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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 commaodity grade, test or safety procedure or meth-
od, 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 Associa-
tion 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 op-
portunity 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 unless
adopted by reference in regulations.

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 09-004
Atmospheric Gases and Equipment Committee

NOTE—Technical changes from the previous edition are underlined.

SECOND EDITION: 2007
REAFFIRMED: 2005
FIRST EDITION: 1999
© 2007 BY THE COMPRESSED GAS ASSOCIATION, INC. ALL RIGHTS RESERVED.

All 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 infor-
mation 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., 14501 George Carter
Way, Suite 103, Chantilly VA 20151. You may not alter or remove any trademark, copyright or other notice from this work.
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1 Introduction

This publication was written to satisfy the demand for information related to the storage of liquid oxygen (LOX),
liquid nitrogen (LIN), and liquid argon (LAR).

The purpose of this publication is to provide general information regarding safety in the design, installation, op-
eration, and maintenance of LOX, LIN, and LAR flat-bottomed storage tank systems. The intent of this guide is
to ensure that a minimum, uniform level of safety is provided throughout the industrial gas industry for the pro-
tection of the public and industry employees. The information presented does not supplant, but is intended to
complement national, state, provincial, municipal, local, and insurance company safety requirements.

This guide presents recommendations to reduce the possibility of large releases of stored cryogenic fluids from
a storage tank system through installation of protective equipment and instrumentation, equipment inspection
and testing, and storage system design criteria. It is the intent of this guide to emphasize prevention of releases
rather than the mitigation of consequences following a release.

2 Scope

The information in this publication is intended for use by flat-bottomed cryogenic storage tank system design-
ers, owners, operators, fabricators, and others involved in LOX, LIN, or LAR flat-bottomed storage tank design,
installation, or operation.

This publication is intended to cover flat-bottomed storage tank systems designed after the publication date of
this guide and used for the storage of cryogenic LOX, LIN, or LAR in the United States.

This publication is not intended to cover LOX, LIN, and LAR flat-bottomed storage tank systems designed, built,
or operated before the publication date of this guide. Application of this guide to existing installations is an indi-
vidual company or storage system owner’s decision.

A diagram for a typical flat-bottomed LOX, LIN, or LAR storage tank system is included as Appendix A. This
diagram provides an illustration to define the intended scope of this publication.

This guide covers the storage system including the inner and outer tanks, the storage tank foundation and sup-
ports, the insulation systems, the process inlet piping to the inner tank from and including the check valve or
emergency valve provided in the inlet line, the process outlet piping up to and including the emergency valve in
the outlet line, other piping systems that connect to the inner tank, the pressure/vacuum control and relief sys-
tems for the inner and outer tanks, the inner tank level monitoring and control system, and the discharge piping
associated with the pressure control and relief device vent systems.

3 Definitions
Unless otherwise specified, the latest edition shall apply.

3.1 Cryogenic liquid
Liquid with a normal boiling point below —130 °F (—90 °C).

3.2 Oxygen-enriched atmosphere
Air in which the oxygen concentration by volume exceeds 23.5% at sea level or whose partial pressure of oxy-
gen exceeds 175 torr (mm Hg). See CGA P-39, Oxygen-Rich Atmospheres [1].

3.3 Oxygen-deficient atmosphere
Air in which the oxygen concentration by volume is less than 19.5% at sea level or whose partial pressure is
less than 148 torr (mm Hg). See CGA SB-2, Oxygen-Deficient Atmospheres [2].

! References are shown by bracketed numbers and are listed in order of appearance in the reference section.
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3.4 Qualified technical personnel
Persons who, by virtue of education, training, or experience, know how to apply physical and chemical princi-
ples involved in the reactions between oxygen and other materials.

4 Hazards

4.1 Enhanced flammability

Oxygen is a clear, colorless, odorless, and tasteless gas comprising approximately 21% by volume of the at-
mosphere of the earth. Oxygen by itself is not flammable; however, the presence of oxygen or other oxidizer is
necessary to support combustion. An oxygen-enriched atmosphere can promote very rapid combustion and
can cause combustion of some materials normally considered as being nonflammable.

4.2 Asphyxiation

Nitrogen and argon are colorless, odorless, inert gases that are classified as simple asphyxiants. The presence
of oxygen in the earth’s atmosphere is necessary to support life. When the oxygen content in the atmosphere is
reduced (displaced or diluted by a release of stored nitrogen or argon), the ability of that atmosphere to support
life is compromised.

4.3 Low temperature
4.3.1 Personnel exposures

Physical contact with vapors, liquids, or equipment at cryogenic temperatures can produce severe burns, frost-
bite, and damaged tissues.

4.3.2 Material embrittlement

Materials such as carbon steel and plastics become brittle at very low temperatures and are subject to failure at
such conditions and could jeopardize the integrity of the storage system resulting in release of the stored cryo-
genic fluid.

4.3.3 Creation of fog (low visibility)

A release of LOX, LIN, or LAR to the atmosphere can create vapor fog clouds capable of limiting visibility on
roads or inside plant boundaries. The vapor fog is composed of atmospheric water condensed by the cooling
effect of the liquid being vaporized.

5 General storage tank system design considerations

The tank configuration for the storage of LOX, LIN, and LAR in flat-bottomed tanks is a double-walled, insulated
storage tank. The annular space between the walls is purged/pressurized with a dry, nonflammable gas. Inner
and outer tanks should be of all-welded construction. The design, fabrication, and testing of the storage tank
should conform to applicable federal, state, and local regulations and should be guided by the requirements of
API 620, Design and Construction of Large, Welded, Low-Pressure Storage Tanks, including Appendix Q. Al-
though the scope of Appendix Q is limited to a design temperature of —270 °F (-167.8 °C) flat-bottomed stor-
age tank systems can be designed for operating temperatures as low as —320 °F (-195.6 °C) by following the
practices and procedures stated in API 620 including Appendix Q [3].

Seismic loads and method of analysis for the storage tank system should be in accordance with API 620 in-
cluding Appendix L [3].

51 Inner tank

The inner tank should be fabricated of materials capable of withstanding the cryogenic temperature and internal
pressure of the stored fluid and compatible with oxygen when in LOX service.
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