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PREFACE

As part of a program of harmonization of industry standards, the Compressed Gas Association (CGA) has issued
CGA G-4.4, Oxygen Pipeline and Piping Systems, jointly produced by members of the International Harmonization
Council and originally published by the European Industrial Gases Association (EIGA) as EIGA Doc 13, Oxygen
Pipeline and Piping Systems.

This publication is intended as an international harmonized standard for the worldwide use and application of all
members of the Asia Industrial Gases Association (AIGA), Compressed Gas Association (CGA), European
Industrial Gases Association (EIGA), and Japan Industrial and Medical Gases Association (JIMGA). Each
association’s technical content is identical, except for regional regulatory requirements and minor changes in
formatting and spelling.

PLEASE NOTE:

The information contained in this document was obtained from sources believed to be reliable ~r.4 is based on
technical information and experience currently available from members of the Compressed Gas Association, Inc.
and others. However, the Association or its members, jointly or severally, make no gua ar’ee of the results and
assume no liability or responsibility in connection with the information or suggestions here. > contained. Moreover,
it should not be assumed that every acceptable commodity grade, test or safety procedure or method, precaution,
equipment, or device is contained within, or that abnormal or unusual circumstances \xay not warrant or suggest
further requirements or additional procedure.

This document is subject to periodic review, and users are cautioned to obtain the latest edition. The Association
invites comments and suggestions for consideration. In connection ‘wit: such review, any such comments or
suggestions will be fully reviewed by the Association after giving the pa. v, 1.pon request, a reasonable opportunity
to be heard. Proposed changes may be submitted via the Interne’ at our web site, www.cganet.com.

This document should not be confused with federal, state. provinc.al, or municipal specifications or regulations;
insurance requirements; or national safety codes. While. ‘ne .\ssociation recommends reference to or use of this
document by government agencies and others, this docur.ant is purely voluntary and not binding unless adopted
by reference in regulations.

A listing of all publications, audiovisual prograr-s, safety and technical bulletins, and safety posters is available via
the Internet at our website at www.cganet.com. tar more information contact CGA at Phone: 703-788-2700, ext.
799. E-mail: customerservice@cganef com.

Work Item 16-039
Atmospheric Gases and Equipment Committee

NOTE—Technical changes from the previous edition are underlined.
NOTE—Appendices A and Z./Normative) are a requirement.

NOTE—Appendices C, 2\ E, and F (Informative) are for information only.

SIXTH EDITION: 2020
FIFTH EDITION: 2012
FOURTH EDITION: 2003
© Reproduced with permission from, the European Industrial Gases Association. All rights reserved.


https://www.stdhive.com/standards/cga-g-44-pdf/

CGA G-4.4—2020 COMPRESSED GAS ASSOCIATION, INC. PAGE iii

Contents Page
S I 101 oo [8 o3 o o P PPN 1
B Tt e T o 1= IR Vg To I o o T T S 1
B =Y gy o T U ST 2
4 DeSign PhIlOSOPNY ..o et e e e e e e et e e e e e e e e ee e e e 4
3 B C T o 1= T = | o 1 (= - T PRSPPI 4
4.2  Materials compatibility fOr OXYgen SEIVICE ........cccuiiiiiiiiiiiiii e s 6
4.3 Selection Of MELAIS ..o 7
4.4  Velocity and gas pressure CrEIa ........ocuuveiieiee e s 10
4.5  Selection of NONMELAL ... .....oooiiii e aes e 12
4.6  Piping and pipeling SYSIEMS ........coiiiiiiiiie e s eeea e 14
4.7 Siting, remote operation, use Of DAITIErS ........cccooiiiiiiiiii e R, AN 15
5 Piping, valves, and eqQUIPMENT ........o e e e ebere e e e e e eeeas 16
5.1 General Criteria.......coooiiiiiiiiiie e T e e 16
5.2 Piping and fithiNgsS ....cooueeieiee e W T 16
5.3 VIVES ..o tees e e e naabe e e e e e e e e 19
5.4 EQUIPMENT ..o (. 22
ST T I W o] ¢ o= 31 £ PSPPSR 27
6 Cleaning, manufacturing, and inspection ............cccccccvviieeeeeenicnnieennn. gy <<+ vreeeeeee e e e et e s re e ereees 28
6.1 GeNneral FEQUIFEMENES ... ..eiii ettt e eiee e e o e tteeas eeeeeanteeeeaanteeeesneeeeeansaeeesnneeeeanneeas 28
6.2  Specification and manufacture of pipeline material........... ...l oo 30
6.3 Precleaned PiPinNg........oo it ee s e e e e e et e e e e r e e e e e s abbe e e e e e e e aannne 31
6.4  Postinstallation Cle@ning ...........ooo i et e e 33
6.5  INSPECHON oo 34
B.6  RECOIUS ..ottt ettt e e+ e e et e e e e e e b e e et e e e e e anne et e e e e e e aannnee 35
A © o T3 (¥ T o o T SRS 35
A I =TT | I ey (T = T e O O PP OT PP PUPPUPPPPN 35
472 7] o 11 14 0o (1] o I o] =1 o T SRR 35
7.3  Pipe fabrication and welding....... .. o netteee e e ainteteeeeeeeaa——eeeeeeeeeeaar—eeeeeeeeaea e eeeeeeeeeaaarraeeeesaaaan 36
7.4 Assembly and installation ... ... 36
7.5  Inspection and eXamination. ... ....ciiioiiiiee e e e a e e e s raaeeas 38
7.6 NONAESIrUCHIVE tESTING ... i e e e e s e e s e e e e e eane 39
8 A & Lo Yo 04 1 =T o ¢= o o HO PR UURPPPP 39
8 Design and construction «f control StatioNS..........cooiiiii i 40
8.1 U Ter 1] O PO ST PP PPPPRP 40
S I T T [ T o 4T USSR 40
8.3  Standards and LRSIgN COUES ........uuuiiiiieiiiiiiiiiee e e e et e e e e e e s b e e e e e s s snbbb et eeeeeesanneeeeeeas 42
B Y =1 (=T £ PP PPPP PP 43
e I = = L (=T R o T o (=TT o 1 SO OO PP PU PP PPUPPPP 43
S G I o Tor= N T o BT PPPP PP 44
AN =+ Ty (1o e e {010 To [ s To [PPSR 45
13 R S = o] o= i o] o FO TP PUP PP PPPPP 46
R [0 =1 1= i oo EO O UU PP PU PP UPPPPO 46
12 I VR ] 1 T TP PUP SO PPTPPPRP 46
o R I O .40 4111 (o] 11 o [ PSRRI 46
G 2 © o =Y - o o T USSR 47


https://www.stdhive.com/standards/cga-g-44-pdf/

PAGE iv COMPRESSED GAS ASSOCIATION, INC. CGA G-4.4—2020

9  Operation, monitoring, and MAINTENANCE .........ccc.uuiiiiieee et e e e e e e e e s arr e e e e e esnnaeeeeeas 48
9.1 General safety INSIIUCHION ... e e e e e s s s e e e e e e e nneeeeeeas 48
9.2  Commissioning pipelines, piping, and StationNS...........ooo i 50
(SRS N @ oT=T = 1110] o 1= 1o o I 43T ] a1 (o] [ o [PPSR 51
9.4  Information to third parties, summary of work, records, and update of pipeline drawings............... 51
0.5 SPECIALIZEA SUIMNVEYS ... ..eeiiiiiiie ettt e e et e e e e e e sttt e e e e e e s s bbbt e eeeaeessannbbreeeeeeeannnnrneeeas 52
9.6 Damage to the PIPEliNg SYSIEIM .......ooi i 52
10 General ProtECIVE MEASUIES .....cc..eiiie ettt et e e ettt e e e sttt e e e et e e e e antee e e s nteeeeasteeeeansaeeeanneeaeeannseaens 52
O T B =1 4 T=T o 1= Ty VA =T oo E-T= 1 o] = o SRR 52
10.2 Power supplies and lightning StrKES .........coooiiiiiiiii e 54
LK = SRR 54
10.4 Oxygen deprivation hazards and PreCautions ............cocuveiiiiiiieirieenee e e 55
(ORI [ TerTo (=T a1 fR= TaTe l'o F=T g aF= To [= 0 =T oo o RS <5
10.6 Safety ManagemeENnt SYSIEM .....coooiiiiiiiiii e e e e e e e e e s b e e e easaeen 55
T REFEIEINCES ...ttt et e e st e e s ea et e e s bt et e s sn e e e e enenees Dareeenennneeens 57
12 AddItIONal FEfEIENCES. ... ..o et e ettt ettt e e et e e e eeeeeanneeeeaanneeeeas 61
Figures
Figure 1—0OXygen fire trangle ........ccc.oiiiiiiiieie e e s ettt 4
Figure 2—Impingement VEIOCILY CUIMNVE .........ciiiiiiiiiiiiiiie e eeciteeee e e e e e e es D tiies L eeesansreeeeeeeesnnneaeeeeeeeenan 11
Figure 3—Nonimpingement VEIOCItY CUIVE ..........c.oiiiiiiiiii e e 12
Figure 4—Bypass iNStallation.............ooiiiiiiiie e e e e e e e e e e reaaeeeaan 17
Appendices
Appendix A—Table of nominal alloy compositions and ranges (NOrmttiVe ) ... 66
Appendix B—Table of exemption pressures and minimum thici nescaes (Normative)..........ccoooeceeiiieecieen, 67
Appendix C—Description of promoted ignition combustion te=t mcthod (Informative) ........ccccoeviiiiieniiinis 68
Appendix D—Potential ignition mechanisms (Informative) .. ... e 70
Appendix E—Table of minimum safety distances (without bai.:crs) for oxygen control and isolating/metering
Stations (INFOrMAtIVE) ... ... e et e e e emaee e e nneee s 72

Appendix F—Example of preventive maintenance nrcgrar (Informative)...........veoiiiiiie s 73


https://www.stdhive.com/standards/cga-g-44-pdf/

CGA G-4.4—2020 COMPRESSED GAS ASSOCIATION, INC. PAGE 1

1 Introduction

This publication has been prepared by a group of specialists in oxygen piping and pipeline systems, representing
major oxygen producers in various countries of Europe and North America and is based on technical information
and experience currently available to the authors.

Oxygen pipeline systems developed over many decades in the various countries of Europe, North America, and
in other geographies have shown good and comparable safety records, although company practices show many
differences in design and operations. Some national authorities have also introduced legislation that is
mandatory for the operators in those countries.

The design and installation requirements and recommendations included in this publication app! oi.'v_to
installations begun after the publication date and not to existing installations. However, the information co: *ainod
in this publication may benefit existing installations or those in the project phase. Furthermore, to the e, fen. that
they exist, national laws supersede the suggested practices listed in this publication. It should st L= as sumed
that every local standard, test, safety procedure, or method is contained in these recommencations or that
abnormal or unusual circumstances may not warrant additional requirements or procedures

2 Scope and purpose

The scope of this publication is for metal oxygen pipelines, distribution pipirg =, aten.>; and gaseous oxygen
piping on an air separation plant external to the coldbox. The scope is lim.'2d t) gaseous oxygen with a
temperature range between —22 °F and 400 °F (—30 °C and 200 °C), pressures uj 10 3000 psi (21 MPa), and a
dew point of —22 °F (—30 °C) or less depending on local conditions." 2 Ai.nou gh it is possible to safely use oxygen
at higher temperatures and/or pressures, such applications are beyond . 2 scope of this publication. In these
cases, additional materials testing and/or a risk _assessment, as appropriate to the application, shall be
undertaken.

This publication does not apply to the following processes:
e oxygen cylinder filling plants;

e medical oxygen piping installations;

e coldbox internal piping;

e OXxygen compressor units;

¢ liquid oxygen vaporizers;

e bulk oxygen facilities (liquid orliich pressure gas) at the customer’s site up to the point where gas enters
the distribution systems;.cr

e piping on specializecd ey tipr.ient and machines such as scarfing, jet piercing, etc.

The use of nonmetal piping . ~r oxygen-enriched gases in production plants, transmission systems, or distribution
systems is outsid: tho scope of this publication and requires a specific risk assessment and precautions.

The purpose of (his publication is to further the understanding of those engaged in the safe design, operation,
and maintt nance of gaseous oxygen transmission and distribution systems. It is not intended to be a mandatory
stardaid or code.

Sui e 01 the practices represent conservative compromises and not all situations are described. The designer
= cautoned that this publication is not a complete design handbook and does not do away with the need for

' kPa shall indicate gauge pressure unless otherwise noted as (kPa, abs) for absolute pressure or (kPa, differential) for differential
pressure. All kPa values are rounded off per CGA P-11, Guideline for Metric Practice in the Compressed Gas Industry [1].

2 References are shown by bracketed numbers and are listed in order of appearance in the reference section.
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