ASME B31.8-2012

(Revision of ASME B31.8-2010)

Gas Transmission and

Distribution Plplng

Systems %&

v

O\‘

ASME Code for Pres&re Piping, B31

S|

® Mechanical Engineers

Copyright ASME International

No reproduction or networking permitted without license from IHS

AN AMERICAN NATIONAL STANDARD

The American Society of



https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

INTENTIONALLYCLEFT BLANK

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



https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

(Revision of ASME B31.8-2010)

Gas Transmission-and
Distribution Piping
Systems

ASME Code for Pressure Piping, B31

AN AMERICAN NATIONAL STANDARD

%z@ The American Society of

® Mechanical Engineers Three Park Avenue ¢ New York, NY ¢ 10016 USA

nnnnnnnnnnnnnnnnnnnnnnnnnn

ooooooooooooooooooooooooooooooooooooooooooooooooooooooo


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

Copyright ASME International

Date of Issuance: January 4, 2013

The next edition of this Code is scheduled for publication in 2014. This Code will become effective
6 months after the Date of Issuance.

ASME issues written replies to inquiries concerning interpretations of technical aspects of this Code!
nterpretations, Code Cases, and errata are published on the ASME Web site under the Committee
Pages at http://cstools.asme.org/ as they are issued.

Frrata to codes and standards may be posted on the ASME Web site under the Committee’Pages to
provide corrections to incorrectly published items, or to correct typographical or grammatical errors
n codes and standards. Such errata shall be used on the date posted.

The Committee Pages can be found at http://cstools.asme.org/. There is an option available to
putomatically receive an e-mail notification when errata are posted to a particular code or standard.
This option can be found on the appropriate Committee Page after selecting “Errata” in the “Publication
nformation” section.

ASME is the registered trademark of The Anletican Society of Mechanical Engineers.

This code or standard was developed under procedures accredited as meeting the criteria for American National
Standards. The Standards Committee that approved,the code or standard was balanced to assure that individuals from
competent and concerned interests have had an0pportunity to participate. The proposed code or standard was made
hvailable for public review and comment that grovides an opportunity for additional public input from industry, academia,
Fegulatory agencies, and the public-at-large.

ASME does not “approve,” “rate,” or.“éndorse” any item, construction, proprietary device, or activity.

ASME does not take any position/with respect to the validity of any patent rights asserted in connection with any
tems mentioned in this documefit, and does not undertake to insure anyone utilizing a standard against liability for
nfringement of any applicableletters patent, nor assumes any such liability. Users of a code or standard are expressly
hdvised that determinatiop™of*the validity of any such patent rights, and the risk of infringement of such rights, is
entirely their own responsibitity.

Participation by federal’agency representative(s) or person(s) affiliated with industry is not to be interpreted as
Bovernment or inddstry endorsement of this code or standard.

ASME acceptstesponsibility for only those interpretations of this document issued in accordance with the established
ASME procedures’and policies, which precludes the issuance of interpretations by individuals.

No part of this document may be reproduced in any form,

Th an electronic retrieval system or OtNerwise,
without the prior written permission of the publisher.

The American Society of Mechanical Engineers
Three Park Avenue, New York, NY 10016-5990

Copyright © 2013 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All rights reserved
Printed in U.S.A.

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

CONTENTS

Foreword ... viii
Committee Roster ....... ... .. i X
htrodtetionr——— xt
Summary of Changes ......... .. ...t e XV
General Provisions and Definitions

801 General .................ooiinnnnn L B ]
802 Scopeand Intent ............ .. ..ol IN T 1
803 Piping Systems Definitions .................. 0~/ ...... p
804 Piping Systems Component Definitions ....Z...7......... 4
805 Design, Fabrication, Operation, and Testing\Térms and

Definitions .................. ... 80 ool q
806 Quality Assurance ................¢ ¥, 12
807 Training and Qualification of Persofytel .................. 12
Chapter | Materials and Equipment
810 Materials and Equipment </ .7...................... ..., 14
811 Qualification of Material$\and Equipment ............... 14
812 Materials for Use in Low~Temperature Applications ...... 15
813 Marking ......... 50 oo 15
814 Material Specifications ..................... ool 15
815 Equipment Spegifications ............................. 16
816 Transportation-of Line Pipe ............................. 16
817 Conditions, for the Reuse of Pipe ........................ 16
Table
817.1.3-1 Tensile Testing ... 17
Chapter Il Welding
820 Welding ... 19
821 General ........ ... 19
822 Preparation for Welding .............................. ... 19
823 Qualification of Procedures and Welders ................. 19
824 Preheating .......... ... ... i 2(]
825 Stress Relieving ............. ... ... 2(
826 Weld Inspection Requirements ........................... 21
827 Repair or Removal of Defective Welds in Piping Intended

to Operate at Hoop Stress Levels of 20% or More of

the Specified Minimum Yield Strength ................ 22
Chapter Il Piping System Components and Fabrication Details
830 Piping System Components and Fabrication Details ...... 23
831 Piping System Components ............................. 23
832 Expansion and Flexibility ............................... 29
833 Design for Longitudinal Stress ........................... 30
834 Supports and Anchorage for Exposed Piping ............ 33
835 Anchorage for Buried Piping ............................ 33
Tables
831.4.2-1 Reinforcement of Welded Branch Connections, Special

Requirements .............. ... 28
832.2-1 Thermal Expansion or Contraction of Piping

Materials .......... .. ..o 30

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

iii


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

832.5-1 Modulus of Elasticity for Carbon and Low Alloy

Steel ... 31
Chapter IV Design, Installation, and Testing
840 Design, Installation, and Testing ......................... 35
841 Steel Pipe ... 37
842 Other Materials .............. ... il 50
843 Compressor Stations .................c.oooiiiiiiii... 58
844 Pipe-Type and Bottle-Type Holders ...................... 61

45 ControlandLimiting of GasPresstre —————————— 62

846 Valves ... i 67
347 Vaults ... 68
R348 Customers’ Meters and Regulators ...................... 69
349 Gas Service Lines ................ooiiiiiiiiiil ] 70
Tables
341.1.6-1 Basic Design Factor, F .........................¢0...7..... 40
841.1.6-2 Design Factors for Steel Pipe Construction ..« 8. ... ... 40
R341.1.7-1 Longitudinal Joint Factor, E .............. %00 . ......... 41
841.1.8-1 Temperature Derating Factor, T, for Steel Pipe ........... 41
841.1.11-1 Pipeline Cover Requirements ....... .00 ............... 43
341.2.3-1 Pipeline Field Cold Bend Requiremérts .................. 44
841.3.2-1 Test Requirements for Steel Pipelines and Mains to

Operate at Hoop Stresses 0f:30% or More of the

Specified Minimum Yield, Strength of the Pipe ......... 48
341.3.3-1 Maximum Hoop Stress Permissible During an Air or Gas

Test ..o RS 49
342.1.1-1 Standard Thickness Selection Table for Ductile

Iron Pipe ..o o 51
B842.2.2-1 Wall Thickness and Standard Dimension Ratio for

Thermoplastic Pipe .......... ... ... ... ... 53
342.2.3-1 Diameter-and Wall Thickness for Reinforced

Thermosetting Plastic Pipe ............................ 53
342.2.9-1 Nominal Values for Coefficients of Thermal Expansion

of Thermoplastic Pipe Materials ....................... 55
344.3-1 Design Factors, F........... ... ... ... .. 61
B844.3-2 Minimum Clearance Between Containers and Fenced

Boundaries ........... ..o oo 61
345.2.2-1 Maximum Allowable Operating Pressure for Steel or

Plastic Pipelines or Mains ............................. 62
R345.2.3-1 Maximum Allowable Operating Pressure for Pipelines

Operating at 100 psig (690 kPa) or More ............... 63
R345.2.3-2 Maximum Allowable Operating Pressure for Pipelines

Operating at Less Than 100 psig (690 kPa) ............ 63
Chapter V Operating and Maintenance Procedures
850 Operating-and-Maintenance ProceduresAtfecting—the

Safety of Gas Transmission and Distribution

Facilities ......... .o 74
851 Pipeline Maintenance .................. ... .. oL 76
852 Distribution Piping Maintenance ........................ 82
853 Miscellaneous Facilities Maintenance .................... 85
854 Location Class and Changes in Number of Buildings

Intended for Human Occupancy ...................... 88
855 Pipeline Service Conversions ............................ 89
856 Odorization ... 90
857 Uprating ... 91

iv

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



https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

Figure

851.4.1-1 Allowable Ripple Heights ............................... 78
Table
851.4.4-1 Wall Thickness for Unlikely Occurrence of Burn-

Through ....... ... ... 80
854.1-1 Location Class ..............oiiiiiiiiiiiiiiia... 88
857.4-1 Wall Thickness Allowance for Uprating a Ductile Iron

High-Pressure Main or System ........................ 93
Chapter VI Corrosion Control
860 Corrosion Control — General ............................ 94
861 External Corrosion Control for Steel Pipelines ......... A% 9
862 Cathodic Protection Criteria .......................0.. " 97
863 Operation and Maintenance of Cathodic Protectiory

Systems ... e D 97
864 Internal Corrosion Control ................ ... .. ...... 97
865 Steel Pipelines in Arctic Environments ... S5 ... ... .. 98
866 Steel Pipelines in High-Temperature Sexvice ............. 99
867 Stress Corrosion and Other Phenomend~~................ 10(
868 Cast Iron, Wrought Iron, Ductile Irpn, and Other Metallic

Pipelines ............. ... s i 10(
Chapter VII Intentionally Left Blank
Chapter Vil Offshore Gas Transmission
A800 Offshore Gas Transmission ...........................o.. 102
A801 General ...... .0y 103
A802 Scope and Intent\. ... 102
A803 Offshore Gas Transmission Terms and Definitions ........ 102
A811 Qualification*of Materials and Equipment ............... 103
A814 MaterialSpecifications ................. .. ... 103
A817 Conditions for the Reuse and Requalification of Pipe .... 104
A820 Welding Offshore Pipelines .............................. 104
A821 Geheral ....... ... ... 104
A823 Qualification of Procedures and Welders ................. 104
AB825 Stress Relieving ............. . ... 104
AB26 Inspection of Welds ............................. ... 103
A830 Piping System Components and Fabrication Details ...... 103
A831 Piping System Components ............................. 107
A832 Expansion and Flexibility ............................... 103
A834 Supports and Anchorage for Exposed Piping ............ 103
A835 Anchorage for Buried Piping ............................ 103
AB840 Design, Installation, and Testing ......................... 103
AB4Y Design Considerations ............................oo.... 104
A842 Strength Considerations ................................. 107
AB843 Compressor Stations .................cooiiiiiiiiia., 11(
AS4E Orm-Bottorr Stabitty ——————— H
AB46 Valves ... 112
AB47 Testing ... ... 112
A850 Operating and Maintenance Procedures Affecting the

Safety of Gas Transmission Facilities .................. 112
A851 Pipeline Maintenance ........................ooi.. 113
A854 Location Class ...........ccoiiiiiiiiiiiiiiiiiiian, 114
A860 Corrosion Control of Offshore Pipelines .................. 114
A861 External Corrosion Control .............................. 114
A862 Cathodic Protection Criteria ............................. 116
A864 Internal Corrosion Control .............................. 116

v

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

Table

AB42.2.2-1 Design Factors for Offshore Pipelines, Platform
Piping, and Pipeline Risers ............................ 109
Chapter IX Sour Gas Service
B800 Sour Gas Service ............. i 117
B801 General ....... ... 117
B802 Scopeand Intent ........... ... ... ..l 117
B803 Sour Gas Terms and Definitions ......................... 117
B813 Marking .................................000iiiiiii.., 118
B814 Material Specifications ............... ... 118
820 Welding Sour Gas Pipelines ............................. 118
821 General ........ ... . 118
822 Preparation for Welding ............................... G 118
B823 Qualification of Procedures and Welders ........... . \: 118
B824 Preheating ................... i O 118
B825 Stress Relieving .............................o. e Do 119
B826 Welding and Inspection Tests ...............«00 . ... 119
B830 Piping System Components and Fabrication‘Details .. .... 119
B831 Piping System Components ............. X ............. 119
840 Design, Installation, and Testing ......cyY. ............... 119
B841 Steel Pipe ... S 119
B842 Other Materials .............. % ..ot 120
843 Compressor Stations ........s.5 ... ... 120
844 Pipe-Type and Bottle-Type Holders ...................... 120

B850 Additional Operating and,Maintenance
Considerations Affecting the Safety of Sour Gas
Pipelines ....... e ..o 120
B851 Pipeline Maintenafice .................. ... ..ol 121
B854 Location Class and Changes in Number of Buildings
Intended for'Human Occupancy ...................... 122
860 Corrosion‘€ontrol of Sour Gas Pipelines ................. 122
861 External Corrosion Control for Steel Pipelines ............ 122
864 Internal Corrosion Control .............................. 122
867 Stress Corrosion and Other Phenomena .................. 123
ables
850.1-1 100-ppm ROE ... 121
850.1-2 500-ppm ROE ...\t 121
850.1-3 Metric Example for 100-ppm ROE ....................... 121
850.1-4 Metric Example for 500-ppm ROE ....................... 122
Appendices
andatory-Appendix A References ... 125
andatofy Appendix B Numbers and Subjects of Standards and Specifications
That Appear in Mandatory Appendix A ............... 129
onmandatory Appendix C  Publications That Do Not Appear in the Code or
IVIdllddi.Uly Al.)ycudix A .............................. 130
Mandatory Appendix D Specified Minimum Yield Strength for Steel Pipe
Commonly Used in Piping Systems ................... 133
Mandatory Appendix E Flexibility and Stress Intensification Factors .............. 136
Mandatory Appendix F Extruded Headers and Welded Branch Connections ...... 142

Mandatory Appendix G

Mandatory Appendix H
Mandatory Appendix I
Nonmandatory Appendix ]

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

Testing of Welders Limited to Work on Lines Operating
at Hoop Stresses of Less Than 20% of the Specified

Minimum Yield Strength ......................... ... 150
Flattening Test for Pipe ................................. 151
End Preparations for Buttwelding ....................... 152
Commonly Used Conversion Factors .................... 161

vi



https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

Mandatory Appendix K Criteria for Cathodic Protection ......................... 165
Nonmandatory Appendix L Determination of Remaining Strength of Corroded

Pipe ..o 167

Nonmandatory Appendix M Gas Leakage Control Criteria ............................ 168
Nonmandatory Appendix N Recommended Practice for Hydrostatic Testing of

Pipelines in Place ....................... .. ... 175

Nonmandatory Appendix O  Preparation of Technical Inquiries ....................... 177

Nonmandatory Appendix P Nomenclature for Figures ............................... 178

Mandatory Appendix Q Scope Diagrams ... 179

Nommmarmdatory Apperdix R—Estinmating Straimrm Perts————————————— 182

183

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

vii


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

Copyright ASME International

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

A revision of the original tentative standard began in 1937. Several more years of effort were
biven to securing uniformity among sections, eliminating divergent requirements and discrepan-
cies, keeping the Code abreast of current developments in welding technique, galculating stress
computations, and including reference to new dimensional and material standards. During this
period, a new section added on refrigeration piping was prepared in teoperation with the
American Society of Refrigeration Engineers and complemented the American Standard Code
for Mechanical Refrigeration. This work culminated in the 1942 Ametican Standard Code for
Pressure Piping.

Supplements 1 and 2 of the 1942 Code, which appeared in 1944 aud 1947, respectively, introduced
new dimensional and material standards, a new formula foi pipe wall thickness, and more
comprehensive requirements for instrument and control pipirtg. Shortly after the 1942 Code was
issued, procedures were established for handling inquires¥equiring explanation or interpretation
pf Code requirements and for publishing such inquiries and answers in Mechanical Engineering
for the information of all concerned.

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

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

Following its{réorganization in 1948, Standards Committee B31 made an intensive review of
the 1942 Codethat resulted in

(a) a,general revision and extension of requirements to agree with present day practice

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

Lo) o1 1 £s e £ 1ot £l op2 : £
fethe—clarifieationof-ambigtiots-orcontlicting reqttirements

A revision was presented for letter ballot vote of Standards Committee B31. Following approval
by this body, the project was approved by the sponsor organization and by the American Standards
Association. It was finally designated as an American Standard in February 1951, with the
designation B31.1-1951.

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

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

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

After a review by B31 Executive and Standards Committees in 1955, a decision was made to
develop and publish industry sections as separate Code documents of the American Standard
B31 Code for Pressure Piping. The 1955 Edition constituted a general revision of the 1952 Edition

with-aconsiderabty exparnded-scope-Furtherexperiernce it the-applicationrof the-Code Tesutted
in revisions in 1958, 1963, 1966, 1967, 1968, 1969, 1975, and 1982.

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

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

The 1992 Edition of the Code was a compilation of the 1989 Edition, the subsequent threg
addenda, and the two special Errata issued to the 1989 Edition.

The 1995 Edition of the Code is a compilation of the 1992 Editionand the subsequent threg
addenda issued to the 1992 Edition.

The 1999 Edition of the Code is a compilation of the 1995 Edition and the revisions that occurred
since the issuance of the 1995 Edition.

The 2003 Edition of the Code is a compilation of the 1999 Edition and revisions that occurred
since the issuance of the 1999 Edition.

The 2007 Edition of the Code is a compilation of the®2003 Edition and revisions that occurred
since the issuance of the 2003 Edition.

The 2010 Edition of the Code is a compilation of.the 2007 Edition and revisions that occurred
since the issuance of the 2007 Edition.

The 2012 Edition of the Code is a compilation of the 2010 Edition and revisions that have
occurred since the issuance of the 2010 Edition. This Edition was approved by the Americar
National Standards Institute on September 14, 2012.
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INTRODUCTION

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

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

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

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

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

This Cpde Section includes

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

(b) requirements for designing componerits and
assembligs

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

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

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

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

(g) procedures® for operation and maintenance that
are essenfidl>to’ public safety

(h) provist _ 4
and internal corrosion

It is intended that this Edition of Code Section B31.8
not be retroactive. The latest edition issued at least
6 months before the original contract date for the first
phase of activity covering a piping system or systems
shall be the governing document, unless agreement is
specifically made between contracting parties to use
another issue, or unless the regulatory body having juris-
diction imposes the use of another issue or different
requirements.
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be installed.

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

When no Section of the ASME Code for Prepsure
Piping specifically covers a piping system, the usgr has
discretion to selectany Section determined to be gener-
ally applicableshowever, it is cautioned that supplgmen-
tary requirements to the Section chosen mgy be
necessary o provide for a safe piping system fqr the
intendeg, application. Technical limitations of the|vari-
oussSections, legal requirements, and possible applica-
bility of other Codes or Standards are some of the factors
to be considered by the user in determining the applica-
bility of any Section of this Code.

Appendices

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

Interpretations and Revisions

The Committee has established an orderly proc¢dure
to consider requests for interpretation and revisipn of
de—trequiremen s—orecetve—consideratton—naliries
must be in writing and must give full particulars. (See
Nonmandatory Appendix O covering preparation of
technical inquiries.)

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

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

Cases

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

of the work, and the contracting parties agree to its use.

Materials are listed in the Stress Tables only when
sufficient usage in piping within the scope of the Code
has been shown. Materials may be covered by a Case.
Requests for listing shall include evidence of satisfactory
usage and specific data to permit establishment of allow-
able stresses or pressure rating, maximum and minimum
temperature limits, and other restrictions. Additional
criteria can be found in the guidelines for addition of

matfmmmmmmwmm%mﬁmue Vessel
published on the B31.8 Committee Page at  Code, Section Il [To develop usage and gain gxperience,

http:} /cstools.asme.org/.

A (Case is normally issued for a limited period, after
which it may be renewed, incorporated in the Code, or
allowed to expire if there is no indication of further need
for the requirements covered by the Case. The provisions
of a |Case, however, may be used after its expiration
or withdrawal, provided the Case was effective on the
original contract date or was adopted before completion

unlisted materials may be used in agcprdqnce with
para. 811.2(b).]

Effective-Date

This Edition, when issued,contains new Cq
sions. Itis a compilation 6fthe 2010 Edition and
to the 2010 Edition.

de provi-
revisions
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ASME B31.8-2012
SUMMARY OF CHANGES

Following approval by the B31 Committee and ASME, and after public review, ASME B31.8-2012

was approved by the American National Standards Institute on September 14, 2012.

IASME B31.8-2012 consists of editorial changes, revisions, and corrections identified by a margin
hote, (12), placed next to the affected area.

Page Location Change

% 805.1.3 (1) Definitions for dimension rutio (DR)
and hydrostatic design basis (HDB)
added

(2) Definition for stawndard dimension ratio
(SDR) revised

805.1.4 Definitions fofdutt joint, butt weld, tie-in,
and tie-im'weld added

D 805.2.4 Definitions for actionable anomaly, anomaly,
anonialy and pipeline data analysis, defect,
distontinuity, evaluation, and imperfection

added
11-13 805.2.6 Definitions for engineering assessment and
engineering critical assessment added
807 Added
15 814.1.1(a) Updated
16 814.1.3 Revised
D4 831.2.2(b) Revised
D5 831.2:3 Revised in its entirety
B2 833.8 Title revised
B7, 38 841.1.1(a) Cautionary Note added
841.1.2 Subparagraphs (b) and (c) and
Cautionary Note revised
) 841.1.9(k) Added
18 841.3.2(c) Reference to 841.321(b) corrected to
841.32(h)
51, 52 842.2 Revised
842.2.1 Revised
842.2.2 Revised
842.2.3 Revised
53, 54 842.2.5(a) Revised
842.2.9(b) Subparagraphs (4) and (5) revised
55 Table 842.2.9-1 Revised

XVi
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Page Location Change
56, 57 842.3.3(f) Added

842.3.4(d) Revised

842.3.5 Revised

842.4.1 Revised
58,59 843.3.3(a) Revised
60 843.4.1(a) Reference to 841.1.1 corrected to Table

841.1.6-2

72 849.4.2(a) First sentence revised
74 850.2(e) Last sentence added
76 850.8 Added
77 851.4 First paragraph tevised
85, 86 853.1.7 Added
94 860.2(a) Revised
105 A826.2.1 Revised

A831.1.1 Revised
108 A842.22 (1) Equations (2), (3), (4), and (5) labeled

(2) Note revised

109 AB842.2.4 Last sentence revised
112 AB47.2 Cautionary Note revised
115 A861.1.2(a) Revised
116 A862:1 Revised

A862.3 First sentence revised
125-128 Mandatory Appendix A Updated
130-132 Nonmandatory Updated

Appendix C
133-135 Mandatory Appendix D (1) Table D-1 revised
(2) Table D-2 added

165 Mandatory Appendix K Footnote 1 added
167 Nonmandatory Appendix L Revised in its entirety
180 Figure Q-2 Revised

SPECIAL NOTE:

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

convenience.
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ASME B31.8-2012

GAS TRANSMISSION AND DISTRIBUTION PIPING SYSTEMS

801 | GENERAL
801.1 Approved Standards and Specifications

Stgqndards and specifications approved for use under
the Jode and the names and addresses of the sponsoring
orgaiizations are shown in Mandatory Appendix A. It
is nof considered practicable to refer to a specific edition
of ea¢h of the standards and specifications in the individ-
ual Jode paragraphs.

801.2 Use of Standards and Specifications
Incorporated by Reference

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

801.8 Standard Dimensions

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

801.4 SI (Metric) Conversion

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

General Provisions and Definitions

vaporized and used as gaseous fuels. All of thie require-
ments of NFPA 58 and NFPA 59 and of this {ode con-
cerning design, constrdetion, and operafion and
maintenance of pipingsfacilities shall apply to piping
systems handling butafie, propane, or mixturgs of these
gases.
(b) This Code (does not apply to
(1) desigiiand manufacture of pressure v¢ssels cov-
ered by thie BPV Code’
(2)piping with metal temperatures abgve 450°F
(232°C)or below —20°F (-29°C) (For low terpperature
considerations, see para. 812.)
(3) piping beyond the outlet of the cystomer’s
meter set assembly (Refer to ANSI Z223.1/N[FPA 54.)
(4) piping in oil refineries or natural|gasoline
extraction plants, gas treating plant piping dther than
the main gas stream piping in dehydration, angl all other
processing plants installed as part of a gas trafjismission
system, gas manufacturing plants, industrial [plants, or
mines (See other applicable sections of the AQME Code
for Pressure Piping, B31.)
(5) vent piping to operate at substantially atmo-
spheric pressures for waste gases of any kind
(6) wellhead assemblies, including contrpl valves,
flow lines between wellhead and trap or sepdrator, off-
shore platform production facility piping, or cpsing and
tubing in gas or oil wells (For offshore platform produc-
tion facility piping, see API RP 14E.)
(7) the design and manufacture of pr¢prietary
items of equipment, apparatus, or instruments
(8) the design and manufacture of heat exchangers
(Refer to appropriate TEMA? Standard.)

802 SCOPE AND INTENT
802.1 Scope

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

This Code is concerned only with certain safety
aspects of liquefied petroleum gases when they are
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(9) liquid petroleum transportation piping systems
(Refer to ASME B31.4.)

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

(11) carbon dioxide transportation piping systems

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

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

802.2 Intent

802.2.1 Adequacy for Normal Conditions. The
requirements of this Code are adequate for safety under
conditions usually encountered in the gas industry.

803 PIPING SYSTEMS DEFINITIONS

803.1 General Terms and Definitions

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

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

cifically }:rov1ded for nor are all detalls of engmeermg
and consfruction prescribed; therefore, activities involv-
ing the dgsign, construction, operation, or maintenance
of gas trapsmission, gathering, or distribution pipelines
should bg undertaken using supervisory personnel hav-
ing the experience or knowledge to make adequate pro-
vision fpr such unusual conditions and specific
engineerfng and construction details. All work per-
formed yvithin the scope of this Code shall meet or
exceed the safety standards expressed or implied herein.

802.2{2 Safety. This Code is concerned with

(a) saf¢ty of the general public.

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

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

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

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

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

802.3 Offshore Gas Transmission

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

sultable for domest1c or 1ndustr1al fuel and trafsnpitted
or distributed to the user through a piping systen{. The
common types are natural gas, manufacttred gag, and
liquefied petroleum gas distributed as a(vapor, wjth or
without the admixture of air.

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

liquefied natural gaSyhatural gas liquefied by refrigefation
or pressure.

liquefied petrolerim gases (LPG): composed predomirfantly
of the following hydrocarbons (either by themselyes or
as mixtures): butane (normal butane or isobutene),
butylene (including isomers), propane, propylend, and
ethane. LPG can be stored as liquids under moderate
pressures [approximately 80 psig (550 kPa) to 25() psig
(1720 kPa)] at ambient temperatures.

listed specification: a specification listed in Mandatory
Appendix A.

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

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

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

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

private rights-of-way: as used in this Code, are rights-of-
way not located on roads, streets, or highways used by
the public, or on railroad rights-of-way.

system or pipeline system: either the operator’s entire pipe-

line infrastructure or large portions of that infrastructure
that have definable starting and stopping points.

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

803.4 Gathering Systems

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

transpertation-ofcas—catherina transmission—or-distribu
FHHAOH-Of- A5 Satn SRS SRS SI0R- OF-aiStHow

tion of gas by pipeline or the storage of gas.

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

803.2 Piping Systems

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

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

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

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

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

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

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

803.B Distribution Systems

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

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

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

storing gas underground.

gathering line: a segment of pipeline installed irf a gather-
ing system.

gathering system: one or more segments of pipdline, usu-
ally interconnected to form a network, that fransports
gas from one or more produetjon facilities tq the inlet
of a gas processing plant/If no gas procesding plant
exists, the gas is transpotted to the most dopvnstream
of one of the following:

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

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

803.5 Miscellaneous Systems

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

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

instrument piping: all piping, valves, and fittings used to
connect instruments to main piping, to othpr instru-
ments and apparatus, or to measuring equipment.

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

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

v 5 3 ef
Stations

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

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

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

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

803.8 Gas Storage Equipment

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

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

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

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

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

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

803.7 Vilves

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

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

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

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

804 PIPING SYSTEMS COMPONENT DEFINITIONS

804.1 Plastic Terms and Definitions

plastic (noun): a material that* contains as an essential
ingredient an organic substance of high to ultrahigh
molecular weight, is_selid in its finished state, ahd at
some stage of its’manufacture or processing, can be
shaped by flow.{The two general types of plastic reflerred
to in this Code’ate thermoplastic and thermosetting.

thermoplastic*a plastic that is capable of being repeatedly
softened by increase of temperature and harden¢d by
decrease of temperature.

thermosetting plastic: plastic that is capable of eing
changed into a substantially infusible or insoluble prod-
uct when cured under application of heat or chemical
means.

804.2 Iron Terms and Definitions

cast iron: shall apply to gray cast iron, that is 4 cast
ferrous material in which a major part of the carbon
content occurs as free carbon in the form of flakes nter-
spersed throughout the metal.

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

804.3 General Terms and Definitions

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

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

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

or in the field from pipe and end closures.

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

804.4 Pipe Terms and Definitions

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

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

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

804.7 Steel Pipe

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

804.pDimensionat Terms and Definitions

diamgter or nominal outside diameter: the as-produced or
as-speecified outside diameter of the pipe, not to be con-
fused with the dimensionless NPS (DN). For example,
NPS [12 (DN 300) pipe has a specified outside diameter
of 121750 in. (323.85 mm), NPS 8 (DN 200) has a specified
outside diameter of 8.625 in. (219.08 mm), and NPS 24
(DN|600) pipe has a specified outside diameter of
24.000 in. (609.90 mm).

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

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

nomifal wall thickness, t: the wall thickness computed
by of used in the design equation in para. 841¥1\1 or
A8422.2(a) in Chapter VIII. Under this Code, pipe may
be orflered to this computed wall thickness srithout add-
ing aJlowance to compensate for the underthickness tol-
erande permitted in approved specifidations.

804.6 Mechanical Properties

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

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

speciffedminimum_yield strength (SMYS): expressed in

cobalt, molybdenum, nickel, niobium, titanigim, tung-
sten, vanadium, zirconium, or any other elem¢nt added
to obtain a desired alloying effect; when) the|specified
minimum for copper does not exceed '0.40%] or when
the maximum content specified for any of the ffollowing
elements does not exceed the-following percgntages:

Element Percentage
Copper 0.60
Manganese 1.65
Silicon 0.60

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

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

Element Percentage
Copper 0.60
Manganese 1.65
Silicon 0.60

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

(a) aluminum

(b) boron

(c) chromium (up to 3.99%)

(d) cobalt

(e) columbium
(J’F) mr\]yl‘\ﬂ eniim

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

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

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

(g) nickel

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

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

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

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

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

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

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

(e) double submerged-arc-welded pipe: pipe having a lon-

Element Percentage
C‘lllUllliUlll GVZG
Copper 0.35
Molybdenum 0.06
Nickel 0.25

804.y.3 Pipe Manufacturing Processes. Types and
names of welded joints are used herein according to their
common pisage as defined in AWS A3.0, or as specifically
defined gs follows:

(a) eleqtric-resistance-welded pipe: pipe produced in
individugl lengths or in continuous lengths from coiled
skelp andl is subsequently cut into individual lengths.
The resufting lengths have a longitudinal butt joint
wherein foalescence is produced by the heat obtained
from resigtance of the pipe to the flow of electric current
in a circpit of which the pipe is a part, and by the
applicatjon of pressure. Typical specifications are
ASTM Ap3, ASTM A135, ASTM A984, and API 5L.

(b) furipace butt-welded pipe

(1) Bell-welded: furnace-welded pipe produced in
individugl lengths from cut-length skelp. The pipe’s lon-
gitudinalbutt joint forge welded by the mechanical pres-
sure is d¢veloped in drawing the furnace-heated skelp
through g cone-shaped die (commonly known asauweld-
ing bell), Wwhich serves as a combined forming and weld-
ing die. Typical specifications are ASTM A58.and API5L.

(2) dontinuous-welded: furnace-welded pipe pro-
duced in|continuous lengths from ¢oiled skelp and is
subsequently cut into individual Iéngths. The pipe’s lon-
gitudinal|butt joint is forge-wélded by the mechanical
pressure|developed in rolling the hot-formed skelp
through 4 set of round passwelding rolls. Typical specifi-
cations afe ASTM A53-and API 5L.

(c) electric-fusion-welded pipe: pipe having a longitudi-
nal butt Joint wlietein coalescence is produced in the
preformgd tube'by manual or automatic electric-arc
welding. [The.weld may be single or double and may be
made wither—withott—the—tse—offilermetal—TFypies
specifications are ASTM A134 and ASTM A139 that per-
mit single or double weld with or without the use of filler
metal. Additional typical specifications are ASTM A671
and ASTM A672 that require both inside and outside
welds and the use of filler metal.

(1) spiral-welded pipe: also made by the electric-
fusion-welded process with either a butt joint, a lap joint,
or a lock-seam joint. Typical specifications are
ASTM A134, ASTM A139 (butt joint), API 5L, and
ASTM A211 (butt joint, lap joint, or lock-seam joint).
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gittdinat or teticat-buttjoint produced by atteast two
passes, one of which is on the inside of the pipe. Coales-
cence is produced by heating with an electric arc oy arcs
between the bare metal electrode or electrodes and the
work. The welding is shielded by a blanket of grapular,
fusible material on the work. Presstire is not used, and
filler metal for the inside and outside welds is obtpined
from the electrode or electrodes. Typical specificdtions
are ASTM A381, ASTM A1005, and API 5L.

(f) seamless pipe: a wrenght tubular product made
without a welded seam. It is manufactured by| hot-
working steel and; if-necessary, by subsequently [cold-
finishing the hgtsworked tubular product to prgduce
the desired shapé, dimensions, and properties. Typical
specifications.are ASTM A53, ASTM A106, and API 5L.

(g) lasérbeam welded pipe: pipe having a longitydinal
butt.jeitt made with a welding process that utiljzes a
laserbeam to produce melting of full thickness of ¢dges
to'be welded, followed by the fusion of those edges. A
typical specification is ASTM A1006.

804.8
For plastic pipe, see para. 805.1.3.

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

805.1 General
805.1.1 Area

location class or class location: a geographic area alorjg the
pipeline classified according to the number and proxim-
ity of buildings intended for human occupancy and
other characteristics that are considered when pregcrib-
ing design factors for construction, operating presgures,
and methods of testing pipelines and mains located in

nance requirements.

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

805.1.2 Leakage Investigative Terms and Defini-
tions. For definitions of gas leakage control criteria investi-
gation terms, see Nonmandatory Appendix M.

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

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

(12) 805.1.3 Plastic Terms and Definitions 'heut treatment: heating anq cooli.ng a solid m'etal or al.loy
adhesive joint: a joint made in plastic piping by the use }Ers}:}f: :ofzayue;s ggeosﬁaﬁgtd‘fyiii?npriospfll(;ttlecs(;rfslf(i;relg
of an adhesive substance that forms a continuous bond " " " " fmnE . Tli - weldrnsnt ic hnn%n dand cooled in a
betwpen the mating surfaces without dissolving either

f th controlled manner, then the term postweld leai| treatment
one em: is used.
dimension ratio (DR): the ratio of outside pipe diameter ) o . .
to waqll thickness of thermoplastic pipe. It is calculated guﬁiwelfi. the }ﬁnfglttiﬁmal o hehcafl sealir'l L PIPe m?cjl[e
by djviding the specified outside diameter of the pipe m f pipe mi t(.)r € purpose R Making ajcompiete
by tHe specified minimum wall thickness. cireriar cross-section.
heat fyision joint: a joint made in thermoplastic piping by stress relieving: heating a metal to a suitable tenjperature,
heatihg the parts sufficiently to permit fusion of the holding at that temperaturelong enough to reduce resid-
matefials when the parts are pressed together. ual stresses, and then cooling slowly enough tojminimize

i ) i o the development of ‘rlew residual stresses.
hydrdstatic design basis (HDB): one of a series of estab- \ .
lishefl stress values (specified in ASTM D2837) for a submerged arc welding: an arc welding process|that uses
plastjc compound obtained by categorizing the long- an arc or ares‘between a bare metal electrode or elec-
term| hydrostatic strength determined in accordance trqdes anhthe weld pool. The arc and molten met'fﬂ are
withl ASTM D2837. Established HDBs are listed in  Shieldedby ablanket of granular flux on the workpieces.
PPI TR-4 The ‘Process is used without pressure and with filler
' ) . meétal from the electrode and sometimes from|a supple-
{ong— erm hydrostatic stf.’ength: the e.stlmated .hoo.p stress v ontal source (welding rod, flux, or metal granules).
in pdunds per square inch (MPa) in a plastic pipe wall o ) ] o o
that [will cause failure of the pipe at an average of ?ze—m:aconne;hon wher(?agap is left to divide p pipeline
100,000 hr when subjected to a constant hydrostatic pres=  Into test sections, or to install a pretested replacement
sure.|(See Mandatory Appendix D.) section, or in the continuous line construction|at a loca-
tion such as a river or highway crossing.
solvent cement joint: a joint made in thermoplastic piping o ) I.V 1g' ey ) e )
by tHe use of a solvent or solvent cementthat forms a  fe-i7 weld: a tie-in connection using a weld, typically a
contihuous bond between the mating surfaces. girth weld.
standprd dimension ratio (SDR): the x4tio of outside pipe ~ weld: alocalized coalescence of metals or nonnjetals pro-
diamjeter to wall thickness of thermoplastic pipe. It is ~ duced either by heating the materials to th¢ welding
calcullated by dividing the specified outside diameter of ~ temperature, with or without the application of pres-
the pipe by the specified wall-thickness. sure, or by the application of pressure alonefand with
or without the use of filler material.
(12) 805.1.4 FabricationJerms and Definitions » h ; : ) )
welder: t t
arc welding or arc weldi.a-group of welding processes that [ ONE WRO peliofms mantat of sehuqtiomatic
. . welding.

prodices coalescénde by heating them with an arc. The . '

procgsses are tiged with or without the application of ~ welding operator: one who operates adaptivg control,
presqure and.with or without filler metal. automatic, mechanized, or robotic welding equipment.
buttj)int: a joint between two members aligned approxi_ weldmg p?’OCEdMI’ES.' the detailed methods and practices
mately i the same plane. See Figs. 1(A), 2(A), 3, 51(A),  involved in the production of a weldment.

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

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

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

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

805.2.1 Pressure Terms and Definitions

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

hydrostatic test or hydrotest: a pressure test using water

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

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

805.2.3 Stress Terms and Definitions

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

as the tedt medium.

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

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

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

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

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

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

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

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

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

moment applied at that point.

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

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

(U.S. Customary Units)

PD
Su =5

(SI Units)

PD
(SH a ZOOOt)

maximum allowable hoop stress: the maximum hoop ptress
permitted by this Code for the design of a piping syptem.
It depends on the material used, the location of the|pipe,
the operating conditions, and other limitations imjposed
by the designer in conformance with this Code.

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

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

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

stress: the internal resistance of a body to an extegnally

using air|or(gas as the test medium.

805.2.2 Temperature Terms and Definitions

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

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

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

1.1 - —t L L -
dpPPIIeT TOTTE, ©XPTESSTT 1T UIIts OT T0TCe perulmt area

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

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

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

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

abandoned: permanently removed from service.

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

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

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

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

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

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

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

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

certiflcation: written testimony of qualification.

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

crack{ very narrow, elongated defect caused by mechani-
cal splitting into parts.

defectl: a physically examined anomaly with dimensions
or cHaracteristics that exceed acceptable limits.

dent:|a permanent deformation of the circular cross-
secti¢n of the pipe that produces a decrease in the diame-
ter and is concave inward.

discofitinuity: an interruption of the typical structure of &
mateyial, such as a lack of homogeneity in its mechanical,
metaflurgical, or physical characteristics. A discontihu-
ity is|not necessarily a defect.

evalufition: a review following the charactetization of an
actiophable anomaly to determine whether the anomaly
meetp specified acceptance criteria.

exam{nation: the direct physical inspection of a pipeline,
which may include the use of-nondestructive examina-
tion (NDE) techniques or methods.

experfience: work activities)'accomplished in a specific
NDT|method under-{he* direction of qualified supervi-
sion Including the-pérformance of the NDT method and
relat¢d activities'but not including time spent in orga-
nized training/programs.

failurp: a general term used to imply that a part in service:
has Hedonve completely inoperable; is still operable but

Or may not be a derect.

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

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

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

integrity: the cdpability of the pipeline to withstand all
anticipaed doads (including hoop stress due to
operating pressure) plus the margin of safety egtablished
by thissection.

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

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

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

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

is inCapabte of satisfactority performing it intended
function; or has deteriorated seriously, to the point that
it has become unreliable or unsafe for continued use.

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

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

gouge: mechanically induced metal-loss, which causes
localized elongated grooves or cavities in a metal
pipeline.

event.

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

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

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

pig trap or scraper trap: an ancillary item of pipeline equip-
ment, such as a launcher or receiver, with associated
pipework and valves, for introducing a pig into a pipe-
line or removing a pig from a pipeline.

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

[]MﬂlifiCﬂﬁ""' demonstrated and documented ](nnur]pﬂgp,

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

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

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

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

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

slug: a vglume of liquid or gas, completely filling the
cross-sectfion of the pipe.

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

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

ultrasonicf high frequency sound. Ultrasonic examina-
tion is uded to determine wall thickness and to detect

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

corrosion inhibitor: a chemical substance 6 combination
of substances that, when present in‘the environmg¢nt or
on a surface, prevents or reduces\Corrosion.

corrosion rate: the rate at whigh'eorrosion proceed|

172

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

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

curipg~a chemical process of developing the intgnded

the presece of defects. praperties of a coating or other material (e.g., resin) over
) . o . ) a,period of time.
uprating: the qualifying of an existing pipeline or main .
for a higler maximum allowable operating pressure, current: a flow of electric charge.
current density: the current to or from a unit area [of an

805.2

anode: the electrode of an electrochemical cell(at, which
oxidation| occurs. Electrons flow away from' the anode
in the external circuit. Corrosion usually\'occurs and
metal iorfs enter the solution at the anode.

5 Corrosion Control Terms and Definitions

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

cathodic p|
sion of a
ode of arj

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

cell or elecfroehemical cell: a system consisting of an anode

electrode surface or through a unit area of a conductor
or electrolyte.

depolarization: the removal of factors resisting the cyrrent

in an electrochemical cell.

dielectric coating: a coating that does not corfduct

electricity.

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

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

electrical interference: any electrical disturbance{on a
metallic structure in contact with an electrolyte cdused

by strav current(s)
J J 7

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

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

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

10

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

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

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

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

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

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

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

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

pipe-to-soil potential: the electric potential difference
between the surface of a buried or thmprgp metallic

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

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

h thin, not necessarily visible layer of material.

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

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

graphitization: the formation of graphite in iron or steel,
usually from decomposition of iron carbide at elevated
temperatures. This should not be used as a term to
descilibe graphitic corrosion.

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

hydrggen embrittlement: a loss of ductility of ametal

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

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

polarization: the change from the open-circuit| potential
as a result of current actoss the electrode/dlectrolyte
interface.

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

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

(b) ~a measure of the ability of an electrdlyte (e.g.,
soil) to resist the flow of electric charge (e.g.| cathodic
protection current). Resistivity data are used [to design
a groundbed for a cathodic protection systenj.

rust: corrosion product consisting of various ifon oxides
and hydrated iron oxides. (This term properly applies
only to iron and ferrous alloys.)

resulfing from absorption of hydrogen. shielding: preventing or diverting the flow of cathodic
hydragen stress cracking: cracking that, résults from the  protection current from its natural path.
presqnce of hydrogen in a metal infiombination with stray current: current through paths other|than the

tensile stress. It occurs most frequently with high-
strength alloys.

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

imprdssed currentgnode: an electrode, suitable for use
as arf anode when connected to a source of impressed
currgnt, whieh is generally composed of a substantially
inert[matferial that conducts by oxidation of the electro-
lyte ane—forthisreasen—isnetcorrodedappreciabhy

intended circuit.

stress corrosion cracking (SCC): a form of envijonmental
attack of the metal involving an interaction fof a local
corrosive environment and tensile stresses in the metal,
resulting in formation and growth of cracks.

805.2.6 Engineering Terms and Definition$

brittle fracture: fracture with little or np plastic
deformation.

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

intergranular corrosion: preferential corrosion at or along
the grain boundaries of a metal (also known as intercrys-
talline corrosion).

ion: an electrically charged atom or group of atoms.

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

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

11

selected for the purpose of verifying that a replaceable
or permanent component is suitable for the anticipated
period of service. Design life may not pertain to the life
of a pipeline system because a properly maintained and
protected pipeline system can provide service
indefinitely.

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

elastic distortion: changes of dimensions of a material
upon the application of a stress within the elastic range.

(12)
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Following the release of an elastic stress, the material
returns to its original dimensions without any perma-
nent deformation.

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

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

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

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

Organizations performing design, fabrication,

by a streqs betow 115 erastic Himit:

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

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

modulus df elasticity: a measure of the stiffness or rigidity
of a mat¢rial. It is actually the ratio of stress to strain
in the elgstic region of a material. If determined by a
tension qr compression test, it is also called Young’s
Modulus|or the coefficient of elasticity.

probability: the likelihood of an event occurring:

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

span: a sgction of the pipe that ispunstpported.

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

805.2)7 Miscellanneous Terms and Definitions

shall or spall nofused to indicate that a provision is
mandatofy.

aSSEIbty, eTection, S Pection, exanmiation, testing,
installation, operation, and maintenance applicatign for
B31.8 piping systems should have a writfen Quality
Assurance system in accordance with applicable flocu-
ments. Registration or certification 6f the Quality
Assurance system should be by agréenient betwegn the
contracting parties involved.

807 TRAINING AND QUALIFICATION OF
PERSONNEL

807.1 Program

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

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

(b) For each task covered by the program, id¢ntify
abnormal operating conditions, and describe the pocess
used to ensure that individuals who perform these|tasks
are able to recognize and react to such conditions. An
abnormal operating condition is defined in ASME B31Q
as a condition that may indicate a malfunction| of a
component or deviation from normal operationg that
may

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

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

(d) Describe the evaluation process and critera|used

to-determine

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

806 QUALITY ASSURANCE

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

12

(1) initial qualification

(2) subsequent or ongoing qualification

(3) suspension or revocation of qualifications
(4) reinstatement of qualifications

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

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

(12)
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(g) Describe how program requirements are commu-
nicated to affected individuals and how changes to pro-
gram requirements are managed and communicated.

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

807.2 Operating and Maintenance Functions

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

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

807.3 Reference

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

13

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

Chapter |
Materials and Equipment

810 MATERIALS AND EQUIPMENT

(a) A material conforming to a written specification

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

811 QUALIFICATION OF MATERIALS AND
EQUIPMENT

811.1 Categories

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

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

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

(c) iterps of a type for which standards or specifica-
tions are feferenced in this Code, but that dénot conform
to the standards and are relatively unimportant from a
safety standpoint because of their smiall"Size or because
of the copditions under which they, are to be used

(d) iteths of a type for which fig)standard or specifica-
tion is referenced in this Coée)(e.g., gas compressor)

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

(f) uniflentified or used pipe

811.2 Procedures for Qualification

Prescriped procedures for qualifying each of these six
categoriep are-given in the following paragraphs.

811.2) s tha sta
dards or specifications referenced in this Code
[para. 811.1(a)] may be used for appropriate applica-
tions, as prescribed and limited by this Code without
further qualification. (See section 814.)

811.2.2 Nonconformance (Important ltems). Impor-
tant items of a type for which standards or specifications
are referenced in this Code, such as pipe, valves, and
flanges, but that do not conform to standards or specifi-
cations referenced in this Code [para. 811.1(b)] shall be
qualified as described in para. 811.2.2(a) or (b).
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that does not vary substantially from a referenged|stan-
dard or specification and that meets the minimum
requirements of this Code with respect to\qualfty of
materials and workmanship may be uged.” This jpara-
graph shall not be construed to permit deviation$ that
would tend to affect weldability or ductility adversely.
If the deviations tend to reduce strength, full alloance
for the reduction shall be prowided for in the desjgn.
(b) When petitioning‘theé Section Committge for
approval, the following\téquirements shall be nfet. If
possible, the material@Shall be identified with a comjpara-
ble material, andit should be stated that the m4terial
will comply with’ that specification, except as rjoted.
Complete information as to chemical composition and
physicalgptoperties shall be supplied to the Sefction
Committee, and its approval shall be obtained hefore
this\thaterial is used.

811.2.3 Nonconformance (Unimportant Items).| Rel-
atively unimportant items that do not conform to afstan-
dard or specification [para. 811.1(c)] may be fised,
provided that

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

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

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

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

(a) the user conducts an investigation and tegts (if
needed) that demonstrate that the item of materfal or
eqtiprrentis-stitablear service

(e.g., clad or duplex stainless steel pipe); or

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

811.3 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 per-
formance at low temperatures.

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

Of| primary importance in the fracture control pro-
gram is the prevention of brittle fracture initiation that
can dccur at small stress concentrations. As a minimum,
the frjacture control program shall require Charpy impact
energy testing at or below the minimum design temper-
aturg. The specific energy requirement is a function of
the s{rength of the material, its thickness, and the design
stresg. See para. 841.1.2 for additional requirements rela-
tive fo fracture control for pipe.

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

813

813.

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

MARKING
I Scope

813.2 Die Stamping

814.1 Pipe Conforming to Referenced Standards and
Specifications

Pipe thatis qualified under para. 811.1(a) may be used.

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

API 5L [Note (1)] Line Pipe

eel, Black an of-IDi
Zinc-Coated WeldedA4nd
Seamless Pipe
Seamless Carbon Stee]l Pipe for

High-Temperature Sefvice

ASTM A106/A106M

ASTM A134 Steel, Flegtric-Fusion {Arc)-
Weldéd' Pipe (Sizes NPS 16
ahd.Over)

ASTM A135/A135M (_Electric-Resistance-W¢lded
Steel Pipe

ASTM A139/A139M  Electric-Fusion (Arc)-Welded
Steel Pipe (Sizes NPS|4 and
Over)
Seamless and Welded|Steel
Pipe for Low-Temperature
Service
Metal-Arc-Welded Stdel Pipe
for Use With High-Prgssure
Transmission Systemsg
Electric-Fusion-Weldefl Steel
Pipe for Atmospheric|and
Lower Temperatures
Electric-Fusion-Weldefl Steel
Pipe for High-Pressure Service
at Moderate Temperatures
Carbon and Alloy Stegl Pipe,
Electric-Fusion-Weldefl for
High-Pressure Servicq at High
Temperatures
Electric Resistance W¢lded
Steel Line Pipe
Longitudinal and Heljcal
Double Submerged-Afc
Welded Pipe
Laser Beam Welded Steel Line
Pipe

ASTM A383/A333M

ASTM A381

ASTM A671

ASTM A672

ASTM A691

ASTM A984

ASTM A1005

ASTM A1006

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

814 MATERIAL SPECIFICATIONS

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

(1) The provisions of API 5L, 44th edition apply unless otherwise
provided for, prohibited by, or limited by this edition of
ASME B31.8.

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

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

(12)
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814.1.3 Plastic Pipe and Components
(a) Plastic pipe and components manufactured in
accordance with the following standards may be used:
(1) For polyethylene (PE) pipe, use:

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

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

816 TRANSPORTATION OF LINE PIPE

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

Any line pipe to be transported by railroad, inland
waterway, or by marine transportation shall be loaded
and transported in accordance with API RP5L1 or
API RP5LW. Where it is not possible to establish that

ASTM D2513 Polyethylene (.PE) Gas Pressure Pipe, pipe was loaded and transported in accordancge
Tubing, and Fittings the above referenced recommended practice, the
ASTM D517 Reinforced Epoxy Resin Gas Pressure shall be hydrostatically tested for at least 2 hir-to af

Pipe and Fittings

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

814.1)4 Qualification of Plastic Piping Materials

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

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

814.2 Steel, Cast Iron, and Ductile Iron Piping
Components

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

815 EQUIPMENT SPECIFICATIONS

Excep{ for the pipinig:components and structural

tain detailsof.design and fabrication, however, necessar-
ily refer i y i VT i
dampeners, electrical facilities, engines, compressors,
etc. Partial specifications for such equipment items are
given herein, particularly if they affect the safety of the
piping system in which they are to be installed. In other
cases where the Code gives no specifications for the
particular equipment item, the intent is that the safety
provisions of the Code shall govern, insofar as they are
applicable. In any case, the safety of equipment installed
in a piping system shall be equivalent to that of other
parts of the same system.
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with
pipe
least
1.25 times the maximum allowable opérating pressure
if installed in a Class 1 Location, or to.at least 1.5 fimes
the maximum allowable operating pressure if installed
in a Class 2, 3, or 4 Location.

817 CONDITIONS FOR.THE REUSE OF PIPE
817.1 Reuse of Steel Ripe

817.1.1 Equijvalent Service Level. Removal of ¢ por-
tion of an exiSting steel line and reuse of the pipe, in
the same line or in a line operating at the same or Jower
rated préssure, is permitted, provided that the frdcture
toughness of the removed pipe is commensurate| with
or exceeds that of the line operating at the same or Jower
rated pressure and the used pipe meets the restri¢tions
of paras. 817.1.3(a), (f), and (i). Reuse of the pipe in the
same line or in a line operating at the same or Jower
pressure and the same or higher temperature is pqrmit-
ted subject to the same para. 817.1.3 restrictions gbove
and any derations as required by Table 841.7.8-1.
Removed pipe that is reinstalled in the same lodation
need not be retested. Used pipe installed elsewhgre is
subject to paras. 817.1.3(i) and (j).

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

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

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

hown
tests

817.1.3 Midrange Hoop Stress Service Level [Greater
Than 6,000 psi (41 MPa) But Less Than 24,000 psi
(165 MPa)]. Unidentified steel pipe and unidentified
new steel pipe may be qualified for use at hoop stress
levels above 6,000 psi (41 MPa) or for service involving
close coiling or close bending by the procedures and
within the limits outlined below.

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

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

Table 817.1.3-1 Tensile Testing

Lot Number of Tensile Tests, All Sizes

10 lengths or less
11 to 100 lengths

1 set of tests from each length

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

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

Greater than 100 lengths

Forpipe Targer tiarr INPS 2 (DIN-50); fiattering tests
as prpscribed in Mandatory Appendix H shall be made.
The pipe shall meet the requirements in this test, except
that the number of tests required to determine flattening
propgrties shall be the same as required in (g) below to
deteffmine yield strength.

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

by applying a gage set to the minimum thickness. Fol-
lowing such measurement, the nominal wall thickness
shall[be taken as the next commercial wall thickness
below the average of all the measurements taken, but
in nq case greater than 1.14 times the least measured
thickhess for all pipe smaller than NPS 20 (DN 500),
and 1o greater than 1.11 times the least measured thick-
ness ffor all pipe NPS 20 (DN 500) and larger.

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

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

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

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

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

(2)yAll test specimens shall be selected af random.

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

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

Determine the average value of all yield strepngth tests
for a uniform lot. The value of S shall then b¢ taken as
the lesser of the following;:

(1) 80% of the average value of the yield strength
tests
(2) the minimum value of any yield strength test,
provided, however, that in no case shall S b¢ taken as
greater than 52,000 psi (359 MPa)

(i) Hydrostatic Test. New or used pipe of unknown
specification and all used pipe, the strength of which is
impaired by corrosion or other deterioratior|, shall be
retested hydrostatically either length by length in a mill-
type test or in the field after installation before being
placed in service. The test pressure used shall establish

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

the-maximum—aHlowable-operatingpresstre;subject to
limitations described in para. 841.1.3.

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

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

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

817.2 Reuse of Ductile Iron Pipe

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

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

817.3 Reuse of Plastic Piping

Used plastic pipe and tubing of known specifications
and dimensions that has been used in natural gas service
only may be reused, provided that all of the following
are true:

sound, permits the makeup of tight joints, and has an
actual n¢t wall thickness equal to or exceeding the
requirements of para. 842.1.1(d). The pipe shall be leak-
tested injaccordance with para. 841.3.4 or 841.3.5.

817.2.2 Known Specifications. Used pipe of known
specifications may be reused in accordance with the

new
new

tm)—itmeets the requirermments of ASTM 2515 fo
thermoplastic pipe or tubing, or ASTM D2517 fo1
thermosetting pipe

(b) a careful inspection indicates that it is/free o
ble defects

(c) it is installed and tested in_d¢cordance with the
requirements of this Code for new pipe

visi-
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Chapter Il
Welding

820 WELDING

821.6 Welding Safety

821 | GENERAL

821.1 General Requirements

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

821.2 Welding Processes

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

821.B Welding Procedure

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

821.

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

821.7 Welding Terms

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

822 PREPARATION FOR WELDING
822.1 ‘Butt Welds

(a) ‘Some acceptable end preparations are
Mandatory Appendix I, Fig. 1-4.

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

shown in

822.2 Fillet Welds

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

822.3 Seal Welds

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

823 QUALIFICATION OF PROCEDURES AND

} Weld Acceptance

The standards of acceptability for welds of piping
systems to operate at hoop stress levels of 20% or more
of specified minimum yield strength as established in
API 1104 shall be used.

821.5 Welding Qualifications

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

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

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

823.2.1 Qualifying Standards. Welding procedures
and welders performing work for new construction and
out-of-service pipelines shall be qualified under
Section IX of the ASME Boiler and Pressure Vessel Code

824 PREHEATING
824.1 Carbon Steels

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

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

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

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

823.3 Welder Requalification Requirements

Welder] requalification tests shall be required if there
is some specifiereason to question a welder’s ability or
if the welgler.isnot engaged in a given process of welding
for 6 mo ALl 1d Loll Lo o

bient
weld-
satis-

PLULcduLU trchicates thatchenicat COTITPOSTHOTT, arT
and/or metal temperature, material thickness, or,
end geometry require such treatment to produce
factory welds.

824.2 Dissimilar Materials

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

824.3 Suitable Methods

Preheating majbe accomplished by any suitable
method, providedthat it is uniform and that the tefhper-
ature does not¢fall below the prescribed minimunj dur-
ing the acttial welding operations.

824.4~Temporary Monitoring

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

825 STRESS RELIEVING
825.1 Carbon Steels

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

825.2 Wall Thickness

aralifiad
FeqHaaiea

PR PEREECpen AL o o
rths-er-moere—Alwelders—shall-be
at least once each year.

823.4 Qualification Records

Records of the tests that establish the qualification of
a welding procedure shall be maintained as long as that
procedure is in use. The operating company or contrac-
tor shall, during the construction involved, maintain a
record of the welders qualified, showing the dates and
results of tests.
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Welds in all carbon steels shall be stress relieved when
the nominal wall thickness exceeds 1% in. (32 mm).

825.3 Different Wall Thicknesses

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

(a) the thicker of the two parts being joined, measured
at the weld joint
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(b) the thickness of the pipe run or header in case
of branch connections, slip-on flanges, or socket weld
fittings

825.4 Dissimilar Materials

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

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

825.8 Equipment for Local Stress Relieving

(a) Stress relieving may be accomplished by electric
induction, electric resistance, fuel-fired ring burners,
fuel-fired torches, or other suitable means of heating,

825.
Al

stresq
reliey
excef]

(a)

size

p—Connections—and-Attachments

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

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

(b)| fillet and groove welds not over % in. (10 mm)

grooye size that attach supporting members or other
nonpressure attachments

825.

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

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

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

b Stress Relieving Temperature

825.

(a)] Heat the complete structure as a unit.

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

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

f Methods of Stress Relieving

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

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

826 WELD INSPECTION REQUIREMENTS
826.1 Visual Inspection

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

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

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

826.2 Inspection of Welds on Piping Syste¥
i

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

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

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

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

mpanyfrom-ecach-dav’sconsten

day’s-ee

Hon for ava
OF-ex

Wldi. lUf L‘llt bdlld l.llcll ib lledLCd 18] LI[U lt!(.iuiltd lellll.)tfld—
ture shall be at least 2 in. (51 mm) greater than the
width of the weld reinforcement. Care should be taken
to obtain a uniform temperature around the entire cir-
cumference of the pipe. The temperature shall diminish
gradually outward from the edges of this band.

(d) Branches or other welded attachments for which
stress relief is required may be locally stress relieved by
heating a circumferential band around the pipe on which
the branch or attachment is welded with the attachment
at the middle of the band. The width of the band shall
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ompany—from-each Astraetion£ ination.
Each weld so selected shall be examined over its entire

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

(1) 10% of welds in Location Class 1

(2) 15% of welds in Location Class 2

(3) 40% of welds in Location Class 3

(4) 75% of welds in Location Class 4
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(5) 100% of the welds in compressor stations, and
at major or navigable river crossings, major highway
crossings, and railroad crossings, if practical, but in no
case less than 90%. All tie-in welds not subjected to a
pressure proof test shall be examined.

(c) All welds that are inspected must either meet the
standards of acceptability of API 1104 or be appropri-
ately repaired and reinspected. The results of the inspec-
tion shall be used to control the quality of welds.

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

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

827 REPAIR OR REMOVAL OF DEFECTIVE WELDS

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

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

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

SPECIFIED MINIMUM YIELD STRENGTH

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

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

22


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

Chapter Il
Piping System Components and Fabrication Details

conngctions

changes

830 PIPING SYSTEM COMPONENTS AND ASME B16.33 Manually Operated Metallic Gas
FABRICATION DETAILS Valves for Use in Gas\Pliping
830.1 General i}y;;e{/nsTEp to 111215] Ilfgiz( pizes
. . . 5 Throug
(a)| The purpose of this Chapter is to provide a set of ASME B16.34 Valves — Flagged, Threaded,
standards for piping systems covering and Welded End
1) §pec1f1cat1ons for and select}op of all items and ASME B16.38 Large Mgtallic Valves fgr Gas
accessories that are a part of the piping system, other Distpibution (Manually
than|the pipe itself , Opéiated, NPS 2% to 13, 125
2) acceptable methods of making branch \ :
psig Maximum)
3 o for the eff f ASME B16.40 Manually Operated
) provisions to care for the effects of temperature Thermoplastic Gas Shufoffs and
Valves in Gas Distribution
4) approved methods for support and anchorage Systems
of expos.ed and buried p1pmg systems MSS SP:70 Cast Iron Gate Valves, Flanged
(b)] This Chapter does not include and Threaded Ends
1) pipe materials (see Chapter I) MSS SP-71 Gray Iron Swing Check|Valves,
2) welding procedures (see Chapter II) Flanged and Threaded Ends
3) design of pipe (see Chapter IV) MSS SP-78 Cast Iron Plug Valves, Flanged

4) installation and testing of piping systems (see
Chapgter 1V)

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

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

831 | PIPING SYSTEM COMPONENTS

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

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

and Threaded Ends

(b) Valves having shell (body, bonnet, covdr, and/or
end flange) components made of cast ductile iron in
compliance with ASTM A 395 and having dijmensions
conforming to ASME B16.1, ASME B16.33, ASME B16.34,
ASME B16.38, API 6D/ISO 14313, or ASME B]6.40 may
be used at pressures not exceeding 80% of th¢ pressure
ratings for comparable steel valves at their listed temper-
ature, provided the pressure does not exceed| 1,000 psi
(6 900 kPa), and welding is not employed on any ductile
iron component in the fabrication of the valv¢ shells or
their assembly as part of the piping system.

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

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

831.1 Valves and Pressure-Reducing Devices

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

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

API 6A Specification for Wellhead and
Christmas Tree Equipment

API 6D/ISO 14313  Pipeline Valves

231 .1 3 Pressure Reducing Devices—Prascdire reduc-

ing devices shall conform to the requirements of this
Code for valves in comparable service conditions.

831.2 Flanges

831.2.1 Flange Types and Facings
(a) The dimensions and drilling for all line or end
flanges shall conform to one of the following standards:

ASME B16.1 Cast Iron Pipe Flanges
and Flanged Fittings

Classes 25, 125, and 250

23
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elief.
steel
lting
A 307

ASME B16.5 Pipe Flanges and Flanged flat ring gasket extending to the inner edge of the bolt
Fittings NPS % Through holes, the bolting shall be of carbon steel equivalent to
NPS 24 Metric/Inch ASTM A307 Grade B, without heat treatment other than
Standard stress relief. When bolting such flanges together using
ASME B16.24 Brass or Bronze Flanges a full-face gasket, the bolting may be alloy steel
and Flanged Fittings (ASTM A193).
ASME B16.42 Ductile Iron Pipe Flanges (k) Class 300 steel flanges may be bolted to Class 250
and Flanged Fittings cast iron flanges. Where such construction is used, the
Classes 150 and 300 bolting shall be of carbon steel, equivalent to ASTM A307
ASME B3t-8;Appendixt—tightweight-Steet Flanges Grade B, without heat treatment other tharm stress
Table I;1 Good practice indicates that the raised face on, the
MSS SP-44 Steel Pipeline Flanges flange should be removed, but also in this dase, b
Flange$ cast or forged integral with pipe, fittings, or shall be of carbon steel equivalent g ABTM

valves arp permitted in sizes and the pressure classes
covered by the standards listed above, subject to the
facing, bqlting, and gasketing requirements of this para-
graph an{l paras. 831.2.2 and 831.2.3.

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

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

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

(e) Welding neck flanges are permitted in sizes arid
pressurq classes established in ASME B16.5-and
MSS SP-44. The bore of the flange should correspond
to the insjde diameter of the pipe used. For permissible
welding jend treatment, see Mandatory ‘Appendix I,
Fig. I-5.

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

(g) Nopferrous flanges shallbave contact faces fin-
ished in qccordance with ASME B16.24.

(h) Class 25 and 125.qast iron integral or threaded
companign flanges may)be used with a full-face gasket
or with g flat ring gasket extending to the inner edge
of the bqlt holes}{When using a full-face gasket, the
bolting may be 6f alloy steel (ASTM A193). When using
a ring gagket,the bolting shall be of carbon steel, equiva-
lent to Al —wi
other than stress relief.

(i) When bolting together two Class 250 integral or
threaded companion cast iron flanges having
Y 6-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.

(j) Class 150 steel flanges may be bolted to Class 125
cast iron flanges. When such construction is used, the
Yie-in. (1.6 mm) raised face on the steel flange shall be
removed. When bolting such flanges together using a
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Grade B.
(I) Forged steel welding neck flanges having ar} out-
side diameter and drilling, the’ same as thpt of
ASME B16.1, but with modified/flange thickness| hub
dimensions, and special facing details, may be uded to
bolt against flat faced castiron flanges and may operate
at the pressure-temperature ratings givepn in
ASME B16.1 forsClass 125 cast iron pipe flahges,
provided
(1) the nfinimum flange thickness, T, is not lesg than
that specified-in Mandatory Appendix I for lightweight
flanges
(2)¢flanges are used with nonmetallic full-fac¢ gas-
kets ‘extending to the periphery of the flange
(3) the joint design has been proven by test
suitable for the ratings
(m) Flanges made of ductile iron shall conform to the
requirements of ASME B16.42. Bolting requiremerits for
ductile iron flange joints shall be the same as thoge for
carbon and low alloy steel flanges as specifipd in
para. 831.2.2.

831.2.2 Bolting

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

(b) For all flange joints other than those described in
paras. 831.21(h), (i), (j), and (k), the bolting shall be made
of alloy steel conforming to ASTM A193, ASTM A320,
or ASTM A354, or of heat treated carbon steel conform-
ing to ASTM A449. Bolting, however, for ASME B16.5,
Class 150 and 300 flanges at temperatures between {20°F
and 400°F (-29°C and 204°C) may be made of
ASTM A307, Grade B material.

- i i mg to
ASTM A193 or ASTM A354 shall be used for insulating
flanges if such bolting is made %-in. (3.2-mm)
undersized.

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

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

to be

used

(12)


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

(12)

ASME B31.8-2012

(1) Carbon Steel. All carbon-steel bolts and stud
bolts shall have coarse threads having Class 2A dimen-
sions, and their nuts shall have Class 2B dimensions.

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

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

(3) For steel flanges to secure higher unit compres-
sion on the gasket, metallic gaskets of a width less than

dimeyrsior

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

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

831.2.3 Gaskets

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

(b)

their
gased

Pressure
1) Gaskets shall be made of materials suitable for
the design and test pressures of théisystems in which
they fare installed.
2) Metallic gaskets other.than ring type or spirally
wouhd metal gaskets shall not be used with
ASME Class 150 or lighter-{langes. Metallic gaskets shall
not He used for flangeslighter than Class 150, or when
ASTM A307, GradeB-bolts or equivalent are used.

(c)| Temperature
1) Gaskettnaterials shall be capable of maintaining
their (desiredihéchanical and chemical properties for the
full rangeoftemperatures to which they will be exposed.
2)€onsideration should be given to the use of fire

thefuttmate face of the ftange may beused wjith raised
face, lapped, or large male and female facings.JThe width
of the gasket for small male and female\or for tongue
and groove joints shall be equal to the width of the male
face or tongue.

(4) Rings for ring joints Shall be of difnensions
established in ASME B16.20. The material for these rings
shall be suitable for the s¢ryice conditions en¢ountered
and shall be softer than'the flanges.

(5) Special Gaskets:“Special gaskets including insu-
lating gaskets may. be used, provided they arg suitable
for the temperatures, pressures, gas compositipn, fluids,
and other eonditions to which they may be spibjected.

831.3 -Fittings Other Than Valves and Flanges

831:3.1 Standard Fittings

(#) The minimum metal thickness of flanged or
threaded fittings shall not be less than specifipd for the
pressures and temperatures in the applicable
ASME Standards or the MSS Standard Practife.

(b) Steel buttwelding fittings shall comply with either
ASME B16.9 or MSS SP-75 and shall have prepsure and
temperature ratings based on stresses for pipe of the
same or equivalent material. For adequacy [of fitting
design, the actual bursting strength of fittings shall at
least equal the computed bursting strength of gipe of the
designated material and wall thickness. Mill hydrostatic
testing of factory-made steel buttwelding fittings is not
required, but all such fittings shall be capabl¢ of with-
standing a field test pressure equal to the tes} pressure
established by the manufacturer, without failufe or leak-
age, and without impairment of their servicepbility.

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

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

(e) Ductile iron flanged fittings shall comply with the

safe materials to withstand emergency Conditions.
(d) Types

(1) The use of metal or metal-jacketed gaskets
(either plain or corrugated) is not pressure limited,
except as noted in para 831.2.3(b)(2), provided that the
gasket material is suitable for the service temperature.
These types of gaskets are recommended for use with
the small male and female or the small tongue and
groove facings. They may also be used with steel flanges
with lapped, large male and female, large tongue and
groove, or raised face facings.
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requirements of ASME B16.42 or ANSI A21.14.

(f) Thermoplastic fittings shall comply with
ASTM D2513.

() Reinforced thermosetting plastic fittings shall
comply with ASTM D2517.

831.3.2 Special Fittings. When special cast, forged,
wrought, or welded fittings are required to dimensions
differing from those of regular shapes specified in the
applicable ASME and MSS Standards, the provisions of
para. 831.3.6 shall apply.
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831.3.3 Branch Connections

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

(b) Threaded taps in cast iron pipe for branch connec-
tions are permitted without reinforcement to a size not
more than 25% of the nominal diameter of the pipe;
however, where climate service conditions or soil condi-
tions create abnormal or unusual external loadings on
cast iron pipe, unreinforced threaded taps for branch

test without failure, leakage, distress, or distortion other
than elastic distortion at a pressure equal to the test
pressure of the system in which it is installed, either
before installation or during the system test. When such
units are to be installed in existing systems, they shall be
pressure tested before installation, if feasible; otherwise,
they shall withstand a leak test at the operating pressure
of the line.

connections are permitted only On cast iTon pipe
NPS 8 (ON 200) and larger in diameter, provided that
the tap size is no greater than 25% of the nominal pipe
diameter|

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

(d) Thieaded taps in ductile iron pipe are permitted
without feinforcement to a size not more than 25% of
the nonjinal diameter of the pipe, except that
1%-in. (ON 32) taps are permitted in NPS 4 (DN 100)
pipe having a nominal wall thickness of not less than
0.380 in. [9.65 mm).

(e) Meghanical fittings may be used for making hot
taps on pjpelines and mains, provided they are designed
for the oplerating conditions of the pipeline or main and
are suitalple for that purpose.

831.3)4 Openings for Gas Control Equipment in Cast
Iron Pipel Threaded taps used for gas control equip;
ment in cfst iron pipe (i.e., bagging off a section of main)
are permjtted without reinforcement to a size not@ore
than 25% of the nominal diameter of the pipe, except
that 1%-ip. (DN 32) taps are permitted in NPS4 (DN 100)
pipe. Taps larger than those permitted abave shall use
a reinfording sleeve.

831.3/5 Special Components Fabricated by Welding

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

(b) Alllwelding shallbe performed using procedures
and operators that are qualified in accordance with the
requirempnts of Section 823.

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

831.3.6 Pressure Design of Other Pressure-
Containing Components. Pressure-containingdompo-
nents that are not covered by the standards listpd in
Mandatory Appendix A and for which design equdtions
or procedures are not given herein may®be used yhere
the design of similarly shaped, propoertioned, and [sized
components has been proven satisfactory by succgssful
performance under comparable service condifions.
(Interpolation may be madé&between similarly shaped
components with smallcdifferences in size or prppor-
tion.) In the absence ofisuch service experience, the|pres-
sure design shall be based on an analysis consistenf with
the general design\philosophy embodied in this [Code
and substantiated by at least one of the following:

(a) proofitests, as described in UG-101 of Sectior] VIII,
Division ‘}'of the BPV Code

(b)cexperimental stress analysis, as describpd in
Annex 5.F of Section VIII, Division 2, of the BPV [Code

{c) engineering calculations

831.3.7 Closures

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

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

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

Weld end preparation shall be in accordance
Mandatory Appendix I, Fig. I-4.

(b)) Clogure ENngc

afety
VIII,

with

Closure ‘Fii—{-iﬂgc com

only

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

(e) Every prefabricated unit produced under this sec-
tion of the Code shall successfully withstand a pressure
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referred to as “weld caps” shall be designed and manu-
factured in accordance with ASME B16.9 or MSS SP-75.
[See para. 831.3.1(b).]

(c) Closure Heads. Closure heads such as flat, ellipsoi-
dal [other than in para. 831.3.7(b)], spherical, or conical
heads are allowed for use under this Code. Such items
may be designed in accordance with Section VIII,
Division 1, of the BPV Code. For closure heads not
designed to Section VIII, Division 1, of the BPV Code,
the maximum allowable stresses for materials used in
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these closure heads shall be established under the provi-
sions of para. 841 and shall not exceed a hoop stress
level of 60% SMYS.

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

Closure 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.

When the pipe wall thickness includes an allowance
for corrosion or erosion, 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 defined in
para. 831.4.1(c) and that lies within the reinforcement

(d) Fabricated Closures. Orange-peel bull ptugs and
orange-peel swages are prohibited on systems operating
at hdop stress levels of 20% or more of the specified
minifnum yield strength of the pipe material. Fish tails
and flat closures are permitted on pipe NPS 3 (DN 75)
and fmaller operating at less than 100 psi (690 kPa).
Fish fails on pipe larger than NPS 3 (DN 75) are prohib-
ited. [Flat closures on pipe larger than NPS 3 shall be
designed according to Section VIII, Division 1 of the
BPV [Code. [See para. 831.3.7(c).]

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

831.4 Reinforcement of Welded Branch Connections

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

(a)] When branch connections are made to pipe in the
form|of a single connection or in a header or manifold
as a geries of connections, the design must be adequate
to coptrol the stress levels in the pipe within safe limits.
The ¢onstruction shall accommodate the stresses’iir'the
remajining pipe wall due to the opening in the,pipe or
headgr, the shear stresses produced by the“pressure act-
ing ojn the area of the branch opening, and dny external
loadings due to thermal movement;weight, vibration,
etc. The following paragraphs provide design rules for
the ysual combinations of the abdve loads, except for
excedsive external loads.

area as defined in para. 831.4.1(e)
(2) the cross-sectional area that restilts”ffrom any
excess thickness available in the branch-wall [thickness
over the minimum thickness required” for the branch
and that lies within the reinforcément area as defined
in para. 831.4.1(e)
(3) the cross-sectional’ared of all added r¢inforcing
metal that lies within the reinforcement area, gs defined
in para. 831.4.1(e), infeluding that of solid weld metal
that is conventionally attached to the headqr and/or
branch
(e) The arealof reinforcement, shown in Mandatory
AppendixX P Fig. F-6, is defined as a rectangle whose
length shall extend a distance, d, on each side of the
transvetse centerline of the finished opening ahd whose
wi@th shall extend a distance of 2% times tlfe header
wall thickness on each side of the surface of the header
wall. In no case, however, shall it extend more than
2Y% times the thickness of the branch wall frorh the out-
side surface of the header or of the reinforcem¢nt, if any.
(f) The material of any added reinforcenjent shall
have an allowable working stress at least equal to that of
the header wall, except that material of lower pllowable
stress may be used if the area is increased in djrect ratio
of the allowable stress for header and reinforcement
material, respectively.

(g) The material used for ring or saddle reinforcement

) . . may be of specifications differing from those of the pipe,
of (:) ‘N?E;f?f;;ﬁ:iiﬁ;i%giei;ﬁ L};e dcst()et:;iieeglg; prov.ided the cross.-sectional area is mfide in d irfect pro-
the rple that the metalharea available for reinforcement portion to the relative strength of the pipe and einforce-

t terials at th ti t t , d
shall|be equal to(o1 ‘greater than the required area as men dmcell .erllla °a 1 d.e oper? ng temp eril )1res }? "
definjed in this;paragraph as well as in Mandator provided it has welding qualities comparablg to those
A dix BF pF 6 grap Y of the pipe. No credit shall be taken for the gdditional

PP r%hlx NS d_ ' onal Ao s defineq  Strength of material having a higher strength|than that

(C})1 € c1iequ1r§d c.ross-s:ctlona area, Ay, is define of the part to be reinforced.
as thp greduct o times £ (h) When ringc ar saddles cover the weld between
_ branch and header, a vent hole shall be provided in the

Ag = dt P

ring or saddle to reveal leakage in the weld between
where branch and header and to provide venting during weld-
d = the greater of the length of the finished opening ~ ing and heat treating operations. Vent holes should be

in the header wall measured parallel to the axis
of the run or the inside diameter of the branch
connection

the nominal header wall thickness required by
para. 841.1.1 for the design pressure and
temperature
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plugged during service to prevent crevice corrosion
between pipe and reinforcing member, but no plugging
material that would be capable of sustaining pressure
within the crevice should be used.

(i) The use of ribs or gussets shall not be considered as
contributing to reinforcement of the branch connection.
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Table 831.4.2-1 Reinforcement of Welded Branch
Connections, Special Requirements

Ratio of Nominal Branch

Ratio of Design Diameter to Nominal Header

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

20% or less (2, () ), M ), (4)

(c) Thereinforcement member may be of the complete
encirclement type, pad type, saddle type, or welding
outlet fitting type. The edges of reinforcement members
should be tapered to the header thickness. It is recom-
mended that legs of fillet welds joining the reinforcing
member and header do not exceed the thickness of the
header.

(d) Reinforcement calculations are not required for
openings 2 in. (51 mm) and smaller in diameter; how-

More thap 20%  (d), (), () (O0) ), @, O
through 50%
More thap 50% (), (d), (&), () (), ®), () (@, (&), B, ()
GENERAL NDTE:  The letters in the table correspond to the subpara-

graphs of para. 831.4.2.

This doep not prohibit the use of ribs or gussets for
purposes| other than reinforcement, such as stiffening.

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

(k) Reihforcement rings and saddles shall be accu-
rately fitfed to the parts to which they are attached.
Mandato}y Appendix I, Figs. I-2 and 1-3 illustrate somé
acceptable forms of reinforcement.

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

831.4/2 Special/Requirements. In addition to the
requirempnts-ofipara. 831.4.1, branch connections must
meet the|special requirements of the following para-
graphs asgr i 2=t

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

(b) Smoothly contoured tees of proven design are pre-
ferred. When tees are not used, the reinforcing member
should be of the complete encirclement type, but may
be of the pad type, saddle type, or a welding outlet
fitting type.
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€VET, Care Shoutd be taken to provide suitabie protgction
against vibrations and other external forces)to svhich
these small openings are frequently subjected.
(e) All welds joining the header, branch, arid reipforc-
ing member shall be equivalent to those shown in
Mandatory Appendix I, Figs. I-1, 1©2; and I-3.
(f) The inside edges of the firfished opening fhall,
whenever possible, be rounded to a Y% in. (3.2|lmm)
radius. If the encircling member is thicker thah the
header and is welded tasthie header, the ends shall be
tapered down to the Header thickness, and contirjuous
fillet welds shall e ‘made. In the case of hot tap or
plugging fittings, \use special requirement (j).
(g) Reinforcement of openings is not manddtory;
however, réinforcement may be required for special
cases involving pressures over 100 psi (690 kPa)} thin
wall\pipe, or severe external loads.
(h)¥If a reinforcement member is required, anfl the
branch diameter is such that a localized type of reinforce-
ment member would extend around more than hdlf the
circumference of the header, then a complete endircle-
ment type of reinforcement member shall be yised,
regardless of the design hoop stress, or a smoothly con-
toured wrought steel tee of proven design may be fused.
(i) The reinforcement may be of any type meetir|g the
requirements of para. 831.4.1.
(j) For hot tap or plugging fittings of tee type corfigu-
rations (see Fig. 1-3.1), where the reinforcing sle¢ve is
pressurized and thicker than the header, and the applica-
tion results in additional loading such as that frogn hot
tapping and plugging equipment, the following require-
ments apply:
(1) The minimum leg dimension of the fillet|weld

at the ends of the sleeve shall be 1.0t plus th¢ gap
observed or measured between the inside of the fjtting
and the outside of the pipe on installation, whete ¢ is

a minimum effective weld throat of 0.7¢.

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

(3) If necessary, the fittings shall be tapered, bev-
eled, or chamfered at their ends to a minimum approxi-
mate angle of 45 deg (with respect to the end face).
Tapering, beveling, or chamfering should provide at
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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
deposited on the end face need not be carried out fully
to the shoulder of the face if doing so would result in
an oversized fillet weld.

(4) Because each installation may be unique, the
taper or chamfer shall be the responsibility of the user

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

A = Kt, D,

1.00 when d/D > 0.60
0.6 + %d/D when d/D > 0.15 and not
exceeding 0.60

or ot . . f .
therwise by agreement between user and — 0.70 when d/D <015
maniyfacturer.
| . . . The design must meet the criterion that'the freinforce-
831.5 Reinforcement of Multiple Openings & less than

ment area defined in subpara. (f) below is noft

(a)] When two or more adjacent branches are spaced  the required area.
at legs than two times their average diameter (so that (f) Reinforcement Area. The~réinforcement qrea shall
their effective areas of reinforcement overlap), the group ~ be the sum of areas A; + 4, +/A; as defined pelow.
of openings shall be reinforced in accordance with (1) Area A; is the afealying within the reinforce-
para/ 831.4. The reinforcing metal shall be added as a ~ ment zone resulting ffont any excess thicknesq available
combined reinforcement, the strength of which shall  in the run wall, i.e.,

equal the combined strengths of the reinforcements that
would be required for the separate openings. In no case
shall{any portion of a cross section be considered to
apply to more than one opening or be evaluated more
than jonce in a combined area.

(b)] When more than two adjacent openings are to be
provided with a combined reinforcement, the minimum
distapce between centers of any two of these openings
shall[preferably be at least 1 times their average diame-
ter, and the area of reinforcement between them shall
be at| least equal to 50% of the total required fox these
two ppenings on the cross section being considered.

(c)] When the distance between centers of-two-adjacent
openjngs is less than 1% times their average diameter,
as cgnsidered under para. 831.5(b), rig_credit for rein-
forcement shall be given for any of\the metal between
thesq two openings.

(d)] Any number of closely(Spaced adjacent openings
in anfy arrangement may le reinforced as if the group
were| treated as one asSumed opening of a diameter
enclgsing all such opénings.

831.6 Extruded-Outlets

(a)] The rules in this paragraph apply to steel extruded
outlefts in-which the reinforcement is integral.
Arn extrdded outlet is defined as an outlet in which

Ay = D, (Tr - tr)

reinforce-
available

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

Ay = 2L(Ty - &)

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

Az = 21, (T, — ty)

(g) Reinforcement of Multiple Openings. The rules in
para. 831.5 shall be followed, except that thd required
area and reinforcement area shall be as|given in
para. 831.6.

(h) Inaddition to the above, the manufacturer shall be
responsible for establishing and marking on the section
containing extruded outlets the following: the design
pressure, temperature, and that these were egtablished
under provisions of this Code. The manufacturer’s name
or trademark shall be marked on the section.

832 EXPANSION AND FLEXIBILITY

the }\Jl:J. udcd }it} ﬂt t}lc Uuﬂct IIQD 23 }lcié}lt CILU\/C t}lc
surface of the run that is equal to or greater than the
radius of curvature of the external contoured portion of
the outlet. (See Mandatory Appendix F, Figs. F-1 through
F-4 and nomenclature.)

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

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

29

832.1 Application

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

832.2 Amount of Expansion 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 107 cm/cm/°C) as
the coefficient of thermal expansion. The expansion or
contraction to be considered is the difference between
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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

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

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

(e) Properties of pipe and fittings for these calcula-

Temperature, Contraction, in./100 ft (mm/m)
°F (°C) Above or Below 32°F (0°C)
-125 (-87) 1.2 (1.0)
-100 (=74) 1.0 (0.8)
-7b (-60) 0.8 (0.7)
-5 (-45) 0.6 (0.5)
0[(-18) 0.2 (0.2)
32 (0) 0.0 (0.0)
69 (16) 0.2 (0.2)
140 (38) 0.5 (0.4)
125 (52) 0.7 (0.6)
1490 (66) 0.9 (0.8)
175 (79) 1.1 (0.9)
2qo (93) 1.3 (1.1)
225 (107) 1.5 (1.3)
259 (121) 1.7 (1.4)
300 (149) 2.2 (1.8)
350 (177) 2.6 2.2)
400 (204) 3.0 (2.5)
459 (232) 3.5 (2.9)

the maximum or minimum design temperatures and
the expedted average installation temperature. For more
precise tHermal expansion coefficients for specific mate-
rials, refef to authoritative source data, such as publica-
tions of|the National Institute of Standatds and
Technology. A table containing approximate amounts of
expansiof or contraction per unit length\for selected
temperatpires is provided in Table 832(2-1.

832.3 Flexibility Requirements

(a) Piping systems shall be deésigned to have sufficient
flexibility] to prevent thermal\expansion or contraction
from cauping excessive stresses in the piping material,
excessive|bending or Unusual loads at joints, or undesir-
able forcgs or moments at points of connection to equip-
ment or| at ancherage or guide points. Formal
calculatigns shall'be performed where reasonable doubt
exists as [toythe adequate flexibility of the system. See

tions shall be based on nominal dimensions, angd the
joint factor E shall be taken as 1.00.

(f) The total range in temperature from\ minimum
design temperature to the maximum desigh temjpera-
ture shall be considered in all expansion-stress calcula-
tions, whether piping is cold-spriing or not. Should
installation, start-up, or shutdown{témperatures b¢ out-
side of the design temperaturé/range, the maximum
possible temperature range-shall be considered. In pddi-
tion to the expansion ofsthe line itself, the lineay and
angular movements of the equipment to which it is
attached shall be gonsidered.

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

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

832.4 Reactions

(a) Reaction forces and moments to be used inh the
design of restraints and supports for a piping syptem,
and in evaluating the effects of piping displacements on
connected equipment shall consider the full ranjge of
thermal displacement conditions plus weight and ¢xter-
nal loads. Cold-spring may be useful for maintgining
reactions within acceptable limits.

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

(c) Consideration shall be given to the load carfying
capacity of attached rotating and pressure-containing
equipment and the supporting structure.

832.5 Modulus of Elasticity

para. 833 7 forfurtter guidcumc.

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

(c) In calculating the flexibility of a piping system,
the system shall be treated as a whole. The significance

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

833 DESIGN FOR LONGITUDINAL STRESS
833.1 Restraint

(a) The restraint condition is a factor in the structural
behavior of the pipeline. The degree of restraint may

30
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Table 832.5-1 Modulus of Elasticity for where
Carbon and Low Alloy Steel E = the elastic modulus, psi (MPa), at the ambient
Temperature, Modulus of Elasticity, temp.erature . . .
°F (°Q) psi x 10° (GPa) T; = the pipe temperature at the time of installation,
tie-in, or burial, °F (°C)
-100 (-73) 30.2 (208) T, = thewarmestor coldest pipe operating tempera-
70 (21) 29.5 (203) ture, °F (°C)
200 (93) 28.8 (198) - th ! fficient of th 1 .
300 (149) 28.3 (195) a =t f coeo icient o ermal expansion,
400 (204) 27.7 (191) 1/°F (1/ C)
500 (260) 27.3 (188)

be af]
desig
toall
of de
tions|
egorf

(b)
place

pipin

solid|]

supp
(c)
bend

inclu

fected by aspects of pipeline construction, support
n, soil properties, and terrain. Part 833 is applicable
steel piping within the scope of B31.8. For purposes
bign, this Code recognizes two axial restraint condi-
“restrained” and “unrestrained.” Guidance in cat-
zing the restraint condition is given below.
Piping in which soil or supports prevent axial dis-
ment or flexure at bends is “restrained.” Restrained
g may include the following;:

1) straight sections of buried piping

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

3) sections of aboveground piping on rigid
prts

Piping that is freed to displace axially or flex at
s is “unrestrained.” Unrestrained piping may
e the following:

1) aboveground piping that is configuted to

accoqnmodate thermal expansion or anchor meyvements

throy

unco

gh flexibility

2) bends and adjacent piping buried in soft or
hsolidated soil

3) an unbackfilled section 0f)otherwise buried

pipeline that is sufficiently flexible to displace laterally

or w.

833.

(a)

restrd

hich contains a bend
4) pipe subject to an'end cap pressure force

P Calculation of Longitudinal Stress
Components.

The longitudinal stress due to internal pressure in
jined pipelines is

(b)

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

(d) The nominal bending stress in straight pipe or
external

large-radius bends due to weight or other
loads is

SB = M/ Z
where
M = the bending moment across the pipe|cross sec-
tiondb-in. (N-m)
Z = thé pipe section modulus, in.3 (cm®)
(e), The nominal bending stress in fittings anid compo-
nents'due to weight or other external loads i
SB = MR/ Z
where My, is the resultant intensified moment hcross the
fitting or component. The resultant moment shall be
calculated as
My = [(0.75i; My)* + (0.75i, M,)* + M{]"/?, Tb-in| (N-m)

Mandatory Appendix E

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

The product 0.75i > 1.0

(f) The stress due to axial loading other thah thermal

expansion and pressure is

S, = 035y
where Sy is the hoop stress, psi (MPa) Sx = R/A
Thg l(()jngl.tucll.mal. stress due to internal pressurein o\
unrestrained pipeline 1s A = pipe metal cross-sectional area, in.? (mm?)
R = external force axial component, Ib (N)

S, = 0.554

where Sy is the hoop stress, psi (MPa)

(c)

The longitudinal stress due to thermal expansion

in restrained pipe is
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833.3 Summation of Longitudinal Stress in
Restrained Pipe

(a) The netlongitudinal stresses in restrained pipe are

SLZSP+5T+S)(+SB

or colder
ns for T,

in-plane stress intensification fadtor from
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Note that Sg, S;, S, or Sx can have negative values.

(b) The maximum permitted value of 1S, | is 0.9ST,
where S is the specified minimum yield strength,
psi (MPa), per para. 841.1.1(a), and T is the temperature
derating factor per para. 841.1.8.

(c) Residual stresses from construction are often pres-
ent; for example, bending in buried pipelines where
spanning or differential settlement occurs. These stresses

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

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

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

are often difficult to evaluate accurately, but can be disre- DY <K
garded irf Most cases. It 1S the engineer s Tesponsibitity (=t
to deternfine whether such stresses should be evaluated.
where
833.4 Cgmbined Stress for Restrained Pipe D = nominal outside diameter of pipé,|it. (mjm)
(1) Th¢ combined biaxial stress state of the pipeline K= ?'03’; or U}.\S. Custo'marybumts (208, for SI finits)
in the opgrating mode is evaluated using the calculation L = (;Ste in the equation above
in either 1) or (2) below: = developed length of piping-between anghors,
(1) 164 - S, or ftm) .
(2) 182 = S, Sty + Si2]V2 U = straight line separation between anchors, ft (m)
Y = resultant of total diSplacement strains, in. (mm),

The mgximum permitted value for the combined biax-
ial stress |s kST where S is the specified minimum yield
strength, psi (MPa), per para. 841.1.1(a), T'is the tempera-
ture derafting factor per para. 841.1.8, and k is defined

to be absorbed by the system

NOTE: No general prooftan be offered that this empirica
tion always yields conservative results. It is not applicable

equa-
0 sys-

in paras. [833.4 (b) and (c) tems used in seVere cyclic conditions. It should be used with
(b) For|loads of long duration, the value of k shall not caution in cehfigurations such as unequal leg U-bends having
& ’ L/U > 2.5;c0r nearly-straight “saw-tooth” runs; or where i 35 due

exceed 0.p0.

(c) For| occasional nonperiodic loads of short dura-
tion, the palue of k shall not exceed 1.0.

(d) Sp in para. 833.1(a) is calculated considering both
the tensile and compressive values of Sg.

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

(f) Th¢ biaxial stress evaluation described\above
applies oply to straight sections of pipe.

833.5 De¢sign for Stress Greater Than Yield

(a) The limits in paras. 833.3 and~833.4 may be
exceeded|where due considerationis given to the ductil-
ity and sfrain capacity of seam weld, girth weld, and
pipe bodly materials; and tothe avoidance of buckles,
swelling, |or coating damdge.

(b) Thg maximum perinitted strain is limited to 2%.

833.6 Symmation, of Longitudinal Stresses in
Unrestrained Pipe

(a) Thg netlongitudinal stress in unrestrained pipe is

to thin-walled design; or where displacements not in the difection
connecting anchor points constitute a large part of the totpl dis-
placement. There is no assurance that terminal reactions Will be
acceptably low even if a piping system falls within the limifations
of para. 833.7(a)(3).

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

833.8 Flexibility Stresses and Stresses Due to
Periodic or Cyclic Fatigue Loading

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

SE = ME/Z

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

SL = Sp+ 5x+ SB, PSi

(b) The maximum permitted longitudinal stress in
unrestrained pipe is S; < 0.755T, where S is the specified
minimum yield strength, psi (MPa), per para. 841.1.1(a),
and T is the temperature derating factor per
para. 841.1.8.

i 2 . 2 231 /2 a3 .
M =TV (vl + v T, b=t (N
(b) The cyclic stress range Sg < S, where
Sa = f[1.25 (5. + Sp) = Si]

f=6N"<10

. . . . N = equivalent number of cycles during the
833.7 Flexibility Analysis for Unrestrained Piping expected service life of the piping system
(a) There is no need for formal flexibility analysis for S, = 0.33 S,T at the minimum installed or operating

an unrestrained piping system that

32

temperature

(12)
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Sy = 0.33 5,T at the maximum installed or operating excessive vibration, and shall be anchored sufficiently
temperature to prevent undue strains on connected equipment.
5. = longitudinal stress calculated according to 834.2 Provision for Expansion
para. 833.6(a), psi (MPa) .
S, = specified minimum ultimate tensile strength, Supports, hangers, and anchors should be so installed
psi (MPa) as not to interfere with the free expansion and contrac-
T = temperature derating factor per para. 841.1.8 tion of the piping between anchors. Suitable spring
hangers, sway bracing, etc., shall be provided where
(c) When the computed stress range varies, Sg is necessary.
defined as the greatest rnmpn’rpd stress range The value . i, .
of Nlin such cases can be calculated as 834.3 Materials, Design, and Installation
s . All permanent hangers, supports, and, anchors shall
N = Ne+X[r"N]fori=1,2..n be fabricated from durable incombustible‘matprials and
wherke designed and installed in accordang¢e with gpod engi-
_ . neering practice for the service conditions invplved. All
Ng| = number of cycles of maximum computed stress . . .
range, S parts of the supporting equipment shall be|designed
_ . . and installed so that they will not be disenigage:
! d installed hat they will be disenjgaged by
Nj = number of cycles associated with stress .
movement of the suppaerted piping.
range, S;
r{ = Si/Se 834.4 Forces on Pipejoints
Sf = any computed stress range smaller than S, (a) All exposed-pipe joints shall be able to sfistain the
psi (MPa) maximum end force, b (N), due to the internal pressure,
833.9 Local Stresses ie., the desig’n preszsure, };si (kPa), times th¢ internal
. area of the pipe, in.” (mm?~), as well as any gdditional
(a)| High local stresses are usually generated at struc- . .
. . . . forces_due to temperature expansion or contfaction or
tural discontinuities and sites of local loadings. | . .
e o thesweight of pipe and contents.
Alth¢ugh they may exceed the material yield strength, . .
. (b) If compression or sleeve-type couplingg are used
such|stresses may often be disregarded because they & . - .
. - o ifi exposed piping, provision shall be made fo sustain
are lpcalized in influence and may be self-limiting or I . .
. . . the longitudinal forces noted in (a) above. If syich provi-
relieyed by local deformation. Examples include stresses L .
sion is not made in the manufacture of the

in branch connections caused by pressure or external
loady, or stresses at structural discontinuities. This'‘€ode
does|not fully address the maximum allowable value
for Ipcal stresses. It is the engineer’s responsibility to
detemine whether such stresses must be evaluated.

(b)] The maximum allowable sumsof*circumferential
stresp due to internal pressure.and circumferential
throygh-wall bending stress caused by surface vehicle
loadq or otherlocalloads is 0-9S7, where S is the specified
minifnum yield strength, psi(MPa), per para. 841.1.1(a),
and |T is the tempe@rature derating factor per
para|841.1.8.

(c)]Local stresses)in para. 833.9(a) or (b) caused by
perigdic or repetitive loads may require further limita-
tions|in con$ideration of fatigue.

833.10-Buckling and Lateral Instability

coupling,
suitable bracing or strapping shall be provided, but such
design must not interfere with the normal peifformance
of the coupling nor with its proper maintenande. Attach-
ments must meet the requirements of para. 884.5.

834.5 Attachment of Supports or Anchors

(a) If the pipe is designed to operate at a hpop stress
of less than 50% of the specified minimum yield strength,
structural supports or anchors may be weldef directly
to the pipe. Proportioning and welding strength require-
ments of such attachments shall conform to|standard
structural practice.

(b) If the pipe is designed to operate at a hpop stress
of 50% or more of the specified minimum yield strength,
support of the pipe shall be furnished by a member that
completely encircles it. Where it is necessary fp provide
positive attachment, as at an anchor, the pipe may be

In order to prevent bucKling in the form of WIinking
of the pipe wall or lateral instability, the maximum
allowable net compressive stress is 7 of the critical buck-
ling stress estimated using a suitable stability criterion.

834 SUPPORTS AND ANCHORAGE FOR EXPOSED
PIPING

834.1 General

Piping and equipment shall be supported in a substan-
tial and workmanlike manner, so as to prevent or reduce
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welded to the encircling member only; the support shall
be attached to the encircling member and not to the
pipe. The connection of the pipe to the encircling mem-
ber shall be by continuous welds, rather than intermit-
tent ones.

835 ANCHORAGE FOR BURIED PIPING
835.1 General

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

835.2 Anchorage at Bends

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

8353 R

Where
friction,
anchorin,

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

835.4 Fdrces on Pipe Joints

If anchorage is not provided at the bend (see
para. 8352), pipe joints that are close to the points of
thrust origin shall be designed to sustain the longitudi-
nal pullout force. If such provision is not made in the
manufacture of the joints, suitable bracing or strapping
shall be provided.

pipe. Lateral thrusts at branch connections may greatly
increase the stresses in the branch connection itself,
unless the fill is thoroughly consolidated or other provi-
sions are made to resist the thrust.

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

(c) When openings are made in a consolidated backfill

0 connect New branches to an existing line, caremust
be taken to provide firm foundation for both the header
and the branch to prevent vertical and ldteral
movements.

835.6 Interconnection of Underground Lines

Underground lines are subjected to longituflinal
stresses due to changes in pressure and temperature.
For long lines, the frictiohyof the earth will pr¢vent
changes in length from these stresses, except for sqveral
hundred feet adjacent\to bends or ends. At these|loca-
tions, the movement, if unrestrained, may be of congider-
able magnitude.)If connections are made at sfich a

835.5 Sypports for Buried Piping location to_a ‘felatively unyielding line or other [fixed
(a) In pipelines, especially those that are highly  object, it is‘essential that the interconnection shall have
stressed from internal pressure, uniform and adequate = ample flexibility to compensate for possible movement,

support ¢f the pipe in the trench is essential. Unequal
settlemerjts may produce added bending stresses in the

or the\line shall be provided with an anchor suffjcient
to_devVelop the forces necessary to limit the movement.
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Chapter IV
Design, Installation, and Testing

840 DESIGN, INSTALLATION, AND TESTING

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

840.1 General Provisions

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

(b)] The quality of the gas to be transported in the
pipeline, or by the pipeline system, shall be consideted

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, for specific
provisions related to hydrogen sulfide.

(3) Oxygen Content. Oxygen contributes to corro-
sion problems in the presence of free water at certain
temperatures. Certain mixtures of oxygen and gas above
the lower explosive limit can create an explosive condi-
tion. (See section 864 and paras. 841.2.7 and 850.6.)
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and hydrocarbons at certain combinationsof [pressures
and temperatures may produce hydrates,“which are
crystalline solids that may cause paftial or [complete
pipeline blockages, that may lead(to ‘a disription of
pipeline operations.

Based on the characteristics of the gas stjeam (i.e.,
heating value, specific gravity, temperature, fifee liquid,
odorization, impurities, ‘artd other objectionfable sub-
stances), appropriate precautions shall be congidered to
address any problemis  that might adversely [affect the
pipeline system ©b the end user.

(c) The mest significant factor contributing to the fail-
ure of a gasvpipeline is damage to the line qaused by
the activities of people along the route of the ljne. Dam-
age Will generally occur during constructiorf of other
fadilities associated with providing the servides associ-
ated with human dwellings and commercial [or indus-
trial enterprises. These services, such as watef, gas and
electrical supply, sewage systems, drainage [lines and
ditches, buried power and communication cables, streets
and roads, etc., become more prevalent and ¢xtensive,
and the possibility of damage to the pipelind becomes
greater with larger concentrations of buildingd intended
for human occupancy. Determining the Location Class
provides a method of assessing the degree of{exposure
of the line to damage.

(d) A pipeline designed, constructed, and|operated
in accordance with the requirements of Locati¢pn Class 1
[see para. 840.2.2(a)] is basically safe for pregsure con-
tainment in any location; however, additional [measures
are necessary to protect the integrity of the ljne in the
presence of activities that might cause damage. One of
the measures required by this Code is to lower|the stress
level in relation to increased public activity. Thiis activity
is quantified by determining Location Class and relating
i ipeli iate 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 “popula-
tion density index” was eliminated. Construction
Types A, B, C, and D were eliminated and replaced with
the same terminology used for design-location class.
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(f) The requirements based on Location Class were
such that there were no significant changes in the design,
installation, testing, and operation of piping systems
due to changes in terminology.

(g) Pipelines constructed prior to the publication of
this Edition and designed in accordance with Location
Classes established in compliance with previous edi-
tions of this Code may continue to use the Location
Classes so determined, provided that when observed

hydrostatically tested to 1.25 times the maximum
operating pressure. (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 and has been tested to 1.1 times the
maximum operating pressure. (See Table 841.1.6-2 for
exceptions to design factor.)

(b) Location Class 2. A Location Class 2 is any

increases fITtheTTomber of buitdingsimternded for rormarT
occupandy occut, the Location Class determination shall
be as prepented in para. 840.2.

840.2 Buildings Intended for Human Occupancy

T-mi (I.6-Km) Section that htas more than 10 but fewer
than 46 buildings intended for human occupanty. A
Location Class 2 is intended to reflect areas whete the
degree of population is intermediate between Lodation

Class 1 and Location Class 3, such as fringe areas afjound

840.2J1 General cities and towns, industrial areas)vanch or coyintry
(a) To Hetermine the number of buildings intended  estates, etc.

for human occupancy for an onshore pipeline, lay out (c) Location Class 3. A kocation Class 3 if any

a zone %-pni (0.4-km) wide along the route of the pipeline 1-mi (1.6-km) section that las 46 or more builglings

with the|pipeline on the centerline of this zone, and
divide thp pipeline into random sections 1 mi (1.6 km)
in length|such that the individual lengths will include
the maximum number of buildings intended for human
occupandy. Count the number of buildings intended for
human ofcupancy within each 1-mi (1.6-km) zone. For
this purpose, each separate dwelling unit in a multiple
dwelling |unit building is to be counted as a separate
building fintended for human occupancy.

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

(c) Whien a cluster of buildings-infended for human
occupandy indicates that a basigTni (1.6 km) of pipeline
should b¢ identified as a Location Class 2 or Location
Class 3, fhe Location Class\2 or Location Class 3 may
be termirjated 660 ft (20Q m) from the nearest building
in the clyster.

(d) Foif pipelines-shorter than 1 mi (1.6 km) in length,
a Locatign Class that is typical of the Location Class
that woulld bé)required for 1 mi (1.6 km) of pipeline
traversing the area shall be assigned.

intended for human occipancy except when a Lodation
Class 4 prevails. A Location Class 3 is intended to feflect
areas such as suburban housing developments, shop-
ping centers, residential areas, industrial areas, and jother
populated_areas not meeting Location Clgss 4
requirements:

(d) Location Class 4. Location Class 4 includes jareas
wheresmultistory buildings are prevalent, where {raffic
is heavy or dense, and where there may be numprous
other utilities underground. Multistory means four or
more floors aboveground including the first or ground
floor. The depth of basements or number of basgment
floors is immaterial.

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

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

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

(b) Pipelines near places of public assembly o1 con-
centrations of people, such as churches, schools, multi-
ple dwelling unit buildings, hospitals, or recreational

areas of an nrg;\niwnr] nature in Location Class 1 or 2

840.2.2 Location Classes for Design and Con-
struction
(a) Location Class 1. A Location Class 1 is any 1-mi
(1.6-km) section that has 10 or fewer buildings intended
for human occupancy. A Location Class 1 is intended
to reflect areas such as wasteland, deserts, mountains,
grazing land, farmland, and sparsely populated areas.
(1) Class 1, Division 1. This Division is a Location
Class 1 where the design factor of the pipe is greater
than 0.72 but equal to or less than 0.80 and has been

36

shall 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.

840.4 Intent

(a) It should be emphasized that Location Class (1, 2,
3, or 4) as described in the previous paragraphs is
defined as the general description of a geographic area
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having certain characteristics as a basis for prescribing
the types of design, construction, and methods of testing
tobe used in those locations or in areas that are compara-
ble. A numbered Location Class, such as Location
Class 1, refers only to the geography of that location or
a similar area and does not necessarily indicate that a
design factor of 0.72 will suffice for all construction in
that particular location or area [e.g., in Location Class 1,
all aerial crossings require a design factor of 0.6; see

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

CAUTION: This cautionary note is nonmandatory. Steel pipe
may exhibit pronounced differences in strength between the
longitudinal and circumferential directions. The orientation of
the strength test is established by the pipe product specification
depending on pipe size and method of pipe making. Conse-
quently, pipe may have a qualified strength in an axis orientation
that-dees-notconfo i i ineipal loading

para84tt5tht

(b)] When classifying locations for determining the
design factor for pipeline construction and testing that
should be prescribed, due consideration shall be given
to the possibility of future development of the area.
If at|the time of planning a new pipeline this future
development appears likely to be sufficient to change
the Ljpcation Class, this shall be taken into consideration
in the design and testing of the proposed pipeline.

841 | STEEL PIPE
841.1 Steel Piping Systems Design Requirements

841.1.1 Steel Pipe Design Formula

(a)] The design pressure for steel gas piping systems
or th¢ nominal wall thickness for a given design pressure
shallpe determined by the following formula (for limita-
tions| see para. 841.1.3):

(U.S.|Customary Units)

25t
P = 5l FET
(SI Units)
2 0005t
(P =D FET)
wherfe
D = nominal outside diameter of pipe, in. (mm)

= longitudinal joint/ factor obtained from
Table 841.1.7-1 {seé also para. 817.1.3(d)]
design facte obtained from Table 841.1.6-1. In
setting the Walues of the design factor, F, due
consideration has been given and allowance has
been.thdde for the various underthickness toler-
ances provided for in the pipe specifications
listed and approved for usage in this Code.

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

(b) The design factor forpipélines in Locatign Class 1,
Division 1 is based on gas-pipeline operational experi-
ence at operation levels in excess of those greviously
recommended by this Code.

It should be noted that the user may be rgquired to
change out siich pipe or reduce pressure to ({72 SMYS
maximunrinaccordance with para. 854.2.

841.1:2 Fracture Control and Arrest
(a) “Fracture Toughness Criterion. A fracture foughness
gcriterion or other method shall be specified fo control
fracture propagation when one of the following is true:
(1) apipelineis designed to operate either at a hoop
stress over 40% through 80% of SMYS in sizgs NPS 16
(DN 400) or larger
(2) apipeline is designed to operate at a hpop stress
over 72% through 80% of SMYS in sizes smaller than
NPS 16 (DN 400)
(3) a pipeline is designed with a minimym design
temperature below —20°F (-29°C) as ouflined in
para. 812
When a fracture toughness criterion is usefl, control
can be achieved by ensuring that the pipe has|adequate
ductility and either by specifying adequate foughness
or installing crack arrestors on the pipelirfe to stop
propagation.
(b) Brittle Fracture Control. To ensure that the pipe has
adequate ductility, fracture toughness testing shall be
performed in accordance with the testing ppocedures
of supplementary requirements SR5 or SR6 ¢f API 5L

desigm pressure, psig (KPa) (See aiso
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(h)
and 841.1.4. The specified minimum yield
strengths of some of the more commonly used
piping steels whose specifications are incorpo-
rated by reference herein are tabulated for con-
venience in Mandatory Appendix D.
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43rd—editton)or Anmex-Gof AP (44thredition), or
other equivalent alternatives. If the operating tempera-
ture is below 50°F (10°C), an appropriate lower test tem-
perature shall be used when determining adherence to
the minimum impact values in para. 841.1.2(c) and shear
appearance as outlined below. The appropriate lower
test temperature shall be taken to be at or below the
lowest expected metal temperature during pressure test-
ing (if with air or gas) and during service, having regard
to past recorded temperature data and possible effects
of lower air and ground temperatures. The average shear

(12)
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value of the fracture appearance of three Charpy speci-
mens from each heat shall not be less than 60%, and the
all-heat average for each order per diameter, size, and
grade shall not be less than 80%. Alternatively, when
drop-weight tear testing is specified, at least 80% of the
heats shall exhibit a fracture appearance shear area of
40% or more at the specified test temperature.

(c) Ductile Fracture Arrest. To ensure that the pipeline
has adequate toughness to arrest a ductile fracture, the

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

ipe shali t i et i energy to arrest a propagating fracture. Calculations must be
pip performed to determine if the decompression exhibits two{phase

of supplementary requirements SR5 of API 5L
(43rd edifion) or Annex G of API 5L (44th edition). The
all-heat aerage of the Charpy energy values shall meet
or exceed the energy value calculated using one of the
following equations that have been developed in various
pipeline fesearch programs.

(1) Hattelle Columbus Laboratories (BCL) (AGA)

CVN = 0.01080°R'/%t!/3
(2) American Iron and Steel Institute (AISI)
CVN = 0.03150%/?R"/?

(3) British Gas Council (BGC)
CVN = 0.03150R/t"/?
(4) British Steel Corporation (BSC)

CVN = 0.00119¢*R

where
CVN = full-size Charpy V-notch absorbed energy,
ft-1b (J)
R ¥ pipe radius, in. (mm)
t + wall thickness, in. (mm)
o F hoop stress, ksi (MPa)

For AHI 5L pipe, the minimjum impact values shall
be the greater of those giveh by the equations above or
those required by API 5L for PSL 2 pipe. Annex G of
API 5L (44th Edition) ¢ontains additional acceptable
methodollogies forsestablishing minimum or all heat
average (Charpyenergy values.

For piffe manufactured to other standards where the

behavior, and an assessment must be made as to the appli¢
of the arrest equations where additional toughness njay be
required. Otherwise, mechanical crack arrestors [sée (d) dbove]
should be installed, or the Charpy toughness téquirements for
arrest should be verified through experiments or addifional
calculations.

bility

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

841.1;3 Limitations on Design Pressure,|P, in
Para. 841,471. The design pressure obtained bl the
formul@’in para. 841.1.1 shall be reduced to confofm to
the following:

{(n) P for furnace butt welded pipe shall not exceg
restrictions of para. 841.1.1 or 60% of mill test pre
whichever is the lesser.

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

d the
sure,

minimunp impact values are specified within that stan- 841.1.4 Limitations on Specified Minimum Yield
dard, thﬂerﬁﬂmmmﬁ?#ﬁﬂmﬁmmd.—mmﬁﬁlll

In cases where the pipe manufacturing standard does
not specify the minimum impact requirements, the mini-
mum impact requirements of API 5L (44th Edition) shall
be utilized.

(d) Mechanical Crack Arrestors. Mechanical crack
arrestors consisting of sleeves, wire-rope wrap, heavy-
wall pipe, or other suitable types have been shown to
provide reliable methods of arresting ductile fracture.
The mechanical crack arrestors shall be placed at inter-
vals along the pipeline.
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(a) If the pipe under consideration is not new pipe
purchased under a specification approved and listed in
this Code, the value of S may be determined in accor-
dance with one of the following:

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

(2) S value for reuse of steel pipe qualified under
one of the provisions of para. 817.1

(3) S value for pipe of unknown specification as
determined by para. 817.1.3(h)
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(b) When pipe that has been cold worked for meeting
the specified minimum yield strength is subsequently
heated to a temperature higher than 900°F (482°C) for
any period of time or over 600°F (316°C) for more than
1 hr, the maximum allowable pressure at which it can
be used shall not exceed 75% of the value obtained by use
of the steel pipe design formula given in para. 841.1.1.

(c) In no case where the Code refers to the specified
minimum value of a mechanical property shall the

the assembly and for a distance equal to the lesser of
5 diameters or 10 ft (3 mm) in each direction beyond
the last fitting. A shorter distance may be used provided
that combined stresses are considered in the design of
the installation. Transition pieces at the end of an assem-
bly and elbows used in place of pipe bends are not
considered fittings under the requirements of this para-
graph. Also see section 822.

(b) Pipelines or Mains on Bridges. The design factor

high¢ractmalvatue of a property be substituted i the
steel |pipe design formula given in para. 841.1.1. If the
actudl value is less than the specified minimum value
of a mechanical property, the actual value may be used
wher it is permitted by the Code, such as in para. 817.1
regarnding the reuse of steel pipe.

41.1.5 Additional Requirements for Nominal Wall
ness t in Para. 841.1.1

(a)] The minimum wall thickness t required for pres-
sure |containment as determined by para. 841.1.1 may
not He adequate for other forces to which the pipeline
may [be subjected. [See para. 840.1(a).] Consideration
shall|also be given to loading due to transportation or
handling of the pipe during construction, weight of
watel during testing, and soil loading and other second-
ary lpads during operation. [See para. 841.1.11(e) for
suggested methods to provide additional protection.]
Congideration should also be given to welding or
mecHhanical joining requirements. Standard wall thick<
ness,|as prescribed in ASME B36.10M, shall be the least
nomjnal wall thickness used for threaded and
grooyed pipe.

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

Thic

841.1.6 Design Factors~F-and Location Classes.
The dlesign factor in Table'841.1.6-1 shall be used for the
designated Location CGlass.All exceptions to basic design
factofs to be used jm-the design formula are given in
Tablq 841.1.6-2.

841.1.7 kongitudinal Joint Factor. The longitudi-
joint Nfactor shall be in accordance with
841.1.7-1.

nal
Tablg

for pipelines or mains supported by railroad, pehicular,
pedestrian, or pipeline bridges shall be_detéymined in
accordance with the Location Class prescribgd for the
area in which the bridge is located.dn Cocation Class 1,
however, a design factor of 0.6_shall be used.
(c) Decompression Cooling.{When reductiof of pres-
sure due to depressurizatiOn is anticipated tq result in
a significant reduction in'the temperature of the piping
system or any portionthereof, the user of th{s Code is
cautioned to evaluate the effects of decomprefsion and
associated cooling on material serviceabflity and
induced stressés.
(d) Design*of Metering and Pressure/Flow Co
(1)All piping and piping components, fip to and
including the outlet stop valve(s) of individfial meter
andpressure/flow control runs, shall meet pr exceed
the maximum design pressure of the inlet pipirjg system.
Threaded reducing bushings should not be usgd in pres-
sure/flow control facilities where they are subj¢ct to high
frequency piping vibrations. The design reqpiirements
of para. 840.3 and Table 841.1.6-2 apply to the design
requirements of this section.

itrol

(2) All piping shall be tested in accordgnce with
para. 841.3 and the Location Class requirgments of
Table 841.1.6-2. Instrumentation devices suchf as trans-
mitters, recorders, controllers, etc., excluding testing
instrumentation, should be isolated from the p{ping dur-
ing the test. Test fluids shall be removed frgm piping
and piping components and the piping puiged with
natural gas before placing the facilities in serice.

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

(e) Metering Facilities. Particular consideration and
attention shall be given to sizing meter run blpwdowns

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

841.1.9 Additional
Instructions
(a) Fabricated Assemblies. When fabricated assemblies,
such as connections for separators, main line valve
assemblies, cross connections, river crossing headers,
etc., are to be installed in areas defined in Location
Class 1, a design factor of 0.6 is required throughout

Design Information or
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and/or flow restricting plates for turbine and positive
displacement meters. Rapid depressurization of meter
runs can damage or destroy meters due to meter
overspin and high differentials and can endanger
personnel.

(f) Other (Nonmandatory) Considerations for Metering
Facilities

(1) Meter proving reduces measurement uncer-

tainty. Where meter design, size, and flow rate allows,
consider installing meter proving taps.


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

Table 841.1.6-1 Basic Design Factor, F

Design Factor,

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

Table 841.1.6-2 Design Factors for Steel Pipe Construction

Location Class

1
Facility Div. 1 Div. 2 2 3 4

Pipelines, rains, and service lines [see para. 841.2.1(b)] 0.80 0.72 0.60 0.50 0.40
Crossings df roads, railroads without casing:

(@) Privatp roads 0.80 0.72 0.60 0.50 0.40

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

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

(a) Privatpe roads 0:80 0.72 0.60 0.50 0.40

(b) Unimproved public roads 0.72 0.72 0.60 0.50 0.40

(c) Roadd, highways, or public streets with hard surface and railroads 0.72 0.72 0.60 0.50 0.40
Parallel enqroachment of pipelines and mains on roads and railroads:

(@) Privatp roads 0.80 0.72 0.60 0.50 0.40

(b) Unimproved public roads 0.80 0.72 0.60 0.50 0.40

(c) Roadd, highways, or public streets with hard surface and railfoads 0.60 0.60 0.60 0.50 0.40
Fabricated fissemblies [see para. 841.1.9(a)] 0.60 0.60 0.60 0.50 0.40
Pipelines op bridges [see para. 841.1.9(b)] 0.60 0.60 0.60 0.50 0.40
Pressure/flpw control and metering facilities [see para. 841.1.9(c)] 0.60 0.60 0.60 0.50 0.40
Compressof station piping 0.50 0.50 0.50 0.50 0.40
Near conceftration of people in Location,€lassés 1 and 2 [see para. 840.3(b)] 0.50 0.50 0.50 0.50 0.40

(2) Upstream dry gas filter(s) should be considered
when ingtalling rotary~or turbine meters. Particulates
and pipeline dust can:contaminate meter lubricating oil

(2) Each regulator supply, control, and sensing line
shall have a separate isolation valve for isolation pur-
poses during regulator set-up and maintenance ahd to

and damage bédrings and other internal meter  prevent a safety device (i.e., monitor, regulator)|from

componehts. becoming unintentionally inoperable due to plugging
(g) Presure/Flow Control Facilities or freezing of instrument lines.

oy laoll 1 dad 1 (2) Ct Lhall L. 1ol L £ 1l £ 3 _
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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)

(c) overpressure shutoff valve(s) upstream or
downstream of the controlling regulator(s). Installation
of alarm devices which indicate primary (controlling)
regulator failure are useful and should be considered
for monitor regulator systems.

40

up (internal and external) of regulators, control valves,
instrumentation, pilot controls, and valve actuation
equipment caused by moisture saturated instrument air
or gas, 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) Gas velocities in piping should not exceed
100 ft/sec (30 m/s) at peak conditions. Lower velocities
are recommended. High gas velocities in piping increase
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Table 841.1.7-1 Longitudinal Joint Factor, E

reduce turbulence and pressure drop during gas
expansion.

Spec. No. Pipe Class E Factor . . L . .
(i) Electrical Facilities and Electronic Equipment for
ASTM A53 Seamless 1.00 Pressure/Flow Control and Metering Facilities
Electric-Resistance-Welded 1.00 (1) All electrical equipment and wiring installed in
Furnace-Butt Welded, Continuous Weld 0.60 fl 1 faciliti d ine faciliti
ASTM A106 Seamless 1.00 pressure/flow control facilities and metering facilities
ASTM A134 Electric-Fusion Arc-Welded 0.80 shall conform to the requirements of NFPA 70 and other
ASTM A135 Electric-Resistance-Welded 1.00 applicable electrical codes. Additional API and AGA
ASTM A139  Electric-Fusion Arc-Welded 0.80 references are listed in Nonmandatory Appendix C.
ASTM 5333 SEamiess— T:00 (Z) Electronic control, monitoring, and |gas mea-
EleCt”C‘Rej'Sta”Ce‘l\g’e(ljde‘j L surement equipment shall be properly groupded and
ASTMIABL - Submerged-Arc-Welde 1.00 isolated from piping to help prevent'overgressure/
ASTM A671 Electric-Fusion-Welded . . . . .
Classes 13. 23. 33. 43. 53 0.80 accidental shutoff situations causedybyvequipment fail-
Classes 12, 22, 32, 42, 52 1.00 ure due to lightning strikes and electrical trangients and
ASTM [A672 Electric-Fusion-Welded to prevent safety hazards caused by fault currents. Elec-
Classes 13, 23, 33, 43, 53 0.80 trical isolation equipment for cotrosion controllpurposes
Classes 12, 22, 32, 42, 52 1.00 should not be installed inbuildings unless specifically
ASTMA691  Electric-Fusion-Welded designed to be used in_combustible atmospheres.
Classes 13, 23, 33, 43, 53 0.80 . .
Classes 12. 22. 32, 42, 52 1.00 (3) Uninterruptible power sources or redundant
ASTM |A984 Electric-Resistance-Welded 1.00 back-up systems should be considered to help prevent
ASTM|A1005  Double Submerged-Arc-Welded 1.00 overpressure /unintentional shutoff situations faused by
ASTM [A1006 ~ Laser Beam Welded 1.00 power outages:
API 5L Electric Welded 1.00 (4) Aduseful reference for electronic gas|measure-
geimlessdA Welded (Longitudinal 1'88 ments«is API Manual of Petroleum Meaqurement
Sza:nneorrgfielicr;l Siar:) ongitudina ) Standards, Chapter 21 — Flow Measuremgnt Using
Furnace-Butt Welded. Continuous Weld 0.60 Etectronic Metering Systems, Section 1 — Elec{ronic Gas

GENERAL NOTE: Definitions for the various classes of welded pipe

Measurement.
(j) Pipeline Installation by Directional Drilling

are giyen in para. 804.7.3. (1) Qualifications. Drilling contractors sHall main-
tain written design and installation prpcedures

. ddressi ings to b leted by the directional

Taple 841.1.8-1 Temperature Derating Factor, ool CTOSSIES [0 BE Comp €red by Te qirectiona

T, for Steel Pipe

Temperature Derating

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

turbylence’and pressure drop and contribute to exces-

drilling method. Drilling equipment operatorg and per-
sonnel responsible for establishing the locatjon of the
pilot head and reamer during drilling operatjons shall

Temperature, °F (°C) Factor, T be qualified by training and experience in the ifnplemen-
250 (121) or lower 1.000 tation of the cont'ractor S prqcedures. .

300 (149) 0.967 (2) Geotechnical Evaluations. Geotechnicgl evalua-
350 (177) 0.933 tions should be considered at the crossing Ipcation to
400 (204) 0.900 establish subsurface conditions.

450 (232) 0.867

(3) Installation Forces and Stresses. Loadk on, and
stresses in, the pipe string during installation shall be
evaluated to ensure protection of the pipe agajnst yield-
ing, buckling, collapse, and undesired movement of the
pipe string due to the combined effects of external pres-
sure, friction, axial forces, and bending. (See directional

drilling safarancnc 1340 Nz d ot ix C
fer €5 HoH 1X C.

sive setmd-pressuretevels{aerodynamicnoise)and-—can
cause internal piping erosion.
(h) Other (Nonmandatory) Considerations for Pressure/

Flow Control Facilities

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

(2) Installation of conical reducers immediately
downstream of a regulator or control valve will allow
a more gradual expansion of gas to larger piping and

41

orv—Apnnan
dritingreferences—inNox elatory—Appen

(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
of coating system to be applied to the pipe and weld
joints. During installation, care shall be taken to protect
the quality and integrity of the external corrosion
coating.

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

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

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

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

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

(6) pamage Prevention. 10 minimize the potential
for damape to existing surface or subsurface structures,
design of the crossing plan and profile shall consider
the accurpcy of the methods to be employed in locating
existing ptructures, maintaining required clearances
from exigting structures, tracking the position of the
pilot heafl and reamer during drilling operations, and
tracking ¢f the reamer during pullback.

Prior tg the commencement of drilling operations, the
location ¢f all subsurface structures in near proximity
to the desjign drill path shall, where practical, be exposed
to permit a visual confirmation of the structure’s
location.

Prior tp initiating the reaming operation, consider-
ation shall be given to the potential impact of the opera-
tion on 41l 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 s¢ams are not generally regarded as susceptible
to fatigu¢ due to operational pressure cycles in maost
natural gas service. Evaluation of the potentialfof
fatigue cfack growth due to pressure cycles is\récom-
mended for pipe containing longitudinal seams) where
the expedted lifetime accumulation of full MAOP cycles
may exceled the following number of ocCurrences:

(U.S. Cusfomary Units)

6.0 g*
(F X 5)3 % t0.5

841.1.10 Protection of Pipelines and Mains|From
Hazards

(a) When pipelines and mains must‘be-instplled
where they will be subject to natural hdzards, such as
washouts, floods, unstable soil, landslides, earthqfiake-
related events (such as surface faulting, soil liquefaftion,
and soil and slope instability <haracteristics), or jother
conditions that may cause.serious movement ¢f, or
abnormal loads on, the pipé€line, reasonable precaytions
shall be taken to protect the pipeline, such as increasing
the wall thickness, cdnstructing revetments, preventing
erosion, and installing anchors.

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

(chBecause submarine crossings may be subj¢ct to
washouts due to the natural hazards of changes in the
waterway bed, water velocities, deepening of the fhan-
nel, or changing of the channel location in the watefway,
design consideration shall be given to protecting the
pipeline or main at such crossings. The crossing|shall
be located in the more stable bank and bed locations.
The depth of the line, location of the bends installed in
the banks, wall thickness of the pipe, and weightrg of
the line shall be selected based on the characteristics of
the waterway.

(d) Where pipelines and mains are exposed, such as
at spans, trestles, and bridge crossings, the pip¢lines
and mains shall be reasonably protected by distarjce or

(SI Units barricades from accidental damage by vehicular {raffic
9.8l or other causes.
(F x )* x % 841.1.11 Cover, Clearance, and Casing Requirements
where for Buried Steel Pipelines and Mains

F = desigh factor from Table 841.1.6-1

(a) Cover Requirements for Mains. Buried mains|shall

1 . P & I | <11 1 +1 o W/ BES Yy Wal
DT LI UAIICTU WILT d COVCT TIUU IT55 UldlIl 27 IIT. \ULU 11[1’1’1).

N = ivalent ber of cycles during th ted
:2;:;;1 (iir;en(;lfntlheerpci)picr}:; z;s,;f;ng ¢ expecte Where this cover provision cannot be met, or where
S = specified minimum yield strength, psi (MPa) external loads may be excessive, the main shall be

stipulated in the specification under which the
pipe was purchased from the manufacturer or
determined in accordance with paras. 817.1.3(h)
and 841.1.4

t = nominal wall thickness, in. (mm)

The pipeline is considered not susceptible to fatigue
in the longitudinal seams due to pressure cycles if the

42

encased, bridged, or designed to withstand any such
anticipated external loads. Where farming or other oper-
ations might result in deep plowing, in areas subject to
erosion, or in locations where future grading is likely,
such as road, highway, railroad, and ditch crossings,
additional protection shall be provided [see
para. 841.1.11(e) for suggested methods to provide addi-
tional protection].
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Table 841.1.11-1 Pipeline Cover Requirements

Cover, in. (mm)

For Rock
Excavation [Note (1)]

they should be protected from the weather to prevent
water from entering the casing. (Requirements for cross-
ings within casing of railroads and highways are shown
in Table 841.1.6-2.)

(e) Additional Underground Pipe Protection. The pipe

Crossing

P;\lpPeSSzlze L:g:rsTlrf:n design factor, F, shall be in accordance with
For Normal (DN 500) and  NPS 20 Table 841.1.6-2 for the crossing of roads and railroads.
Location Excavation Smaller (DN 500) The guidance provided by API RP 1102, Steel Pipelines
o . o Crossing Railroads and Highways; or GRI Report
g:z: i 20 060 18 (60) P No. 9170284, Guidelines for Pipelines
Classgs 3 and 4 30 (760) 24 (610) 24 (610) Highways; or Gas Pipin.g Technology Comqimittee’s
Draindge ditch at public 36 (910) 24 (610) 24 (610) Guide Material Appendix G-15, Desigh of

roadls and railroad
crodsings (all
locdtions)

NOTE:
(1) Rqck excavation is excavation that requires blasting.

(b)| Cover Requirements for Pipelines. Except for off-
shorg pipelines, buried pipelines shall be installed with
a covler not less than that shown in Table 841.1.11-1.

Wihere these cover provisions cannot be met or where
exterpal loads may be excessive, the pipeline shall be
encaged, bridged, or designed to withstand any such
anticjpated external loads. In areas where farming or
other operations might result in deep plowing, in areas
subject to erosion, or in locations where future grading
is likply, such as at roads, highways, railroad crossings,
and dlitch crossings, additional protection shall be’pro-
videdl. [See para. 841.1.11(e) for suggested methods to
provide additional protection.]

(c)| Clearance Between Pipelines or Mains and Other
Undeyground Structures
1) There shall be atleast 6 in. (150 mm) of clearance
whertever possible between any butied pipeline and any
other] underground structuré not used in conjunction
with| the pipeline. When\siich clearance cannot be
attaied, precautions toyprotect the pipe shall be taken,
such|as the installation‘of casing, bridging, or insulating
mateyial.

2) Thereshall be at least 2 in. (50 mm) of clearance
wherever pos§ible between any buried gas main and
any ¢ther tinderground structure not used in conjunc-
tion withthe main. When such clearance cannot be

Uncased
Pipelines Crossing of Highways and Railroads, may be
considered for design and installation of pipeline cross-
ing. The pipeline operator shallevaluate the need for
extending additional pipe protection over th¢ pipeline
when the road or railroatl ¥ight-of-way widtl is unde-
fined based on anticipated loading from traffi¢ or heavy
equipment performing maintenance activitie$ adjacent
to the road or railtead.

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

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

installed

(a) a concrete or steel barrier placed gbove the

pipe
(b) a concrete slab placed vertically agljacent to
the pipe on each side and extended above the top of
pipe elevation
(c) damage-resistant coating materia
concrete
(d) extra depth of cover additiondl to that
required in para. 841.1.11(b)
(e) buried high-visibility warning tape placed
parallel to and above the pipe
(f) pipe casing [see paras. 841.1.11(d) arjd 861.1.6]
(2) A heavier wall thickness than is requifed by the

pipe design factor, F, in accordance with Tablg 841.1.6-1
or Table 841162

, such as

attairred; PIeLauLiunb toprotect themmatrrshattbetaker;
such as the installation of insulating material or casing.

(d) Casing Requirements Under Railroads, Highways,
Roads, or Streets. Casings shall be designed to withstand
the superimposed loads. Where there is a possibility of
water entering the casing, the ends of the casing shall
be sealed. If the end sealing is of a type that will retain
the maximum allowable operating pressure of the carrier
pipe, the casing shall be designed for this pressure and
at least to the design factor of 0.72. Venting of sealed
casings is not mandatory; however, if vents are installed
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(3) Pipeline alignment should be as straight and
perpendicular to the road or railroad alignment as possi-
ble to promote reliable marking of the pipe location
through the right-of-way and at the right-of-way limits.

Additional underground pipe protection shall be used
in conjunction with an effective educational program
(para. 850.4.4), periodic surveillance of pipelines
(para. 851.1), pipeline patrolling (para. 851.2), and utili-
zation of programs that provide notification to operators
regarding impending excavation activity, if available.
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841.1.12 Design Factors Summary. Design factors
are summarized in Table 841.1.6-2.

841.2 Installation of Steel Pipelines and Mains

841.2.1 Construction Specifications. All construc-
tion work performed on piping systems in accordance
with the requirements of this Code shall be done under

Table 841.2.3-1 Pipeline Field Cold Bend
Requirements

Minimum Radius of

Deflection of Bend in Pipe
Longitudinal Diameters
Nominal Pipe Size Axis, deg [see 841.2.3(a)(3)]

construction specifications. The construction specifica- Smaller than NPS 12 841.2.3(a)(4) 18D
tions shall cover all phases of the work and shall be in (DN 300)

sufficient detail to cover the requirements of this Code. NPS 12 (DN 300) 3.2 18D

- . NPS 14 (DN 350) 2.7 21D

841.2)2 Inspection Provisions NPS 16 (DN 400) 2.4 24D

(a) The operating company shall provide suitable NPS 18 (DN 450) 2.1 27D

inspectioh. Inspectors shall be qualified either by experi- NPS 20 (DN 500) 1.9 30D

ence or tfaining. The inspector shall have the authority
to order the repair or removal and replacement of any
componeht found that fails to meet the standards of this
Code.

(b) The¢ installation inspection provisions for pipe-
lines and| other facilities to operate at hoop stresses of
20% or npore of the specified minimum yield strength
shall be aequate to make possible at least the following
inspectiops at sufficiently frequent intervals to ensure
good qudlity of workmanship.

(1) Inspect the surface of the pipe for serious surface
defects just prior to the coating operation. [See
para. 84112.4(b)(1).]

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

3) 1
made.

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

(56) Ihspect the completed welds before they are
covered With coating.

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

(7) Inspect the fit of thepipe to the ditch before
backfillinlg, except for offshore pipelines.

(8) Inspect all repairs, replacements, or changes
ordered hefore they-are covered.

(9) Herformy$dch special tests and inspections as are

hspect the fitup of the joints before the weld'is

and larger

(2) The maximum degree.of bending on a field cold
bend may be determihed by either methqd in
Table 841.2.3-1. The first column expresses the maximum
deflection in an arc length equal to the nominal oytside
diameter, and théecond column expresses the mini-
mum radiusas.a function of the nominal ouftside
diameter.

(3) Asfield cold bend may be made to a shorter
minimwm radius than permitted in (2) above, proyided
the edmpleted bend meets all other requirements qf this
section, and the wall thickness after bending is ndt less
than the minimum permitted by para. 841.1.1. Thig may
be demonstrated through appropriate testing.

(4) For pipe smaller than NPS 12 (DN 300
requirements of (1) above must be met, and the wall
thickness after bending shall not be less than the mini-
mum permitted by para. 841.1.1. This may be demon-
strated through appropriate testing.

(56) Except for offshore pipelines, when a circumfer-
ential weld occurs in a bend section, it shall be subjected
to radiography examination after bending.

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

(7) Wrinkle bends shall be permitted only on sys-
tems operating at hoop stress levels of less than 30% of
the specified minimum yield strength. When wiinkle
bends are made in welded pipe, the longitudinal{weld
bend.

, the

with

required |y fhe;specifications, such as nondestructive  shall be located on or near to the neutral axis of the
testing of welds and electrical testing of the protective ~ Wrinkle bends with sharp kinks shall not be permiitted.
coating. SPdLiIlS of wrinktes sttt bemeasuredator 1§23 thecrotch

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

841.2.3 Bends, Miters, and Elbows in Steel Pipelines
and Mains. Changes in direction may be made by the
use of bends, miters, or elbows under the limitations
noted below.

(a) Bends

(1) A bend shall be free from buckling, cracks, or
other evidence of mechanical damage.
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of the pipe bend, and the peak-to-peak distance between
the wrinkles shall exceed the diameter of the pipe. On
pipe NPS 16 (DN 400) and larger, the wrinkle shall not
produce an angle of more than 1% deg per wrinkle.
(8) Incidental ripples in the pipe surface may occur
along the inside radius during the forming of cold field
bends in some pipe. Ripples having a dimension mea-
sured from peak to valley not exceeding 1% of the pipe
outside diameter are considered acceptable for all gas
service. Larger ripples may be permitted based on an
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engineering analysis that considers the effects of pipeline
construction and operation on the reliability of pipe
affected by such features. In addition, the bend shall
meet all other provisions of this section.
(b) Miters. Mitered bends are permitted, provided the
following limitations are met:
(1) In systems intended to operate at hoop stress
levels of 40% or more of the specified minimum yield
strength, mitered bends are not permitted. Deflections

(1) Injurious gouges or grooves shall be removed.

(2) Gouges or grooves may be removed by grinding
to a smooth contour, provided that the resulting wall
thickness is not less than the minimum prescribed by this
Code for the conditions of usage. [See para. 841.1.5(b).]

(3) When the conditions outlined in
para. 841.2.4(b)(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.

causdd by misatignment Up to & deg are not considered
as miters.

2) In systems intended to operate at hoop stress
levels of 10% or more but less than hoop stress levels
of 4(% of the specified minimum yield strength, the
total|deflection angle at each miter shall not exceed
12% fleg.

3) In systems intended to operate at hoop stress
levels of less than 10% of the specified minimum yield
strenpth, the total deflection angle at each miter shall
not gxceed 90 deg.

4) In systems intended to operate at hoop stress
level§ of 10% or more of the specified minimum yield
strenth, the minimum distance between miters mea-
sureql at the crotch shall not be less than one pipe
diamjeter.

5) Care shall be taken in making mitered joints to
provlide proper spacing and alignment and full
penefration.

(c)| Elbows. Factory-made, wrought-steel welding
elbows or transverse segments cut therefrom mady) be
used)| for changes in direction, provided that(the arc
length measured along the crotch is at least Kin(25 mm)
on pjpe sizes NPS 2 (DN 50) and larger.

841.2.4 Pipe Surface Requirements Applicable to
PipeILnes and Mains to Operate at @ Hoop Stress of 20%
or More of the Specified Minimum Yield Strength.
Gouges, grooves, and notche$ have been found to be an
impqgrtant cause of pipelihe)failures, and all harmful
defedts of this nature must/be prevented, eliminated, or
repaifred. Precautionsshall be taken during manufacture,
hauljng, and installation to prevent the gouging or
grooying of pipe-

(a)| Detectign_ of Gouges and Grooves
1) Thefield inspection provided on each job shall
be stitablé to reduce to an acceptable mlmmum the
chante z withg
finished plpehne or main. Inspection for this purpose
just ahead of the coating operation and during the
lowering-in and backfill operation is required.

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

(3) Lacerations of the protective coating shall be
carefully examined prior to the repair of the coating to
determine if the pipe surface has been damaged.

(b) Field Repair of Gouges and Grooves
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(c) Dents
(1) A dent may be defined as a déprégsion that
produces a gross disturbance in the curvature qf the pipe
wall (as opposed to a scratch or géirge, which reduces
the pipe wall thickness). The depth of a denft shall be
measured as the gap between-the lowest pojint of the
dent and a prolongation ef.the original contgur of the
pipe in any direction.
(2) A dent, as defined in para. 841.2.4(c)(1), which
contains a stress eonCentrator such as a scratdh, gouge,
groove, or arc burn shall be removed by cutting out the
damaged pettion of the pipe as a cylinder.
(3) Al dents that affect the curvature of the pipe
at the Jongitudinal weld or any circumfererjtial weld
shallxbe removed. All dents that exceed a fnaximum
defth of % in. in pipe NPS 12 (DN 300) and gmaller 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 operate at hoop stress levgls of 40%
or more of the specified minimum yield strength. When
dents are removed, the damaged portion of] the pipe
shall be cut out as a cylinder. Insert patching and pound-
ing out of the dents is prohibited.
(d) Notches
(1) Notches on the pipe surface can be ¢aused by
mechanical damage in manufacture, transgortation,
handling, or installation, and when determihed to be
mechanically caused, shall be treated the same ps gouges
and grooves in para. 841.2.4(a).
(2) Stress concentrations that may or|may not
involve a geometrical notch may also be crepted by a
process involving thermal energy in which thq pipe sur-
face is heated sufficiently to change its meclanical or
metallurgical properties. These imperfecfions are
termed ”metallurgical notches Examples include an
= = avith h welding
electrode ora grmdmg burn produced by excessive force
on a grinding wheel. Metallurgical notches may result
in even more severe stress concentrations than a mechan-
ical notch and shall be prevented or eliminated in all
pipelines intended to operate at hoop stress levels of
20% or more of the specified minimum yield strength.
(e) Elimination of Arc Burns. The metallurgical notch
caused by arc burns shall be removed by grinding, pro-
vided the grinding does not reduce the remaining wall
thickness to less than the minimum prescribed by this
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Code for the conditions of use.' In all other cases, repair
is prohibited, and the portion of pipe containing the arc
burn must be cut out as a cylinder and replaced with a
good piece. Insert patching is prohibited. Care shall be
exercised to ensure that the heat of grinding does not
produce a metallurgical notch.

841.2.5 Miscellaneous Operations Involved in the
Installation of Steel Pipelines and Mains
(a) Haudling, Hauling, and Stringing. Care shall be

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

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

(2) Control the gas pressure at the site of the work
by a suitable means.

(3) After a cut is made, immediately close all slots
or open ends with tape, tightly fitted canvas, or other

taken in fhe selection of the handlmg equlpment and in

suitable materials.
(4) Do not permit two openings to remain upcov-

handlingf hauling, unloading, and pl th . o .
a:]; Otlr:g d ;;lalgf t}? en I;)i; e%ng and placing the pipe so ered at the same time. This is doubly important fif the

(b) Ingtallation of Pipe in the Ditch. On pipelines two openings are at different elevations,
(c) Welding, cutting, or other operations that gould

operating at hoop stress levels of 20% or more of the
specified |minimum yield strength, it is important that
stresses inposed on the pipeline by construction be min-
imized. Hxcept for offshore pipelines, the pipe shall fit
the ditch|without the use of external force to hold it in
place untjl the backfill is completed. When long sections
of pipe that have been welded alongside the ditch are
lowered |n, care shall be exercised so as not to jerk
the pipe pr impose any strains that may kink or put a
permanent bend in the pipe. Slack loops are not prohib-
ited by tlhis paragraph where laying conditions render
their use Jadvisable.
(c) Backfilling

(1) Backfilling shall be performed in a manner to

provide firm support under the pipe.

be a source of ignition shall not be’done on a pipgline,
main, or auxiliary apparatus thatvcontains air, if it is
connected to a source of gas, tinleSs a suitable mears has
been provided to prevent the-formation of an explosive
mixture in the work area:
(d) In situations where welding or cutting myst be
done on facilities¢hat are filled with air and connfected
to a source of gas, and the precautions recommended
above cannot‘be taken, one or more of the follqwing
precautions,"depending on circumstances at the jopsite,
are suggested:
(@) purging of the pipe or equipment upon Wwhich
welding or cutting is to be done with an inert gas or
continuous purging with air in such a manner that a

. . combustible mixture does not form in the facility at the
(2) If there are large rocks in the material to be used work area
for backfill, care shall be used to prevent damage tothe (2) testing of the atmosphere in the vicinity of the
coating by such means as the use of rock shield material, & p . y
. R . . zone to be heated before the work is started apd at
or by malking the initial fill with rock-free matérial suffi-

cient to grevent damage.

(3) Where the trench is flooded to-Sonsolidate the
backfill, ¢are shall be exercised to see\that the pipe is
not floatqd from its firm bearing on ‘the trench bottom.

841.2
trained a

6 Hot Taps. All hot taps shall be installed by
nd experienced crews.

7 Precautions'to-Avoid Explosions of Gas—Air
or Uncontrolled Fires During Construction

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

! Complete removal of the metallurgical notch created by an arc
burn can be determined as follows: After visible evidence of the
arc burn has been removed by grinding, swab the ground area
with a 20% solution of ammonium persulfate. A blackened spot
is evidence of a metallurgical notch and indicates that additional
grinding is necessary.
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intervals as the work progresses with a combustib
indicator or by other suitable means
(3) careful verification before and during the work
ensuring that the valves that isolate the work fiom a
source of gas do not leak
(e) Purging of Pipelines and Mains
(1) When a pipeline or main is to be placed ih ser-
vice, the air in it shall be displaced. The followinlg are
some acceptable methods:
(a) Method 1. Introduce a moderately rapidl 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 f air.
Vhere
the release of gas 1nto the atmosphere may cause a haz-
ardous condition, then a slug of inert gas shall be intro-
duced between the gas and air. The gas flow shall then
be continued without interruption until all of the air
and inert gas have been removed from the facility. The
vented gases shall be monitored and the vent shall be
closed before any substantial quantity of combustible
gas is released to the atmosphere.
(2) In cases where gas in a pipeline or main is to
be displaced with air and the rate at which air can be

e gas
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supplied to the line is too small to make a procedure
similar to but the reverse of that described in (1) above
feasible, a slug of inert gas should be introduced to
prevent the formation of an explosive mixture at the
interface between gas and air. Nitrogen or carbon diox-
ide can be used for this purpose.

(3) If a pipeline or main containing gas is to be
removed, the operation may be carried out in accordance
with para. 841.2.7(b), or the line may be first discon-

(b) Nonwelded tie-in connections not pressure tested
after construction shall be leak tested at not less than
the pressure available when the tie-in is placed into
service.

(c) Pressure testing with water is recommended
whenever possible. However, it is recognized that cer-
tain conditions may require testing with gases. When a
gas is used as the test medium, the test pressure shall

not exceed the maximum values stated in
Tables-841-321and-844+3-3—1-

nect¢dfrom all sources of gas and then thoroughnly
purged with air, water, or inert gas before any further
cutting or welding is done.
4) If a gas pipeline, main, or auxiliary equipment
be filled with air after having been in service, and
is a reasonable possibility that the inside surfaces
of the facility are wetted with volatile inflammable lig-
uid, pr if such liquids might have accumulated in low
placgs, purging procedures designed to meet this situa-
tion ghall be used. Steaming of the facility until all com-
bustiple liquids have been evaporated and swept out is
recothmended. Filling of the facility with an inert gas
and keeping it full of such gas during the progress of
any yvork that may ignite an explosive mixture in the
facilify is an alternative recommendation. The possibil-
ity of striking static sparks within the facility must not
be overlooked as a possible source of ignition.
(f)|Whenever the accidental ignition in the open air
of gap-air mixture may be likely to cause personal injury;
or pfoperty damage, precautions shall be taken. For
exan|ple:
1) Prohibit smoking and open flames in‘the area.
2) Install a metallic bond around the“\location of
cuts in gas pipes to be made by means otherthan cutting
torchfes.
3) Take precautions to previent'static electricity
sparks.
4) Provide a fire extinguisher of appropriate size
and {ype, in accordance with' NFPA 10.

is to
there)

841.3 Testing After Construction

841.3.1 General Provisions. All piping systems
shallfbe tested/after construction to the requirements of
this {Code“except for pre-tested fabricated assemblies
and yvelded tie-in connections where post construction

The user is cautioned that the release of storpd 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 dmplemented to [minimize
these additional risks.

(d) When pipeline systems are installed ir| unstable
soils or the mass of thétest medium contributgs to addi-
tional stresses in the/pipeline system, the stresses and
reactions due to @xpansion, longitudinal predsure, and
longitudinal bending shall be investigated pripr to test-
ing. This investigation shall confirm that the [test pres-
sures and‘loads do not produce unacceptabl¢ stresses,
straing,*deflections, or other conditions that could
adyersely impact the ability of the system t¢ perform
aS\required.

(e) Test planning shall consider pressure tesf medium
temperatures and duration of testing operatiofis to limit
damage to pipe from freezing of the test me¢ium and
prevent detrimental pipeline deformation dug to desta-
bilization of permafrost soils.

(f) Each test assembly (a fabrication that i$ not part
of the permanent facility used for filling, pressjiring and
monitoring the test) shall be designed, fabridated, and
installed in accordance with the provisions of this Code.
Each test assembly shall be designed to operate at the
anticipated maximum test pressure. The operator is
encouraged to consider pretesting of the test|assembly
prior to its use to reduce risk to testing persopnel. Pre-
testing of the test assembly is required when th¢ pressure
test is to be conducted with a sour gas medium. Subse-
quent retesting prior to reuse should be considgred if the
test assembly is suspected to have undergonp damage
during or between tests.

(g) Test assemblies should be located co
accessibility, sources of test medium, and the|elevation

hsidering

tie-i

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

(a) The circumferential welds associated with con-
necting pretested assemblies, pretested repair pipe
lengths or sections and welded tie-in connections not
pressure tested after construction shall be inspected by
radiographic or other accepted nondestructive methods
in accordance with para. 826.2.

tacting 1o it o ot o]
teSHRZg IS hotPpractea:
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profite—of thetestsegment—Setectedtocations should
provide testing flexibility while limiting test pressures
between the minimum test pressure and the selected
maximum test pressure.

841.3.2 Pressure Test Requirements to Prove
Strength of Pipelines and Mains to Operate at Hoop
Stresses of 30% or More of the Specified Minimum Yield
Strength of the Pipe. The following are pressure test
requirements to prove strength of pipelines and mains to
operate at hoop stresses of 30% or more of the specified
minimum yield strength of the pipe:
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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

1 2 3

4 5 6

Maximum

Design Factor, Permissible Test

Pressure Test Prescribed 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 1.25 x MOP 1.25 x DP TP + 1.25 or PP
[Note (1)]
2 0.6 Water 1.25 x MOP None TP + 125 or DP
0.6 Air [Note (1)] 1.25 x MOP 1.25 x DP TP {125 or DP

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
DP = |design pressure

MOP = [maximum operating pressure (not necessarily the maximum allowable operating pressure)

TP = [test pressure

GENERAL NPTES:

(@) This Table defines the relationship between test pressures and maximum allowable operating pressures subsequent to the test. If an
operatifjig company decides that the maximum operating pressure will be less than the<«esign pressure, a corresponding reductign in
the prepcribed test pressure may be made as indicated in the Pressure Test Prescribéd; Minimum column. If this reduced test prgssure
is used} however, the maximum operating pressure cannot later be raised to the design pressure without retesting the line to a Higher
test prgssure. See paras. 805.2.1(d), 845.2.2, and 845.2.3.

(b) Gas piding within gas pipeline facilities (e.g., meter stations, regulator stations, etc.) is to be tested and the maximum allowable
operatipg pressure qualified in accordance with para. 841.3 and Tables 841.3.2-1 and 841.3.3-1 subject to the appropriate locatlon
class, design factor, and text medium criteria.

() When gn air or gas test is used, the user of this Code is cautioned torgvaluate the ability of the piping system to resist propagat|ng
brittle ¢r ductile fracture at the maximum stress level to be achieved during the test.

NOTES:

(1) When gressure testing with air or gas, see paras. 841.3.1(d), 841.3.2(a) through (c), and Table 841.3.3-1.

(2) Comprdssor Station piping shall be tested with water to, Location Class 3 pipeline requirements as indicated in para. 843.5.1(c).

(3) For excgptions, see paras. 841.3.2(b) and (c).

(1) The¢ permissible pressure test média are stated in (c) Where one or both of the conditiofs in
Table 841|3.2-1. The recommended test medium is water. ~ para. 841.3.2(b) exist, it is permissible to pressurp test
Sour gas gs defined in para. B803 and/flammable gasmay  using air or nonflammable, nontoxic gases as the[pres-
only be ysed for testing purposes in Location Class 1,  sure test medium provided that all of the followihg:
Division [2 locations. Wheny either of these media are (1) the maximum hoop stress during pressurg test-
utilized, the public shallbe’temoved to a safe distance  ing is less than 50% of the specified minimum |yield
during the test and testing personnel shall be equipped  strength in class 3 locations, and less than 40% ¢f the
with appfropriate personal protective equipment. Both  specified minimum yield strength in class 4 locatjons
sour gas|and flanimable gas tests must meet the test (2) the maximum pressure at which the pipelline is
pressure |imitations per Table 841.3.3-1. to be operated does not exceed 80% of the maximum

(b) Thl {pressure test medium requirements of  field test pressure

Table 8413.2'1 {Ul 'L}lU PIUDDMIC itbiillé Ulr Pil.}t:lille ill
class locations 3 and 4 need not apply if, at the time the
pipelines are first ready for pressure testing, one or both
of the following conditions exist:

(1) ground temperature at pipe depths are suffi-
ciently low during the test to cause the test medium to
change state and cause damage or blockage that would
damage the pipe or invalidate the test and use of chemi-
cal freeze depressants is not possible

(2) approved water of satisfactory quality is not
reasonably available in sufficient quantity
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(3—the pipe invotved tas beerr contirmedto be fit
for service and has a longitudinal joint factor of 1.00
(see Table 841.1.7-1)

(d) Before being placed in service, a newly con-
structed pipeline system shall be strength tested for a
minimum period of two hours at a minimum pressure
equal to or greater than that specified in Table 841.3.2-1
after stabilization of temperatures and surges from pres-
suring operations has been achieved. The minimum
pressure shall be obtained and held at the highest eleva-
tion in the pipeline system.
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(e) Test requirements as a function of Location Class
are summarized in Table 841.3.2-1.

(f) In selecting the test pressure, the designer or
operating company should be aware of the provisions

Table 841.3.3-1 Maximum Hoop Stress
Permissible During an Air or Gas Test

Location Class, Percent of
Specified Minimum Yield

of section 854 and the relationship between test pressure Strength
and oper‘ating pressure when the pipelin.e experiences Test Medium 5 3 4
a future increase in the number of dwellings intended
for human occupancy. Air or nonflammable 75 50 40
(g) Other provisions of this Code notwithstanding, nontoxic gas
Flammable gas 30 30 30

pipelifies and mains crossing highways and railroads
may pe pretested independently or tested in conjunction
with [the adjoining pipeline segments in the same man-
ner gnd to the same pressure as the pipeline on each
side pf the crossing.

(h)| Other provisions of this Code notwithstanding,
fabri¢ated assemblies, including main line valve assem-
blies| cross connections, river crossing headers, etc.,
installed in pipelines in Location Class 1 and designed
in acpordance with a design factor of 0.60 as required
in pqra. 841.1.9(a), may be pretested independently or
testedl in conjunction with the adjoining pipeline seg-
ments as required for Location Class 1.

(i) |Operating companies shall retain, in their files, for
the ujseful life of each pipeline and main, records show-
ing the procedures used and the data developed in estab-
lishing the maximum allowable operating pressure of
that|pipeline or main. Refer to section N-7 of
Noninandatory Appendix N for a list of suggested rec<
ords [for retention.

8#1.3.3 Tests Required to Prove Strength for
Pipelines and Mains to Operate at Hoop Stress Levels
of Ldss Than 30% of the Specified Mihimum Yield
Strength of the Pipe, but in Excess of 100 psig
(690 [kPa). Steel piping that is to operate at hoop stress
level§ of less than 30% of the specified minimum yield
strength in Class 1 Locations shall at least be tested
in aqcordance with para. 841.34. In Class 2, 3, and 4
Locations, such piping shallbe tested in accordance with
Tablg 841.3.2-1, except that gas or air may be used as
the test medium within the maximum limits set in

GENERAL NOTE: Refer to para. 841.3.2(c).

(c) In all cases where a line is_to be stressed in a
strength proof test to a hoop stress level of 209 or more
of the specified minimuny yield strength of [the pipe,
and gas or air is the testimédium, a leak test shall be
made at a pressure indhe 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 He walked
while the hodp stress is held at approximately 20% of
the specifiéd minimum yield.

841:3.5 Leak Tests for Pipelines and Mains fo Operate
at Léss’'Than 100 psig (690 kPa)

(@) Each pipeline, main, and related equipment that
will operate at less than 100 psi (690 kPa) shall be tested
after construction and before being placed in pperation
to demonstrate that it does not leak.

(b) Gas may be used as the test medium at
mum pressure available in the distribution
the time of the test. In this case, the soap b
may be used to locate leaks if all joints are
during the test.

(c) Testing at available distribution system [pressures
as provided for in para. 841.3.5(b) may not beladequate
if substantial protective coatings are used tHat would
seal a split pipe seam. If such coatings are usedl, the leak
test pressure shall be 100 psig (690 kPa).

841.3.6 Safety During Tests. All testing of

the maxi-
bystem at
ibble test
hccessible

pipelines

Tabld 841.3.3-1 and mains after construction shall be done [with due
T regard for the safety of employees and the publlic during
841.3.4 Ledk Tests for Pipelines or Mains to Operate  the test. When air or gas is used, suitable sfeps shall

at 100 psig (690 kPa) or More
(a)| Bacl'pipeline and main shall be tested after con-

be taken to keep persons not working on the testing

operations out of the testing area when the hpop stress
is first raised from 50% of the cpom'{:inr‘] minindum y1e1d

structiorrandbeforebeingplacedinoperationtodemon
strate that it does not leak. If the test indicates that a leak
exists, the leak or leaks shall be located and eliminated,
unless it can be determined that no undue hazard to
public safety exists.

(b) The test procedure used shall be capable of disclos-
ing all leaks in the section being tested and shall be
selected after giving due consideration to the volumetric
content of the section and to its location. This requires
the exercise of responsible and experienced judgement,
rather than numerical precision.
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to the maximum test stress, and until the pressure is
reduced to the maximum operating pressure.

841.4 Commissioning of Facilities

841.4.1 General. Written procedures shall be estab-
lished for commissioning. Procedures shall consider the
characteristics of the gas to be transported, the need to
isolate the pipeline from other connected facilities, and
the transfer of the constructed pipeline to those responsi-
ble for its operation.
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Commissioning procedures, devices, and fluids shall
be selected to ensure that nothing is introduced into the
pipeline system that will be incompatible with the gas
to be transported, or with the materials in the pipeline
components.

841.4.2 Cleaning and Drying Procedures. Consider-
ation shall be given to the need for cleaning and drying
the pipe and its components beyond that required for
removal of the test medium.

(c) Standard Ductile Iron Strength and Conformance to
ANSI A21.52. Ductile iron pipe shall be (60-42-10) grade
and shall conform to all requirements of ANSI A21.52.
Grade (60-42-10) ductile iron has the following mechani-
cal properties:

Minimum tensile strength
Minimum yield strength
Minimum elongation

60,000 psi (414 MPa)
42,000 psi (290 MPa)
10%

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 ghall be fully function-tested, especially includ-
ing safety systems such as pig trap interlocks, pressure
and flow}monitoring systems, and emergency pipeline
shut-down systems. Consideration should also be given
to perforfning a final test of pipeline valves before the
gas is intfoduced to ensure that each valve is operating
correctly.

841.4|4 Start-Up Procedures and Introduction of
Transported Gas. Written start-up procedures shall be
prepared|before introducing the transported gas into the
system and shall require the following:

(a) th¢ system be mechanically complete and
operatiorjal
(b) all functional tests be performed and accepted

(c) all hecessary safety systems be operational

(d) opdrating procedures be available

(e) a cgmmunications system be established

(f) trarjsfer of the completed pipeline system to those
responsiljle for its operation

841.4.5 Documentation and Records. The following
commissjoning records shall be maintained as perma-
nent recoyds:

(a) clegning and drying procedures

(b) clegning and drying results

(c) funftion-testing records of pipeline monitoring

(d) comtrol equipment.systems

(e) conppleted prestartichecklist

842 OTHER MATERIALS
842.1 Dyctile.lron Piping Systems Requirements

842.1.

(a) Determination of Required Wall Thickness. Ductile
iron pipe shall be designed in accordance with the meth-
ods set forth in ANSI/AWWA C150/A21.50.

(b) Allowable Values of s and f. The values of design
hoop stress s and design bending stress f at the bottom
of the pipe, to be used in the 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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(d) Allowable Thickness for Ductile Iron Pipe. The least
ductile iron pipe thicknesses permitted are the lightest
standard class for each nominal pipe size-as shoywn in

ANSI A21.52. Standard wall thickresseq for
250 psi (1720 kPa) maximum working”pressur¢ and
standard laying conditions at seyeral depths of fover
are shown in Table 842.1.1-1.
(e) Ductile Iron Pipe Joints
(1) Mechanical Joints-*Ductile iron pipe |with
mechanical joints shall cefiform to the requirements of

ANSI A21.52 and ANSIY AWWA C111/A21.11. Mefhan-
ical joints shall‘be assembled in accordance |with
“Notes on Installation of Mechanical Jointp” in
ANSI/ AWWASC111/A21.11.

(2) ©ther Joints. Ductile iron pipe may be furnfshed
with other types of joints provided they are properly
qualified and meet the appropriate provisions of this
Ceode. Such joints shall be assembled in accordancq with
applicable standards or in accordance with the marjufac-
turer’s written recommendations.

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

842.1.2 Installation of Ductile Iron Pipe

(a) Laying. Ductile iron pipe shall be laid in gccor-
dance with the applicable field conditions descried in
ANSI/AWWA C150/A21.50.

(b) Cover. Underground ductile iron pipe shall be
installed with a minimum cover of 24 in. (610 mm) ynless
prevented by other underground structures. Wherp suf-
ficient cover cannot be provided to protect the pipelfrom
external loads or damage and the pipe is not desjgned
to withstand such external loads, the pipe shall be fased
or bridged to protect the pipe.

(c) Joint Restraint. Suitable harnessing or buttrgssing
shall be provided at points where the main deyiates
ined,

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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Table 842.1.1-1 Standard Thickness Selection Table for Ductile Iron Pipe

Thickness, in. (mm), for Depth of Cover, ft (m)

Nominal Pipe Laying
Size, NPS (DN) Condition 2!/, 3!/, 5 8 12 16 20 24

3 (75) A 0.28 (7.1) 0.28(7.1) 028 (7.1) 0.28 (7.1) 0.28(7.1) 0.28 (7.1)  0.28 (7.1)  0.28 (7.1)
B 0.28 (7.1) 0.28(7.1) 0.28(7.1) 0.28(7.1) 0.28(7.1) 0.28(7.1) 0.28 (7.1)  0.28 (7.1)
4 (100) A 0.29 (7.4) 0.29 (7.4) 029 (7.4)  0.29 (7.4) 0.29 (7.4) 029 (7.4)  0.29 (7.4)  0.29 (7.4)
B 0.29 (7.4)  0.29 (7.4)  0.29 (7.4)  0.29 (7.4) 029 (7.4) 0.29 (7.4)  0.29 (7.4)  0.29 (7.4)
qT1I50) A U.51(/.9) U.51(/7.9) U.51(7.9) U.51 (/7.9) 0.51(/7.9) U.51 (/7.9) U.51(/7.9) 0.31 (7.9)
B 0.31(7.9) 031(7.9 03179 031((7.9 03179 03179 0.31 7.9 | 03179
g (200) A 0.33(8.4) 0.33(8.4) 0.33(8.4) 0.33(8.4) 033(.4) 033(8.4) 0.33)(84) [0.33(8.4)
B 0.33 (8.4) 0.33(8.4) 033(8.4) 0.33(8.4) 0.33(8.4) 03384 038384 [0.33(8.4)
1q (250) A 0.35(8.9) 0.35(8.9 035(8.9) 0.35(8.9 0.35(89  0.35 (8.9 0.38 (9.7) [0.38(9.7)
B 0.35(8.9) 0.35(8.9 035(8.9) 0.35(8.9 0.35(8.9 03589~ 0.389.7) [0.38(9.7)
12 (300) A 0.37 (9.4) 0.37 (9.4) 037 (9.4) 0.37 (9.4) 0.37 (9.4) 0.37°9.4) 0.40 (10.2) [0.43 (10.9)
B 0.37 (9.4) 0.37 (9.4) 037 (9.4) 0.37 (9.4) 0.37 (9.4) 037 (9.4) 0.40 (10.2) [0.40 (10.2)
14 (350) A 0.36 (9.1) 0.36 (9.1)  0.36 (9.1)  0.36 (9.1)  0.39 (9¢9) ¥ 0.42 (10.7) 0.45 (11.4) [0.45 (11.4)
B 0.36 (9.1) 0.36 (9.1) 036 (9.1) 0.36 (9.1) 0.36 (91) 0.42 (10.7) 0.42 (10.7) [0.45 (11.4)
14 (400) A 0.37 (9.4) 0.37 (9.4) 037 (9.4) 0.37 (9.4) 0.40°(10.2) 0.43 (10.9) 0.46 (11.7) [0.49 (12.4)
B 0.37 (9.4) 0.37 (9.4) 037 (9.4)  0.37 (9.4) €/0.40 (10.2) 0.43 (10.9) 0.46 (11.7) [0.49 (12.4)
14 (450) A 0.38 (9.7) 0.38(9.7 038(9.7) 0.38(9.2)" 0.41 (10.4) 0.47 (11.9) 0.50 (12.7) [0.53 (13.5)
B 0.38(9.7) 0.38(9.7) 0.38(9.7) 0.38(9.7) 0.41 (10.4) 0.44 (11.2) 0.47 (11.9) [0.53 (13.5)

2q| (500) A 0.39 (9.9) 0.39(9.9 0.39(9.9) , 0:39 (9.9) 0.45 (11.4) 0.48 (12.2) 0.54 (13.7)

B 0.39 (9.9) 0.39(9.9 039 (9.9:3%0.39 (9.9) 0.42 (10.7) 0.48 (12.2) 0.51 (13.0)

24 (600) A 0.44 (11.2)  0.41 (10.4) 0.41 (¥0.4) 0.44 (11.2) 0.50 (12.7) 0.56 (14.2)
B 0.41 (7.9) 041 (7.9 @A4D(7.9) 0.41(7.9) 0.47 (11.9) 0.53 (13.5)

GENERAL NOTES:

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

(b) Laying Condition A: flat-bottom trench without blocks, untamped backfill.

() Laying Condition B: flat-bottom trench without blocks, tamped backfill.

(d) THe thicknesses in this Table are equal tb or in excess of those required to withstand 250 psi (1 720 kPa) working pressure

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

(f) For the basis of design, see ANSI/AWWA C150/A21.50.

(g) THread engagement in taps for service connections and bag holes may require consideration in selecting pipe thicknesses.
dik of ANSI A21.52.

bee Appen-

842.

Gefieral Propisions. The design requirements of this sec-
tion fare intendeéd to limit the use of plastic piping pri-
mar;lly toymains and service lines in typical PVC

(12) P Design of Plastic Piping the requirements of a specification listed in Mandatory

Appendix A.

842.2.1 Plastic Pipe and Tubing Design Fprmula.
The design pressure for plastic gas piping systems or

(polyvinyT chloride) distribution systems’ operating at the nominal wall thickness for a given desigr} pressure

a pressure of 100 psig (690 kPa) or less, PE (polyethylene)
distribution systems operating at a pressure of 125 psig
(860 kPa) or less, and PA-11 (polyamide 11) distribution
systems operating at pressures up to the design pressure
of the material as determined by the formulas in

(subject to the limitations in para. 842.2.2) shall be deter-
mined by the following formulas:

(U.S. Customary Units)

25
para. 841.2.1. For other applications in Class 1 or 2 P =w%pr—1%0r
Locations, plastic piping may be used within the limita-
tions prescribed in this Code. Plastic piping shall meet  or
2 Under ASTM D2513, PVC piping may be used only for repair P = 25t x D
and maintenance of existing PVC installations. D -t f
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842.2.2 Thermoplastic Design Limitations
(a) Except as provided in paras. 842.2.2(e) and (f),
the design pressure may not exceed a gage pressure of
100 psig (689 kPa) for plastic pipe used in
(1) distribution systems
(2) Location Classes 3 and 4
(b) Plastic pipe shall not be used where the design
temperature of the pipe will be
(1) below —40°F (-40°C). In no case shall the pipe

(SI Units)
2000S
P=%pr-1 P
or
20005t
P = D—t X Df
where
D = dpecified outside diameter, in. (mm), in the case

f reinforced thermosetting plastic (RTP) pipe,
the specified outside diameter of the reinforced
thermoset layer

or piping components be used in applications bgyond
the manufacturer’s recommended ratings for\th€ pipe
or piping component.

(2) above the temperature at which)the HDB
in the design formula is determined.

used

and

psig

ance

para.

[RTP)

para.

tings

Dy = design factor = 0.32 or 0.40 for PA-11. The (c) The value of t for thermoplastie pipe shall 1jot be
esign factor is a number less than or equal to  less than that shown in Table 842.2.2-1.
that is multiplied by the calculated maximum (d) For saddle type service ¢onnections made by heat
ressure to obtain the design pressure. fusion techniques, it may béeriecessary for some mhateri-
DR = dimension ratio, the ratio of the average speci- als that are intended for ise at high operating predsures
ed outside diameter to the specified minimum to require a heavier wall thickness than defined Ry the
all thickness pressure design formula for sizes NPS 2 (DN 50
P = design pressure, gage, psig (kPa) smaller. Manufacturers of the specific pipe material
S = fpr thermoplastic pipe, hydrostatic design basis should be contacted for recommendations or a qualified
(HDB) determined in accordance with ASTM procedure sha.ll be used. )
2837 at a temperature equal to 73°F (23°C), (e) The design pressure for PE pipe may exc bed a
00°F (380C), 120°F (49°C), or 140°F (600C) In gage pressure of 100 psig (689 kPa), prOVIded that
the absence of a HDB established at the speci- (1) the design pressure does not exceed 129
ed temperature, the HDB of a higher tempera- (862 kPa).
tlure may be used in determining a design (2) the material is a PE material as specified wyithin
ressure rating at the specificed temperature by ~ ASTM D2513.
rithmetic interpolation using the proced{ive in (3) the pipe size is NPS 12 (DN 300) or smaﬂ;er.
art D.2 of PPI TR-3. For RTP pipe NPS 6 (4) the design pressure is determined in accor
(DN 150) and below, used in Class 1 and 2  with the design equation defined in para. 842.2.1
Ipcations, the HDB determinedSin ‘accordance (f) Polyamide-11 (PA-11) pipe may be operated at
ith the listed specification~For all other RTP  pressures up to its design pressure as determinpd in
ipe, use 11,000 psi (76 MPa): accordance with the design equation defined in
SDR = dtandard dimension ratie)~the ratio of the aver- 842.2.1.
&€ spgaﬁed outs%de gprmeter to the mum 842.2.3 Reinforced Thermosetting Plastic
pecified wall thickiiess, corresponding to a Design Limitations
alue from a cOmmon numbering system that . L )
as derived from the American National (a) The value of P for RTP mains and service lifies in
tandardg Institute preferred number series 10. distribution systems in Class 3 and 4 locations shalll not
the.das€ of RTP pipe, SDR is the ratio of exceed 100 psig (689 kPa) except as prescribed in
the average outside diameter of the reinforced 842‘2'3((1.) : ) o ]
thermoset layer to the minimum specified wall (b) Reinforced thermosetting plastic pipe and fi :
thickness of the reinforced thermoset layer. DR~ Shall not be used where operating temperatures wa
may be substituted for SDR in this calculation be below -20°F (-29°C), or above 150°F (66°C), and if
when the dimension ratio is not an above recommended by the manufacturer, up to 180°F (82°C).
defined “standard” dimension ratio. (c) The wall thickness for RTP pipe shall not be less
t = specified wall thickness, in. (mm), in the case than that listed in Table 842.2.3-1.

of RTP pipe, the specified wall thickness of the
reinforced thermoset layer

NOTE: Long-term hydrostatic strength at 73°F (23°C) for the plas-
tic materials whose specifications are incorporated by reference
herein are given in Mandatory Appendix D.
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(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

(12
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Table 842.2.2-1 Wall Thickness and Standard Dimension Ratio for
Thermoplastic Pipe

Outside Minimum Wall Thickness, in. (mm), for Standard Dimension Ratio, R

Nominal Pipe Diameter,

Size, NPS (DN) in. (mm) 26 17 13.5 11
1/2 (15) 0.840 (21.3) 0.062 (1.57) 0.062 (1.57) 0.062 (1.57) 0.062 (1.57) 0.076 (1.93)
3/4 (20) 1.050 (26.7) 0.090 (2.29) 0.090 (2.29) 0.090 (2.29) 0.090 (2.29) 0.095 (2.41)
1 (25) 1.315 (33.4) 0.090 (2.29) 0.090 (2.29) 0.090 (2.29) |0.097 (2.46) 0.119 (3.02)
11/4 (32) 1.660 (42.2) 0.090 (2.29) 0.090 (2.29) 0.098 (2.49) 0.123 (3.12) 0.151 (3.84)
1Y4 @0) 1.900 (48.3) 0.090 (2.29) 0.090 (2.29) 0.112 (2.84) 0.141 (3.58) 0.1F3 (4.39)
21(50) 2.375 (60.3) 0.091 (2.31) 0.113 (2.87) 0.140 (3.56) 0.176 (4.47) 02116 (5.49)
24 (65) 2.875 (73.0) 0.110 (2.79) 0.137 (3.48) 0.169 (4.29) 0.213 (5.41) .
3|(75) 3.500 (88.9) 0.135 (3.43) 0.167 (4.24) 0.206 (5.23) 0.259 (6.58)
3%4 (90) 4.000 (101.6) 0.154 (3.91) 0.190 (4.83) 0.236 (5.99) 0.296 (7.52)
4 (100) 4.500 (114.3) 0.173 (4.39) 0.214 (5.44) 0.264 (6.71) 0.333 (8:46)
5 (125) 5.563 (141.3) 0.224 (5.69) 0.265 (6.73) 0.328 (8.33) 0.413~(10:49)
6 (150) 6.625 (168.3) 0.255 (6.48) 0.316 (8.03) 0.390 (9.91) 0,491N\A2.47)

GENERAL NOTES:

(@) Stpndard Dimension Ratio. The Standard Dimension Ratio System enables the user to select @.number of different sizes of gipe for a

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

Nominal Pipe Size, Outside Diameter, Minimum Thickness,

valug¢ as the maximum design)pressure of the corres-
ponding pipe size and wall\thickness as indicated in the
refer¢nced standard forthe fittings and as determined
in pdras. 842.2.1 and)842.2.2. The manufacturer should
be cdnsulted for adyice on maximum pressure ratings
for fittings notweovered by referenced standards.

842.2.5 Valves in Plastic Piping
(a)| Valves in plastic piping may be made of any suit-
able material and design permitted by this Code. Ther-

piping system, all of which will have the same design pressure. When plastic materials of¢thelsame design strengths are usgd, the
sgme Standard Dimension Ratio may be used for all sizes of pipe instead of calculating @ Value of t for each size.
(b) WAl thicknesses above the line are minimum values and are not a function of the Stafidard Dimension Ratio.

842.2.7 Cover and Casing Requiremenlts Under
Railroads, Roads, Streets, or Highways. Plas}ic piping
shall conform to the applicable requirements of
paras. 841.1.11(a) and (d). Where plastic piping must be

NPS (DN) in. (mm) in. (mm)
cased or bridged, suitable precautions shall bg¢ taken to
2 (50 2.375 (60.3) 0.060-(1.52) prevent crushing or shearing of the piping.|(See also
3 (75) 3.500 (88.9) 0:060 (1.52) 842.3.3
para. 842.3.3.)
i (100) 4.500 (114.3) 0:070 (1.78)
b (150) 6.625 (168.3) 0.100 (2.54) 842.2.8 Clearance Between Mains and Other

Underground Structures. Plastic piping shal] conform
to the applicable provisions of para. 841.1.1%(c). Suffi-
cient clearance shall be maintained between plastic pip-
ing and steam, hot water, or power lines gnd other
sources of heat to prevent operating tempefatures in
excess of the limitations of para. 842.2.2(b) or $42.2.3(b).

842.2.9 Plastic Pipe and Tubing Jojnts and
Connections
(a) General Provisions. Plastic pipe, tubing, and fit-
tings may be joined by the solvent cement method, adhe-
sive method, heat-fusion method, or by fneans of

moplastic valves shall comply with ASTM D2513 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.

LUlllPlebiUll LUul)lille OT ﬂauseb. Fherethod used
must be compatible with the materials being joined. The
recommendations of the manufacturer shall be consid-
ered when determining the method to be used.

(b) Joint Requirements

(1) Pipe or tubing shall not be threaded.

(2) Solvent cement joints, adhesive joints, and heat-
fusion joints shall be made in accordance with qualified
procedures that have been established and proven by
test to produce gas-tight joints at least as strong as the
pipe or tubing being joined.

(12)
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(3) Joints shall be made by personnel qualified by
training or experience in the proper procedures required
for the type of joint involved.

(4) Solvent cement shall be used only on PVC joints.

(5) Heat-fusion or mechanical joints shall be used
when joining polyethylene or polyamide 11 pipe, tubing,
or fittings. PA-11 components may be joined to PA-11
components, and PE components may be joined to
PE components. PE and PA-11 components shall not

to the ends of the piping, can compress the heated ends
together, and holds the piping in proper alignment while
the plastic hardens.

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

(3) Care must be used in the heating operation to

h £ 1 ¢ 1 +1 21 1 1 %
be heat-fpsed—to—eactrother: TOTyEUTyIEITE COITPOTITETIS

prevent damage to the piastic material from overngating

made of different grades of materials may be heat-fused,  or having the material not sufficiently heatedtoehsure
provided|that properly qualified procedures for joining  a sound joint. Direct application of heat with'a toich or
the specific components are used. Any combination of  other open flame is prohibited.

PE materials with an ASTM D2513, Table 4, Pipe
Category] melt index category C may be joined by heat
fusion prpcedures such as those detailed in PPI TR-33.
PPI, the Plastics Pipe Institute, publishes two generic
heat fusign procedures for joining PE:

(a)] TR-33, Generic Butt Fusion Joining Procedure
for Polyethylene Gas Piping

(b)) TR-41, Generic Saddle Fusion Joining Proce-
dure for Polyethylene Gas Piping

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

(e) Adhesive Joints

(1) Adhesives that conform to ASTM D2517 and
are recommended by th&pipe, tubing, or fitting npanu-
facturer shall be used-to make adhesive bonded jpints.

(2) When disgimilar materials are bonded togpther,
a thorough invéstigation shall be made to deteymine

pipe

mini-

. Fusion|of PE, components with .different melt catego-  hat the matérals and adhesive used are comphtible
ries may|require “dissimilar fusion” procedures pro- i ooch other
vided by|the manufacturer.

(6) Hlanges or special joints may be used provided
they are groperly qualified and used in accordance with
the apprgpriate provisions of this Code.

(c) Solgent Cement Joints

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

(2) Broper fit between the pipe or tubing and(mat-
ing sockgt or sleeve is essential to a good joint.;Sound
joints carjnot normally be made between loose or very
tight fitting components.

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

(4) Solvent cements that confoim to ASTM D2513
and are rpcommended by the-pipe or tubing manufac-
turer shall be used to maké\Cemented joints.

(5) A uniform coating of the solvent cement is
required pn both matifngsurfaces. After thejointis made,
excess cgment shall-be removed from the outside of
the joint.| The joitit/shall not be disturbed until it has
properly [set.

(6) Théssolvent cement and piping components to

(3) An” adhesive bonded joint may be heatpd in
accorddnce with the pipe manufacturer’s recomm
tion to accelerate cure.

(4) Provisions shall be made to clamp or othefwise
prevent the joined materials from moving until the agdhe-
sive is properly set.

(f) Mechanical Joints®

(1) When compression-type mechanical join{s are
used, the elastomeric gasket material in the fitting| shall
be compatible with the plastic (i.e., the plastic and the
elastomer shall not cause deterioration in one another’s
chemical and physical properties over a long perjod).

(2) The tubular stiffener required to reinforde the
end of the pipe or tubing shall extend at least yinder
that section of the pipe being compressed by the gasket
or gripping material. The stiffener shall be free of fough
or sharp edges and shall not be a force fit in thel pipe
or tube. Split tubular fittings shall not be used.

(3) Since pull-out resistance of compression-type
fittings varies with type and size, all mechanical joints
shall be designed and installed to effectively sustan the
]nngihldina] pn"—mlf forces caused by contraction bf the

bnda-

be joinedmay be conditioned prior to assembily by
warming if done in accordance with the manufacturer’s
recommendations.

(7) A solvent cement joint shall not be heated to
accelerate the setting of the cement.

(8) Safety requirements in Appendix A of
ASTM D2513 shall be followed when solvent cements
are used.

(d) Heat-Fusion Joints

(1) Sound butt heat-fusion joints require the use of

a jointing device that holds the heater element square

54

piping or by maximum anticipated external loading.
The installation shall be designed and made to minimize
these forces as follows:

(a) In the case of direct burial when the pipe is
sufficiently flexible, the pipe may be snaked in the ditch.

3 Refer to the current editions of the AGA Catalog No. XR0104,
Plastic Pipe Manual for Gas Service, ASTM D2513, ANSI/
GPTC Z380.1 Guide for Gas Transmission and Distribution Piping
Systems, and technical publications of plastic pipe and fitting
manufacturers.
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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

construction specifications. The construction specifica-
tions shall cover the requirements of this Code and shall
be in sufficient detail to ensure proper installation.

842.3.2 Inspection and Handling Provisions. Plastic
piping components are susceptible to damage by mis-
handling. Gouges, cuts, kinks, or other forms of damage

General ASTM D696, - .
Material x 1075 in./in./°F may cause failure. Care shall be exercised during han-
Designation (x 107 mm/mm/°C) dling and installation to prevent such damage.

Pl SPoRCC LVt

GENERAL NOTES:

(@) 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) ARbreviations: PA-11 = polyamide 11, PE = polyethylene,

PYC = polyvinyl chloride.

(b) In the case of pipe installed by insertién in
casingg, the pipe shall be pushed rather than pulled into
placg so as to place it in compression rather thar'tension.
(c) Allowance shall be made for therial expan-
sion and contraction due to seasonal changes in tempera-
ture ¢f installed pipe. The importanee-of this allowance
increpses as the length of the installation increases. Such
allowance is of paramount importance when the plastic
pipe [is used for insertion renewal inside another pipe,
becatise it is not restrainéd by earth loading. This allow-
ance|may be accomplished by appropriate combina-
tions| of

(1) offsets

(2) anchoring

(3)aligning the pipe and fitting

(4) in the case of compression, fittings by the

Plastie pipe-andtubingshallbe-earefulbinspected

PA 32312 (PA-11 8.5 (4.3 . .

PE 2406 ( : 9.0 ES.O; for cuts, scratches, gouges, and other impgrfections
PE 2606 10.0 (5.6) before use, and any pipe or tubing containing; harmful
PE 2706 10.0 (5.6) imperfections shall be rejected.

PE 2708 10.0 (5.6) (b) Each installation shall be fieldGhspected to detect
PE 3408 9.0 (5.0) harmful imperfections. Any such imperfectiqns found
PE 3608 20 5.0 shall be eliminated

PE 3708 9.0 (5.0) , o N )

PE 3710 9.0 (5.0) (c) Skillful application @fqualified techniqugs and the
PE 4708 9.0 (5.0) use of proper materials and equipment in gopd condi-
PE 4710 9.0 (5.0) tion are required to achi€ve sound joints in pladtic piping
PVC 1120 3.0 (1.7) by the solvent cement, adhesive, or heat fusion/methods.
PVC 1220 3.5 (1.9) Inspection provisions shall be checked visually. If there
PVC 2116 4.0 (2.2)

is any reasen‘to believe the joint is defective, jt shall be
removed‘and replaced.

(d) Qare shall be exercised to avoid rough|handling
of plastic pipe and tubing. It shall not be gushed or
pulled over sharp projections or dropped, or i} shall not
have other objects dropped on it. Care shall bg taken to
prevent kinking or buckling, and any kinks qr buckles
that occur shall be removed by cutting out as g cylinder.

(e) Care shall be exercised at all times to pjrotect the
plastic material from fire, excessive heat, of harmful
chemicals.

(f) Plastic pipe and tubing shall be adequately sup-
ported during storage. Thermoplastic pipe, tubing, and
fittings shall be protected from long-term exposure to
direct sunlight.

842.3.3 Installation Provisions
(a) Aboveground Installation. Plastic piping may be
installed aboveground if it is one of the follopving:

(1) encased in metal pipe that is protectdd against
atmospheric corrosion; protected against detprioration
(e.g., high-temperature degradation); and protected
against external damage

(2) installed on a bridge in accordaphce with

use
slight axial compression
(5) expansion—contraction devices, or
(6) fittings designed to prevent pull-out
Typical coefficients of thermal expansion, which may
be used to make calculations, are given in Table 842.2.9-1.

f lono-stule tunes and placement of the pipe in
O J J r rr

842.3 Installation of Plastic Piping

842.3.1 Construction Specifications. All construc-
tion work performed on piping systems in accordance
with the requirements of this Code shall be done using

GRI Report 00/0154 Design Guide for Pipbs Across
Bridges

(3) installed for plastic service lines as permitted
in para. 849.4.2(b)

Plastic pipe shall not be used to support external
loads. Encased plastic pipe shall be able to withstand
anticipated temperatures without deteriorating or
decreasing in strength below the design limitations
stated in paras. 842.2.2 and 842.2.3. When protecting
against external damage, consideration shall be given
to the need to isolate the encased segment and to safely
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vent or contain gas that may escape the plastic pipe in
the event of a leak or rupture.

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

(c) Stresses. Plastic piping shall be installed in such a
way that shear or tensile stresses resulting from con-
struction, backfill, thermal contraction, or external load-

shall be closed before insertion. Care shall be taken to
prevent the plastic piping from bearing on the end of
the casing.

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

ing are nfinimized. [See para. 842.Z9( )]
(d) Dirpct Burial

(1) Ipirectly buried thermoplastic pipe or tubing
shall hjave a minimum wall thickness of
0.090 in. |(2.3 mm) in all sizes except NPS % (DN 15)
pipe and [NPS % (DN 20) and smaller nominal diameter
tubing, which shall have a minimum wall thickness of
0.062 in. [1.6 mm).

(2) Hlastic piping shall be laid on undisturbed or
well-compacted soil. If plastic piping is to be laid in
soils that|may damage it, the piping shall be protected
by suitable rock-free materials before backfilling is com-
pleted. Plastic piping shall not be supported by blocking.
Well-tamped earth or other continuous support shall
be used.

(3) The piping shall be installed with sufficient
slack to provide for possible contraction. Cooling may
be necegsary before the last connection is made
under eytremely high temperature conditions. [See
para. 842|2.9 (f).]

(4) When long sections of piping that have beef
assemblefl alongside the ditch are lowered in, care shall
be exerciged to avoid any strains that may ovegstiress or
buckle the piping or impose excessive stress on the joints.

(56) Backfilling shall be performed inta manner to
provide firm support around the pipirng,“The material
used for packfilling shall be free of(large rocks, pieces
of pavemient, or any other materials,that might damage
the pipe.

(6) Where flooding of thie french is done to consoli-
date the packfill, care shall:be exercised to see that the
piping isnot floated from its firm bearing on the trench
bottom.

(7) A positive method of locating plastic piping
systems ifs

(2) The portion of the plastic piping that sparys dis-
turbed earth shall be adequately protected by abriflging
piece or other means from crushing or shearing|from
external loading or settling of backfill.

(56) The piping shall be installed to provide fof pos-
sible contraction. Cooling may be hégessary befoge the
last connection is made when the pipe has been installed
in hot or warm weather. [Seeypara. 842.2.9(f).]

(6) If water accumulates between the casing and
the carrier pipe where {tymiay be subjected to frepzing
temperatures, the carrier pipe can be constricted {fo the
point where the capacity is affected or the pipe wall
could be crushédand leak. To avoid this, one or [more
of the following steps shall be taken:

(a) The annulus between the carrier pipe angl cas-
ing shall be kept to a minimum so that the increased
volume-of water changing to ice will be insuffici¢gnt to
crushthe carrier pipe.

(b) Adequate draining for the casing shgll be
provided.

(c) Filler such as foam shall be inserted info the
annulus between the casing and the carrier pipe.

(f) Trenchless Installations — Plastic Pipe. For ggneral
installation requirements, see para. 841.1.9(j). In jpddi-
tion, the following measures shall also be taken for
trenchless installations of plastic pipe:

(1) Protecting Pipe

(a) Precautions shall be taken to avoid puphing
or pulling the exposed pipe string over sharp opjects
or abrasive surfaces that may damage the pipe during
installation.

(b) Visual inspection of the exposed pipe syrface
shall be performed before and after installation) This
would include any exposed pipe sections at the piilling

regfiired. A common method is the installa-  head and at holes dug for test pits, tie-ins, and bfanch

tion of electrically conductive material, such as tracer  or service connections. If damage (e.g., scratches,
astic coated metallic tane with the plastic nive eexceeds10% ‘-‘I—]«n nnnnnn 1sazal +hiol ness

P P Pip sougesete)-exceeds the-neminal-wall-thiel ,

wire or p

to facilitate locating it with an electronic pipe locator.
Alternative proven locating methods may be used.
(e) Insertion of Casing

(1) The casing pipe shall be prepared to the extent
necessary to remove any sharp edges, projections, or
abrasive 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
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then the pipe shall be replaced in its entirety.

(c) Measures shall be taken to prevent overstress-
ing plastic 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
Polyethylene Pipe.

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

(12)
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(2) Additional Evaluation Measures. The minimum
inspection and post-inspection testing requirements
elsewhere in this Code shall be employed.

842.3.4 Bends and Branches. Changes in direction
of plastic piping may be made with bends, tees, or
elbows under the following limitations:

(a) Plastic pipe and tubing may be deflected to a
radius not less than the minimum recommended by the
manufacturer for the kind, type, grade, wall thickness,

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

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

(2) the test pressure for thermoplastic piping shall
not exceed 3.0 times the design pressure of the pipe at

and dliameter of the particular plastic used.

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

(c)] Changes in direction that cannot be made in accor-
dancg with (a) above shall be made with elbow-type
fittinps.

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

(e)] Branch connections shall be made only with
sock¢t-type tees or other suitable fittings specifically
designed for the purpose.

842.3.5 Field Repairs of Gouges and Punctures.
Injurjous gouges or punctures shall be removed by cut-
ting put and replacing the damaged portion as a cylinder
or repaired in accordance with para. 852.5.2.

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

842.3.7 Purging. Purging of plastic mains and ser-
vice lines shall be done in accordance with the applicable
provisions of paras. 841.2.7(e) and (f).

842.

842.4.1 General Provisions

(a)| Pressure Testing. All plastic piping shall be pres-
sure [tested after construction and before being placed
in opjeration to demonstrate that-it~does not leak.

(b)| Tie-Ins. Because it issontetimes necessary to
divide a pipeline or main jfito-Sections for testing, and
to ingtall test heads, confecting piping, and other neces-
sary |appurtenances, it.\is not required that the tie-in
sectipns of piping.be tested. The tie-in joints, however,
shall|be tested forleaks at line pressure.

842.4.2 Jest Requirements
(a)] The-test procedure used, including the duration
of the test;’shall be capable of disclosing all leaks in the

i Testing Plastic Piping After Construction

temperatures up to and inciuding 100°F{38°C) or
2.0 times the design pressure at temperatures¢xceeding
100°F (38°C)

(e) Gas, air, or water may be used-as tHe tesf medium.

842.4.3 Safety During Tests. “All testing
struction shall be done with¢/due regard for
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 mainfs, copper
pipe or tubifig shall conform to the fpllowing
requirements;
(1):Copper pipe or tubing shall not be|used for
mains.where the pressure exceeds 100 psig (§90 kPa).
(2) Copper pipe or tubing shall not be| used for
mains where the gas carried contains more thap an aver-
age of 0.3 grains of hydrogen sulfide per 100 standard
cubic feet (2.8 m®) of gas. This is equivalent fo 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.
(4) Copper pipe or tubing shall not be|used for
mains where strain or external loading may dgmage the
piping.
(b) Valves in Copper Piping. Valves installed [in copper
lines may be made of any suitable material permitted
by this Code.
(c) Fittings in Copper Piping. It is recommehded 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 cqupling or
a brazed or soldered lap joint. The filler material used

hfter con-

he safety

sectiorr ‘uciug testedard-shatt-besetected—=after 5lviug
due consideration to the volumetric content of the sec-
tion and its location.

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

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

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

57

fo brcuing b}ld‘li be d LUPPEI—PilUbPElUbe dliU}/ or SilVer
base alloy. Butt welds are not permissible for joining
copper pipe or tubing. Copper tubing shall not be
threaded, but copper pipe with wall thickness equivalent
to the comparable size of Schedule 40 steel pipe, i.e.,
ranging from 0.068 in. (1.73 mm) for NPS % (DN 6) to
0.406 in. (10.31 mm) for NPS 12 (DN 300), may be
threaded and used for connecting screwed fittings or
valves.

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

842.5.2 Testing of Copper Mains After Construction
All copper mains shall be tested after construction in
accordance with the provisions of para. 841.3.5.

843 COMPRESSOR STATIONS
843.1 Compressor Station Design

conform to the requirements of NFPA 70, insofar as the
equipment commercially available permits.

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

843.3 Compressor Station Equipment

843.1|1 Location of Compressor Building. Except
for offshdre pipelines, the main compressor building for
gas compjressor stations should be located at such clear
distances| from adjacent property not under control of
the opergting company as to minimize the hazard of
communjcation of fire to the compressor building from
structure$ on adjacent property. Sufficient open space
should b¢ provided around the building to permit the
free movement of firefighting equipment.

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

843.1|3 Exits. A minimum of two exits shall be
provided|for each operating floor of a main compressor
building,|basements, and any elevated walkway or plat-
form 10 ft (3 m) or more above ground or floor level.
Individugl engine catwalks shall not require two exits:
Exits of epch such building may be fixed ladders, stair-
ways, etc| The maximum distance from any point:on an
operating floor to an exit shall not exceed 75 423 m),
measured along the centerline of aisles_§x, walkways.
Exits sha]l be unobstructed doorwayslocated so as to
provide a convenient possibility of escape and shall pro-
vide unopstructed passage to a (place of safety. Door
latches shall be of a type that cafi be readily opened from
the insid¢ without a key. All'swinging doors located in
an exteri¢pr wall shall swingioutward.

843.1J4 Fenced Aréas.” Any fence that may hamper
or prever]t escape ofpersons from the vicinity of a com-
pressor sfation ifyar emergency shall be provided with
a minimym of-two gates. These gates shall be located
so as to groyide a convenient opportunity for escape to

843.3.1 Gas Treating Facilities

(a) Liquid Removal. When condensable xapoys are
present in the gas stream in sufficient quanfity-to lifjuefy
under the anticipated pressure and teniperature dondi-
tions, the suction stream to each stage of compregssion
(or to each unit for centrifugal compressors) shall be
protected against the introduction 6f dangerous qianti-
ties of entrained liquids intq_the’compressor. Every lig-
uid separator used for this-purpose shall be proyided
with manually operated ‘facilities for removal of lifjuids
therefrom. In addition; ‘automatic liquid removal facili-
ties, an automati€/compressor shutdown devicef or a
high liquid lewel alarm shall be used where slugs of
liquid might be carried into the compressors.

(b) Liquid*Removal Equipment. Liquid separgtors,
unless constructed of pipe and fittings and no infernal
welding is used, shall be manufactured in accordlance
with Section VIII of the ASME Boiler and Pressure Yessel
Code. Liquid separators when constructed of pipg and
fittings without internal welding shall be in accordlance
with Location Class 4 requirements.

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

843.3.3 Safety Devices
(a) Emergency Shutdown Facilities
(1) Except as noted or clarified in pjaras.
843.3.3(a)(2) through (4), compressor station shall be pro-
vided with an emergency shutdown system by means
of which the gas can be blocked out of the station and
the station gas piping blown down. Operation ¢f the
emergency shutdown system also shall cause the[shut-
down of all gas compressing equipment and all gas-

a place of safety. Any such gates located within
200 ft (61 m) of any compressor plant building shall
open outward and shall be unlocked (or capable of being
opened from the inside without a key) when the area
within the enclosure is occupied. Alternatively, other
facilities affording a similarly convenient exit from the
area may be provided.

843.2 Electrical Facilities

All electrical equipment and wiring installed in gas
transmission and distribution compressor stations shall
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fitedequipment—Operation of thissystem stall de-
energize the electrical facilities located in the vicinity of
gas headers and in the compressor room, except those
that provide emergency lighting for personnel protec-
tion and those that are necessary for protection of equip-
ment. The emergency shutdown system shall be
operable from any one of at least two locations outside
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. Blowdown piping shall extend
to a location where the discharge of gas is not likely to

(12)
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create a hazard to the compressor station or sur-
rounding area.

(2) Unattended field compressor stations of
1,000 hp (746 kW) and less are excluded from the provi-
sions of para. 843.3.3(a)(1).

(3) Each compressor station supplying gas directly
to a distribution system shall be provided with emer-
gency shutdown facilities located outside the compres-
sor station buildings by means of which all gas can be

overpressured beyond the limits prescribed by this
Code.

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

blocHed out of the station, provided there is another
adeqiate source of gas for the distribution system. These
shutdlown facilities can be either automatic or manually
operated as local conditions designate. When no other
gas spurce is available, no shutdown facilities that might
funcffion at the wrong time and cause an outage on the
distr{bution system shall be installed.

4) Notwithstanding the exceptions in paras.
843.313(a)(2) and (3), each compressor station handling
gas that contains quantities or concentrations of hydro-
gen dulfide and/or liquids sufficient to present an envi-
ronnfental or safety hazard shall be provided with an
emergency shutdown system. The emergency shutdown
system and automatic or manual blowdown processes
and ¢quipment must be designed to prevent the auto-
mati¢ release of hydrogen sulfide, condensable vapors,
or frpe liquids into the atmosphere in concentrations

843.3.5 Fuel Gas Control. An automatlic device
designed to shut off the fuel gas when theerigine stops
shall be provided on each gas engine ‘eperating with
pressure gas injection. The engine distribution| manifold
shall be automatically vented sithultaneously

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

843.3.7 Explosion Prevention

(a) Mufflers_, The external shell of mufflers f¢r engines
using gas ds_fuel shall be designed in accordpance with
good engifieering practice and shall be consfructed of
ductilexmaterials. It is recommended that all{compart-
ments-of the muffler be manufactured with yent slots
erholes in the baffles to prevent gas from being trapped

that nay be hazardous to the operator or the general .\ 1 the muffler.
public. (b) Building Ventilation. Ventilation shall bel ample to
(b)| Engine Overspeed Stops. Every compressor pritne ensure that employees are not endangered under normal

mover, except electrical induction or synchroenous
motdqyrs, shall be provided with an automatic device that
is designed to shut down the unit before the.maximum
safe $peed of either the prime mover or.driven unit, as
established by the respective manufacturers, is
excegded.
843.3.4 Pressure-Limjting Requirements in
Compressor Stations

(a)| Pressure Relief. Pressure relief or other suitable
protdctive devices of.Sufficient capacity and sensitivity
shall| be installed-afnd maintained to ensure that the
maximum allowable operating pressure of the station
piping and €équipment is not exceeded by more than
10%.

(b)

Rresstire Relief Valves. A pressure relief valve or

operating conditions (or such abnormal conditions as a
blown gasket, packing gland, etc.) by accumulations
of hazardous concentrations of flammable of noxious
vapors or gases in rooms, sumps, attics, pits, off 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 shdll not be
installed in pits or in underground vaults, jexcept in
cases where suitable provisions for forced ventilation
are made.

(d) LPG Special Precautions. Special care is r¢quired in
the location of relief valve discharge vents relegsing LPG
to the atmosphere to prevent accumulation of the heavy
gases at or below ground level. Likewise, specihl precau-

pres
unloading device, shall be installed in the discharge line
of each positive displacement transmission compressor
between the gas compressor and the first discharge block
valve. If a pressure relief valve is the primary overprotec-
tion device, then the relieving capacity shall be equal to
or greater than the capacity of the compressor. If the
relief valves on the compressor do not prevent the possi-
bility of overpressuring the pipeline as specified in sec-
tion 845, a relieving or pressure-limiting device shall
be installed on the pipeline to prevent it from being

Tooips 3 1. il
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tions are necessary for adequate ventilation where exca-
vations are made for the repair of leaks in an
underground LPG distribution system.

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

(b) Except when shutdown of the system is necessary
for maintenance (see para. 853.1.6), each gas detection
and alarm system required by this section shall

(1) continuously monitor the compressor building
for a concentration of gas in air of not more than 25%
of the lower explosive limit

(2) Warh persons about to enter the building an
persons ifiside the building of the danger if that concen-
tration of gas is exceeded

(c) Thg compressor building configuration shall be
considergd in selecting the number, type, and placement
of detect¢rs and alarms.

(d) Aldrm signals shall be unique and immediately
recognizgble, considering background noise and light-
ing, to pefsonnel who are inside or immediately outside
each comppressor building.

843.4 Compressor Station Piping

843.4/1 Gas Piping. The following are general pro-
visions applicable to all gas piping.

(a) Spefifications for Gas Piping. All compressor sta-
tion gas giping, other than instrument, control, and sam-
ple piping, up to and including connections to the main
pipeline ghall be of steel and shall use a design factor, F,
per Tabl¢ 841.1.6-2. Valves having shell components
made of ¢luctile iron may be used subject to the limita-
tions in gara. 831.1.1(b).

(b) Ingtallation of Gas Piping. The provisions.of
para. 841]2 shall apply where appropriate to gas.piping
in compressor stations.

(c) Testing of Gas Piping. All gas piping within a com-
pressor s{ation shall be tested after installation in accor-
dance with the provisions of para. 8413 for pipelines and
mains in [.ocation Class 3, except that small additions to
operating stations need not be/tested where operating
conditior}s make it impractical)to test.

(d) Idewtification of Valyeswind Piping. All emergency
valves and controls shall be identified by signs. The
function of all important gas pressure piping shall be
identified by signs-0r color codes.

843.4.2 FuelGas Piping. The following are specific
provisions applicable to compressor station fuel gas pip-

(c) Suitable provision shall be made to prevent fuel
gas from entering the power cylinders of an engine and
actuating moving parts while work is in progress on the
engine or on equipment driven by the engine.

(d) All fuel gas used for domestic purposes at a com-
pressor station that has an insufficient odor of its own
to serve as a warning in the event of its escape shall be
odorized as prescribed in section 856.

(a) All air piping within gas compressing staltions
shall be constructed in accordance with ASME 'B31.3.
(b) The starting air pressure, storage velumie, angl size
of connecting piping shall be adequate’to rotate the
engine at the cranking speed and' for the numhber of
revolutions necessary to purge the fuel gas from the
power cylinder and muffler.«Theé recommendatigns of
the engine manufacturermay be used as a guifle in
determining these factors” Consideration should be
given to the number-of engines installed and tp the
possibility of having to start several of these enjgines
within a short peniod of time.
(c) A checktalve shall be installed in the starting air
line near edach engine to prevent backflow from the
engine into the air piping system. A check valve|shall
alsojbeplaced in the main air line on the immgdiate
outlet side of the air tank or tanks. It is recommgnded
that equipment for cooling the air and removing the
moisture and entrained oil be installed between thestart-
ing air compressor and the air storage tanks.
(d) Suitable provision shall be made to prevent [start-
ing air from entering the power cylinders of an ehgine
and actuating moving parts while work is in prqgress
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 syipply
piping, or locking closed a stop valve and locking|open
a vent downstream from: it.
(e) Air receivers or air storage bottles for use in|com-
pressor stations shall be constructed and equipped in
accordance with Section VIII of the BPV Code.

843.4.4 Lubricating Oil Piping. All lubricating oil
piping within gas compressing stations shall be| con-
structed in accordance with ASME B31.3.

ing only.

(a) All fuel gas lines within a compressor station that
serve the various buildings and residential areas shall
be provided with master shutoff valves located outside
of any building or residential area.

(b) The pressure-regulating facilities for the fuel gas
system for a compressor station shall be provided with
pressure-limiting devices to prevent the normal
operating pressure of the system from being exceeded
by more than 25%, or the maximum allowable operating
pressure by more than 10%.
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843.4.5 Water Piping. All water piping within gas
compressing stations shall be constructed in accordance
with ASME B31.1.

843.4.6 Steam Piping. All steam piping within gas
compressing stations shall be constructed in accordance
with ASME B31.1.

843.4.7 Hydraulic Piping. All hydraulic power pip-
ing within gas compressing stations shall be constructed
in accordance with ASME B31.3.
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Table 844.3-1 Design Factors, F

Design Factors, F

For Minimum
Clearance Between
Containers and Fenced

For Minimum Clearance
Between Containers and

Table 844.3-2 Minimum Clearance Between
Containers and Fenced Boundaries

Minimum
Clearance, ft (m)

Maximum Operating
Pressure, psig (kPa)

Holder Size  Fenced Boundaries of Site Boundaries of Site of Less than 1,000 (6 900) 25 (7.6)
Location of 25 ft (7.6 m) to 100 ft (30 m) 1,000 (6 900) or more 100 (30)
Class 100 ft (30 m) and Over
1 0.72 0.72
p. 0.60 0.72 (SI Units)
3 0.60 0.60
4 0.40 0.40 (C _ @)
6 895
where
844 | PIPE-TYPE AND BOTTLE-TYPE HOLDERS C = minimum clearance Bétween pipe conftainers or

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

Company

A pipe-type holder that is to be installed in streets,
highways, or in private rights-of-way not under the
exclysive control and use of the operating company shall
be de¢signed, installed, and tested in accordance with
the grovisions of this Code applicable to a pipeline
installed in the same location and operated at the same
maximum pressure.

844,

Bottle-type holders shall be located on land owned
or urjder the exclusive control and use of the operating
company.

P Bottle-Type Holders

844.3 Pipe-Type and Bottle-Type Holders on Property
Under the Exclusive Use and Control of the

Operating Company

(a)] The storage site shall be entirely surrounded with
fencihg to prevent access by umatithorized persons.

()] A pipe-type or bottle*type holder that is to be
installed on property ufider the exclusive control and
use of the operating company shall be designed in accor-
dancp with construction design factors. The selection of
thesq factors depends on the Location Class in which
the sjte is sitdated, the clearance between the pipe con-
taingrs orshottles and the fence, and the maximum
operating”pressure, as shown in Table 844.3-1.

bottles, in. (mm)

D = outside diameter\'of pipe container [or bottle,
in. (mm)

F = design factof [see para. 844.3(b)]

P = maximum" allowable operating pressure,

psig-(KPa)

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

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

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

844.4 Special Provisions Applicable to Bottle-Type
Holders Only

rom steel
subject to

A bottle-type holder may be manufactured
that is not weldable under field conditions,
all of the following limitations:

(a) Bottle-type holders made from alloy dteel shall
meet the chemical and tensile requirements fof the vari-
ous grades of steel in ASTM A372.

(b) In no case shall the ratio of actual yield strength

(C) T}l€ lllillilllulll thdldllLU ‘L}CiWUcll LUlli.Cl.Lllclb dlld
the fenced boundaries of the site is fixed by the maxi-
mum operating pressure of the holder as shown in
Table 844.3-2.

(d) The minimum clearance in inches (mm) between
pipe containers or bottles shall be determined by the

following formula:

(U.S. Customary Units)

3DPF
€= 1,000
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(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
closure for cathodic protection purposes using a local-
ized thermit welding process (charge not to exceed 15 g).

(d) Such bottles shall be given a hydrostatic test in
the mill and 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


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

to 85% of the specified minimum yield strength of the
steel. Careful inspection of the bottles at the time of
installation shall be made, and no damaged bottle shall

Table 845.2.2-1 Maximum Allowable Operating
Pressure for Steel or Plastic Pipelines or Mains

Location Pressure for Steel Pressure for
be used. Class [Note (1)] Plastic
(e) Such bottles and connecting piping shall be tested
for tightness after installation using air or gas ata pres- 1 pivision 1 Test pressure N.A.
sure of 50 psi (340 kPa) above the maximum operating 1.25
pressure.
1, Division 2 Test 1prlegsure Test 1prSe(s;sure
8445 G toBoth—Pipe . :
Type and Bottle-Type Holders 5 Test pressure Test pfessure
(1) Nolgas containing more than 0.1 grain of hydrogen 1.25 1.30
sulfide per 100 standard cubic feet (2.8 m®) shall be
. .. . Test pressure [Note (2)] Test pressure
stored when free water is present or anticipated without 3 140 1t
employing suitable means to identify, mitigate, or pre- ' '
vent detrfmental internal corrosion. (See section 864.) Test pressure [Note (9)] Test pressure
(b) Provision shall be made to prevent the formation 4 1.40 1.50
or accunjulation of liquids in the holder, connecting
piping, and auxiliary equipment that might cause corro- ~ NOTES:
sion or irlterfere with the Safe Operation Of the storage (1) See para. 845.2.3 for test factors applicable to conversign of
pipelines with unkhown factors.

equipment.

Relief falves shall be installed in accordance with
provisions of this Code that will have relieving capacity
adequate| to limit the pressure imposed on the filling
line and thereby on the storage holder to 100% of the
design pfessure of the holder or to the pressure that
produces|a hoop stress of 75% of the specified minimum
yield strength of the steel, whichever is the lesser.

845 CQNTROL AND LIMITING OF GAS PRESSURE

845.1 Basic Requirement for Protection Agajinst
A¢cidental Overpressuring

Every pipeline, main, distribution systeém, customer’s
meter andl connected facilities, compresser station, pipe-
type holdler, bottle-type holder, eontdiners fabricated
from pipe and fittings, and alh\special equipment, if
connectedl to a compressor orto-a gas source where the
failure of| pressure controkoi6ther causes might result
in a pressjre that would‘exeeed the maximum allowable
operating pressure of the facility (refer to para. 805.2.1),
shall be pquipped, with suitable pressure-relieving or
pressure-|limiting dévices. Special provisions for service
regulatorp are-set forth in para. 845.2.7.

(2) Other factors should be used if the line was tested undefr the
special conditjons described in paras. 841.3.2(d) and ()| and
841.3.3. lnsuth cases, use factors that are consistent wjth the
applicableyrequirements of these sections.

(chxupture disks of the type meeting the provisions

of\BPV Code, Section VIII, Division 1

845.2.2 Maximum Allowable Operating Pressyre for
Steel or Plastic Pipelines or Mains. This pressure|is by
definition the maximum operating pressure to which
the pipeline or main may be subjected in accordlance
with the requirements of this Code. For a pipelihe or
main, the maximum allowable operating pressure|shall
not exceed the lesser of the following four items:

(a) The design pressure (defined in para. 805.241) of
the weakest element of the pipeline or main. Assuming
that all fittings, valves, and other accessories in the line
have an adequate pressure rating, the maximum afllow-
able operating pressure of a pipeline or main shjll be
the design pressure determined in accordance|with
para. 841.1.1 for steel or para. 842.2 for plastic.

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

845.2 Control and Limiting of Gas Pressure

845.2.1 Control and Limiting of Gas Pressure in
Holders, Pipelines, and All Facilities That Might at Times
Be Bottle Tight. Suitable types of protective devices to
prevent overpressuring of such facilities include

(a) spring-loaded relief valves of types meeting the
provisions of BPV Code, Section VIII

(b) pilot-loaded back-pressure regulators used as
relief valves, so designed that failure of the pilot system
or control lines will cause the regulator to open
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(c) The maximum safe pressure to which the pipeline
or main should be subjected based on its operating and
maintenance history (for pipelines, see para. 851.1).

(d) When service lines are connected to the pipeline
or main, the limitations set forth in paras. 845.2.4(c)(2)
and (c)(5).

845.2.3 Qualification of a Steel Pipeline or Main to
Establish the MAOP

(a) Pipeline Operating at 100 psig (690 kPa) or More.
This paragraph applies to existing natural gas pipelines
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Table 845.2.3-1 Maximum Allowable Operating
Pressure for Pipelines Operating at
100 psig (690 kPa) or More

Table 845.2.3-2 Maximum Allowable Operating
Pressure for Pipelines Operating at Less Than
100 psig (690 kPa)

Location Maximum Allowable Location Maximum Allowable
Class Operating Pressure Class Operating Pressure
L Test pressure Test Pressure
1, Division 1 —_— 1 s —
1.25 1.25
. Test pressure Test Pressure
1, DIVISION Z
1.39 1.25
5 Test pressure 3 Test Pressure
1.67 1.5
3 Test pressure 4 Test Pressure
2.0 1.5
4 Test pressure

2.5

or to|existing pipelines being converted to natural gas
servife where one or more factors of the steel pipe design
formpla (see para. 841.1.1) is unknown, and the pipeline
is to|be operated at 100 psig (690 kPa) or more. The
maximum allowable operating pressure shall be deter-
mined by hydrostatic testing of the pipeline.

1) The maximum allowable operating pressure
shall|be limited to the pressure obtained by dividing
the pressure to which the pipeline or main is tested by
the appropriate factor for the Location Class involved

as shown in Table 845.2.3-1.
2) The test pressure to be used in theé maximum

allowable operating pressure calculation shall be the
test fJressure obtained at the high éléyation point of the
minifnum 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 fest to yield can be\used to determine maximum
allowable operating/pressure.
3) Records ¢f“hydrostatic pressure tests and line
repajrs shall bespreserved as long as the facilities
involved remiain in service.
4) Determine that all valves, flanges, and other
presgute.rdted components have adequate ratings.

(
establish the maximum allowable working pressure is
not limited by this paragraph except by (a)(2) above,
due caution should be exercised in selecting the maxi-
mum test pressure.

(b) Pipelines Operating at Less Than 100 psig (690 kPa).
This paragraph applies to existing natural gas pipelines
or to existing pipelines being converted to natural gas
service where one or more factors of the steel pipe design
formula (see para. 841.1.1) is unknown, and the pipeline
is to be operated at less than 100 psig (690 kPa). The
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maximum allowable(operating pressure shall{be deter-
mined by pressufe ‘testing the pipeline.

(1) The-ndaximum allowable operating
shall be limited to the pressure obtained by
the pressure to which the pipeline or main is
the appropriate factor for the Location Class|

as shown in Table 845.2.3-2.

(2) The test pressure to be used in the naximum
allowable operating pressure calculation shgll be the
test pressure obtained at the high elevation pgint of the
minimum strength test section and shall not jpe higher
than the pressure required to produce a hoop stfess equal
to the yield strength as determined by testing| Only the
first test to yield can be used to determine faximum
allowable operating pressure.

(3) Records of pressure tests and line rey
be preserved as long as the facilities involved
service.

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

(5) Although the maximum pressure of h test uti-
lized to establish the maximum allowable working pres-
sure is not limited by this paragraph except| by (b)(2)
above, due caution should be exercised in sel¢cting the
maximum test pressure.

pressure
dividing
tested by
involved

airs shall
remain in

845.2.4 Control and Limiting of Gas Prgssure in
i i or Plastic

Distribution Systems

(a) Each high-pressure distribution system or main,
supplied from a source of gas that is at a higher pressure
than the maximum allowable operating pressure for the
system, shall be equipped with pressure-regulating
devices of adequate capacity and designed to meet the
pressure, load, and other service conditions under which
they will operate or to which they may be subjected.

(b) In addition to the pressure-regulating devices pre-
scribed in para. 845.2.4(a), a suitable method shall be
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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 (b)

(2) weight-loaded relief valves

(3) a monitoring regulator installed in series with

load, and other service conditions under which they will
have to operate.

(b) In addition to the pressure-regulating devices pre-
scribed in para. 845.2.5(a), a suitable device shall be
provided to prevent accidental overpressuring. Suitable
types of protective devices to prevent overpressuring of
low-pressure distribution systems include

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

the primdTy pressure regulator

(4) 4 series regulator installed upstream from the
primary fegulator and set to limit the pressure on the
inlet of the primary regulator continuously to the maxi-
mum allpwable operating pressure of the distribution
system of less

(56) an automatic shutoff device installed in series
with the primary pressure regulator and set to shut off
when thg pressure on the distribution system reaches
the maxinum allowable operating pressure or less. This
device must remain closed until manually reset. It
should n¢t be used where it might cause an interruption
in servicqg to a large number of customers.

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

(c) Malimum Allowable Operating Pressure for High-

Pressure IDistribution Systems. This pressure shall be the
maximur pressure to which the system can be subjected
in accordance with the requirements of this Code. It
shall not lexceed

(1) the design pressure of the weakest element of
the systefn as defined in para. 805.2.1

(2) 60 psig (410 kPa) if the service lines in the system

are not equipped with series regulators or:other
pressurd-limiting devices as prescribéd in
para. 845|2.7(c)

(3) 25 psig (170 kPa) in cast ironssystems having
caulked pell and spigot joints, which-have not been
equipped with bell joint clamps pr other effective leak
sealing methods

(4) the pressure limits t§ which any joint could be
subjected| without possibility*of parting

(56) 2 psig (14 kPa)<ifi high-pressure distribution
systems ¢quipped with/service regulators not meeting
the requifements ¢f para. 845.2.7(a) and that do not have
an overpressure protective device as required in
para. 845|2.7(b)

(6) the'naximum safe pressure to which the system

(Z) weight-loaded reliet valves
(3) an automatic shutoff device as deseribpd in
para. 845.2.4(b)(5)
(4) a pilot-loaded, back-pressure régulatpr as
described in para. 845.2.1(b)
(5) a monitoring regulatef “as describgd in
para. 845.2.4(b)(3)

(6) a series regulator” as described in
para. 845.2.4(b)(4)
(c) Maximum Allowable-Operating Pressure for|Low-

Pressure Distribution Systems. The maximum alloyable
operating pressure/for a low-pressure distribution sys-
tem shall not exceed either of the following:
(1) a pressure that would cause the unsafe opera-
tion of anyyconnected and properly adjusted|low-
pressure gas burning equipment
(2) a pressure of 2 psig (14 kPa)

845.2.6 Conversion of Low-Pressure Distribution
Systems to High-Pressure Distribution Systems
(a) Before converting a low-pressure distribution sys-
tem to a high-pressure distribution system, it is required
that the following factors be considered:
(1) the design of the system including kinds of
material and equipment used
(2) past maintenance records including resuflts of
any previous leakage surveys
(b) Before increasing the pressure the following|steps
(not necessarily in sequence shown) shall be takep:
(1) Make a leakage survey and repair leaks fpund.
(2) Reinforce or replace parts of the system found

to be inadequate for the higher operating pressuies.
(3) Install a service regulator on each servicq line,
and test each regulator to determine that it is fun¢tion-
ing. In some cases it may be necessary to raise the[pres-
sure slightly to permit proper operation of the s¢rvice

reoulators
) £ -

should be subjected based on its operation and mainte-
nance history

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

(a) Each low-pressure distribution system or low-
pressure main supplied from a gas source that is at a
higher pressure than the maximum allowable operating
pressure for the low-pressure system shall be equipped
with pressure-regulating devices of adequate capacity.
These devices must be designed to meet the pressure,
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(4) Isolate the system from adjacent low-pressure
systems.

(56) Atbends or offsets in coupled or bell and spigot
pipe, reinforce or replace anchorages determined to be
inadequate for the higher pressures.

(c) The pressure in the system being converted shall
be increased by steps, with a period to check the effect
of the previous increase before making the next increase.
The desirable magnitude of each increase and the length
of the check period will vary depending on conditions.
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The objective of this procedure is to afford an opportu-
nity to discover any unknown open and unregulated
connections to adjacent low-pressure systems or to indi-
vidual customers before excessive pressures are reached.

845.2.7 Control and Limiting of the Pressure of Gas
Delivered to Domestic, Small Commercial, and Small
Industrial Customers From High-Pressure Distribution
Systems

(a) If the maximum allowable operating pressure of

located upstream from the service regulator. In no case
shall the secondary regulator be set to maintain a pres-
sure higher than 60 psig (410 kPa). A device shall be
installed between the secondary regulator and the ser-
vice regulator to limit the pressure on the inlet of the
service regulator to 60 psig (410 kPa) or less in case
the secondary regulator fails to function properly. This
device may be either a relief valve or an automatic shut-
off that shuts if the pressure on the inlet of the service

the diistribution system is 60 psig (410 kPa) or less, and
a serjvice regulator having the characteristics listed
beloy is used, no other pressure-limiting device is
required:
1) a pressure regulator capable of reducing distri-
butign line pressure, psig (kPa), to pressures recom-
mengdled for household appliances, inches (mm) of water
colurpn
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) a valve seat made of resilient material designed
to withstand abrasion of the gas, impurities in gas, and
cuttipg by the valve, and designed to resist permanent
defofmation when it is pressed against the valve port
4) pipe connections to the regulator not exceeding
2 (DN 50)
5) the capability under normal operating condi-
tions|of regulating the downstream pressure within thé
necegsary limits of accuracy and of limiting the buildup
of pressure under no-flow conditions to no moré than
50% fover the normal discharge pressure maifitained
unddr flow conditions
6) a self-contained service regulator with no exter-
nal sfatic or control lines

(b)| If the maximum allowable dperating pressure of
the diistribution system is 60 psig (410 kPa) or less, and
a serpice regulator not having all of the characteristics
listed in para. 845.2.7(a) is\used, or if the gas contains
mateyials that seriouslyninterfere with the operation of
servife regulators, suitable protective devices shall be
installed to preventyunsafe overpressuring of the cus-
tomgr’s appliances, should the service regulator fail.
Somg¢ of theySditable types of protective devices to pre-
vent pverpressuring of the customers” appliances are
1)-a:monitoring regulator

NPS

Tegutator exceeds the setpressure 166-psig (430 kPa) or
less] and remains closed until manually reset
(2) a service regulator and a monitoring|regulator
set to limit to a maximum safe valuge, the’pressure of the
gas delivered to the customer
(3) aservice regulator withg relief valve [vented to
the outside atmosphere, with'the relief valve spt to open
so that the pressure of gas{going to the custgmer shall
not exceed a maximum Safe value. The relief yalve may
be either built intosthe’service regulator or may be a
separate unit installed downstream from the sq¢rvice reg-
ulator. This combiration may be used alone only in cases
where the ifilet pressure on the service regulator does
not exceéd the manufacturer’s safe working pressure
rating Ofthe service regulator, and it is not recognmended
for use-where the inlet pressure on the service|regulator
exgeeds 125 psi (860 kPa). For higher inlet predsures, the
meethod in para. 845.2.7(c)(1) or (c)(2) should |be used.
(d) When the pressure of the gas and the d¢mand by
the customer are greater than those applicable under
the provisions of paras. 845.2.7(a), (b), anfl (c), the
requirements for control and limiting of the ppessure of
gas delivered are included in para. 845.1.

845.3 Requirements for Design of Pressure Relief

and Pressure-Limiting Installations

(a) Pressure relief or pressure-limiting devi
rupture disks shall
(1) be constructed of materials such that fhe opera-
tion of the device will not normally be impaired by
corrosion of external parts by the atmosphere qr internal
parts by gas
(2) have valves and valve seats that are|designed
not to stick in a position that will make the devife inoper-
ative and result in failure of the device to perform in
the manner for which it was intended
(3) be designed and installed so that the¢y can be

res except

("/\ d ltlitf le\/tf
(3) an automatic shutoff device

These devices may be installed as an integral part of
the service regulator or as a separate unit.

(c) If the maximum allowable operating pressure of
the distribution system exceeds 60 psig (410 kPa), suit-
able methods shall be used to regulate and limit the
pressure of the gas delivered to the customer to the
maximum safe value. Such methods may include

(1) a service regulator having the characteristics
listed in para. 845.2.7(a) and a secondary regulator
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Teadily operated 1o determine it the vatve 15 free, can
be tested to determine the pressure at which they will
operate, and can be tested for leakage when in the closed
position
(4) be designed and installed such that operation
is not impaired at the minimum design temperature
(b) Rupture discs shall meet the requirements for
design as set out in BPV Code, Section VIII, Division 1.
(c) The discharge stacks, vents, or outlet ports of all
pressure relief devices shall be located where gas can be
discharged into the atmosphere without undue hazard.

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

Consideration should be given to all exposures in
the immediate vicinity, including where gas pipelines
parallel overhead electric transmission lines on the same
right-of-way to ensure that the blowdown connections
will direct the gas away from the electric conductors.
Where required to protect devices, the discharge stacks
or vents shall be protected with rain caps to preclude
the entry of water.

(d) The size of the openings, pipe, and fittings located

845.4 Capacity of Pressure-Relieving and
Pressure-Limiting Station and Devices

845.4.1 Required Capacity of Pressure-Relieving and
Pressure-Limiting Stations

(a) Each pressure relief station, pressure-limiting sta-
tion, or group of such stations installed to protect a
piping system or pressure vessel shall have sufficient
capacity and shall be set to operate to prevent the pres-
sure from exceeding the following levels.

between fthe system to be protected and the pressure-
relieving |device and the vent line shall be of adequate
size to pgevent hammering of the valve and to prevent
impairmgnt of relief capacity.

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

(1) Lock the stop valve in the open position. Instruct
authorizgd personnel of the importance of not inadver-
tently leaying the stop valve closed and of being present
during thie entire period that the stop valve is closed so
that they| can lock it in the open position before they
leave the|location.

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

(f) Pre

Fautions shall be taken to prevent unauthorized

(1) Systems With Pipe or Pipeline Comppofents
Operating at Hoop Stress Levels Over 72% of the SMY'S| The
required capacity is the maximum allowable-opetating
pressure plus 4%.

(2) Systems With Pipe or Pipelirie Compo
Operating at Hoop Stress Levels at)qr’ Below 72%
SMYS Other Than in Low-Pressure Distribution Sy
The required capacity is theesser of the followin;
items:

lents
bf the
tems.
b two

(a) the maximumYallowable operating pressure

plus 10%
(b) the presSure that produces a hoop strg

75% of the specified minimum yield strength
(3) Low~Pressure Distribution Systems. The required
capacity is@pressure that would cause the unsafe gpera-
tion of any connected and properly adjusted gas bujning
equipnient.
(b) When more than one pressure-regulating or|com-
pressor station feeds into the pipeline or distribution
system and pressure relief devices are installed aff such
stations, the relieving capacity at the remote statior) may
be taken into account in sizing the relief devices af each
station. In doing this, however, the assumed rgmote

ss of

operatior| of any valve that will make pressure-limiting  relieving capacity must be limited to the capacity ¢f the
devices ifoperative. This provision appliesi\to isolating  piping system to transmit gas to the remote location or
valves, byipass valves, and valves on contrpl or floatlines ~ to the capacity of the remote relief device, whichever
that are located between the pressuré-limiting device  is less.

and the system that the device protects. A method simi-
lar to parp. 845.3(e)(1) shall be-considered acceptable in
complyinlg with this provision

(¢) WHen a monitoring/regulator, series regulator, sys-
tem relief, or system\shutoff is installed at a district
regulator|station 4o ‘protect a piping system from over-
pressuripg, thelirstallation shall be designed and
installed fo prevent any single incident, such as an explo-
sion in al|vault or damage by a vehicle or icing (both

845.4.2 Proof of Adequate Capacity and Satisfdctory
Performance of Pressure-Limiting and Pressure Relief
Devices. Where the safety device consists of an addi-
tional regulator that is associated with or functigns in
combination with one or more regulators in a series
arrangement to control or limit the pressure in a piping
system, suitable checks shall be made. These checks
shall be conducted to determine that the equipmerjt will
operate in a satisfactory manner to prevent any prgssure

internal and external), from affecting the operation of
both the overpressure protective device and the district
regulator. (See sections 846 and 847.)

(h) Special attention shall be given to control lines.
All control lines shall be protected from falling objects,
excavations by others, or other foreseeable causes of
damage and shall be designed and installed to prevent
damage to any one control line from making both the
district regulator and the overpressure protective device
inoperative.
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in excess of the established maximum allowable
operating pressure of the system, should any one of the
associated regulators malfunction or remain in the wide-
open position.

845.5 Instrument, Control, and Sample Piping
845.5.1 Scope

(a) The requirements given in this section apply to
the design of instrument, control, and sampling piping
for safe and proper operation of the piping itself and

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

do not cover design of piping to secure proper function-
ing of instruments for which the piping is installed.

(b) This section does not apply to permanently closed
piping systems, such as fluid-filled, temperature-
responsive devices.

845.5.2 Materials and Design
(a) The materials employed for valves, fittings, tub-
ing, and piping shall be designed to meet the particular

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

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

846 VALVES*

condftiorsof 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
failufe by fatigue.

(c)] A shutoff valve shall be installed in each takeoff
line gs near as practicable to the point of takeoff. Blow-
down valves shall be installed where necessary for the
safe pperation of piping, instruments, and equipment.

(d)| Brass pipe or copper pipe or tubing shall not be
used|for metal temperatures greater than 400°F (204°C).

(e)| Piping subject to clogging from solids or deposits
shall[pe provided with suitable connections for cleaning.

()| Pipe or tubing required under this section may be
specified by the manufacturers of the instrument, control
appafatus, or sampling device, provided that the safety:
of the pipe or tubing as installed is at least equal to-that
othegwise required under the Code.

(¢)| Piping that may contain liquids shall beprotected
by heating or other suitable means fromdamage due
to frdezing.

(h)| Piping in which liquids may deciimulate shall be
provided with drains or drips.

(i) |The arrangement of piping-and supports shall be
designed to provide not only-fer safety under operating
stresges, but also to proyide protection for the piping
against detrimental sagging, external mechanical injury,
abuse¢, and damaggé\due to unusual service conditions
other than those\connected with pressure, temperature,
and gervice vibration.

(j)
agair

(k)

846.1 Required Spacing of Valves

846.1.1 Transmission Lines. Onshore blqck valves
shall be installed in new transmission “pipelipes at the
time of construction for the purpose of isolating the
pipeline for maintenance and-{opresponse to pperating
emergencies. When determining the placement of such
valves for sectionalizing thé.pipeline, primary|consider-
ation shall be given todecations that provide c¢ntinuous
accessibility to the valves.

(a) In determipihg the number and spacing| of valves
to be installed; the operator shall perform an agsessment
that gives.consideration to factors such as

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

(2) the time to blow down an isolated sg¢ction

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

(4) continuity of service

(5) operating and maintenance flexibiljty of the
system

(6) future development in the vicinity of the
pipeline

(7) significant conditions that may adver
the operation and security of the line

(b) In lieu of (a) above, the following maximjum spac-
ing between valves shall be used:

(1) 20 mi (32 km) in areas of predo
Location Class 1

(2) 15 mi (24 km) in areas of predo
Location Class 2

(3) 10 mi (16 km) in areas of predo
Location Class 3

bely affect

minantly
minantly

minantly

Sultablg precaut10n§ shall be taken to protect (4) 5mi (8 km) in areas of predominantly| Location
st.carrosion. (See section 864.) Class 4
Jointsbetween sections—of h1h1ﬂg and-/or PPe; The Spacing defimedtabove may be adju::'tcd to permit

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

Slip-type expansion joints shall not be used; expansion
shall be compensated for by providing flexibility within
the piping or tubing system itself.
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a valve to be installed in a location that is more
accessible.

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

(a) High-Pressure Distribution Systems. Valves shall be
installed in high-pressure distribution systems in

* See paras. 849.1.2 and 849.1.3 for provisions covering valves in
service lines.
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accessible locations to reduce the time to shut down a
section of main in an emergency. In determining the
spacing of the valves, consideration should be given to
the operating pressure and size of the mains and local
physical conditions as well as the number and type of
consumers that might be affected by a shutdown.

(b) Low-Pressure Distribution Systems. Valves may be
used on low-pressure distribution systems but are not
required except as specified in para. 846.2.2(a).

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

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

(c) In the design of vaults and pits for pressure-
limiting, pressure-relieving, and pressure-regulating
equipment, consideration shall be given to the protec-

846.2 Ldcation 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 ihvolved, it shall be located where the gas can
be blown| to the atmosphere without undue hazard.

(b) Sedtionalizing valves may be installed above
ground, |n a vault, or buried. In all installations an
operating device to open or close the valve shall be
readily aqcessible to authorized persons. All valves shall
be suitably supported to prevent settlement or move-
ment of the attached piping.

(c) Blojvdown valves shall be provided so that each
section of pipeline between main line valves can be
blown dqwn. The sizes and capacity of the connections
for blowjng down the line shall be such that under
emergendy conditions the section of line can be blown
down as Jrapidly as is practicable.

(d) This Code does not require the use of automatic
valves noy does the Code imply that the use of automatic
valves prpsently developed will provide full protection
to a pipipg system. Their use and installation shall be
at the digcretion of the operating company.

846.2{2 Distribution System Valves

(a) A Yalve shall be installed on the inlet piping of
each regylator station controlling the flow or pressure
of gas in 4 distribution system. The distance between the
valve and the regulator or regulators shall be sufficient to
permit thie operation of the walve during an emergency,
such as a large gas leak/or\a fire in the station.

that resulting from an explosion within the vauli’pr pit
that may cause portions of the roof or cover.to fa
the vault.

(d) Pipe entering and within regulator” vaults of pits
shall be steel for NPS 10 (DN 250) and smaller gizes,
except that control and gage piping may be copper.
Where piping extends through.the vault or pit strufture,
provision shall be made ta’prevent the passage of [gases
or liquids through the opening and to avert strajns in
the piping. Equipmentand piping shall be suitably sus-
tained by metal,{masonry, or concrete supports| The
control piping shall be placed and supported in the|vault
or pit so that it§ exposure to injury or damage is requced
to a minimm.

(e) Vault or pit openings shall be located so Jas to
minimize the hazards of tools or other objects fallihg on
theé, regulator, piping, or other equipment. The c¢ntrol
piping and the operating parts of the equipment
installed shall not be located under a vault or pit opgning
where workmen can step on them when enterifpg or
leaving the vault or pit, unless such parts are sujtably
protected.

(f) Whenever a vault or pit opening is to be lofated
above equipment that could be damaged by a falling
cover, a circular cover should be installed, or othef suit-
able precautions should be taken.

tion of the installed equipment from damage, S\:Eh as

into

847.2 Accessibility

Accessibility shall be considered in selecting a sifte for
a vault. Some of the important factors to consider in

(b) Ya ves on digtribution mains, whether .for selecting the location of a vault are as follows:
Operatm?—j or eg}erger\tcy purposes, shall bfe located ;ln a (a) Exposure to Traffic. The location of vaults in ptreet
manner that willRfovide ready access and facilitate their ;01 gections or at points where traffic is heavy or ¢lense

operation during an emergency. Where a valve is
installed nfa-btiried box or enclosure, only ready access

should be avoided.
(b) Exposure to Flooding. Vaults should not be located

to the operating stemmor mechanisor s impiied—The box
or enclosure shall be installed in a manner to avoid
transmitting external loads to the main.

847 VAULTS

847.1 Structural Design Requirements
Underground vaults or pits for valves, pressure-

relieving, pressure-limiting or pressure-regulating sta-

tions, etc., shall be designed and constructed in accor-

dance with the following provisions:

68

at points of minimum elevation, near catch basins, or
where the access cover will be in the course of surface
waters.

(c) Exposure to Adjacent Subsurface Hazards. Vaults
should be located as far as is practical from water, elec-
tric, steam, or other facilities.

847.3 Vault Sealing, Venting, and Ventilation

Underground vaults and closed top pits containing
either a pressure-regulating or reduction station, or a

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

pressure-limiting or relieving station shall be sealed,
vented, or ventilated as follows:

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

(b) The ventilation provided shall be sufficient to min-
imize the possible formation of a combustible atmo-
sphere in the vault or pit. Vents associated with the

848 CUSTOMERS’ METERS AND REGULATORS

848.1 Location for Customers’ Meter and Regulator
Installations

(a) Customers’ meters and regulators may be located
either inside or outside of buildings, depending on local
conditions, except that on service lines requiring series
regulation, in accordance with para. 845.2.7(c), the
upstream regulator shall be located outside of the

presgure-regulating or pressure-relieving equipment
must not be connected to the vault or pit ventilation.
(c)] The ducts shall extend to a height above grade
adeqgpiate 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 sufh fittings or vent heads shall be at least equal to
the cfoss-sectional area of an NPS 4 (DN 100) duct. The
horiZzontal section of the ducts shall be as short as practi-
cal apd shall be pitched to prevent the accumulation of
liquigls 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
ductg.
(d)] Such vaults or pits having an internal volume
betwpen 75 ft> and 200 ft* (2.1 m® and 5.7 m®) may be
eithef sealed, vented, or ventilated. If sealed, all opexn~
ings shall be equipped with tight-fitting covers without
openfholes through which an explosive mixture mightbe

building.
(b) When installed within a building, theseffice regu-
lator shall be in a readily accessible doeatior| near the
point of gas service line entrance, anid wheneyer practi-
cal, the meters shall be installednat-the samd location.
Neither meters nor regulatorsshall be install¢d in bed-
rooms, closets, or bathrooms;“dnder combustfble stair-
ways; in unventilated or\ihaccessible places;| or closer
than 3 ft (0.9 m) to sourCes of ignition, including furnaces
and water heaters.\@n service lines supplyjing large
industrial customers or installations where gas is used
at higher thanstandard service pressure, the fegulators
may be installed at other readily accessible lqcations.
(c) Wheén located outside of buildings, meters and
service'regulators shall be installed in readily pccessible
locations where they will be reasonably protefted from
damage.
(d) Regulators requiring vents for their pfoper and
effective operation shall be vented to the outside atmo-
sphere in accordance with the provisions of paia. 848.3.3.
Individual vents shall be provided for each r¢gulator.

ignited. Means shall be provided for testing, tHejinternal . s
atmogphere before removing the cover. If yented, the 848.2 Operatm.g Pressures for Customers’ Meter
propgr provision to prevent external sgtirces of ignition Installations

from(reaching the vault atmosphereimust be provided. Iron or aluminum case meters shall not be|used at a

If veptilated, the provisions of jeither (a), (b), and (c)
abovg or (e) below shall apply.

(e)|If vaults or pits referredto in (d) above are venti-
lated| by means of openings in the covers or gratings,
and the ratio of the internal volume in cubic feet (m°)
to the effective ventilating area of the cover or grating
in square feet (m2)is less than 20 to 1, no additional
ventilation is(required.

(f)| Vaults-or pits having an internal volume less than
75 ft] (2.10h°) have no specific requirements.

maximum operating pressure higher than themanufac-
turer’s rating for the meter. New tinned steel c4se meters
shall not be used at a pressure in excess of 50% of the
manufacturer’s test pressure; rebuilt tinned pteel case
meters shall not be used at a pressure in excdss of 50%
of the pressure used to test the meter after rgbuilding.

848.3 Protection of Customers’ Meter and Regulator
Installations From Damage

848.3.1 Corrosive Area. Meters and servife regula-

847.4 Drainage and Waterproofing

(a) Provisions shall be made to minimize the entrance
of water into vaults. Nevertheless, vault equipment shall
always be designed to operate safely, if submerged.

(b) No vault containing gas piping shall be connected
by means of a drain connection to any other substruc-
ture, such as a sewer.

(c) Electrical equipment in vaults shall conform to the
requirements of Class 1, Group D of NFPA 70.

69

fors shallnot be installed where rapid deterioration from
corrosion or other causes is likely to occur, unless proven
measures are taken to protect against such deterioration.

848.3.2 Protective Device. A suitable protective
device, such as a back-pressure regulator or a check
valve, shall be installed downstream of the meter if and
as required under the following conditions:

(a) If the nature of the utilization equipment is such
that it may induce a vacuum at the meter, install a back-
pressure regulator downstream from the meter.
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(b) Install a check valve or equivalent if

(1) the utilization equipment may induce a back-
pressure

(2) the gas utilization equipment is connected to a
source of oxygen or compressed air

(3) liquefied petroleum gas or other supplementary
gas is used as standby and may flow back into the meter.
A three-way valve, installed to admit the standby supply
and at the same time shut off the regular supply, can

by the backfill. The material used for the backfill shall
be free of rocks, building materials, etc., that may cause
damage to the pipe or the protective coating.

(c) Where there is evidence of condensate in the gas
in sufficient quantities to cause interruptions in the gas
supply to the customer, the service line shall be graded
so as to drain into the main or to drips at the low points
in the service line.

be substiftited Tor a check valve iI desired.

848.33 Termination of Vents. All service regulator
vents and relief vents, where required, shall terminate
in the oytside 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 operjings into the buildings if a regulator failure
resultingfin the release of gas occurs. At locations where
service regulators may be submerged during floods,
either a special antiflood type breather vent fitting shall
be installgd 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 hous-
ing customers’ meters and regulators shall be designed
to suppott vehicular traffic when installed in the follow-
ing locatjons:

(a) trayeled portions of alleys, streets, and highways

(b) driyeways

848.4 Installation of Meters and Regulators

All mefers and regulators shall be installed in such a
manner gds to prevent undue stresses on the connieeting
piping an|d/or the meter. Lead (Pb) connections.or other
connectigns made of material that can be easily>damaged
shall not pe used. The use of standard weight close (all
thread) nfipples is prohibited.

849 GlS SERVICE LINES

849.1 G
Cq

849.1{1 Installation of Service Lines

(a) Seryice linesshall be installed at a depth that will
protect them/from excessive external loading and local
activities) stel’as gardening. It is required that a mini-

neral Provisions:Applicable to Steel,
pper, and Plastic Service Lines

849.1.2 Types of Valves Suitable for Service Line
Valves

(a) Valves used as service line valves shall meg¢t the
applicable requirements of section 810 and)para. $31.1.

(b) The use of soft seat service line valves is not rgcom-
mended when the design of the valves is such that pxpo-
sure to excessive heat could adversely affect the ability
of the valve to prevent the floty of gas.

(c) A valve incorporated dn\a meter bar that pgrmits
the meter to be bypasseddoes not qualify undef this
Code as a service linegvalve.

(d) Service line valves on high-pressure service [lines,
installed either jnside buildings or in confined locgtions
outside buildings’where the blowing of gas would be
hazardous, shall be designed and constructed to mini-
mize the possibility of the removal of the core of the valve
accidentally or willfully with ordinary household fools.

(eNThe operating company shall make certair} that
thie'service line valves installed on high-pressure s¢rvice
lines are suitable for this use either by making|their
own tests or by reviewing the tests made by the
manufacturers.

(f) On service lines designed to operate at pregsures
in excess of 60 psig (410 kPa), the service line valves
shall be the equivalent of a pressure-lubricated valve or
a needle-type valve. Other types of valves may be|used
where tests by the manufacturer or by the user indlicate
that they are suitable for this kind of service.

849.1.3 Location of Service Line Valves
(a) Service line valves shall be installed on all new
service lines (including replacements) in a locption
readily accessible from the outside.
(b) Valves shall be located upstream of the mgqter if
there is no regulator, or upstream of the regulafor, if
there is one.
(c) All service lines operating at a pressure gfeater

mum of 129306y of cover be provided i private
property and a minimum of 18 in. (460 mm) of cover
be provided in streets and roads. Where these cover
requirements cannot be met due to existing substruc-
tures, less cover is permitted provided such portions of
these service lines that are subject to excessive superim-
posed loads are cased or bridged or the pipe is appropri-
ately strengthened.

(b) Service lines shall be properly supported at all
points on undisturbed or well-compacted soil so that
the pipe will not be subject to excessive external loading
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50)
or larger shall be equipped with a valve located on the
service line outside of the building, except that whenever
gas is supplied to a theater, church, school, factory, or
other building where large numbers of persons assem-
ble, an outside valve will be required, regardless of the
size of the service line or the service line pressure.

(d) Underground valves shall be located in a covered
durable curb box or standpipe designed to permit ready
operation of the valve. The curb box or standpipe shall
be supported independently of the service line.
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849.1.4 Location of Service Line Connections to Main
Piping. It is recommended that service lines be con-
nected to either the top or the side of the main. The
connection to the top of the main is preferred to mini-
mize the possibility of dust and moisture being carried
from the main into the service line.

849.1.5 Testing of Service Lines After Construction
(a) General Provisions. Each service line shall be tested
after

(1) When coated steel pipe is to be installed as a
service line in a bore, care shall be exercised to prevent
damage to the coating during installation.

(2) When a service line is to be installed by boring
or driving, and coated steel pipe is to be used, it shall
not be used as the bore pipe or drive pipe and left in
the ground as part of the service line unless it has been
demonstrated that the coating is sufficiently durable to
withstand the boring or driving operation in the type of

construction and before hping rn]am:d in service
to dgmonstrate that it does not leak. The service line
conngction 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), which do not have a protective coating
capable of temporarily sealing a leak, shall be given a
standup air or gas pressure test at not less than 10 psig
(69 KPa) for at least 5 min.
2) Service lines to operate at a pressure less than
1 psig (7 kPa), which 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 th¢ proposed maximum operating pressure or 90 psig
(620 [kPa), whichever is greater. Service lines of steel,
howgver, that are operating at hoop stress levels of 20%
or mpre of the specified minimum yield strength shall
be tegted in accordance with the requirements for testing
maing. (See para. 841.3.)
3) The requirements of (a) and (b) abqye‘shall
apply to plastic service lines, except that plastic'service
lines(shall be tested to at least 1.5 times the maximum
operating pressure, and the limitations on maximum
test pressure, temperature, and dutation set forth in
para|842.4.2 shall be observed.

849.2 Steel Service Lines

849.2.1 Design of Sfeel Service Lines

(a)| Steel pipe, wheniised for service lines, shall con-
form|to the applicable requirements of Chapter I.

(b)| Steel service pipe shall be designed in accordance
with [the requiréments of paras. 841.1.1 and 841.1.9(a).
Whefte the pressure is less than 100 psig (690 kPa), the
steel [sétvice pipe shall be designed for at least 100 psig

soil involved without significant damage to fhe coating.
Where significant damage to the coating mayir¢sult from
boring or driving, the coated service\line should be
installed in an oversized bore or casing pipe of|sufficient
diameter to accommodate the segvice pipe.
(3) In exceptionally rocky-soil, coated pip¢ shall not

be inserted through an open bere if significarjt damage
to the coating is likely.
(b) Installation of Setwice Lines Into or Under|Buildings
(1) Underground steel service lines, when installed
below grade throvigh the outer foundation wall of a
building, shalldbe either encased in a sleeve or ptherwise
protected-against corrosion. The service line and/or
sleeve shall be sealed at the foundation wall o prevent
entryof- ‘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 buildipg it sub-
tends, the conduit shall extend into a normally usable
and accessible portion of the building. At the point
where the conduit terminates, the space befween the
conduit and the service line shall be sealed tp prevent
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 shall
meet the applicable requirements of section 842. Ductile
iron pipe may be used for service lines except for the
portion of the service line that extends through tthe build-
ing wall. Ductile iron service lines shall not b¢ installed
in unstable soils or under buildings.

849.4 Plastic Service Lines

849.4.1 Design of Plastic Service Lines

(690 KPaypressure.

(c) Steel pipe used for service lines shall be installed
in such a manner that the piping strain or external load-
ing shall not be excessive.

(d) All underground steel service lines shall be joined
by threaded and coupled joints, compression-type fit-
tings, or by qualified welding or brazing methods, proce-
dures, and operators.

849.2.2 Installation of Steel Service Lines
(a) Installation of Steel Service Lines in Bores
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(a) Plastic pipe and tubing shall be used for service
lines 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 require-
ments of Chapter I.

(c) Plastic service lines shall be designed in accor-
dance with the applicable requirements of para. 842.2.

(d) Plastic service lines shall be joined in accordance
with the applicable requirements of para. 842.2.9.
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849.4.2 Installation of Plastic Service Lines

(a) Plastic service lines shall be installed in accordance
with the applicable requirements of paras. 842.3 and
849.1.1. Particular care must be taken to prevent damage
to plastic service line piping at the connection to the
main or other facility. Precautions shall be taken to pre-
vent crushing or shearing of plastic piping due to exter-
nal loading or settling of backfill and to prevent damage
or pullout from the connection resulting from thermal

(2) Copper pipe or tubing shall not be used for
service lines 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) The minimum wall thickness for copper pipe
or tubing used for service lines shall be not less than
type “L” as specified in ASTM B88.

for

expansioft o contraction. [5ee paras. 542.3.3(d) and (€).]
(b) Nofwithstanding the limitations imposed in para.

842.3.3, p plastic service line may terminate above

ground apnd outside the building, provided that

(1) the aboveground portion of the plastic service
line is cqmpletely enclosed in a conduit or casing of
sufficient| strength to provide protection from external
damage dnd deterioration. Where a flexible conduit is
used, the top of the riser must be attached to a solid
support. The conduit or casing shall extend a minimum
of 6 in. (150 mm) below grade.

(2) the plastic service line is not subjected to exter-
nal loading stresses by the customer’s meter or its con-
necting piping.

(c) Insfallation 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 encas¢d in a rigid sleeve with suitable protection
from shegring action or backfill settlement. The sleeve
shall ext¢nd past the outside face of the foundation*a
sufficient| distance to reach undisturbed soil or (thor-
oughly cqmpacted backfill. At the point where thesleeve
terminates inside the foundation or wall, the space
between fhe sleeve and the service line shall be sealed
to preveryt leakage into the building. The)plastic service
line shall|not be exposed inside the 'building.

(2) A plastic service line installed underground
under a Quilding shall be encased/in a gas-tight conduit.
When sufh a service line supplies the building it sub-
tends, th¢ conduit shall’éxtend into a normally usable
and accepsible portign)of the building. At the point
where the conduitterminates, the space between the
conduit gnd thetsérvice line shall be sealed to prevent
leakage ihto thesbuilding. The plastic service line shall
not be exposed inside the building. The casing shall be

(4) Copper pipe or tubing shall not be nse
service lines where strain or external loading may Jdam-
age the piping.

(b) Valves in Copper Piping. Valves installed in cppper
service lines may be made of any suitable'material per-
mitted by this Code.

(c) Fittings in Copper Piping. It is’recommended that
fittings in copper piping and\éxposed to the soil {such
as service line tees, pressie control fittings, etf., be
made of bronze, copper,\or brass.

(d) Joints in Copper Pipe and Tubing. Copper pipeshall
be joined by using/either a compression-type coupling
or a brazed orspldered lap joint. The filler material used
for brazing.shall be a copper—phosphorus alloy or pilver
base alloy: Butt welds are not permissible for jqining
copperpipe or tubing. Copper tubing shall npt be
threaded, but copper pipe with a wall thickness equiva-
leht to the comparable size of Schedule 40 steel |pipe,
i, ranging from 0.068 in. (1.73 mm) for NPS % (IDN 6)
to 0.406 in. (10.31 mm) for NPS 12 (DN 300), may be
threaded and used for connecting screwed fittings or
valves.

(e) Protection Against Galvanic Action Causpd by
Copper. Provisions shall be made to prevent haymful
galvanic action where copper is connected underground
to steel. [See para. 861.1.3(a).]

849.5.2 Installation of Copper Service Lines.| The
following requirements shall apply to copper sgrvice
lines within buildings.

(a) Copper service lines may be installed within huild-
ings, provided that the service line is not conceale¢l and
is suitably protected against external damage.

(b) An underground copper service line installed
through the outer foundation wall of a building|shall

vented at a sate 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 follow-
ing requirements:
(1) Copper pipe or tubing shall not be used for
service lines where the pressure exceeds
100 psig (690 kPa).
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be either encased in a sleeve or otherwise protected
against corrosion. The annular space between the service
line and sleeve shall be sealed at the foundation wall to
prevent entry of gas or water.

(c) A copper service line installed underground under
buildings shall be encased in a conduit designed to pre-
vent gas leaking from the service line from getting into
the building. When joints are used, they shall be of
brazed or soldered type in accordance with
para. 849.5.1(d).
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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 rubber-
like gaskets or welded connections to connect the service
line to the main connection fitting. Gaskets used in a
mantifactured gas system shall be of a type that effec-
tively resists that type of gas.

(d)] welding a steel service line directly to the main
(see para. 831.4.2 and Table 831.4.2-1).

8119.6.2 Service Line Connection to Cast Iron and
Ductifle Iron Mains

(a)] Service lines may be connected to cast iron and
ductile iron mains by
1) drilling and tapping the main, provided the
diamfeter of the tapped hole shall not exceed the limita-
tions|imposed by para. 831.3.3(b), or
2) using a reinforcing sleeve

(b)] Service line connections shall not be brazed
directly to cast iron or ductile iron mains.

(c)] Compression fittings using rubber or rubber-like
gaskets or welded connections may be used to connect
the sprvice line to the main connection fitting.

(d)| Gaskets used in a manufactured gas system shall
be off a type that effectively resists that type of gas.

849.6.3 Service Line Connections to Plastic Mains

(a) Plastic or metal service lines shall be connected
to plastic mains with suitable fittings.

(b) A compression-type service line to main connec-
tion shall be designed and installed to effectively sustain
the longitudinal pullout forces caused by contraction of
the piping or external loading.

849.6.4 Service Line Connections to Copper Mains
i ; ze service
line tee or extension fitting sweat-brazed, to|the copper
main are recommended for copper maifs.
(b) Butt welds are not permitted,
(c) Fillet-brazed joints are not recommendgd.
(d) The requirements of para‘849.5.1(d) shall apply to
(1) joints not specificallyvmentioned in [849.6.4(a)
through (c)
(2) all brazing material

849.6.5 Plastic_Service Line Connections|to Metal
Mains

(a) Plasti¢ service lines shall be connected
mains with' a’suitable metallic or plastic main|
provided-in para. 849.6.1, 849.6.2, or 849.6.4
compression end or other suitable transition

(b) A compression-type service line to maih connec-
tion shall be designed and installed to effectivdly sustain
the longitudinal pullout forces caused by contraction of
the piping or external loading.

to metal
fitting as
having a
fitting.
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Chapter V
Operating and Maintenance Procedures

850 OPERATING AND MAINTENANCE

850.3 Essential Features of the Operating and

PROCEDURES AFFECTING THE SAFETY OF GAS
TRANSMISSION AND DISTRIBUTION
FACILITIES

850.1 General

(a) Bedause of many variables, it is not possible to
prescribe|in a code a detailed set of operating and main-
tenance procedures that will encompass all cases. It is
possible] however, for each operating company to
develop pperating and maintenance procedures based
on the pjovisions of this Code, its experience, and its
knowledge of its facilities and conditions under which
they are ¢perated that will be adequate from the stand-
point of public safety. For operating and maintenance
procedurgs relating to corrosion control, see Chapter VI.

(b) Uppn initiating gas service in a pipeline designed
and consfructed or converted to gas service in accor-
dance with this Code, the operating company shall
determife the Location Class in accordance with
Table 854.1-1.

850.2 Basic Requirements

Each operating company having fadilities within the
scope of this Code shall

(a) havle a written plan covering-eperating and main-
tenance fprocedures in accordance with the scope and
intent of fthis Code

(b) have a written erhérgency plan covering facility
failure o1 other emergencies

(c) opdrate and_maintain its facilities in conformance
with these plans

(d) moify the plans periodically as experience dic-
tates and

asiexposure of the pn]’\]ir‘ to the facilities and

Maintenance Plan

The plan prescribed in para. 850.2(a) shalhinclyde
(a) detailed plans and instructions for employees cov-
ering operating and maintenance procedures fof gas
facilities during normal operationscand repairs
(b) items recommended for inéltision in the plgn for
specific classes of facilities thatate given in paras. $51.2,
851.3, 851.4, 851.5, 851.6, arid-860.1(d)
(c) plans to give partigular attention to those pogtions
of the facilities presefting the greatest hazard tp the
public in the event of-an emergency or because of con-
struction or extragrdinary maintenance requirem¢nts
(d) provisiens for periodic inspections along the route
of existing steel pipelines or mains, operating at afhoop
stress in éxcess of 40% of the specified minimum |yield
strengtliof the pipe material to consider the possibility
of Location Class changes. It is not intended that [these
inspections include surveys of the number of builflings
intended for human occupancy. (See section 854.)

850.4 Essential Features of the Emergency Plan

850.4.1 Written Emergency Procedures. [Each
operating company shall establish written proceflures
that will provide the basis for instructions to appropriate
operating and maintenance personnel that will mini-
mize the hazard resulting from a gas pipeline emergency.
At a minimum, the procedures shall provide fqr the
following;:

(a) asystem for receiving, identifying, and classifying
emergencies that require immediate response by the
operating company

(b) indicating clearly the responsibility for instrycting
employees in the procedures listed in the emergency
plans and for training employees in the executipn of

those procedures
(o)

changes in operating conditions require

(e) provide training for employees in procedures
established for their operating and maintenance func-
tions that is comprehensive and designed to prepare
employees for service in their area of responsibility. See
section 807 for guidance on the training and qualification
of personnel performing tasks that could impact the
safety or integrity of a pipeline.

(f) keep records to administer the plans and training
properly
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{e—indieating—eclearlytheseresponsibleforupdating
the plan

(d) establishing a plan for prompt and adequate han-
dling of all calls that concern emergencies whether they
are from customers, the public, company employees, or
other sources

(e) establishing a plan for the prompt and effective
response to a notice of each type of emergency

(f) controlling emergency situations, including the
action to be taken by the first employee arriving at
the scene
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(¢) the dissemination of information to the public

(h) the safe restoration of service to all facilities
affected by the emergency after proper corrective mea-
sures have been taken

(i) reporting and documenting the emergency

850.4.2 Training Program. Each operating company
shall have a program for informing, instructing, and
training employees responsible for executing emergency

This plan shall include a procedure to select samples of
the failed facility or equipment for laboratory examina-
tion when necessary.

850.6 Prevention of Accidental Ignition

Smoking and all open flames shall be prohibited in
and around structures, or areas under the control of
the operating company containing gas facilities (such

procedures. The program shall acquaint the employee as compressor stations, meter and regulator stations,
with |the emergency procedures and how to promptly  and other gas handling equipment), where posgible leak-
and effectively handle emergency situations. The pro-  age of gas constitutes a hazard of fire orexplogion. Each
gram may be implemented by oral instruction, written =~ operating company shall take steps{to-minjmize the

instrfiction, and, in some instances, group instruction,
folloped by practice sessions. The program shall be
established and maintained on a continuing basis with

danger of accidental ignition of gas;
(2) When a hazardous amount of gas is to
into open air, each potential sotirce of ignition

be vented
shall first

prov sion for updating as necessitated by revision of the  pe removed from the areq 4nd adequate fire extinguish-
wrltts'n emergency prqcedures. Prf)g'ram records shall ers shall be provided. Allflashlights, lighting fixtures,
be mpintained to establish what training each employee  eoxtension cords, and_todis shall be of a type hpproved

has received and the date of such training.

840.4.3 Liaison

(a)| Each operating company shall establish and main-
tain |iaison with appropriate fire, police, other public
officipls, entities in or near the pipeline right-of-way
(e.g. |electrical and other utilities, highway authorities,
railrqads) and news media.

(b)] Each operating company must have a means of
comthunication with appropriate public officials during
an erpergency.

(c)] Emergency procedures, including the contingency
plan junder para. B854.5(e), must be prepared inlcoordi-
nation with appropriate public officials.

for hazardous atmigspheres. Blowdown connedtions that
will direct the gas.away from any electrical trapsmission
lines must be,installed or used.

(b) Suitable signs and flagmen or guards, if hecessary,
shall be.posted to warn others approaching of entering
the atea of the hazard.

(6) To prevent accidental ignition by electfic arcing,
an adequate bonding cable should be connect¢d to each
side of any pipe that is to be parted, tapped, §queezed-
off, or joined, and any cathodic protection rectifiers in
the area shall be turned off. Where gas pipelings parallel
overhead electric transmission lines on the same right-
of-way, the company operating the pipeline shall ensure
that the current carrying capacity of the bondinfg conduc-

8%0.4.4 Educational Program. An educational pro- .
grany shall be established to enable«ctlistomers and the tor Shqﬂd fb ehat leasthone—llllalf of the curren Carryllng
genefal public to recognize a gas eémergency and report capacity of the over ead. ne COHdI'ICtO.I'S. (See a 50
it to the appropriate officials. The educational program para. 861'1,'3(b)'] The ‘.bon.dmg connection 1s tq be.ma.m—
shall|be tailored to the type (of)pipeline operation and ’.came.d while the pipeline is se[.)a.rated. Wher}p astic pipe
the ehvironment traversed'by the pipeline and shall be ~ '® being parted( tappec}, or joined, attentior) must be
condjicted in each langtiage that is significant in the — &Ve! to the static electrical charggs that may be present

on both the inside and outside diameters of|the pipe.

comrpunity served,/@perators of distribution systems
shallfcommunicaté their programs to consumers and the
genetal publicsdnstheir distribution area. Operators of
transmission systems shall communicate their programs
to redidentsalong their pipeline rights-of-way. Operators
of sojrygas pipelines subject to Chapter IX shall notify

These charges can be dissipated by using antistptic fluids
or a water-and-detergent solution in combingtion with
a moisture retaining material that must be jn contact
with the exposed pipe and the earth. Cutting|tools and
squeeze-off and tapping equipment used on plastic pipe

residemntsaffected }Jy the LU11'Li115cu\.y Plau urrdet
para. B854.5(e) of the hazards of sour gas, the potential
source of the gas, and protective measures to take in an
emergency. The programs of operators in the same area
shall be coordinated to properly direct reports of emer-
gencies and to avoid inconsistencies.

850.5 Pipeline Failure Investigation

Each operating company shall establish procedures
to analyze all failures and accidents for determining the
cause and to minimize the possibility of a recurrence.

75

where static charges may be present shall be brounded
to drain these charges from the pipe.

(d) When cutting by torch or welding is to be per-
formed, a thorough check shall first be made for the
presence of a combustible gas mixture in the area outside
of the pipeline. If found, the mixture shall be eliminated
before starting welding or cutting. Monitoring of the air
mixture should continue throughout the progress of the
work.

(e) Should welding be anticipated on a pipeline filled
with gas and the safety check under (d) above has been
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completed satisfactorily, the gas pressure must be con-
trolled by a suitable means to keep a slight positive
pressure in the pipeline at the welding area before start-
ing work. Precautions should be taken to prevent a back-
draft from occurring at the welding area.

(f) Before cutting by torch or welding on a line that
may contain a mixture of gas and air, it shall be made
safe by displacing the mixture with gas, air, or an inert
gas. Caution must be taken when usmg an mert gas to
provide af R

850.7 B

Each operating company shall establish procedures
for protedtion of facilities in the vicinity of blasting activ-
ities. The| operating company shall

(a) locate and mark its pipeline when explosives are
tobe detgnated within distances as specified in company
plans. Consideration should be given to the marking of
minimuin blasting distances from the pipelines
depending upon the type of blasting operation.

(b) detprmine the necessity and extent of observing
or monitqring blasting activities based upon the proxim-
ity of the|blast with respect to the pipelines, the size of
charge, ahd soil conditions.

(c) corfduct a leak survey following each blasting
operatior] near its pipelines.

asting Effects

(12) 850.8 Damage Prevention Program

Each operating company shall have a program to
reduce thie risk associated with damage to gas facilities
resulting|from excavation activities. Operators should
consider the following elements within the progtam:

(a) parficipation in excavation notification ‘systems,
in places where such a system exists. Excavation notifica-
tion systgms allow excavators to provideotification to
a single point of contact, which inlturn forwards the
excavatigpn details to participating facility owners/
operatory.

(b) ideptification of persohs’who normally perform
excavatiops in the area imywhich the operator has facili-
ties, inclfiding the publie, and providing for periodic
communjcation wjith-these parties. The communication
could incJude sugch(items as: how to determine the loca-
tion of fqcilities,“how to get the facilities field marked
prior to gxecavating, and who to contact in the event of
damage

(c) a process for receiving notlflcatlons of planned
excavations, providing the excavators with locations of
the operator’s facilities through temporary field mark-
ings, establishing lines of communication with the exca-
vator to ensure the immediate protection and future
operation of the facility, and consideration of monitoring
excavation activities.

(d) performing inspections of pipelines where there
are indications that the pipe could have been damaged
as a result of excavation. If damage occurs that affects
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the integrity of the pipeline, the damage shall be remedi-
ated in accordance with established procedures.

(e) maintaining maps indicating the location of facili-
ties. The maps should be updated to reflect new and
replacement facilities.

(f) a process to ensure the effectiveness of the pro-
gram. This process may include: trending of excavation
damages and location, investigation of excavation dam-
ages and identification of root cause, and identification
tions

w1th high damage rates.

A useful reference for identifying elements.of an
tive damage prevention program is the Best Pr
Guide, maintained and published by-the Con
Ground Alliance.

pffec-
ctices
mon

851 PIPELINE MAINTENANCE

851.1 Periodic Surveillance of Pipelines

As a means of maintaining the integrity of its pipeline
system, each opefating company shall establish and
implement progedtres for periodic surveillance pf its
facilities. Studies shall be initiated and appropriate
action shalhbe taken where unusual operating and fnain-
tenance conditions occur, such as failures, leakagp his-
tory,drop in flow efficiency due to internal corrosipn, or
substantial changes in cathodic protection requirenpents.

When such studies indicate the facility is in unsarﬂisfac—
tory condition, a planned program shall be initiafed to
abandon, replace, or recondition and proof test. If| such
a facility cannot be reconditioned or phased ouf, the
maximum allowable operating pressure shall be requced
commensurate with the requirements describpd in
para. 845.2.2(c).

851.2 Pipeline Patrolling

Each operating company shall maintain a pefiodic
pipeline patrol program to observe surface conditigns on
and adjacent to each pipeline right-of-way, indicati¢ns 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. Phtrols
shall be performed at least once every year in Lodation
Classes 1 and 2, at least once every 6 mo in Lodation
Class 3, and at least once every 3moin Locatlon Class 4.
ressured, and
other conditions will be factors in determining the need
for more frequent patrol. Main highways and railroad
crossings shall be inspected with greater frequency and
more closely than pipelines in open country.

851.2.1 Maintenance of Cover at Road Crossings and
Drainage Ditches. The operating company shall deter-
mine by periodic surveys if the cover over the pipeline
at road crossings and drainage ditches has been reduced
below the requirements of the original design. If the
operating company determines that the normal cover
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provided at the time of pipeline construction has become
unacceptably reduced due to earth removal or line move-
ment, the operating company shall provide additional
protection by providing barriers, culverts, concrete pads,
casing, lowering of the line, or other suitable means.

851.2.2 Maintenance of Cover in Cross-Country
Terrain. If the operating company learns, as a result
of patrolling, that the cover over the pipeline in cross-
country terrain does not meet the original design, it shall

A full encirclement welded split sleeve with welded
ends shall have a design pressure at least equal to that
required for the maximum allowable operating pressure
of the pipe being repaired [see para. 841.1.1(a)]. If condi-
tions require that the sleeve carry the full longitudinal
stresses, the sleeve shall be at least equal to the design
strength of the pipe being repaired. Full encirclement
sleeves shall not be less than 4 in. (100 mm) in width.

If the defect is not a leak, the circumferential fillet

detemine whether the cover has been reduced to an
unadceptable level. If the level is unacceptable, the
operating company shall provide additional protection
by rgplacing cover, lowering the line, or other suitable
mear)s.

851.3 Leakage Surveys

Eath operating company of a transmission line shall
provide for periodic leakage surveys of the line in its
operqting and maintenance plan. The types of surveys
selected shall be effective for determining if potentially
hazatdous leakage exists. The extent and frequency of
the ldakage surveys shall be determined by the operating
presgure, piping age, Location Class, and whether the
transmission line transports gas without an odorant.

851.4i Repair Procedures for Steel Pipelines

If at any time a defect mentioned in the following
subs¢ctions of para. 851.4 is evident on a pipeline, terhs
poraty measures shall be employed immediately to-pro-
tect the property and the public. If it is not feasible to
makg repairs at the time of discovery, permanentrepairs
shall{be made as soon as described herein. The use of
a welded patch as a repair method is prohibited, except
as pjovided in para. 851.4.4(e). Whexiever a pipeline
remafins pressurized while being ekppsed to investigate
or repair a likely defect, the opefating pressure shall
be af a level that provides (saféty during excavation,
invedtigation and/or repair_operations.

(a)] If there is sufficientvinformation about the defect
to determine through éengineering analysis the pressure
at whjich excavati¢nyinvestigation, and/or repair opera-
tions|may be conducted safely, the pipeline shall be oper-
ated fat or belew this pressure during these activities.

(b)| If there'is insufficient information about the defect
to defefmine the pressure at which excavation, investiga-

weldsare optiomat T certaim tases as descrifed 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 cir¢gumferen-
tial fillet welds shall be suitable,fof~the mat¢rials and
shall consider the potential for inderbead [cracking.
Backup strips are not requitéd. If the circuinferential
fillet welds are not madejhe longitudinal welds may
be butt welds, or fillets-tora 'side bar. The circumnferential
edges, which wouldshave been sealed had the fillet weld
been made, should be sealed with a coating material
such as enamel 0¥ mastic, so that the soil enyironment
will be keptout of the area under the sleeve.

Prior t§/the installation of a sleeve, the gipe body
shall béinspected by ultrasonic methods for laminations
where-sleeve fillet welds will be deposited| onto the
pipe body.

Consideration shall be given to the toughneps charac-
teristics and quality of all seam welds when depositing
welds across the seam in the course of repair.

851.4.1 Definition of Injurious Dents and Mechanical
Damage

(a) Dents are indentations of the pipe or distortions
of the pipe’s circular cross section caused by external
forces.

(b) Plain dents are dents that vary smoothly and do
not contain creases, mechanical damage|[such as
described in para. 851.4.1(c)], corrosion, arc bufns, girth,
or seam welds.

(c) Mechanical damage is damage to the pijpe surface
caused by external forces. Mechanical damagg¢ includes
features such as creasing of the pipe wall| gouges,
scrapes, smeared metal, and metal loss not dug¢ to corro-
sion. Cracking may or may not be present in cgnjunction
with mechanical damage. Denting of the pige may or
may not be apparent in conjunction with nfechanical

tion, art/ OT Tepair Operations ey be cornducted safety;
the pipeline shall be operated at a pressure no greater
than 80% of the operating pressure at the time of discov-
ery. The operating pressure shall remain at or below this
reduced pressure during these activities unless sufficient
information becomes available to determine a different
pressure.

Nonleaking corroded areas that must be repaired or
replaced are defined in para. 860.2(a). Longitudinal weld
seams are commonly identified by visual inspection,
etchants, or ultrasonic testing.
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ddllldéc.

(d) Plain dents are defined as injurious if they exceed
a depth of 6% of the nominal pipe diameter. Plain dents
of any depth are acceptable provided strain levels associ-
ated with the deformation do not exceed 6% strain.
Strain levels may be calculated in accordance with
Nonmandatory Appendix R or other engineering meth-
odology. In evaluating the depth of plain dents, the need
for the segment to be able to safely pass an internal
inspection or cleaning device shall also be considered.
Any dents that are not acceptable for this purpose should
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Fig. 851.4.1-1 Allowable Ripple Heights

Hoop Stress at MAOP, MPa
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be removied prior to passing these devices through the
segment, |even if the dent is not injurious.

(e) All[external mechanical damage with or withotit
concurrent visible indentation of the pipe is considered
injurious

(f) Dents that contain corrosion are injurious if the
corrosion|is in excess of whatis allowed by.para. 860.2(a),
or if they exceed a depth of 6% of the)hominal pipe
diameter|

(¢) Dents that contain stress cofrosion cracks or other
cracks ar¢ injurious.

(h) Dents that affect ductile/girth or seam welds are
injurious|if they exceedsa depth of 2% of the nominal
pipe diareter, except{those evaluated and determined
to be safe|by an engineering analysis that considers weld
quality, nondestrtictive examinations, and operation of
the pipeline are‘acceptable provided strain levels associ-
ated with the-deformation do not exceed 4%. It is the

Hoop Stress at MAOP, psi

Source: “Development of Acceptance Criteria for Mild Ripples in Pipeline Rield Bends” paperIPC02-27124 from the Internftional
Pipeline Copference 2002. Copyright © 2002 by The American Society of MechanicahEngineers.

the line shown. Ripples with heights above the lin¢ may
be demonstrated to be acceptable using a more rigprous
analysis.

851.4.2 Permanent Field Repairs of Injurious Dents
and Mechanical Damage

(a) Injurious dents and mechanical damage shall be
removed or repaired by one of the methods belgw, or
the operating pressure shall be reduced. The reduced
pressure shall not exceed 80% of the operating pressure
experienced by the injurious feature at the time gof dis-
covery. Pressure reduction does not constitute a p¢rma-
nent repair.

(b) Removal of injurious dents or mechanical damage
shall be performed by taking the pipeline out of s¢rvice
and cutting out a cylindrical piece of pipe and replacing
same with pipe of equal or greater design pressujre, or
by removing the defect by hot tapping, providefd the

entire defect is removed

operator”
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.

(j) The allowable height of mild ripples in carbon steel
pipe formed during the cold bending process can be
determined from Fig. 851.4.1-1, where d is the maximum
depth or crest-to-trough dimension of the ripple and D
is the specified outside diameter of the pipe. Ripples in
carbon steel pipe are acceptable if their height is below

ba S B i PN P B PR | 1.t 1 1 £
TCSPUIBIVIIITy TUO TS TdUTISIT U TIC Uy TTVETUT
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(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.

(2) External mechanical damage, and all dents
affecting acetylene girth welds or seam welds that are
known to exhibit brittle fracture characteristics may be
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repaired with a full encirclement steel sleeve with ends
welded to the pipe.

(3) External mechanical damage, including cracks,
may be repaired by grinding out the damage, provided
any associated indentation of the pipe does not exceed
a depth of 4% of the nominal pipe diameter. Grinding
is permitted to a depth of 10% of the nominal pipe wall
with no limit on length. Grinding is permitted to a depth
greater than 10% up to a maximum of 40% of the pipe
wall,[withr e i i i i
the f

Y%

['C OVd O

d ed 10 d
bllowing equation:

o

a/t
1.1a/t -
/
o N 1 1/2
1.1a/t - 011 ~

(U.S.|Customary Units)

L = 1.12|(Dt)

(SI Units)

L = 28.45|(Dt)

maximum allowable operating pressure, the incom-
pressible filler is recommended but not required.

(e) Nonmetallic composite wrap repairs are not
acceptable for repair of injurious dents or mechanical
damage, unless proven through reliable engineering
tests and analysis.

(f) All repairs under para. 851.4.2 shall pass nonde-
structive inspections and tests as provided in para. 851.5.

2 erma s Having
Injurious Defects

(a) All circumferential butt welds found to Have unac-
ceptable defects (according to AP1 1104) shall bg repaired
in accordance with the requirements/of sectior] 827, pro-
vided the pipeline can be taken, out of servicg. Repairs
on welds may be made while the pipeline is in service,
provided the weld is not{leaking, the pressyre in the
pipeline has been reduged to a pressure that will not
produce a hoop stress-ifr ‘excess of 20% of the| specified
minimum yield of¢hé& pipe, and grinding of the defective
area can be limifed so that there will remaih at least
Y% in. (3.2 mni) thickness in the pipe weld.

(b) Defegtive welds mentioned in (a) aboye, which
cannot.be repaired under (a) above and where it is not

where
a |= measured maximum depth of ground area, in. feasible'to remove the defect from the pipeline by
(mm) ’ replacement, may be repaired by the installatign of a full
D | nominal outside diameter of the pipe, in. (mm) encirclement welded split sleeve using circumnferential
L F maximum allowable longitudinal extent of the fillet welds.
ground area, in. (mm) (c) If a manufacturing defect is found in|a double
t t= nominal wall thickness of pipe, in. (mm) submerged arc welded seam or high frequepncy ERW
seam, a full encirclement welded split sleeve shall be
Grinding shall produce a smooth contour.ir the pipe  installed.

wall] The remaining wall thickness shall be verified
using ultrasonic testing. After grinding, the surface shall
be inspected for cracks using a nongdestructive surface
exanfination method capable of defecting cracks and the
surface shall be inspected with\aJsuitable etchant per
para|841.2.4(e). If grinding within the depth and length
limitations fails to completely remove the damage, the
damgdge shall be removeéd or repaired in accordance with
para] 851.4.2(c)(2).

4) Dents conftajning stress corrosion cracking may
be repaired bygrinding out the cracks to a length and
depth permittéd in para. 860.2(a) for corrosion in plain
pipe| Thewall thickness shall be checked using ultra-
sonif testing. After grinding, the surface shall be

(d) If a manufacturing defect is discovered in a low
frequency ERW weld seam or any seam having a factor,
E less than 1.0 in Table 841.1.7-1, or if hydrogen stress
cracking is found in any weld zone, a full endirclement
welded split sleeve designed to carry maximym allow-
able operating pressure shall be installed.

(e) All repairs performed under (a), (b), (c
above shall be tested and inspected as pr
para. 851.5.

(f) Corroded areas may be repaired by filling them
with deposited weld metal using a low-hydrogen weld-
ing process. Repairs shall be accomplished in agcordance
with a written maintenance procedure, which when fol-
lowed will permanently restore the required wall thick-

, and (d)
vided in

inspectedfor tracks using a ondestructive 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
limitations fails to completely remove the damage, the
damage shall be removed or repaired in accordance with
para. 851.4.2(c)(1).

(d) If a dent or mechanical damage is repaired with
a sleeve not designed to carry maximum allowable
operating line pressure, the dent shall first be filled with
an incompressible filler. If the sleeve is designed to carry
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TIEeSS ard Imechanicat properties of the pipeline. The
welding procedures and welders shall be qualified
under para. 823.2.1. The procedures shall provide suffi-
cient direction for avoiding burn-through and minimiz-
ing the risk of hydrogen cracking on in-service pipelines.
For background information on developing a weld
deposition repair procedure, refer to “Guidelines
for Weld Deposition Repair on Pipelines”
(PRCI Catalog L51782) in Mandatory Appendix A. This
method of repair shall not be attempted on pipe that is
thought to be susceptible to brittle failure.
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Table 851.4.4-1 Wall Thickness for Unlikely Occurrence of Burn-Through

Gas Velocity, ft/sec (m/s)

psia (kPa) 0 5 (1.5) 10 (3.0) 20 (6.1)
15 (100) 0.320 in. (8.13 mm) e c. R
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  corrosion cracking, the fillet welds are optional, ff the

Nonleaking Corroded Areas

(a) If fdasible, the pipeline shall be taken out of service
and repajred by cutting out a cylindrical piece of pipe
and replhcing with pipe of equal or greater design
strength.

(b) If i is not feasible to take the pipeline out of ser-
vice, repadirs shall be made by the installation of a full
encirclement welded split sleeve unless a patch is chosen
in accordance with (e) below, or unless corrosion is
repaired ith deposited weld metal in accordance with
(f) below. If nonleaking corrosion is repaired with a
full encir¢lement welded split sleeve, the circumferential
fillet weldls are optional.

(c) If the leak is due to a corrosion pit, the repair may
be made py the installation of a properly designed bolt-
on leak clamp.

(d) A sjmall leak may be repaired by welding a nipple
over it to|vent the gas while welding and then installing
an appropriate fitting on the nipple.

(e) Leaking or nonleaking corroded areas on pipe of
not more|than 40,000 psi (276 MPa) specified mihjnium
yield strgngth may be repaired by using a steel plate
patch with rounded corners and with dimensions not
in excess|of one-half the circumference ofithe pipe fillet
welded oyer the pitted area. The design-strength of the
plate sha|l be the same or greater-than the pipe.

(f) Small corroded areas may~be repaired by filling
them with deposited weld snetal from low-hydrogen
electrodep. The higher thesptessure and the greater the
flow rate) the lesser the &htance of burn-through. At 20 V
and 100 4\, burn-threugh is unlikely to occur when the
actual walll thicknesses exist, as shown in Table 851.4.4-1.

This method. 0f ‘fepair should not be attempted on
pipe that|is thought to be susceptible to brittle fracture.

(g) Allfrepairs performed under (a), (b), and (d) above

fillet welds are made, pressurization of theyslegve is
optional. The same applies to hydrogen stress crafking
in hard spots, except that a flat hard spét shall bg pro-
tected with a hardenable filler or by, pressurizatipn of
a fillet welded sleeve. Stress comosion cracking| may
also be repaired per para. 851.42(c)(4), which desgribes
repairs for stress corrosion.@racking in dents.

(c) All repairs performed-Ainder paras. 851.4.5(a) and
(b) shall be tested and inspected as provid¢d in
para. 851.5.

851.5 Testing-Repairs to Steel Pipelines or MaiIs

851.5.1 ‘Testing of Replacement Pipe Sectio
When a §chéduled repair to a pipeline or main is
by cutfihg out the damaged portion of the pipd as a
cylinder and replacing it with another section of |pipe,
the‘replacement section of pipe shall be subjected to a
pressure test. The replacement section of pipe shhll be
tested to the pressure required for a new pipelihe or
main installed in the same location. The tests mpy be
made on the pipe prior to installation, provided npnde-
structive tests meeting the requirements of sectiop 826
are made on all field girth butt welds after installat{on. If
the replacement is made under controlled fire condjtions
(gas in the pipeline), full encirclement welded|split
sleeves may be used to join the pipe sections instdad of
butt welds. All sleeve welds should be radiographed.
(See para. 851.5.2.)

851.5.2 Nondestructive Testing of Repairs, Gouges,
Grooves, Dents, and Welds. If the defects are refaired
by welding in accordance with the provisions of [para.
851.4 and any of its subsections, the welding shall be
examined in accordance with section 826.

851.6 Pipeline Leak Records

S.
made

shall be tested and inspected as provided in para. 851.5.

851.4.5 Permanent Field Repair of Hydrogen Stress
Cracking in Hard Spots and Stress Corrosion Cracking

(a) If feasible, the pipeline shall be taken out of service
and repaired by cutting out a cylindrical piece of pipe
and replacing with pipe of equal or greater design
strength.

(b) If it is not feasible to take the pipeline out of ser-
vice, repairs shall be made by the installation of a full
encirclement welded split sleeve. In the case of stress
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Records shall be made covering all Teaks discovered
and repairs made. All pipeline breaks shall be reported
in detail. These records along with leakage survey rec-
ords, line patrol records, and other records relating to
routine or unusual inspections shall be kept in the file
of the operating company, as long as the section of line
remains in service.

851.7 Pipeline Markers

(a) Signs or markers shall be installed where it is con-
sidered necessary to indicate the presence of a pipeline
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at road, highway, railroad, and stream crossings. Addi-
tional signs and markers shall be installed along the
remainder of the pipeline at locations where there is a
probability of damage or interference.

(b) Signs or markers and the surrounding right-of-
way shall be maintained so markers can be easily read
and are not obscured.

(c) The signs or markers shall include the words “Gas
(or name of gas transported) Pipeline,” the name of the

(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
required to allow for a low pressure ESD. The hazardous
gas and fire detectors should remain in service to blow
the units and piping down, if necessary.

851.10 Recommissioning of Transmission Facilities

Operators planning to recommission (reactivate)

oper{ifing company, and the telephone number (Includ-
ing qrea code) where the operating company can be
contgcted.

851.8 Abandoning of Transmission Facilities

Eagh operating company shall have a plan in its
operating and maintenance procedures for abandoning
transmission facilities. The plan shall include the follow-
ing grovisions:

(a)| Facilities to be abandoned shall be disconnected
from|all sources and supplies of gas such as other pipe-
lines) mains, crossover piping, meter stations, control
linesf and other appurtenances.

(b)] Facilities to be abandoned in place shall be purged
of gap with an inert material and the ends shall be sealed,
except that

(c)| After precautions are taken to determine that no
liquigl hydrocarbons remain in the facilities to be aban-
doned, then such facilities may be purged with air. Jf
the f3cilities are purged with air, then precautions must
be taken to determine that a combustible mixture is not
presqnt after purging. [See para. 841.2.7(e).]

851.

Oglerators planning the decommjissioning (temporary
discqnnect) of transmission facilities’shall develop pro-
cedutes for the decommissioning of facilities from ser-
vice.|The procedures shall (ificlude the following.

(a)| Facilities to be de¢ommissioned shall be isolated
and gealed from all sduices and supplies of gas such as
othey pipelines, maitis, crossover piping, meter stations,
contrpl lines, and.other appurtenances.

(b)| Purge facilities to be commissioned with an inert
matqrial.dnd’ effectively seal the ends. For facilities
where purging is not necessary and where a need to

D Decommissioning of Transmission Facilities

Transmission facilities temporarily removed irqm service
shall develop written procedures for recomnpissioning
facilities to service. The procedures shall inglude the
following;:

(a) Before a facility is recommissioned, all mainte-
nance and cathodic protection fecords shall be|reviewed
to ensure that the condition afid integrity of the facility
has been maintained dufing the decomn}issioned
period.

(b) Facilities to berrécommissioned that Have been
decommissioned for'an extended period of {ime shall
be repressured,incrementally.

(c) A leak sprvey shall be performed after the facility
has been‘récommissioned. Any defects or leaks discov-
ered shall be repaired before the facility is bdck in full
operation.

851.11 Repositioning a Pipeline in Service

When repositioning a pipeline in service, the follow-
ing are some of the factors that shall be cons{dered:

(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

(I) additional stresses caused by reposition
pipeline

ng of the

851.12 Pressure Testing for Integrity Assesgment of

In-Service Pipelines

rest
remain in the facility provided the gas amount poses no
potential hazard, and contains no corrosive contami-
nants exceeding pipeline quality standards such as
water, carbon dioxide, and sulfides.

(c) After the facilities have been decommissioned, the
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.

reto serviceexists—a cmall amount of aag can
7 [=]

81

The integrity of am ir=service pipetine may be deter-
mined by pressure testing for strength and leaks. Com-
parison of new test pressures with previous test
pressures will demonstrate that the integrity of the pipe-
line has not been reduced if new test pressures are equal
to or greater than previous test pressures. If there was
no previous strength test with which to compare the
current test, a minimum specified margin of safety can
be established. A strength test, however, will notindicate
ongoing deterioration of the pipeline that has not pro-
gressed to the point where defects fail during the
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strength test. Refer to Nonmandatory Appendix N for
hydrostatic testing guidelines.

851.12.1 Pressure Test Levels. When establishing
test pressures for a test section, the maximum test pres-
sure shall be determined by the operator to prevent
damage to the pipeline and its components. Consider-
ation must be given to the affect of test section elevation
differences on the test pressure. Whenever test pressure
will cause a hoop stress in excess of 100% of the SMYS,

(b) Stress Level of Previous Test. Testing shows that the
higher the stress level of the strength test, the smaller
the remaining flaw will be. Smaller remaining flaws will
result in a longer time before the flaw could be expected
to grow to a critical size, if not mitigated. This means that
increasing the ratio of the test pressure to the operating
pressure may potentially increase the retest interval.

(c) Corrosion Growth Rate. The corrosion growth rate
on a given pipeline depends upon the aggressiveness

refer to INonmandatory Appendix N, section N-5 for
guidance|on yield monitoring. The minimum test pres-
sure shalllbe as required by paras. 851.12.1(a) through (c).

(a) To dletermine the integrity of an in-service pipeline
by strength testing, the pipeline shall be strength tested
at a prespure that will cause a hoop stress of at least
90% of the SMYS in the segment with the lowest design
or rated gressure in the section tested except as provided
in para. §51.12.1(b) or (c).

(b) Fof pipelines in which SCC (Stress Corrosion
Cracking) has been identified, defects may be mitigated
by pressyre testing to a pressure that will create a hoop
stress of fat least 100% of the SMYS at the high point
elevation

(c) For[those in-service pipelines for which the hoop
stress pefcent of the SMYS cannot be accurately deter-
mined of those pipelines that operate at hoop stress
levels lower than maximum design pressure, the mini-
mum strpngth test pressure shall be 1.10 times the
MAOP.

(d) Following the strength test period, a leak tesf
should b¢ performed. The leak test pressure should be
at least 1]10 times the MAOP of the pipeline.

851.12.2 Pressure Hold Period

(a) Thg strength test pressure shall be held for a mini-
mum tinfe period of % hr, except for(those lines with
known S{CC, which are to be pressure) tested in accor-
dance with para. 851.12.2(b).

(b) Thp pressure test for SCC shall be held long
enough fpr the test pressure o stabilize, in most cases
% hr or 1

Of the COITOSIve eTVITOIITTent and the effectivergss of
corrosion control measures.

(d) Maintenance. Deterioration of the pipeline if also
a function of the timing and effectiveness of actigns to
correct such conditions as corrosion centrel deficiehcies,
external force damage, and operafing’ conditiong that
increase the potential for corrosign. The effectiveness
of programs to prevent damage by excavation dfffects
pipeline maintenance.

(e) Other Inspection Methods. In-line inspection, ¢xter-
nal electrical surveys of coating condition and cathodic
protection levels, direct inspection of the pipe, mohitor-
ing of internal ebfyosion, monitoring of gas quality, and
monitoring to\detect encroachment are methods that can
be used to.predict or confirm the presence of defects
that may reduce the integrity of the pipeline.

852 DISTRIBUTION PIPING MAINTENANCE
852.1 Patrolling

Distribution mains shall be patrolled in areas where
necessary to observe factors that may affect safe opera-
tion. The patrolling shall be considered in areas of con-
struction activity, physical deterioration of exfosed
piping and supports, or any natural causes, which fould
result in damage to the pipe. The frequency of the pptrol-
ling shall be determined by the severity of the cond]tions
that could cause failure or leakage and the subsequent
hazards to public safety.

PSS, 852.2 Leakage Surveys
(c) The leak test pressure should be maintained for Each operating company having a gas distribution
as long ag necessary-to.detect and locate or evaluate any

leakage of test média: Additional leak test methods may
be employyed ifidetection of leakage of the test media is

system shall set up in its operating and maintenance
plan a provision for making periodic leakage sufveys
on the system.

not practical dte to very small leaks such as may be
experien ediafter h:\ch'ng for SCC

851.12.3 Time Interval Between Tests. The time
interval between pressure tests, or performing the initial
pressure test if the pipeline was not post-construction
tested, should be based upon an engineering critical
assessment to prevent defects from growing to critical
sizes. That engineering critical assessment should
include consideration of the following factors:

(a) Risk to the Public. The first consideration in a test
or retest should be the exposure that the public could
have to a failure of a given pipeline.

82

85221 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

(e) bubble leakage tests

(f) ultrasonic leakage tests

The types of surveys
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A detailed description of the various surveys and leak-
age detection procedures is shown in Nonmandatory
Appendix M.

852.2.2 Frequency of Surveys. The extent and fre-
quency of leakage surveys shall be determined by the
character of the general service area, building concentra-
tions, piping age, system condition, operating pressure,
and any other known condition (such as surface faulting,
subsidence, flooding, or an increase in operating pres-

852.3.3 Odor or Indications From Foreign Sources.
When potentially hazardous leak indications (such as
natural, sewer, or marsh gas or gasoline vapors) are
found to originate from a foreign source or facility or
customer-owned piping, they shall be reported to the
operator of the facility and, where appropriate, to the
police department, fire department, or other governmen-
tal agency. When the company’s pipeline is connected
to a foreign facility (such as the customer’s piping), nec-

sure)| that has significant potential to either initiate a
leak ¢r to cause leaking gas to migrate to an area where
it copild result in a hazardous condition. Special one-
time [surveys should be considered following exposure
of the gas distribution system to unusual stresses (such
as thiose resulting from earthquakes or blasting). The
leakage survey frequencies shall be based on operating
expefience, sound judgment, and a knowledge of the
system. Once established, frequencies shall be reviewed
periqdically to affirm that they are still appropriate. The
frequencies of the leakage survey shall at least meet the

essary action, such as disconnecting or shuttihg off the
flow of gas to the facility, shall be taken to.elithinate the
potential hazard.

While the excava-
shall be
Fimeter of

852.3.4 Follow-Up Inspections.
tion is open, the adequacy of leak repairg
checked by using acceptable fiiethods. The pe
the leak area shall be checked with a gas d¢tector. In
the case of a Gradesl\leak repair as dg¢fined in
Nonmandatory Appendix M, where there is refidual gas
in the ground, a followup inspection should| be made

. as soon as practicable after allowing the soil fo vent to
follow1r.1g: L . Lo . . the atmosphere and stabilize, but in no case |ater than
(a)| Distribution systems in a principal business dis- 1 1, follewing the repair. In the case of ¢ther leak
trict $hould be surveyed at least annually. Such surveys repairs,the need for a followup inspection ghould be
shallpe conducted using a gas detector and shall include

tests [of the atmosphere that will indicate the presence
of gds in utility manholes, at cracks in the pavement
and pidewalks, and at other locations that provide
oppoartunities for finding gas leaks.

(b)] The underground distribution system outside the
areaq covered by (a) above should be surveyed ‘as-fre-
quently as experience indicates necessary, but\not less
than [once every 5 yr.

852.

852.3.1 Leakage Classification-and Repair. Leaks
located by surveys and/or invesfigation should be eval-
uatedl, classified, and controlléd in accordance with the
critefia set forth in section M-5 of Nonmandatory
Appé¢ndix M.

Prior to taking any-fepair action, leaks should be pin-
poinfed but onlyafter it has been established that an
immediate hazard-does not exist or has been controlled
by styich emefgency actions as evacuation, blocking an
area ¢ff, rerouiting traffic, eliminating sources of ignition,
ventilating, or stopping the flow of gas. The pinpointing
guidelines provided in section M-6 of Nonmandatory

B Leakage Investigation and Action

detefinined by qualified personnel.

852.4 Requirements for Abandoning, Discorinecting,
and Reinstating Distribution Facilities

852.4.1 Abandoning of Distribution Facilities. Each
operating company shall have a plan for abandoning
inactive facilities, such as service lines, mains, control
lines, equipment, and appurtenances for whidh there is
no planned use.

The plan shall also include the following pfrovisions:

(a) If the facilities are abandoned in place, they shall
be physically disconnected from the piping syptem. The
open ends of all abandoned facilities shall bg capped,
plugged, or otherwise effectively sealed. The need for
purging the abandoned facility to prevent the develop-
ment of a potential combustion hazard shall e consid-
ered and appropriate measures shall He taken.
Abandonment shall not be completed until iff has been
determined that the volume of gas or liquid hydrocar-
bons contained within the abandoned section| poses no
potential hazard. Air or inert gas may be used|for purg-

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
facilities, shall be investigated promptly. If the investiga-
tion reveals a leak, the leak should be classified and
action should be taken in accordance with the criteria
in section M-5 of Nonmandatory Appendix M.

83

ing-or-thefacthiymaybefiled-with-water-erother inert
material. [See para. 841.2.7(e).] If air is used for purging,
the operating company shall determine that a combusti-
ble mixture is not present after purging. Consideration
shall be given to any effects the abandonment may have
on an active cathodic protection system, and appropriate
action shall be taken.

(b) In cases where a main and the service lines con-
nected to it are abandoned, insofar as service lines are
concerned, only the customer’s end of such service lines
needs to be sealed as stipulated above.
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(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 closed. If the segment is long and there are few line
valves, consideration should be given to plugging the
segment at intervals.

(e) All above-grade valves, risers, and vault and valve
box covers shall be removed. Vault and valve box voids

(b) After compliance with para. 852.5.1(a), whenever
thermoplastic pipe or tubing is squeezed-off and
reopened, it is required that

(1) the work be done with equipment and proce-
dures that have been established and proven by test
to be capable of performing the operation safely and
effectively

(2) the squeezed-off and reopened area of the pipe
or tubing be reinforced in accordance with the appro-

shall be fitfed with stitable compacted backfitl material:

852.4{2 Temporarily Disconnected Service. When-
ever servjce to a customer is temporarily discontinued,
one of thp following shall be complied with:

(a) Th¢ valve that is closed to prevent the flow of gas
to the cugtomer shall be provided with a locking device
or other neans designed to prevent the opening of the
valve by|persons other than those authorized by the
operating company.

(b) A tnechanical device or fitting that will prevent
the flow pf gas shall be installed in the service line or
in the mgter assembly.

(c) Thq customer’s piping shall be physically discon-
nected fr¢m the gas supply and the open pipe ends shall
be sealed

852.4.3 Test Requirements for Reinstating
AbandonFed Facilities and Temporarily Disconnected
Service Lines. Facilities previously abandoned shall be
tested in the same manner as new facilities before being
reinstated.

Servicd lines previously abandoned shall be tested
in the sajne manner as new service lines before\béing
reinstated.

Servic¢ lines temporarily disconnected because of
main renewals or other planned work-shall be tested
from the point of disconnection to the service line valve
in the same manner as new gervice lines before
reconnecting, except

(1) when provisions to maintain continuous service
are made] such as by instaltation of a bypass, any portion
of the original service line"used to maintain continuous
service need not be tested; or

(b) when the sefvice line has been designed, installed,
tested, arjd maintained in accordance with the require-
ments of [this“Code.

priate provisions of para. 852.5.2, unless it has|been
determined by investigation and test that squeeke-off
and reopening do not affect the long-term propertfies of
the pipe or tubing
(c) Squeeze-off and reopening shallbe done in gccor-
dance with ASTM F1041, Standayd Guide for Squeeze-
Off of Polyolefin Gas Pressure,Pipe and Tubing| and
ASTM F1563, Standard Specitication for Toqls to
Squeeze-Off Polyethylene((RE) Gas Pipe or Tubin.
(d) Refer to Nonmanddtory Appendix C for a

ist of
other pertinent ASTM Standards and industry literature.

852.5.2 Repail of Plastic Pipe or Tubing. If at any
time an injurious defect, groove, gouge, or dent is found
in plastic pipe or tubing, the damaged or defectivp sec-
tion shall\be replaced unless satisfactory repaits are
made:

The damaged section can be cut out and repladed in
aceordance with applicable provisions of para. $42.3,
Installation of Plastic Piping. The replacement pipe or
tubing shall be 100% visually inspected inside andl out.
There shall be no visible defects on the inside or oytside
of the replacement pipe or tubing. The replacement pipe
or tubing shall be leak tested at available system
pressure.

Repairs shall be made in accordance with qualified
procedures that have been established and prové¢n by
test and in accordance with the following (specia) con-
sideration shall be given to assure that the repair groce-
dure is applicable at the ambient temperature during
the repair):

(a) The recommendations of the plastic manufa
shall be taken into consideration when determinir]
type of repair to be made. Special consideration
be given to the extent of fiber damage in the cd
thermosetting plastic pipe.

(h) 1 2 patch orfull encirclement sleeveis 11cor;|,1'

turer
g the
shall
se of

shall

852.5 Plastic Pipe Maintenance

852.5.1 Squeezing-Off and Reopening of
Thermoplastic Pipe or Tubing for Pressure Control
(a) Before thermoplastic pipe or tubing is squeezed-
off and reopened, it is required that investigations and
tests be made to determine that the particular type,
grade, size, and wall thickness of pipe or tubing of the
same manufacture can be squeezed-off and reopened
without causing failure under the conditions that will
prevail at the time of the squeezing-off and reopening.
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extend at least % in. (13 mm) beyond the damaged area.

(c) Ifafull encirclement split sleeve is used, the joining
line between the halves of the sleeve shall be as far as
possible from the defect, but in no case closer than % in.
(13 mm). Suitable precautions shall be taken to ensure
a proper fit at the longitudinal seam.

(d) The patch or sleeve material shall be the same
type and grade as the pipe or tubing being repaired.
Wall thickness of the patch or sleeve shall be at least
equal to that of the pipe or tubing.
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(e) The method of attachment of the patch or sleeve
shall be compatible with the material and shall conform
to the applicable provisions of para. 842.2.9(b). Precau-
tions shall be taken to ensure a proper fit and a complete
bond between the patch or sleeve and the pipe being
repaired. The patch or sleeve shall be clamped or held
in place by other suitable means during the setting or
curing of the bonding material or during the hardening
of a heat-fusion bond. Excess solvent cement shall be

(b) as soon as possible, appropriate steps must be
taken to provide permanent protection for the disturbed
segment from damage that might result from external
loads.

853 MISCELLANEOUS FACILITIES MAINTENANCE

853.1 Compressor Station Maintenance

rem
852.

8%2.6.1 Inspection of Underground Piping. When-
ever pny portion or section of an existing underground
distrjbution piping system is uncovered for operating
or mhintenance purposes or for the installation of new
facilifies, the following information shall be recorded:

(a)] the condition of the surface of bare pipe, if pitted
or ganerally corroded

(b)] the condition of the pipe surface and of the protec-
tive foating where the coating has deteriorated to the
exter|t that the pipe is corroding underneath

(c)]any damaged protective coating

(d)| any repairs made

852.6.2 Cause of Cast Iron Breakage. Whenever
brok¢n cast iron facilities are uncovered, the cause of
breaRage, such as thermal effect, backfill, or construction
by ofhers, shall be recorded if it can be determined.

1c +1 1 P 1 1
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b Piping Maintenance Records

852.6.3 Analysis of Condition Records. Distribution
piping condition records shall be analyzed periodically.
Any [indicated remedial action on the piping;‘system
shall[be taken and recorded.

852.f 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 kPRa) 6r more that is exposed
for ahy reason must be sealed with a mechanical leak
clamp or a material ordevice that does not reduce the
flexilility of the jointand permanently seals and bonds.

852.7.2 Sealing)Joints Under 25 psig (170 kPa).
Each|cast iror,caulked bell and spigot joint operating
at pr¢ssures offess than 25 psig (170 kPa) that is exposed
for apy feason must be sealed by a means other than
caulling:

853.3, and all devices except rupture disks shall be oper-
ated periodically tédetermine that they open at the
correct set pressure, Any defective or inadequgte equip-
ment found shall'be promptly repaired or repllaced. All
remote control shutdown devices shall be inspected and
tested at least annually to determine that they function

properiy.

853.1.3 Repairs to Compressor Station Piping. All
scheduled repairs to compressor statioh piping
operating at hoop stress levels at or above 4P% of the
specified minimum yield strength shall be dong in accor-
dance with para. 851.3, except that the use of|a welded
patch is prohibited. Testing of repairs shall be done in
accordance with para. 851.4.

853.1.4 Isolation of Equipment for Maintgnance or
Alterations. The operating company shall establish pro-
cedures for isolation of units or sections of piping for
maintenance, and for purging prior to returning units
to service, and shall follow these established pfocedures
in all cases.

853.1.5 Storage of Combustible Materials. | All flam-
mable or combustible materials in quantitigs beyond
those required for everyday use or other tlhan those
normally used in compressor buildings shall [be stored
in a separate structure built of noncombustibl¢ material
located a suitable distance from the compresor build-
ing. All aboveground oil or gasoline storage tqinks shall

852.7.3 Inspection for Graphitization. When a sec-
tion of cast iron pipe is exposed for any reason, an
inspection shall be made to determine if graphitization
exists. If detrimental graphitization is found, the affected
segment must be replaced.

852.7.4 Disturbed Pipeline Support. When an
operating company has knowledge that the support for
a segment of a buried cast iron pipeline is disturbed

(a) that segment of the pipeline must be protected as
necessary against damage during the disturbance
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853.1.6 Maintenance and Testing of Gas Detection
and Alarm Systems. Each gas detection and alarm sys-
tem required by this Code shall be maintained to func-
tion reliably. The operator shall develop maintenance
and calibration procedures to periodically verify the
operational integrity of the gas detectors and alarm sys-
tems installed.

853.1.7 Monitoring Effects of Pulsation and
Vibration. Facilities exposed to the effets of vibration

(12)
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and pulsation induced by reciprocating compression as
well as vibration induced by gas flow or discharge, may
be susceptible to fatigue crack growth in fabrication and
attachment welds. Susceptible facilities include

(a) compressor station piping having an observed his-
tory of vibration

(b) blowdown piping

(c) pulsation bottles and manifolds

(d) piping not meeting the requirements of

(2) station doors and gates and pit vault covers to
determine that they are functioning properly and that
access is adequate and free from obstructions.

(3) ventilating equipment installed in station build-
ings or vaults for proper operation and for evidence of
accumulation of water, ice, snow, or other obstructions.

(4) control, sensing, and supply lines for conditions
that could result in a failure.

(5) all locking devices for proper operation.

para. 833|7(a)

Such facilities may warrant engineering assessment
and/or npndestructive examination for fatigue cracking
in fabricgtion and attachment welds.

853.2 Piocedures for Maintaining Pipe-Type and
Bottle-Type Holders in Safe Operating
Condition

(1) Eadh operating company having a pipe-type or
bottle-type holder shall prepare and place in its files a
plan for the systematic, routine inspection and testing
of the fadilities that has the following provisions:

(1) Hrocedures shall be followed to enable the detec-
tion of external corrosion before the strength of the con-
tainer hap been impaired.

(2) Heriodic sampling and testing of gas in storage
shall be made to determine the dew point of vapors
contained in the stored gas that might cause internal
corrosion| or interfere with the safe operations of the
storage pllant.

(3) The pressure control and pressure-limiting
equipment shall be inspected and tested periodieally to
determinp that it is in a safe operating condition and
has adeqpate capacity.

(b) Eadh operating company, having prepared such a
plan as pfescribed in para. 853.2(a), shall follow the plan
and keep| records that detail the inspection and testing
work dome and the conditions feund.

(c) Al unsatisfactory cenditions found shall be
promptly] corrected.

8533 M
P

intenance.of Pressure-Limiting and
ssure-Regulating Stations

853.3[1 Condition and Adequacy. All pressure-
limiting ptatiehs, relief devices, and other pressure-

(6) station schematics for correctness. J]

(b) adequate from the standpoint of capacity.andl reli-
ability of operation for the service in which they are
employed and set to function at the correctpressjire

(1) If acceptable operation is not obtained dpring
the operational check, the cause of-themalfunction shall
be determined, and the appropriate components|shall
be adjusted, repaired, or replaced as required. After
repair, the component shaltagain be checked for pgoper
operation.

(2) At least once€ach calendar year, a review|shall
be made to ensure that the combined capacity ¢f the
relief devices off a)piping system or facility is adefjuate
to limit the pressure at all times to values prescribpd by
the Code. This review should be based on the opefating
conditions that create the maximum probable require-
mentfor relief capacity in each case, even thoughl such
operating conditions actually occur infrequently and/or
for only short periods of time. If it is determined that
the relieving equipment is of insufficient capacity, |steps
shall be taken to install new or additional equifjment
to provide adequate capacity.

853.3.2 Abnormal Conditions. Whenever abngrmal
conditions are imposed on pressure or flow cqntrol
devices, the incident shall be investigated and a detprmi-
nation shall be made as to the need for inspectionfand/
or repairs. Abnormal conditions may include regiilator
bodies that are subjected to erosive service condjtions
or contaminants from upstream construction and hfydro-
static testing.

853.3.3 Stop Valves
(a) An inspection and/or test of stop valves shpll be
made to determine that the valves will operate anyd are
correctly positioned. (Caution shall be used to pvoid
any undesirable effect on pressure during operational

regulating—stations—and—equipmentshall besubjectto
systematic, periodic inspections and suitable tests, or
reviewed to determine that they are
(a) in good mechanical condition. Visual inspections
shall be made to determine that equipment is properly
installed and protected from dirt, liquids, or other condi-
tions that might prevent proper operation. The following
shall be included in the inspection where appropriate:
(1) station piping supports, pits, and vaults for gen-
eral condition and indications of ground settlement. See
para. 853.5 for vault maintenance.
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nhnn](c) The Fn"r\nrihg shall be included in the i spec-
tion and/or test:

(1) station inlet, outlet, and bypass valves

(2) relief device isolating valves

(3) control, sensing, and supply line valves

(b) The final inspection procedure shall include the
following;:

(1) a check for proper position of all valves. Special
attention shall be given to regulator station bypass
valves, relief device isolating valves, and valves in con-
trol, sensing, and supply lines.
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(2) restoration of all locking and security devices
to proper position.

853.3.4 Pressure-Regulating Stations

(a) Every distribution system supplied by more than
one pressure-regulating station shall be equipped with
telemetering or recording pressure gages to indicate the
gas pressure in the district.

(b) On distribution systems supplied by a single

pressure-regulating station, the operating company

or vault any debris that would interfere with or delay
the operation of the valve. System maps showing valve
locations should be available.

853.4.3 Service Line Valves. Outside shutoff valves
installed in service lines supplying places of public
assembly, such as theaters, churches, schools, and hospi-
tals, shall be inspected and lubricated where required at
sufficiently frequent intervals to ensure their satisfactory

shalcl‘Ldetermine the necessity of installing such gages in
the djistrict. In making this determination, the operating
company shall take into consideration the operating con-
ditiops 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
presdures, the regulator and the auxiliary equipment
shall[be inspected and the necessary measures shall be
employed to rectify any unsatisfactory operating condi-
tions| Suitable periodic inspections of single pressure
regulation stations not equipped with telemetering or
recording gages shall be made to determine that the
presgure-regulating equipment is functioning properly.

operation. The mspection shall determine if |the valve
is accessible, if the alignment is satisfactory,/ind if the
valve box or vault, if used, contains debnis that would
interfere with or delay the operation-of the valye. Unsat-
isfactory conditions encounteredyshall be corfected.

853.4.4 Valve Records. ~A record shall be maintained
for locating valves covered by paras. 853.4.1 arfd 853.4.2.
These records may be maintained on operating maps,
separate files, or sumimary sheets, and the information
on these records shall be readily accessible to personnel
required to reSpond to emergencies.

853.4.5 Prevention of Accidental Operation] Precau-

853.4+ Valve Maintenance tions shall be taken to prevent accidental opgration of
843.4.1 Pipeline Valves. Pipeline valves thatwould 1Y yAve coverec.l by paras. 853',4'1 and 853.4.2) Acciden-
be required to be operated during an emergency shall tal valve operation by operating company bersonnel
and the general public should be considered|in taking

be ingpected periodically and partially operated at least
once| a year to provide safe and proper operating
condftions.
(a)] Routine valve maintenance procedures shall
include, but not be limited to, the following;
1) servicing in accordance with writténprocedures
by adlequately trained personnel
2) accurate system maps for use:during routine or
emergency conditions
3) valve security to preyent-service interruptions,
tampering, etc., as requireg
4) employee trainingypfograms to familiarize per-
sonngl with the correet ¥alve maintenance procedures
(b)] Emergency vdlye maintenance procedures include
1) written eontingency plans to be followed during
any fype of emergency
2) trainitig personnel to anticipate all potential
ds
3)Xfurnishing tools and equipment as required
including auxiliary breathing equipment, to meet antici-
pated emergency valve servicing and/or maintenance
requirements

hazaj

853.4.2 Distribution System Valves. Valves, the use
of which may be necessary for the safe operation of a
gas distribution system, shall be checked and serviced,
including lubrication where necessary, at sufficiently fre-
quent intervals to ensure their satisfactory operation.
Inspection shall include checking of alignment to permit
use of a key or wrench and clearing from the valve box

87

these precautions. Some recommended actipns to be
taken, where applicable, are as follows:
(a) Lock valves in aboveground settings readlily acces-
sible to the general public that are not enclpsed by a
building or fence.
(b) Lock valves located in vaults, if accessiple to the
general public.
(c) Identify the valve by tagging, color coding, or any
other suitable means of identification.

853.5 Vault Maintenance

Each vault housing a pressure-limiting, pressure-
relief, or pressure-regulating station shall be finspected
to determine its condition each time the equfipment is
inspected and tested in accordance with para. {853.3. For
any vault that personnel enter, the atmospherte shall be

i : s hazard-
ous, the cause shall be determined. The vault shall be
inspected for adequate ventilation. The condition of the
vault covers shall be carefully examined for hazards.
Unsatisfactory conditions disclosed shall be corrected.
The applicable provisions of para. 821.6 shall be met
before any welding is performed in the vault. Mainte-
nance work performed in the vault shall be in accordance
with procedures developed per para. 850.2(a), giving
particular consideration to the monitoring of the atmo-
sphere and safety protection for personnel in the vault.
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Table 854.1-1 Location Class

Original
[Note (1)] Current
Location Number of Location Number of Maximum Allowable
Class Buildings Class Buildings Operating Pressure (MAOP)

1, Division 1 0-10 1 11-25 Previous MAOP but not greater than 80% SMYS
1, Division 2 0-10 1 11-25 Previous MAOP but not greater than 72% SMYS
1 0-10 2 26-45 0.800 X test pressure but not greater than 72% SMYS
1 0-10 2 46-65 0.667 X test pressure but not greater than 60% SMYS
1 0-10 3 66+ 0.667 X test pressure but not greater than 60% $MYS
1 0-10 4 [Note (2)] 0.555 X test pressure but not greater than 5Q%/$MYS
2 11-45 2 46-65 Previous MAOP but not greater than 60%(SMYS
2 11-45 3 66+ 0.667 X test pressure but not greatefithan 60% $MYS
2 11-45 4 [Note (2)] 0.555 X test pressure but not greater than 50% $MYS
3 46+ 4 [Note (2)] 0.555 X test pressure bufnot ‘greater than 50% $MYS
NOTES:
(1) At time|of design and construction.
(2) Multistry buildings become prevalent.

854 LOCATION CLASS AND CHANGES IN NUMBER
OF BUILDINGS INTENDED FOR HUMAN
O(CUPANCY

854.1 Mpnitoring

(a) Exipting steel pipelines or mains operating at hoop
stress levels in excess of 40% of specified minimum yield
strength ghall be monitored to determine if additional
buildingdintended for human occupancy have been cof:
structed. |The total number of buildings intended;for
human occupancy shall be counted to deteymine the
current Location Class in accordance with.the” proce-
dures spgcified in paras. 840.2.2(a) and (b):

(b) Injaccordance with the prindiples stated in
para. 840]1(c), and with the knowledgelthat the number
of buildipgs intended for human_occupancy is not an
exact or apsolute means of detetmining damage-causing
activitiey, judgment mustibe/used to determine the
changes that should be nprade to items, such as operating
stress lev¢ls, frequency of patrolling and cathodic protec-
tion requjrements, as-additional buildings intended for
human ofcupangyare constructed.

(c) When there is an increase in the number of build-
ings interjded for human occupancy to or near the upper

(3) operating’and maintenance history of the

line or main
(4) the’maximum operating pressure and th¢ cor-
responding operating hoop stress. The pressure grgdient
may‘be taken into account in the section of the pipeline
oftmain 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 occugpancy
and physical barriers or other factors that may limfit the
further expansion of the more densely populated|area.
(d) Following this study, if a change of Location [Class
is indicated, the patrols and leakage surveys shall ilnme-
diately be adjusted to the intervals established by the
operating company for the new Location Class.

854.2 Confirmation or Revision of MAOP

If the study described in para. 854.1 indicates thpt the
established maximum allowable operating pressyre of
a section of pipeline or main is not commensurateg with
existing Location Class 2, 3, or 4, and such sectior} is in
satisfactory physical condition, the maximum alloyable
operating pressure of that section shall be confirmed or
revised within 18 mo following completion of the $tudy

pipe-

limit of thetocationrClasstisted-imTablte 854 1+t+tothe
extent that a change in Location Class is likely, a study
shall be completed within 6 mo 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
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(a) If the section involved has been previously tested
in place for not less than 2 hr, the maximum allowable
operating pressure shall be confirmed or reduced so that
it does not exceed that allowed in Table 854.1-1.

(b) If the previous test pressure was not high enough
to allow the pipeline to retain its MAOP or to achieve
an acceptable lower MAOP in the Location Class
according to (a) above, the pipeline may either retain
its MAOP or become qualified for an acceptable lower
MAOQP if it is retested at a higher test pressure for not less
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than 2 hr in compliance with the applicable provisions of
this Code. If the new strength test is not performed
during the 18-mo period following the Location Class
change, the MAOP must be reduced so as not to exceed
the design pressure commensurate with the require-
ments of Chapter IV at the end of the 18-mo period. If
the test is performed any time after the 18-mo period
has expired, however, the MAOP may be increased to
the level it would have achieved if the test had been

854.5 Concentrations of People in Location Classes
1and 2

(1) Where a facility meeting the criteria of para. 840.3
is built near an existing steel pipeline in Location
Classes 1 or 2, consideration shall be given to the possible
consequence of a failure, even though the probability of
such an occurrence is very unlikely if the line is designed,
constructed, and operated in accordance with this Code.

(1) Where such a facility described in (a) above

perfqrmedduringthat-18=mmoperiod:

(c)|An MAOP that has been confirmed or revised
accoyding to (a) or (b) above shall not exceed that estab-
lishegql by this Code or previously established by applica-
ble eglitions of the B31.8 Code. Confirmation or revision
accolfding to para. 854.2 shall not preclude the applica-
tion pf para. 845.6.

(d) Where operating conditions require that the
existing maximum allowable operating pressure be

replaced with pipe commensurate with the requirements
of Chapter IV, using the design factor obtained from
Tablg 841.1.6-1 for the appropriate Location Class.

854.

Where the MAOP of a section of pipeline or main is
revispd in accordance with para. 854.2 and becomes less
than [the maximum allowable operating pressure of the
pipeline or main of which it is a part, a suitable pressure-
relieying or pressure-limiting device shall be installed
in acgordance with provisions of paras. 845.1, 845.2, and
845.21.

854.

Wihere the study required in paré. 854.1 indicates that
the eptablished maximum allowable operating pressure
of a [transmission pipeline i§ not commensurate with
that permitted by this Code for the new Location Class,
the spctionalizing valve\spacing shall be reviewed and
revised as follows:

(a)| If the sectign)of pipe is qualified for continued
servife becauge-of a prior test [para. 854.2(a)], or can
be brought into’compliance by lowering the maximum
allowable-operating pressure [para. 854.2(a)], or testing
[pard. 8542(b)], no additional valves will normally be

Pressure Relieving or Limiting Devices

i Review of Valve Spacing

results in frequent concentrations of peoplesthee require-
ments of (b) below shall apply.
(2) However, (b) below need not'be-applied if the
facility is used infrequently. The lesser usage fombined
with the very remote possibility of'a failure at tlat partic-
ular point on the pipeline virtually eliminates fthe possi-
bility of an occurrence.
(b) Pipelines near places*of public assembly as out-
lined in (a) above shallhiave a maximum allowhble hoop
stress not exceeding(50% of SMYS. Alternaffively, the
operating company may make the study degcribed in
para. 854.1(c)‘@nd determine that compliancq with the
followingwrill result in an adequate level of $afety:

(1)~The segment is hydrostatically retested for at
least;2 hr to a minimum hoop stress level of ¢ne of the
following;:
(a) 100% of SMYS if the pipeline is opprating at

a hoop stress level over 60% and up to 72% ¢f SMYS
(b) 90% of SMYS if the pipeline is opetjating at a
hoop stress level over 50% and up to 60% jof SMYS,
unless the segment was tested previously to g pressure
of at least 1.5 times the MAOP
If the segment contains pipe of various gperating
stress levels, the minimum test hoop stress levlels stated
above should be based on the SMYS of the pipe with
the highest operating stress level.
(2) Patrols and leakage surveys are conflucted at
intervals consistent with those establishg¢d by the
operating company for Location Class 3.
(3) When the maximum allowable hopp stress
exceeds 60% of SMYS, adequate periodic visufal inspec-
tions are conducted by an appropriate sampling tech-
nique, or instrumented inspections capable of|detecting
gouges and corrosion damage are made to cgnfirm the
continuing satisfactory physical condition of the pipe.
(4) 1f the nearby facility is likely to encoufage addi-

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.

(2) Where the replacement section involves
1 mi (1.6 km) or more of transmission line, additional
valve installation shall be considered to conform to the
spacing requirements in para. 846.1.1.
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tional construction activity, provide appropriate pipe-
line markers.

855 PIPELINE SERVICE CONVERSIONS
855.1 General

The intent of this section is to provide requirements
to allow an operator of a steel pipeline previously used
for service not covered by this Code to qualify that
pipeline for service under this Code. For a dual service
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pipeline used alternately to transport liquids in confor-
mance with an appropriate Code, such as ASME B31.4,
and gas under this Code, only the initial conversion to
gas service requires qualification testing.

855.2 Historical Records Study

Review the following historical data and make an
evaluation of the pipeline’s condition.
(a) Study all available information on the original

855.4 Conversion Procedure

Prepare a written procedure outlining the steps to be
followed during the study and conversion of the pipeline
system. Note any unusual conditions relating to this
conversion.

855.5 Records of the Conversion

Maintain for the life of the pipeline a record of the
studies incpp(‘finnc tests rppairq rpp]ar‘pmpn‘r and

tion shoyld be paid to welding procedures used and
other joiing methods, internal and external coating,
pipe, and other material descriptions.

(b) Stufdy available operating and maintenance data
including leak records, inspections, failures, cathodic
protectiofy, and internal corrosion control practices.

(c) Corfsider the age of the pipeline and the length of
time it mfty have been out of service in preparing a final
evaluatioh to convert the pipeline to gas service.

pipeline }\emgn, inspection, and testing. Particular atten-

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.

(b) Inspect all aboveground segments of the pipeline
for physifal condition. During the inspection, identify
the mategial where possible for comparison with avail-
able recotds.

(c) Opdrating Stress Level Study

(1) Hstablish the number of buildings nearthepipe-
line or mjin intended for human occupancy,.and deter-
mine the|design factor for each segment ifaccordance
with parg. 840.2 and Table 841.1.6-1.

(2) Conduct a study to compare the proposed
operating stress levels with thHose allowed for the
Location |Class.

(3) Neplace facilities ngeessary to make sure the
operating stress level is commensurate with the Location
Class.

(d) If recessary, make inspections of appropriate sec-
tions of undergreound piping to determine the condition

of the pipeline.
(e) Makerzeplacements, repairs, or alterations that in
thEOPEI‘a trg-compan e—itrdrementare—adyisable

(f) Perform a strength test in accordance with this
Code to establish the maximum allowable operating
pressure of the pipeline, unless the pipeline has been so
tested previously.

(g) Perform aleak test in conformance with this Code.

(h) Within 1 yr of the date that the converted pipeline
is placed in gas service, provide cathodic protection as
set out in para. 860.2(a), except that wherever feasible,
replacement sections and other new piping shall be
cathodically protected as required for new pipelines.
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alterations made in connection with conversion ¢f the
existing steel pipeline to gas service under ¢his Cpode.

856 ODORIZATION
856.1 General

Any gas distributed to custonders through gas 1nains
or service lines or used for-domestic purposes in|com-
pressor plants, which doges not naturally possess fi dis-
tinctive odor to the~¢xtent that its presence ih the
atmosphere is readily detectable at all gas concentrdtions
of one-fifth of the Jower explosive limit and above/shall
have an odorant added to it to make it so detectable.
Liquefied petroleum gases are usually nontoxiq, but
when distributed for consumer use or used as fuql 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 whete the
odorant would serve no useful purpose as a wapning
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 gbove
exempted activities or facilities and is also used ij one
of those activities for space heating, refrigeration, water
heating, cooking, and other domestic uses, or iffsuch
gas is used for furnishing heat or air conditionir|g for
office or living quarters, the gas shall be odorized.

856.2 Odorization Equipment

Each operating company shall use odorization equip-
ment designed for the type and injection rate of odjorant
being used.

Requirenrents

Each operating company shall use an odorant in accor-
dance with the following requirements:

(a) The odorant, when blended with gas in the speci-
fied amount, shall not be deleterious to humans or to
the materials present in the gas system and shall not be
soluble in water to a greater extent than 2% parts of
odorant to 100 parts of water by weight.

1 Refer to NFPA 58 and NFEPA 59.
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(b) The products of combustion from the odorant shall
be nontoxic to humans breathing air containing the prod-
ucts of combustion and shall not be corrosive or harmful
to the materials with which such products of combustion
would ordinarily come in contact.

(c) The combination of the odorant and the natural
odor of the gas shall provide a distinctive odor so that
when gas is present in air at the concentration of as little
as 1% by volume, the odor is readily detectable by a

(2) The condition of the line shall be determined
by leakage surveys, other field inspections, and exami-
nation of maintenance records.

(3) Repairs, replacements, or alterations disclosed
to be necessary by subparas. (c)(1) and (c)(2) above shall
be made prior to the uprating.

(d) A new test according to the requirements of this
Code should be considered if satisfactory evidence is
not available to ensure safe operation at the proposed

persgIT With o TIOTTITal Serse of SIett:

856.

For all odorizers, except small wick-type or bypass-
type|or similar odorizers serving individual customers
or snpall distribution systems, each operating company
shall|maintain records containing the following items:

(a)] the type of odorant introduced into the gas

(b)] the amount of odorant injected per million cubic

i Records

Maximum allowable Operating pressure.

(e) When gas upratings are permitted under
paras. 857.2, 857.3, 857.4, and 857.5, the) gad pressure
shall be increased in increments, with”a ledk survey
performed after each incrementalincrease. Thie number
of increments shall be determiriéd by the opefator after
considering the total amountof the pressure increase,
the stress level at the final maximum allowable pperating
pressure, the known condition of the line, and|the prox-

feet (m®) imity of the line tdether structures. The number of
increments shall Be sufficient to ensure that any leaks
856.p Odorant Concentration Tests are detected before they can create a potentigl hazard.

Eath operating company shall conduct odorant con-
centrption tests on gas supplied through its facilities
that fequires odorization. Test points shall be remotely
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 réquire-
ments for uprating pipelines or mains to higher-maxi-

b repaired
leak sur-
hllowable

Potentially hazardous leaks discovered shall b
before futther increasing the pressure. A final
vey shall’be conducted at the higher maximum
operating pressure.

(f) Records for uprating, including each invpstigation
required by this section, corrective action tgken, and
pressure test conducted, shall be retained as I¢ng as the
facilities involved remain in service.

857.2 Uprating Steel Pipelines or Mains tolla
Pressure That Will Produce a Hoop Sfress of

muny allowable operating pressures. 30% or More of SMYS

857.1 General The maximum allowable operating pressufe may be
(a)| A higher maximum allowable pperating pressure increased after compliance with para. 857.1(c) and one

established under this section may hot exceed the design of the following provisions:

presqure of the weakest elefient in the segment to be (a) If the physical condition of the line as d¢termined

uprated. It is not intended 'that the requirements of this ~ by para. 857.1(c) indicates the line is capabl¢ of with-

Codqg be applied retroactively to such items as road  standing the desired higher operating pressure, is in

crossings, fabricatedyassemblies, minimum cover, and
valvd spacings. Instead, the requirements for these items
shall[meet the eriteria of the operating company before
the upratingis performed.

(b)] A plany shall be prepared for uprating that shall
includerawritten procedure that will ensure compliance

general agreement with the design requirements of this
Code, and has previously been tested to a presgure equal
to or greater than that required by this Code for a new
line for the proposed maximum allowable pperating
pressure, the line may be operated at the higher maxi-
mum allowable operating pressure.

with

(c) Before increasing the maximum allowable
operating pressure of a segment that has been operating
at a pressure less than that determined by para. 845.2.2,
the following investigative and corrective measures
shall be taken:

(1) The design, initial installation, method, and
date of previous testing, Location Classes, materials,
and equipment shall be reviewed to determine that the
proposed increase is safe and consistent with the require-
ments of this Code.

1 1. 1.1 - I Ll doe
CTdallrl GPPIILCIUIC chiullClllCILL Ul IS STULIVULL.
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)yt thephysicatcorditionrof the timeasdetermined
by para. 857.1(c) indicates that the ability of the line to
withstand the higher maximum operating pressure has
not been satisfactorily verified or that the line has not
been previously tested to the levels required by this
Code for a new line for the proposed higher maximum
allowable operating pressure, the line may be operated
at the higher maximum allowable operating pressure if
it shall successfully withstand the test required by this
Code for a new line to operate under the same
conditions.
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(c) If the physical condition of the line as determined
by para. 857.1(c) verifies its capability of operating at a
higher pressure, a higher maximum allowable operating
pressure may be established according to para. 845.2.2
using as a test pressure the highest pressure to which
the line has been subjected, either in a strength test or
in actual operation.

(d) If it is necessary to test a pipeline or main before
it can be uprated to a higher maximum allowable

(2) Adequately reinforce or anchor offsets, bends,
and dead ends in coupled pipe to avoid movement of
the pipe should the offset, bend, or dead end be exposed
in an excavation.

(3) Increase pressure in increments as provided in
para. 857.1(e).

857.4 Uprating a Ductile Iron High-Pressure Main or
System to a New and Higher Maximum

operating pressure, and iI it 15 NOt practical to test the
line eithef because of the expense or difficulties created
by taking it out of service or because of other operating
conditiofs, a higher maximum allowable operating
pressure|may be established in Location Class 1 as
follows:

(1) Herform the requirements of para. 857.1(c).

(2) Yelect a new maximum allowable operating
pressure [consistent with the condition of the line and
the desigh requirements of this Code, provided

(a)| the new maximum allowable operating pres-
sure doeg not exceed 80% of that permitted for a new
line to operate under the same conditions

(b)| the pressure is increased in increments as pro-
vided in para. 857.1(e)

857.3 Uprating Steel or Plastic Pipelines to a
Pressure That Will Produce a Hoop Stress
Lgss Than 30% of SMYS

(a) Thip applies to high-pressure steel mains and piper
lines wh¢re the higher maximum allowable operating
pressure fis less than that required to produce-a‘hoop
stress of B0% of the specified minimum yield, strength
of the pipe and to all high-pressure plastig distribution
systems. |If the higher maximum allowable operating
pressure pf a steel pipeline or main ig"preducing a hoop
stress leviel more than 30% of the speécified minimum
yield strength of the pipe, the provisions of para. 857.2
shall applly.

(b) Before increasingsuthe maximum allowable
operating pressure of a-syStem that has been operating
at less than the applicable maximum pressure to a higher
maximur allowablé:operating pressure, the following
factors shall be.considered:

(1) thephysical condition of the line as determined
by para. 83Z1(c)

Attowabte-Operating Presstre————

(a) The maximum allowable operating pressuf¢ of a
ductile iron main or system shall not be increasedl to a
pressure in excess of that permitted in gard. 842.1.1(a).
Where records are not complete enotigh to permjt the
direct application of para. 842.1.1¢a), the following pro-
cedures shall be used:
(1) Laying Condition. Wherte'the original laying con-
ditions cannot be ascertaified, it shall be assumed that
Condition D (pipe supported on blocks, tamped bag¢kfill)
exists for cast iron pipejand Condition B (pipe laid with-
out blocks, tamped-backfill) exists for ductile iron|pipe.
(2) Cover,-lnless the actual maximum cover ¢lepth

is known with certainty, it shall be determingd by
exposing the ‘main or system at three or more goints
and making actual measurements. The main or system
shall\be exposed in areas where the cover depth is|most
likely to be greatest. The greatest measured cover ¢lepth
shall be used for computations.
(3) Nominal Wall Thickness. Unless the nomninal
thickness is known with certainty, it shall be determined
with ultrasonic measuring devices. The average pf all
measurements taken shall be increased by the alloyance
indicated in Table 857.4-1.
The nominal wall thickness of cast iron shall He the
standard thickness listed in Table 10 or Table 11, wthich-
ever is applicable, of AWWA C101 that is nearejt the
value obtained. The nominal wall thickness of dfictile
iron shall be the standard thickness listed in Tablg 6 of
ANSI/AWWA C150/ A21.50 nearest the value obtgined.
(4) Manufacturing Process. Unless the cast iror} pipe
manufacturing process is known with certainty, it shall
be assumed to be pit cast pipe having a bursting t¢nsile
strength, S, of 11,000 psi (76 MPa) and a modulus of
rupture, R, of 31,000 psi (214 MPa).

(b) Before increasing the maximum allowable
AAAAA tine oressure—the following measures—shall be

(2) information from the manufacturer or supplier
determining that each component of a plastic system is
capable of performing satisfactorily at the higher
pressure.

(c) Before increasing the pressure, the following steps
shall be taken:

(1) Install suitable devices on the service lines to
regulate and limit the pressure of the gas in accordance
with para. 845.2.7(c) if the new maximum allowable
operating pressure is to be over 60 psi (410 kPa).
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taken:

(1) Review the physical condition as required by
para. 857.1(c).

(2) Adequately reinforce or anchor offsets, bends,
and dead ends in coupled or bell and spigot pipe to
avoid movement of the pipe, should the offset, bend, or
dead end be exposed by excavation.

(3) Install suitable devices on the service lines to
regulate and limit the pressure of the gas in accordance
with para. 845.2.7(c) if the new and higher maximum
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Table 857.4-1 Wall Thickness Allowance for Uprating a Ductile Iron High-
Pressure Main or System

Allowance, in. (mm)

Cast Iron Pipe

alloy
60 pd

(c)
857.4
of sa
maxi

shall
857.

(a)

para.

Nominal Pipe Size, in. (DN) Pit Cast Pipe Centrifugally Cast Pipe Ductile Iron Pipe
3-8 (75-200) 0.075 (1.9) 0.065 (1.7) 0.065 (1.7)
10-12 (250-300) 0.08 (2.0) 0.07 (1.8) 0.07 (1.8)
14-24 (350-600) 0.08 (2.0) 0.08 (2.0) 0.075 (1.9)
30=42(750=1050) 009 (23 00923 0075 (1.9
48 (1200) 0.09 (2.3) 0.09 (2.3) 0.08 (2.0)
54-60 (1350-1500) 0.09 (2.3) Ce ..

vable operating pressure is to be over
ig (410 kPa).

If after compliance with paras. 857.4(a) and
b), it is established that the main system is capable
fely withstanding the proposed new and higher
mum allowable operating pressure, the pressure
be increased as provided in para. 857.1(e).

b Uprating a Distribution System That Has Been
Operating at Inches (mm) of Water (Low-
Pressure) to a Higher Pressure

In addition to the precautions outlined in
857.1(c) and the applicable requirements contained

in paras. 857.3 and 857.4, the following step
taken:

(1) Install pressure regulating devices at
tomer’s meter.

(2) Verify that the-segment being uprated
cally disconnected\Mrom all segments of line
continue to operate at inches (mm) of water.

(b) Aftexperforming the steps outlined in
the pressure shall be increased in increments a:
in paray*857.1(e). After the first incrementall
however, steps shall be taken to verify that th|
€r’s regulators are performing satisfactorily.

must be
each cus-

is physi-
that will

a) above,
b outlined
increase,
P custom-
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Chapter VI
Corrosion Control

860 CORROSION CONTROL — GENERAL

its maximum allowable operating pressure, that portion

860.1 Sgope

(a) This Chapter contains the minimum requirements
and procg¢dures for corrosion control of exposed, buried,
and subrerged metallic piping and components. (See

shall be repaired, reconditioned, or replaced; dr the
operating pressure shall be reduced, commenstiratg with
the remaining strength of the corroded pipe. For| steel
pipelines, the remaining strength of corfoded pipg may
be determined in accordance with ASME B31G, Manual

Chapter VIII for special offshore requirements.) This  for Determining the Remaining Stréngth of Corfoded
Chapter fontains minimum requirements and proce-  Pipelines.
dures for] controlling external (including atmospheric) (b) The records available as‘arésult of leakage sufveys

and interpal corrosion. This Chapter is applicable to the
design and installation of new piping systems and to the
operatior] and maintenance of existing piping systems.

(b) Th¢ provisions of this Chapter should be applied
under th¢ direction of competent corrosion personnel.
Every sp¢cific situation cannot be anticipated; therefore,
the appli¢ation and evaluation of corrosion control prac-
tices requires a significant amount of competent judg-
ment to Re effective in mitigating corrosion.

(c) Deyiations from the provisions of this Chapter are
permissibjle in specific situations, provided the operating
company|can demonstrate that the objectives expressed
herein hgve been achieved.

(d) Cofrosion control requirements and procedures
may, in rhany instances, require measures in addition
to those shown in this Chapter. Each operating coempany
shall estgblish procedures to implement ‘its ‘corrosion
control grogram, including the requifements of this
Chapter, [to achieve the desired objectives. Procedures,
including those for design, installation, and mainte-
nance of fathodic protection systéms, shall be prepared
and implemented by, or under the direction of, persons
qualified| by training andy.er experience in corrosion
control njethods.

(e) Redords indicatiftg cathodically protected piping,
cathodic| protection facilities, and other structures
affected by or‘affecting the cathodic protection system
shall be tpaintained by the operating company.

and normal maintenande-ywork in accordance|with
paras. 852.2 and 852.6 shall be continuously reviewed
for evidence of contimying corrosion.

(c) Electrical sutwey methods may be used as an|indi-
cation of suspected corrosive areas where surface qondi-
tions permit_sufficiently accurate measurements.|Such
surveys aréymost effective in nonurban environnjents.
Commen 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 cathodic p
tion system shall be monitored in accordance
section 863.

(e) Whenever a buried facility is exposed during nor-
mal maintenance or construction activities, a vfisual
inspection shall be made of the coating condition, the
metal surface, or both, if exposed. The extent of any
corrosion shall be evaluated in accordance with para.
860.2.

(f) When any part of a pipeline is removed and the
internal surface is accessible for inspection, it shall be
visually examined and evaluated for internal corrgsion.

(1) If evidence of internal corrosion is discovered,
the gas shall be analyzed to determine the type$ and
concentrations of any corrosive agents.

(2) Liquids or solids removed from the pipeline
by pigging, draining, or cleanup shall be analyzpd as

otec-
with

(f) Rec
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.

rds of tecte curvougs incnoctinn roculic loske
S tests; VeyS; Ppect HHS -

860.2 Evaluation of Existing Installations

(a) Procedures shall be established for evaluating the
need for and effectiveness of a corrosion control pro-
gram. Appropriate corrective action shall be taken com-
mensurate with the conditions found. If the extent of
corrosion has reduced the strength of a facility below

94

Necessdary 10r determining Ihe prescnce Of TOTTOSive

materials and evidence of corrosion products.

860.3 Corrective Measures

(a) If continuing external corrosion that, unless con-
trolled, could result in a condition that is detrimental
to public or employee safety is found by the evaluation
made under para. 860.2(a) or section 863, appropriate
corrective measures shall be taken to mitigate further
corrosion on the piping system or segment. Corrective
measures shall be continued in effect as long as required
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to maintain a safe operating system. Appropriate correc-
tive measures may include the following;:

(1) provisions for proper and continuous operation
of cathodic protection facilities

(2) application of protective coating

(3) installation of galvanic anode(s)

(4) application of impressed current

(5) electrical isolation

(6) stray current control

through the coating. Any such irregularities shall be
removed. Further information can be obtained from
NACE SP0169.

(b) Suitable coatings, including compatible field joint
and patch coatings, shall be selected, giving consider-
ation to handling, shipping, storing, installation condi-
tion, moisture adsorption, operating temperatures of the
pipeline, environmental factors (including the nature of
the soil in contact with the coating), adhesion character-

7) other effective measures
8) any combination of the above

(b)] Where it is determined that internal corrosion tak-
ing place could affect public or employee safety, one or
more of the following protective or corrective measures
shall|be used to control detrimental internal corrosion:
1) An effective corrosion inhibitor shall be applied
in a thanner and quantity to protect all affected portions
of the piping systems.

2) Corrosive agents shall be removed by recog-
nized methods, such as acid gas or dehydration treating
plants.
3) Fittings shall be added for removal of water
low spots, or piping shall be positioned to reduce

capacities.

4) Under some circumstances, application of a
suitaple internal coating may be effective.

(c)] When experience or testing indicates the above
mitigation methods will not control continuing corrof
sion fo an acceptable level, the segment shall be recondi-
tioned or replaced and suitably protected.

from
sumyf

1Stics, and diefectric Strengti.

(c) Coating shall be applied in a manner th
effective adhesion to the pipe. Voids, wrinkles
and gas entrapment should be avojded:

(d) The coating shall be visually inspected fpr defects
before the pipe is lowered intg.the ditch. Insulating type
coatings on mains and tratisiission lineq shall be
inspected for holidays bywthe’most appropriate method.
Coating defects or damage that may impaiy effective
corrosion control shall“be repaired before the pipe is
installed in the difch.

(e) In additionto the provisions of paras. $41.2.2(b),
841.2.5(b), @nd '841.2.5(c), care shall be exercis¢d in han-
dling, storage, and installation to prevent damjage to the
coatingnincluding measures noted as follows

(1) Minimize handling of coated pipe. Use equip-
ment least likely to damage the coating, e.g|, belts or
cradles instead of cables.

(2) Use padded skids where appropriate]

(3) Stack or store pipe in a manner that minimizes
damage to coating.

ht ensures
holidays,

861.1.2 Cathodic Protection Requirementd. Unless

861 | EXTERNAL CORROSION CONTROL. FOR STEEL it can be demonstrated by tests or experignce that
PIPELINES cathodic protection is not needed, all buriefl or sub-
merged facilities with insulating type coatings, except

861.1 Buried/Submerged Installations facilities installed for a limited service life| shall be

All new transmission pipelines, compressor station
piping, distribution mains/service lines, and pipe-type
and hottle-type holders ifstalled under this Code shall,
except as permitted under para. 862.1.2, be externally
coatdd and cathodiéally protected unless it can be dem-
onstrjated by test\or experience that the materials are
resisIant to cetrosion in the environment in which they
are ipstalled\\Consideration shall be given to the han-
dling, shipping, storing, installation conditions, and the
servife\environment and cathodic protection require-

cathodically protected as soon as feasible following
installation. Minor replacements or extensions{however,
shall be protected as covered by para. 860.3.

Facilities installed for a limited service life| need not
be cathodically protected if it can be demonsttated that
the facility will not experience corrosion that fvill cause
it to be harmful to the public or environment|Cathodic
protection systems shall be designed to proteqt the bur-
ied or submerged system in its entirety. A [facility is
considered to be cathodically protected when it meets

ments when selecting the coating materials. The
Corrosion Data Survey, published by NACE International,
is a source of information on materials performance in
corrosive environments.

861.1.1 Coatings

(a) The surface preparation should be compatible
with the coating to be applied. The pipe surface shall
be free of deleterious materials, such as rust, scale, mois-
ture, dirt, oils, lacquers, and varnish. The surface shall
be inspected for irregularities that could protrude

95

one or more of the criteria established in Mandatory
Appendix K.

861.1.3 Electrical Isolation

(a) All coated transmission and distribution systems
shall be electrically isolated at all interconnections with
foreign systems including customer’s fuel lines, except
where underground metallic structures are electrically
interconnected and cathodically protected as a unit.
Steel pipelines shall be electrically isolated from cast
iron, ductile iron, or nonferrous metal pipelines and
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components. Electrical tests shall be made of transmis-
sion and distribution systems to locate unintentional
contacts with other metallic structures. If such contacts
exist, they shall be corrected. See para. 841.1.11(c) for
clearance requirements.
(b) Where a gas pipeline parallels overhead electric
transmission lines, consideration shall be given to
(1) investigating the necessity of protecting insulat-
ing joints in the pipeline against induced voltages

861.1.5 Electrical Interference

(a) Impressed current cathodic protection systems
shall be designed, installed, and operated so as to mini-
mize adverse effects on existing metallic structures.

(b) Field tests shall be conducted to determine the
adverse electrical interference from foreign structures,
including DC electrical facilities. The effects shall be
mitigated by such means as control bonds, supplemen-
tary cathodic protection, protective coatings, and insu-

resulting ffrom ground faults and lightning. Such protec-
tion can |pe obtained by connecting buried galvanic
anodes tq the pipe near the insulating joints and/or by
bridging [the pipeline insulator with a spark gap, or by
other effgctive means

(2) making a study in collaboration with the electric
company] taking the following factors into consideration
and applying remedial measures as appropriate:

(a)| the need to mitigate induced AC voltages or
their effe¢ts on personnel safety during construction and
operatior] of the pipeline by means of suitable design
for bonding, shielding, or grounding techniques

tating devices:

861.1.6 Isolation from Casings. The use-ofumigtallic
casings should be avoided as much as as ppssible{from
a corrosion control standpoint. It is recognized, however,
that installation of metallic casings is ffequently required
or desirable to facilitate construction, as an economical
method of protecting existing, pipelines, to pr¢vide
structural protection from heavy and/or impact Joads
to facilitate replacement as-required by a governmental
agency and as required\by the landowner or permit
grantor, and for otherveasons. Where metallic casjng is
used, care should®be exercised to ensure that coating on

o : i the carrier pipejis not damaged during installation). The

(b) the possibility of lightning or fault currents  4rrier pipe.should be insulated from metallic caings,
indu.cing voltages sufficient to puncture pipe coatings  anq the casing ends should be sealed with a dyrable
or pipe material to minimize the accumulation of solidg and
(c)] possible adverse effects on cathodic protec-  liquids'in the annular space. Special attention should

tion, communications, or other electronic facilities

begiven to the casing ends to prevent electrical shqrting

(d) the corrosive effects of high voltage direct cur- -, @uie to backfilling movement or settling. Where eleqtrical
rent (HVDC) power systems isolation is not achieved, action shall be taken to cprrect
(3) ¢btaining further information froh the condition or mitigate corrosion inside of the dasing
NACE SIP0177 and EPRI EL-3106 by supplemental or localized cathodic protection, ipstal-
lation of a high-resistivity inhibited material in the gnnu-
861.1.4 Electrical Connections and Monitoring  lar space, or other effective means.
Points

(a) Exdept for offshore pipelines, sufficient test points
should b¢ installed to demonstrate the effectiveness of
corrosion| control or the need for _dathodic protection.
(See Chaypter VIII for special eensiderations for offshore
pipelines|)

(b) Spgqcial attention shall be given to the manner of

861.1.7 Electrical Interference
(a) Adverse electrical interference from or to fqreign
structures as determined by field tests shall be mitigated.
(b) Facilities for mitigating electrical interference shall
be periodically monitored.

861.2 Aboveground Piping Atmospheric Protection

installati¢n of electrical Jeads used for corrosion control 861.2.1 Coatings. Facilities exposed to the atmo-
or testing to avojd, harmful stress concentration at the =~ sphere shall be protected from external corrosion by a
point of pttachrient to the pipe. Acceptable methods  suitable coating or jacket.

include, lput @re*not limited to

(1) electrical leads attached directly on the pipe or

to be
ch as

861.2.2 Surface Preparation. The surface
coated shall be free of deleterious materials, su

by the thermit welding process, using copper oxide and
aluminum powder. The size of the thermit welding
charge shall not exceed a 15-g cartridge.

(2) attachment of electrical leads directly to the pipe
by the use of soft solders or other materials that do not
involve temperatures exceeding those for soft solders.

(c) All pipe that is barred for electrical lead connec-
tions and all bared electrical lead wires shall be protected
by electrical insulating material compatible with
existing coating.

96

rust, scale, moisture, dirt, oil, lacquer, and varnish. The
surface preparation shall be compatible with the coating
or jacket to be applied.

861.2.3 Coating Characteristics. The coating or
jacket selected shall possess characteristics that will pro-
vide adequate protection from the environment. Coat-
ings and jackets shall completely cover the exposed
structure and shall be applied in accordance with
established specifications or manufacturer’s
recommendations.
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861.2.4 Air/Electrolyte Interface. Special consider-
ation shall be given to surfaces near the ground line or
in a splash zone.

861.3 Harsh Environments

Where investigation or experience indicates that the
environment in which the pipe or component is to be
installed is substantially corrosive, the following shall
be considered:

863.4 Appropriate Correction Measure

Where the tests or surveys indicate that adequate pro-
tection does not exist, appropriate corrective measure
shall be taken.

864 INTERNAL CORROSION CONTROL
864.1 General

When corrosive gas is transported, provisions shall

(a)| materials and/or component geometry shall be
designed to resist detrimental corrosion

(b)| a suitable coating

(c)| cathodic protection

862 | CATHODIC PROTECTION CRITERIA

862.1 Standard Criteria

A facility is considered to be cathodically protected
when it meets one or more of the criteria established in
Manglatory Appendix K.

862.

It is not intended that cathodic protection be limited
to th¢se criteria if it can be demonstrated by other means
that adequate control of corrosion has been achieved.

D Alternative Criteria

OPERATION AND MAINTENANCE OF
CATHODIC PROTECTION SYSTEMS

|l Inspection of Equipment

863

863.

Ingpections shall be made as required t0 maintain
contihuous and effective operation of the cathodic pro-
tectign system.

863.2 Measurement of Cathodic Protection

Elgctrical tests shall be made-periodically to determine
that the piping system is protected in accordance with
the applicable criteria:

863.

The type, frequency, and location of inspections and
tests
racy
systel

B Frequency. of Testing

be taken to protect the piping system from-dgtrimental
corrosion. Gas containing free water underthe condi-
tions at which it will be transported shall be| assumed
to be corrosive, unless proven to be tfioncorrosive by
recognized tests or experience.

Internal corrosion control measures shall be
by an inspection and monitoring program,
but not limited to, the foldwing:

(a) The inhibitor and the inhibitor injectiqn system
should be periodically-checked.

(b) Corrosionp~coupons and test spools
removed anddevaluated at periodic intervals.

(c) Corxosion probes should be checked mgnually at
intervals, ‘r continuously or intermittently nmponitored,
recorded, or both, to evaluate control of pipelirje internal
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 [kept and
used as a basis for changes in the pigging [schedule,
inhibitor program, or gas treatment facility.

(e) When pipe is uncovered or on expos¢d piping
where internal corrosion may be anticipated, [pipe wall
thickness measurement or monitoring will help evaluate
internal corrosion.

(f) Where inspections, observation, or recor
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 of recondi-
tioned, and appropriate steps taken to mitigatq the inter-
nal corrosion.

bvaluated
including

shall be

1 analysis

864.2 Design of New Installations

When designing a new or replacement pipeline sys-

Ghall beladequate to establish with reasonable accu-  tem, or additions or modifications to existing systems,
the ‘degree of protection provided on the piping  measures shall be considered to prevent and /or inhibit
Frequency should be determined by consider- _internal corrosion. To preserve the integrityland effi-

ation of items including, but not limited to, the
following;:

(a) condition of pipe

(b) method of cathodic protection

(c) corrosiveness of the environment

(d) probability of loss or interruption of protection

(e) operating experience, including inspections and
leak investigations

(f) design life of the cathodic protection installation

(g) public or employee safety
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ciency of a pipeline in which it is known or anticipated
that corrosive gas will be transported, the following
factors should be included in the design and construc-
tion, either separately or in combination.

864.2.1 Use of Internal Protective Coating. When
internal coating is to be used to protect a piping system
(a) The coating shall meet the quality specifications,
and the minimum dry film thickness shall be established
to protect the facility from the corrosive media involved,
based on the type of coating and methods of application.


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

(b) Applied coatings shall be inspected in accordance
with established specifications or accepted practice.

(c) Provision shall be made to prevent joint corrosion,
such as cleaning and recoating or the continuing use of a
suitable inhibitor when coated pipe or other components
are joined by welding or other methods that leave the
parent metal exposed.

(d) The types of coating and pigging tools used
should be evaluated and chosen to prevent damage to

(a) Materials selected for pipe and fittings shall be
compatible with the components of the gas, the liquids
carried by the gas, and with each other. A source of
information on materials performance in corrosive envi-
ronments is The Corrosion Data Survey, published by
NACE International.

(b) Where plastic, nonferrous, or alloy steel pipe and
components are used to prevent or control internal corro-
sion, such materials shall have been determined to be

the interrfatcoating 1f pigs or Spheres are to be used.

864.2]2 Use of Corrosion Inhibitor. When a corro-
sion inhipitor is to be used as an additive to the gas
streams,

(a) thelequipment for the holding, transfer, and injec-
tion of the inhibitor into the stream shall be included in
the desigh.

(b) the|operation of the injection program should be
a part of [the planning.

(c) sufficient test coupon holders or other monitoring
equipmejit shall be provided to allow for continued pro-
gram evafluations.

(d) the|corrosion inhibitor selected shall be of a type
that will phot cause deterioration of any components of
the piping system.

864.2.3 Use of Pigging Equipment. When a pipeline
pigging gystem is planned,

(a) scrdper traps for the insertion and removal of pigs,
spheres, ¢r both, shall be provided.

(b) secfions of pipeline to be traversed by pigs or
spheres ghall be designed to prevent damage to pigs,
spheres, pipes, or fittings during operations.

cffective under the conditions encourntered ] [See
paras. 842.5.1(a)(2) and 849.5.1(a)(2) for limitatiofs on
copper.]

(c) Erosion—corrosion effects from high-velocity parti-
cles at probable points of turbulence and’impingegment
should be minimized by use of erosién-resistant materi-
als, added wall thickness, design ‘@rflow 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 knoywn or
anticipated to be cofrpsive is transported at eleyated
temperatures, special consideration shall be given fo the
identification and/mitigation of possible internal ¢orro-
sion. Such.measures are necessary because corrpsion
reaction tates increase with elevated temperaturef and
are notstable. Appropriate mitigation and monitoring
meastites are given in section 864.

864.2.8 Low Temperature Considerations. Where
the gas stream is chilled to prevent melting of frozen
soil surrounding the pipeline, there will not normally
be enough free water in the gas to result in infernal
corrosion in the presence of contaminants, such as qulfur

(F) pipjng for pigs or sphgres shall be designe.d to compounds or CO,. If it is anticipated, however that
gu(lide tfhf tool and the materials they propel-effectively g0 \ater or water,/alcohol solutions will be present in
and safeljy.

(d) prgvisions shall be made for effective accumula-
tion and handling of liquid and solid‘\materials removed
from the [pipeline by pigs or spheres.

864.2.44 Use of Corrosion Coltpons. When corrosion
coupons,| corrosion probes,\ahd/or test spools are to
be used,

(a) corfosion coupons, probes, or test spools shall be
installed where practical at locations where the greatest
potential|for interval corrosion exists.

(b) corfosibmcoupons, probes, and test spools must
be desigrjed/to permit passage of pigs or spheres when

the pipeline along with potentially corrosive confami-
nants, suitable corrective measures shall be takpn as
prescribed in section 864.

865 STEEL PIPELINES IN ARCTIC ENVIRONMENTS

865.1 Special Considerations for Arctic Environments

Special consideration must be given to the corrpsion
control requirements of buried pipelines and other facili-
ties installed in arctic environments, particularly i per-
mafrost regions. For pipelines in contact with ffozen

installed in sections traversed thereby.

864.2.5 Sweetening or Refining of Gas. When gas
is to be treated to reduce its corrosivity,

(a) separators and/or dehydration equipment may be
installed.

(b) equipment for the removal of other deleterious
material from the gas should be considered.

864.2.6 Use of Corrosion-Resistant Materials. The
material of the pipe and other equipment exposed to
the gas stream must resist internal corrosion; therefore,
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carth, the corrosion rate s Teduced because of the
extremely high resistivity of the soil and low ion mobil-
ity, but it does not reach zero. Significant corrosion can
occur, however, in unfrozen inclusions, discontinuous
permafrost, or thaw areas such as those that may occur in
the vicinity of rivers, lakes, springs, or pipeline sections
where the pipe surface temperature is above the freezing
point of the environment. Cathodic protection in local-
ized thaw areas may be more difficult due to the
shielding of cathodic protection currents by the sur-
rounding frozen soil. Other detrimental effects can be
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caused by seasonal thaws that increase biological and
bacteriologic activity in the nonpermafrost areas or in
the “active layer” above underlying permafrost.

Pipeline facilities installed in arctic environments shall
be coated and cathodically protected in the same manner
as pipelines in temperate locations, and the same consid-
eration shall be given to the need for protection from
internal and atmospheric corrosion, except as specifi-
cally provided in this section.

adjacent underground metallic facilities must be electri-
cally interconnected to prevent detrimental interference.

865.1.3 Galvanic Anode Considerations. Galvanic
anodes (packaged or ribbon) may be needed on pipelines
in permafrost areas to supplement impressed current
facilities in localized thawed areas. This provides local-
ized cathodic protection to those sections of pipe that
might be shielded by the extremely high resistivity of
the surrounding soil.

8
for p

55.1.1 External Coating Requirements. Coatings
pelines in low-temperature environments shall be
seleced according to the particular requirements of that
envifonment. These include adhesion, resistance to
cracKing or damage during handling and installation
in supfreezing temperatures, applicability of field joint
coatings or coating repairs, compatibility with any
appljed cathodic protection, and resistance to soil
stresges due to frost heave, thaw settlement, seasonal
temperature changes, or other reasons.

865.1.4 Monitoring Considerations. Instgllation of
calibrated current measurement spans should be consid-
ered in addition to the normal test points. These should
be installed at sufficient intervals to evaluafe current
distribution along the protectedipipeline and the effects
of telluric currents prevalent in polar regiops. These
spans also provide contacf\poeints for measuring indica-
tions of possible coating'damage due to stressegs induced
by a frozen environment.

866 STEEL®PIPELINES IN HIGH-TEMPERATURE

845.1.2 Impressed Current Considerations. Criteria
for cpthodic protection shall be the same as those for SERVICE
pipelines in temperate environments. Because higher  ggg.1 :§pecial Considerations for High-Tempgrature
driving voltages are normally required in frozen soils, Service

the vpltage impressed across the coating should be lim-
ited §o that the coating is not subject to damage due to
cathqdic overvoltage or excessive current density.

(a)] Impressed current facilities shall be used on pipeé<
lines|in permanently frozen soil, especially wherge\the
gas ig chilled to prevent thawing of the earth. Such facili-
ties qre capable of providing the higher driving voltage
needpd to overcome the high resistivity éf frozen soil.
They| can be installed at compressor stations or other
facilifies where power is available arfd-access for adjust-
mentland maintenance is ensured-The effects of seasonal
variations in soil resistivity should be compensated for
by using constant potential rectifiers or manual
adjuqtments.

(b)] Impressed current anode beds shall be installed
whenever feasible at@sufficient distance from the pipe-
line ¢r other underground structures to achieve maxi-
mun] spread@long the pipeline and to reduce the peak
potential at.the pipeline.

(c)] Anode beds shall be installed, where practical,

corrosion
cilities in

Special consideration must be given to the
control requirements of pipelines and other f3
high-temperature service [above 150°F (66°C)]| Elevated
temperatures tend to decrease the resistivity [of buried
or submerged pipeline environments and to infrease the
electrochemical corrosion reaction as a result ¢f acceler-
ated ionic or molecular activity. Elevated tenperatures
typically occur downstream of compressor stations or
in gathering systems.

866.1.1 External Coating Considerations. |Coatings
shall be selected based on the particular reqpirements
for pipeline facilities in high-temperature servjce. These
include resistance to damage from soil or gecondary
stresses, compatibility with any applied cathodic protec-
tion, and particularly, resistance to thermal degradation.
In rocky environments, the use of a protecfive outer
wrap, select backfill, or other suitable measurgs shall be
considered to minimize physical damage.

866.1.2 Impressed Current Considerations) Criteria
for cathodic protection shall be the same as|those for

below_the pprmaﬁ"an level or in other unfrozen loca-
tions, such as a stream or lake, to achieve better cathodic
current distribution. Where anodes must be installed in
permanently frozen ground, the volume of the anode
backfill material should be increased to reduce the effec-
tive resistance between the anode and the surrounding
earth.

(d) Impressed current facilities using distributed or
deep anode ground beds should be used to protect bur-
ied station facilities and pilings where used to support
aboveground plant facilities. The pilings and any other

99

normal temperature service, except that recognition
should be given to the effects of decreased resistivity
and increased cathodic protection current requirements
in elevated temperature service on any IR component
of the pipe-to-soil potential measurement. Possible
depolarization effects due to high-temperature opera-
tion shall also be considered.

866.1.3 Galvanic Anode Considerations. Consider-
ation shall be given to the impact on the performance
of close galvanic anodes (especially bracelet or ribbon
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type) subject to elevated temperatures due to their prox-
imity to a hot pipeline. Higher temperatures tend to
increase the current output and rate of degradation of
most anode materials. Some anode materials may
become more noble than steel at temperatures above
140°F (60°C) in certain electrolytes. Zinc anodes con-
taining aluminum are also susceptible to intergranular
corrosion above 120°F (49°C).

protection current levels, quality of pipe surface prepa-
ration and coating, operating temperatures, stress levels,
and soil conditions shall be considered in pipeline
design and operations.

868 CAST IRON, WROUGHT IRON, DUCTILE IRON,
AND OTHER METALLIC PIPELINES

868.1 Requirements for Cast Iron and Ductile Iron

867 STRESS CORROSION AND OTHER
PHENOMENA

Environmentally induced and other corrosion-related
phenomena, including stress corrosion cracking, corro-
sion fatigue, hydrogen stress cracking, and hydrogen
embrittlement have been identified as causes of pipeline
failure. Jonsiderable knowledge and data have been
acquired and assembled on these phenomena, and
research js continuing as to their causes and prevention.
Operating companies should be alert for evidence of
such phenomena during all pipe inspections and at other
such oppprtunities. Where evidence of such a condition
is found,| an investigative program shall be initiated,

selves of current technology on the subject
pnsult with knowledgeable experts.

ragraph must be limited to general statements
rather thqn specific limits in regard to stress corrosiory
Stress cofrosion is currently the subject of investigative
research programs, and more specific data will certainly
be availalple to the pipeline designer and operafing com-
pany in the future. In the interim, this Code suggests
that the uker refer to the current state of the.art. Cathodic

and/or ¢
This p4

Piping Facitities EXposed to Atmosphere |
Aboveground cast iron and ductile iron pipe.shpll be
suitably protected in areas where severeratmospheric
corrosion may occur.

868.2 Other Metallic Materials

When a nonferrous metal orferrous alloy comppnent
is found to have corroded te.thé point where public or
employee safety may be ‘affécted, it shall be redondi-
tioned in accordance with para. 861.3 or replaced. The
replacement shall méet one of the following critetia:

(a) Itshall be constructed with other materials, geom-
etry, or both, desighed for the remaining life of the fJarent
facility.

(b) It shall be cathodically or otherwise protected.

868.3 \Installation of Electrical Connections

(a) Electrical connections may be attached difectly
onto the cast or ductile iron pipe by the thermit welding
process using copper oxide and aluminum powdef. The
size of the thermit welding charge shall not excged a
32-g cartridge.

(b) All pipe that is bared for test lead connectionis and
all bared test lead wires shall be protected by eledtrical
insulating material compatible with existing coatjng.
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Chapter VII
Intentionally Left Blank

The material previously shown in this Chapter has

been
Th|

reser|

moved to other Chapters in this Code.
s Chapter has been intentionally left blank and is
ved for future use.
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Chapter VIII
Offshore Gas Transmission

A800 OFFSHORE GAS TRANSMISSION

biofouling: an accumulation of deposits. This includes

A801 GENERAL

Chaptdr VIII pertains only to offshore gas transmis-
sion syst¢ms as defined in para. A802.1. With the excep-
tion of s¢ctions A840 through A842, A844, and A847,
this Chapgter is organized to parallel the numbering and
the contgnt of the first six chapters of the Code. All
applicablp provisions of the remainder of this Code are
also reqyirements of this Chapter unless specifically
modified|herein. With the exceptions noted above, para-
graph degignations follow those in the first six chapters
with the prefix “A.”

A802 SCOPE AND INTENT
A802.1 $cope

This Chapter of the Code covers the design, material
requiremgnts, fabrication, installation, inspection, test-
ing, and [safety aspects of operation and maintenance
of offshofe gas transmission systems. For this Chaptef,
offshore gas transmission systems include offshore gas
pipelines} pipeline risers, offshore gas compresser’sta-
tions, pigeline appurtenances, pipe supports, donnec-
tors, and jother components as addressed specifically in
the Code

A802.2 Intent

The intent of this Chapter (s to provide adequate
requiremgnts for the safe anid reliable design, installa-
tion, and pperation of offshore gas transmission systems.
Requirenjents of this €hapter supplement the require-
ments of [the remaindér”of the Code. It is therefore not
the inteng of this Chapter to be all inclusive, and provi-
sions mupt be.fade for any special considerations that

are not specifically addressed.
Ttisno the intent of this Phapfﬂr {o Pvavonf- the devel-

accumulation and growth of marine organisms|on a
submerged metal surface and the accumulatipn of
deposits (usually inorganic) on heat exchanger tubing.

breakaway coupling: a component installedin the pigeline
to allow the pipeline to separate when'a predetermined
axial load is applied to the coupling:

buckle: a condition in which the{pipeline has undefgone
sufficient plastic deformation:to cause permanent prin-
kling in the pipe wall orexcessive cross-sectional defor-
mation caused by bénding, axial, impact, an{d/or
torsional loads aeting alone or in combination|with
hydrostatic pressure.

cathodic dishendinent: the loss of adhesion between alcoat-
ing and ¢he coated surface caused by products of a
cathodje reaction.

colurizn buckling: buckling of a beam or pipe under{com-
pfessive axial load in which loads cause 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 coating and
the substrate.

documented: the condition of being in written form.

external hydrostatic pressure: pressure acting on any ¢xter-
nal surface resulting from its submergence in water.
flexible pipe: pipe that is
(a) manufactured as a composite from both metgl 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 permpnent
product transportation system
Flexible pipe does not include solid metallic steellpipe,

opment and application of new equipment and technol-
ogies. Such activity is encouraged as long as the safety
and reliability requirements of the Code are satisfied.

A803 OFFSHORE GAS TRANSMISSION TERMS
AND DEFINITIONS

accidental loads: any unplanned load or combination of
unplanned loads caused by human intervention or natu-
ral phenomena.

P}abti\. Piyc, fiberremforced FlaatiL Pi}lc, rabberty se, or
metallic pipes lined with nonmetallic linings or coatings.
fracture mechanics: a quantitative analysis for evaluating
structural reliability in terms of applied stress, crack
length, specimen geometry, and material properties.

hyperbaric weld: a weld performed at ambient hydrostatic
pressure in a submerged chamber from which the water
has been removed from the surfaces to be welded.

near white blast cleaned: a surface that, when viewed with-
out magnification, is free of all visible oil, grease, dust,
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dirt, mill scale, rust, coating, oxides, corrosion products,
and other foreign matter. Random staining is limited to
not more than 5% of each unit area of surface [approxi-
mately 9.0 in.? (58 cm?)], and may consist of light shad-
ows, slight streaks, or minor discolorations caused by
stains of rust, stains of mill scale, or stains of previously
applied coating (see NACE No. 2/SSPC-SP 10).

offshore: the area beyond the line of ordinary high water
along the portion of the coast that is in direct contact

return interval: statistically determined time interval
between successive events of design environmental con-
ditions being equaled or exceeded, typically calculated
as the reciprocal of the annual probability of occurence
of the event.

riser: see offshore pipeline riser.

sea floor bathymetry: refers to water depths along the
pipeline route.

with[the open seas and beyond the line marking the
seawprd limit of inland coastal waters.

offshd

re pipeline riser: the vertical or near vertical portion
of anfoffshore pipeline between the platform piping and
the pipeline at or below the seabed, including a length
of pipe of at least five pipe diameters beyond the bottom
elbow, bend, or fitting. Due to the wide variety of config-
uratipns, the exact location of transition between pipe-
line, pipeline riser, and platform piping must be selected
on a[case-by-case basis.

offshgre pipeline system: all components of a pipeline
installed offshore for transporting gas other than pro-
duction facility piping. Tanker or barge loading hoses
are npt considered part of the offshore pipeline system.

offshd

anch

re platform: any man-made fixed or permanently
bred structure or artificial island located offshore.

pipe dollapse: flattening deformation of the pipe resulting
in lops of cross-sectional strength and circular shape;
which is caused by excessive external hydrostatic pres-
sure pcting alone.

plasti
stres;s

C deformation: a permanent deformation eaused by
ing beyond the elastic limit.
platfarm piping:

(a)] On offshore platforms produging hydrocarbons,
platform piping is all the gas transmission piping,
appurtenances, and components-between the produc-
tion ffacility and the offshare/pipeline riser(s). This
includes any gas compressors and piping that are not a
part pf the production faeility.

(b)] On offshore plattforms not producing hydrocar-
bons| platform pifing is all the gas transmission piping,
compressors, apptirtenances, and components between
the offshore‘pipeline risers.

(c)| Because of a wide variety of configurations, the
exact location of the transition between the offshore

SOUTT Z[qucfuul[un. T SOt Luudiiiuu, 'Lypiuxﬂy used by
dynamic cyclic loading (e.g., earthquake, wa\st) where
the effective shear strength in the soil {S\rédiiced such
that the soil exhibits the properties.of a’liquigl.

splash zone: the area of the pipelinewriser or other pipeline
components that is intermittently wet and dfy due to
wave and tidal action.

e bottom
hlong the

trawl board: a structurecthat is attached to th
of commercial fishing“hets and is dragged
sea floor.

vortex shedding: the periodic shedding of flui¢l vortices
and resulting\tinsteady flow patterns downstream of a
pipeline spaif that may introduce dynamic forfes on the
pipeline:

weight coating: any coating applied to the pipeline for
inereasing the pipeline specific gravity.

A811 QUALIFICATION OF MATERIALS ANL
EQUIPMENT

Plastic pipe, plastic pipe with nonmetallic freinforce-
ment, cast iron pipe, and ductile iron pipe shall not be
used for transporting natural gas.

A814 MATERIAL SPECIFICATIONS

A814.1 Pipe Conforming to Referenced Standards
and Specifications

A814.1.1 Steel Pipe. Steel line pipe with p longitu-
dinal joint factor of 1.00 in Table 841.1.7-1 shalll be used.

A814.3 Weight Coating

Concrete weight coating materials (cement, g
reinforcing steel) shall meet or exceed the req
of applicable ASTM standards.

ggregate,
llirements

pipeline riser(s), the platform piping, and the production
facility must be selected on a case-by-case basis.

propagating buckle: a buckle that progresses rapidly along
a pipeline caused by the effect of external hydrostatic
pressure on a previously formed buckle, local collapse,
or other cross-sectional deformation.

pull tube: a conduit attached to an offshore platform
through which a riser can be installed.

pull-tube riser: riser pipe or pipes installed through a
pull tube (e.g., J-tube or I-tube).
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A814.4 Flexible Pipe

Flexible pipe shall be manufactured from materials
meeting the requirements of applicable ASTM or ASME
standards.

A814.5 Other Requirements

In addition to the requirements contained in refer-
enced standards, certain other requirements may be con-
sidered for pipe and other components used offshore,
depending on water depth, water temperature, internal
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pressure, product composition, product temperature,
installation method and/or other loading conditions.
Thus, consideration may include one or more of the
following;:

(a) wall thickness tolerance

(b) outside diameter tolerance

(c) out-of-roundness

(d) maximum and minimum yield and tensile

A821.3 Welding Procedure

(a) Prior to atmospheric welding of any pipe, piping
components, or related equipment, Welding Procedure
Specifications shall be written and the procedure shall
be qualified. The approved procedure shall include all
of the applicable details listed in API 1104.

(b) Prior to hyperbaric welding of any pipe, piping
components, or related equipment, Welding Procedure

strengths Specifications shall be written and the procedure shall
(e) mafimum carbon equivalent be qualified. The approved procedure shall include]all of
(f) fradture toughness the applicable details listed in API 1104 and AWS]|D3.6.

(¢) hardness
(h) pipe mill hydrostatic testing and other mechanical
testing

A817 CONDITIONS FOR THE REUSE AND
REQUALIFICATION OF PIPE

A817.1 Reuse of Steel Pipe

Used g
conditions:

(a) The pipe meets the design considerations in
sections A841, A842, and A843.

(b) The pipe meets the testing requirements in
section Al847.

(c) The pipe shall be inspected per para. 817.1.3 to
identify gny defects that impair the serviceability of the
pipe. If sych defects are identified, they shall be removed
or repair¢d.

Uniderjtified line pipe shall not be used for subsea
pipelines

ipe may be reused, subject to the following

A817.4 Requalification of Pipeline Systems

A pipeline system that has previously been used for
ission service may be requalified, subject to
the folloying conditions:

(a) The pipeline system meets the.design considera-
tions in dections A841, A842, and\.A843.

(b) The pipeline system/mieets the hydrotesting
requirempnts in paras. A847:IMhrough A847.6. In addi-
tion, if the pipeline systéms moved, it shall also meet
the testing for buckle§ requirement in para. A847.7.

A820
A821

ELDING.OFFSHORE PIPELINES

(c) Each welder or welding operator shalhbe qualified
for the established procedure before perférming any
welding on any pipe, piping compenent, or related
equipment installed in accordance, with this Codg.

(d) Welding procedure qualifications, as well as
welder or welding operator gltalifications, are valid only
within the specified limitsZef‘the welding procedyre. If
changes are made in certain details, called “essential
variables” or “essentiah changes,” additional qualifica-
tion is required. API 1104 essential variables shal| take
precedence in.fatters not affected by the underjvater
environment, and AWS D3.6 shall govern those essg¢ntial
changes related to the underwater welding enviroriment
and working conditions.

A823 QUALIFICATION OF PROCEDURES AND
WELDERS

Qualification of procedures and welders shall pe in
accordance with the requirements of para. 823, except
paras. 823.1 and 823.2 do not apply offshore.

(a) Welding procedures and welders performing
atmospheric welding under this section shall be quali-
fied under API 1104, except that for applications in
which design, materials, fabrication, inspection| and
testing are in accordance with BPV Code, Section VIII,
welding procedures and welders shall be qualified
under BPV Code, Section IX.

(b) Welding procedures and welders performing
hyperbaric welding under this section shall be qualified
in accordance with the testing provisions of API| 1104
as supplemented by AWS D3.6, Specificatiop for
Underwater Welding for Type “O” Welds.

A825 STRESS RELIEVING

A821.1

This Section concerns the welding of carbon steel
materials that are used in a pipeline in the offshore
environment. The welding covered may be performed
under atmospheric or hyperbaric conditions.

A821.2 Welding Processes

The welding may be done by any process or combina-
tion of processes that produce welds that meet the proce-
dure qualification requirements of this Code and can be
inspected by conventional means.
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Stress relieving requirements may be waived, regard-
less of wall thickness, provided that it can be demon-
strated that a satisfactory welding procedure without
the use of postweld heat treatment has been developed.
Such a demonstration shall be conducted on materials
and under conditions that simulate, as closely as practi-
cal, the actual production welding. Measurements shall
be taken of the tensile, toughness, and hardness proper-
ties of the weld and heat-affected zone. No stress reliev-
ing will be required if
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(a) the measurements indicate that the metallurgical
and mechanical properties are within the limits specified
for the materials and intended service.

(b) an engineering analysis is conducted to ensure
that the mechanical properties of the weldment and the
residual stresses without postweld heat treatment are
satisfactory for the intended service. In some cases, mea-
surement of residual stresses may be required.

System components that are not specifically covered
in para. 831 shall be validated for fitness by either

(a) documented full scale prototype testing of the
components or special assemblies, or

(b) a history of successful usage of these components
or special assemblies produced by the same design
method. Care should be exercised in any new applica-
tion of existing designs to ensure suitability for the
intended service.

A826 INSPECTION OF WELDS

A824.2 Inspection and Tests for Quality Control of
Welds on Piping Systems

A826.2.1 Extent of Examination. One-hundred per-
cent pf the total number of field welds on offshore pipe-
lines|and pipeline components that are subjected to
loading by pipeline internal pressure shall be nonde-
strucfively inspected, if practical, but in no case shall
less than 90% of such welds be inspected. The inspection
shallfcover 100% of the length of such inspected welds.

A826.2.2 Standard of Acceptability. All welds that
are ifspected must meet the standards of acceptability
of API 1104 or BPV Code, Section VIII, as appropriate
for the service of the weld, or be appropriately repaired
and feinspected or removed.

A826.2.3 Alternative Flaw Acceptance Limits. For
girth|welds on a pipeline, alternative flaw acceptance
limit$ may be established based on fracture mechanics
analyses and fitness-for-purpose criteria as described in
API [[104. Such alternative acceptance standards shall
be syipported by appropriate stress analyses, supple-
mentary welding procedure test requireménts, and non-
destfuctive examinations beyond, the minimum
requirements specified herein. The a€ctitacy of the non-
destguctive techniques for flaw-depth measurement
shall[be verified by sufficient data-to establish probabili-
ties fpr the proposed inspeetion error allowance.

A830 PIPING SYSTEM'COMPONENTS AND

FABRICATION DETAILS
A83(Q.1 Generat

The purposef paras. A831 through A835 is to provide
a set [of cfiteria for system components to be used in an
offshpre’application.

A831.1.1 Valves

In addition to the valve standards listed in
para. 831.1.1(a), the following specificatior}s may be
used:

API Spec 6DSS/ISO 14723  ¢Specification for
Pipeline Valves
Specification fo1l Subsea
Wellhead and Christmas
Tree Equipment

Subsea

API Spec 17D

A832 EXPANSION AND FLEXIBILITY

Thermabexpansion and contraction calculations shall
consider the temperature differential between) material
temperature during operations and material |tempera-
tire during installation.

A834 SUPPORTS AND ANCHORAGE FOR EXPOSED
PIPING

No attachment other than an encircling mernber shall
be welded directly to the pipeline (see para. A842.2.7).

A835 ANCHORAGE FOR BURIED PIPING

Thermal expansion and contraction calculations shall
consider the effects of fully saturated backfil] material
on soil restraint.

When a submerged pipeline is to be laid across a
known fault zone, or in an earthquake-prone apea where
new faults are a possibility, consideration shall be given
to the need for flexibility in the pipeline systgm and its
components to minimize the possibility of danage due
to seismic activity.

The requirements of para. 835.5(c) for hgader and
ore sub-

branch connections are not npp]ir‘:h]o to off

A831 PIPING SYSTEM COMPONENTS

Cast iron or ductile iron shall not be used in flanges,
fittings, or valve shell components.

All system components for offshore applications shall
be capable of safely resisting the same loads as the pipe
in the run in which they are included, except “weak
links” (e.g., breakaway couplings) designed into a sys-
tem to fail under specific loads. Consideration should
be given to minimizing stress concentrations.
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merged piping systems. An appropriate means of pre-
venting undue stresses at offshore submerged piping
connections is to provide adequate flexibility at branch
connections on the seabed.

A840 DESIGN, INSTALLATION, AND TESTING

A840.1 General Provisions

The design, installation, and testing of offshore gas
transmission systems shall be in accordance with

(12)
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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
approaching shoreline areas shall be additionally
designed and tested consistently with Location Class
provisions as determined in para. A840.2.

A840.2 Shoreline Approaches

system and applicable to the method of installation
being considered.

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

Offshofe pipetines approaching shoretine areas sttt the pipeline route shall be considered. The effectot
be additipnally designed and tested consistently with  ghall be included for locations where such watid
Location [Class provisions as determined in section 840,  are a significant fraction of the water depth. B
except thhat slope, obstructions, or irregularities thatafféct ing

(a) offd
alternatiyj
less than
so long a|

(b) for
section Al

hore pipelines in Location Classes 3 and 4 may
ely be hydrostatically tested to a pressure not
1.25 times the maximum operating pressure
5 the provisions of section A826 are met

offshore pipelines, the provisions of
847 supersede para. 841.3.2

A841 DESIGN CONSIDERATIONS
A841.1 Design Conditions

ber of physical parameters, henceforth referred
gn conditions, govern design of the offshore
ystem so that it meets installation, operation,
and other postinstallation requirements. Some of the
factors that may influence the safety and reliability of
an offshore pipeline and riser include

(a) wayes

(b) curfent

(c) mafine soils

(d) wind

(e) ice

(f) seismic activity

(g) plafform motion

(h) tenjperature

(i) pregsure

(j) watper depth

(k) support settlement

() accidental loads

(m) copmercial, shipping

(n) fishjing/shxiimping activities

The design-of offshore pipelines is often controlled
by installation”considerations rather than by operating

A num
to as des
pipeline ;

tides
tions
ttom
talla-
tion stresses shall be considered.

A841.2.3 Environmental LoadsFocal environ
tal forces including those induced by wind, wave, cur-
rents, ice, seismic actiwity, and other nafural
phenomenon are subject_to)radical change in offshore
areas. These potential changes should be considlered
during installation deésign and contingency plannjing.

men-

ment
arac-
ed in

A841.2.4 Loads'lmposed by Construction Equif
and Vessel Motions. Limitations and behavioral cH
teristics of installation equipment shall be consides
the installation design.

Vessel'motions shall be considered if they are expected
to_result in pipe stresses or pipe/coating damage [suffi-
cient to impair the serviceability of the pipeline.

A841.2.5 Bottom Soils. Soil characteristics shpll be
considered when installation procedures are developed
for the following;:

(a) riser installation in pull tubes

(b) laying horizontal curves in the pipeline roufing

(c) pipeline bottom tows

(d) trenching and backfilling

A841.3 Operational Design Considerations

A841.3.1 Loading Classifications. All parts ¢f the
offshore pipeline and riser system shall be design¢d for
the most critical combinations of operational and design
environmental loads, acting concurrently, to whidh the
system may be subjected. Wind, wave, and current
design loads should be based on a design return inferval
no less than five times the design life of the pipeline or

load conditions:
Additional information for design conditions can be
found in API RP 1111, para. 4.1.

A841.2 Installation Design Considerations

The design of an offshore pipeline system suitable
for safe installation and the development of offshore
pipeline construction procedures shall be based on con-
sideration 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
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+00-yr-whichever-is-smaller

If the pipeline operating philosophy is such that oper-
ations with full operational loads will be maintained
during design storms, then the system shall be designed
for concurrent action of operational and design environ-
mental loads.

If the operating philosophy is such that operations
will be reduced or discontinued during design storm
conditions, then the system shall be designed for

(a) full operational loads plus maximum coincidental
environmental loads
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(b) design environmental loads plus appropriate
reduced operational loads

Directionality of waves, winds, and currents shall be
considered to determine the most critical expected com-
bination of above loadings.

A841.3.2 Operational Loads. Operational loads that
shall be considered are those forces imposed on the
pipeline system under static environmental conditions
(i-e., excluding wind, waves, current, and other dynamic

during installation. Design and procedures for installa-
tion should account for the effect of external hydrostatic
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. 4.3.2.2.

loadihgs).
Lopds that should be considered as operational loads
include
(a)] weight of unsupported span of pipe, including (as
appropriate) the weight of
1) pipe
2) coatings and their absorbed water
3) attachments to the pipe
4) transported contents
internal and external pressure
thermal expansion and contraction
buoyancy
prestressing (exclusive of structurally restrained
configurations, such as in a pull-tube riser bend)
static soil induced loadings (e.g., overburden)
The effects of prestressing, such as permanent curva-
tured induced by installation, should be considered
when they affect the serviceability of the pipeline.
Additional information for operational loads can ke
foungl in API RP 1111, para. 4.1.4.

(b)
(c)
(d)
(e)
pipe
f)

A841.3.3 Design Environmental Loads. Loadings

that should be considered under this categoty include,
as agpropriate, those arising due to

(a)] waves

(b)] current

(c)] wind

(d)] seismic events

(e)] accidental loadings-(e.g., trawl boards, anchors)

(f)|dynamic soil induced loadings (e.g., mudslides,
liquefaction)

(g)] ice loads (efg.)weight, floating impacts, scouring)
A842 STRENGTH CONSIDERATIONS

Desigit-and installation analyses shall be based on

: : s shall be
designed to resist collapse due to external hydrostatic
pressure. Considerations shall include theeffefts of mill
tolerances in the wall thickness, out-of-foundness, and
any other applicable factors.

Additional information for désigning to pr
lapse can be found in API R 1111, para. 4.3

A

bvent col-
D.1.

A842.1.3 Allowable tongitudinal Stress. The maxi-
mum longitudinal stress due to axial and bending loads
during installatiof shall be limited to a valug that pre-
vents pipe buckling and will not impair the seryiceability
of the installed pipeline.

Additiénal information for longitudinal lo

can be.found in API RP 1111, para. 4.3.1.1.

hd design

the stress
ion strain
hal strain
tion shall
 and will

pipeline.

A842.1.4 Allowable Strains. Instead of
criteria of para. A842.1.3, an allowable installaf
limit may be used. The maximum longitudi
due to axial and bending loads during installa
be limited to a value that prevents pipe bucklin
not impair the serviceability of the installed

ed stress
juency to
n design.

A842.1.5 Installation Fatigue. Anticipa
fluctuations of sufficient magnitude and fre
induce significant fatigue shall be considered

A842.1.6 Special Assemblies. Installatiop of pipe-
lines with special assemblies (such as tap valves and
riser offsets) are subject to the same requiremepnts stated
in paras. A842.1.1 through A842.1.5.

A842.1.7 Residual Stresses. The pipelie system
shall normally be installed in a manner so as tojminimize
residual stresses. The exception shall be when the
designer purposefully plans for residual stresses (e.g.,
cold-springing of risers, pull-tube risers). Wheh residual

accepted engineering methods, material strength, and
applicable design conditions.

A842.1 Strength Consideration During Installation

The following subsections define the minimum safety
requirements against failure due to yielding or buckling
during all phases of pipeline system installation (i.e.,
handling, laying, trenching, etc., through testing).

A842.1.1 Buckling. The pipeline should be
designed and installed in a manner to prevent buckling
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stressesare aigl TiHicart 'Lhey stroutd-becomsidered in the
operating design of the pipeline system (see
para. A842.2).

A842.1.8 Flexible Pipe. The manufacturers recom-
mended maximum loadings and minimum bending
radius shall be adhered to during installation. Flexible
pipe shall be designed or selected to prevent collapse
due to the combined effects of external pressure, axial
forces, and bending. Installation procedures shall be
designed to prevent buckling (see API RP 17B).
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A842.2 Strength Considerations During Operations

A842.2.1 Operational and Design Criteria

= hoop stress design factor from Table A842
. external pressure, psig (kPa)

=
I

2.2-1

) P; = internal desi , psig (kP
(a) Failure Modes. Pipelines and risers shall be _ mterria’ Jesign pressure psig (kPa) .
. - . . . S = specified minimum yield strength, psi (MPa)
designed against the following possible modes of failure, _ .
; Sy, = hoop stress, psi (MPa)
as appropriate: T = .
. s = temperature derating factor from
(1) excessive yielding
. Table 841.1.8-1
(2) buckling _ . . .
. . t = nominal wall thickness, in. (mm)
(3) fatigue failure
(4) ductile fracture NOTE: It is recommended that eq. (2) or (3) be used for D/t
(5) Drittle fracture greater than or equal to 30 and that eq. (4) or (5) be used for D/t
. o less than 30.
(6) lpss of in-place stability
(7) gropagating fracture Additional information for pressure_design can be
(8) cprrosion found in API RP 1111, paras. 4.3.1 and 4.8.2.
(9) cpllapse (b) Longitudinal Stress. For pipelines and risexs the
(b) OtHer Considerations. Furthermore, consideration  longitudinal stress shall not exceed)values found [from
shall be given to impacts due to
(1) fpreign objects S| <EyS
(2) anchors h
(3) trawlboards where ) ) Lo )
(4) vlessels, ice keels, etc. A = cross-sectional area of pipe material, in.” (nm®)
’ ! F, = axial forcé, Ib (N)
A842.p.2 Design Against Yielding. Pipelines and F, = longitidinal stress design factor [from
risers shdll be designed against yielding in accordance Table A842.2.2-1
with this| pargraph. The combined stress calculations i; = §nh-plane stress intensification factor [from
and allowables of paras. 833.2 through 833.6 are super- Mandatory Appendix E
seded by| the provisions of paras. A842.2.2(b) and (c) iy.= out-plane stress intensification factor [from
(see also [Table A842.2.2-1). Mandatory Appendix E
12) (a) Hodp Stress. For pipelines and risers the tensile M; = in-plane bending moment, in.-Ib (N-m)
hoop strgss due to the difference between internal and M, = out-plane bending moment, in.-Ib (N-m)
external |pressures shall not ex.ceed the value giyen S = specified minimum yield strength, psi (NIPa)
below. S)|may be calculated by either of the followiig: S, = axial stress, psi (positive tensile or negative
NOTE: Sign convention is such that tension is positive and com- compressive) (MPa)

pression is

(U.S. Cus

(SI Units

or

negative.
S, <F{ST 1

fomary Units)

5= (0D 5 @

D
&=m—mm@}

=F, /A
Sy = resultant bending stress, psi (MPa)

= [GM)* + (M) /2
maximum longitudinal stress, psi (positiv
sile or negative compressive) (MPa)
S, + Spor S, — S, whichever results in the ]
stress value
section modulus of pipe, in.> (cm?)
absolute value

St

z =

Additional information for longitudinal load d
can be found in API RP 1111, para. 4.3.1.1.
(c) Combined Stress. For pipelines and risers the

P ten-

arger

esign

com-

(U.S. Customary Units)

(SI Units)

where
D =
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S = (i Pyt @
Si = (B - P) gt | ©

nominal outside diameter of pipe, in. (mm)
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bined stress shall not exceed the value given by the
maximum shear stress equation (Tresca combined

stress):
— 2 1/2
2[(%) +st2] < T3S
where
A = cross-sectional area of pipe material
(mm?)
F, = axial force, Ib (N)

s 2
, in.
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Table A842.2.2-1 Design Factors for Offshore
Pipelines, Platform Piping, and Pipeline Risers

behavior of the pipe. Where plastic strains are antici-
pated, the pipe eccentricity, pipe out-of-roundness, and
the ability of the weld to undergo such strains without

Hoop Stress,  Longitudinal Combined . . T
Location p,,—1 Strgess, F, Stress, F; detrimental effect should be considered. Similarly, the

same criteria may be applied to the pipe during construc-

Pipeline 0.72 0.80 0.90 tion (e.g., pull-tube or bending shoe risers).

Platform piping 0.50 0.80 0.90 [Note (1)]

and risers A842.2.4 Design Against Buckling and Ovalization.  (12)

Avoidance of buckling of the pipeline and riser during

NOTE:

operation shall be considered in design. Modes of buck-

(1) THe wall thickness used in the calculation of combined stress
of platform piping and risers shall be based upon specified
m|nimum wall thickness, including manufacturing, corrosion,
arld erosion allowances.

=

F{ = combined stress from
Table A842.2.2-1

in-plane stress intensification factor from
Mandatory Appendix E

i] = out-plane stress intensification factor from

Mandatory Appendix E

design factor

~.

ling that may be possible include
(a) local buckling of the pipe wall
(b) propagation buckling following ldcal bfickling
(c) column buckling
Additional information for-detérmining |buckling
tendencies can be found in API-RP 1111, parps. 4.3.2.2
and 4.3.2.3, and Annex D

A842.2.5 Design Against Fatigue. Stres$ fluctua-
tions of sufficient magnitude and frequency [to induce
significant fatigue‘should be considered in d¢sign.

Loadings that may affect fatigue include

M} = in-plane bending moment, in.-lb (N-m) (a) pipe «&ibtation, such as that induced by vortex
M| = out-plane bending moment, in.-Ib (N-m) shedding
M| = torsional moment, in.-lb (N-m) (b), wave action
9= sp.ec1f1ed mlmrflum Y.I?ld stren.gth, pst (MI.’a) Pipe-and riser spans shall be designed so that vortex
5{ = axial strgss, psi (positive tensile or negative induced resonant vibrations are prevented, fhenever
compressive) (MPa) practical. When doing so is impractical, the t¢tal resul-
= F,/A ) . tant stresses shall be less than the allowabld limits in
S| = re'sultaznt b'endlr;g 1s/’chess, psi (MPa) para. A842.2.2, and such that fatigue failure should not
= [@GM)" + G MO? 177z result during the design life of the pipeline.
S = hOOP stress, psl '(MP.a) . . Additional information for fatigue analysjis can be
S| = maximum longitudinal stress, psi((positive ¢4 in API RP 1111, para. 4.5.
tensile or negative compressive) (MPa)
= S, + S,or S, — S, whichever results in the A842.2.6 Design Against Fracture. Matefials used
larger stress value for pipelines transporting gas or gas-liquid| mixtures
S| = torsional stress, psi (MPa) under high pressure should have reasonably hjgh resist-
= M,/2z ance to propagating fractures at the design cpnditions,
7 = section modulus of\pipe, in.? (cmS) or other methods shall be used to limit the ektent of a

Alfernatively, the Maximum Distortional Energy
Theopy (Von Mises,combined stress) may be used for
limiting combined stress values. Accordingly, the com-
bined stress should not exceed values given by

(Shz - SLSh + SL2 + 35[2)1/2 < F3S

fracture.

A842.2.7 Design of Clamps and Supports.| Clamps
and supports shall be designed such that a smooth trans-
fer of loads is made from the pipeline or rifer to the
supporting structure without highly localizel stresses
due to stress concentrations. When members|are to be
welded to the pipe they shall fully encircle thq pipe and
be welded to the pipe by a full encirclement weld. The

A8%Z: 2.3 Attermate Desigmfor Straim— T situations
where the pipeline experiences a predictable noncyclic
displacement of its support (e.g., fault movement along
the pipeline route or differential subsidence along the
line) or pipe sag before support contact, the longitudinal
and combined stress limits need not be used as criteria
for safety against excessive yielding, so long as the con-
sequences of yielding are not detrimental to the integrity
of the pipeline. The permissible maximum longitudinal
strain depends on the ductility of the material, any pre-
viously experienced plastic strain, and the buckling

support shall be attached to the encircling member and
not the pipe.

All welds to the pipe shall be nondestructively tested.
Clamps and supports shall be designed in accordance
with the requirements of API RP 2A-WSD, Section 3.

Clamp and support design shall consider the corrosive
effects of moisture retaining gaps and crevices and gal-
vanically dissimilar metals.

A842.2.8 Design of Connectors and Flanges. Con-
nectors and flanges shall be such that smooth transfer

109
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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.

A842.2.9 Design of Structural Pipeline Riser
Protectors. Where pipeline risers are installed in loca-
tions subject to impact from marine traffic, protective

NFPA 220, Chapter 2. Design of enclosures on offshore
platforms shall consider the loading conditions defined
in para. A841.3.

A843.1.3 Exits. A minimum of two exits shall be
provided for each operating level of a compressor build-
ing. Any elevated walkway, including engine catwalks
more than 10 ft (3 m) above the deck, shall also be
provided with two exits. The maximum distance from

devices shall be installed in the zone subject to damage  any point within the compressor building to an exit

to protect the pipe and coating. shall not exceed 75 ft (23 m). Enclosure exits Ghall be
A842/2.10 Design and Protection of Special unobstructed and located so as t? provide; areonvgnient

Assembliies. Design of connections and special route of escape and shall provide cor}tmuous ynob-

assembligs, such as subsea tie-in assemblies, expansion structed passage to a place (?f safety. ExiGdoors logated

loops, sepbed riser connections, and subsea pipeline ~ ©N exterior walls shall swing outyard and shall be

manifolds, shall consider the additional forces and ~ ©quipped with latches that can b&xeadily opened|from

effects injposed by a subsea environment. Such addi- the inside without a key.

tional conpsiderations include design storm currents and . S

potential|for seabed movement iinsoft sediments, soil AB43.2 Electrical Facilities

liquefaction, increased potential corrosion, thermal All electrical equipment and wiring installed op off-

expansiof and contraction, and stress due to installation =~ shore compression ‘platforms shall conform tp the

procedures. In areas of active fishing, protective mea-  requirements of NFPA 70, if commercially avaijlable

sures mafy be appropriate for connections and special ~ equipment permits.

assembligs. Electricalinstallations in offshore hazardous locdtions

A842.2.11 Design of Flexible Pipe. Due to its com-
posite mgkeup, the mechanical behavior of flexible pipe
is signifi¢antly different from steel pipe. Flexible pipe
may be used for offshore pipelines if calculations and/
or test repults verify that the pipe can safely withstand
loadings ponsidered in paras. A841.3.2 and A841.3.3.In
the selecfion of flexible pipe, consideration should:be
given to jts permeable nature. The possibility pf\implo-
sion undpr the combined conditions of high ‘pressure,
high tenjperature, and very rapid depressurization
should b¢ investigated where such cofditions may be
expected]Selection of flexible pipe shalljbe in accordance
with APIIRP 17B and API Spec 177

A843 (OMPRESSOR STATIONS
A843.1 Compressor Station Design

The refjuirements-of this paragraph recognize the
unique d¢sign conditions and space limitations imposed
when depigning offshore compression facilities and
therefore|rélate only to offshore compression facilities.

as definedin NFPA 70, Chapter 5, Article 500 andl that
are to.¥émain in operation during compressor sfjation
emergency shutdown as provided in para. A843.8.3(a)
shall be designed to conform to NFPA 70, for Class I,
Division I requirements.

The guidelines of API RP 14F should be consi
in electrical facility design.

Hered

A843.3 Compressor Station Equipment

A843.3.3 Safety Devices

(a) Emergency Shutdown Facilities. All gas comjpres-
sion equipment shall be provided with an emergency
shutdown system that will block out the gas going to
and from the compressor station. Operation of the ¢mer-
gency shutdown system shall cause the shutdown|of all
gas compression equipment and all gas fired equigment
and shall de-energize the electrical facilities in the|com-
pressor building, except for those that provide ¢mer-
gency lighting for personnel protection and thos¢ that
are necessary for protection of equipment. The ¢mer-
gency shutdown system shall be operable from a jmini-

It is thefurther—intentof this—section to Tmake the
designer aware of personnel safety during the design
and operation of offshore compression facilities.

A843.1.1 Location of Compressor Facilities. The
compressor facilities located on platforms should be
designed to facilitate free movement of fire fighting or
other emergency equipment.

A843.1.2 Enclosures. All enclosures located on an
offshore platform shall be constructed of noncombusti-
ble or limited combustible material as defined in
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ot twotocations omreachdeck tevetthatts;should
an offshore platform facility have more than one clearly
defined deck, each deck shall have a minimum of two
shutdown locations. Blowdown piping shall extend to
a location where 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 plat-
form facility. Under conditions of heavy liquid entrain-
ment and poor prevailing wind conditions, a separate
structure for a blowdown facility shall be considered.
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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

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.

A844.2.3 Trenching. The pipeline and its appurte-
nances may be trenched below bottom grade to provide
stability. The pipeline must be designed for wave and

Pipeline design for lateral and vertical stability is gov-
erned by sea floor bathymetry, soil characteristics, and
by hyjdrodynamic, seismic, and soil behavior events hav-
ing g significant probability of occurrence during the
life gf the system. Design conditions to consider are
provided in the following subsections.

The pipeline system shall be designed to prevent hori-
zontdl and vertical movements, or shall be designed so
that gny movements will be limited to values not causing
design strength to be exceeded (see section A842).

Typical factors to be considered in the stability design
include

(a)] wave and current forces

(b)| scour and resultant spanning

(c)|liquefaction

(d)| slope failure

Stgbility may be obtained by such means including,
but rfot limited to, pipe submerged weight, trenching of
pipe [pelow grade, and anchoring.

When calculating hydrodynamic forces, the spatial
variapnce of wave forces along the length of the pipeline
may pe taken into account.

Additional information on hydrostatiq stability can
be found in API RP 1111, para. 4.4.2.

A844.1 Design Storm Conditions

Design wave and current conditions for portions of a
pipeline that will not be trenched shall be based on a
storm having a minimum-retirn interval of no less than
five fimes the design life.or 100 yr, whichever is smaller.
Portipns of the pipeline system to be trenched shall be
designed for wayé and current conditions based on pru-
dent [assessment-of the period of pipe exposure. The
most| unfavorable expected combination of wave and
curregnt conditions shall be used. Maximum wave and
maximtmr’current conditions do not necessarily occur

Lulltllll, bidblllll,_y PliUl i.U ilCllL}lillS. SuL}l b'lcl‘l.}llty, hOW-
ever, need only be based on environmental|donditions
expected during the period of pipe exposure

A844.2.4 Backfilling. Backfilling-or'other protective
coverings, when necessary, shall\be accompllished by
using such materials and procedures to precljide dam-
age to the pipeline and coatings.

be used
d weight

A844.2.5 Anchoring." Anchoring mayj
instead of or in comjtnction with submergg
to maintain stability) The anchors shall be dgsigned to
withstand lateral.and vertical loads expected| from the
design stormr¢ondition. Anchors shall be spaged to pre-
vent excessive stresses in the pipe sections| between
anchors;The anchoring system and adjacent pipe shall
be designed to prevent scour and resultant [spanning
from overstressing the pipe. The effect of anchprs on the
cathodic protection system shall be considerdd.

A844.3 Shore Approaches

Pipe in the shore approach zone shall be
or bored to the depth necessary to prevent
spanning, or stability problems that affect intq
safe operation of the pipeline during its antici
vice life. Seasonal variation in the near shore
of sea floor sediments and shoreline erosion
pipeline service life shall be considered.

trenched
scouring,
grity and
pated ser-
thickness
over the

A844.4 Slope Failure

The pipeline shall be designed for slope
zones of known or anticipated occurrence, suc
slide zones and areas of seismic slumping. T
exposure period shall be no less than the exg
of the pipline. If it is not practical to design thg pipeline
system to survive the event, the pipeling shall be
designed for controlled breakaway with chedk valving
to prevent blowdown of the pipeline.

failure in
h as mud-
he design
ected life

simuttarreousty—The most unfavorabte condition setec-
tion 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.
Hydrodynamic forces shall be based on the wave and
current values for the design storm condition for the
specific location.
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A844.5 Soil Liquefaction

Design for the effects of liquefaction shall be per-
formed for areas of known or expected occurrence. Soil
liquefaction normally results from cyclic wave overpres-
sures or seismic loading of susceptible soils. The bulk
specific gravity of the pipeline shall be designed, or
alternative methods shall be selected to ensure both
horizontal and vertical stability.

Seismic design conditions used to predict the occur-
rence of bottom liquefaction or slope failure shall have
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the same recurrence interval as used for the operating
design strength 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 the design life or 100 yr, whichever is smaller.

A846 VALVES

Offshore transmission lines shall be equipped with

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.

A847.4 Test Procedure

The hydrostatic pressure test shall be conducted in
accordance with a specified procedure that shall, at a
minimum, provide for

valves orfother components to shut off the flow of gas
to an offghore platform in an emergency.

Block yalves shall be accessible and protected from
damage and tampering. If ablowdown valve is involved,
it shall bp located where the gas can be blown to the
atmosphgre without undue hazard.

Blowd¢wn valves shall be provided so that each sec-
tion of pipeline between main line valves can be blown
down. The sizes and capacity of the connections for

and
pt as

(a) performance of the test after installatior
before initial operation of the pipeline systempexcd
provided in para. A847.2.

(b) the inclusion of prefabricated, pretestéd portions
of offshore pipeline risers in the pipeline'system hjydro-
static test, whenever practical.

(c) maintenance of the test andurecording of r¢sults
on pipeline and assemblies fordminimum of eight con-
tinuous hours at or above.the specified pressur¢. All

blowing flown the line shall be such that under emer-  variations in test pressire-shall be accounted for Test
gency comditions the section of line can be blown down  duration of prefabricated piping may be 2 hr.
as rapidly as is practicable. (d) aretest if, ddring the hold time, a rupture of haz-

A847 TESTING

A847.1 General Provisions

All offghore pipelines shall be tested after installation
and priof to operation within the provisions of this
section.

A847.2 Test Pressure

The ingtalled pipeline system shall be hydrostaficdlly
tested to|at least 1.25 times the maximum allpwable
operating pressure. Offshore platform piping and off-
shore pipeline risers must be tested to at'least 1.4 times
the maxithum allowable operating pressure either before
or after ipistallation. Prefabricated-portions of platform
piping thiat have been pretested-to-1.4 times the maxi-
mum allgwable operating pressure need not be tested
after instpllation if all itemshafe tied in by connectors,
flanges, jor welds that have been radiographically
inspected.

CAUTION: When‘n external pressure, P,, greater than zero is
used in thg hoop:siress formula in para. A842.2.2(a), there is a
possible cgmbination of conditions where the yield strength of
the pipe could/be exceeded during the hydrostatic test. Therefore,

ardous leak occdrs)that renders the test invalid. Retgsting
shall commenee after repairs have been made.

A847.5 Records

The operating company shall maintain in its file, for
the useful life of each pipeline, records showing the type
of ‘test fluid, the test procedure, the test pressurd, and
the duration of the test.

A847.6 Tie-Ins

It is recognized that it may not be possible to hydro-
statically test the tie-in between two test sections.|Pres-
sure testing of tie-in welds may be exempted if the tie-
in weld is inspected by radiographic and /or other g4ppli-
cable NDT methods.

A847.7 Testing for Buckles

Testing for buckles, dents, and other diameter r¢stric-
tions shall be performed after installation. Testing| shall
be accomplished by passing a deformation detgction
device through the pipeline section, or by other methods
capable of detecting a change in pipe diameter.| Pipe
having excessive deformation that affects the sefvice-
ability of the pipeline facilities shall be repairpd or

the hoop stress and combined stress shall be checked to confirm
that they are within allowable limits to prevent pipe yielding,
considering both the internal and external pressures when
determining the maximum hydrostatic test pressure.

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.

112

rpp]nr‘pr] Consideration should also be giv bn to
repairing excessive ovality that may interfere with pig-
ging operation or internal inspection.

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
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systems, except that offshore pipelines approaching
shoreline areas shall additionally be operated and main-
tained consistently with Location Class provisions as
determined in section 840.

A850.3 Essential Features of the Operating and
Maintenance Plan

The plan prescribed in para. 850.2(a) shall include
(a) detailed plans and instructions for employees cov-

(1) the effect of shock waves on the pipeline from
blasting

(2) conducting a leak survey following completion
of the blasting program

A851 PIPELINE MAINTENANCE
A851.2 Pipeline Patrolling

eringOperating and Mailtenance procequres for gas .Eac_}* “p“ratir}g company—shallmaintain .Periodic
facilifies during normal operations and repairs plpelln? patrolling program to observe gofitions on
(b)| items recommended for inclusion in the plan for ~ and adjacent to the pipeline right-of-way, indjication of
specfic classes of facilities, which are given in leaks, construction activity other than/that Fer.formed
parad. A851.2 and A851.4, and section A860 by the company, and any other factors affgcting the
(c)| plans to give particular attention to those portions safety and operation of the pipeline. These irfspections

of thie facilities presenting the greatest hazard to the
public and environment in the event of an emergency
or befause of construction or extraordinary maintenance
requirements

(d) provisions for periodic inspections along the route
of exjsting pipelines

A850Q.4 Essential Features of the Emergency Plan

AB50.4.3 Liaison. Each operating company shall
estabflish and maintain liaison with available offshore
firefighting entities (public and or privately owned) that
may pe designated for any particular offshore area.

A8
gram
gene
and 1

50.4.4 Educational Program. An educational pros<
shall be established to enable producers and. the
fal public operating in the offshore area to recognize
eport a gas emergency to the appropriate officials.
The ¢ducational program called for undert this section
should be tailored to the type of pipeline operation and
the epvironment traversed by the pipeline and should
be cdnducted in each language that is'significant in the
comihunity served. Operators of fransmission systems
shou]d communicate their programs to people, contrac-
tors, jor others that usually\work in the offshore area of
concg¢rn. The programs\of operators in the same area
should be coordinated to'properly direct reports of emer-
gencles and to avoid inconsistencies.

A85(

Ea
forp

.7 Blasting Effects

th opetating company shall establish procedures
otection of facilities in the vicinity of blasting activ-

should be made as often as<eceéssary to majntain the
integrity of the pipeline, Records of these irfspections
shall be maintained for the'life of the facility. Rrovisions
of paras. 851.2, 851.2.17and 851.2.2 do not apply to this

Chapter.
A851.4 Above-Water and Hyperbaric Repair
Procedures for Steel Pipelines

bdures for
ments of

All above-water and hyperbaric repair proc
steel‘pipelines shall conform to the requirg
para. 851.4.

A851.4.5 Offshore Below Water Repair Pyocedures
for Steel Pipelines. Submerged offshore pipelines may
be repaired by replacement of the damaged seqtion or by
the use of a full encirclement split sleeve of afjpropriate
design installed over the damage. Replacemerjt sections
and split sleeves shall be secured by atmospgheric dry
or hyperbaric welding or mechanical devices. Repairs
shall be visually inspected for leaks after being returned
to service.

Any offshore below water repair procedures
form to para. 851.4 provisions.

Repairs should be performed under qualiﬁs]i supervi-
sion by trained personnel aware of and famiiliar with
the maintenance plan and operating conditigns of the
pipeline, the company’s safety requirements} and the
hazards to public safety and environment.

Evacuation and repair operations should ndt result in
imposed loads or deformations that would ifnpair the
integrity of the pipe materials, weight, or protective

shall con-

ities.

(a) locate and mark its pipeline when explosives are
tobe 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. Con-
sideration should be given to

— 1
Tl I OPCLAtlly COLITpPdIly ST lclll
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\.Uatillé.

The use of subsurface equipment equipped with cut-
ters, ejectors, jets, or air suction systems should be care-
fully controlled and monitored to avoid damaging the
pipeline, external coating, or cathodic protection system.

When lifting or supporting pipe during repairs, the
curvature of a pipe sag bend and overbend should be
controlled and maintained within limits to minimize
pipe coating damage, overstressing, denting or buckling
during the repair operation, and lifting equipment
should be selected accordingly.
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Wave and current loads should be considered in
determining total imposed stresses and cyclical loads in
both surface and subsurface repairs.

Personnel working on pipeline repairs should under-
stand the need for careful job planning, be briefed on
procedures to be followed in accomplishing repairs, and
follow necessary precautionary measures and
procedures.

When pipe is repaired, damaged coating should also

inspect for evidence of coating deterioration, external
corrosion, and where possible, the condition of any
exposed anode. If excessive corrosion is present, reme-
dial action shall be taken as necessary.

(2) If repairs are made below water, inspection for
evidence of external corrosion or coating deterioration
shall be made, and necessary corrective action shall be
taken to maintain the corrosion protection of the
pipeline.

be repah om chla(.culeul pipt—: ATtk COIITPOITETTLS strattbe
protecte{from corrosion.

A851.
operabili
structura

.6 Offshore Repair of Flexible Pipe. If the
y of the flexible pipe is impaired (i.e., major
damage), the pipe shall be repaired by replace-
ment of the damaged section. In the event of surface
cuts and pbrasions in the protective coating that do not
expose the load carrying members to potential corrosion,
the repaii shall be performed in a manner recommended
by the mpnufacturer.

A851.7 Pipeline Markers and Signs

Permarnent markers are not required for offshore pipe-
lines; however, suitable signs should be posted on plat-
forms tq serve as a hazard area warning. Where
appropriate, signs should display the operating com-
pany idgntification and emergency communication
procedures.

A854 LDCATION CLASS

There gre no operating Location Classes offshore!

A860 (ORROSION CONTROL OF OFFSHORE
AIPELINES

A860.1 $cope

Since d
after inst

ffshore pipelines cannot be readily inspected
hllation and there is.thepossibility of damage
to the cogting system, special.consideration should be
given to the selection, design, and application of corro-
sion control coatings{ the cathodic protection system,
and othef corrosion;design elements.

A860.2 |
(a) Mo

valuation of Existing Installations

hitorirlg. The operating company must rely on

A861 EXTERNAL CORROSION CONTROL
A861.1 Submerged Installations

All submerged steel pipe, valves, and related fiftings
shall be externally coated and cathodisally protected. All
above-water piping and components shall be protected
from the particularly corrosive conditions of the salt
water atmosphere and cyglieiwetting and drying.

A861.1.1 Coatings
(a) Coating Design.(The design of coating systems for
offshore installation should reflect the type of enyiron-
ment in which-the' facility is to be installed. Selectjon of
the protective ‘coating should be based on
(1) lowywater absorption
(2)>compatibility with the type of cathodic p
tioncto be applied to the system
(3) compatibility with the system oper
temperature
(4) sufficient ductility to minimize detrimjental
cracking
(5) sufficient toughness to withstand damagsg
ing installation
(6) resistance to future deterioration in a
merged environment
(7) ease of repair
(b) Cleaning and Surface Preparation. There m
additional cleaning and surface preparation reduire-
ments, such as a near white metal finish and an anchor
pattern to promote a good bond for all epoxy-basedl thin
film coatings. Welds should be inspected for irreglari-
ties that could protrude through the pipe coating, and
any such irregularities should be removed.
(c) Application and Inspection. The coating shoy
applied under controlled conditions and have a|high
resistance to disbondment. Further information cpn be

otec-

hting

dur-

sub-

hy be

ld be

monitori
action to control corrosion. Such activities shall be per-
formed at periodic intervals sufficient to assure that ade-
quate 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 mea-
sures applied or augmented.
(e) Examination When Exposed

(1) When a pipeline is lifted above water for main-

tenance or repair, the operating company shall visually

. L. L. . L. 1 L.
15, HIVESLIZdUUIL HISPEUTIULS, dlTt COTTTCLIVE
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obtaimed from INACE-S5P6165—Ahotiday detector, suit-
able 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 protec-
tive coating during application or installation.

(d) Coating for Weld Joints, Appurtenances, and Patching.
Weld joints and appurtenances shall 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.
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(e) Field Inspection. The pipe shall be visually
inspected prior to installation to ensure that unaccept-
able damage has not occurred during loading, welding,
or other laying activities prior to submergence of the
pipe. Any significant damage to the coating shall be
repaired with material compatible with the pipeline
coating. Care should be exercised to minimize damage
to the coating system, particularly during laying and
trenching of the pipe.

structures shall be minimized. Wiring and piping con-
nections to an isolated pipeline shall also have insulation
between the pipeline and the platform. Tests shall be
made to ensure adequate isolation, and appropriate
action shall be taken to ensure such isolation when
necessary.

A861.1.4 Electrical Connections and Monitoring
Points. Test leads shall be installed so that they are
mechanically secure, electrically conductive, and acces-

A861.1.2 Cathodic Protection Requirements
(a)| Design Criteria. An offshore facility is considered

to be| cathodically protected when it meets the criteria
established in Section 6.2 of NACE SP0607 /ISO 15589-2.

sible for testing. It is considered impracticall to locate
test leads in deep or open water. Test leads.irigtallations
are usually limited to platforms afd’the|pipeline
entrance to the shore.

(b)| Impressed Currents. Where impressed current sys- A861.1.7 Electrical Interference: Periodic fests shall
tems|are used, the system shall be designed to MINMIZE  he made to ensure that elegtfical isolation from foreign
outages, and the output shall be such that the design pipelines or other structiftés remains complg¢te. Some

criteion is met. Also, consideration should be given to
minifnize the interference effect on other pipelines or
strucfures.

(c)| Galvanic Anodes. Where galvanic anodes are used
for ptotection, consideration shall be given to the quality
of the coating (i.e., the percent of exposed pipe). Also,
the design formula for the system should include the
outpnit of the anodes, the desired life of the system,
anode material, and utilization efficiency. Anodes used
should be compatible with the operating temperature
of the pipeline and the marine environment.

(d) Other. Consideration should be given to the
effects on cathodic protection of variations in oxygen
contgnt, temperature, and water/soil resistivity of the
partifular offshore environment in which the pipeline
is ingtalled.

A861.1.3 Electrical Isolation. Underwater pipeline
systejms shall be electrically isolated™from other metallic
strucfures so that cathodic protéction can be effective.

indications of electrical-innterference are changgs in pipe-
to-electrolyte potential/changes in current npagnitude
or direction, localized pitting, and coating brpakdown.
When new foreign pipelines are laid in the yicinity of
existing linesyinspections shall be made to ensyre electri-
cal isolatiOn ifi accordance with para. 861.1.3(a)} If electri-
cal isolation cannot be attained, measures shalll be taken
to minimize electrical interference. Electrical isolation
from the platform should be checked and mjaintained
unless the system was specifically designed to|be jointly
protected.

A861.2 Above-Water Atmospheric Protection

A861.2.1 Coatings. The splash zone area,
pipeline is intermittently wet and dry, shall be|designed
with additional protection against corrosion. [[his shall
be accomplished by one or more of the folloying:

(a) special coating

(b) special protective systems and techniqyes

where the

An ekception can be made when-both the foreign struc- .(C) other' suitable measures, including selection of
ture ind the pipeline are designed to be protected as a ~ Pipe material
unit. Other general considerations include the following;: A861.2.2 Surface Preparation. Coatings pnd other

(a)| Tie-Ins. Isolatien<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
coatdd line tb& bare line, the two lines shall be electri-
cally|isolated.

(b)| Foreign Pipeline Crossings. When crossing a
ration between the two lines so that the
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 piping sys-
tem from production piping, tanks, and other facilities is
necessary to facilitate application of cathodic protection.
Electrical interference between electrically isolated

foreign

S ca arro G tO

possibility for

115

protective systems shall be installed on a properly pre-
pared surface and in accordance with established specifi-
cations or manufacturer’s recommendations. The
coating should resist water action, atmospherijc deterio-
ration, mechanical damage, and cathodic dishondment.

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 places
where moisture collects. Where atmospheric corrosion
is found, prompt corrective action shall be taken. Correc-
tive action shall consist of painting, replacement of com-
ponents as necessary, or other action deemed
appropriate by the operating company.
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A862 CATHODIC PROTECTION CRITERIA
A862.1 Criteria
The criteria for cathodic protection are specified in
Section 6.2 of NACE SP0607/1SO 15589-2.
A862.3 Electrical Checks

The operating company shall take electrical readings
periodically at each test location available to ensure that
the cath

dic protection level meets the criteria in

good contact to the pipelines is made by the test
connection.

A864 INTERNAL CORROSION CONTROL
A864.1 General

The design and maintenance of offshore pipeline facil-
ities that may carry natural gas containing carbon diox-

Section 6|2 of NACE SP0607/1ISO 15589-2.
Before pach electrical test is performed, an inspection
shall be rhade to ensure electrical continuity and that a

ide chlorides hyr‘]fngpﬁ sulfide, nrgnnir‘ acids solids or
precipitates, sulfur-bearing compounds, oxygemn,)or free
water require special consideration for the~contfol of
internal corrosion.

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

116


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

Chapter IX
Sour Gas Service

B800 SOUR GAS SERVICE

lattice of the substance rather than through a geometrical

B801 GENERAL

Chlapter IX pertains only to gas pipeline service that
contdins hydrogen sulfide levels defined as “sour gas”
in thjs Chapter. This Chapter is organized to parallel
the numbering and content of the first six chapters of
the Jode. All provisions of the first six chapters of the
Codgqare also requirements of this Chapter unless specif-
icallyf modified herein. Paragraph headings follow those
in the first six chapters with the prefix “B.”

If 4 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 paragraph in this Chapter has no cor-
respqnding paragraph in Chapters I through VI, the
provisions apply to sour gas only.

B802 SCOPE AND INTENT

B802.1 Scope

Thjs Chapter of the Code covers the design, material
requirements, fabrication, installation, inspection, test-
ing, gnd safety aspects of operation and mainténance of
sour |gas systems.

B802.2 Intent

The intent of this Chapter i§ to provide adequate
requirements for the safe and reliable design, installa-
tion, |operation, and maintenance of sour gas service
pipeline systems. Requirements of this Chapter supple-
ment| the requirements;of the remainder of the Code.
It is pot the intent~of this Chapter to be all inclusive.
Prov{sions must-be'made for special considerations that
are rjot specifically addressed. This Chapter is not
intended fo-prevent the development and application
of ngw~equipment and technology. Such activity is

enco 1vagar] aslongas-the cqﬁoty and vo“a]'“.“t‘jr voqn;vﬂ

leak (molecular diameters versus hole dimenkion).

hardness: resistance of metal to plastic deformation usu-
ally by indentation. For carbon steels, hardngss can be
related to the ultimate tensile strength.
Brinell Hardness Number (BHN);, a value to express the
hardness of metals obtained bypforcing a hard| steel ball
of specified diameter intg«the metal under a|specified
load. For the standard~3'000-kg load, numbgrs range
from 81 to 945.
Microhardness: any hardness measurement|using an
indentor loadAess’than 10 kg.
Rockwell{Hgrdness: a series of hardness gcales for
metals.
(a), The Rockwell “C” (HRC) scale uses a |cone dia-
mondvindentor and a load of 150 kg. The scalp starts at
20:for soft steels and reaches a maximum off about 67
for very hard alloys.
(b) The Rockwell “B” (HRB) scale uses a hhrd metal
ball indentor and starts at O for extremely s¢ft metals
and reaches a maximum of 100 for soft steels ajnd alloys.
HRB 100 = HRC 20.
Vickers Hardness HV 10: a value achieved by use of a
diamond pyramid indentor with a load of 10[ kg.

heat affected zone (HAZ): the portion of the bpse metal
that was not melted during brazing, cutting, ot welding,
but whose microstructure and properties were affected
by the heat of these processes.

hydrogen blistering: the formation of subsurfdce 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 hydfogen dif-

ments of the Code are satisfied.

B803 SOUR GAS TERMS AND DEFINITIONS

chloride stress corrosion cracking: cracking of a metal under
the combined action of tensile stress and corrosion in
the presence of chlorides and an electrolyte (usually
water).

diffusion: the flow of the gas through a substance in
which the gas actually migrates through the crystal

fusion in the metal. 1he atomic nydrogen usually is
created by the corrosive reaction of hydrogen sulfide on
steel in the presence of water.

hydrogen sulfide (H,S): a toxic gaseous impurity found
in some well gas streams. It also can be generated in
situ as a result of microbiologic activity.

microbiologically influenced corrosion (MIC): corrosion or
deterioration of metals resulting from the metabolic
activity of microorganisms. Such corrosion may be either
initiated or accelerated, or both, by microbial activity.
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microstructure: the grain size and morphology of metals
and alloys as revealed after polishing and etching; char-
acterized by grains or regions that exhibit distinct phases
of solid solutions of constituent elements.

partial pressure: the contribution of a single component,
such as hydrogen sulfide, in a mixture of gases to the
total pressure of the mixture, determined by multiplying
the mol fraction (mol percent divided by 100) of hydro-
gen sulfide in the gas by the total system pressure.

B821.4 Weld Acceptance

The standards of acceptability for welds of piping
systems as established in API 1104 or ASME Boiler and
Pressure Vessel Code, Section IX, Division 1 shall be
used; however, additional requirements for hardness
and residual stress should be considered.

B822 PREPARATION FOR WELDING

radius of e
distance

sulfide ¢
quently 1
calculatid

posure (ROE): when dealing with sour gas, the

rom a point of release at which the hydrogen
bncentrations reached a specified level (fre-
DO ppm or 500 ppm) determined by dispersion
ns.

as containing hydrogen sulfide (H,S) at 65 psia
or greater at a partial pressure of 0.05 psia
r greater. See NACE MR0175/1S0O 15156, titled
and natural gas industries — Materials for use in
ining environments in oil and gas production.

sour gas: g
(450 kPa
(350 Pa) g
Petroleum
H,S-contq

sulfide strpss cracking (SSC): a corrosion-related cracking
mechanigm caused by exposure of susceptible materials
to sulfidq ions in the presence of free water.

B813 MNARKING

meeting NACE MR0175/1SO 15156 shall be so
with a permanent tag or marking.

Valves
identified

B814
B814.1

ATERIAL SPECIFICATIONS

ipe Conforming to Referenced Standards
nd Specifications

als must meet the of

R0175/1SO 15156.

Mater
NACE M

requirements

B820 WELDING SOUR GAS PIPELINES
B821 GENERAL

B821.1 General Requirements

This pqragraph concerns the welding of pipe in sour
SP ] g aI]):’ i? cerns h ¢ de §0 plpe 89 1 mine the presence of thin HAZ hard zones. A commonly ac
gas servicednboth wrought and cast steel materials maximum macrohardness limit near the inside surface is 250
and covets butt and fillet welded jninh in Pipp valves

B822.3 Seal Welds

Seal welds shall have a separate qualified‘\procgdure.

B822.4 Cleaning

Pipe that has been in sour gas(gervice shall be
oughly cleaned to bright metdl on the inside sus
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 tp this

section.

B823:2“Requirements for Qualification of
Procedures and Welders on Sour Gas Pi
Systems

B823.2.1 Qualifying Standard. All procedur¢ and
performance qualifications shall be based on destryctive
mechanical test requirements.

bing

bf all
rones
bt the
rified

B823.2.4 Hardness Control. The hardness
weld zones including weld metal and heat affected
on welding qualification test specimens shall me
hardness requirements for the alloys welded as spe
in NACE MR0175/1SO 15156. For most common| pipe
alloys, the maximum allowable hardness is HRC|22. It
is the user’s responsibility to ensure the welding qalifi-
cation specimen is metallurgically representative of full-
scale pipeline welds.

NOTE: Both macrohardness and microhardness surveys o
erly prepared qualification specimens are frequently used to|

prop-
deter-
tepted
HV10.

flanges, fittings, and fillet welded joints in pipe, slip-on
flanges, socket welds, fittings, etc., as applied in pipe-
lines, components, and connections to apparatus or
equipment.

B821.2 Welding Processes

This paragraph does not apply to the welding of the
seam in the manufacture of pipe, but the user is cau-
tioned to ensure that such seams are suitable for sour
gas service in their installed condition.
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B824 PREHEATING
B824.5 Hydrogen Bake Out of Used Pipe

Pipe that has been used in sour gas service shall be
heated for at least 20 min at 400°F (204°C) or higher to
drive off any hydrogen in the metal. Heating shall be
done just prior to welding. This heating should be in
addition to and immediately preceding any preheating
specified in the welding procedure for new pipe.
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B825 STRESS RELIEVING

B825.1 Carbon Steels

The chemistry of the steel and welding procedure shall
be controlled to limit the hardness of the weldment as
required by para. B823.2.4. When the effectiveness of
such controls is questionable, consideration shall be
given to stress relieving welds in sour gas service. In
general, temper bead welding, peening procedures, or

B831 PIPING SYSTEM COMPONENTS
B831.1 Valves and Pressure-Reducing Devices

B831.1.3 Pressure Reducing Devices

(a) Instruments, instrument tubing, controllers, gages,
and other components that become a part of the
pressure  containment system shall meet
NACE MR0175/ISO 15156 requirements.

(b) Most copper-based alloys suffer severe corrosion

low LLLLtJ\.L(Atul\, Fuotvvuld heattreatmentdoestot PTo Hrsotr—service—Useof such auu_yb T ary co ponents
vide [the equivalent protection from service cracking as  shall be investigated for suitability.
does|a full thermal stress relief.
B831.2 Flanges

B824.6 Stress Relieving Temperature B831.2.2 Bolting

(a)| Stress relieving is normally performed at a temper- (h) Bolting exposed to sour gas and denied| access to
atur¢ of 1,100°F (593°C) for carbon steels and air due to thermal insulation;){flange protectofs, or cer-
1,204°F (649°C) for ferritic alloy steels. Other stress  tain design features shallimeet the requirdments of
relieying procedures may be substituted when properly =~ NACE MR0175/ISO 25156 as appropriate. Pesigners

suppprted with metallurgical evidence. The exact tem-
perature range shall be stated in the procedure
specification.

(b)) When stress relieving a joint between dissimilar
metals having different stress relieving requirements,
the naterial requiring the higher stress relieving temper-
atur¢ shall govern. Special considerations may be
required for austenitic and other high alloys.

(c)] The parts heated shall be brought slowly to the
required temperature and held at that temperature for,
a pefiod of time proportioned on the basis of at least
1 hr/in. (1 h/25 mm) of pipe wall thickness, but ifyno
case |ess than 1/2 hr, and shall be allowed to cool slowly
and finiformly.

(d)| Records. A suitable record of the stress relief cycles
shallbe provided for each weld stress, relieved.

(e)| Temperature Control. A group of closely spaced
weldp, such as three welds on a~tee, can be controlled
and fecorded by a single thermadcouple.

B826
B824

WELDING ANDINSPECTION TESTS

.2 Inspectioniand Tests for Quality Control of
Welds_on-Sour Gas Piping Systems

In pdditiontorparas. 826.2(a) through (f), for sour gas :
lines|in Elass 3 or 4 Locations, compressor stations, NACEMR0175/15015156 requirements. The
majof or.mavigable river crossings, railroad crossings, typ e.bend may be needed for testing to ensurg
I e

should note that belting meeting NACE MR0175/
ISO 15156 requirements, such as type ASTM A[193 grade
B7M, have derated tensile properties, and|the joint
design shall 'be appropriate for such deratiofn. Bolting
opened té.atmosphere may be conventional AYTM A193
grade BZbolting.

B840 DESIGN, INSTALLATION, AND TESTI
B841 STEEL PIPE
B841.1 Steel Piping Systems Design Requirements

B841.1.2 Fracture Control and Arrest
(¢) Fracture Control. Fracture control shoul
sidered for sour gas service.

NG

1 be con-

B841.1.6 Design Factors, F, and Location (lasses.
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 shal| meet the
requirements of NACE MR0175/ISO 15156 |n the as-
bent condition. Hot bends may be needed to meet
rst proto-
hardness
thatboth

checked by nondestructive inspection. Nondestructive
inspection may be conducted before or after stress
relieving.

B830 PIPING SYSTEM COMPONENTS AND
FABRICATION DETAILS

In addition to para. 830, all components shall meet
the requirements of NACE MR0175/1ISO 15156 as
appropriate.
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toughness and tensile properties are still acceptable. Nei-
ther wrinkle bends nor miter bends are permitted for
sour gas lines.

B841.2.4 Pipe Surfaces Requirements Applicable to
Pipelines and Mains to Operate at a Hoop Stress of 20%
or More of the Specified Minimum Yield Strength

(e) Arc Burns. Additionally, arc burns have been
found to cause serious stress concentration in pipelines
and in sour gas lines, and shall be prevented or elimi-
nated in all lines.
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Arc burns may be removed by grinding, chipping, or
machining. The resulting cavity shall be thoroughly
cleaned and checked for complete removal of damaged
material by etching with a 10% solution of ammonium
persulfate or a 5% solution of nitric acid in alcohol (nital).
If removal of damaged material is complete, the cavity
may be merged smoothly into the original contour of
the pipe by grinding, provided the remaining wall thick-
ness is within specified limits.

made. Joints made from field-fabricated fittings are
prohibited.

B842.4 Testing Plastic Piping After Construction

B842.4.2 Testing Requirements
(f) All plastic pipe installed for sour gas service shall
be leak tested with air for 12 hr minimum at a pressure
not less than 1.5 times the maximum allowable operating
pressure or 50 psig (340 kPa), whichever is greater.

B841.2.6 Hot Taps. In addition to para. 841.2.6 of
Chapter ]V, it should be noted that hot tapping of sour
gas lines [presents special health and metallurgical con-
cerns and shall be done only to written operating com-
pany approved plans.

B841.p.7 Precautions to Avoid Explosions of Gas-—
Air Mixtures or Uncontrolled Fires During Construction
Operations

(a) In|addition to the precautions outlined in
para. 841|2.7(a) of Chapter 1V, it should be noted that
welding #nd cutting on sour gas lines presents special
health arjd metallurgical concerns and shall be done
only to Written operating company approved plans.

B841.3 Testing After Construction

B841
para. 841
with souj
concerns
company|

3.1 General Provisions. In addition to
3.1 of Chapter IV, it should be noted that testing
gas presents special health and metallurgical
and shall be done only to written operating
approved plans.

B842 (

Mater
NACE M

THER MATERIALS

als shall meet the requireiments
R0175/ISO 15156 as applicable:

of

B842.2 Design of Plastic Piping

B842.2.2 Thermoplastic Design-Limitations

(f) The¢ designer should €onsider extra protection
from thirgl party damage in.all class locations and at all
road crossings.

(g) NeWw construction/for sour gas applications shall
utilize only polyéthylene or polyamide thermoplastic

pipe that|meets.thé requirements of ASTM D2513.
B842|2;9-Plastic Pipe and Tubing Joints and

B843 COMPRESSOR STATIONS
B843.3 Compressor Station Equipment

B843.3.1 Gas Treating Facilities

(c) Metallic Materials. All metalliematerials in cgntact
with pressurized sour gas shall-meet the requirements
of NACE MR0175/1SO 15156\as applicable.

Personal safety equipment should be considerg
use at sour gas facilities{Use of appropriate hyd
sulfide sensors capabile of actuating station emer:
shutdown systems{should be considered.

d for
ogen
rency

B844 PIRE-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 qf this
Code.

B850 ADDITIONAL OPERATING AND
MAINTENANCE CONSIDERATIONS AFFEC
THE SAFETY OF SOUR GAS PIPELINES

B850.1 General

(c) Radius of exposure (ROE) to H,S calculations
be made using a suitable air dispersion equation
as the Pasquel-Gifford equation given as follows

(1) Each operator shall determine the hydrogeh sul-
fide concentration in the gaseous mixture in the syptem.
Suitable standards are GPA Plant Operationg Test
Manual, Section C, and GPA Standard 2265.

(2) Radius of Exposure Equations

(a) Radius of exposure equation to the 100
level of H,S after dispersal:

TING

shall
such

'ppm

X = [(1.589) M Q] %6%%8

Connections

(b) Joint Requirements. Alljoining procedures shall be
qualified using destructive test specimens of full scalle
plastic pipe joints. Polyethylene and plyamide pipe for
sour gas service may be joined by butt fusion, socket
fusion, and electrofusion methods, or mechanical fit-
tings when recommended by the manufacturer as suit-
able for sour gas service.

(f) Mechanical Joints

(4) Steel to Plastic Transition Fittings. Steel to plastic

transition fittings for sour gas service shall be factory
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(b) Radius of exposure equation to the 500-ppm
level of H,S after dispersal:

X = [(0.4546) M Q] %8

where
M = molfraction of hydrogen sulfide in the gaseous
mixture
Q = maximum volume determined to be available
for escape in cubic feet per day corrected to
14.65 psia and 60°F
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Table B850.1-2 500-ppm ROE

ROE Release H,S ROE Release H,S
ft, MMSCFD Mol ft, MMSCFD Mol
X Q (1,000,000) Fraction X Q (1,000,000) Fraction
1,165 1 0.05 533 1 0.05
3,191 5 0.05 1,458 5 0.05
4,924 10 0.05 2,250 10 0.05
7,597 20 0.05 3,472 20 0.05
9,792 30 0.05 4,474 30 0.05
1,798 1 0.1 822 1 0.1
4,924 5 0.1 2,250 5 0.1
7,597 10 0.1 3,472 10 0.1
11,7123 20 0.1 5,357 20 0.1
15,1109 30 0.1 6,904 30 0.1
2,775 1 0.2 1,268 1 0.2
7,597 5 0.2 3,472 5 0.2
11,7123 10 0.2 5,357 10 0.2
18,0990 20 0.2 8,266 20 0.2
23,3115 30 0.2 10,654 30 0.2
X = radius of exposure (ROE) in feet Table B850.1-3 Metric Example for 100-ppm ROE
3) Metric Equations for Radius of Exposure ROE Re3lease H,S
(a) 100-ppm level of H,S after dispersal: m m°/day Mol
Xm Q. (1,000,000) Araction
_ 0.6258
Xin =[(8-404) M Qy] 782 0.1 0.05
. 2,142 0.5 0.05
(b) 500-ppm level of H,S after dispersal: 3.305 1 0.05
9,048 5 0.05
_ 0.6258 ’
Xin = [(2.404) M Q] 13,962 10 0.05
where 1,207 0.1 0.1
M |= mol fraction of hydrogen sulfide in'the gaseous 3,305 0.5 01
mixture 5,100 1 0.1
Qum |= maximum volume determined to be available 13,962 5 0.1
for escape in cubic metérs/per day corrected to 21,544 10 0.1
0,
X |= 10(11.kPa ;md 156 C.ROE . ; 1,863 0.1 0.2
m [= radius of exposure( ) in meters 5100 05 0.2
NOTH: The equations assume a 24-hr release. When a pipeline 7,869 1 0.2
segmgnt can be isolated in-less than 24 hr, appropriate reductions 21,544 5 0.2
in Q thay be used. 33,244 10 0.2
4) Examples of 100-ppm and 500-ppm ROE for
various 24=hx releases and H,S mol fractions are shown
in Tqbles’B850.1-1 and B850.1-2. Metric examples of (c) safety precautions
100-ppm _and 500-ppm ROF for various 24-hr releases (d) operation of safety equipment and lif¢ support

and H,S mol fractions are shown in Tables B850.1-3 and

B850.1-4.

systems

(e) corrective action and shutdown procedures

B850.4 Essential Features of the Emergency Plan

B851 PIPELINE MAINTENANCE

B850.4.2 Training Program. In addition to conven-

tional training, all sour gas operation and maintenance
line personnel shall be trained in

(a) hazards and characteristics of H,S

(b) effect on metal components of the lines and

equipment
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B851.7 Pipeline Markers

(d) In addition to each sign required in sub-
para. 851.7(c) of Chapter V, for operations where the

121

100-ppm radius of exposure is greater than 50 ft (15 m),
a “"POISON GAS” sign shall be installed.
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Table B850.1-4 Metric Example for 500-ppm ROE

(3) The 100-ppm radius of exposure is greater than
3,000 ft (915 m).

, the

ROE Release H,S . . .
m, m?/day Mol (e) Contingency Plan. Operations subject to (d) above
X Q,, (1,000,000) Fraction shall have a written contingency plan prepared and
given to state and local emergency response authorities.
357 0.1 0.05 Plans shall include maps, location of block valves, valve
P
979 0.5 0.05 Kk d k for lock
1,510 ] 0.05 eys, and keys for locks.
4,135 5 0.05
6,380 10 0.05 B860 CORROSION CONTROL OF SOUR GAS
559 01 01 PIPELINES
1,510 0.5 0.1 B860.1 Scope
2,330 1 0.1 . . . .. .. .
6,380 5 0.1 This section contains the minimum additiVe or sfibsti-
9,845 10 0.1 tutive requirements for corrosion control.of externgl and
internal corrosion of sour gas piping)and compoIents.
851 0.1 0.2 Where specific provisions are not\set forth herei
;g;g (1)5 8; provisions of section 860 of Glfapter VI shall apply.
9,845 5 0.2 B860.4 Special Considerations
15,191 10 0.2

All sufface facilities shall also be marked with
“POISON GAS” signs.

B851.10 [ Sour Gas Pipeline Blowdown

When plowing down sour gas lines, consideration
shall be gjven to the use of suitable permanent or tempo-
rary flare| systems.

B854 LOCATION CLASS AND CHANGES IN
NUMBER OF BUILDINGS INTENDED FOR
HUMAN OCCUPANCY

B854.5 (Concentrations of People in~Location
Classes 1 and 2

(c) Sequrity. Unattended fiXed surface facilities
should bg protected from public access when located
within %|mile (400 m) of a-residential, commercial, or
other inhhbited or ocetpied structure; bus stop; public
park; or gimilarly popitlated area.

(1) The protection should be provided by fencing
and locking er“removal of valves and instrumentation
and plugging-ef ports, or other similar means.

Due to the corrosivity of hydrogen sulfide anfl the
frequent presencé,of carbon dioxide and salt water,
which also are cQriosive, special emphasis shall be given
to internal corfosion mitigation and monitoring.

Also, duento the corrosive and hazardous natyre of
the sour gas, special consideration shall be given o the
selection of the corrosion allowance.

B861 EXTERNAL CORROSION CONTROL FOR
STEEL PIPELINES

B861.1 Buried/Submerged Installations

B861.1.2 Cathodic Protection Requirements. Unless
it can be demonstrated by tests or experiencq that
cathodic protection is not needed, all buried o1 sub-
merged facilities with insulating type coatings, ejxcept
facilities installed for a limited service life, shall be
cathodically protected as soon as feasible following
installation, except that minor replacements or ¢xten-
sions shall be protected as covered by para. 860.3

Facilities installed for a limited service life neef not
be cathodically protected if it can be demonstratedl that
the facility will not experience corrosion that will fause
it to be harmful to the public or environment. Cathodic
protection systems shall be designed to protect the bur-

ied or submerged system in its entirety.
1 idered—tobe—cathod

(2) Surface-pipeline-is-not-considered—a—fixed-str
face facility.

(d) Additional control and safety procedures or safety
devices should be installed and maintained to prevent
the undetected continuing release of hydrogen sulfide
if any of the following conditions exist:

(1) The 100-ppm radius of exposure is in excess of
50 ft (15 m) and includes any part of a public area except
a public road.

(2) The 500-ppm radius of exposure is greater than
50 ft (15 m) and includes any part of a public road.

A fociliter oo PEvSS ieatl—protected
X Lu\_J.J.LLJ’ TO CUTIOTUCTCT U OCT MI.LI.U\ALLMJ.L)/ IJL\_II. A
when it meets one or more of the criteria established in

Mandatory Appendix K.
Use of cathodic protection is encouraged to protect
buried sour gas facilities.

B864 INTERNAL CORROSION CONTROL
B864.1 General

Sour gas facilities shall be assumed to be internally
corrosive unless proven by experience to be otherwise.
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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
inhibitors is also common.

B864.2 Design of New Installations

New installations should be designed with
(a) suitable dedicated fittings for corrosion inhibitor
injection

(2) Hydrogen induced cracking (HIC) occurs when
hydrogen causes inclusions in the steel to delaminate.
Multiple shear cracks then develop to link the delamin-
ations creating a stair step crack system. Use of HIC
resistant materials should be considered for sour gas
service.

(3) Stress oriented hydrogen induced cracking
(SOHIC) is another variant of HIC. SOHIC is HIC
enhanced by high-tensile stress.

(b)[ suitable dedicated Iitfings and valves to insert and 4) Hydrogen blistering consists of hydrogen atoms
retrigve corrosion measuring devices such as probesand ~ diffusing inside the steel to delaminated/q4reas and
couppns recombining to form molecules of hydrogen| gas. The

resulting pressure can create large blistets on feither the
| inside or outside surfaces of the steel.
B867 STRESS CORROSION AND OTHER

PHENOMENA

So
bon
sevet

(a)

ir gas lines, particularly when combined with car-
lioxide and produced salt water can suffer from
al corrosion-related phenomena:

Hydrogen-Related Problems. The corrosion reaction

(b) Chloride stress corrosion’gracking is daused by
chlorides in the produced water. Austenitid stainless
steels are particularly prong€ to this type of cragking. The
sulfide ion has a synergistic effect with the chloride ion.
The net result is the~occurrence of cracking| at lower
temperatures and-at lower chloride concentrations than

in th¢ presence of the sulfide ion permits a high amount ~ normally expgcted. Except for small low stregsed parts
of lilerated hydrogen atoms to enter the steel. The  such as thetmowells, use of alloys not resistant to chlo-
hydrpgen causes many problems that have been given  ride stress{cracking above 140°F (60°C) is digcouraged
diffefent names: in wet.Sour gas systems.

1) Sulfide stress cracking (SSC) occurs when the

(c)\Microbiologic  Induced  Corrosion| (MIC).

alloyp are too hard and/or too highly stressed in the  Microbiologic activity can create severe pittingrtype cor-
presgnce of corrosion with sour gas. NACE MR0175/ _ rosion and hydrogen-related cracking in sour|gas lines.
ISO 15156 outlines all of the acceptable materials combit>,* Use of appropriate biocides and monitoring may be

nations to resist this type of cracking.

needed.
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MANDATORY APPENDIX A
REFERENCES

These references may be immediately applied to mate-

A-2 APl STANDARDS

rials [purchased for use under this Code and shall be
applied to all materials purchased at least 12 mo after
the date of issuance of the reference’s latest edition,
including addenda, if applicable. A component or pipe
confgrming to an earlier approved material specification
editipn purchased by the user before the date of issuance
of a few edition or addenda may be used, provided the
component or pipe is inspected and determined to be
satisflactory for the service intended by the user.

Stdndards are incorporated in this Code by reference,
and fhe names and addresses of the sponsoring organi-
zatiops are shown in this Mandatory Appendix. It is not
practiical to refer to a specific edition of each publication
throyghout the Code text; instead, the specific edition
refer¢nce dates are shown herein. Reference shall be
limited to the specific edition cited below, except the user
may pse the latest published edition of ANSI approved
standards unless specifically prohibited by this Code;
and provided the user has reviewed the latest edition
of th¢ standard to ensure that the integrity of the pipeline
system is not compromised. If a newer or amended
editipn of a standard is not ANSI approyed,-then the
user phall use the specific edition reference-date shown
hereip.

Ar asterisk (*) indicates that thie‘specific edition of
the sfandard has been accepted as an American National
Standlard by the American Natiphal Standards Institute
(ANSI).

A-1 | AGA STANDARDS

AGA| Gatalog No. XR0603 (October 2006), Plastic Pipe

Mdnuaal for Cac Sarzion
e+ = >

*API 5L/1ISO 3183:2007 (Modified) (44th| edition,
October 2007, including Errata and Addendp through
February 2009), Specification for Ling Pipe

API Manual of Petroleum Measurement Standiards (first
edition, August 1993, reaffirmed July 2005),
Chapter 21 — Flow Measurement Using Electronic
Metering Systems, Séction 1 — Electrpnic Gas
Measurement

APIRP 2A-WSD (21stedition, December 2000, fincluding
Errata and Supplements through October 2007),
Recommended-Practice for Planning, Designing and
Constructing Fixed Offshore Platforms —| Working
Stress Design

API RR\SL1 (seventh edition, Septembe¢r 2009),
Recommended Practice for Railroad Trangportation
6f Line Pipe

API RP 5LW (third edition, Septembgr 2009),
Recommended Practice for Transportatiopn of Line
Pipe on Barges and Marine Vessels

*API RP 14E (fifth edition, October 1991, r¢affirmed
March 2007), Recommended Practice for tle Design
and Installation of Offshore Production |Platform
Piping Systems

API RP 14F (fifth edition, July 2008), Recognmended
Practice for Design, Installation, and Maintenance of
Electrical Systems for Fixed and Floating| Offshore
Petroleum Facilities for Unclassified andl Class I,
Division 1 and Division 2 Locations

*API RP 17B/ISO 13628-11:2007 (fourth|edition,
July 2008, including Technical Corrigepdum 1),
Recommended Practice for Flexible Pipe

APIRP 1102 (seventh edition, December 2007, fincluding
Errata through November 2008), Steel Pipelines
Crossing Railroads and Highways

API RP 1111 (fourth edition, December 2009), Design,
Construction, Operation, and Maintehance of

O ootV IEe

*ANSI 7223.1/NFPA 54 (2009), National Fuel Gas Code

*ANSI/GPTC Z380.1 (2009), GPTC Guide for Gas
Transmission and Distribution Piping Systems

Gas Piping Technology Committee’s Guide Material
Appendix G-15, Design of Uncased Pipeline Crossings
of Highways and Railroads (2003)

Publisher: American Gas Association (AGA), 400 North
Capitol Street, NW, Washington, DC 20001
(www.aga.org)

Offshore Hydrocarbon Pipelines (Limit State Design)

*API Spec 6A /ISO 10423:2003 (Modified) (19th edition,
July 2004, including Errata and Addenda through May
2009), Specification for Wellhead and Christmas Tree
Equipment

*API Spec 6D/ISO 14313:2007 (23rd edition, April 2008,
including Errata and Addenda through October 2009),
Pipeline Valves

! See Note in para. 814.1.1 regarding the use of the 44th edition
of API 5L.
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*API Spec 6DSS/ISO 14723:2009 (second edition,
December 2009), Specification for Subsea Pipeline
Valves

API Spec 17D (first edition, October 1992, including
Supplements through June 1996, reaffirmed
September 2003), Specification for Subsea Wellhead
and Christmas Tree Equipment

*API Spec 17] /15O 13628-2:2006 (third edition, July 2008,
including Errata through February 2009),

*ASME B18.2.2-1987 (R2005), Square and Hex Nuts (Inch
Series)

*ASME B31G-2009, Manual for Determining the
Remaining Strength of Corroded Pipelines:
Supplement to ASME B31 Code for Pressure Piping

*ASME B31Q-2006, Pipeline Personnel Qualification

*ASME B31.1-2007, Power Piping (including Addenda
A, 2008 and Addenda B, 2009)

*ASME B31.3-2008, Process Piping

Specifigatiom for tnborded Flexible Pipe “ASMEB314-2006, Pipetime Tramsportationr Syster
API Std [1104 (20th edition, October 2005, including Liquid Hydrocarbons and Other Liquids

Errataland Addendum through December 2008),
Weldinjg of Pipelines and Related Facilities

Publishqr: American Petroleum Institute (API),
1220 T} Street, NW, Washington, DC 20005-4070
(www.api.org)

A-3 ASME STANDARDS

*ASME H1.1-2003 (R2008), Unified Inch Screw Threads
(UN and UNR Thread Form)

*ASME B1.20.1-1983 (R2006), Pipe Threads, General

Purpose (Inch)

*ASME BJ16.1-2005, Gray Iron Pipe Flanges and Flanged
Fitting$: Classes 25, 125, and 250

*ASME HB16.5-2009, Pipe Flanges and Flanged Fittings
NPS %|Through NPS 24 Metric/Inch Standard

*ASME BJ16.9-2007, Factory-Made Wrought Buttwelding
Fitting

*ASME H16.11-2009, Forged Fittings, Socket-Welditig
and Threaded

*ASME B16.20-2007, Metallic Gaskets for Pipe-Flanges:
Ring-Jqint, Spiral-Wound, and Jacketed

*ASME 116.24-2006, Cast Copper Alloy Ripe Flanges
and Flgnged Fittings: Classes 150, 300,600, 900, 1500,
and 2500

*ASME PB16.33-2002 (R2007), Manually Operated
Metallic Gas Valves for Uselin Gas Piping Systems
up to 125 psi (Sizes NPS% Through NPS 2)

*ASME H16.34-2009, Valves*— Flanged, Threaded, and
Welding End)

*ASME 1816.38-2007%»Large Metallic Valves for Gas
Distribjition: Mefwially Operated, NPS 2% (DN 65) to
NPS 17 (DN300), 125 psig (8.6 bar) Maximum

*ASME B|16:40-2008, Manually Operated Thermoplastic

1s for

*ASME B31.85-2004, Managing System Integrity of Gas
Pipelines

*ASME B31.11-2002 (R2008), Slurry Transport
Piping Systems

*ASME B36.10M-2004, Welded and Seamless Wr
Steel Pipe

*ASME BPV Code: Seefion VIII, Rules for the
Construction of Pressure Vessels; and Sectiogn IX,
Qualification Staridard for Welding and Brazing
Procedures, Welders, Brazers, and Welding and
Brazing Operators (2007, including 2008 and|2009
Addenda)

ASME SI-121982, ASME Orientation and Guide fofr Use
of SI (Metric) Units

Publjsher: The American Society of Mecha
Engineers (ASME), Three Park Avenue, New
NY 10016; Order Department: 22 Law Drive, P.C
2900, Fairfield, NJ 07007-2900 (www.asme.org)

htion

ught

nical
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. Box

A-4 ASTM STANDARDS

*ASTM A53/A53M-07, Standard Specification for|Pipe,
Steel, Black and Hot-Dipped, Zinc-Coated, Welded
and Seamless

ASTM A105/A105M-09, Standard Specification for
Carbon Steel Forgings for Piping Applications

*ASTM A106/A106M-08, Standard Specification for
Seamless Carbon Steel Pipe for High-Temperpture
Service

*ASTM A134-96(R2005), Standard Specification for
Steel, Electric-Fusion (Arc)-Welded (Sizes NPS 1
Over)

*ASTM A135/A135M-06, Standard Specification for
Electric-Resistance-Welded Steel Pipe

*ASTM A139/A139M-04, Standard Specificatign for

Pipe,
b and

GaS Sh ll:UffD aud ‘V7(111V TS ill GQD DiDtli}JutiUll S)’ Dtclllb

*ASME B16.42-1998 (R2006), Ductile Iron Pipe Flanges
and Flanged Fittings: Classes 150 and 300

*ASME B16.47-2006, Large Diameter Steel Flanges: NPS
26 Through NPS 60 (Metric/Inch Standard)

*ASME B16.49-2007, Factory-Made Wrought Steel
Buttwelding Induction Bends for Transportation and
Distribution Systems

*ASME B18.2.1-1996 (R2005), Square and Hex Bolts and
Screws (Inch Series) (including Addenda A, 1999 and
Erratum, 2003)
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Electric-Fusion (ATc)-Wetded Steet Pipe(Sizes INPS 4
and Over)

ASTM A193/A193M-09, Standard Specification for
Alloy-Steel and Stainless Steel Bolting Materials for
High Temperature Service or High-Pressure Service
and Other Special Purpose Applications

ASTM A194/A194M-09, Standard Specification for
Carbon and Alloy Steel Nuts for Bolts for High
Pressure or High Temperature Service, or Both

ASTM A307-07b, Standard Specification for Carbon
Steel Bolts and Studs, 60 000 PSI Tensile Strength
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ASTM A320/A320M-08, Standard Specification for
Alloy-Steel and Stainless Steel Bolting Materials for
Low-Temperature Service

*ASTM A333/A333M-05, Standard Specification for
Seamless and Welded Steel Pipe for Low-Temperature
Service

ASTM A354-07a, Standard Specification for Quenched
and Tempered Alloy Steel Bolts, Studs, and Other
Externally Threaded Fasteners

*ASME F1041-02(R2008), Standard Guide for Squeeze-
Off of Polyolefin Gas Pressure Pipe and Tubing

*ASTM F1563-01(R2007), Standard Specification for
Tools to Squeeze-Off Polyethylene (PE) Gas Pipe or
Tubing

Publisher: American Society for Testing and Materials
(ASTM International), 100 Barr Harbor Drive, P.O.
Box C700, West Conshohocken, PA 19428-2959
(www.astm.org)

*ASTIMAS727A372V-03(R2008); Standard Specification
for) Carbon and Alloy Steel Forgings for Thin-Walled
Prgssure Vessels

*ASTM A381-96(R2005), Standard Specification for
Mgtal-Arc-Welded Steel Pipe for Use With High-
Pr¢ssure Transmission Systems

ASTM A395/A395M-99(R2009), Standard Specification
for] Ferritic Ductile Iron Pressure-Retaining Castings
for] Use at Elevated Temperatures

ASTM A449-07b, Standard Specification for Hex Cap
Scilews, Bolts and Studs, Steel, Heat Treated, 120/105/
90 [ksi Minimum Tensile Strength, General Use

*ASTM A671-06, Standard Specification for Electric-
Fupion-Welded Steel Pipe for Atmospheric and Lower
Temperatures

*ASTM A672-08, Standard Specification for Electric-
Fupion-Welded Steel Pipe for High-Pressure Service
at Moderate Temperatures

ASTM A691-98(R2007), Standard Specification fox
Carbon and Alloy Steel Pipe, Electric-Fusion-Welded
for] High-Pressure Service at High Temperature$

ASTM A984/A984M-03(R2009), Standard Spetification
for Steel Line Pipe, Black, Plain-End\Electric-
Repistance-Welded

ASTM  A1005/A1005M-00(R2004),” Standard
Specification for Steel Line Pip€)Black, Plain-End,
Lopgitudinal and Helical Seafn,jDouble Submerged-
Arf Welded

ASTM  A1006/A1006M300(R2004), Standard
Specification for Stegh Line Pipe, Black, Plain-End,
Lagser Beam Welded

ASTM B88-09, Stanidard Specification for Seamless
Copper Water-Tube

ASTM D696:08,Standard Test Method for Coefficient of
Linear Thermal Expansion of Plastics Between —30°C

angl 30%€ With a Vitreous Silica Dilatometer

Resistance to Short-Time Hydraulic Pressure of Plastic
Pipe, Tubing, and Fittings

*ASTM D2513-09, Standard Specification for
Thermoplastic Gas Pressure Pipe, Tubing, and Fittings

*ASTM D2517-06, Standard Specification for Reinforced
Epoxy Resin Gas Pressure Pipe and Fittings

*ASTM D2837-08, Standard Test Method for Obtaining
Hydrostatic Design Basis for Thermoplastic Pipe
Materials or Pressure Design Basis for Thermoplastic
Pipe Products

A-5 AWS STANDARDS

*AWS A3.0:2001 (including 2001 Errata), ptandard
Welding Terms and Definitions, Including [ferms for
Adhesive Bonding, Brazing, Soldering,|Thermal
Cutting, and Thermal Spraying

*AWS D3.6M:1999, Speeification for Unglerwater
Welding

Publisher: American,Welding Society (AWS)| 550 NW
LeJeune Road, Miami, FL 33126 (www.aws.org)

A-6 AWWA STANDARDS

*ANSINA21.14-1979, Ductile-Iron Fittings 3-Inch
Thiotigh 24-Inch for Gas®
*ANSI A21.52-1991, Ductile-Iron Pipe, Cenfrifugally
Cast, for Gas®
AWWA C101-1976(R1977), Thickness Design of Cast
Iron Pipe2
*ANSI/AWWA C111/A21.11-07, Standard fof Rubber-
Gasket Joints for Ductile-Iron Pressure Pipe and
Fittings
*ANSI/ AWWA C150/A21.50-08, Standard flor Thick-
ness Design of Ductile-Iron Pipe
Publisher: American Water Works Association [AWWA),
6666 West Quincy Avenue, Denver, O 80235
(www.awwa.org)

A-7 CGA STANDARD

Best Practices Guide (version 6.0, February 2(009)

Publisher: Common Ground Alliance (CGQA), 1421
Prince Street, Alexandria, VA 22314 (wwwjcommon-
groundalliance.com)

EPRI EL-3106 (1983) (also published as PRCI-AGA-
1L.51418, Power Line-Induced AC Potential on Natural
Gas Pipelines for Complex Rights-of-Way
Configurations)

Publisher: Electric Power Research Institute (EPRI),
3420 Hillview Avenue, Palo Alto, CA 94304
(www.epri.com)

2 This publication has been superseded, withdrawn, or is no
longer in print.
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A-9 GPA STANDARDS

GPA Standard 2265-68, Determination of Hydrogen
Sulfide and Mercaptan Sulfur in Natural Gas
(Cadmium Sulfate-Ilodometric Titration Method)

GPA Plant Operations Test Manual (1977), Section C,
Test for Hydrogen Sulfide in LPG and Gases
(Tutweiler Method)

Publisher: Gas Processors Association (GPA), 6526 East

NACE SP0607-2007/1SO 15589-2:2004 (Modified),
Petroleum and Natural Gas Industries — Cathodic
Protection of Pipeline Transportation Systems —
Offshore Pipelines

NACE SP0169-2007, Control of External Corrosion on
Underground or Submerged Metallic Piping Systems

NACE SP0177-2007, Mitigation of Alternating Current
and Lightning Effects on Metallic Structures and
Corrosion Control Systems

60th St Tulsa, OK 74145 (www.epaeglobal.ore) AN A RN 10aEN2
oY < INACL COITOSIOIT Ddld Duivt—:y (17069)
Publisher: National Association of Corrosion Engilneers
A-10 GJll STANDARDS (NACE International), 1440 South Cfeek D

GRI-00/(154 (2000), Design Guide for Polyethylene Gas
Pipes Across Bridges
GRI-91/(284 (1991), Guidelines for Pipelines Crossing

Highwhys

Publisher: Gas Technology Institute (GTI), 1700 South
Moun{ Prospect Road, Des Plaines, IL 60018
(www.gastechnology.org)

A-11 IHEE STANDARD

*IEEE/ASTM SI 10-2002 (including 2005 errata),
Standafd for Use of the International System of Units

(SI): Th
Publishe
Engine
(www.

e Modern Metric System

I: The Institute of Electrical and Electronics
ers (IEEE), 445 Hoes Lane, Piscataway, NJ 08854
eee.org)

A-12 MSS STANDARDS

MSS SP-4-2007, Standard Finishes for ContactFaces of
Pipe Fllanges and Connecting-End Flanges of Valves
and Fiftings

MSS SP-25-2008, Standard Marking System for Valves,
Fittings, Flanges, and Unions

MSS SP-44-2006, Steel Pipeline Flanges

MSS SP-70-2006, Gray Iron Gate' Valves, Flanged and
Threaded Ends

MSS SP-7[1-2005, Gray Iren Swing Check Valves, Flanged
and Thireaded Ends

MSS SP-15-2008, Speeification for High Test Wrought
Butt Welding Fiftings

MSS SP-78-2005a, Gray Iron Plug Valves, Flanged and
ThreadedErids

rive,
Houston, TX 77084-4906 (www.nace.org)

A-14 NFPA STANDARDS

*NFPA 10-2010, Standard for Rértable Fire Extingui

*NFPA 30-2008, Flammablétand Combustible Li
Code (including 2008 errata)

*NFPA 58-2008, Liquefied Petroleum Gas Code (in
ing Amendments 1=4)

*NFPA 59-2008,Ufility LP-Gas Plant Code

*NFPA 59A-2009yStandard for the Production, Stqrage,
and Handling of Liquefied Natural Gas (ILNG)
(including Amendment 1)

*NFPA70-2008, National Electrical Code (incly
Amendment 1)

*NFPA 220-2009, Standard on Types of Buil
Construction

Publisher: National Fire Protection Association (N
1 Batterymarch Park, Quincy, MA 02169;
(www.nfpa.org)

shers
fuids

clud-

ding
ding

FPA)
7471

A-15 PPl STANDARDS

TR-3/2004, Policies and Procedures for Develd
Hydrostatic Design Basis (HDB), Pressure D
Basis (PDB), Strength Design Basis (SDB)
Minimum Required Strength (MRS) Rating
Thermoplastic Piping Materials or Pipe

TR-4, Listing of Hydrostatic Design Basis (H
Hydrostatic Design Stress (HDS), Strength D
Basis (SDB), Pressure Design Basis (PDB
Minimum Required Strength (MRS) Rating
Thermoplastic Piping Materials or Pipe

Handbook of Polyethylene Pipe, second ed]

ping
Psign

and
s for

DB),
Psign
and
5 For

tion,

PublisherrManufacturers standardization society of the
Valve and Fittings Industry, Inc. (MSS), 127 Park
Street, NE, Vienna, VA 22180 (www.mss-hq.com)

A-13 NACE STANDARDS

*ANSI/NACE MR0175/1SO 15156:2003, Petroleum and
Natural Gas Industries — Materials for Use in H,S-
Containing Environments in Oil and Gas Production
(including all Technical Corrigenda and Technical
Circulars through 2008)
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November 2667
Publisher: Plastics Pipe Institute (PPI), 105 Decker Court,
Irving, TX 75062 (www.plasticpipe.org)

A-16 PRCI STANDARD

PRCI PR-185-9734 (PRCI Catalog L51782), Guidelines
for Weld Deposition Repair on Pipelines (1998)

Publisher: Pipeline Research Council International, Inc.
(PRCI), 3141 Fairview Park Drive, Falls Church, 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 incorpo-
rated into Mandatory Appendix A.
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NONMANDATORY APPENDIX C
PUBLICATIONS THAT DO NOT APPEAR IN THE CODE
OR MANDATORY APPENDIX A

NOTE: An asterisk (*) indicates standards that have been
accepted §s American National Standards by the American
National Standards Institute (ANSI).

C-1 AGA STANDARDS

AGA Catalog XF0277 (January 1992), Classification of
Gas Utjlity Areas for Electrical Installation

Directionpl Drilling Damage Prevention Guidelines for
the Natural Gas Industry (December 2004)

Publishqr: American Gas Association (AGA), 400
North [Capitol Street, NW, Washington, DC 20001
(www.piga.org)

C-2 AP| STANDARDS

API RP ZA-LRFD (first edition, July 1993, including
Errata pind Supplements through February 1997; reaf-
firmed May 2003), Recommended Practice for
Planning, Designing, and Constructing Fixed
Offshofre Platforms — Load and Resistance Factor
Design

API Spec|5B (15th edition, April 2008), Specification for
Threadling, Gaging, and Thread Inspection of Casing,
Tubing} and Line Pipe Threads

*API RP $00 (second edition, November 1997, including
Errata|through 1998; reaffirmed\November 2002),
Reconmimended Practices for )Classification of
Locati¢pns for Electrical Installations at Petroleum
Facilitfies Classified asz&lass I, Division 1 and
Division 2

Publishqr: Americdn)Petroleum Institute (API),
1220 [L Street;uNW, Washington, DC 20005
(www.api.org)

C-3 ASCESTANDARD

*ASME B16.3-2006, Malleable Iron Threaded\ Fitfings:
Classes 150 and 300
*ASME B16.4-2006, Gray Iron Threaded Fittfings:
Classes 125 and 250
*ASME B16.14-1991, Ferrous Pipe-Pltgs, Bushingd, and
Locknuts With Pipe Threads
*ASME B16.15-2006, Cast €opper Alloy Threpded
Fittings: Classes 125 and.250
*ASME B16.18-2001 (R2005), Cast Copper Alloy Solder
Joint Pressure Fittings
*ASME B16.22-2001(R2005), Wrought Coppet and
Copper Alloy. Selder Joint Pressure Fittings
*ASME B16,2542007, Buttwelding Ends
*ASME B31.,12-2008, Hydrogen Piping and Pipelipes

Publisher: The American Society of Mechapnical
Engineers (ASME), Three Park Avenue, New [York,
NY 10016; Order Department: 22 Law Drive, Box{2900,
Fairfield, NJ 07007-2900 (www.asme.org)

C-5 ASTM STANDARDS

ASTM A6/A6M-09, Standard Specification for Ggneral
Requirements for Rolled Structural Steel Bars, Hlates,
Shapes, and Sheet Piling

ASTM A20/A20M-07, Standard Specificatioh for
General Requirements for Steel Plates for Prdssure
Vessels

ASTM A29/A29M-05, Standard Specification for|Steel
Bars, Carbon and Alloy, Hot-Wrought, General
Requirements for

ASTM A36/A36M-08, Standard Specificatioh for
Carbon Structural Steel

ASTM A47/A47M-99(R2009), Standard Specificatipn for
Ferritic Malleable Iron Castings

ASTM A48/ A48M-03(R2008), Standard Specificatipn for

ASCE Manuals and Reports on Engineering Practices
No. 89 — Pipeline Crossings Handbook (June 1996)

Publisher: American Society of Civil Engineers
(ASCE), 1801 Alexander Bell Drive, Reston VA 20191
(www.asce.org)

C-4 ASME STANDARDS

*ASME B1.20.3-1976 (R2008), Dryseal Pipe Threads
(Inch)

Gray TrormCastings
*ASTM A125-96(R2007), Standard Specification for Steel
Springs, Helical, Heat-Treated
ASTM A126-04, Standard Specification for Gray Iron
Castings for Valves, Flanges, and Pipe Fittings
*ASTM A181/A181M-06, Standard Specification for
Carbon Steel Forgings, for General-Purpose Piping
*ASTM A182/A182M-09a, Standard Specification for
Forged or Rolled Alloy and Stainless-Steel Pipe
Flanges, Forged Fittings, and Valves and Parts for
High-Temperature Service
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ASTM A197/A197M-00(R2006), Standard Specification
for Cupola Malleable Iron

*ASTM A216/A216M-08, Standard Specification for
Steel Castings, Carbon, Suitable for Fusion Welding,
for High-Temperature Service

*ASTM A217/A217M-08, Standard Specification for
Steel Castings, Martensitic Stainless and Alloy, for
Pressure-Containing Parts, Suitable for High-
Temperature Service

ASTM B61-08, Standard Specification for Steam or Valve
Bronze Castings

ASTM B62-09, Standard Specification for Composition
Bronze or Ounce Metal Castings

ASTM B68-02, Standard Specification for Seamless
Copper Tube, Bright Annealed

ASTM B75-02, Standard Specification for Seamless
Copper Tube

ASTM B249/B249M-09, Standard Specification for

ASTM A225/A225M-03(R2007), Standard Specification
for] Pressure Vessel Plates, Alloy Steel, Manganese-
Vahadium-Nickel

ASTM A234/A234M-07, Standard Specification for
Piping Fittings of Wrought Carbon Steel and Alloy
Stdel for Moderate and High-Temperature Service

ASTM A242/A242M-04(R2009), Standard Specification
for] High-Strength Low-Alloy Structural Steel

ASTM A283/A283M-03(R2007), Standard Specification
fol Low and Intermediate Tensile Strength Carbon
Stdel Plates

ASTM A285/A285M-03(R2007), Standard Specification
for] Pressure Vessel Plates, Carbon Steel, Low- and
Intermediate-Tensile Strength

*ASTM A350/A350M-07, Standard Specification for
Carbon and Low-Alloy Steel Forgings, Requiring
Ndtch Toughness Testing for Piping Components

ASTM A377-03(R2008)el, Standard Index of
Specifications for Ductile-Iron Pressure Pipe

ASTM A420/A420M-07, Standard Specification,for
Piping Fittings of Wrought Carbon Steel and Alloy
Steel for Low-Temperature Service

*ASTIM A487 / A487M-93(R2007), Standard Specification
for) Steel Castings Suitable for Pressufe Service

ASTM A502-03, Standard Specificationifor Rivets, Steel,
Strjuctural

ASTM A515/A515M-03(R2007), Standard Specification
for Pressure Vessel Plates, Carbon Steel, for
Intermediate- and Higher-Temperature Service

ASTM A516/A516M:06, Standard Specification for
Pr¢ssure Vessel Plates, Carbon Steel, for Moderate-
angl Lower-Temperature Service

*ASTIM A575496(R2007), Standard Specification for Steel
Bats, Carbon, Merchant Quality, M-Grades

*ASTM. A576-90b(R2006), Standard Specification for
Stdel Bars_Carbon an-Wrm]ghf qur‘ia] Quality

[

pper and
gs

I General
bper and

Gclltldl Requiieult’utb IUI 'VAVTIULlS‘llL CU
Copper-Alloy Rod, Bar, Shapes, and Forgin
ASTM B251-02el, Standard Specification fo
Requirements for Wrought Seamless Co
Copper-Alloy Tube
ASTM B584-08a, Standard Specification fo
Alloy Sand Castings for General Applicati

r Copper

ns

Publisher: American Society’ for Testing and [Materials
(ASTM International);100 Barr Harbor Drive, P.O.
Box C700, Westr€onshohocken, PA 19428-2959
(www.astm.org)

C-6 AWWA STANDARD

*AWWANC207-07, Steel Pipe Flanges for W
Setvice — Sizes 4 in. Through 144 in.
Through 3,600 mm)

Rublisher: American Water Works Association
6666 West Quincy Avenue, Denver, (
(www.awwa.org)

terworks
100 mm

AWWA),
O 80235

C-7 GTI STANDARDS

GRI-96/0368 (1996), Guidelines for the Appljication of
Guided Horizontal Drilling to Install Gas
Distribution Pipe

GRI-00/0154 (2000), Design Guide for Pip¢s Across
Bridges

GRI-00/0192.01 (2000), GRI Guide for Locg
Using Pipeline Industry Research. Section 1
Propagation and Arrest

GRI-00/0192.02 (2000), GRI Guide for Locs
Using Pipeline Industry Research. Section
Assessment

GRI-00/0192.03 (2000), GRI Guide for Locgting and
Using Pipeline Industry Research. S¢ction 3:
Identifying Types of Defects and Causes ¢fPipeline

ting and
. Fracture

ting and
2: Defect

ASTM A694/A694M-08, Standard Specification for
Carbon and Alloy Steel Forgings for Pipe Flanges,
Fittings, Valves and Parts for High-Pressure
Transmission Service

ASTM B21/B21M-06, Standard Specification for Naval
Brass Rod, Bar, and Shapes

ASTM B42-02el, Standard Specification for Seamless
Copper Pipe, Standard Sizes

ASTM B43-09, Standard Specification for Seamless Red
Brass Pipe, Standard Sizes
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Faitures
GRI-00/0192.04 (2000), GRI Guide for Locating and
Using Pipeline Industry Research. Section 4:
Hydrostatic Testing
GRI-00/0192.05 (2000), GRI Guide for Locating and
Using Pipeline Industry Research. Section 5: Line Pipe
GRI-00/0192.06 (2000), GRI Guide for Locating and
Using Pipeline Industry Research. Section 6: Welding
GRI-00/0192.07 (2000), GRI Guide for Locating and
Using Pipeline Industry Research. Section 7: Fittings
and Components
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GRI-00/0192.08 (2000), GRI Guide for Locating and
Using Pipeline Industry Research. Section 8: Pipeline
Repair Methods

GRI-00/0192.09 (2000), GRI Guide for Locating and
Using Pipeline Industry Research. Section 9:
Mechanical Damage

GRI-00/0192.10 (2000), GRI Guide for Locating and
Using Pipeline Industry Research. Section 10:
Corrosion

1 /(a0 DT .-

C-8 MSS STANDARDS

MSS SP-55-2006, Quality Standard for Steel Castings for
Valves, Flanges, Fittings, and Other Piping
Components — Visual Method for Evaluation of
Surface Irregularities

MSS SP-61-2009, Pressure Testing of Valves

Publisher: Manufacturers Standardization Society of the
Valve and Fittings Industry, Inc. (MSS), 127 Park

GRI-00/@192-%
Using Pipeline Industry Research. Section 11: Stress
Corrosjon Cracking

GRI-00/(192.12 (2000), GRI Guide for Locating and
Using Pipeline Industry Research. Section 12: Industry
Statistifs

GRI-00/(192.13 (2000), GRI Guide for Locating and
Using IPipeline Industry Research. Section 13: Offshore
Pipelines

GRI-00/(192.14 (2000), GRI Guide for Locating and
Using Pipeline Industry Research. Section 14: In-Line
Inspection

GRI-00/(192.15 (2000), GRI Guide for Locating and
Using Pipeline Industry Research. Section 15: Special
Situati¢ns

GRI-00/(192.16 (2000), GRI Guide for Locating and
Using [Pipeline Industry Research. Section 16: Risk
Assessment

GRI-00/(192.17 (2000), GRI Guide for Locating and
Using|Pipeline Industry Research. Section 17:
Geogrgphical Information Systems

Publishey: Gas Technology Institute (GTI), 1700 Souith
Moun{ Prospect Road, Des Plaines, IL 60018
(www.gastechnology.com)

| £ I dor. |
1 (£UUUJ, O OUIUutT 1UL LULGLLL[S dlltl

Street, NE, Vienna, VA 22180 (www.mss—hq.com)

C-9 OTHER STANDARDS

ANSI Z17.1-1973, American National Standarld for

Preferred Numbers (withdrawn)

itute
10036

Publisher: American Natienal Standards Inst
(ANSI), 25 West 43rd_Street, New York, NY
(www.ansi.org)

Horizonal Directional Drilling — Good Prad
Guidelines (third edition, 2008)

Publisher: HED Consortium, available through INorth
AmericanSociety for Trenchless Technology (NASTT),
7745 "Wforgan Road, Liverpool, NY 13090
(WwwWhnastt.org)

PRCIFPR-227-9424 (1995), Installations of Pipelin
Horizontal Directional Drilling, An Engine
Design Guide

tices

ps By

Pring

Publisher: Pipeline Research Council Internatjonal
(PRCI), 3141 Fairview Park Drive, Falls Church, VA
22042 (www.prci.org)
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MANDATORY APPENDIX D
SPECIFIED MINIMUM YIELD STRENGTH FOR STEEL PIPE

COMMONLY USED IN PIPING SYSTEMS®

Table D-1 Specified Minimum Yield Strength for Steel Pipe Commonly Used
in Piping Systems
Type
Spec. No. Grade [Note (1)] SMYS, psi SMYS, (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 [Note (2)] X52 ERW, S, DSA 52,000 (359)
API 5L [Note (2)] X56 ERW, S, DSA 56,000 (386)
API 5L [Note (2)] x60 ERW, S, DSA 60,000 (414)
API 5L [Note (2)] X65 ERW, S, DSA 65,000 (448)
API 5L [Note (2)] x70 ERW, S,.DSA 70,000 (483)
API 5L [Note (2)] X80 ERW,.S, DSA 80,000 (552)
ASTM A53 Type F BW 25,000 (172
ASTM A53 A ERW, S 30,000 (07)
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 NN EFW [Note (3)] [Note (3)]
ASTM A135 A ERW 30,000 (207)
ASTM A135 B ERW 35,000 41)
ASTM A139 A EFW 30,000 (207)
ASTM A139 B EFW 35,000 (41)
ASTM A$39 C EFW 42,000 (290)
ASTMAT39 D EFW 46,000 (317)
ASTMA139 E EFW 52,000 (359)
ASTM A333 1 S, ERW 30,000 (207)
ASTM A333 3 S, ERW 35,000 41)
ASTM A333 4 S 35,000 (241)
ASTM A333 6 S, ERW 35,000 41)
ASTM A333 7 S, ERW 35,000 04T
ASTM A333 8 S, ERW 75,000 (517)
ASTM A333 9 S, ERW 46,000 (317)
ASTM A381 Class Y-35 DSA 35,000 (41)
ASTM A381 Class Y-42 DSA 42,000 (291)
ASTM A381 Class Y-46 DSA 46,000 (317)
ASTM A381 Class Y-48 DSA 48,000 (331)
ASTM A381 Class Y-50 DSA 50,000 (345)
! See para. 841.1.
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Table D-1 Specified Minimum Yield Strength for Steel Pipe Commonly Used
in Piping Systems (Cont’d)

Type
Spec. No. Grade [Note (1)] SMYS, psi SMYS, (MPa)
ASTM A381 Class Y-52 DSA 52,000 (359)
ASTM A381 Class Y-56 DSA 56,000 (386)
ASTM A381 Class Y-60 DSA 60,000 (414)
ASTM A381 Class Y-65 DSA 65,000 (448)
ASTM A984 35 ERW 35,000 (241)
ASTM A984 50 ERW 50,000 (345)
ASTM A984 60 ERW 60,000 (414)
ASTM A984 70 ERW 70,000 (483)
ASTM A984 80 ERW 80,000 (552)
ASTM A1005 35 DSA 35,000 (241)
ASTM A1005 50 DSA 50,000 (345)
ASTM A1005 60 DSA 60,000 (414)
ASTM A1005 70 DSA 70,000 (483)
ASTM A1005 80 DSA 80,000 (552)
ASTM A1006 35 LW 35,000 (241)
ASTM A1006 50 LW 50,000 (345)
ASTM A1006 60 LW 60,000 (414)
ASTM A1006 70 Lw 70,000 (483)
ASTM A1006 80 Lw 803000 (552)

NOTES:

welded.

GENERAL NOTE:

(2) Intermediate grades are available in API 5L
(3) See applicable plate specification for SMYS.

This table is not complete. For the minimum _specified yield strength of other grades
and grades in other approved specifications, refer to the pattictlar specification.

(1) Abbreviations: BW = furnace buttwelded; DSA = double submerged-arc welded; EFW = electric
fusion welded; ERW = electric resistance welded;.FW = flash welded; S = seamless; LW = laser
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Table D-2 HDB Values for
Thermoplastic Materials

Plastic Pipe Material

Designation Long-Term Hydrostatic Strength
(D2513) at 73°F, psi
PA 32312 (PA-11) 2,500
PB 2110 2,000
PE 2406 1,250
PE 3408 1,600
PE 2606 1.250
PE 2706 1.250
PE 2708 1,250
PE 3608 1,600
PE 3708 1,600
PE 3710 1,600
PE 4708 1,600
PE 4710 1.600
PVC 1120 4,000
PVC 1220 4,000
PVC 2110 2,000
PVC 2116 35150

GENERAL NOTES:

(@) Long-Term Hydrostatic Strength Values‘for Thermoplastic Pipes
Covered by ASTM D2513. The value§’apply only to materials
and pipes meeting all the requiremeénts of the basic materials
and ASTM D2513. They are based on engineering test data
obtained in accordance with’/ASTM D1598 and analyzed in
accordance with ASTM B2837. A list of commercial compounds
meeting these requiréments is published yearly by the Plastics
Pipe Institute.

(b) HDB Values for(Reinforced Thermosetting Pipes Covered by
ASTM D25d7.,The value is established in accordance with
ASTM D2517. In the absence of an established HDB, the value
is 11,000 psi (75.8 MPa).

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

135



https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

MANDATORY APPENDIX E
FLEXIBILITY AND STRESS INTENSIFICATION FACTORS

Table E-1 begins on the following page.
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i

Stress Intensification
Factor, i [Notes (1) and (2)]

Flexibility Flexibility
Factor, Out-plane, In-plane, Characteristic,
Description k iy i h Sketch

7

i
. . - T
Welding elbow or pipe bend 1.65 0.75 0.9 TRy | ra
[Notes (1)-(5)] h h?3 Y3 r,2 f

Closely spaced miter bend [Notes 1.52 0.9 0.9 cot 0 Ts
(1),{@, 3), and (5)] i e e =5
s<l, (1 +tan ) h h h r

Single] miter bend or widely B
spafed miter bend 1.52 0.9 0.9 1+cotd T
s>, (1 +tan 6) K516 K2/3 K203 2 5
[Nofes (1), (2), and (5)]

Weldifg tee per ASME B16.9 with B
ro 2| % 09 3,: .1 I
T.2157 ! 2/ Talo + /s 4d e
[Nofes (1), (2), and (6)]

Reinforced fabricated tee with - 1 5/2

. . T
pad|or saddle [Notes (1), (2), 1 22 Yalo +4 %
@O h T

Unreirfforced fabricated tee 1 0.9 AR z
[Nofes (1), (2), and (9)] n2/3 40T /4 I

Extruded outlet B
ry 2{0.05d 0.9 3, . a1 o\ T
Tq157 ! = Yulo + a n
[Nofes (1), (2), and (6)]

Weldefd-in contour_insert _
ro 2% 0.9 3, 1 T
o157 ! 2 Yulo+ /s 4l
[Nofes (D)¢(2), and (10)]

Branch we.lded-on fitting (inte- 0.9 0.9 7
grally reinforced) [Notes (1), 1 A 5 3.3 -
(), (9), and (11)] h h ?
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Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

Flexibility Stress Intensification
Factor, Factor,
Description k i Sketch
Buttweld [Notes (1) and (12)]
T>0.237 in. (6.02 mm), ! 1.0
Smax. < Y16 In. (1.59 mm),
and 6,,/T < 0.13
Buttweld [Notes (1) and (12)] d
7> 0.237 in. (6.02 mm), _ L‘——
Smax. <| /6 in. (3.18 mm), 1.9 max. or_ 5
and &,l¢/T = any value 1 [0.9 + 2.7(8a4g/ D],
but not less than
Buttweld [Notes (1) and (12)] 1.0
T<0.237 in. (6.02 mm),
Smax. <| Y16 in. (1.59 mm),
and &,}/T < 0.33
1 1.9 max. or 7
Tapered trapsition per D )
ASME B1f6.25 1.3 + 0.0036 ?" +3.6 5 b
[Note (1)
D,-
1 2.0 max. or T
1
i DaZ 12 1— J‘ 7_—
Concentric feducer per 0.5.30.01a |— [ f o l_
ASME B166.9 [Notes (1) and T2 D T
13)] fl” / Po2
Double-welfled slip-on flange 1 1.2
[Note (14)]
Socket welding flange or fit- 1 2.1 max or 2.1 T/CX but
ting [Notes (14) and (15)] not less than 1.3
Lap joint flange (with 1 1.6
ASME B1/6.9 lap joint stub)
[Note (14)]
Threaded pjpe joint or 1 2.3
threaded|flange [Note (14)]
Corrugated |straight pipe, qf 5 2.5

corrugatgd or creased.bend

[Note (14)]
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

100
80 Flexibility factor for
elbows, k = 1.65/h
60 Y ,/
Flexibility factor for5
40 / miters, k = 1,52/h /6
30
Stress intEnsificatié)n
= 20 factor, i = 0.9/h</3
§ x
o -
g o 15 . I
e b Stress intensification
3 2 factor, i = 0.75/h2/3
=
g2 £
§3 g
£
-
£5
& N
a
3
N
2 \ \
15 NN
1 \: }k
0.02 0.03 0.04 0.06 0.10 0.15 0.2 03 04 06 081.0 1.5
Characteristic, i
Chart A

7&‘

\

1.00
k

0.50

QCorr factor, €

e
0.375 / 1 End flanged ¢4 = h V6

2 Ends flanged ¢4 = h'3

F——
0.25/

Chart B
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOTES:

@

@

(€)
(@)
©)

©

@
®
©

(10)

The n

omenclature is as follows:

d = outside diameter of branch, in. (mm)
R, = bend radius of welding elbow or pipe bend, in. (mm)

-~

[4

—ln S

branch, in. (mm)

= mean radius of matching pipe, in. (mm)
= miter spacing at centerline, in. (mm)
= nominal wall thickness of p|p|ng component in. (mm)

= radius of curvature of external contoured portion of outlet, measured in the plane containing the axes of the header and

The fl
than
sketc

Thd
Wher
direct]
The df
used.
In lar;
table))

dividg

wherg

Ee

P
If the
and t
tors o
When|
The nf
When|
200,
unles
asm
If the
and t

—for-etbows—anmdmiter ucllu:, thremominat-watt-thickmessof-the IILLIIIS, 1 \IIIIII)

= for welding tees, the nominal wall thickness of the matching pipe, in. (mm)

pipe, increased thickness must be maintained for at least one run outside diameter to each side of the branch~gutside
ter), in. (mm)

= the crotch thickness of tees, in. (mm)

= pad or saddle thickness, in. (mm)

= reducer cone angle, deg

= one-half angle between adjacent miter axes, deg

inity; factors for torsion equal unity. Both factors apply over the effective arc length (shown by‘heavy centerlines in the
es) for curved and miter bends and to the intersection point for tees.

values of k and i can be read directly from Chart A by entering with the characteristic, h, computed from the formulas gi
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
y from Chart B, entering with the computed h.

esigner is cautioned that cast buttwelded fittings may have considerably heaviefwalls than that of the pipe with which th
Large errors may be introduced unless the effect of these greater thicknesses\is considered.

= for fabricated tees, the nominal wall thickness of the run or header (provided that if thickness is greater than that of mdtching

liame-

exibility factor, k, applies to bending in any plane. The flexibility factors, k, and stress intensificatiof factors, i, shall not He less

By are

ke diameter thin-wall elbows and bends, pressure can significantly affect the,magnitudes of k and i. To correct values fronp the
divide k by
p 7/3 R1 1/3
1+6 —
el@EN T ]
i by
r 5/2 R 2/3
[1 <805 L) (2] (2 ]
Ee T r
= cold modulus of elasticity, psi (MP&)
= gage pressure, psi (MPa)
number of displacement cycles is_léss than 200, the radius and thickness limits specified need not be met. When the ra

hickness limits are not met and the number of design cycles exceeds 200, the out-plane and in-plane stress intensificatio
hall be calculated as 1.12(A%*>7and (0.67/h*") + Y, respectively.

te > 1%T, use h = 4.05Thr>.

inimum value of thesstress intensification factor shall be 1.2.

the branch-to-rurfdiameter ratio exceeds 0.5, but is less than 1.0, and the number of design displacement cycles exceed|
he out-plane afid Jin-plane stress intensification factors shall be calculated as 1.8/h*> and (0.67/h%3) + Y, respectively,
b the transjtion-weld between the branch and run is blended to a smooth concave contour. If the transition weld is blendg
oth congavescontour, the stress intensification factors in the table still apply.

numberof displacement cycles is less than 200, the radius and thickness limits specified need not be met. When the ra
hickness limits are not met and the number of design displacement cycles exceeds 200, the out-plane and in-plane stress|

sifica

ion(factors shall be calculated as 1.8/h*> and (0.67/h%3) + Y. respectively.

ius
h fac-

S

d to

ius
inten-

(11) The designer must be satisfied that this fabrication has a pressure rating equivalent to straight pipe.
(12) The stress intensification factors a Qply to glrth butt welds between two items for which the wall thicknesses are between 0.875T and

1.10T for an axial distance of VDo T

average mismatch or offset.
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Table E-1 Flexibility Factor, k, and Stress Intensification Factor, i (Cont’d)

NOTES: (Cont’d)
(13) The equation applies only if the following conditions are met.
(a) Cone angle a does not exceed 60 deg, and the reducer is concentric.
(b) The larger of D,,/T and D,,/T does not exceed 100.
(c) The wall thickness is not less than T, throughout the body of the reducer, except in and immediately adjacent to the cylindrical
portion on the small end, where the thickness shall not be less than To.
(14) For some flanged joints, leakage may occur at expansion stresses otherwise permitted herein. The moment to produce leakage of a
flanged joint with a gasket having no self-sealing characteristics can be estimated by the following equation:

M, = (C/4) (Sp Ay = PA,)

A, = total area of flange bolts, in.? (mm?)

A, = area to outside of gasket contact, in.” (mm?
C = bolt circle, in. (mm)

M, = moment to produce flange leakage, in.-lb (mm-N)
P = internal pressure, psi (MPa)

S, = bolt stress, psi (MPa)

(15) (yis the fillet weld length. For unequal lengths, use the smaller leg for C,.
(16) Factors shown apply to bending. Flexibility factor for torsion equals 0.9.
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MANDATORY APPENDIX F
EXTRUDED HEADERS AND WELDED BRANCH CONNECTIONS

F-1 EXTRUDED HEADERS

Definif
through ]

D =
d =

3
I

n =

T, =

t, =

corroded finished thickness of extruded outlet

ions and limitations applicable to Figs. F-1
-4 are as follows:

butside diameter of run, in. (mm)

butside diameter of branch pipe, in. (mm)
rorroded internal diameter of run, in. (mm)

= ¢orroded internal diameter of branch pipe,

n. (mm)

rorroded internal diameter of extruded outlet
measured at the level of the outside surface of
Fun, in. (mm)

height of the extruded lip. This must be equal
o or greater than r,, except as shown in limita-
ion (b) of 7, below, in. (mm).

= height of the reinforcement zone, in. (mm)

.7 JdT,

half width of reinforcement zone (equal to D,),
n. (mm)

fadius of curvature of external contoured por-
ion of outlet measured in the plane containing
he axes of the run and branch, in. (mm). This
s subject to the following limitations:

(a) Minimum Radius. This dimension shall
hot be less than 0.054 (1.27d), except-that on
branch diameters larger than 30 in. (762 mm),
t need not exceed 1.50 in. (38 lymm).

(b) Maximum Radius. Fof qutlet pipe sizes
NPS 8 (DN 200) and largeT, this dimension shall
hot exceed 0.104 + 0.50 in. (2.54d + 12.7 mm).
For outlet pipe sizes smaller than NPS 8
DN 200), this dimension shall not be greater
han 1.25 in. (31,75 mm).

(c) Whentlie external contour contains more
han onédadius, the radius on any arc sector
bf approximately 45 deg shall meet the require-

ments’of (a) and (b) above.
L) Aol

measured at a height equal to r, ahovje the
outside surface of the run, in. (mm)
actual thickness of the run wall, fipt-inclyiding
the corrosion allowance, in. (nmim)
required thickness of the rufhaccording fo the
steel pipe design formulapara. 841.1.1, bit not
including any allowante for corrosi¢n or
under-thickness tolerarice, in. (mm)

EXAMPLES ILLUSTRATING THE APPLICATIQON
OF THE RULES FOR REINFORCEMENT OF
WELDED_BRANCH CONNECTIONS

F-2.1 Example'1

An NPS.8 outlet is welded to an NPS 24 headef. The
headermaterial is API 5LX 46 with a 0.312-in. wal]. The
outletis API 5L Grade B (Seamless) Schedule 40 with a

0,322-in. wall. The working pressure is 650 psig

The

fabrication is in Location Class 1. Using para. 841.[l, the
joint efficiency is 1.00. The temperature is 100°F. Dlesign
factors F = 0.60, E = 1.00, and T = 1.00. For dimensions,

see Fig.

F-5.

F-2.1.1 Header. Nominal wall thickness requjred:

t

Excess thickness in header wall:

_ PD 650 X 24
T 2SFET ~ 2 x 46,000 x 0.60 x 1.00 X 1.00
= 0283 in.

H -t =0312 - 0.283 = 0.029 in.

F-2.1.2 Outlet. Nominal wall thickness requifed:

B 650 X 8.625
= 2% 35,000 x 0.60 X 1.00 X 1.00

=0133 i

ty

{th-—Machining shalnotbeemployedtomeet
the above requirements.

actual thickness of branch wall, not including
corrosion allowance, in. (mm)

required thickness of branch pipe according to
the steel pipe design formula of para. 841.1.1,
but not including any thickness for corrosion,
in. (mm)

! See para. 831.6.
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Excess thickness in outlet wall:

d = inside diameter of opening

B-t, = 0322 -0.133 = 0.189 in.

= 8.625 - 2 x 0.322

= 7.981 in.

F-2.1.3 Reinforcement Required

Ag = dt = 7.981 x 0.283 = 2.259 in.?
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F-2.1.4 Reinforcement Provided by Header

A = H-1t)d = 0029 x 7981 = 0.231 in.?
F-2.1.5 Effective Area in Outlet

Height L = 21/2 B + M (assume 1/4—in. pad)
= 2!/, x 0.322) + 0.25 = 1.055 in.

orL =2'/,H = 2.5 % 0.312 = 0.780 in. Use L = 0.780 in.

Excess thickness in outlet wall:
B —t, = 8179 — 3.390 = 4.788 mm

d = inside diameter of opening = 219.08 — 2 X 8.179
= 202.72 mm

F-2.1.3M Reinforcement Required

Ag = dt = 202.72 x 7.178 = 14552 mm?

Ay =2B-1t)L =2 x0.189 x 0.780
= 0.295 in.?

Thiis must be multiplied by 35,000/46,000 [see
para831.4.1(f)].

35,000

_ 22
16,000 ~ 0.224 in.

Effective A, = 0.295 X

Refjuired area:

As = Ag - A - A%
= 2259 — 0.231 — 0.224 = 1.804 in.?

Usp a reinforced plate that is 0.250 in. thick (minimum
practicable) x 15.5 in. in diameter.

Area = (15.500 — 8.625) X 0.250 = 1.719 in.?

Fi

—
—

et welds (assuming two Yi-in. welds each side):
1/,(0.25 x 0.25) x 4 = 0.125 in.?

Total A3 provided = 1.844 in?
Se¢ also Fig. F-6.

F-2.1M Example 1M

A DN 200 outlet is welded to.a)DN 600 header. The
headpr material is 317.2 MPa(wijth a 7.92-mm wall. The
outlet is 241.3 MPa (Seamless) with a 8.18 mm wall.
The yorking pressure i54.48 MPa. The fabrication is in
Location Class 1. Using*para. 841.1, the joint efficiency
is 1.00. The tempgtature is 37.8°C. Design factors F =
0.60,E = 1.00,,and.T = 1.00. For dimensions, see Fig. F-5.

F=2-t#MReinforcementProvided by Header
Ay = (H-t)d = 0.747 x 202.72 = 151.34 thm?

F-2.1.5M Effective Area in Outlet

Height L = 2!/, B + M (assynie 6.35 mm phd)
= (2/, x 8.179)46.35 = 26.797 mm

or L =2"/,H =25 x %82 = 19.812 mm. [Use L =
19.812 mm

Ay =2 (B-"t) L =2 x 4788 x 19.812
= 189.73 mm?

This ntust be multiplied by 241.3/317.2 [see
para. 831.4:1(f)].

o 2413 )
Effective A", = 189.73 X 3172 = 144.36 mm

Required area:

A3:AR—A1—A,2
= 14552 - 151.34 — 144.36 = 1159.5 mjm?

Use a reinforced plate that is 6.35 mm thick (minimum
practicable) X 393.7 mm in diameter.

Area = (393.7 — 219.1) X 6.35 = 1108.9 mim?
Fillet welds (assuming two 6.35 mm welds dach side):
1/, (6.35 x 6.35) x 4 = 80.65 mm?

Total A3 provided = 1189.5 mm?
See also Fig. F-6.

F-2.2 Example 2

An NPS 16 outlet is welded to an NPS 24 hgader. The
header material is API 5LX 46 with a 0.312-in.[wall. The
outlet is API 5L Grade B (Seamless) Schedule|20 with a

F-2.1.1M ‘Header. Nominal wall thickness required:
= PD 448 x 609.6
— JSFET 2 X 317.16 X U.60 X .00 X L.0U
= 7.178 mm

Excess thickness in header wall:
H -t =7925-7178 = 0.747 mm
F-2.1.2M Outlet. Nominal wall thickness required:

4.48 x 219.1
2 X 241.32 x 0.60 x 1.00 x 1.00
3.390 mm

ty =
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U.31Z-in. wall. The working pressure is 650 psig. The
fabrication is in Location Class 1. By para. 831.4.2, the
reinforcement must be of the complete encirclement
type. Using para. 841.1, the joint efficiency is 1.00. The
temperature is 100°F. Design factors F = 0.60, E = 1.00,
and T = 1.00. For dimensions, see Fig. F-7.

F-2.2.1 Header. Nominal wall thickness required:

,__PD__ 650 X 24
T 2SFET ~ 2 x 46,000 x 0.60 X 1.00 x 1.00
= 0283 in.
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Excess thickness in header wall:

H -t = 02312 - 0.283 = 0.029 in.

Two %-in. welds to outlet:

1/, x (0.25 x 0.25) x 2 = 0.063 in.2

F-2.2.2 Outlet. Nominal wall thickness required: Total A provided = 4.119 in.?
b= 650 X 16 The use of end welds is optional (see Fig. I-3).
2 x 35,000 x 0.60 x 1.00 x 1.00
= 0.248 in. F-2.2M Example 2M
i1 . T A DN 400 outlet is welded to an DN 600 header. The
Excess thickness-in-outietwatk header material is 317.2 MPa with a 7.92 mm wal]. The
B -t = 0312 — 0248 = 0.064 in. outlet is 241.3 MPa (Seamless) with a 7.92 mm|wall.
The working pressure is 4.48 MPa. The fabricatior] is in
d = inkide diameter of opening = 16.000 — 2 X 0.312 Location Class 1. By para. 841.4.2, the)reinforcgment
— 19376 in. must be of the complete encirclement type. Using
para. 841.1, the joint efficiency is 1,000 The tempefature
F-2.2.3 Reinforcement Required is 37.8°C. Design factors F = 0460, E = 1.00} and
T = 1.00. For dimensions, see Fig. F-7.
Ag = dt = 15.376 x 0.283 = 4.351 in.?
F-2.2.1M Header. Nomfinal wall thickness reqfiired:
F-2.2.4 Reinforcement Provided
f = PD _ 4.48 x 609.6
Al=H-1td = 0029 x 15376 = 0.446 in.? 2 SFET <2 X 317.16 x 0.60 x 1.00 x 1.00
= 7.178.m
F-2.2.% Effective Area in Outlet
Excess thickness in header wall:
Height L = 21/, B + M (assume °/4-in. plate)
= (2.5 x 0.312) + 0.312 = 1.092 in. H-1t=7925-7178 = 0.747 mm
or F-2.2.2M Outlet. Nominal wall thickness reqiired:
Y ~ . ~ . o 448 x 406.4
= oH =25 x 0312 = 0.780 in. Use L = 0.780 in. b= 3 X 24132 X 0.60 X 1.00 X 1.00
= 6.290 mm

Ay=2(B-t)L =2 x 0.064 X 0.780

= 0.100 in.?

This must be multiplied by 35,000446;000 [see

para. 831

Effec}

Requir

41(F)].

ive A, = 0.100 x 35,000/46,000 = 0.076 in.2

bd area:

A3 :AR_Al -A’z
= 4351 (0.446 - 0.076 = 3.829 in.?

Approximate y¢quired thickness of reinforcement:

3.829 + (30 — 16) = 0.274 in.

Excess thickness in outlet wall:

B-t, =7925-6.290 = 1.635 mm

d = inside diameter of opening = 406.4 — 2 X 7.9]
= 390.55 mm

F-2.2.3M Reinforcement Required
Agr = dt = 390.55 x 7.178 = 2 803.5 mm?

F-2.2.4M Reinforcement Provided
Ay = (H-1)d = 0.747 x 390.55 = 291.56 mm?
F-2.2.5M Effective Area in Outlet

Use a 0.312-in. plate minimum required length
(neglecting welds):

3.829 + 0.312 = 12.272 in.

16 + 12.272 = 29 in. (rounded to the next higher whole

number)

Use a plate that is 29 in. long;:

Copyright ASME International

Area = 0.312 x (29 - 16) = 4.056 in.2

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

Height L = 2'/; B T M (assume 7.94 mm plate)
= (25 X 7.92) + 7.94 = 27.75 mm

or
L =2"/,H=25x792 = 19.812 mm. Use L. = 19.812 in.

Ay=2B-1t)L =2 x 1635 x 19.812
= 64.80 mm?

This must be multiplied by 241.3/317.2 [see
para. 831.4.1(f)].
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Effective A’, = 64.80 X 241.3/317.2 = 49.30 mm? 406.4 + 310.75 = 736.6 mm (rounded to the next higher
whole number in customary
Requlred area: units, i.e., equivalent to 29 in.)
Ay =Ag - Ay - A% Use a plate that is 736.6 mm long;:

=2803.5 - 291.56 — 49.30 = 2 462.6 mm’
Area = 7.92 X (736.6 — 406.4) = 2616.8 mm?
Approximate required thickness of reinforcement:

Two 6.35 mm welds to outlet:
2462.6 ~ (762 — 406.4) = 6.925 mm

T/, X (0.25 X 0.25) X 2 = 40.32 mm>
Use a 7.92 mm plate minimum required length
(neglecting welds): Total Az provided = 2 657.11hrh’
3.829 + 0.312 = 12.272 in. The use of end welds is optional (see Fig. 1-3).
145
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Fig. F-1

Limits of ¢
reinforcement of branch

zane d
30 deg? tﬂl-—dc:‘:

Taper bore inside
diameter {if required)
to match branch pipe;
1:3 max. taper

I ————Corrosion allowance
- - -l
!'1 DO I

lT e T

GENERAL NPTE: Sketch to show method of establishing T, when the tdper encroaches on the crotch radius.
Fig. F-3

Reinforcement

B e ‘ | e
|

)
Vho ' A2
F T
o o ) A3 i
| i !
A | “o
vty T T'a Required area
_ ¥ A=Kero
rn :|4 r "l
D p )
c Corrosion allowance

GENERAL NOTE: Sketch is drawn for condition where K = 1.00.
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Fig. F-4

’I Reinforcement
zone

\ Corrosion allowance

D ‘Dc

GENERAL NOTE: Sketch is drawn for condition where K = 1.00.

147

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


https://asmenormdoc.com/api2/?name=ASME B31.8 2012.pdf

ASME B31.8-2012

Fig. F-5 Rules for Reinforcement of Welded Branch Connections

I

T —y——
A
5o

L =smaller of 21/, H

or2l, B+M /
] o |
Az
|
“a
-
S,
* l AH‘ A1 I t L
2'h H | I—— —— Y AND A |

Area of reinforcement enclosed by —-— lines.
Reinforcement area required Ag-= dt

Area available as reinforcement = A; + Ay + A3

Aq = (H- 1) (d) (If negative, use zero for value of A}

Ay =2(B-tpll

Aq = summatiop of area of all added reinforcement, including
weld areas'that lie within the area of reinforcement

Aq + Ay +-Ag must be equal to or greater than Ag

where

B-=_nominal wall thickness of branch

nominal wall thickness of header

actual (by measurement) or nominal

thickness of added reinforcement

the greater of the length of the finished opening

in the header wall measured parallel to the axis

of the run or the inside diameter of the branch

connection

t = required nominal wall thickness of the header
{under the appropriate section of the Code)

o 22X
nom

]
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T, = required nominal wall thickness of the branch
{under the appropriate section of the Code)
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Fig. F-6

(219.1 mm)

8.625 in.——

B8 =0.322in. =

e I —

=——d =7.981 in. —=

— 8=0.322in.
(8.179 mm)

(8.179 mm)
1

- Tp (202.72 mm)

Az

.l

LIl

TITTII4

[ et

b

|
]

H=0312in.— |=~—
(7.925 mm)

el

(202.72 mm)

f=——d =7.981in.
- = —

t
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‘..I...;

15.962 in.
(405.435 mm)

<

>
%
Fig.g%s\
R Z)
4\6 in.

Al

\0{4053\.{4\/mm}
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d=15.376 in,—=
~— fp (390.55 mm)

d=7.981in. —]
(202.72 mm)
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{

|

5

%
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S
X

O
X
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A S AV S S
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&
N
v

=
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D
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MANDATORY APPENDIX G
TESTING OF WELDERS LIMITED TO WORK ON LINES
OPERATING AT HOOP STRESSES OF LESS THAN 20% OF THE
SPECIFIED MINIMUM YIELD STRENGTH®

G-1 TES

(a) An
Thereaftd
requalifig
testing p

(b) Th
NPS 12 (1}
with the
test weld
tion weld

(c) Thq
conform
welder is|

(d) Thd
subjected|
a crack d
weld and
any dired
occurring
shall not
rejected,

(e) Wel
nections {
tests sati

(1) W
section h{
weld sha

5T PROCEDURES

initial test shall qualify a welder for work.
r, the welder’s work shall be checked either by
tion at 1-yr intervals or by cutting out and
oduction work at least every 6 mo.

test may be made on pipe of any diameter
DN 300) or smaller. The test weld shall be made
pipe in a horizontal fixed position so that the
includes at least one section of overhead posi-
ing.

beveling, root opening, and other details must
o the procedure specification under which the
qualified.

test weld shall be cut into four coupons and
to the root bend test. If as a result of this test,
evelops in the weld material or between the
base metal more than % in. (3.2 mm) long in
tion, this shall be cause for rejection. Cracks
on the corner of the specimen during testing
be considered. If not more than one goupon is
he weld is to be considered acceptable.
ders who are to make welded serVice line con-
0 mains shall be required to pass the following
factorily:
Veld a service line connéction fitting to a pipe
ving the same diameteras a typical main. This

weld is

1 be made in the same position as this type of
ade in the field

(2) The weld shall be tested by attempting to break
the fitting off thetun pipe by any available means
(knocking it off):

A sample shall be rejected if the broken weld at the
junction pfithe” fitting and run pipe shows incomplete

(f) For the periodic checking of welders’who
on small service lines only [NPS 2 (DN“50) or sn
in diameter], the following specidl-field test m
employed. This test should not be tised as a subs
for the original qualifying test:

Two sample welds made by the welder unde
shall be taken from steekservice line. Each sample

work
haller
ny be
titute

I test
shall

be cut 8 in. (200 mm) long 'with the weld located approxi-

mately in the center.-One sample shall have the
flattened and theyentire joint subjected to the t

ends
bnsile

strength test.<Failure must be in the parent metal and

not adjacent to or in the weld metal to be accep|
The seconid'sample shall be centered in the guided
testing'dnachine and bent to the contour of the d
a distance of 2 in. (50 mm) on each side of the
The sample to be acceptable must show no bred
cracks after removal from the bending machine.

When a tensile strength testing machine is not
able, two bend test samples will be acceptable i1
of one tension and one bending test.

(g) Tests for Copper Joints. Personnel who are to
on copper piping should pass the following
satisfactorily.

A brazed or soldered copper bell joint should be
on any size of copper pipe used, with the axis (
pipe stationary in the horizontal position. The jo
welded is to be sawed open longitudinally at the t
the pipe (the top being the uppermost point o

fable.
bend
je for
weld.
ks or

hvail-
h lieu

work
test

made
f the
nt so
op of
h the

circumstance at time joint is brazed). The joint should

be spread apart for examination. The bell end d
joint must be completely bonded. The spigot e
the joint must give evidence that the brazing allo|
reached at least 75% of the total area of the telesq

f the
nd of
y has
oped

surfaces. At least 50% of the length at the top ¢

f the

fusion, overtap, Or poOT penetration:

! See para. 823.1.
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joint must be joined.

(h) Records shall be kept of the original tests and all
subsequent tests conducted on the work of each welder.
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MANDATORY APPENDIX H
FLATTENING TEST FOR PIPE!

H-1 TEST PROCEDURES

(e) The test shall consist of flattening a section of pipe

(a)
weig
shall

The flattening test shall be made on standard
ht and extra strong pipe over NPS 2 (DN 50). It
not be required for double extra strong pipe.

(b)| For a lap-welded and buttwelded pipe, the test
sectipn shall be 4 in. to 6 in. (100 mm to 150 mm) in
length, and the weld shall be located 45 deg from the
line ¢f direction of the applied force.

(c)| For electric-resistance welded pipe, both crop ends
from| each length of pipe shall be flattened between
paralﬂel plates with the weld at the point of maximum
bendjing until the opposite walls of the pipe meet. No
openjng in the weld shall take place until the distance
betwpen the plates is less than two-thirds of the original
outsile diameter of the pipe. No cracks or breaks in the
meta| other than in the weld shall occur until the distance
betwpen the plates is less than one-third of the original
outsifle diameter of the pipe, but in no case less than
five fimes the thickness of the pipe wall. Evidence of
lamimation or burnt material shall not develop during
the eftire flattening process, and the weld shall not show
injurfous defects.

(d)| For seamless pipe the test section shall he/not less
than [2% in. (64 mm) in length.

! Se¢ para. 817.1.3(b).

between parallel plates until the oppositewhlls meet.
For welded pipe, no opening in the weld shall fake place
until the distance between the plates is less than three-
fourths of the original outside diandetet for byittwelded
pipe, and two-thirds of the outside diameter for lap-
welded and electric-resistanceywelded pipes. No cracks
or breaks in the metal other thah in the weld shall occur
until the distance between. the plates is less than three-
fifths of the outside diameter for buttwelded pipe, and
one-third of the outside diameter for lap-wglded and
electric-resistance~welded (Grades A and B) pipes. For
seamless (Grades A and B) pipe, no breaks o1 cracks in
the metal-8hall occur until the distance between the
plates is léss than that shown below:

(1T+e)t
T e+t/D
where
D = actual outside diameter of pipes, in.|[2.375 in.
(60.33 mm) nominal]
e = deformation per unit length (constant for a
given grade of steel, 0.09 for Grade A and 0.07
for Grade B)
H = distance between flattening plates, ir). (mm)
t = nominal wall thickness of pipe, in. (1nm)
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MANDATORY APPENDIX |
END PREPARATIONS FOR BUTTWELDING

I-1 EXPLANATORY NOTES

treatment is necessary, provided full penetration and

I-1.1 Gelneral

This M|
for buttw]
unequal {
through 1

(a) Th¢ sketches in Fig. I-5 illustrate acceptable prepa-
rations fqr joining pipe ends by buttwelding for materi-
als havipg unequal wall thicknesses and/or with
unequal $trengths (specified minimum yield strength).

(b) Th¢ thickness of the sections to be joined beyond
the joint|design area shall comply with the design
requiremgnts of this Code.

(c) Whien the specified minimum yield strengths of
the sections to be joined are unequal, the deposited weld
metal shgll have mechanical properties at least equal to
those of fhe section having the higher strength.

(d) Thge transition between ends of unequal thickness
may be agcomplished by taper or welding as illustrated
or by mepns of a prefabricated transition ring.

(e) Shafrp notches or grooves at the edge of the weld
where it Joins a slanted surface shall be avoided.

(f) Forfjoining unequal thicknesses of equal specified
minimunp yield strengths, the rules given herein apply,

hndatory Appendix applies to end preparation
plding sections having unequal thicknesses and
pecified minimum yield strengths (see Figs. I-1
-4).

bond is accomplished in welding. See sketch (a) of
Fig. I-5.

(2) Where the nominal internal offset iSigreate
%, in. (2.38 mm) and there is no access(e the inside of
the pipe for welding, the transition nitust be madg by a
taper cut on the inside end of the thicker section. See
sketch (b) of Fig. I-5. The taper anglé shall be not greater
than 30 deg nor less than 14 deg.

(3) Where the nominakinternal offset is more
%, in. (2.38 mm) but does\iot exceed one-half the th
section, and there is access to the inside of the pij
welding, the trarsition may be made with a ta
weld as shownsinsketch (c) of Fig. I-5. The land g
thicker section‘must be equal to the offset plus thd
on abuttingysection.

(4)>Where the nominal internal offset is morg than
one:Half the thinner section and there is access fo the
inside of the pipe for welding, the transition may be
made with a taper cut on the inside end of the thicker
section as shown in sketch (b) of Fig. I-5, or by a combina-
tion taper weld to one-half the thinner section gnd a
taper cut from that point as shown in sketch (d) of
Fig. I-5.

than

than
inner
e for
bered
n the

land

except there is no minimum angle limit td\the taper. I-1.3 Unequal External Diameters
(g) Th¢ maximum thickness, tp, fordesign purposes (a) Where the external offset does not exceed| one-
shall not |be greater than 1.5t. half the thinner section, the transition may be magle by
) welding as shown by sketch (e) of Fig. I-5, providdd the
I-1.2 Unequal Internal Diameters angle of rise of the weld surface does not exceed 3P deg
(a) For|piping to operateathoop stresses of less than ~ and both bevel edges are properly fused.
20% of splecified minimum yield strength, if the nominal (b) Where there is an external offset exceeding| one-
wall thicknesses of the"adjoining ends do not vary more  half the thinner section, that portion of the offsef over
than % in. (3.2 mmy);no special treatment is necessary Y4t shall be tapered as shown in sketch (f) of Fig.|I-5.
provided adequate penetration and bond is accom- .
plished ih welding. If the offset is greater than % in. ~ I-1.4 Unequal Internal and External Diameters
(3.2 mm)f thefollowing paragraphs will apply. Where there is both an internal and an external ¢ffset,
(b) Forttoop—Stresstroets20%orvtoreof the-Specifiet—thejoimt desigm shatt-bea combimation of sketches (a)

Minimum Yield Strength
(1) If the nominal wall thickness of the adjoining
ends does not vary more than %, in. (2.38 mm), no special
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through (f) of Fig. I-5, i.e., sketch (g). Particular attention
must be paid to proper alignment under these condi-
tions. See also Fig. I-6 and Tables I-1 and I-1M.
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Fig. I-1 Welding Details for Openings Without Reinforcement Other Than That in
Header and Branch Walls

Branch

e

45 deg, min.

v 2 [

% YV 45 deg, min.

Header

GENERAL NOTES:

(@) Whpen a welding saddle is used, it shall be inserted over this type of connection.

(b) W] = 3%, but not less than ¥ in. (6.35 mm).

(© N|= Y in. (1.59 mm) min., % in. (3.18 mm) max., unless back welded or backing strip is used.

Fig. -2 Welding Details for Openings With Localizeéd-Type Reinforcement

Saddle Pad

Wy min, = 3B/g, but not less than 1/4 in.(6.35 mm)
Wy min. M5, but not less than 1;"4 in.(6.35 mm)
W3 min. = M, but not greater than H
N = V1 in. (1.59 mm)min., unless back welded or backing strip is used

]

GENERAL NOTES:
(@) All welds to have equal leg dimensions, and a minimum throat = 0.707 X leg dimension.
(b) If M is thicker than H, the reinforcing member shall be tapered down to the header wall thickness.

() Provide hole in reinforcement to reveal leakage in buried welds and to provide venting during welding and heat treatment
[see para. 831.4.1(h)].
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Fig. I-3 Welding Details for Openings With Complete Encirclement Types of Reinforcement

)

J

rrrED

Optional weld ~ Optional weld

LTSS

NN s

2

5

st

%

=

4 Z

y 3
:oy//////////././

These longitudinal
welds may(be

located anywhere { |

around\circumference

e

Tee Type Sleeve Type
[Note (1)] [Note (2)]

Optional weld

Optionpl weld
\
b,

Saddle and Sleeve Type Saddle Type

NOTES:

(1) Since fluid pressure is exerted on both sides of pipe metal under tee, the pipe metal does not provide reinforcement.

(2) Provide hole in reinforcement to reveal leakage in buried welds and to provide venting during welding and heat treatment
[see para. 831.4.1(h)]. Not required for tee type.
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Fig. I-3.1 Pressurized Hot Tap Tee Reinforcing Sleeve, End Fillet Weld Design

End face = 1.4 times calculated hoop
thickness of sleeve (max.), if required

‘\ Chamfer/taper = 45 deg min. (approx.)

|
Pressurized hot tapping tee Effective weld throat = 0.7t to 1.0t
Gap reinforcing sleeve /
Pipe wall thickness = t \

\

Fillet weld leg = 1.0t + gap to 1.4t + gap
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Fig. I-5 Acceptable Design for Unequal Wall Thickness

' 7 T
t 7 ! 7
+ r/ * * /f p tp= 1.5t
- L A, ¥
3/22 in.(2.38 mm) max 30 deg, max. 0.5t, max
(a) 14 deg, min. (1:4) . [ b 2=
: (b) [Note (1)]
T
T + T
tp t
¥ tn
30 deg, max. 0.5¢, max. l
Q + 30 deg, max. £
(c) 30,deg, max.
(d) 14, deg, min. (1:4)
[Note (1)]
Internal Offset, 1
30 deg, max.
14 deg, min. (1:4)
[Note (1)]
30 deg, max i ’__L._,
L . 30 deg, max.
§ =T r \
t ! to
(e) )
External Offset
30 deg, max.
14 deg, min. (1:4)
i [Note (1)]
30 deg, max. 0.5t, max. ‘

tp

l

30 deg, max.
14 deg, min. (1:4)

[Note (1)]

)

(g) Combination Offset

NOTE:

(1) No minimum when materials joined have equal specified minimum vyield strengths.
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Fig. -6 Recommended Attachment Details of Flanges

Y |

in.,(12.7 mm)max.

ess
h T

—
=

(a) Lap Joint Flange

N\

7\ a2

6in.(1.59 mm
C, min.=1Vy t, but not less than 5}‘32 in. (3.97 mm)

(e} Sucket Welding Only

Size of weld
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0.707¢
(or t if preferred)

thickness

(b) Butt Welding Flangé

(d) Face and Back Weld

— 1.41

i DO

(f) Socket Welding Flange

Theoretical throat

Theoretical throat

(g) Convex Fillet Weld
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Da—

Size of weld

(h) Concave Fillet Weld
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Table I-1 Lightweight Flanges

bt E 2=
| | L ¥
L

gzZ e =%"¥

| p )
Inside Outside Drilling Template
Nominal Outside Diameter, Length Diameter Number Diameter Diameter Applrox. Weight
Pip¢ Diameter, Thickness, B of Hub, of Hub, of and Length of Bolt Each,
Size) A T [Note (1)] L E Bolts of Bolts Circle b
6 11 %6 6.72 1%, 7% 8 Y %2 9% 13
8 13 %16 8.72 1% 9% 8 Yo X2/, 11%, 18
10 16 e 10.88 1, 12 12 KX 2% 147, 26
12 19 Wi 12.88 1% 14% 12 e X 25 17 42
14 21 Y/ 14.14 1Y, 15%, 12 1% 2%, 18%, 44
16 23Y, A 16.16 1Y, 18 16 1 x 2%, 21Y, 58
18 25 VA 18.18 1Y, 197 16 1% x 3 22%, 59
20 27Y, A 20.20 1Y, 22 20 1% x 3 25 69
22 29Y, 1 22.22 1%, 24Y, 20 1Y, x 3Y, 27Y, 76
24 32 1 24.25 1%, 26%% 20 1Y, x 3Y, 29Y, 113
26, 34Y, 1 26.25 1%, 28Y, 24 1Y, x 3Y% 31%, 126
28 36 1 28.25 1%, 30 28 1Y, x 3Y, 34 139
30 38%, 1 30.25 1%, 32Y, 28 1Y, x 3Y, 36 152
32 41%, 1Y 32.25 1%, 34%, 28 1Y% x 4 38Y, 206
34 43%, 1Y% 34.25 1, 36%, 32 1Y%, % 4 40Y, 217
36 46 1Y% 1%, 38%, 32 1Y% x 4 42%, 234
38 48%, 1% 1%, 40%, 32 1Y, % 4 45Y, 264
40 50, 1Y 1%, 43 36 1Y% x 4 47Y, 280
42 53 1Y, 1%, 45 36 1Y, x 4Y, 49Y, 328
44 55Y, 1Y, 2Y, 47 40 1Y, x 4Y, 51%, 349
46 57Y, 1Yy, 2Y, 49 40 1Y, x 4Y, 53%, 363
48 59Y, 12/ 2%, 51 44 1Y, x 4Y, 56 426
50 61%, 14 2Y 53 44 1%, x 4%, 58", 451
52 64 1% .. 2Y, 55 44 1%, x 4%, 60Y 477
54 66Y, 1% . 2Y 57 44 1%, x 4%, 62, 504
60 73 1Y, A 63 52 1%, x 5 69Y, 643
66 80 1Y, 2%, 69 52 1%, x 5 76 754
72 86Y 1Y, .. 2%, 75 60 1%, x 5 82Y, 846
GENERALNOTES:

(@) Lightweight flanges are flat-faced and designed for use with full-face gasket or asbestos sheet gasket extending to the bolt holes.
(b) Maximum pressure for lightweight flanges is 25 psi; drilling is the same as Class 125 standard.

(c) This table encompasses forged and rolled steel; for further information, refer to ASTM A105.

(d) All dimensions in the table are in inches, unless otherwise noted.

NOTE:

(1) For nominal pipe sizes 36 through 72, the inside diameter, B, shall be as specified by the purchaser.
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Table I-1M Lightweight Flanges (Metric Dimensions)
[ P |
- E _—
| | 4 Y
QzZ/1 : > &
< : gy
Inside Outside Drilling Template
Nominal Ottside Diameter; tensth Diameter Number Diameter Biameter—Approx—\Veight
Pipe Diameter,  Thickness, B of Hub, of Hub, of and Length of Bolt Each,
Size A T [Note (1)] L E Bolts of Bolts Circle kg
DN 150 279.4 14.29 170.69 31.75 192.09 8 19.05 x 57.15 241.3 5{9
DN 200 342.9 14.29 221.49 31.75 246.06 8 19.05 x 57.15 2985 8J2
DN 250 406.4 17.46 276.35 31.75 304.80 12 22.23 X 63.50 362.0 11]8
DN 300 482.6 17.46 327.15 31.75 365.13 12 22.23 X 63.50 43178 191
DN 350 533.4 19.05 359.16 31.75 400.05 12 25.40 X 69.85 476.3 2040
DN 400 596.9 19.05 410.46 31.75 457.20 16 25.40 X 69.85 539.8 2613
DN 450 635.0 19.05 461.77 31.75 504.83 16 28.58 X 7620 577.9 268
DN 500 698.5 19.05 513.08 31.75 558.80 20 28.58 X*76.20 635.0 313
DN 550 749.3 25.40 564.39 44.45 615.95 20 3475 X 88.90 692.2 34{5
DN 600 812.8 25.40 615.95 44.45 663.58 20 8175 X 88.90 749.3 51{3
DN 650 870.0 25.40 666.75 44.45 723.90 24 31.75 X 88.90 806.5 5712
DN 700 927.1 25.40 717.55 44.45 774.70 28 31.75 X 88.90 863.6 630
DN 750 984.3 25.40 768.35 44.45 825.50 28 31.75 X 88.90 914.4 689
DN 800 1 060.5 28.58 819.15 44.45 882.65 28 38.10 x 101.60 977.9 934
DN 850 1111.3 28.58 869.95 44.45 933.45 32 38.10 x 101.60 1028.7 984
DN 900 1168.4 28.58 44.45 984.25 32 38.10 X 101.60 1085.9 106]1
DN 950 1238.3 28.58 44.45 1-035.05 32 38.10 x 101.60 1149.4 119)7
DN 1000 1289.1 28.58 44.45 1092.20 36 38.10 X 101.60 1200.2 12710
DN 1050 1346.2 31.75 44345 1 143.00 36 38.10 x 107.95 1257.3 1488
DN 1100 1403.4 31.75 57.15 1193.80 40 38.10 X 107.95 1314.5 1583
DN 1150 1454.2 31.75 57.15 1 244.60 40 38.10 x 107.95 1365.3 1647
DN 1200 1511.3 34.93 63.50 1295.40 44 38.10 x 114.30 1422.4 193)2
DN 1250 1568.5 34.93 63.50 1 346.20 44 44.45 X 120.65 1479.6 20416
DN 1300 1625.6 34.93 63.50 1397.00 44 44.45 X 120.65 1536.7 216|4
DN 1350 1682.8 34.93 63.50 1 447.80 44 44.45 X 120.65 1593.9 228|6
DN 1500 1854.2 3840 69.85 1 600.20 52 44.45 x 127.00 1759.0 291{7
DN 1650 2 032.0 38.10 69.85 1752.60 52 44.45 x 127.00 1930.4 342)0
DN 1800 2197.1 38.10 69.85 1 905.00 60 44.45 x 127.00 2 095.5 3837
GENERAL NPTES:
(@) Lightwdight flanges are flat-faced and designed for use with full-face gasket or asbestos sheet gasket extending to the bolt holes
(b) Maximym. préssure for lightweight flanges is 172 kPa; drilling is the same as Class 125 standard.
() This talple €éncompasses forged and rolled steel; for further information, refer to ASTM A105.

(d) All dimensions in the table are in mm, unless otherwise noted.

NOTE:

(1) For nominal pipe sizes DN 900 through DN 1800, the inside diameter, B, shall be as specified by the purchaser.
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NONMANDATORY APPENDIX )

COMMONLY USED CONVERSION FACTORS'

Table J-1 Commonly Used Conversion Factors

Quantity Conversion Factor
Plane angle deg to rad 1.745 329E-02
Length in.tom 2.54E-02 [Note”(1)]
fttom 3.048E~01 [Note (1)]
mile to m 1.609-344E+03 [Note (1)]
Area in.2 to m? 6.451 600E-04 [Note (1)]
ft* to m? 9.290 304E-02 [Note (1)]
Volume ft> to m> 2.831 685E-02
U.S. gal to m? 3.785 412E-03
in2tom? 1.638 706E-05
oz (fluid, U.S.) to m? 2.957 353E-05
liter to m> 1.000 000E-03
Velocity ft/min to m/s 5.08E-03 [Note (1)]
ft/sec to m/s 3.048E-01 [Note (1)]
km/h te.m})s 2.777 778E-01
mi/hrito m/s 4.470 4E-01 [Note (1)]
mi/bpto km/h 1.609 344E+00 [Note (1)]
Mass 0z (avoir) to kg 2.834 952E-02

Acceleration

b (avoir) to kg
slug to kg

ft/sec? to m/s?

std. grav. to m/s?

4.535 924E-01
1.459 390E+01

3.048E-01 [Note (1)]
9.806 65E+00 [Note (1)]

Force kgf to N 9.806 65E+00 [Note (1)]
Ibf to N 4.448 222E+00
poundal to N 1.382 550E-01

Bending, torque kgf-m to N-m 9.806 65E+00 [Note (1)]
Ibf-in. to N-m 1.129 848E-01
Ibf-ft to N-m 1.355 818E+00

Fressure [NOte (1] PSTTO Dar 0.074 75/E=UZ
Pa to bar 1.000E-05
kPa to bar 1.000E-02

! Extracted partially from ASME SI-1.
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Table J-1 Commonly Used Conversion Factors (Cont’d)

Quantity Conversion Factor
Stress [Note (1)] psi to MPa 6.894 757E-03
kips/in.2 to MPa 6.894 757E+00
N/mm? to MPa 1.000E+00
Energy, work Btu (IT) to ) 1.055 056E+03
Calorie (IT) to ) 4.186 8E+00 [Note (1)]
|bf-ft to ) 1.355 818E+00
Power hp (550 ft |bf/sec) to W 7.456 999E+02
Temperature [Note (1)] °Cto K ty = tc+ 273.15
°F to K t¢ = (tr + 459.67)/1.8
°F to °C tc = (t- - 32)/1.8
Temperature °C to K 1.0E+00 [Note (1)]
interval °F to K or °C 5.555 556E-01

GENERAL NOTES:

(@) For other commonly used conversion factors, refer to IEEE/ASTM SI 10.

(b) The factors are written as a number greater than one and less than 10 with(Six*or less decimal
places. The number is followed by the letter E (for exponent), a plus or fpinus symbol, and two dig-
its that indicate the power of 10 by which the number must be multiplied to obtain the correct
value. For example,

1.745 329E-02 is 1.745 329 X 1072 or 0:017 453 29

NOTE:

(1) Relationships are exact in terms of the base units.
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