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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 Associaticn
invites comments and suggestions for consideration. In connection with such review, any such comn ents or
suggestions will be fully reviewed by the Association after giving the party, upon request, a reasonax 'e ¢ oor-
tunity to be heard. Proposed changes may be submitted via the Internet at our web site, www.cganet co. ~.

This document should not be confused with federal, state, provincial, or municipal specificatio, < or ~eguiations;
insurance requirements; or national safety codes. While the Association recommends reference 1. or use of this
document by government agencies and others, this document is purely voluntary and not bir1ing uniess adopted
by reference in regulations.

A listing of all publications, audiovisual programs, safety and technical bulletins, and' sat ty pr.sters is available
via the Internet at our website at www.cganet.com. For more information contact-C5A ~* Phone: 703-788-2700,
ext. 799. E-mail: customerservice@cganet.com.

Work Item 23-036
Hydrogen Technology Committee

NOTE—Technical changes from the previous edition are underlined

NOTE—Appendices A and B (Informative) are for information «nly.
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© 2024 The Compressed Gas Association, Inc. All rights reserved.
R materials contained in this work are protected by United States and international copyright laws. No part of this work may be
reproduced or transmitted in any form or by any means, electronic or mechanical including photocopying, recording, or any information
storage and retrieval system without permission in writing from The Compressed Gas Association, Inc. All requests for permission to
reproduce material from this work should be directed to The Compressed Gas Association, Inc., 8484 Westpark Drive, Suite 220,
McLean, VA 22102. You may not alter or remove any trademark, copyright or other notice from this work.
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AMERICAN NATIONAL STANDARD

Approval of an American National Standard requires verification by ANSI that the requirements for due process,
consensus, and other criteria for approval have been met by the standards developer.

Consensus is established when, in the judgment of the ANSI Board of Standards Review, substantial agreement
has been reached by directly and materially affected interests. Substantial agreement means much more than a
simple majority, but not necessarily unanimity. Consensus requires that all views and objections be considered,
and that a concerted effort be made toward their resolution.

The use of American National Standards is completely voluntary; their existence does not in any respect precluc'
anyone, whether he has approved the standards or not, from manufacturing, marketing, purchasing, ¢r using
products, processes, or procedures not conforming to the standards.

The American National Standards Institute does not develop standards and will in no circumstance. give an
interpretation of any American National Standard. Moreover, no person shall have the right or itherity to issue
an interpretation of an American National Standard in the name of the American National StandJards Institute.
Requests for interpretations should be addressed to the secretariat or sponsor whose name appears on the title
page of this standard.

CAUTION NOTICE: The American National Standard may be revised or withdrawn ¢t any time . The procedures
of the American National Standards Institute require that action be taken to p=riclical, ~eaffirm, revise, or with-
draw this standard. Purchasers of American National Standards may receive cu. ‘ent formation on all standards
by calling or writing the American National Standards Institute, 11 West 42nd Stre ', New York, NY 10036.

Approved as an American National Standard on June 12, 2024.


https://www.stdhive.com/standards/cga-h-3-pdf/

PAGE iv COMPRESSED GAS ASSOCIATION, INC. ANSI/CGA H-3—2024

Contents Page
S 11 e To [ e 1T o FO ORI 1
S Yoo 1= YN 1
3 DEFINITIONS. ...t e e e e e e e e e e e aneeee s 1
4 Properties Of NYAIOGEN .......uiiiii ittt e et e e e e e e st e e e e e e s sassbbaeeeeeeessannsbaeeeeeeeansnraneeeeeeeannnnee 2
I € 1= 1= = T o U= o =Y S 2
5.1 Certification and approvals............oooo z
ST 8 15 -1 1 Yoo o o ] OSSO a2
5.3  ANCIllary @QUIPMENT ... ... a e e rr e e e e e s annnaee] - .3
6 Tank design and manufacturing Crteria ...........ccooiiiiiiiiiieee e sreree e e e s i e eeen Dareeeeas 3
6.1 Minimum Ullage VOIUMES .........ooiiiiiii et e e 3
(S22 T To IF= g o BT =T 1] g T e L=< o | o P S 3
6.3 SHIPPING DESIGN ...ttt b et rr e et 3
L TW oo o o =T O PEPRR TR \ 4
6.5 LIftING IUGS .o e ee e 4
6.6  Grounding/@arthing............uuiiiiiiiiiiiiee et e e s e e e heeaeeeaannaa—aa e e e nnraaeees 4
6.7  Tank nameplates and Markings ..........cccceeeriieeeiiiieeenireee e errees s e 4
T INNEEVESSEI ..ot e 5
71 Material........ooeeeeee e I 5
7.2 INNEr VESSEl AESIGN ...veeiiiiiiiee ettt 2o et et e e e s s st be e e e e e e s s s bt be e e e e e esnnnnbeneaeeeeennn 5
7.3 Inner vessel SUPPOIrt AESIGN.........uuiiiiiiiiiiiiiiiee e e bt ee e e 6
8  OUterjacket......ocoi i B, 6
8.1 Y= =T = USRI 6
8.2 OULEr JACKEE dESIGN ...ttt ettt n 6
S T V7= (o1 = (o] o I o (o7 U | S SRR 8
8.4  Vacuum measurement ..........ccccuveeeeeeeenns e e e eee e e rereeeanEereeaanEeeeeaarereeeanrereeeareeeeserrreennneeeaann 8
8.5  Outer jacket pressure relief device....... ... PP 9
9 Piping and insulation in the @annUIAT SPE e ..........ueiiiiiii e 9
S Tt O N o1 o101 =1 g o o] [T R SRRSO PPRP 9
9.2 INNEr VESSEl INSUIALION ...l i e r e e e s s bbb e e e e e s s e e eeeeeeeas 11
O = (=Y g F= LI o] o] T TR S UT PP PPRTPTO 12
L T R 7Y o 1= - o PR 12
L B =] Fo | o PP PRSP PP PPUPPPRI 12
10.3  Inner vessel pretSUIO FelEf SYSIEM ... ...iiiii e e e e e e e e e nnees 13
10.4  PiIping CONFIGu rALIC V. .ueiiitii ittt ettt h et e e e n 14
L B 7 1= = T o T o [P RSOPPRRRT 14
P22 = 1 a1 11T TSSO PERR 15
RS T =T £ RSOSSN 15
VAT NEr VESSEI PrESSUIE TS ... 15
13.2  P1zssure tests for piping, controls, and instrumentation ... 15
V23 Vacuum integrity tSHING ......oooeee e 15
13.4  Performance ValUation.............ooo ittt e s e e eab e e nneeeean 16
LSS T =T a1 et ] 131 o] [=Y o] o SO PPPPPPPPPPRS 16
N 1 7= o 1o ) o 16
S TS 11 o .41 1 SO PERRR 16


https://www.stdhive.com/standards/cga-h-3-pdf/

ANSI/CGA H-3—2024 COMPRESSED GAS ASSOCIATION, INC. PAGE v

ST = 14 = 10 TP SO PUPPPPPPTO 17
17 Information and documentation provided by the SUPPIEr........ccoo i 17
T8 REFEIEICES ...ttt et o e a et e e o b et e e s b et e e as b e e e et e e e e e ane e e e anreeeeaae 18
Table

LI o LT BT T o] [ o o] o7 PSR 3
Figure

Figure 1—Measurement of support length requiring iNSUIAtioN ..........c..uuiiiiii i 4
Appendices

Appendix A—Liquid hydrogen tank portfolio design criteria (Informative) ...l 19
Appendix B—Typical system flow diagrams (INfOrmative) ...........ooooiiiiiiiiii i it 20

Appendices tables

Table A-1—Liquid hydrogen tank portfolio design criteria (U.S. customary units)..........cccccc.itieiiniiic e, 19
Table A-2—Liquid hydrogen tank portfolio design criteria (S| UNitS) .........cccuuiiiiiiiiiiii s e, 19
Table B-1—Key to symbols in Figures B-1 through B-5 ... e 25
Appendix figure

Figure B-1—Typical liquid tank and line designations ............ccuuiiiiiiiiiiiiiiis e e 20
Figure B-2—Dual VENt STACKS ..........oiiiiiiee e rns e 21
Figure B-3—Fill iN€ iSOIation VAIVES ...........viiiiiiie ettt e et e e e s e e e s e st e e e e e e s raeeeaeeeaas 22
Figure B-4—Automatic vent and pressure builder ValVes ... e 23

Figure B-5—Relief device isolation VaIVES .............occiiiiiiiii i e 24


https://www.stdhive.com/standards/cga-h-3-pdf/

This page is intentionally blank.

AQ

N\


https://www.stdhive.com/standards/cga-h-3-pdf/

ANSI/CGA H-3—2024 COMPRESSED GAS ASSOCIATION, INC. PAGE 1

1 Introduction

This publication contains the suggested minimum design and performance requirements for shop-fabricated,
vacuum-insulated cryogenic tanks (vertical and horizontal) intended for above ground storage of liquid hydrogen.

2 Scope

This publication applies to liquid hydrogen storage tanks with maximum allowable working pressures (MAWP)
up to and including 175 psi (1210 kPa)."? Tanks less than 1000 gal (3785 L) gross volume or greater than
25000 gal (94 600 L) gross volume and all transportable containers are excluded. Tanks outside these pressu. >
and volume constraints may also meet the requirements of this standard when agreed upon by i>e pur-
chaser/manufacturer and the authority having jurisdiction (AHJ). This standard does not include ope: ~tioi. and
installation requirements or emergency response information.

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

3141 Shall
Indicates that the procedure is mandatory. It is used wherever the criterion for ~onfi rmance 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 re wuirement.

3.1.5 Can
Indicates a possibility or ability.

3.2 Technical definitions

3.21 Ancillary equipmer:
Group of components used for o iat’on of the tank including valves, gauges, fittings, telemetry systems, etc.

3.2.2 Annular spe<
Volumetric space betwe n tho inner vessel and outer jacket that contains insulation materials and is evacuated
to lessen heat flux.

3.23 finnd'ar space piping
Interconnectea ipii.g between the inner vessel and outer jacket.

3.24 Cold net volume
Net c~oaci; of the inner vessel at —423 °F (-253 °C) in liters or gallons.

NO1.—This value is also referred to as the full trycock volume or the net liquid capacity of the inner vessel. It may be ex-
prezsed as the cold gross volume minus the ullage (vapor space) of the inner vessel.

" psi, bar, and kPa shall indicate gauge pressure unless otherwise noted as (psia; bar, abs; and kPa, abs) for absolute pressure
or (psid; bar, dif; and kPa, dif) 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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3.25 Cold spot
Surface temperature that is 10 °F (5 °C) or more below ambient in-the-shade air temperature.

3.2.6 Gross volume
Total internal volume of the inner vessel in liters or gallons.

3.2.6.1 Cold gross volume
Total internal volume at —423 °F (—253 °C).

NOTE—Cold gross volume is the warm gross volume adjusted for the thermal contraction of the inner vessel. It may be
expressed as the cold net volume plus the ullage (vapor space) of the inner vessel.

3.2.6.2 Warm gross volume
Total internal volume at 68 °F (20 °C).

NOTE—Warm gross volume is frequently referred to as water volume.

3.2.7 Inner vessel
Internally pressurized envelope (including nozzle penetrations) that contains the liquid hydrc yen.

3.2.8 Insulation
Material surrounding the inner vessel that reduces the flow of heat into the inner vessal.

NOTE—Typically, the insulation is perlite (expanded siliceous volcanic rock) or super insui. tion (alternating layers of reflective
surfaces and nonconducting spacers).

3.2.9 Maximum allowable working pressure (MAWP)
Maximum vapor space gauge pressure permitted at the top of the iner vassel.

3.2.10 Outer jacket
External vessel that contains the inner vessel, annular spac:: piping, and insulation. The outer jacket is externally
pressurized by atmospheric pressure on the outside and lov. ab‘,olute pressure (high vacuum) on the inside.

3.2.11 Tank
Inner vessel, annular-space piping, insulation, out =iz ~ket, and external control piping and instrumentation sys-
tem.

3.212 Ullage

Minimum vapor volume in a cryogenic i qui' storage tank that is the difference between the gross volume of the
tank and the maximum fill point of he \ank at operating conditions. This volume is required to accommodate
liquid expansion.

4 Properties of hyd hgen

For properties of hydrogun, st e CGA G-5, Hydrogen [2].

5 General req.lirements

5.1 Certificxtion and approvals

The supplie - and the supplier’s facilities, personnel, equipment, and procedures shall be currently qualified (cer-
tified, «nprov 2d, authorized) as required by any of the applicable ASME codes and/or by this standard. All welding
ancu braz'ng performed on the tank or pipework shall be performed by qualified welders according to qualified
51.9p .ocedures contained in the applicable ASME codes. Documentation of each welder’s qualification test for
range of line size shall be maintained.

5.2 Quality control

The purchaser and/or a designated inspector shall be permitted to inspect the tank fabrication and testing to
ensure that this standard is being followed. The purchaser shall be permitted reasonable access for inspection
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