B.3.c
Non-Flammable, Flammable, and Toxic Compressed Gas Safety

INTRODUCTION
Compressed gases have a wide variety of uses for facility and research purposes.  Typically they arrive in pressure cylinders ranging from 300 cubic feet down to less that 1 cubic foot in total gas volume at standard temperature and pressure.  The specific gas can also have a wide variety of chemical characteristics such as flammability, non-flammability, oxidizer, corrosivity, and toxicity.  Prior to use, the physical properties, chemical reactivity and the compatibility with the materials of construction as well as all other items the gas can come into contact with must be fully understood by the user and the safety reviewers and appropriate safety controls must be met.

ANALYZING COMPRESSED GAS HAZARDS AND DETERMINING CONTROLS
The specific gas to be used must be identified and the physical properties and chemical reactivity must be known.  

Non-Flammable Gases
The most common gases used are non-flammable gases.  Typical non-flammable gases are nitrogen, helium, argon, and neon.  The initial concern with any compressed gas deals with pressure and the overall stored energy (pressure and volume).  If the gas is used in a container, the pressure rating of the container must be known.  A pressure relief valve or burst disc must be attached to the container and the release or burst pressure must be much less than the pressure rating of the container.  It also must be sized correctly when flowing gases are used.  Pressure regulators are not sufficient to control the overall pressure.  They have been known to leak.  Therefore, pressure relief devices, including pack-pressure regulators shall be used.

Oxygen deficient conditions are taken into consideration when using large quantities of non-flammable gases but the overall volume of gas is limited in compressed gas cylinders.

Flammable Gases
[bookmark: _GoBack]Typical flammable are hydrogen, methane, acetylene, and propane. When flammable gases are being used, pressure relief, as noted above, must be provided.  In addition, the Uniform Fire Code (UFC) and any local or state code requirements must be followed.  These codes may limit the amount of flammable gases allowed in the lab as well fire safety requirements of the building.  The use of lecture bottles (~2 cubic feet depending upon the gas) limits the amount of gas in the lab.  Ventilation of residual flammable gases is required by either a ventilation hood or gas cabinet.  
The greatest concern when flammable gases are being used is fire and explosion.  The lower and upper flammability limits for all flammable gases in air should be known.  In most cases, it is recommended to keep all reaction vessels outside of the explosive regime (between the lower and upper flammable limits).  In rare cases where the reaction requires being in the explosive regime, the reactor volume must be a small as possible to limit the internal energy of the reaction.

The use of flammable gases requires leak-tight lines, vessels, and check valves.  All connections in the system are leak checked by several possible procedures; the use of Snoop®, a pressure leak check, vacuum leak check, or helium leak check.  Proper venting may also be required to dissipate any inadvertent leaks of flammable gases.

Toxic Gases
Toxic gases are not only toxic; they can also have other characteristics such as flammability, corrosivity, and being an oxidizer.  A thorough knowledge of all the properties of the gases used is essential.   The toxicity of the gas is related to the Personal Exposure Limit (PEL) where OSHA has set workplace limits on the concentration of gas that workers can be exposed, the more toxic the gas, the lower the PEL.

Materials of construction
In order for the toxic gas to remain contained, the gas must be compatible with all parts of the containment enclosure such as; regulators, tubing, vessel, valves, gaskets, windows, and pressure relief devices.  Corrosive and oxidizing gases may require stainless steel components.  All materials in the process must be shown to be compatible, if not the materials must be considered incompatible.

Flow Limiting Devices
Hazard analysis should be performed to determine maximum concentrations of toxic gases in the event of credible incidents and verify that they are below the Immediately Dangerous to Life and Health (IDLH) levels.  These are typically assured by containing the gas cylinders in secure, ventilated enclosures.  Additionally, flow restriction devices such as Reduced Flow Orifices (RFO) may be required to meet these levels, particularly at the exhaust stack.  Depending upon the size of the cylinder, RFOs may come as part of the procurement from gas vendors or may need to be installed at the site.  Controls should be in place to assure that the proper RFOs are installed and that competent individuals perform this installation.

Toxic Gas Use
Because of the risks associated with toxic gas use, formal procedures should be in place to assure that proper controls are in place for each user experiment.  Engineering controls may include containment, ventilation, monitoring and interlocks.  Administrative controls may include training, emergency response, access controls, inventory control and oversight.  


