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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 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 website, 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.
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NOTE—Technical changes from the previous edition are underlined.
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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 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., 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

The process of transferring liquid oxygen from one cryogenic container to another is commonly known as trans-
filling. Only properly trained and qualified personnel using appropriate equipment and working under carefully
controlled conditions shall perform the transfilling process. Individuals that manufacture, distribute, or engage in
the transfilling of liquid oxygen shall be familiar with the potential hazards associated with cryogenic liquid oxygen
and shall comply with all applicable regulations and safety practices.

2 Scope

This publication describes the primary hazards, the minimum performance requirements for equipment, and
some of the applicable regulations for the transfilling of pressurized liquid oxygen. It is a guide for manufacturers
and distributors of equipment used to transfill liquid oxygen for respiration as well as for individuals or organiza-
tions that perform transfilling activities.

This publication applies to specially designed cryogenic containers including portable containers, vehicle-
mounted containers, storage tanks, portable tanks, and trailers. This publication also applies to the practice for
the outfitting and operation of vehicles used in the transportation and transfilling of liguid oxygen used for respi-
ration.

It does not apply to small patient-transportable units used in homecare applications.

NOTE—The operation and safety instructions for homecare units are provided as part of user/patient instructions for these
systems and should address the hazards and the precautions necessary in the home environment.

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.

4 Hazards of liquid oxygen

Transporting liquid oxygen or transfilling liquid oxygen from one container to another exposes personnel to the
hazards associated with the strong oxidizing properties of oxygen (supports combustion), the extremely cold
(cryogenic) temperature of the liquid and vapor, and the pressure producing potential of the vaporization and/or
liquid expansion processes.

Transporting and transfilling liquid oxygen should only be performed by trained and qualified personnel familiar
with the hazardous properties of oxygen, and required safety precautions. Personnel transporting or transfilling
liguid oxygen should also be familiar with the procedures necessary to comply with applicable regulations.
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41 Oxidation hazards

Although oxygen in gaseous or liquid form is stable and nonflammable, it is classified as an oxidizer. Materials
that burn in air burn much more vigorously and reach a higher combustion temperature in oxygen or in oxygen-
enriched atmospheres. Materials used for oxygen containers and piping shall be carefully selected. Various
steels are acceptable for many applications but some service conditions may call for other materials (usually
copper or copper alloys) because of their greater resistance to ignition and lower rate of combustion.

A hazardous condition is created when oxygen equipment is contaminated with hydrocarbons like oil or grease
or with other combustible materials like paper or cotton fibers. Additional sources of contamination can include
oil from the equipment operator’s hands or contaminated tools. Keep oil, grease, and combustibles away from
liquid oxygen systems. Explosive ruptures and the subsequent burning of system components can occur because
of exposure to these types of contamination. See NFPA 410, Standard on Aircraft Maintenance, Chapter 5,
“Aircraft Breathing Oxygen Systems”, for additional information [1]."

Keep ignition sources away from liquid oxygen. Ignition temperatures are lower in oxygen or oxygen-enriched
atmospheres causing some materials that do not burn in air to burn readily and vigorously. If ignited, combustibles
such as oil burn with explosive violence.

Materials such as clothing, bedding, paneling, carpeting, or other absorbent combustible materials can become
saturated with oxygen when exposed to oxygen or oxygen-enriched atmospheres and can easily ignite. This
ignition hazard can persist even after the absorbent material is removed from the oxygen source. Personnel
recently exposed to potential oxygen-enriched atmospheres shall avoid contact with ignition sources.

Stepping on or rolling equipment across a liquid oxygen spill can result in the explosive ignition of combustibles.
4.2 Cryogenic hazards

Liquid oxygen boils at —297 °F (-183 °C) at standard atmospheric pressure. If spilled or sprayed liquid oxygen
contacts skin or nonprotective clothing, it causes severe frostbite or cryogenic burns. Contact with cold surfaces
such as valves, lines, or couplings can also result in severe frostbite or cryogenic burns.

Moisture can accumulate on exposed cold surfaces causing valves or couplings to freeze open or shut. If mois-
ture enters liquid oxygen lines or system components it can freeze, preventing the proper functioning of compo-
nents like pressure relief devices (PRDs) or control valves, which can cause an unsafe condition.

4.3 Expansion or vaporization hazards

Liquid oxygen stores energy. When warmed, 1 vol of liquid oxygen at standard atmospheric pressure expands
significantly and when vaporized produces approximately 860 vol of gaseous oxygen at ambient temperatures.
Regardless of the pressure, oxygen cannot exist as a liquid at temperatures above the critical temperature of
-181 °F (=119 °C).

Due to its extremely cold storage temperatures, liquid oxygen constantly absorbs heat through container walls.
When boiling, it produces gaseous oxygen. Venting accumulated gaseous oxygen to prevent excessive pressure
buildup and avoid oxygen-enriched atmospheres requires that containers be stored and used in a well-ventilated
area. Liquid oxygen containers should be kept away from combustible materials and protected from exposure to
heat sources, which can accelerate the generation of gaseous oxygen.

The expansion of trapped liquid oxygen can result in dangerously high pressures if the equipment containing it
is not protected by adequate PRDs. If the large volume of gaseous oxygen resulting from the vaporization of
liquid oxygen is trapped in a closed system not adequately protected by PRDs, it can generate pressures high
enough to cause the explosive rupture of containers, transfer lines, piping, or other system components. This
can result in property damage, injury, or death.

Avoid blocking vent lines or ports. Vent lines or ports shall be positioned to prevent accumulation of frost or ice,
which can restrict or block the PRDs.

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