cubicfeetperday corrected to 14.65 psl'a’?\‘

B850.4.2. Training Program. In addition tp conven-
tional training, all sour gas operation and malintenance
line personnel shall be trained in

(a) hazards and characteristics of H,S

(b) effect on metal components of the
equipment

(c) safety precautions

(d) operation of safety equipment and lifg support
systems

(e) corrective action and shutdown procedyires

ines and

B851 PIPELINE MAINTENANCE

B851.7 Pipeline Markers

(d) Inaddition to each signrequired in para. §51.7(c) of
Chapter V, for operations where the 100-ppm| radius of
exposure is greater than 50 ft (15 m), a “POISON GAS”
sign shall be installed.

A1l £ £ H Lhall o1 L ] 4 S “POISON
Xm = raalus Or exposure LKUEJ ]n meters AT SUT'TACLU TAUITITIU S S1IdIT AdISU UU TITIAdITI INCU vviItnl
GAS” signs.

NOTE: The equations assume a 24-hr release. When a pipeline
segment can be isolated in less than 24 hr, appropriate reduc-
tions in Q may be used.

(4) Examples of 100-ppm and 500-ppm ROE for
various 24-hr releases and H,S mol fractions are
shown in Tables B850.1-1 and B850.1-2. Metric examples
of 100-ppm and 500-ppm ROE for various 24-hr releases

B851.10 Sour Gas Pipeline Blowdown

When blowing down sour gas lines, consideration shall
be given to the use of suitable permanent or temporary
flare systems.
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Table B850.1-2 500-ppm ROE Table B850.1-4 Metric Example for 500-ppm ROE
Release, Q, H,S Release, Q,,, H,S
ROE, X, MMSCFD Mol ROE, X,,,, m3/day Mol
ft (1,000,000) Fraction m (1,000,000) Fraction
533 1 0.05 357 0.1 0.05
1,458 5 0.05 979 0.5 0.05
2,250 10 0.05 1,510 1 0.05
3,472 20 0.05 4,135 5 0.05
4,474 30 0.05 6,380 10 0.05
922 1 0.1 552 0.1 02
2,250 5 0.1 1,510 0.5 01
3,472 10 0.1 2,330 1 0.1
5,357 20 0.1 6,380 5 0.1
6,904 30 0.1 9,845 10 0.1
1,268 1 0.2 851 031 0.2
3,472 5 0.2 2,330 05 0.2
5,357 10 0.2 3,596 1 0.2
8,266 20 0.2 9,845 5 0.2
10,454 30 0.2 15,191 10 0.2

B854 LOCATION CLASS AND CHANGES IN
NUMBER OF BUILDINGS INTENDED FQR
HUMAN OCCUPANCY

-1B854.5 ‘Concentrations ‘of People in Location

Table B850.1-3 Metric Example for 100-ppm ROE Classes 1 and 2

Release, Q,, H,S (c) Security. Unattended fixed surface facilities should
ROE,|X,,, m?/day Mol be protected from public access when located within 1/4

n (1,000,000) Fraction mile (400 m) of a residential, commercial, or other ihhab-

782 0.1 0.05 ited or occupied structure; bus stop; public park; orf simi-
2,142 05 0.05 larly populated area.

3405 1 0.05 (1) The protection should be provided by fencing
9,048 5 0.05 and locking or removal of valves and instrumentation
13462 10 0.05 and plugging of pf)rts: or other 51m.1lar means.
(2) Surface pipeline is not considered a fixed syirface
1,207 0.1 0.1 facility.

’ ) ’ (d) Additional control and safety procedures or $afety
3,305 0.5 01 devices should be installed and maintained to prevenht the
5,00 1 0.1 undetected continuing release of hydrogen sulfide if ainy of

13,962 5 0.1 the following conditions exist:
21,344 10 0.1 (1) The 100-ppm radius of exposure is in excesg of 50
ft (15 m) and includes any part of a public area ex¢ept a
1,863 0.1 0.2 public road.
5,100 0.5 0.2 (2) The 500-ppm radius of exposure is greater than
7,869 1 0.2 50 ft (15 m) and includes any part of a public road.
21,544 5 0.2 (3) The 100-ppm radius of exposure is greater than
33244 10 02 3,000 ft (915 m).

(e) Contingency Plan. Operations subject to (d) above
shall have a written contingency plan prepared and given
to state and local emergency response authorities. Plans
shall include maps, location of block valves, valve keys, and
keys for locks.
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B860 CORROSION CONTROL OF SOUR GAS
PIPELINES

B860.1 Scope

This section contains the minimum additive or substi-
tutive requirements for corrosion control of external and
internal corrosion of sour gas piping and components.
Where specific provisions are not set forth herein, the
provisions of section 860 of Chapter VI shall apply.

B864.2 Design of 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
retrieve corrosion measuring devices such as probes and
coupons

B867 STRESS CORROSION AND OTHER

B86(

Du
frequ
whic

.4 Special Considerations

b to the corrosivity of hydrogen sulfide and the
ent presence of carbon dioxide and salt water,
h also are corrosive, special emphasis shall be
given|to internal corrosion mitigation and monitoring.
Alsp, due to the corrosive and hazardous nature of the
sour gas, special consideration shall be given to the selec-
tion ¢f the corrosion allowance.
B861 EXTERNAL CORROSION CONTROL FOR
STEEL PIPELINES

B861.1 Buried/Submerged Installations

PHENOMENA

Sour gas lines, particularly when combined w
dioxide and produced salt water, capysuffer frg
corrosion-related phenomena.

(a) Hydrogen-Related Problems)The corrosion reaction
in the presence of the sulfide ioh/permits a high pmount of
liberated hydrogen atomsto‘enter the steel. Thelhydrogen
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 im the pres-
ence of corrgsion with sour gas. NACE MR0175/[SO 15156
outlines all of the acceptable materials combipations to
resist this type of cracking.

th carbon
m several

(18)  B861.1.2 Cathodic Protection Requirements. Unless it (2] Hydrogen-induced cracking (HIC) ocqurs when
can bp demonstrated by tests or experience that cathodic hydr-ogen causes inclusions in the ste.el to d¢ lamm.ate.
proteftion is not needed, all buried or submerged facilities Multiple shear cracks then develop to link the delamina-

with insulating type ‘coatings; exceptfacilities installed for?;

HIC resis-
hs service.

tions: creating a stair:steprcrackssystem. Use of

a limjted service life, shall be cathodically protected-as  tant materials should be considered for sour g _
soon|as feasible following installation, except'that (3) .Stress-orlenFed hydrogen-mc?uced cracking
minof replacements or extensions shall be protected (SOHIC) is another variant of HIC. SOHIC is HIC|enhanced

as coyered by para. 860.3.
Fadilities installed for a limited service life-need not be
cathofdically protected if it can be demdnstrated that the

by high-tensile stress.
(4) Hydrogen blistering consists of hydrogen atoms
diffusing inside the steel to delaminated areas apd recom-

faciligy will not experience corrosionthat will causeittobe ~ bining to form molecules of hydrogen gas. Thg resulting
harmful to the public or environmént. Cathodic protection ~ Pressure can create large blisters on either thg inside or
systems shall be designed 0 protect the buried or  outside surfaces of the steel.
submlrged system in its erftivety. (b) Chloride stress corrosion cracking is ¢aused by
A fhcility is considered to be cathodically protected chlorides in the produced water. Austenitic| stainless
wher it meets the applicable criteria established in ~ Steels are particularly prone to this type offcracking.
NACH SP01609. The sulfide ion has a synergistic effect with the chloride
Us¢ of cathodic protection is encouraged to protect  ion. The net result is the occurrence of cracking at lower
buriefl sour gas facilities. temperatures and at lower chloride concentrafions than

B864 INTERNAL CORROSION CONTROL

normally expected. Except for small low-stregsed parts
such as thermowells, use of alloys not resistant o chloride
stress cracking above 140°F (60°C) is discouraled in wet

B864.1 General

Sour gas facilities shall be assumed to be internally
corrosive unless proven by experience to be otherwise.
Water dewpoint control frequently is used as a corrosion
control method. Upset conditions or operational changes
may make this control method ineffective. The use of inhi-
bitors is also common.
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sour gas systems.

(c) Microbiologically Induced Corrosion (MIC).
Microbiologic activity can create severe pitting-type
corrosion and hydrogen-related cracking in sour gas
lines. Use of appropriate biocides and monitoring may
be needed.
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MANDATORY APPENDIX A
REFERENCES

These references may be immediately applied to mate- A-2 API
rials purghased for use under this Code and shall be
applied t¢ all materials purchased at least 12 months ~ *API Manual of Petroleum Measurement Stan
after the|date of issuance of the reference's latest (second edition, February 1, 2013)€hapter

edition, including addenda, if applicable. A component
or pipe conforming to an earlier approved material spec-
ification edition purchased by the user before the date of
issuance |of a new edition or addenda may be used,
provided the component or pipe is inspected and deter-
mined to pe satisfactory for the service intended by the
user.

Standaids are incorporated in this Code by reference,
and the ngmes and addresses of the sponsoring organiza-
tions are shown in this Mandatory Appendix. It is not prac-
tical to re¢fer to a specific edition of each publication
throughotfit the Code text; instead, the specific edition
referencel dates are shown herein. Reference shall be
limited tq the specific edition cited below, except the
user may use the latest published edition of ANSI
approved| standards unless specifically prohibited by
this Codg, and provided the user has reviewed the
latest edition of the standard to ensure that the integrity
of the pipgline system is not compromised. If aghewer or
amended pdition of a standard is not ANSI approved, then
the user shall use the specific edition reference:date shown
herein.

An astefisk (*) indicates that the specific edition of the

< @/Design, Installation, and Testing of Basic Su

Hards
1 —
bring
bnt

Flow Measurement Using Electronic Met
Systems, Section 1 — Electroni¢)Gas Measurem
API RP 2A-WSD (22nd edition,” November 2D14),
Recommended Practice for 'Planning, Designing and
Constructing Fixed Offshiore Platforms — Wofrking
Stress Design
APIRP 5L1 (seventh edition, September 2009, reaff
May 2015), Récommended Practice for Rai
Transportation,of Line Pipe
*API RP 5LW_(third edition, September 2009, reaff
May 2015), Recommended Practice for Transpor
of Line Pipe on Barges and Marine Vessels
API'\RP' 14C (seventh edition, March 2001, reaffjrmed
March 2007), Recommended Practice for Anglysis,
rface
s
rmed
r the
ction

rmed
road

rmed
fation

Safety Systems for Offshore Production Platfor

*API RP 14E (fifth edition, October 1991, reaffi
January 2013), Recommended Practice fo
Design and Installation of Offshore Produ
Platform Piping Systems

API RP 14F (fifth edition, July 2008, reaffirmed
2013), Recommended Practice for De
Installation, and Maintenance of Electrical Sy

April
5ign,
tems

huary
zards

nded

huary

Gas

standard |has been accepted as.an JAmerican National for Fixed and Floating Offshore Petroleum Facjlities
Standard |py the American National Standards Institute for Unclassified and Class I, Division 1 and Diyision
(ANSI). 2 Locations

API RP 14] (second edition, May 2001, reaffirmed Ja
A-1 AGA 2013), Recommended Practice for Design and H3

Analysis for Offshore Production Facilities
AGA CataJog NoaXR0603 (October 2006), Plastic Pipe API RP 17B (fifth edition, May 2014), Recommyg
Manualf for Gas*Service Practice for Flexible Pipe

*ANSI Z22313/NFPA 54 (2015), National Fuel Gas Code API RP 80 (first edition, April 2000, reaffirmed Ja
*ANSI/GPTE€Z380-1 (2615 mctuding Addendatthrougtr 26133 Gutdetimesforthe Befinittonmrof Bnshor

3), GPTC Guide for Gas Transmission and Distribution
Piping Systems

Gas Piping Technology Committee's Guide Material
Appendix G-192-15, Design of Uncased Pipeline
Crossings of Highways and Railroads (2009)

Publisher: American Gas Association (AGA), 400 North
Capitol Street, NW, Washington, DC 20001
(www.aga.org)
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Gathering Lines

API RP 1102 (seventh edition, December 2007, including
Errata through March 2014, reaffirmed December
2012), Steel Pipelines Crossing Railroads and Highways

*API RP 1110 (sixth edition, February 2013),
Recommended Practice for the Pressure Testing of
Steel Pipelines for the Transportation of Gas,
Petroleum Gas, Hazardous Liquids, Highly Volatile
Liquids, or Carbon Dioxide
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API RP 1111 (fifth edition, September 2015), Design,
Construction, Operation, and Maintenance of
Offshore Hydrocarbon Pipelines (Limit State Design)

API RP 1162 (second edition, December 2010, reaffirmed
October 2015), Recommended Practice, Public
Awareness Programs for Pipeline Operators

*API Spec 5L (45th edition, December 2012, including
Errata through April 2015), Specification for Line Pipe®

*API Spec 6A/ISO 10423:2009 (Modified) (20th edition,

*ASME B16.34-2013, Valves — Flanged, Threaded, and
Welding End

*ASME B16.38-2012, Large Metallic Valves for Gas
Distribution: Manually Operated, NPS 2%, (DN 65) to
NPS 12 (DN 300), 125 psig (8.6 bar) Maximum

*ASME B16.40-2013, Manually Operated Thermoplastic
Gas Shutoffs and Valves in Gas Distribution Systems

*ASME B16.42-2011, Ductile Iron Pipe Flanges and
Flanged Fittings: Classes 150 and 300

tobar-2010 dnclading Bypata and Addands theay gl
C
oot r—vror it S S aathaatnrobugtt

*ACSME B16 472011 1 Di + Staal Fl .
ASME-B16-472011Large DiameterSteel-Hlanges: NPS

February 2016), Specification for Wellhead and 26 Through NPS 60 Metric/Inch Standard

Chyistmas Tree Equipment *ASME B16.49-2012, Factory-Made, Wrought Steel,
API Spec 6D (24th edition, August 2014, including Errata Buttwelding Induction Bends for Transportation and

and Addenda through June 2016), Specification for Distribution Systems

Pipeline and Piping Valves *ASME B18.2.1-2012 (including ‘Errata thrpugh July
*API|Spec 6DSS/ISO 14723:2009 (second edition, 2013), Square, Hex, Heawy)Hex, and Askew Head

De¢ember 2009), Specification for Subsea Pipeline

Bolts and Hex, Heavy Hex, Hex Flange, Lobed Head,

Valves and Lag Screws (InchiSeries)

*API Bpec 17D/ISO 13628-4 (second edition, May 2011, *ASME B18.2.2-2015,"Nuts for General Applications:
including Errata and Addenda through October 2015), Machine ScrewiNuts, Hex, Square, Hex Flange, and
Degign and Operation of Subsea Production Systems — Coupling Nuts ‘(Inch Series)

Subsea Wellhead and Tree Equipment

*ASME B31G<2012, Manual for Determining the

API Spec 17] (fourth edition, May 2014), Specification for Remainin'g Strength of Corroded Pipelines:
Unbonded Flexible Pipe Supplement to ASME B31 Code for Pressur¢ Piping

API Std 1104 (21st edition, September 2013, including *ASME-B31Q-2014, Pipeline Personnel Qualififation
Errata and Addenda through May 2016), Welding of =~ *ASME B31.1-2016, Power Piping
Pipelines and Related Facilities *ASME B31.3-2014, Process Piping

Publigher: American Petroleum Institute (API), 1220 L3 *ASME B31.4-2016, Pipeline Transportation Systems for

Street, NW, Washington, DC 20005 (www.api.org) Liquids and Slurries
*ASME B31.85-2016, Managing System Integijity of Gas
Pipelines
A-3 ASME *ASME B36.10M-2015, Welded and Seamlesq Wrought
Steel Pipe

*ASME B1.1-2003 (R2008), Unified Inch .Screw Threads
(UN and UNR Thread Form)

*ASME B1.20.1-2013, Pipe Threads) ‘General Purpose
(Infh)

*ASME B16.1-2015, Gray Iron(Pipe Flanges and Flanged
Fitfings: Classes 25, 125,(and 250

*ASME B16.5-2013, Pipe\Elanges and Flanged Fittings:
NP§ Y, Through NBS:24 Metric/Inch Standard

*ASME B16.9-2012; Factory-Made Wrought Buttwelding

*ASME B16.20-2012, Metallic Gaskets for Pipe Flanges:

Rl g Qo] YATosind ~nd Toolontnd
I prrar—vy oot

*ASME BPV Code: Section II, Materials; Section
for Construction of Pressure Vessels; and §
Qualification Standard for Welding, Bra
Fusing Procedures; Welders; Brazers; and
Brazing, and Fusing Operators (2015)

ASME SI-1 (1982), ASME Orientation and Guide
SI (Metric) Units

*ASME PCC-2-2015 (including Supplement 1)
Pressure Equipment and Piping

[PC2002-27124, “Development of Acceptance (
Mild Ripples in Pipeline Field Bends,” Proceed|
2002, Fourth International Pipeline Co
September 2002

VIII, Rules
ection IX,
zing, and
Welding,

for Use of
Repair of
riteria for

ings of IPC
hference,

n
TG ottt

*ASME B16.24-2011, Cast Copper Alloy Pipe Flanges and
Flanged Fittings: Classes 150, 300, 600, 900, 1500, and
2500

*ASME B16.33-2012, Manually Operated Metallic Gas
Valves for Use in Gas Piping Systems up to 175 psi
(Sizes NPS Y, Through NPS 2)

! See Note in para. 814.1.1 regarding the use of the 45th edition of API
SL.
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Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 10016-5990
(www.asme.org)

A-4 ASTM

ASTM A53/A53M-12, Standard Specification for Pipe,
Steel, Black and Hot-Dipped, Zinc-Coated, Welded
and Seamless
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ASTM A105/A105M-14, Standard Specification for
Carbon Steel Forgings for Piping Applications

ASTM A106/A106M-15, Standard Specification for
Seamless Carbon Steel Pipe for High-Temperature
Service

ASTM A134-96(R2012), Standard Specification for Pipe,
Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 16 and

ASTM D696-16, Standard Test Method for Coefficient of
Linear Thermal Expansion of Plastics Between -30°C
and 30°C With a Vitreous Silica Dilatometer

ASTM D1598-15a, Standard Test Method for Time-to-
Failure of Plastic Pipe Under Constant Internal Pressure

*ASTM D2513-14%', Standard Specification for
Polyethylene (PE) Gas Pressure Pipe, Tubing, and

Over) Fittings
ASTM A135/A135M-09(R2014), Standard Specification *ASTM D2517-06(R2011), Standard Specification for
for Eleci—vin Racictaneca Waldad Ctanl Ding Rainforcad-EpnosarRacin Cac Dracciirn Pina and I tings
trie-Resistance-Welded-Steel Pipe Reinforeed-EpoxyResin-GasPressurePipe-and-Fitting

ASTM A139/A139M-16, Standard Specification for
Electrid-Fusion (Arc)-Welded Steel Pipe (Sizes NPS 4
and Over)

ASTM A193/A193M-16, Standard Specification for Alloy-
Steel apd Stainless Steel Bolting Materials for High
Temperature or High-Pressure Service and Other
Special [Purpose Applications

ASTM A194/A194M-16, Standard Specification for
Carbor and Alloy Steel Nuts for Bolts for High
Pressure or High Temperature Service, or Both

ASTM A307-14, Standard Specification for Carbon Steel
Bolts, Jtuds, and Threaded Rod 60 000 PSI Tensile
Strength

ASTM A320/A320M-15a, Standard Specification for Alloy-
Steel anjd Stainless Steel Bolting for Low-Temperature
Service

ASTM A333/A333M-16, Standard Specification for
Seamless and Welded Steel Pipe for Low-
Tempertfature Service

ASTM A334-11, Standard Specification for Quenched and
Tempeited Alloy Steel Bolts, Studs, and Other Externally
Threaded Fasteners

ASTM A372/A372M-15, Standard Specification for
Carbon and Alloy Steel Forgings for Thin-Walled
Pressurje Vessels

ASTM A381-96(R2012), Standard Specification for Metal-
Arc-Wedlded Steel Pipe for Use With High-Pressure
Transmjission Systems

ASTM A395/A395M-99(R2014);-Standard Specification
for Ferritic Ductile Iron Pressure-Retaining Castings
for Use|at Elevated Tefiperatures

ASTM A449-14, Standard Specification for Hex Cap
Screws| Bolts and Studs, Steel, Heat Treated, 120/
105/90] ksi Mihimum Tensile Strength, General Use

ASTM Aq71/A671M-16, Standard Specification for
Electri¢-Fusion-Welded Steel Pipe for Atmospheric

*ASTM D2837-13%', Standard Test Method for Obtdining
Hydrostatic Design Basis for Thermoplastic| Pipe
Materials or Pressure Design Basis for Thermopglastic
Pipe Products

ASTM F1041-02(R2016), Standard Guide for Squeefe-Off
of Polyolefin Gas Pressure Pipeiand Tubing

*ASTM F1563-01(R2011), Staridard Specificatign for
Tools to Squeeze-Off Polyethylene (PE) Gas Pipe or
Tubing

*ASTM F1802-04(R2010), Standard Test Methdd for
Performance Testing of Excess Flow Valves

*ASTM F2138-12;Standard Specification for Excesqd Flow
Valves for Natural Gas Service

*ASTM F281%-13, Standard Specification for Poly {Vinyl
Chloride) (PVC) Gas Pressure Pipe and Fittings for
Mainténance or Repair

ASTMF2945-15, Standard Specification for Polyamijde 11

+Gas Pressure Pipe, Tubing, and Fittings

Plblisher: American Society for Testing and Matgrials

(ASTM International), 100 Barr Harbor Drivg, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

A-5 AWS

*AWS A3.0M/A3.0:2010, Standard Welding Termfs and
Definitions, Including Terms for Adhesive Bonding,
Brazing, Soldering, Thermal Cutting, and The¢rmal
Spraying

*AWS D3.6M:2010 (including Errata), Underyater
Welding Code

Publisher: American Welding Society (AWS), 866p NW
36th Street, No. 130, Miami, FL 33166 (www.awp.org)

A-6_AWWA

and Lower Temperatures

ASTM A672/A672M-14, Standard Specification for
Electric-Fusion-Welded Steel Pipe for High-Pressure
Service at Moderate Temperatures

ASTM A691/A691M-09(R2014), Standard Specification
for Carbon and Alloy Steel Pipe, Electric-Fusion-
Welded for High-Pressure Service at High
Temperatures

ASTM B88-14, Standard Specification for Seamless Copper
Water Tube

ANSI A21.14-1979, Ductile-Iron Fittings 3-Inch Through
24-Inch for Gas®

ANSI A21.52-1991, Ductile-Iron Pipe, Centrifugally Cast,
for Gas®

*ANSI/AWWA C111/A21.11-12, Rubber-Gasket Joints for
Ductile-Iron Pressure Pipe and Fittings

2 This publication has been superseded, withdrawn, or is no longer in
print.
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*ANSI/AWWA C150/A21.50-14, Thickness Design of
Ductile-Iron Pipe

AWWA C101-1976(R1977), Thickness Design of Cast Iron
Pipe?

Publisher: American Water Works Association (AWWA),
6666 West Quincy Avenue, Denver, CO 80235
(www.awwa.org)

A-12 MSS

MSS SP-6-2012, Standard Finishes for Contact Faces of
Pipe Flanges and Connecting-End Flanges of Valves
and Fittings

*MSS SP-25-2013, Standard Marking System for Valves,
Fittings, Flanges, and Unions

*MSS SP-44-2010 (including May 2011 errata), Steel
Pipeline Flanges

A-7 CGA MSS SP-70-2011, Gray Iron Gate Valves_ Flanged and
_ _ _ Threaded Ends
Best Practices Guide (version 13.0, 2016) MSS SP-71-2011 (including Errata threugh|February
Publisher: Common Ground Alliance (CGA), 2200 Wilson 2013), Gray Iron Swing Check Valves, Flanged and
Boplevard, Suite 102-172, Arlington, VA 22201 Threaded Ends
(wyvw.commongroundalliance.com) MSS SP-75-2014, High-Strength,, Wrought, Buft-Welding
Fittings
MSS SP-78-2011, Gray Iron Plug Valves, Flanged and
A-8 EPRI Threaded Ends
EPRI|EL-3106 (1983) (also published as PRCI-AGA- MSS SP-115-2010, Excess Flow Valves, 1 1/4 NPS and
. . Smaller, for Natural Gas Service
L51418), Power Line-Induced AC Potential on . L
Nafural Gas Pipelines for Complex Rights-of-Way Publisher: Manufacturers Standardization Soclety of the
Configurations Valve and Fittings Industry, Inc. (MSS), 127 Park Street,
Publisher: Electric Power Research Institute (EPRI), 3420 NE, Vienna/ VA 22180 (www.msshq.org)
Hillview Avenue, Palo Alto, CA 94304 (www.epri.com)
A-13 NACE
A-9 GPA *ANSI/NACE MR0175/1S0 15156:2015, Petrdleum and
GPA Plant Operations Test Manual, Section C, Test forls” Natur-al.Gas Incllustrles —.Mat-erlals for Uge in H,ZS'
. . Containing Environments in Oil and Gas Production,
Hygdrogen Sulfide in LPG and Gases (Tutweiler Method)
[ . . Parts 1, 2, and 3
GPA Ptandard 2265-68, Determination of Hydregen : 2
- . NACE Corrosion Data Survey (1985)
Sulfide and Mercaptan Sulfur in Natural Gas .
. A . NACE SP0169-2013, Control of External Corfosion on
(Cadmium Sulfate-lodometric Titration Method) o
N - Underground or Submerged Metallic Piping| Systems
Publisher: Gas Processors Association (GPA]), 6526 East L C .
NACE SP0177-2014, Mitigation of Alternating Ciirrent and
60th Street, Tulsa, OK 74145 (www.gpaglobal.org) ; . . .
Lightning Effects on Metallic Structures and |Corrosion
Control Systems
A-10| GTI *NACE SP0115-2015/1SO 15589-2:2012, Petroleum,
Petrochemical and Natural Gas Induptries —
GRI-(0/0154 (2000), DeSigh Guide for Polyethylene Gas Cathodic Protection of Pipeline Transportation
Piples Across Bridges Systems — Part 2: Offshore Pipelines®
GRI-91/0284 (1994)5 Guidelines for Pipelines Crossing  Publisher: National Association of Corrosion Engineers
Highways? (NACE International), 15835 Park T¢n Place,
Publigher: Gas/Technology Institute (GTI), 1700 South Houston, TX 77084-4906 (www.nace.org)
Mdunt.Rrospect Road, Des Plaines, IL 60018
(wyw.gastechnology.org)
A-14 NFPA

A-11 IEEE

*JEEE/ASTM SI 10-2010, American National Standard for
Metric Practice

Publisher: Institute of Electrical and Electronics
Engineers, Inc. (IEEE), 445 Hoes Lane, Piscataway,
NJ 08854 (www.ieee.org)

Copyright ASME International
Provided by IHS Markit under license

No reproduction or networking permitted without license from IHS

with ASME

*NFPA 10-2013, Standard for Portable Fire Extinguishers

*NFPA 30-2015, Flammable and Combustible Liquids
Code (including Errata 1)

*NFPA 58-2014, Liquefied Petroleum Gas Code (including
Amendments 1-4 and Errata 1-2)

*NFPA 59-2015, Utility LP-Gas Plant Code

*NFPA 59A-2016, Standard for the Production, Storage,
and Handling of Liquefied Natural Gas (LNG)
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*NFPA 70-2014, National Electrical Code (including
Amendments 1-8)

*NFPA 220-2015, Standard on Types of Building
Construction

Publisher: National Fire Protection Association (NFPA), 1
Batterymarch Park, Quincy, MA 02169-7471
(www.nfpa.org)

TR-33/2012, Generic Butt Fusion Joining Procedure for
Polyethylene Gas Pipe

TR-41/2002, Generic Saddle Fusion Joining Procedure for
Polyethylene Gas Piping

TR-45/2016, Butt Fusion Joining Procedure for Field
Joining of Polyamide-11 (PA-11) Pipe

Publisher: Plastics Pipe Institute (PPI), 105 Decker Court,
Suite 825, Irving, TX 75062 (www.plasticpipe.org)

A-15 PP
A-16 PRCI
Handbodk of Polyethylene Pipe, second edition,
November 2007 (including Errata Sheet, June 6, 2012) PRCI PR-185-9734 (PRCI Catalog L51782), Guidelines for
TR-3/2016, Policies and Procedures for Developing Weld Deposition Repair on Pipelines (1998)
Hydrodtatic Design Basis (HDB), Pressure Design PRCI PR-186-0324 (PRCI Catalog 1'52047), Upglated
Basis (PDB), Strength Design Basis (SDB), and Pipeline Repair Manual (2006)
Minimpm Required Strength (MRS) Ratings for PRCI PR-218-05404 (PRCI Catalog L52314), Pipeline
Thermgplastic Piping Materials or Pipe Defect Assessment — A Review and Comparidon of
TR-4/2016, Listing of Hydrostatic Design Basis (HDB), Commonly Used Methods+(2010)
Hydrodtatic Design Stress (HDS), Strength Design PRCI PR-218-9307 (PRET Catalog L51716), Pigeline
Basis (SDB), Pressure Design Basis (PDB) and Repair Manual (199%)
Minimyim Required Strength (MRS) Ratings For Publisher: PipelinéResearch Council International (PRCI),
Thermgqplastic Piping Materials or Pipe 3141 Fairview Park Drive, Suite 525, Falls Churgh, VA

22042 (www.prci.org)
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MANDATORY APPENDIX B
NUMBERS AND SUBJECTS OF STANDARDS AND SPECIFICATIONS
THAT APPEAR IN MANDATORY APPENDIX A

The¢ information in this Appendix has been incorporated
into Mandatory Appendix A.
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ASME B31.8-2018

NONMANDATORY APPENDIX C
PUBLICATIONS THAT DO NOT APPEAR IN THE CODE OR
MANDATORY APPENDIX A

NOTE: An|asterisk (*) indicates standards that have been
accepted ds American National Standards by the American
National Sfandards Institute (ANSI).

C-1 AGA

Publisher: American Society of Civil Engineers (ASCE),
1801 Alexander Bell Drive, Reston, VA 20191
(www.asce.org)

C-4 ASME
AGA?Catalog XL1001 (December 2010, including Errata 1 *ASME B1.20.3-1976 (R2013), Dryseal Pipe Thfeads
and 2)| Classification of Locations for Electrical (Inch)

Installafions in Gas Utility Areas

Directiongl Drilling Damage Prevention Guidelines for the
Naturalf Gas Industry (December 2004)

Publisherf American Gas Association (AGA), 400 North
Capitdl Street, NW, Washington, DC 20001
(www.gdga.org)

C-2 API

API RP 2A-LRFD (first edition, July 1993, including Errata
and Syipplements through February 1997),
Recomlrended Practice for Planning, Designing, and
Constrycting Fixed Offshore Platforms — Load and
Resistapce Factor Design®

*API RP 300 (third edition, Decemben(2012, including
Erratalthrough January 2014), Recommended
Practic¢s for Classification of Locations for Electrical
Installations at Petroleum Facilities Classified as
Class I,|Division 1 and Diwvisien 2

API Spec pB (15th edition, “April 2008, reaffirmed April
2015),|Specificatiofiyfor Threading, Gauging, and
Thread| Inspection-of Casing, Tubing, and Line Pipe
Thread

Publisher} American Petroleum Institute (API), 1220 L
Street, NW,_ Washington, DC 20005 (www.api.org)

2o s€lasses 125 and 250

*ASME B16.3-2011, Malleable Iron Threaded Fitfings:
Classes 150 and) 300
*ASME B16.4-2011, Gray Iron Threaded Fittings: Classes
125 and 250
*ASME B16:14-2013, Ferrous Pipe Plugs, Bushings, and
Locknuts With Pipe Threads
*ASME B16.15-2013, Cast Copper Alloy Threaded Fittings:

*ASME B16.18-2012, Cast Copper Alloy Solder|Joint
Pressure Fittings

*ASME B16.22-2013, Wrought Copper and Copper|Alloy
Solder-Joint Pressure Fittings

*ASME B16.25-2012, Buttwelding Ends

*ASME B31.12-2014, Hydrogen Piping and Pipelines

Publisher: The American Society of Mechanical Engineers
(ASME), Two Park Avenue, New York, NY 1001635990
(www.asme.org)

C-5 ASTM

ASTM A6/A6M-16, Standard Specification for Ge¢neral
Requirements for Rolled Structural Steel Bars, Hlates,
Shapes, and Sheet Piling

ASTM A20/A20M-15, Standard Specification for G¢neral
Requirements for Steel Plates for Pressure Vessgls

C-3 ASCE

ASCE Manuals and Reports on Engineering Practices No.
89 — Pipeline Crossings Handbook (June 1996)

L This publication has been superseded, withdrawn, or is no longer in
print.

ASTM AZ9/AZ9M-15 , Standard Specification for General
Requirements for Steel Bars, Carbon and Alloy, Hot-
Wrought

ASTM A36/A36M-14, Standard Specification for Carbon
Structural Steel

ASTM A47/A47M-99(R2014), Standard Specification for
Ferritic Malleable Iron Castings

ASTM A48/A48M-03(R2012), Standard Specification for
Gray Iron Castings
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ASTM A125-96(R2013)*!, Standard Specification for Steel
Springs, Helical, Heat-Treated

ASTM A126-04(R2014), Standard Specification for Gray
Iron Castings for Valves, Flanges, and Pipe Fittings

ASTM A181/A181M-14, Standard Specification for
Carbon Steel Forgings, for General-Purpose Piping

ASTM A182/A182M-16, Standard Specification for Forged
or Rolled Alloy and Stainless-Steel Pipe Flanges, Forged
Fittings, and Valves and Parts for High-Temperature

ASTM A694/A694M-16, Standard Specification for
Carbon and Alloy Steel Forgings for Pipe Flanges,
Fittings, Valves, and Parts for High-Pressure
Transmission Service

ASTM A984/A984M-03(R2009), Standard Specification
for Steel Line Pipe, Black, Plain-End, Electric-
Resistance-Welded?

ASTM A1005/A1005M-00(R2010), Standard
Specification for Steel Line Pipe, Black, Plain-End,

Serpee Longitudinal-andHeleal- SeamPoeuble-Supmerged-
ASTM A197/A197M-00(R2015), Standard Specification Arc Welded*

for|Cupola Malleable Iron ASTM A1006/A1006M-00(R2010Y, Sitandard
ASTM A216/A216M-16, Standard Specification for Steel Specification for Steel Line Pipe, Black, Rlain-End,

Cagtings, Carbon, Suitable for Fusion Welding, for High- Laser Beam Welded'

Temperature Service ASTM B21/B21M-14, Standard)Specification |for Naval
ASTM A217/A217M-14, Standard Specification for Steel Brass Rod, Bar, and Shapes

Cadtings, Martensitic Stainless and Alloy, for Pressure- ASTM B42-15a, Standard/Specification for [Seamless

Containing Parts, Suitable for High-Temperature Copper Pipe, Standar@:Sizes

Senvice ASTM B43-15, Standard’ Specification for Seamless Red
ASTM A225/A225M-12, Standard Specification for Brass Pipe, Staridard Sizes

Pr¢ssure Vessel Plates, Alloy Steel, Manganese- ASTM B61-15,,Standard Specification for Stearh or Valve

Vanadium-Nickel

Bronze Castings

ASTM A234/A234M-15, Standard Specification for Piping ASTM B62:15, Standard Specification for Composition
Fitfings of Wrought Carbon Steel and Alloy Steel for Brongze or Ounce Metal Castings
Moderate and High-Temperature Service ASTM B68/B68M-11, Standard Specification fo Seamless
ASTM A242/A242M-13, Standard Specification for High- Gopper Tube, Bright Annealed

Strength Low-Alloy Structural Steel

ASTM B75/B75M-11, Standard Specification fof Seamless

ASTM A283/A283M-13, Standard Specification for Low -3*, -Copper Tube
and Intermediate Tensile Strength Carbon Steel Plates~ ASTM B249/B249M-15a, Standard Specifidation for
ASTM A285/A285M-12, Standard Specification~for General Requirements for Wrought Copper and

Prd
Int
ASTM
Cai

ssure Vessel Plates, Carbon Steel, Low--and
prmediate-Tensile Strength

[ A350/A350M-15, Standard Specification for
bon and Low-Alloy Steel Forgings, Requiring

Copper-Alloy Rod, Bar, Shapes, and Forgingps
ASTM B251-10, Standard Specification fof General
Requirements for Wrought Seamless Copper and
Copper-Alloy Tube

Notch Toughness Testing for Piping-Components ASTM B584-14, Standard Specification for Copper Alloy
ASTM A377-03(R2014), Standard.Ihdex of Specifications Sand Castings for General Applications

for|Ductile-Iron Pressure Pipe Publisher: American Society for Testing and [Materials
ASTM A420/A420M-16, Standard Specification for Piping (ASTM International), 100 Barr Harbor QOrive, P.O.

Fitfings of Wrought Carben Steel and Alloy Steel for

Loy-Temperature Servicé (www.astm.org)
ASTM A487/A487M<14, Standard Specification for Steel

Cadtings Suitable for Pressure Service
ASTM A502-03(R2015), Standard Specification for Rivets, C-6 AWWA

Box C700, West Conshohocken, PA 19428-2959

Stepl, Structural N . !
ASTM AST57A515M-10(R2015), Standard Specification ~  AWWA €207-13, Steel Pipe Flanges for Wdterworks
fonl Rressure Vessel Plates, Carbon Steel, for Service — Sizes 4 in. Through 144 in. [100 mm

Intermediate- and Higher-Temperature Service

ASTM A516/A516M-10(R2015), Standard Specification
for Pressure Vessel Plates, Carbon Steel, for
Moderate- and Lower-Temperature Service

ASTM A575-96 (R2013)%", Standard Specification for Steel
Bars, Carbon, Merchant Quality, M-Grades

ASTM A576-90b(R2012), Standard Specification for Steel
Bars, Carbon, Hot-Wrought, Special Quality
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Publisher: American Water Works Association (AWWA),
6666 West Quincy Avenue, Denver, CO 80235
(www.awwa.org)

C-7 GTI

GRI-00/0192.01 (2001), GRI Guide for Locating and Using
Pipeline Industry Research. Section 1: Fracture
Propagation and Arrest
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GRI-00/0192.02 (2001), GRI Guide for Locating and Using
Pipeline Industry Research. Section 2: Defect
Assessment

GRI-00/0192.03 (2001), GRI Guide for Locating and Using
Pipeline Industry Research. Section 3: Identifying Types
of Defects and Causes of Pipeline Failures

GRI-00/0192.04 (2001), GRI Guide for Locating and Using
Pipeline Industry Research. Section 4: Hydrostatic
Testing

GRI-00/0192.17 (2001), GRI Guide for Locating and Using
Pipeline Industry Research. Section 17: Geographical
Information Systems

GRI-96/0368 (1996), Guidelines for the Application of
Guided Horizontal Drilling to Install Gas Distribution
Pipe

Publisher: Gas Technology Institute (GTI), 1700 South
Mount Prospect Road, Des Plaines, IL 60018
(www.gastechnology.org)

GRI-00/0392-805(2604-GRI-GuideforLocatingand Using
Pipeling Industry Research. Section 5: Line Pipe
GRI-00/0192.06 (2001), GRI Guide for Locatingand Using ~ C-8 MSS
Pipelin¢ Industry Research. Section 6: Welding . ) ]
GRI-00/0192.07 (2001), GRI Guide for Locatingand Using Moo SP-55-2011, Quality Standard for Steel Castings for
Pipelinp Industry Research. Section 7: Fittings and Valv-es, Flanges, Fittings, and. Other Piping Compon.er-1ts
Components — Visual Method for Evaluation efiSutface Irreguldrities

GRI-00/0192.08 (2001), GRI Guide for Locating and Using

MSS SP-61-2013, Pressure Testing“of Valves

Publisher: Manufacturers Standatrdization Society pf the

Pipelin¢ Industry Research. Section 8: Pipeline Repair o
Methodis Valve and Fittings Industry; Inc. (MSS), 127 Park Jtreet,
GRI-00/0192.09 (2001), GRI Guide for Locating and Using NE, Vienna, VA 22180 {Www.msshq.org)

Pipelinge Industry Research. Section 9: Mechanical
Damagg
GRI-00/0192.10 (2001), GRI Guide for Locating and Using C-9 OTHER BUBLICATIONS
Pipeling Industry Research. Section 10: Corrosion ANSI Z17.191973, American National Standand for

GRI-00/0
Pipeliy
Corrosi

[92.11 (2001), GRI Guide for Locating and Using
e Industry Research. Section 11: Stress
bn Cracking

Preferred’ Numbers®
Publishér: American National Standards Institute (4
25vWest 43rd Street, New York, NY 1

ANSI),
D036

GRI-.OO/'O [92.12 (2001),,GRI Guide for Ijocating and Using o fwww.ansi.org)
Pipeline Industry Research. Section 12: Industry
Statistigs Horizontal Directional Drilling — Good Pradtices
GRI-00/0192.13 (2001), GRI Guide for Locating and Using Guidelines (third edition, 2008)
Pipeline Industry Research. Section 13: Offshore Publisher: HDD Consortium, available through North
Pipelings American Society for Trenchless Technglogy

GRI-00/0192.14 (2001), GRI Guide for Locating and Using

(NASTT), 14500 Lorain Avenue #110063, Clev¢land,

Pipeline Industry Research. Section.\I'4: In-Line OH 44111 (www.nastt.org)
Inspectjon .
GRI-00/0192.15 (2001), GRI Guide for'Lécatingand Using ~ PRCI PR-227-03110 (PRCI Catalog L52290), Installation
Pipelile Industry Research.'Séction 15: Special of P%pelln.es Usmg Horlzlontal Directional Drilling|— An
Situations Engineering Design Guide (2008)
GRI-00/0192.16 (2001), GRI'Guide for Locating and Using Publisher: Pipeline Research Council International (PRCI),
3141 Fairview Park Drive, Suite 525, Falls Churgh, VA

Pipeline Industry Résearch. Section 16: Risk

Assessrhent

22042 (www.prci.org)
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MANDATORY APPENDIX D
SPECIFIED MINIMUM YIELD STRENGTH FOR STEEL PIPE
COMMONLY USED IN PIPING SYSTEMS®

Seq Tables D-1 and D-2 on the following pages.

1 See para. 841.1.
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(18) Table D-1 Specified Minimum Yield Strength for Steel Pipe Commonly Used in Piping Systems
Type SMYS,
Spec. No. Grade [Note (1)] psi (MPa)

API 5L [Note (2)] A25 BW, ERW, S 25,000 (172)
API 5L [Note (2)] A ERW, S, DSA 30,000 (207)
API 5L [Note (2)] B ERW, S, DSA 35,000 (241)
API 5L [Note (2)] X42 ERW, S, DSA 42,000 (290)
API 5L [Note (2)] X46 ERW, S, DSA 46,000 (317)
API 5L [Notf (2)] X52 ERW, S, DSA 52,000 (359)
API 5L [Not¢ (2)] X56 ERW, S, DSA 56,000 (386)
API 5L [Not¢ (2)] X60 ERW, S, DSA 60,000 (414)
API 5L [Notg (2)] X65 ERW, S, DSA 65,000 (448)
API 5L [Not¢ (2)] X70 ERW, S, DSA 70,000 (483)
API 5L [Notg (2)] X80 ERW, S, DSA 80,000 (552)
ASTM A53 Type F BW 25,000 (172)
ASTM A53 A ERW, S 30,000 (207)
ASTM A53 B ERW, S 35,000 (241)
ASTM A106 A S 30,000 (207)
ASTM A106 B S 35,000 (241)
ASTM A106 C S 40,000 (276)
ASTM A134 . EFW [Note (3)]

ASTM A135 A ERW 30,000 (207)
ASTM A135 B ERW Q 35,000 (241)
ASTM A139 A EFW 2 30,000 (207)
ASTM A139 B EFW 35,000 (241)
ASTM A139 C EFW 42,000 (290)
ASTM A139 D EFW. 46,000 (317)
ASTM A139 E EFW 52,000 (359)
ASTM A333 1 S, ERW 30,000 (207)
ASTM A333 3 S, ERW 35,000 (241)
ASTM A333 4 S 35,000 (241)
ASTM A333 6 S, ERW 35,000 (241)
ASTM A333 7 S, ERW 35,000 (241)
ASTM A333 8 S, ERW 75,000 (517)
ASTM A333 9 S, ERW 46,000 (317)
ASTM A381 Class Y-35 DSA 35,000 (241)
ASTM A381 Class Y-42 DSA 42,000 (291)
ASTM A381 Class Y-46 DSA 46,000 (317)
ASTM A381 Class Y-48 DSA 48,000 (331)
ASTM A381 Class Y-50 DSA 50,000 (345)
ASTM A381 Class Y-52 DSA 52,000 (359)
ASTM A381 Class Y-56 DSA 56,000 (386)
ASTM A381 Class Y-60 DSA 60,000 (414)
ASTM A381 Class Y-65 DSA 65,000 (448)

GENERAL NOTE: This Table is not complete. For the minimum specified yield strength of other grades and grades in other approved specifica-
tions, refer to the particular specification.
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(18) Table D-1 Specified Minimum Yield Strength for Steel Pipe Commonly Used in Piping Systems (Cont’d)

NOTES:

(1) Abbreviations: BW = furnace buttwelded; DSA = double submerged-arc welded; EFW = electric fusion welded; ERW = electric resistance
welded; S = seamless.

(2) Intermediate grades are available in API 5L.

(3) See applicable plate specification for SMYS.

(18) Table D-2 HDB Values for Thermoplastic Materials

astic Pipe Material
Designation (D2513 for PE

and F2945 for PA-11) HDB at 73°F (23°C), psi (MPa)

PA 32312 (PA-11) 2,500 (17.2)

PA 32816 (PA-11) 3,150 (21.7)

PB 2110 2,000 (13.8)

PE 2406 1,250 (8.6)

PE 3408 1,600 (11.0)

PE 2606 1.250 (8.6)

PE 2706 1.250 (8.6)

PE 2708 1,250 (8.6)

PE 3608 1,600 (11.0)

PE 3708 1,600 (11.0)

PE 3710 1,600 (11.0)

PE 4708 1,600 (11.0)

PE 4710 1600 (11.0 PP

PVC 1120 4,000 (27.6)

PVC 1220 4,000 (27.6)

PVC 2110 2,000 (13,8)

PVC 2116 3,150 (21.7)

GENERAL NOTES:

(a) Ldng-Term Hydrostatic Strength Values.for Thermoplastic Pipes
Cdvered by ASTM D2513. The values apply only to materials
and pipes meeting all the requirements of the basic materials
anld ASTM D2513. They are based on engineering test data
oltained in accordance with ASTM D1598 and analyzed in accor-
dqnce with ASTM D2837. A list of commercial compounds
mpeting these peqUirements is published yearly by the
Plastics Pipe Institute.

(b) HDB Value for,Reinforced Thermosetting Pipes Covered by ASTM
D2517. Thevaltie is established in accordance with ASTM D2517.
Injthe absence of an established HDB, the value is 11,000 psi (75.8
MPa):
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MANDATORY APPENDIX E
FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Table H-1 begins on the following page.
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i

Description

Flexibility
Factor,

Stress Intensification
Factor, i [Notes (1) and (2)]

Out-Plane, In-Plane,
i, i;

Flexibility

Characteristic,

Welding elbow or pipe bend

[Notes (1)-(5)]

0.75 0.9
hz/ 3 h2/ 3

Sketch

Closely spaced miter bend

s<f(1+tan @)
[Nofes (1), (2), (3), and (5)]

1.52
h5/6

cotd Ts
=3

n

Single |miter bend or widely

spaded miter bend
s2f;(1+tan 6)
[Nofes (1), (2), and (5)]

1+cot9i

2

R

ST

cot 6)

Welding tee per ASME B16.9 with

r, 2|d/8
T, >|1.5T
[Nofes (1), (2), and (6)]

3, a
/4-lo+ /4

Reinfofrced fabricated tee with

pad|or saddle [Notes (1), (2),
(79091

T3/21'2

(T+ )"

L=

Pad Saddle

Unreirfforced fabricated tee

[Nofes (1), (2), and (9)]

3, & 1
AI-IU+/4

=

Extruded outlet

r, 2|0.05d
T.415F
[Nofes (1), (2), and {(6)]

3, .1
alo + /s

Weldef-in gentour insert

r, 2|d/8
T, 2 1.5

3, - 1
Yo lo* 7a

[Notes (1), (2), and (10)]

Branch welded-on fitting (inte-
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Flexibility
Factor, Stress Intensification
Description k Factor, i Sketch
Butt weld [Notes (1) and (12)]
T = 0.237 in. (6.02 mm), 1 1.0
Smax < 716 in. (1.59 mm), — _
and 6,,,/ <0.13 T T
21072371, (6.02 M), '. —
Smak < % in. (3.18 mm), 1.9 max. or 8
and| 6,v¢/T = any value 1 [0.9 + 2.7(8ave/ T,
T <[0.237 in. (6.02 mm), but not less than
Smak < Y16 in. (1.59 mm), 1.0
and| 6,,¢/T < 0.33
1 —_
T
1.9 max. or _
Taperfed transition per ASME D, P}
B16.25 [Note (1)] 13 + 0.0036? + 3.6% r
Dy S
Concgntric reducer per 1 T " _
ASME B16.9 [Notes (1) and 2.0 max..6% FX Jd [T2
a3 oo /2 b T
0.5 + 001 =2 o1 - Doz
T2 | /_.
Double-welded slip-on flange § Ao s
[Ndte (14)] ’
Sockdt welding flange or fitting 1 2.1 max. or 2.1 T/C, but
[Ndtes (14) and (15)] not less than 1.3
Lap jpint flange (with vVASME
B16¢.9 lap joint stub) 1 1.6
[Ndte (14)]
Thredded pipe joint or 1 23
thrpaded flange [Note (14)] ’
Corrygated straight pipe, or
coryugated or creased bend 5 2.5

[N(

te (16)]
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

100

Flexibility factor for
elbows, k = 1.65/h

80

60 \

Flexibility factor for5
miters, kK = 1.52/h /6

Stress intensificatign
factor, i = 0.9/h /3

Stress intensification
|~ tactor, i=0.75/n?/3

and flexibility factor, k

Stress intensification factor, /,

N
AN

1 NN

0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 06 081.0 16 2
Characteristic, h
Chart A
1.00 f
/

0.75 —

-~

\\

0.50

|t
0.375 -
/

Corr factor, ¢4

1 End fianged ¢q = h'/6

— 1.
2-Erdsftanged T3

/
/7

0.25

NOTES:
(1) The nomenclature is as follows:

Dy = outside diameter, in. (mm)
d = outside diameter of branch, in. (mm)
R; = bend radius of welding elbow or pipe bend, in. (mm)
rp = radius of curvature of external contoured portion of outlet, measured in the plane containing the axes of the header and branch, in. (mm)
r, = mean radius of matching pipe, in. (mm)
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOTES: (Cont'd):

s = miter spacing at centerline, in. (mm)
T = nominal wall thickness of piping component, in. (mm)
= for elbows and miter bends, the nominal wall thickness of the fitting, in. (mm)
= for welding tees, the nominal wall thickness of the matching pipe, in. (mm)
= for fabricated tees, the nominal wall thickness of the run or header (provided that if thickness is greater than that of matching pipe, increased
thickness must be maintained for at least one run outside diameter to each side of the branch outside diameter), in. (mm)
T. = the crotch thickness of tees, in. (mm)
te = pad_or saddle thickness, in. (mm)
a = redjicer cone angle, deg
6 = migmatch, in. (mm)
6 = ond-half angle between adjacent miter axes, deg

(2) The flgxibility factor, k, applies to bending in any plane. The flexibility factors, k, and stress intensification factors, j, shall not be legs than
unity;ffactors for torsion equal unity. Both factors apply over the effective arc length (shown by heavy centerlines inthesketches) for purved
and njiter bends and to the intersection point for tees. The values of k and i can be read directly from ChartA by entering wijith the
charagteristic, h, computed from the formulas given.

(3) Wher¢ flanges are attached to one or both ends, the values of k and i shall be corrected by the factors, C,,'\which can be read directly from
Chart B, entering with the computed h.

(4) The d¢signer is cautioned that cast buttwelded fittings may have considerably heavier walls than thatof'the pipe with which they are used.
Large|errors may be introduced unless the effect of these greater thicknesses is considered.

(5) Inlarge diameter thin-wall elbows and bends, pressure can significantly affect the magnitudes‘ef k and i. To correct values from the table,
dividg k by

1
RECRE
Ee T r
dividd i by
S{2hp \2/3
' 3.25[—1)—](7:2)1"/“[&]
Ee T rn
where
E. = cold modulus of elasticity, psi (MPa)
P = gage pressure, psi (MPa)

(6) If the number of displacement cycles is less than 200, the radius and thickness limits specified need not be met. When the radius and
thicknless limits are not met and the number-efdesign cycles exceeds 200, the out-plane and in-plane stress intensification factors ghall be
calculfted as 1.12/h*/* and (0.67/h*/3)y+ )Y, respectively.

(7) When|t, > 1%T, use h = 4.05T/r>.

(8) The njinimum value of the stress-intensification factor shall be 1.2.

(9) Whenjthe branch-to-run diametersatio exceeds 0.5, butis less than 1.0, and the number of design displacement cycles exceeds 200, the out-
plane pnd in-plane stress inténsification factors shall be calculated as 1.8/h*® and (0.67/h*/*) + %,, respectively, unless the transitign weld
between the branch and pan‘isblended to a smooth concave contour. If the transition weld is blended to a smooth concave contour, th¢ stress
intendification factors“in ‘the table still apply.

(10) If the pumber of displacement cycles is less than 200, the radius and thickness limits specified need not be met. When the radius and
thicknless limits@re not met and the number of design displacement cycles exceeds 200, the out-plane and in-plane stress intensiffcation
factorp shall.be calculated as 1.8/h*/ and (0.67/h*/*) + Y, respectively.

(11) The dpsignerymust be satisfied that this fabrication has a pressure rating equivalent to straight pipe.

(12) The stress’intensification factors apply to girth butt welds between two items for which the wall thicknesses are between 0.875T and 1.10

for an axial distance of\/DoT. D,and are nominal outside diameter and nominal wall thickness, respectively. 8,4 is the average mismatch

or offset.

(13) The equation applies only if the following conditions are met:
(a) Cone angle o does not exceed 60 deg, and the reducer is concentric.
(b) The larger of D,1/T and D,,/ does not exceed 100.
(c) ThewallthicknessisnotlessthanT;throughoutthebody of the reducer, exceptin and immediately adjacent to the cylindrical portion on the small

end, where the thickness shall not be less than T,.
(14) For some flanged joints, leakage may occur at expansion stresses otherwise permitted herein. The moment to produce leakage of a flanged
joint with a gasket having no self-sealing characteristics can be estimated by the following equation:
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOTES: (Cont'd):

where
Ap
4y
Cc
M,
P
Sp

= total area of flange bolts, in.? (mm?)

= area to outside of gasket contact, in.? (mm?)

= bolt circle, in. (mm)

= moment to produce flange leakage, in.-lb (mm-N)
= internal pressure, psi (MPa)

bolt stress, psi (MPa)

(15) (
(16) 1

« is the fillet weld length. For unequal lengths, use the smaller leg for C,.
actors shown apply to bending. Flexibility factor for torsion equals 0.9.
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