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1 Introduction 

Large quantities of cryogenic and refrigerated liquids have been safely transported, handled, and stored for over 
half a century. Liquid oxygen was first shipped by tank truck in 1932. Today, it is common to see portable liquid 
containers, cryogenic trailers, trucks, and railroad tank cars transporting large quantities of cryogenic and refrig-
erated liquids over land. Cryogenic tanker ships transport liquefied natural gas (LNG) overseas. Air transportation 
is used to transport some liquefied gases, especially liquid helium. 

The cost of large-scale transportation and storage of cryogenic and refrigerated liquids is lower than the cost of 
transporting and storing compressed gases. Cryogens can be used in the liquid state (e.g., liquid nitrogen refrig-
eration systems), but the liquid is usually vaporized and used as a gas (e.g., vaporized liquid oxygen used in 
hospitals, welding, and steelmaking). 

Safe handling practices are based on understanding each cryogenic and refrigerated liquid’s specific properties, 
using procedures that were developed based on those specific properties, and knowing each liquid’s material 
compatibility. The compressed gas industry has developed safe handling, delivery, and equipment design meth-
ods that are specific to each cryogenic and refrigerated liquids discussed in this publication by obtaining a thor-
ough understanding of the risks and hazards associated with each cryogenic and refrigerated liquid. This indi-
vidualized approach makes the handling and use of cryogenic and refrigerated products as risk free as possible. 
Anyone handling cryogenic or refrigerated products should strictly adhere to the safety practices.  

2 Scope 

This publication provides general information about the properties, transportation, storage, safe handling, and 
safe use of the cryogenic and refrigerated liquids commonly used by industry and institutions. It is intended for 
cryogenic and refrigerated liquid users, shippers, carriers, distributors, equipment designers or installers, safety 
administrators, and anyone seeking an introduction to cryogenic and refrigerated liquids. If more detailed or spe-
cialized information is required, consult your cryogenic and refrigerated liquid supplier. The information in this 
publication is intended to complement federal, state, provincial/territorial, local, and insurance company safety 
requirements. 

Among common industrial gases that are transported, handled, and stored as cryogenic liquids, the most preva-
lent cryogenic liquids are oxygen, nitrogen, argon, hydrogen, and helium. Three rare atmospheric gases, neon, 
krypton, and xenon, are also transported, handled, and stored as cryogenic liquids. Typical refrigerated liquids 
include carbon dioxide and nitrous oxide. Although not usually classified as industrial gases, LNG, liquid me-
thane, ethylene, and carbon monoxide are also transported, handled, and stored as cryogenic liquids. 

Some gases, including fluorine (boiling point –306.8 °F [–188.2 °C]) and nitric oxide (boiling point –241.2 °F  
[–151.8 °C]), can exist as cryogenic liquids due to their low boiling points. Both fluorine and nitric oxide are 
extremely reactive and hazardous to handle without extraordinary precautions; they are not normally handled as 
cryogenic liquids due to their reactive nature; it is more common for them to be handled as gases at ambient 
temperatures in the compressed gases industry. They are not discussed in this publication due to their special-
ized nature and hazards. 

3 Definitions 

For the purpose of this publication, the following definitions apply. 

3.1 Publication terminology 

3.1.1 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.  
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3.1.3 May  
Indicates that the procedure is optional.  

3.1.4 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 

3.2.1 Backflow 
Backflow is the diffusion or cryopumping of air or other gases into liquid helium and liquid hydrogen vessels and 
equipment. 

3.2.2 Cryogenic liquid 
Refrigerated liquefied gas having a boiling point colder than –130 °F (–90 °C) at 14.7 psia (101.3 kPa, abs) 1, 2 

NOTE—Also referred to as cryogen in this publication.  

3.2.3 Refrigerated liquid 
Liquid that shall be maintained at temperatures below the ambient for storage and transportation in the liquid 
state below the maximum allowable working pressure (MAWP) of the container. 

4 Standards and specifications 

Many industry and government standards are available to guide the user in the proper selection of equipment for 
use in specific cryogenic operations, installations, and required maintenance practices. In some applications, 
additional requirements may be specified by federal, state, provincial, territorial, or local authorities. The user 
should check the requirements when preparing for specific operations.  

A partial list of standards and specifications developed by regulatory and standards-setting organizations in the 
United States and Canada includes the following: 

 Title 49 of the U.S. Code of Federal Regulations (49 CFR) Parts 100-180, particularly Part 173, 178, 
and 179 [2]; 

 ASME Boiler and Pressure Vessel Code (ASME Code), Section VIII, Division 1 [3]; 

 CGA S-1.1, Pressure Relief Device Standards–Part 1–Cylinders for Compressed Gases [4]; 

 CGA S-1.2, Pressure Relief Device Standards–Part 2–Portable Containers for Compressed Gases [5]; 

 CGA S-1.3, Pressure Relief Device Standards–Part 3–Stationary Storage Containers for Compressed 
Gases [6]; 

 CGA-341, Specification for Insulated Cargo Tank for Nonflammable Cryogenic Liquids, [7]; 

 AAR M-1002, Manual of Standards and Recommended Practices, Section C, Part III, “Specifications for 
Tank Cars” [8];  

 NFPA 55, Compressed Gases and Cryogenic Fluids Code [9]; 

 NFPA 99, Health Care Facilities Codes [10]; 

 NFPA 59A, Standard for the Production, Storage, and Handling of Liquefied Natural Gas (LNG) [11]; 

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

2 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]. 
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 IATA Dangerous Goods Regulations (DRG), Air Shipment of Cryogenic Liquid [12]; 

 Transportation of Dangerous Goods Regulations [13]; 

 CSA B620, Highway Tanks and TC Portable Tanks for the Transportation of Dangerous Goods [14];  

 CSA B622, Selection and use of Highway Tanks, TC Portable Tanks, and Ton Containers for the Transpor-
tation of Dangerous Goods, Class 2 [15]; 

 CSA B339, Cylinders, Spheres and Tubes for the Transportation of Dangerous Goods [16]; 

 CSA B340, Selection and Use of Cylinders, Spheres, Tubes, and Other Containers for the Transportation of 
Dangerous Goods, Class 2 [17]; 

 CGSB 43.147, Construction, Modification, Qualification, Maintenance, and Selection and Use of Means of 
Containment for the Handling, Offering for Transport, or Transporting of Dangerous Goods by Rail [18]; 

 CSA B51, Boiler, Pressure Vessel and Pressure Piping Code [19]; and 

 CSA C22.1, Canadian Electrical Code, Part 1 [20]. 

5 Properties of cryogenic and refrigerated liquids 

5.1 Extremely low temperature 

Cryogenic and refrigerated liquids are extremely cold. The normal boiling point for cryogenic liquids is less than 
–130 °F (–90 °C). The normal boiling point for a refrigerated liquid is above –130 °F (–90 °C) but is still extremely 
cold.  

Cryogenic liquids and their cold boil-off vapors can rapidly freeze human tissue and can cause many common 
materials such as carbon steel, plastic, and rubber to become brittle or even fracture under stress. Liquids in 
poorly insulated or uninsulated containers and piping at temperatures at or less than the boiling point of liquefied 
air, –318 °F (–194 °C), can condense the surrounding air into a liquid. This liquid air can easily become oxygen 
rich and should be treated as liquid oxygen. Extremely cold cryogenic liquids such as helium, hydrogen, and 
neon can solidify directly when exposed to air or other gases. 

Refrigerated liquefied gases such as carbon dioxide and nitrous oxide, while not having a boiling point low enough 
to be called cryogenic liquids, are sufficiently cold to pose the same hazards as cryogenic liquids. Carbon dioxide 
is an unusual gas that evaporates from its solid state directly to the gaseous phase without becoming a liquid. 
This phenomenon is called sublimation and the sublimation point is –109.3 °F (–78.5 °C) at 1 atmosphere of 
pressure. Nitrous oxide, unlike liquid carbon dioxide, evaporates from the liquid phase to the gaseous phase at 
the boiling point of –127.4 °F (–88.56 °C). 

5.2 High liquid-to-gas expansion ratios 

All cryogenic and refrigerated liquids produce large volumes of gas when they vaporize. For example, 1 vol of 
liquid nitrogen at its boiling temperature at 1 atm vaporizes to approximately 700 vol of nitrogen gas when warmed 
to room temperature at 1 atm. The volume expansion ratio of oxygen is approximately 860 to 1. Liquid neon has 
the highest expansion ratio of any industrial gas at 1445 to 1. If these liquids are vaporized in a sealed container, 
they will produce enormous pressures. For example, 1 vol of liquid helium at 1 atm when vaporized and warmed 
to room temperature in a totally enclosed container has the potential to generate a pressure greater than 14 500 
psi (100 000 kPa). For this reason, pressurized cryogenic containers are protected with multiple devices for 
pressure relief. For example, a pressure relief system may consist of a pressure relief valve for primary protection 
and a frangible/burst disk for secondary protection. 



AIGA                                                                                     AIGA 129/25 

 

5.3 Fogging  

A visible fog or vapor cloud is produced by the significant cooling effect of a cryogenic or refrigerated liquid when 
it vaporizes into still or moving ambient air. The extent of the vapor cloud is determined by the distance it takes 
for the vaporized gas to warm to the dew point or frost point of the ambient air. Once the cryogenic or refrigerated 
liquid is warmed, it can no longer cool the air and condense out moisture. The concentration of cryogenic or 
refrigerated liquid substances in air can extend beyond the visible fog or vapor cloud since the vaporized gas will 
continue to mix with the air even though it can no longer cool the air. This mixing effect results in an elevated 
concentration of the vaporized gas in air extending from the source to some distance away.  

For releases of cryogens, the composition of the vapor cloud/air mixture varies as listed: 

 For the release of oxygen and nitrogen, the composition of the mixture varies from 100% gas at the source 
to the normal composition of oxygen or nitrogen in air (when sufficient mixing occurs); and  

 For release of cryogens other than oxygen or nitrogen, the composition of mixture varies from 100% gas at 
the source to very low concentrations of the gas in air (when sufficient mixing occurs). 

The extent of the hazardous zone from all cryogens shall be determined by atmospheric monitoring to ensure 
that the air beyond the visible vapor cloud is safe to breathe or work in.  

5.4 Asphyxiant 

All of the cryogenic vapors from all cryogenic liquids, except oxygen, can cause asphyxiation in an enclosed 
workspace by displacing breathable air. A worker cannot detect the presence of these gases without instrumen-
tation. Therefore, workers can be asphyxiated before they realize a problem exists. For additional guidance on 
safe working practices in oxygen-deficient atmospheres, see AIGA 008, Hazards of Oxygen-Deficient Atmos-
pheres [21]. 

5.5 Hazardous properties  

Liquid argon, helium, krypton, neon, nitrogen, and xenon are inert, chemically inactive, and noncorrosive at cry-
ogenic temperatures. Liquid oxygen is an oxidizer and will vigorously support the combustion of other materials 
but will not burn by itself. For additional guidance on safe working practices in oxygen-enriched atmospheres, 
see AIGA 005 , Fire Hazards of Oxygen and Oxygen-Enriched Atmospheres [22]. Due to the risk of combustion, 
containers previously used to store carbon dioxide should not be used to store oxygen. Carbon dioxide contain-
ers are likely to be contaminated with hydrocarbons that could ignite when exposed to oxygen. Liquid carbon 
monoxide, ethylene, LNG, and liquid hydrogen are flammable materials and shall be handled accordingly. 

Carbon monoxide is a unique cryogenic liquid because it is both highly toxic and flammable. The hazard of 
exposure to low concentrations of carbon monoxide is due to its strong affinity for hemoglobin in the blood. 
Carbon monoxide is toxic because it reacts with hemoglobin to prevent the blood from carrying oxygen through-
out the body. The affinity of hemoglobin to react with carbon monoxide is not only strong, it bio accumulates. This 
means that carbon monoxide builds up in the blood over time, even though the exposure is to low concentrations 
of the gas.  

5.6 Physical properties 

Table 1 is a useful guide to the physical properties of certain cryogenic liquids that can influence their safe han-
dling procedures. The cryogens are listed in order of decreasing boiling point. LNG is a mixture of methane and 
other hydrocarbons and its boiling point depends on its composition. However, LNG is primarily methane, and 
methane data is listed in Table 1.  
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Table 1—Physical properties of cryogenic liquids 

 Ethylene Xenon Krypton Methane Oxygen Argon 
Carbon 

monoxide 
Nitrogen Neon Hydrogen Helium 

Chemical symbol C2H4 Xe Kr CH4 O2 Ar CO N2 Ne H2 He 

Boiling point 
(at 1 atm) 

           

F 

(C) 

–154.8 

(–103.8) 

–163 

(–108) 

–244 

(–153) 

–259 

(–161) 

–297 

(–183) 

–303 

(–186) 

–313 

(–192) 

–320 

(–196) 

–411 

(–246) 

–423 

(–253) 

–452 

(–268) 

Melting point 
(at 1 atm) 

           

F 

(C) 

–268 

(–167) 

–169 

(–112) 

–251 

(–157) 

–296 

(–182) 

–362 

(–219) 

–309 

(–189) 

–341 

(–207) 

–346 

(–210) 

–416 

(–249) 

–435 

(–259) 

 1) 

 1) 

Density 
(at boiling point 

and 1 atm) 

           

lb/ ft3 

(kg/m3) 

35.42 

(567.47) 

191 

(3059.5) 

151 

(2418.8) 

26 

(416.5) 

71 

(1137.3) 

87 

(1393.6) 

49 

(784.9) 

50 

(800.9) 

75 

(1201.4) 

4.4 

(70.48) 

7.8 

(124.94) 

Heat of 
vaporization 

(at boiling point) 

           

Btu/lb 

(kJ/kg) 

208 

(484) 

41.4 

(96.3) 

46.2 

(107.5) 

219.2 

(509.91) 

91.7 

(213) 

69.8 

(162.3) 

92.8 

(215.8) 

85.6 

(199.1) 

37.1 

(86.3) 

191.7 

(446) 

8.72 

(20.28) 

Volume expansion 
ratio 

(liquid at 1 atm and 
boiling point to gas 

at 70 F [21.1 C] 
and 1 atm) 

450 559 693 625 860 842 680 696 1445 850 745 

Flammable Yes No No Yes No 2) No Yes No No Yes No 

1) Helium does not solidify at 1 atm. 

2) Oxygen does not burn, but it does support and accelerate combustion. However, high concentration oxygen atmospheres substantially in-
crease combustion rates of other materials and can form explosive mixtures with other combustibles. Flame temperatures are higher in oxy-
gen than in air. 

6 Safety  

Section 6 contains general safety practices for personnel transporting, handling, and using cryogenic and refrig-
erated liquids as well as special precautions for specific cryogens. 

6.1 Safety training 

The best single investment in safety is properly trained personnel. Some personnel only need detailed training 
on a particular type of equipment, cryogenic liquid, refrigerated liquid, or repair operation. Others require broader 
training in safe handling practices for a variety of cryogenic and refrigerated liquids. Training should include the 
following: 

 Information on the nature and properties of the cryogenic or refrigerated liquid in both the liquid and gaseous 
phase; 

 Specific instructions for the equipment; 

 Approved materials that are compatible with the cryogenic or refrigerated liquid; 

 Use and care of protective equipment and clothing; 

 Safety, first aid, and self aid when first aid and/or medical treatment is not immediately available; 

 Handling emergency situations such as fire, leaks, and spills; 

 Good housekeeping practices;  
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 Familiarity with the U.S. Occupational Safety and Health Administration's (OSHA) Hazard Communications 
Regulations (right-to-know laws) and the local country regulations where applicable. 

NOTE—The Hazard Communications Regulations require that employees handling hazardous materials have access to 
safety data sheets (SDS) and are aware of the requirements for containers to have warning labels and pipe systems to 
be identified [23].  

6.2 Procedures for safely handling cryogens and refrigerated liquids 

Safety procedures shall be developed and implemented to protect personnel handling cryogenic and refrigerated 
liquids. 

Safety equipment should be maintained in good operating condition and conveniently located. 

Subcontractors and personnel working in hazardous areas shall be informed of the location of all necessary 
safety equipment before entering a potentially hazardous area.  

6.2.1 Skin or eye frostbite 

Always handle cryogenic and refrigerated liquids carefully. Because of their extremely low temperatures, cryo-
genic and refrigerated liquids can cause frostbite on exposed skin and exposed eye tissue. When spilled, cryo-
gens tend to cover a surface completely, cooling a large area. 

The vapors from cryogenic and refrigerated liquids are also extremely cold. Delicate tissues, such as eyes, can 
be damaged by exposure to these cold gases, even when the contact is too brief to affect the skin of the hands 
or face.  

6.2.2 Boiling and splashing 

Stand clear of a boiling or splashing cryogenic or refrigerated liquid and their vapors. Boiling and splashing occur 
when filling a warm container with a cryogenic or refrigerated liquid, or when inserting warm objects into these 
cold liquids. Always perform these operations slowly to minimize boiling and splashing. If cold liquid or vapor 
contacts the skin or eyes, follow the first aid recommendations in 6.2.5. 

6.2.3 Flesh tearing  

Do not allow any unprotected part of the body to touch uninsulated pipes or vessels that contain cryogenic or 
refrigerated liquids. The extremely cold metal will cause the flesh to stick, and tearing will occur when removal is 
attempted. Even nonmetallic materials at cryogenic or refrigerated liquid temperatures are dangerous to touch. 
Use tongs and appropriate personal protective equipment (PPE) to immerse an object in or to withdraw an object 
from a cryogenic or refrigerated liquid.  

6.2.4  Selection of materials suitable for low temperature  

Consider low temperature characteristics when selecting materials to use with cryogenic or refrigerated liquids. 
Rubber or plastics objects that are soft and pliable at room temperature become hard and brittle at cryogenic 
temperatures and are easily broken.  

6.2.5 First aid for cold-contact burns 

Personnel should not come in direct contact with a cryogenic or refrigerated liquid if proper handling procedures 
are used. Contact with a cryogenic and refrigerated liquid or vapor can cause a cold-contact burn (i.e., the skin 
or eye tissue freezes). The following emergency treatment is recommended for treating a cold-contact burn: 

 Remove any clothing not frozen to the skin that can restrict circulation to the frozen area. Do not rub frozen 
areas, as tissue damage could result. Obtain medical assistance as soon as possible; 

 As soon as practicable, place the affected area in running water or in a warm water bath that has a temper-
ature less than or equal to 105 °F (40 °C). Never use dry heat. The victim should also be in a warm room, if 
possible; 
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 If there has been massive exposure and the general body temperature is depressed, prompt medical atten-
tion is imperative. If immediate medical assistance is unavailable, the victim shall be rewarmed by immersion 
into a warm water bath that is at a temperature less than or equal to 105 °F (40 °C). Supportive treatment 
for shock should be provided; 

 Frozen tissue is painless and appears waxy with a slightly yellow color. It becomes swollen, painful, and 
prone to infection when thawed. If the accident occurs in the field and the victim cannot be transported to 
medical attention immediately, rewarm the tissue slowly. Thawing can require from 15-60 minutes and should 
be continued until the pale skin turns pink or red. Narcotics or tranquilizers may be needed to control pain 
during the thawing process and should be administered under professional medical supervision; 

 If the frozen area thaws before medical attention is obtained, cover the area with a dry sterile dressing and 
a large, bulky protective covering; and 

 Warm drinks and food may be administered to a conscious victim. Alcoholic beverages and smoking de-
crease blood flow to frozen tissue and should not be allowed.  

6.2.6 Personal protective equipment (PPE) 

6.2.6.1 Safety glasses 

Safety glasses with side shields shall be worn at all times during the transfer and normal handling of cryogenic 
and refrigerated liquids within enclosed piping systems or containers. If spraying or splashing occurs, such as 
when transferring cryogenic liquids from open-top containers or open-ended piping, a face shield and either 
safety glasses equipped with side shields or safety goggles shall be worn for additional protection. 

6.2.6.2 Insulated gloves 

Insulated gloves should always be worn when handling anything that comes in contact with cryogenic or refrig-
erated liquids and their vapors. Gloves should be loose fitting so they can be removed quickly if liquids are spilled 
into them. Gloves used in areas where there is a risk of hose or line breakage, or other events that can cause 
spillage or spray, should be a gauntlet style to provide more protection to the lower arm. Gloves used to handle 
cryogenic and refrigerated liquids are generally made from leather. Avoid gloves made from polymers because 
most polymers become brittle if they get cold.  

Work gloves used in liquid oxygen service should be kept clean and free of oil and grease. If they become 
contaminated, they should be discarded. 

6.2.6.3 Trousers 

Trousers should not have cuffs. Trousers should be left outside of boots or work shoes. 

6.2.6.4 Protective equipment for flammables 

Appropriate flame-resistant PPE, including flame-resistant clothing (FRC), shall be worn when handling flamma-
ble cryogenic liquids and gases because of the possibility of a flash fire.  For details refer to NFPA 2112 Standard 
on Flame-Resistant Garments for Protection of Industrial Personnel Against Flash Fire [25]. 

6.2.6.5 Personal atmospheric monitors  

Personal atmospheric monitors (PAMs) that can detect the hazard or chemical in the work area should be used 
whenever the hazard can be present. 

6.3 Safety practices for oxygen  

6.3.1 Atmospheric monitoring 

Areas of oxygen production and distribution or as determined by a risk assessment where an oxygen-enriched 
atmosphere can occur shall be monitored by either an area monitoring system or with PAMs.  
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6.3.2 Ignition sources 

Do not permit smoking or open flames in any area where liquid oxygen is stored or handled. Post NO SMOKING 
signs conspicuously in these areas. 

6.3.3 Accelerating combustion effect 

Although oxygen is nonflammable, it vigorously accelerates and supports combustion. Materials that are not 
flammable in air can burn in pure oxygen. Materials that are flammable in air burn much more vigorously in 
oxygen. Generally, the upper flammable limit (UFL) for a flammable gas in air is raised in oxygen-enriched air 
atmospheres, which means that fires or explosions are possible over a wider range of gas mixtures. 

6.3.4 Organic or flammable materials 

Do not permit liquid oxygen or oxygen-rich atmospheres to come in contact with organic materials or flammable 
materials of any kind. Oil, grease, asphalt, kerosene, cloth, tar, and dirt containing oil or grease are organic 
materials that can react violently with oxygen and are easily ignited. If liquid oxygen spills onto asphalt or other 
surfaces contaminated with combustibles (e.g., oil-soaked concrete or gravel) do not walk on or roll equipment 
over the area of the spill. Keep ignition sources away from the spill area for at least 30 minutes after all frost or 
fog has disappeared. 

6.3.5 Valve operation 

Valves in oxygen service should be operated slowly. Abruptly starting and stopping the oxygen flow can lead to 
the ignition of contaminants that could be in the system. For more information on oxygen systems, see AIGA 
021, Oxygen Pipeline and Piping Systems, and AIGA 094, Design, Manufacture, Installation, Operation, and 
Maintenance of Valves Used in Liquid Oxygen and Cold Gaseous Oxygen Systems [26, 27].  

6.3.6 Oxygen-saturated clothing 

Clothing saturated with oxygen is readily ignitable and will burn vigorously. Any clothing that is splashed or 
soaked with liquid oxygen should be removed immediately and aired for at least 15 minutes until it is completely 
free of excess oxygen. If workers are exposed to a high oxygen atmosphere, they should leave the area, avoid 
all ignition sources (particularly smoking), and wait for 30 minutes to ensure that the clothing and the exposed 
area are completely ventilated.  

6.4 Safety considerations for inert cryogenic and refrigerated liquids  

6.4.1 Asphyxiation hazards 

Areas where an oxygen-deficient atmosphere can occur shall be monitored by an area monitoring system, PAMs, 
or a combination of the two as determined by a hazard assessment. Toxic effects of gases present in the area 
may require different types of monitoring.  

6.4.2 Preventing asphyxiation and rupture 

The primary hazards associated with inert gas systems are the potential for asphyxiation and the rupture of 
containers, pipelines, or systems.  

A cryogenic or refrigerated liquid cannot be indefinitely maintained as a liquid even in well-insulated containers. 
Any liquid or cold vapor trapped between valves or within equipment can cause a pressure buildup that can 
cause the violent rupture of a container or piping. Use of pressure relief devices (PRDs) sized according to the 
volume of trapped liquid and the pressure rating of the piping is mandatory. Process piping PRDs should be 
vented to the outside of any building and away from any areas frequented by personnel. If outdoor venting is not 
possible, the user shall ensure that adequate ventilation is maintained.  

6.4.3 Vacuum-jacketed tanks 

A loss of vacuum in vacuum-jacketed tanks containing cryogenic or refrigerated liquids will cause increased 
evaporation within the system. This can cause the PRDs to function, resulting in product venting. When the 
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venting of the contents of the vessel can result in an oxygen-deficient atmosphere, steps shall be taken to prevent 
accumulation of vented gases in an enclosed area.  

6.5 Safety considerations for flammable cryogens  

The safety considerations listed in 6.4 also apply to flammable gases. 

6.5.1 Ignition sources 

Do not permit smoking, use of non intrinsically safe mobile devices, ignition sources such as grinding, welding, 
cutting, other spark producing activities, or open flames in any area where flammable cryogenic liquids are stored 
or handled. Post NO SMOKING—FLAMMABLE GAS signs in these areas. Personnel should wear work clothes 
that minimize ignition sources such as static electricity in atmospheres that could contain hazardous concentra-
tions of flammable gases.   

6.5.2 Grounding electrical equipment 

All stationary equipment should be properly grounded. Stationary and mobile equipment should be electrically 
bonded together before loading or unloading any flammable gas. All electrical equipment used in or near flam-
mable cryogenic liquid storage, loading, and unloading areas, or in atmospheres that could contain an explosive 

mixture should be in compliance with NFPA 55, NFPA 59A, and/or NFPA 70, National Electrical Code, Article 
500 [9, 11, 28].. Follow local country regulations where applicable in Asia. 

6.5.3 Equipping rooms and buildings 

Flammable cryogenic liquids and gases shall only be handled inside rooms or buildings with adequate positive 
mechanical ventilation. See NFPA 55 for specific venting requirements [9]. Electrical equipment and wiring in the 
United States shall be in accordance with NFPA 70, Article 501 [28].. Monitoring for the presence of flammables 
and/or explosive venting as described in NFPA 68, Standard on Explosion Protection by Deflagration Venting, 
should be considered [29]. Follow local country regulations where applicable in Asia. 

6.5.4 Additional safety practices for liquid hydrogen  

Flash-off gas from closed liquid hydrogen containers used or stored inside buildings should either be piped to a 
laboratory hood and vented outside the building, or vented by other means to a safe location. See CGA G-5.5, 
Standard for Hydrogen Vent Systems, ANSI/CGA H-5, Installation Standards for Bulk Hydrogen Supply Systems 
(an American National Standard), and NFPA 55 for additional design and operating information [30, 31, 9]. If 
hydrogen is vented into ductwork, the ventilation system should be independent of other systems, and sources 
of ignition shall be eliminated at the exhaust system outlet. Consideration should be given to equipping vent 
systems with an inert gas purge capability to prevent the ignition of hydrogen and air mixtures when venting 
starts. The temperature of the hydrogen vent gas and the liquefaction and solidification temperatures of the inert 
gas shall be considered when selecting a suitable purge gas. Helium is the only gas that will not liquefy or solidify 
at liquid hydrogen temperatures.  

6.6 Safety considerations for carbon monoxide  

6.6.1 Detecting/preventing leaks 

Carbon monoxide is odorless, colorless, toxic, and flammable.  

Areas where a toxic atmosphere can occur shall be monitored by either an area monitoring system or with PAMs. 
Process piping PRDs shall be vented to the outside of any building and away from any areas frequented by 
personnel. 

Leaks shall be eliminated before a carbon monoxide system is first put into operation or when a system is re-
turned to operation after a maintenance or a shutdown. An inert cryogen shall be used to test and purge vessels, 
pipelines, vaporizers, and controls at pressures and temperatures near the actual operating conditions. This 
allows detection and correction of all leaks to ensure the system is safe for liquefied carbon monoxide. 
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6.6.2 Personnel requirements 

The number of personnel required for the operation of any liquid carbon monoxide system or equipment should 
be determined by an evaluation of the hazards of exposure, the likelihood of an unplanned release or leakage, 
and the nature of the equipment. The outcome of the hazards evaluation should establish whether installation of 
appropriate engineering controls might permit single-person operation or require additional personnel to fulfill 
operational safety requirements for the handling of liquid carbon monoxide. Engineering controls include leak 
detection devices, automated shutoff, alarms, spill prevention devices, etc. If the hazard evaluation establishes 
that additional personnel are needed to provide monitoring of the operation separate from other operating per-
sonnel, emergency response or rescue functions, their responsibilities and qualifications shall comply with the 
emergency response and rescue requirements defined in the local country regulations. In absence of any local 
country regulations one can refer to 29 CFR 1910.134, Respiratory protection and 1910.120, Hazardous waste 
operations and emergency response, for situations governed by these regulations in USA [23]. Specific safety 
recommendations for tanker truck transfer of liquid carbon monoxide are given in 8.10. 

6.6.3 Carbon monoxide exposure limits  

Carbon monoxide is an asphyxiant in humans. Inhalation of carbon monoxide causes tissue hypoxia by prevent-
ing the blood from carrying sufficient oxygen. Concentrations of 0.376% and greater by volume (3760 ppm) can 
be fatal in less than 1 hour. For guideline see CGA P-20, Standard for the Classification of Toxic Gas Mixtures 
[32]. The current OSHA permissible exposure limit (PEL) for carbon monoxide is 50 ppm (55 mg/m3) as an 8-
hour time-weighted average (TWA) concentration, see 29 CFR Table Z-1 [23]. Guidelines for threshold limit 
values for carbon monoxide in the work environment are provided by the American Conference of Governmental 
Industrial Hygienist’s (ACGIH). Follow local country regulations where applicable in Asia. It is required that all 
workplaces in Asia meet local country PEL requirements  in establishing safe working conditions in environments 
where carbon monoxide exposure might occur. Employers may apply  TLV established by ACGIH  where locally 
applicable regulation is not available. The rationale for the ACIGH exposure limit is based on the risk of elevated 
carboxyhemoglobin levels. There is no short-term exposure limit (STEL) for carbon monoxide, therefore, person-
nel who could be exposed to dosages of carbon monoxide throughout the workday shall be included in some 
form of monitoring program in the workplace to ensure that carbon monoxide dosages do not exceed allowable 
levels. Monitoring programs may include the use of personnel air monitors or carbon monoxide exposure badges 
worn on clothing. A concentration of carbon monoxide in air in excess of 1200 ppm has been established by the 
National Institute for Occupational Safety and Health (NIOSH) as being immediately dangerous to life and health 
(IDLH).. 

6.6.4 Emergency oxygen supply 

A supply of emergency oxygen should be available nearby for administration to personnel who could be exposed 
to excessive carbon monoxide concentrations. Exposure to carbon monoxide can cause anoxia and damage the 
cardiovascular system, central nervous system, and reproductive system.   

6.7 Safety considerations for oxygen-deficient areas 

6.7.1 Atmospheric monitoring 

Areas where an oxygen-deficient atmosphere can occur shall be monitored by an area monitoring system, PAMs, 
or a combination of the two as determined by a hazard assessment. 

6.7.2 Ventilation  

Oxygen is the only gas that will support life. High concentrations of any other gas can reduce breathable oxygen 
in the air to an unsafe level. All gases should be used and stored in well-ventilated areas. 

6.7.3 Breathing air source  

When it is necessary to enter a work area that could have an oxygen content less than 19.5% by volume, portable 
air packs or a hose mask connected to a breathing air source shall be used. An absorptive gas mask will not 
prevent asphyxiation. 
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6.7.4 Asphyxiation hazards 

Asphyxiation can occur suddenly or develop slowly without the worker being aware of the problem. See  
AIGA 005, AIGA 008, and OSHA requirements in 29 CFR Part 1910 [22, 21, 23].  

Asphyxia develops slowly as the oxygen content of the air gradually drops less than 21%. The victim is not aware 
of a problem and generally will not recognize the symptoms of gradual asphyxia from decreasing oxygen levels. 
See 6.7.4.3 and 6.7.4.4. 

6.7.4.1 Normal oxygen concentration 

The normal oxygen concentration in air is about 21% by volume. This provides a safe working environment that 
has the oxygen required to support life. 

6.7.4.2 Effect of elevation above sea level on oxygen availability 

Depletion of oxygen in a given volume of air is a potential hazard to personnel and can occur because of com-
bustion, displacement with inert gas, or increased elevation. The true measure of oxygen availability is the oxygen 
partial pressure. The concentration of oxygen in the atmosphere is 20.9% at all elevations. The partial pressure 
of oxygen in the atmosphere varies with the ratio of the atmospheric pressure at the elevation being considered 
to the atmospheric pressure at sea level. In Denver at an elevation of 5280 ft (1609 m), there is only about 82% 
as much oxygen available in each volume of air as there is at sea level. Consideration shall be given to the effect 
of elevation, since the oxygen concentrations referred to in this section are sea level values. 

6.7.4.3 Oxygen concentration—15% to 16% 

When the oxygen content of air is reduced to 15% to 16%, the flame of ordinary combustible materials including 
those commonly used as fuel for heat or light are extinguished. Below this concentration, an individual breathing 
the air is mentally incapable of assessing the situation because the symptoms of sleepiness, fatigue, lassitude, 
loss of coordination, errors in judgment, and confusion are masked by a state of euphoria, giving the victim a 
false sense of security and well-being, see AIGA 008 [21]. 

6.7.4.4 Oxygen concentration—12% or less 

Exposure to atmospheres containing 12% oxygen or less will cause unconsciousness so quickly that an individual 
has no warning and cannot help or protect themselves. This occurs whether the low oxygen condition is caused 
by an immediate change in the environment or by a gradual depletion of oxygen. The victim’s condition and 
degree of activity will have an appreciable effect on the rate of appearance of signs and symptoms of asphyxia 
at various oxygen levels. Even if the individual survives, a prolonged reduction of oxygen can cause brain dam-
age; see AIGA 005[21]. 

6.7.5 Multiple precautions for oxygen-deficient areas 

Areas where it is possible to develop a low oxygen atmosphere shall be well ventilated. Inert gas vents should 
be piped to the outside of any building and away from any areas frequented by personnel. If low oxygen atmos-
pheres are possible as determined by a hazard assessment, installation of analyzers equipped with alarms shall 
be used to monitor the oxygen content. Whenever personnel enter enclosed areas, the breathing atmosphere 
shall be constantly monitored by appropriate instrumentation. Work performed in any confined spaces shall be 
conducted in accordance with locally applicable regulations or OSHA confined space entry requirements defined 
in 29 CFR 1910.146 [23]. When there is any doubt about the safety of breathing atmospheres, self-contained 
breathing apparatus (SCBA) or approved air lines and masks shall be used. 

6.7.6 Entry by two or more persons into immediately dangerous to life or health atmospheres  

Atmospheres that are classified as IDLH shall not be entered by workers unless adequate safeguards are in 
place. Safeguards include the use of respiratory protection, inclusion of the necessary standby personnel trained 
in rescue, and installation or accessibility of the required rescue equipment. Entry into IDLH atmospheres shall 
comply with locally applicable regulations or 29 CFR 1910.134(g)(3) [23]. Entry into a known IDLH atmosphere 
by single workers with no backup or standby personnel is not allowed. 
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IDLH atmosphere values are defined by NIOSH in Derivation of Immediately Dangerous to Life or Health Con-
centrations (IDLHs) Values and in the NIOSH Pocket Guide to Chemical Hazards (NPG) [33, 34]. For typical 
cryogens that are simple asphyxiants (nitrogen, argon, helium, neon, krypton, xenon, etc.), the IDLH is defined 
as the minimum oxygen concentration in which work can be safely performed. OSHA defines any oxygen-defi-
cient atmosphere as IDLH. The IDLH values for oxygen concentrations at various elevations at which oxygen 
supply respiratory equipment is required are defined in locally applicable regulations  or 29 CFR 1910.134 (d)(2) 
[23].  

6.8 Work permits for equipment maintenance 

In most applications, cryogenic and refrigerated liquids are quite safe involving few hazards to workers because 
workers never see or contact the cold liquid or vapor. The liquid is usually transferred, transported, or stored in 
closed pressure vessels and piping systems designed for use at low temperature. The liquid may be vaporized 
into pipes for use in various processes. The liquid may flow directly into refrigeration or process equipment.  

Maintenance must occasionally be performed on a pressure vessel, ship’s hold, pipeline, storage vessel, or tank 
that previously contained a flammable or potentially asphyxiating cryogenic liquid. This work should be described 
by work permits issued by the responsible supervisor after a detailed review of the specific project. Work permits 
detail the allowable working times, conditions, and procedures for the job. They specify who can enter the area 
to do the work and what special safety precautions are required. 

6.9 Additional safety considerations 

6.9.1 Sensitivity to shocks and detonation 

Liquid oxygen and fuels, oils, and/or grease can form mixtures that are shock sensitive. For example, solids like 
asphalt or wood have a porous structure that can become saturated with oxygen and detonate when shocked. 
In mixtures that are shock sensitive, ignition can occur more easily at lower temperatures and with weaker sparks.   

6.9.2 Buoyancy effect of various gases  

When cryogenic or refrigerated liquids evaporate, the vapors produced can rise or sink depending on the gas’ 
molecular weight and temperature. Generally, cold vapors form a dense cloud that sinks to grade because the 
temperatures that occur just after vaporization result in a cold gas that is denser than air; and therefore, has 
negative buoyancy.  

When cryogenic liquid hydrogen, helium, neon, methane, or ethylene evaporate and warm to ambient tempera-
ture, they rise due to their positive buoyancy in warm air (lower molecular weight than air). When cryogenic liquid 
nitrogen evaporates and warms to ambient temperature it has slight buoyancy because it also has a lower mo-
lecular weight than air, but it will not be as buoyant as the other light gases. Cryogenic liquid oxygen and argon, 
however, have a higher molecular weight than air so they have negative buoyancy and sink when they evaporate 
and warm to ambient temperature.  

When carbon dioxide, refrigerated liquid or nitrous oxide, refrigerated liquid evaporate and warm to ambient 
temperature, they sink because they have a higher molecular weight than air so they have negative buoyancy.  

Vents that discharge cryogenic vapors (normal and accidental releases) produce hazardous vapor clouds. These 
vapor clouds will rise or sink depending on their buoyancy. Precautions and emergency actions should take into 
account the type of cryogen released and whether the vapor can sink or rise. Wind or forced ventilation will affect 
the direction and concentration of the released vapors.  

6.9.3 Embrittlement of materials of construction 

Materials that are exposed to or contain cryogenic or refrigerated liquids or gases shall be selected based on 
their compatibility with the contained gases and their ability to safely function at cryogenic temperatures. Many 
materials that are ductile at ambient temperatures become increasingly brittle at lowering temperatures. When 
in a brittle condition, a material can catastrophically fail when stressed, particularly at a notch or other highly 
stressed, local area. In addition to suitability for cryogenic temperatures, some cryogenic liquids such as hydro-
gen can cause embrittlement or stress corrosion cracking, which can lead to failure of materials due to changes 
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in the chemical properties of cryogenic or refrigerated liquid.  This can lead to premature failure of materials. See 
ANSI/CGA H-5, for additional information [35]. 

Some stainless steel alloys, some aluminum alloys, some copper alloys, and 9% nickel steel are suitable for 
specific cryogenic service according to the individual low temperature properties of the alloy and the minimum 
metal design temperature required for the contained cryogen. Pressure vessels for cryogenic service shall be 
designed, fabricated, tested, and certified to the requirements of the applicable ASME Code[3] or the local coun-
try pressure vessel code. This includes material selection. 

The system design shall also consider at what point it is appropriate to switch from a cryogenic temperature 
resilient material to a non-cryogenic temperature resilient material for the piping or equipment. If non-cryogenic 
equipment can be exposed to cryogenic conditions, it may be necessary to provide a system to detect the cold 
temperatures, alarms to alert personnel of the hazard, and an automatic way to quickly shut down and isolate 
the non-cryogenic section from the cryogenic section. See AIGA 027, Cryogenic Vaporization Systems—Pre-
vention of Brittle Fracture of Equipment and Piping, for more details on cold embrittlement protection [36]. Gases, 
such as carbon dioxide and nitrous oxide, may be stored in low alloy steel containers that are ductile at normal 
operating temperatures, but can become brittle when unintentionally depressurized. See AIGA 074, Safe Han-
dling of Liquid Carbon Dioxide Containers That Have Lost Pressure, and AIGA 081, Safe Practices for Storage 
and Handling of Nitrous Oxide, for further information and guidance [37, 38]. 

In addition to selecting the proper materials of construction for the parts of the system that contain the cryogen, 
the equipment layout and design shall take into consideration whether a planned or an accidental release of 
cryogen can expose nearby structures or equipment to extremely cold temperatures. If such releases can occur, 
it may be necessary to divert releases away from carbon steel structures or to provide splash shields or other 
barriers. 

Some gases, such as hydrogen, can  make materials brittle due to changes in chemical properties caused by 
the gas itself. This can lead to the premature failure of materials similar to the low temperature embrittlement of 
materials. See ANSI/CGA H-5, CGA H-3, Standard for Cryogenic Hydrogen Storage, and AIGA 087, Standard 
for Hydrogen Piping Systems at User Locations, for additional information [31, 39, 40].   

7 Fire prevention and firefighting 

Section 7 contains general fire prevention and firefighting information and procedures that apply to all cryogenic 
liquids as well as procedures for fighting fires involving specific cryogens. 

7.1 General information 

The cryogenic liquids discussed in this publication that present a direct fire hazard are methane (LNG), carbon 
monoxide, ethylene, and hydrogen. Although it is not directly flammable, oxygen is also considered a fire hazard. 
Inert cryogenic gases such as argon, helium, and nitrogen can blanket and extinguish fires. When using inert 
cryogenic liquids or gases to blanket or extinguish hydrogen fires, only helium should be used as liquid hydrogen 
temperatures can solidify other gases, potentially causing a blockage to pipes, pressure relief valves, and vents.  

7.1.1 Fire prevention  

Flammable cryogenic liquids that leak and vaporize are easily ignited. The primary fire prevention effort should 
include preventing and eliminating leaks, eliminating ignition sources, and ventilation.  

7.1.2 Fire safety 

The key elements of fire safety are personnel training, fire drills, maintenance of fire equipment and firefighting 
materials, and coordination between the technical staff and local fire departments when required.  

Fire close to cryogenic liquids or gases in a plant, storage vessel, or transport vehicle creates considerable 
danger. If a fire starts, activate the site specific emergency action plan 
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7.1.3 Fire plan 

A fire plan should contain sketch maps and diagrams indicating the location of all fire alarms, fire department call 
points, emergency exits, escape routes, rescue and safety equipment, hydrants, firefighting equipment, and plant 
controls. Special or unusual risks should be defined and explained. Fire plans should be coordinated with local 
officials. 

7.1.4 Use of water 

Cryogenic liquids can make firefighting difficult because they rapidly freeze water. The indiscriminate use of water 
on surfaces of cryogenic containers or piping can lead to heavy icing and blockage of PRDs. Valve stems can 
be iced over so thickly that they cannot be operated. The introduction of relatively warm water causes the liquefied 
gas to vaporize more rapidly, increasing the boil-off rate of a flammable cryogenic liquid, and generating more 
gas to feed the fire. 

7.1.5 Fire extinguishers 

Carbon dioxide extinguishers can be used to fight small fires. However, the operation of carbon dioxide extin-
guishers can create electrostatic discharges large enough to ignite some hydrogen/air mixtures. Carbon dioxide 
extinguishers are ineffective against oxygen-rich fires. Refer to NFPA 12, Standard on Carbon Dioxide Extin-
guishing Systems [41]. 

Table 2 is a general guide to fire extinguishing agents that can be used with specific cryogenic liquids. 

Table 2—Fire extinguishing agents used with specific cryogenic liquids  

 Water Soda acid Carbon dioxide Dry powder Methyl bromide 

Oxygen Preferred No effect No effect No effect Unacceptable 

Ethylene, 
carbon  
monoxide, 
hydrogen, and 
methane 

Used to protect 
adjacent equip-
ment or property 
and to spray  
personnel 1) 

Unacceptable Fair 2) 

 

Good 2) 

 

Not normally used 
unless authorized 
and supplied for  
individual premises 
or equipment 

1) Do not apply directly onto burning vapor or cryogenic liquid. The water will evaporate additional flammable material. 

2) Apply at the base of the flame. 

7.1.6 Explosion and fire hazards 

Table 3 provides a guide to the relative explosion and fire risks associated with the common cryogenic liquids. 
Data in Table 3 on the flammable gases ethylene, methane, carbon monoxide, and hydrogen include flammability 
limits in air, spontaneous ignition temperatures in air at 1 atm, and other useful information that will help determine 
safe handling procedures. None of the gases listed in Table 3 are corrosive at ambient temperatures and only 
carbon monoxide is toxic. 
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Table 3—Explosion and fire hazards of common cryogenic liquids 

 Oxygen Nitrogen Argon Helium Krypton Xenon Neon Methane Hydrogen 
Carbon 

monoxide 
Ethylene 

Explosion hazard with 
combustible materials? 

Yes No No No No No No No No No No 

Explosion hazard with oxygen 
or air? 1) 

N/A No No No No No No Yes Yes Yes Yes 

Pressure rupture if liquid or 
cold vapor is trapped? 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Fire hazard type:            

Combustible No No No No No No No Yes Yes Yes Yes 

Promotes ignition Yes No No No No No No Yes Yes Yes Yes 

Condenses air and expands 
flammable range? 

No Yes No Yes No No Yes No Yes No No 

Flammable limits in air, 
percent by volume 

       5-15 4-75 13-74 2.7-36 

Spontaneous ignition 
temperature in air at 1 atm 
(101.325 kPa)  

           

°F        1000 1085 1204 914 

(°C)        (538) (585) (651) (490) 

Minimum ignition energy, mJ        0.30 2) 

0.45 
0.02  0.08 

Flame temperature in air            

°F        3407 3722 3812 3) 3781 

(°C)        (1875) (2050) (2100) (2088) 

Flame velocity in air             

ft/s        1.28 8.9 1.08 2.07 

(cm/s)        (39) (271) (33) (63) 

Limiting oxygen index volume, 
percent 4) 

       
12 5 5.7 10 

1) Within flammable limits. 
2) Some components of LNG, such as ethylene, have ignition energies as low as 0.08 mJ.  
3) The maximum flame temperature for carbon monoxide occurs at about the stoichiometric mixture (66.6% carbon monoxide,  

33.33% oxygen). The range of flame temperatures is 2840 °F to 3812 °F (1560 °C to 2100 °C).  
4) Minimum oxygen concentration to support flame propagation when stoichiometric fuel-air mixture is diluted with nitrogen. 

7.2 General firefighting procedures 

It is not possible to outline specific firefighting techniques that cover all types of fires involving cryogenic liquids. 
These depend upon the quantity and specific properties of the cryogenic liquid involved, the location of the fire 
with respect to adjacent areas and their occupants, and other factors. The information in 7.2 is applicable to all 
fires involving cryogenic liquids. For information on fires involving specific cryogens, see 7.3 to 7.7. 

7.2.1 Evacuate personnel 

Anyone not actively engaged in fighting the fire should leave the area. Under unusual atmospheric conditions, 
the flammable mixture zone for a flammable cryogenic liquid can extend beyond the normal fog cloud produced 
by water vapor condensing in the air. People should be evacuated to a location that is far outside the fog area. 

7.2.2 Shut off flow of product 

If a flammable cryogenic liquid is involved, the single best firefighting technique is to simply shut off the flow of 
product. 
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7.2.3 Disconnect power supply 

If electrical equipment is involved, either be sure that the power supply is disconnected before using water for 
fighting the fire or use a carbon dioxide or dry powder extinguisher (see 7.1.6).   

7.2.4 Cool equipment in areas surrounding fire 

Fire hoses with stream-to-spray nozzles should be available where large quantities of flammable cryogenic liq-
uids are handled. Spray large quantities of water to cool equipment that is in areas surrounding a fire. Use the 
water spray to cool any burning material below its ignition temperature. Avoid spraying water on cold equipment. 
Avoid spraying water directly into the cryogenic fluid.  

7.2.5 Cooling insulation jackets on tanks 

The insulation on cryogenic or refrigerated liquid containers protects the containers during a fire by greatly re-
tarding heat transfer into them. Firefighters should spray water on the insulation jacket to keep it cool and struc-
turally intact (see 7.1.4).  

7.2.6 Allow fire to burn itself out in a confined area 

It is not advisable to extinguish a flammable cryogenic liquid fire in a confined area. If the fire is extinguished and 
the cryogen supply cannot be shut off, the continued escape of unburned product can create an explosive mixture 
in the air. This mixture can be reignited by other burning material, any sparks or hot surfaces. It is usually better 
to let the fire burn itself out in a confined area while keeping adjacent objects cool with water rather than risking 
exposing personnel at the site to a potential explosion. 

7.2.7 Maintaining equipment 

Firefighting equipment should be maintained in good operating condition and should be conveniently located. 
Observe the special precautions listed in the remainder of Section 7 pertaining to firefighting equipment used 
when fighting oxygen, carbon monoxide, LNG, ethylene, and hydrogen fires. 

7.3 Oxygen enhanced fires 

7.3.1 Shutting off oxygen flow 

Oxygen does not burn so there can be no fire unless combustible materials are present. If a fire involves gaseous 
or liquid oxygen, the high oxygen concentration causes combustible materials to either burn much faster and 
more violently or to explode. In the event of a fire involving cryogenic oxygen, shut off the oxygen supply if at all 
possible. 

7.3.2 Cooling combustibles with water spray 

Neither liquid nor gaseous oxygen can be effectively blanketed by agents such as carbon dioxide, dry powder, 
or foam. To stop the fire, cool combustible materials below their ignition temperature by spraying with large 
quantities of water. 

7.3.3 Oxygen flowing into combustibles 

If a fire is supported by liquid oxygen flowing into large quantities of combustible materials, shut off the flow of 
oxygen. When that is done, put out the fire by following normal procedures. 

7.3.4 Fuel flowing into oxygen 

If a fire is supported by fuel flowing into large quantities of liquid oxygen, shut off the flow of fuel and allow the 
fire to burn out. If other combustible material in the area is burning, water streams or fog spray may be used to 
control the fires. Foams should not be applied to liquid oxygen. 
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7.3.5 Electrical equipment 

If electrical equipment is involved in the fire, do not use water. Use carbon dioxide or a dry powder extinguisher. 
If possible, turn off the electric current at a main switch, circuit breaker, or fuse box.  

7.4 Hydrogen fires 

The local fire department should be advised of hydrogen’s flammable characteristics, its cryogenic properties, 
and the best known methods for combating hydrogen fires. 

7.4.1 Invisibility of hydrogen flames 

Small hydrogen flames are invisible in daylight and can be difficult to see except in full darkness. They radiate 
less heat than ordinary fires so they give little warning of their presence by either sight or heat. Hydrogen flames 
can be long and can shift quickly with the slightest breeze.  

Persons fighting hydrogen fires should be aware of these facts and should fight hydrogen fires from a safe dis-
tance that is upwind of the blaze. 

7.4.2 Shutting off hydrogen flow 

The only effective way to fight a hydrogen fire is to shut off the flow of cryogenic liquid hydrogen. This prevents 
the fire from spreading, letting it burn until the hydrogen is consumed. If the fire is extinguished without stopping 
the flow of gas, an explosive mixture can form in a confined area creating a more serious hazard than the fire 
itself. 

7.4.3 Extinguishing agents 

A dry powder fire extinguisher should be available near any hydrogen storage facility. An adequate water supply 
should be available to keep surrounding equipment cool in the event of a hydrogen fire.  

7.5 Natural gas fires 

For information on natural gas fires, see Chapter 12 of NFPA 59A [11]. 

7.6 Carbon monoxide fires 

Carbon monoxide fires should be treated like hydrogen fires (see 7.4). Both gases are flammable and can com-
bine with oxygen to form explosive mixtures. 

7.6.1 Toxic hazards 

The toxic nature of carbon monoxide requires additional considerations. It is imperative to evacuate the area until 
the carbon monoxide fire subsides and it is determined that the toxic vapor level measured by instrumentation is 
no longer hazardous. 

7.6.2 Shutting off carbon monoxide flow 

It is preferable to cut off the source of carbon monoxide gas and allow a carbon monoxide fire to burn itself out. 
When the source of supply cannot be isolated, carefully consider the possible exposure of personnel to carbon 
monoxide gas. The consequence of this exposure can be more serious than allowing the fire to continue to burn. 

7.6.3 Extinguishing agents 

Water spray, carbon dioxide, or dry powder is effective carbon monoxide fire extinguishing agents for small fires. 
SCBA should be used if a toxic vapor level can exist. 
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7.7 Fires involving inert cryogenic liquids and inert refrigerated liquids—Asphyxiation hazard 

Nitrogen, argon, carbon dioxide, and the other inert gases are noncombustible. They do not represent a fire 
hazard. However, if a system should vent in a confined area, these gases can displace air to the point where 
there is not enough oxygen to support life. 

8 Containers and storage systems 

Cryogenic and refrigerated liquids are stored and transported in containers ranging from small dewars to railroad 
tank cars. Only use equipment and containers designed for the intended product; service pressure,  temperature; 
service application and use environment. 49 CFR Parts 100-180, CSA B339, CSA B340, CSA B620, CSA B622, 
and CGSB 43.147 list some of the requirements for containers [2, 16, 17, 14, 15, 18] or local country regulations. 
If there is any question about correct handling, transport procedures, or compatibility of materials for a given 
cryogenic or refrigerated liquid, consult your supplier. 

Cryogenic and refrigerated liquids should not be handled in open containers unless the containers are specifically 
designed for that use with that specific product. Containers shall be cleaned for oxygen service, especially con-
tainers used to hold oxygen. Because some materials become extremely brittle at cryogenic temperatures, cry-
ogenic containers shall be made from materials suitable for use at cryogenic temperatures. 

Plugs of ice or foreign material can develop in cryogenic or refrigerated container vents and openings. The vessel 
can rupture if the proper action is not taken immediately. Prevent plugs by following the supplier’s operating 
procedures. If a plug develops, contact the supplier immediately. Do not attempt to remove the plug without 
consulting the supplier. If possible, remove the vessel to a remote location in accordance with the supplier’s 
recommendations. 

8.1 Small portable containers 

Three types of portable liquid storage vessels are used to hold and dispense cryogenic or refrigerated liquid. 
These include the following: 

 liquid dewars or flasks; 

 pressurized liquid cylinders; and 

 laboratory dewars. 

8.1.1 Liquid dewars 

Liquid dewars are open-mouthed or closed, nonpressurized, insulated vessels used to hold cryogenic fluids (usu-
ally argon, nitrogen, or oxygen). Some dewars are designed for specific lightweight liquids and maximum holding 
times, and their internal support system cannot hold heavier cryogenic liquids. Ensure that no ice accumulates 
on the neck or in the mouth of the dewar. Ice accumulation can cause a blockage that leads to pressure buildup 
within the dewar. 

8.1.2 Liquid cylinders 

Liquid cylinders are pressurized containers, usually vertical vessels, designed and fabricated in accordance with 
U.S. Department of Transportation (DOT),Transport Canada (TC) DOT/TC-4L,TC-4LM specifications and appli-
cable local country codes [2, 13]. Liquid cylinders designed specifically for liquid helium and liquid hydrogen are 
available. There are three major types of liquid cylinders:  

 one type for dispensing liquid or gas,  

 one type for gas withdrawal only, and  

 one type for liquid withdrawal only. 
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8.1.2.1 Liquid cylinder valves 

Each type of liquid cylinder has valves for filling and dispensing product and is protected against cylinder over-
pressurization by a pressure relief valve and a secondary device, such as a frangible disk PRD. All user outlet 
connections should be in accordance with CGA or other internationally accepted standards for the product stored.  

There should be permanently attached connections for liquid cylinders in medical applications and tamper re-
sistant connections for liquid cylinders in industrial applications. See CGA V-23, Standard for Cylinder Connec-
tions on Portable Cryogenic Liquid Cylinders, and CGA V-1, Standard for Compressed Gas Cylinder Valve Outlet 
and Inlet Connections [42, 43] and other available local country standards. Changing outlet connections can 
result in fatalities and significant property damage. 

8.1.2.2 Handcarts for moving liquid cylinders 

Liquid cylinders shall only be moved using handcarts or other equipment designed for this purpose. A strap 
should be used to secure the cylinder to the handcart to prevent the cylinder from slipping off. 

8.1.3 Laboratory dewars 

Most laboratory dewars are made of metal but some smaller units are made of glass. Some laboratory dewars 
with wide-mouthed openings have neither lids nor covers to protect the liquid.  

8.2 Handling considerations for small portable containers 

The simplest transfer method for cryogenic and refrigerated liquids is gravity transfer where the height of stored 
liquid serves as the driving force. Pressurized transfer uses the vapor pressure of the product or pressure from 
an external source as the primary force for moving liquid into a receiving container at a lower pressure. Various 
types of cryogenic pumps are used to transfer cryogenic or refrigerated liquids. Flow rates can vary from less 
than 1 gal/m (3.8 L/m) to several hundred gal/m (L/m) for industrial systems. See Section 6 for personnel protec-
tion practices used when transferring cryogenic liquids or refrigerated liquids. 

Personnel should have proper training and instructions for the specific cryogenic or refrigerated liquid and transfer 
equipment used. Transfer of cryogenic liquids and refrigerated liquids into warm lines or containers should be 
slow and controlled, using extreme caution to prevent thermal shock to the piping, container and possible exces-
sive pressure buildup within the system. When transferring cryogenic or refrigerated liquids from one container 
to another, the receiving container should be cooled gradually to prevent thermal shock and to avoid splashing. 
High concentrations of escaping gas should be vented to a safe location so they do not collect in an enclosed 
area. 

8.2.1 Violent boiling  

Do not drop solids or liquids directly into cryogenic liquids. The resulting violent boiling can splash cryogenic 
liquid onto personnel and equipment. 

8.2.2 Vapors and splashing  

Avoid breathing vapor from any cryogenic and refrigerated liquid source except for equipment specifically de-
signed to supply breathing air or oxygen. When discharging cryogenic or refrigerated liquids from drain valves or 
blow-down lines, open the valves slowly to avoid splashing. 

8.2.3 Ignition sources 

Do not permit smoking, grinding, welding, cutting, spark producing activities, or open flames in any area where 
flammable cryogenic liquids, cryogenic gases, liquid oxygen, or liquid nitrous oxide are stored, handled, used 
and where they are loaded or unloaded. Post NO SMOKING signs conspicuously in these areas. 
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8.2.4 Loss of vacuum 

A cold outside jacket on a vacuum-insulated vessel indicates some loss of vacuum. The vessel should be drained 
of liquid, removed from service, and set aside for repair. Repairs involving vacuum deterioration should be han-
dled by the manufacturer or an authorized company with personnel qualified in fabrication and repair. 

8.2.5 Filling and handling precautions 

All vessels should be slowly precooled before filling to avoid thermal shock and to reduce excessive flashing and 
loss of product. This is especially true for liquid hydrogen and liquid helium vessels. Portable insulated liquid 
storage vessels shall be handled carefully. They should not be dropped or tipped on their sides. 

8.2.6 Transferring  

There are many types of filling or transfer lines used to handle the flow of cryogenic or refrigerated liquids from 
one point to another. These include small non-insulated copper or stainless steel lines, large diameter rigid lines, 
flexible hose systems, vacuum-jacketed lines, or other insulated transfer systems. The product being transferred 
should be kept entirely in liquid form within the transfer line. Any vaporization within the system can cause ex-
cessive pressure drop and two-phase flow, which is detrimental to the operation of pumps. 

8.2.6.1 Short transfer lines 

Short transfer lines used for intermittent service are not usually insulated except when used for liquid hydrogen, 
helium, and neon. 

Lines that are used for continuous transfer are usually insulated. All liquid transfer hoses should be provided with 
dust caps or plugs. 

Non-insulated, stainless steel transfer hoses should be inspected in accordance with established industry prac-
tice. For general guidelines, refer to CGA P-82, Standard for Maintenance of Transfer Hoses [44]. 

8.2.6.2 Vacuum-jacketed transfer lines 

Vacuum-jacketed transfer lines are normally used for liquid hydrogen and liquid helium transfer, due to their 
extremely low boiling points. Occasionally, vacuum-jacketed lines are used for in-plant transfer of other cryogenic 
liquids.  

8.3 Bulk storage systems 

Bulk storage systems for cryogenic and refrigerated liquids typically consist of a storage tank, a vaporizer (when 
the user wants gas instead of liquid), associated valving, piping, and a cryogenic pump (when needed). Storage 
capacities can range from several hundred gallons to millions of gallons of liquid product. 

The installation of bulk cryogenic fluid systems is covered by ANSI/CGA P-18, Standard for Bulk Inert Gas Sys-
tems. The installation of cryogenic hydrogen systems is covered by ANSI/CGA H-5 [45, 31]. Oxygen bulk systems 
are covered by NFPA 55 [9]. 

Storage tanks vary in physical size and shape. There are spherical tanks, vertical cylindrical tanks, horizontal 
cylindrical tanks, and flat-bottomed cylindrical tanks. Operating pressures can range from atmospheric pressure 
up to 600 psi. Personnel should be familiar with the characteristics of the storage tanks at their installation. 

8.4 General handling considerations for bulk storage systems 

8.4.1 Preventing fires 

No smoking, grinding, welding, cutting, spark producing activities, or open flames should be permitted in the 
immediate vicinity of liquid oxygen, carbon monoxide, hydrogen, ethylene, or LNG bulk storage tanks. Combus-
tible materials should not be stored near tanks holding any of these liquids or near their vent stack outlets.  



AIGA                                                                                     AIGA 129/25 

 

8.4.2 Loss of vacuum 

For vacuum-jacketed containers, the loss of vacuum in the annular space or the continual venting of the PRD 
warrants investigation. Visual signs of vacuum deterioration include cold spots (frost) on the outer jacket or a 
rapid pressure rise observed on the tank pressure gauge. Notify the supplier or owner immediately if either of 
these conditions is observed. See CGA P-75, Standard for Proper Handling of Insulated Tanks That are in Ob-
vious Signs of Loss of Vacuum, for more information about vacuum insulated containers in distress [46]. 

8.4.3 Electrical grounding 

All storage tanks containing flammable cryogenic liquid shall be grounded and the integrity of the grounds peri-
odically checked. Delivery vehicles shall be electrically bonded to the loading facility and to ground before trans-
ferring product. 

8.4.4 Obstructions  

Ice or other foreign matter should not be allowed to accumulate under a vaporizer or tank. A sufficiently thick ice 
buildup underneath or on the vaporizer can impede air flow and result in the discharge of excessively cold gas 
or liquid and can cause excessive distortion resulting in structural damage. 

8.4.5 Restricted access 

Only trained personnel should perform transfer operations or operate bulk storage systems. See Section 6 for 
personnel protection practices used when operating bulk storage systems or when transferring cryogenic or re-
frigerated liquids. 

8.4.6 Storage tank filling limits 

Never overfill a storage tank. Do not exceed the tank manufacturer’s recommended maximum fill level for the 
type of product being stored. On some tanks, the maximum fill level is indicated by a full trycock valve. Only fill 
the tank to the full trycock level per the tank manufacturer’s instructions. A minimum vapor space shall be main-
tained in all tanks to accommodate expansion of the liquid. This vapor space may vary from about 3% of the 
tank’s capacity to as much as 10%, depending on the vessel design and the cryogenic or refrigerated liquid being 
stored.  

8.4.7 Pressure relief valves and rupture disks 

PRDs should only function during abnormal operation or emergencies. If they operate, check the system for loss 
of vacuum or for leaks. Do not tamper with pressure relief valve settings. Report leaking or improperly set relief 
valves to the gas supplier or tank owner so steps can be taken to have them replaced or reset by authorized 
personnel. Report all pressure relief valves with broken seals to the concerned supervisor. Report frosting, ice 
formation, or excessive corrosion on pressure relief valves, since these conditions can render the valves inoper-
ative. 

8.4.8 Air condensation and oxygen-enriched air 

Atmospheric air that comes in contact with the outside of a pipe or other metal surface that is at or less than the 
boiling point of liquid nitrogen, –320 °F (–196 °C), can condense into a liquid, depending on surrounding condi-
tions. The condensed air that can drip off a pipe will be enriched to a 35% to 40% oxygen concentration, since 
nitrogen has a lower boiling point in air, –320 °F (–196 °C), and will boil off faster leaving oxygen in the liquid air. 
Oxygen-enriched liquid air poses a hazard because materials that burn in air will burn more vigorously in oxygen-
enriched air. The condensation of air is normally prevented by frost accumulation, which acts as an insulator.  
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8.5 Additional handling considerations for liquid hydrogen and liquid helium 

8.5.1 Storage 

8.5.1.1 Solidifying air  

Liquid hydrogen and liquid helium require special precautions because they are so cold they can solidify air and 
all other gases. Solidified air can prevent the operation of PRDs, control systems, and other equipment. Use 
containers specifically designed to hold liquid hydrogen or liquid helium. These containers are made from mate-
rials that can withstand the rapid changes and extreme differences in temperature encountered with these ex-
tremely cold cryogenic liquids. 

See NFPA 55 and CGA H-5 for guidance on requirements for insulating materials used with liquid hydrogen 
systems [9, 31]. 

8.5.1.2 Venting  

All liquid hydrogen and liquid helium containers shall be protected by PRDs that permit vapor to escape to a safe 
location. Hydrogen venting shall comply with CGA G-5.5 [30].  

8.5.2 Transfer 

8.5.2.1 Container preparation 

Precool a warm container before filling it with liquid hydrogen or liquid helium to minimize thermal stresses. It is 
important that the precooling gas for helium containers be purged by pure helium gas before the container is 
filled with liquid helium. Either helium or hydrogen purge gas can be used before filling liquid hydrogen containers. 
If an inert gas is in the container, it is important to completely remove the inert gas to prevent plugging problems 
that can result from its subsequent solidification.  

8.5.2.2 Refilling  

Purging is not required before refilling liquid containers that show a level of liquid hydrogen or liquid helium. If 
analysis of hydrogen or helium in the container indicates that the gas has been contaminated with air or other 
harmful impurities, the remaining liquid should be drained from the container. The container should be warmed 
sufficiently to vaporize any collected impurities and should be purged with nitrogen gas followed by a product gas 
purge (see 8.5.2.1) before refilling.  

8.6 Special handling considerations for liquid hydrogen only 

8.6.1 Handling locations 

Liquid hydrogen should be stored, transferred, and handled outdoors unless a review of specific precautions for 
the safe handling of liquid hydrogen indoors has been completed. See NFPA 55 [9]. 

8.6.2 Preventing air contact  

Transfer of liquid hydrogen shall be in closed systems using transfer equipment that has been designed specifi-
cally for liquid hydrogen service. Liquid hydrogen shall not be poured from one container to another or transferred 
in an air atmosphere because oxygen from the air condenses in the liquid hydrogen creating a potential explosion 
hazard. Dewars or other equipment made of glass should not be used for liquid hydrogen service because of the 
potential for explosion. 

8.6.3 Rapid vapor diffusion 

Cold hydrogen vapor released from boiling liquid has about the same density as air although it diffuses rapidly in 
all directions. 
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Backflow is a major safety hazard associated with hydrogen and with liquid helium because it can cause obstruc-
tion of safety relief valves and vent lines, which can lead to container rupture as well as blockages in process 
piping and instrumentation.   

Systems that have been contaminated with air should be removed from service and warmed sufficiently to re-
move all potential contaminants (i.e., air, carbon dioxide, water) prior to being returned to service.  

8.6.4 Spill prevention 

Because it is impossible to prevent a flammable vapor cloud from forming above a pool of liquid hydrogen, every 
effort shall be made to avoid spills regardless of the rate of ventilation. 

8.7 Special handling considerations for liquid helium only 

8.7.1 Minimized heat inputs 

Because of liquid helium’s extremely low latent heat of vaporization, 8.72 Btu/lb (20.284 kJ/kg), it is important to 
use handling and transfer practices that minimize heat input into the liquid. See NBS Monograph No. 111, Tech-
nology of Liquid Helium [47]. 

8.7.2 Using dewars 

A technique often used with dewars to minimize loss is using the sensible heat of helium flash-off gas from the 
liquid to absorb incoming heat through the insulation, piping, and supports. This is very effective with helium 
because it’s sensible heat from normal boiling point to 70 °F (21 °C) is 640 Btu/lb (1489 kJ/kg). This is 71 times 
greater than helium’s latent heat of vaporization at 1 atm. Using this method, the boil-off gas flows out along the 
walls of the long-necked tube that supports the inner container of the helium dewar. 

8.7.3 Pressurized closed systems and backflow 

Because liquid helium is normally handled only in closed systems, these systems shall be at a pressure greater 
than atmospheric to prevent backflow of air into the equipment. Pressure relief valves shall be designed to pre-
vent air from leaking back into the system. 

8.7.3.1 Backflow  

Backflow also occurs when liquid nitrogen is used to shield liquid helium equipment. In this case, nitrogen is the 
contaminating element if a leak develops between the two vessels. Using properly designed equipment should 
eliminate this problem. 

8.7.3.2 Air cargo shipments 

Backflow in air cargo shipments is caused by variations in atmospheric pressure. A substantial drop in atmos-
pheric pressure can cause a vessel to vent and blow down if it is regulated by a conventional pressure relief 
valve. With a subsequent rise in atmospheric pressure, the vessel can be subjected to air backflow if the atmos-
pheric pressure exceeds the helium pressure in the vessel and the PRD does not provide a perfect seal. This 
problem is especially important in air cargo shipments of liquid helium. The changes in atmospheric pressure 
between the ground and high altitude can create backflow. Conventional PRDs can freeze or plug up following 
rapid ejection of cold gas during altitude changes. 

8.7.3.3 Preventing backflow  

The best way to prevent air backflow is the use of absolute pressure relief valves. Using these devices, a vessel 
full of liquid helium can be air transported or trucked by land over mountainous terrain without changing the 
dewar’s internal liquid saturation conditions or its normal venting pattern. The helium supplier and the user should 
discuss the use of absolute pressure relief valves when unusual changes in elevation are expected during truck 
or rail shipment, or when air shipment is planned. 
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8.7.4 Air shipments 

When air shipment is required for liquid helium, the shipper should make advance arrangements with the local 
cargo manager of the airline to avoid any question or unnecessary delay when the container is presented for 
shipment. 

8.7.4.1 Packaging  

Each liquid helium container shall be packaged in its proper shipping crate or frame to prevent being unloaded 
from aircraft in any position other than upright. Details are provided in the container manufacturer’s instruction 
manual. 

8.7.4.2 Marking and labeling  

In addition to marking required by regulations, the following information shall be prominently displayed on the 
container: 

 THIS SIDE UP (with arrows at 120 degree intervals); 

 DO NOT DROP;  

 CARGO AIRCRAFT ONLY (required for shipments over 60 L); and 

 CRYOGENIC LIQUID HANDLING LABEL.  

8.7.4.3 Regulations  

For domestic shipments in the United States, air shipment information is found in 49 CFR [2]. 

For domestic shipments in Canada, air shipment information is found in the Transportation of Dangerous Goods 
Regulations [13]. 

DOT and TC permit the use of the International Civil Aviation Organization (ICAO) Technical Instructions for the 
Safe Transport of Dangerous Good by Air in conjunction with the IATA Dangerous Goods Regulations when 
transporting hazardous materials by air within the United States and Canada [48, 12]. 

International air shipments are regulated by the IATA Dangerous Goods Regulations based on the ICAO Tech-
nical Instructions for the Safe Transport of Dangerous Good by Air [12, 48]. 

8.7.5 Container inspections 

Upon arrival, every liquid helium container should be examined for abnormal pressure relief valve condition and 
to ensure that no neck plug (solidified air) has formed in the dewar. Each dewar should also be periodically 
checked in the user’s plant or laboratory to make sure the condition of PRDs is normal and that no neck plug has 
formed.  

8.8 Handling considerations for liquid tanker truck transfers 

Do not allow unauthorized personnel to congregate near the loading and unloading operation. Keep spectators 
away. Ensure that trailer wheels are blocked to prevent unintended rolling. 

8.8.1 Personnel equipment and clothing 

During transfer operations, personnel should wear loose fitting gloves and safety glasses. Additional eye protec-
tion may be required for certain transfer operations. When transferring oxygen, clothing should be free of oil and 
grease. When transferring flammable cryogenic liquids, flame-resistant materials should be used for exterior 
clothing. See 6.2.6 for information on PPE. When transferring liquid oxygen, exterior clothing made from synthetic 
fiber should be avoided.  
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8.8.2 Ignition sources 

There should be no smoking or open flames in the immediate vicinity when transferring ethylene, oxygen, hydro-
gen, LNG, nitrous oxide, or carbon monoxide. The minimum distances from open flames required by NFPA are: 

 Ethylene  =  50 ft;  

 Liquid nitrous oxide  =  25 ft; 

 Liquid oxygen  =  25 ft; 

 Hydrogen  =  50 ft; and 

 Liquefied natural gas  =  50 ft. 

The appropriate distances are defined in NFPA 55 and 49 CFR Parts 177 and 397 [9, 2]. 

8.8.3 Additional fire precautions 

Do not transfer oxygen when liquid or gaseous fuels are being transferred nearby.  

Loading or unloading operations should not take place in any area or on any surface considered unsafe. A con-
crete trailer apron is required wherever liquid oxygen or oxygen-enriched air could spill or drip during 
transfer. Do not use asphalt or blacktop for liquid oxygen, liquid hydrogen, or liquid helium trailer aprons. 

8.8.4 Frozen equipment 

Hot air, steam, or hot water should be used to thaw frozen equipment. Frozen valves should be thawed by 
directing water onto the valve bonnet and extension below the packing nut. Never direct water onto the packing 
nut. The nut will freeze and render the valve inoperative. Do not use water on liquid hydrogen or liquid helium 
fittings, vent stacks, or discharge devices due to the risk of freezing the systems closed presenting a safety 
hazard. Attention shall be paid to cryogenic or refrigerated liquid leaks that can freeze the tires of delivery vehi-
cles. 

8.8.5 Hose and fill connections 

Hose connections should be compatible with the product being transferred. See CGA V-6, Standard Bulk Refrig-
erated Liquid Transfer Connections [49].  

After a transfer, transfer hoses shall be drained before they are disconnected. Hose and fill connections should 
be plugged and/or capped when not in use.  

8.8.6 Precautions before departure 

Before starting the tractor engine, the driver should walk completely around the trailer to ensure that transfer and 
ground lines are disconnected, compartment doors are closed and latched, and all wheel chocks have been 
removed. 

8.9 Handling considerations for hydrogen and helium transfer 

The general precautions in 8.8 are applicable to liquid helium and liquid hydrogen trailers. However, because of 
the extremely cold temperature of these liquids, their volatility, and the flammable nature of hydrogen, additional 
procedures should be performed as follows: 

 All transfer hoses in liquid hydrogen service shall be purged with hydrogen gas before the transfer operation 
begins. Only helium gas should be used to purge a liquid hydrogen line when the piping is at or less than the 
temperature at which nitrogen will condense. All other gases will freeze at the extremely low temperature of 
liquid hydrogen. Liquid helium transfer lines should only be purged with helium; and 

 Hydrogen tankers shall be adequately grounded to the storage tank before loading and unloading and shall 
remain grounded throughout the entire transfer operation. 
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8.10 Handling considerations for carbon monoxide transfers 

8.10.1 Carbon monoxide tanker truck procedures 

Carbon monoxide is odorless, colorless, toxic, and flammable. Therefore, in addition to the precautions in 8.8, 
additional procedures should be performed as follows. 

All loading operations shall be attended and monitored. The number of loading personnel needed shall be es-
tablished by a hazard assessment, in accordance with 6.6.2, based on the specific design and nature of the 
loading equipment and area. Engineering controls may be used to reduce the number of loading personnel in 
attendance at any given time. Loading personnel shall have access to communication equipment to alert other 
personnel at the site as to the status of the loading process and of any emergencies that might occur. All loading 
personnel should use appropriate air-supplied respiratory protection. All loading areas shall have appropriate 
area monitors to detect for leaks of carbon monoxide. Air monitoring equipment shall be automated and have 
visible/audible alarm functions to indicate a hazardous condition. Personal air monitoring equipment shall be 
used in addition to area air monitoring equipment. Filling shall be observed by a person in the immediate vicinity 
of the tanker loading area but outside of the hazard zone. All personnel shall evacuate the loading area in the 
event of a leak. Carbon monoxide liquid leaks in the loading area of the tanker shall be presumed to be IDLH 
and shall be mitigated only by qualified emergency response personnel. 

8.10.2 Breathing apparatus 

Where worker mobility is required, SCBA is preferable to hose masks. Hose masks supplying pure, filtered 
breathing air from a cylinder bank or other clean source have a longer uninterrupted supply potential and might 
be desirable for fixed locations (such as at loading and unloading operations). Absorptive canister units for re-
moving carbon monoxide from the air and rebreathing respiratory equipment are not suitable for use when trans-
ferring toxic cryogenic liquids. 

8.10.3 Leak detection 

A flame should never be used to detect carbon monoxide leaks. Analyzers or detectors capable of measuring 
the presence of carbon monoxide in the 10 ppm to 200 ppm range should be used and maintained in good 
operating condition. These analyzers should be periodically calibrated to ensure safe operation. No one should 
be allowed to enter an area where there is a known or suspected toxic gas leak without wearing SCBA or a 
positive pressure air mask. 

8.10.4 Vented gas disposition 

Large quantities of carbon monoxide gas are vented when pressure relief valves function or when tanks are 
cooled down without nitrogen precooling. Provisions should be made to recover the venting gas, burn it in a flare 
stack, or vent it to a safe location out of operating areas where there will be no exposure to personnel. 

8.10.5 Process equipment purge 

Although personnel exposure to carbon monoxide is the primary hazard, carbon monoxide mixed with air is 
combustible over a wide range of concentrations. Process equipment and piping including transfer hoses, storage 
vessels, and transport vessels should be suitably purged with an inert gas before liquid carbon monoxide is 
introduced. 
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