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PREFACE

As part of a program of harmonization of industry standards, the Compressed Gas Association (CGA) has issued
CGA P-56, Cryogenic Vaporization System—Prevention of Brittle Fracture of Equipment and Piping, jointly pro-
duced by members of the International Harmonization Council and originally published by the European Industrial
Gases Association (EIGA) as EIGA Doc 133, Cryogenic Vaporisation Systems — Prevention of Brittle Fracture of
Equipment and Piping.

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 In-
dustrial Gases Association (EIGA), and Japan Industrial and Medical Gases Association (JIMGA). Each associ-
ation’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 and 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 guarantee of the results and
assume no liability or responsibility in connection with the information or suggestions herein 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 may 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 with such review, any such comments or
suggestions will be fully reviewed by the Association after giving the party, upon request, a reasonable oppor-
tunity to be heard. Proposed changes may be submitted via the Internet at our web site, www.cganet.com.

This document should not be confused with federal, state, provincial, or municipal specifications or regulations;
insurance requirements; or national safety codes. While the Association recommends reference to or use of this
document by government agencies and others, this document is purely voluntary and not binding.

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

Work Item 18-029
Atmospheric Gases and Equipment Committee

NOTE—Technical changes from the previous edition are underlined.

THIRD EDITION: 2022
SECOND EDITION: 2014
FIRST EDITION: 2006
© — Reproduced with permission from, the European Industrial Gases Association. All rights reserved.



CGA P-56—2022 COMPRESSED GAS ASSOCIATION, INC. PAGE iii

Contents Page
S 11 e To [8 e 1o o FO USRI 1
DS Yoo o T TR= 1 0 To I 010 o o 1 1
3 DEFINILIONS. ... bbbt e e et e e e e e e b e e e ee s 2
O Y/ o T= R0 IRV = o o] 4 =Y U UERR 4
4.1 High thermal ballast VapOIIZErS ...........c.uuii it e e 4
4.2  Low thermal ballast VAPOIZEIS ........cc..uiiiiiiie et e e e e e e e e e s s et ae e e e e e e e nnnnnes 5
5 Causes and consequences Of oW teMPErature ............oooiii oo e e e eeee s 5
5.1 Causes of low temperature. ... 5
5.2  Consequences Of oW teMPErature...........c..oii i e e e e e e e e e neeas 6
(SR D=t To | o o] el (o 1Y) o] o 1V AT SEP PR PSR RPPRI 7
6.1 1] =TT 1 A T= 1 1= /SR 7
6.2 RISK @SSESSMENT ...coiiiiiiietei et e e e e st e e e e e e e e e e bbb e e e e e e e e e bbb e ee e e e e nnrneeeeas 8
6.3  Reliability Of CUSTOMET SUPPIY ..ccoeiieiee e e e e e e e s st ar e e e e e s nnnraeeeeas 9
A 2 %=1 a1 (LT Tl g F= 4= 1o LSS 9
71 Pressure VOIUME ENEIGY.........uuiiiiiiii ettt e e ettt e e e e e e st e e e e e e e s sansbb et e e e e e e s sannnbeeeaeeeann 10
A - .- 1 (o o) 11 o S UURR 10
7.3  Likelihood of oW t€MPErature........cccccoeeeeeieeeeeeeeeeeeeeeeeeee e 10
A S © o= =g T I o= 11 =Y o o VSRR 10
8 SAfE dESIGN CIILEIIA. .. .eutii ittt h e et ettt eb e sa bt e bt e et e ear e et e e nnnee e 11
8.1 Vaporizer outlet MatErialS...........uuuiiiiii it e e e s s r e e e e s e naaaraeeaeeeaan 11
8.2  Natural draft ambient air-heated VapOIZErS ..........coouiiii e 12
8.3  Independent layers Of ProteCHON .........coceiiiiiiee e e e 12
8.4  Shutoff dEVICES ANA VAIVES ..ottt e et e et e e e e nnaeeaeneeeeenes 13
8.5  THIOMING VAIVES ...t e e e e e s et e e e e e s s sa s bb e e e e e e e nnnaneeeeeeeans 13
8.6  Temperature SENSING AEVICES .......ccoiiiiiiiiiie e e e e s ree e e s ereeeeaes 13
8.7  Vaporization system flOW CAPaCItY..........ccccuuiiiiiiiiiiiiiiii e e e 14
8.8  Low thermal ballast VaPOFIZErS ........ccoo i e e e e e e 14
8.9  Buffer vessels and I0CatION............ii i 14
8.10 Different vaporizers in PArallel.............ooo it e et e e e e e e e e neeaeeanes 16
9 Considerations for low temperature proteCtion................ooviiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e eeeeeees 16
9.1 Uninterruptible SUPPIY SYSTEM ... e e 16
9.2  Interruptible SUPPIY reqQUIFEMENTS .......coiiiiiiiiiee e a e e s s reeeeeeeas 18
S T | =L 2 I e SRR 19
KOS T 01T o L= OSSR SRRR 19
10.1  General considerations for low temperature protection Systems.........cccccoevcviiiiiiee e 19
10.2  RESPONSE 10 @lAIMS. ..ottt e e e e ettt et e e e e e s bbb bt e e e e e e s aaabbbeeeeeeeannnnes 19
10.3 Recommended solutions for specific SIUALIONS...........coiiiiiiiiii e 20
1 T o T -1 T o SRR 24
1 P B O T E-1W g g o] 1o o W g g o) 11 (o] 1 o RO RRRN 24
2 Y = 1o TOE= 1 e 1= o ) o SRS 25
12 Periodic inspection, calibration, and te€StiNG ...........oooiiiii e 25
12 B =Ty To T TR g = o T=Y o) o PSRRI 25

12.2  Periodic calibration @and teStiNgG..........coocuriiiiiiii e 26



PAGE iv COMPRESSED GAS ASSOCIATION, INC. CGA P-56—2022

13 Training for gas COMPANY PEISONNEL ........cc i it e e et e e e et e e e s eee e e e aneeeeeaaneeeeeanaeeeeaanseeeaanns 26
T4 CUSIOMET QWAIENESS ... ..eeieeiiiiieeeiieieeeettee e e aeee e e eeeeeeaseeeeeaeaeaeaantaeaeaasseeeeasseeesanseeeesansaneesanteeeaanseeeeansenananes 27
1 B OTT - (o0 =Y =T =T 0 =Y o PO URERR 27
14.2  Customer training and iNfOrMatioN ............coiiiiiiiii e s 27
T5  REFEBIEICES ...ttt oot oo a et e oo bt e e s b bt et ae b e e e et e e e e e nnr e e e enreeeeaae 28
Tables
Table 1—Causes Of [OW tEMPEIATUIE............uuiiiiiiei s 5
Table 2—Pressure volume energy ClassifiCation ... 10
Table 3—FIluid hazard ClassSifiCation ..............ooiiiiii e 11
Table 4—Classification of likelihood of low temperature OCCUITENCEe...........ooiuiiiiiiiiieiie e 11
Table 5—Classification Of SEIVICE tYPE ...coiiii i a e e s e e e e e e e nnaeaeeeas 11
Table 6—Recommended LTPS selection: PV severity levels PO, P1, P2, and P3..........cccccoooiiiiieee e, 21
Figures
Figure 1—Relationship between impact energy and temperature for carbon and austenitic stainless steels .....6
Figure 2—Buffer installation for CONtINUOUS SEIVICE .......ccciiiiiiiiiiiiic e e e e e e 14
Figure 3—Other buffer installation possible for continUOUS SErVICE ..........c.cciiiiiiiiiiiic e 15
Figure 4—Buffer installation preferred for back-Up SEIVICE ..........cciii i 15

Figure 5—Other buffer installation possible for back-Up SErviCe...........ccovi i 16



CGA P-56—2022 COMPRESSED GAS ASSOCIATION, INC. PAGE 1

1 Introduction

Cryogenic (or cold) fluids can be inadvertently admitted to process piping and equipment due to the malfunction-
ing of cryogenic liquid vaporization systems, which can result in catastrophic failure due to brittle fracture. When
certain metals, typically carbon steels, become cold they undergo changes in their structure, which makes them
less ductile, i.e., they become brittle. Other metals such as stainless steels, aluminum, brass, and copper do not
exhibit this ductile/brittle transition and remain ductile at low temperatures. This publication has been written to
identify the hazards associated with cryogenic liquid vaporization systems and to recommend the safeguards to
be taken.

2 Scope and purpose

This publication applies to cryogenic liquid supply systems, located either on a customer site or a production site,
where cryogenic liquid is vaporized and is then supplied either as the primary or secondary source of gaseous
product. This publication is limited to the prevention of brittle fracture in piping and associated equipment installed
downstream of the vaporization system.

The secondary source of supply can be a back-up supply to a production plant when the production plant trips
or is shut down, a supplementary supply to meet customer demand where it exceeds the capacity of the produc-
tion plant (peak shaving), or as a back-up supply at a customer site (for example, a healthcare facility).

The safequard principles presented in this publication apply to any process fluid supply system where the tem-
perature of the cryogenic liquid source is less than the minimum temperature rating of the piping and/or associ-
ated equipment downstream of the vaporizer.

Examples include:

e nitrogen;
e oxygen;

e argon;

e helium;

e hydrogen;

e natural gas;

e carbon monoxide;

¢ methane; and

o ethylene.

Carbon dioxide and nitrous oxide are excluded from the scope of this publication; however, the principles of this
publication may be applied.

The supply systems work by vaporizing cryogenic liquid, typically in response to decreasing pipeline pressure.

Supply systems are made up of the following:
e liquid supply from either a low pressure tank and pump arrangement or directly from a high pressure tank;

e vaporization system that could be a natural draft ambient air-heated type or one that uses an external energy
source for example, steam, hot water, electricity, direct fired,;

e interconnecting liguid and outlet gas piping, valves, and fittings up to the battery limit; and

e low temperature protection system (LTPS) as detailed in this publication.
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Although this publication does not cover the following situations, the techniques listed may be considered for cold
embrittlement prevention:

e Air separation and other cryogenic processes with columns, separators, or tanks in which a gas stream from
a sump is normally supplied through downstream heat exchange equipment, or liquefaction units where a
cryogenic fluid can exit through warm-end process piping during a shutdown or upset scenario. Cryogenic
processes are assumed to have their own LTPS;

e Piping systems within which a fluid is expanded across a valve or restriction with the resultant temperature
being less than the ductile-to-brittle-transition-temperature (DBTT) for the piping system; and

o Vessels that are depressurized rapidly: as work is done in a vessel by a gas expanding as it is discharged
out of the valve, the temperature inside the vessel and the vessel wall can be lowered.

This publication recommends safe practice for the design of new cryogenic vaporizer systems. For existing sys-
tems, a risk assessment shall be undertaken to establish if any modifications are required. The principles devel-
oped in this publication can be used for this purpose.

3 Definitions
For the purpose of this publication, the following definitions apply.
3.1 Publication terminology

311 Shall
Indicates that the procedure is mandatory. It is used wherever the criterion for conformance to specific recom-
mendations allows no deviation.

3.1.2 Should
Indicates that a procedure is recommended.

313 May
Indicates that the procedure is optional.

314 Will
Is used only to indicate the future, not a degree of requirement.

3.1.5 Can
Indicates a possibility or ability.

3.2 Technical definitions
3.21 Battery limit

Physical point where the rights and responsibilities of custody of the gaseous product transfers from the supplier
to the customer.

3.2.2 Brittle fracture
Failure caused by a crack that propagates rapidly through the material. A brittle material has little resistance to
failure once the elastic limit has been reached.

NOTE-Pressurized equipment subject to such a failure leads to a sudden and violent energy release, the projection of frag-
ments, and the release of a fluid that can be oxidizing, flammable, toxic, etc.

3.2.3 Ductile
Property of a metal that allows it to elongate, with a rapid increase in local stresses, prior to failing.

3.24 End use point
Physical location where gaseous product is consumed by the customer.




