B.3.d
Cryogenic Safety
INTRO

Cryogens are super-cooled substances and are typically stored in liquid form.  Cryogenic liquids are used as targets, cryogenic fluid in superconducting magnets, radiofrequency (RF) cavities, and other accelerator components at many accelerator facilities.  Additionally, cryogenic materials are used in sample preparation and other applications due to their physical properties.  These properties, such as extremely low temperatures (typically < -180 degrees C, 93.15K) and large expansion rates (~700 - 900X) during phase change, present specific hazards that must be analyzed and controlled in order to ensure the safety of researchers and others who work nearby.

ANALYZING CRYOGEN HAZARDS AND DETERMINING CONTROLS

The primary hazards associated with cryogenic operations are cold burns (frostbite), pressure explosions, and oxygen-deficiency hazards (ODH).

Cold hazards
Due to potential injury from skin contact with cryogenic liquids, eye, hand, and body protection are necessary to prevent potential cold burns when handling cryogens.  Additionally, the contact of skin to extremely cold metal (due to cryogen use) can cause cold burns.  Insulation of cryogen-containing pipes is a preferable control to reliance on PPE to prevent such contact cold burns.

Pressure-Related Hazards
A pressure explosion can be caused by cryogens either through material degradation or through inadequate pressure relief.

Cryogenic temperatures drastically affect the properties of solid materials; materials can become brittle or shrink beyond design limits- causing leaks in the system.

Adequate pressure-relief must be engineered into closed cryogenic systems to avoid the potential for explosion in the event that a cryogen’s boiling point temperature is exceeded with the resultant volumetric expansion of 700-900 times.  Cryogenic systems must meet the appropriate ASME code.

ODH Risk Assessments
Before establishing a cryogenic work area, an ODH risk assessment must be performed due to potential for cryogen gases to displace oxygen.  Calculation of worst case scenarios as a function of proposed cryogen use, storage, and work area volume must be performed to determine if an ODH situation could be created.  Special care must be taken to examine the areas at elevations below (pits, trenches, tunnels) and above (service buildings, crane cabs, and roof maintenance areas) the cryogen work/storage area, depending on the physical properties of the cryogen.  Provisions for entry and egress should account for these conditions.

ODH Area Controls
Appropriate controls shall be implemented based upon the results of the cryogen area risk assessment.  These controls will be some combination of engineered and administrative controls.

Engineered controls are preferable to administrative controls.  Commonly used engineered controls include appropriate mechanical ventilation, interlocks to prevent personnel entry or to shut off cryogen gas flow during off-normal situations (e.g., Loss of power, or HVAC, or oxygen level below 19.5%).  Engineered controls are more effective than administrative controls (e.g., protocols, training, etc).  

Oxygen deficiency monitors (ODMs) are an appropriate control where the possibility exists for the development of an area oxygen level <19.5%.  ODMs can be either fixed or portable units.  Fixed ODMs must be properly calibrated, commissioned, and maintained.  Portable units are often pre-calibrated, but these calibrations should be verified through standard methods.  ODM sensors should be located at heights appropriate to the relative density of the cryogens in use.   

Appropriate placards should be used to designate ODH Classified Areas.  

Proper training is an essential control for those who will enter cryogen work areas.  Cryogen and ODH safety training should address hazard identification, area controls and protocols, proper use of personal protective equipment, and emergency response procedures.   Both assigned area workers and visitors must be trained on the proper emergency response.  

Entry to ODH-classified Areas should be restricted to those who have been properly trained.

OTHER
In some cryogenic work areas, flammable liquefied gases such as liquid hydrogen are used. Use of these flammable materials requires that appropriate fire protection considerations must be addressed.





