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Common Uses For Cryogens

 Common uses for cryogenics at GSFC 
include:
He - Cooling for sensitive instruments - ~1.5K
N2 - Inert glove boxes – use gas off dewar
LO2 - Rocket fuel component – makes RP1 

burn more completely and hotter
Ar – TIG welding



BACKGROUND
 January 2005 – During warm 

up, a dewar developed an ice 
plug resulting in a 
catastrophic  over 
pressurization failure
 Cost of the accident was 

estimated to be $350,000 -
$400,000

 Dewar Mishap Investigation Board 
recommendations:
Establish cryogenic safety position in 
Code 350 

Establish cryogenics working group  
(Now Cryogenic Safety Committee)

Develop cryogenic training program

Initiate policy of holding peer reviews of 
cryogenic test plans, procedures and 
setups



PROGRAM/POLICY

 GPR 8710.7 – Cryogenic Safety
 Defines responsibilities
 Defines training requirements
 Establishes Cryogenic Safety Committee
 Establishes review process for new cryogenic 

equipment and processes



TRAINING REQUIREMENTS
ODH Basic

Hazards
Design, 

Construction, 
Operations

OJT

Entry into ODH 
designated areas

Working with or 
around cryogens 
basic use of  LN2 LAr 
or LHe 
Cryo system 
designers and any 
LHe dewar hands on 
operators
Refresher Frequency 
(years)

3 3 3



CRYOGENIC SAFETY COMMITTEE
 Tasked with reviewing and approving new or modified cryogenic systems 

and operations.
 Information required for a review:

 Schematics and piping and instrumentation flow diagrams as required providing 
a complete and accurate functional description of the system;

 Sufficient documentation to show that the components and materials used are 
appropriate for cryogenic temperatures;

 A description of operating procedures;
 A description of any necessary operator training;
 A list of all valves and ports which have the potential of discharging cold gas or 

cryogens to the atmosphere (the possibility of such a discharge causing 
personnel injury should be evaluated);

 A description of any maintenance requirements;
 An analysis demonstrating the adequacy of pressure relief valve sizing under 

worst-case failure conditions; and
 A completed ODH analysis evaluating the risk presented under worst-case 

failure conditions.  



CRYOGENIC HAZARDS

Asphyxiation (Oxygen Deficient 
Atmosphere)

Cold Contact Burns/Frostbite
Oxygen Enrichment
Pressurization
 Ice Buildup
 Ice Plugs



ASPHYXIATION
 A condition of severely deficient supply 

of oxygen to the body that arises from 
being unable to breathe normally.

 Released cryogens can displace 
oxygen in a room.



PROPERTIES OF CRYOGENS



OXYGEN CONCENTRATION
 Normal air makeup  (%volume)

 20.9 % oxygen
 78 % nitrogen
 1 % argon

 Oxygen deficiency is defined as 
<19.5% oxygen (OSHA)

 Oxygen monitors at Goddard are 
set to alarm at 19.5 % oxygen 
concentration
 Health effects begin at around 17%



EFFECTS OF 
OXYGEN 

DEPRIVATION

• Taking as little as two breaths in 
an oxygen free environment can 
render someone unconscious
•Those with lung disorders or 
other respiratory problems may 
experience effects sooner
•This data applies at sea level. 
Symptoms may appear sooner at 
higher elevations



GODDARD POLICY
 A 19.5% oxygen atmosphere is 

considered to be hazardous (OSHA)
 No person may enter or occupy an area 

where the oxygen concentration is below 
19.5%



OXYGEN DEFICIENCY HAZARD (ODH) 
ANALYSIS

 An ODH assessment shall be conducted 
whenever an area containing enough 
displacing gas to pose a potential oxygen 
deficiency is established or modified, and 
whenever cryogens are used, stored, or 
dispensed.  

 Contact Code 803.2 at 2030 to request an 
ODH analysis.



COLD CONTACT BURNS/FROSTBITE
 Contact Burns – skin exposure to cold liquid, 

gas or surface
 Similar to heat burns; can cause localized 

tissue damage 
 Can lead to frostbite

 Frostbite – freezing of skin or body parts 
resulting from exposure to low temperature
 Most likely cause of frostbite to the hands and 

body is contact with cold metal surfaces 
 Frostbite will occur almost instantaneously, 

especially when the skin is moist
 Can lead to permanent damage

 Prolonged exposure to cold vapor can 
damage lungs and eyes
 Fluids in the eyes are particularly sensitive



AVOIDING COLD CONTACT BURNS/FROSTBITE

 Minimize exposure to cryogens when transferring fluids
 Review operating procedures and think the process through  before 

beginning

 Understand the hazards
 Know the location of relief valves and potential cold surfaces

 WEAR PROPER PROTECTIVE EQUIPMENT!!
 Safety goggles are mandatory when working with cryogen boiloff
 Full face shields for pressurized systems
 Loose fitting grease free nylon gloves

 Non porous and non absorbent
 They can quickly be removed in the event cryogen manages to permeate 

them
 Long sleeve shirts, long pants, no cuffs on trousers, no short skirts
 Non absorbent clothing and footwear

 Due to the nature of cryogens low viscous nature, will penetrate woven and 
other porous clothing materials much faster than water!

 Cryogenic apron recommended



PERSONAL PROTECTIVE 
EQUIPMENT

 Keep gloves dry and grease free
 Use waterproof type
 Not for immersion in liquid nitrogen

Use tongs

 Special gloves are required for liquid O2
service
Check with manufacturer if you are using 
liquid Oxygen

Apron - recommended Full face shield
preferably open top

Goggles – used 
around cryogen 
boiloff



WHAT TO DO IN THE EVENT OF COLD 
CONTACT BURN/FROSTBITE

 Immerse effected area in warm –never hot – water
 The recommended water temperature is 104 to 108 degrees 

Fahrenheit. 
 Do not apply direct heat to the area

 Do not remove frozen clothing, massage or rub frozen 
areas, use a safety shower or eyewash or apply 
ointment

 Call 911 and arrange transport if necessary 

 Do not smoke or drink alcoholic beverages during 
recovery as both can interfere with blood circulation 



OXYGEN ENRICHMENT

 At temperatures less than 82 K, metal 
surfaces will condense oxygen and form 
enriched air which can drip and form pools

 Liquefied air enriches to 50% O2
 Nitrogen, which has a lower boiling point than 

oxygen, will evaporate first, leaving an oxygen 
enriched condensate on the surface

 These surface will readily ignite and support 
combustion

 What you can do
 Insulate lines whenever possible, use heaters, use 

drip pans 
 No smoking, open flames, ignition sources

 Try to eliminate combustible material in the vicinity of 
cryogenic systems



PRESSURIZATION
 All closed Dewars have some heat 

leak and will slowly build up in 
pressure over time 

 A liquid helium dewar operating at 2 
psig can pressurize to 12000 psi if 
allowed to warm to room temperature 
without venting
 Relief valves protect dewars from over 

pressurization
 All dewars vent. Some occasionally, 

some constantly
 ‘Soft’ vacuum raises pressurization rate

 Rapid Pressurization
 Full loss of insulating vacuum will result 

in rapid boil off of cryogen
 Quenching a superconducting magnet 

will as well



INSULATING 
VACUUM

 Most cryogenic Dewars have 
vacuum shell surrounding the 
cryogen storage to minimize heat 
input

 Heat load is very sensitive to 
insulating vacuum

 Sweat (condensation) or frost 
buildup on a dewar  is a likely 
indication of poor vacuum
 Frost is not unusual on some high 

pressure dewars
 Catastrophic loss of insulating 

vacuum will result in rapid release 
of cryogen

 Loss of vacuum is often the 
defining factor in sizing relief 
devices

 Insulating vacuum surrounding 
cryogens can pressurize on warm-
up as any gas that may have 
leaked into the vacuum space 
expands
 These spaces must have over 

pressure protection as well
Vacuum 
Space



RELIEF VALVES
 All potential trapped cold volumes 

must be protected by a relief device
 Trapped – can be isolated by closing 

valves

 ASME Code:
 1 relief device set at or below the 

maximum allowable working 
pressure (MAWP)

 Can have multiple devices, but all 
must be sized to handle full flow

 Rechecked periodically as per 
NASA directive (RECERT)
 NASA Governing Documents

 NPD 89710.5
 NASA-STD-8719.17
 GPR 8710.3

 ASME certified relief valves can only 
be adjusted by certified personnel

Typical Direct Spring 
Loaded RV – right angle

In-line
relief 
valve



 Relief devices must operate at room     
temperature
 If proximity to  to cold equipment causes frost 

buildup on the relief valve it must be relocated
 Leaking relief valves that are building up frost 

must be repaired or replaced

 Never plug, restrict, or remove any relief 
device
 Unless as part of an approved procedure

 Never attempt to cap or seal a venting relief  
device in any way

RELIEF VALVES-THINGS TO REMEMBER

 Do not tamper with, disable or adjust relief valve settings without proper 
review
Even changing vent piping downstream of a relief valve can affect valve 
relieving capacity

Stay clear of vent paths whenever possible



RUPTURE DISKS
 Non recloseable 

pressure relieving device
 Same capacity 

requirements as relief 
valves

 Disadvantage:
 Leaves system open to 

contamination after 
event
 Requires warm-up 

and purge to replace
 Subject to fatigue

 Relief at lower then 
design pressure 
(forward acting)

 Sensitive to installation 
 Special holders 

required
 Torque to specified 

valves
 ASME code allows for 

rupture disks to be the 
sole over pressure 
protection device



WHAT CAN HAPPEN WHEN  OVERPRESSURE 
DEVICES ARE DEFEATED



FOUND AT 
GREENBELT 

JUNE ‘08



PORTABLE DEWAR INSPECTION
 Before filling any rolling dewar at a 

LN2 filling station the following is 
required
 Visual Inspection

 Rust, dents, crack, inappropriate 
frost buildup on the outside surface 
of the dewar

 Check pressure gauges for cracks 
or damage

 Valve Inspection
 Valves are tightened securely, no 

rust,  leaks or frost buildup apparent
 Pressure relief /rupture disk 

inspection
 Unobstructed vent path, no frost or 

rust buildup

 Questionable Dewars must be 
removed from service



ROLLING DEWAR HANDLING
 Liquid cylinders range in different weights 

and sizes. They are heavy and 
cumbersome, especially when filled with 
liquid nitrogen.

 Handle gently -sloshing can move liquid to 
warmer regions of the dewar and cause 
pressure spikes

 Containers can cause crushing injury to 
the feet.  Wear proper shoes.  

 Never lay a dewar on its side. 
 Use a lift gate or loading dock when 

loading or unloading from a truck



 Dewars must be clearly labeled with contents
 Do not make assumptions about an unlabeled Dewar

 Use lower handles, not upper rings, for 
movement

 Inspect wheels prior to moving 
 Elevator transport: Whenever possible-

 Do not accompany the dewar, use a second person 
at the destination floor 
 Place a sign on the dewar that the elevator is not to be 

occupied while the dewar is being transported

ROLLING DEWARS -CONTINUED



HAND CARRIED DEWARS
 Wear proper PPE

 Goggles and loose fitting nylon cryo 
gloves

 These are for use only with LN2 and 
LAr

 Use only the loose-fitting necktube 
core or the vented cap supplied with 
your dewar or one of the approved 
accessories for closing the necktube

 Check periodically to be sure that 
venting is not restricted by 
accumulated ice or frost

 Use insulated tongs or other 
cryogenic rated tools to add or 
remove material from dewar

 Store and use in well ventilated spaces

 Do not take  into elevators or closed vehicles



Liquid Oxygen
 Makes up ~20.9% of the 

atmosphere
 Is pale blue in color
 Is not flammable
 Strong oxidizer that 

makes everything else 
burn like crazy

 Commonly referred to as 
LO2 or LOX



WFF 80,000 Gallon LO2 Tank 
Used to fuel launch vehicles on MARS launch pad.



Liquid Oxygen
 Also used to support 

flight operations



PERSONAL PROTECTIVE 
EQUIPMENT

 Keep gloves dry and grease free
 Use waterproof type
 Not for immersion in liquid nitrogen

Use tongs

 Special gloves are required for liquid O2
service
Check with manufacturer if you are using 
liquid Oxygen

Apron - recommended Full face shield
preferably open top

Goggles – used 
around cryogen 
boiloff



ICE PLUGS
 Frozen plugs can form in dewar plumbing if the cryogenic system 

is exposed to air
 Moisture in air can also block lines
 The smaller the vent line the more susceptible to plugging

 Sometimes fill or vent lines are also the path to relief valves
 Plugs in these lines could potentially prevent the vent valves, as well 

as pressure relief valves, from releasing pressure from the Dewars 
as the cryogen vaporizes

 Over time this will result in a pressure buildup that can cause 
structural failure of the Dewar

WAYS TO AVOID THIS
 Minimize exposure of any cryogenic system to air

 Any valves that lead to ambient should be kept closed as much as 
possible and only be opened when required by procedure

 Purge transfer line prior to inserting it into cold dewar

 Use check valves or extended length tubes on vents normally 
open to air



ICE BUILDUP
 Ice buildup on uninsulated 

areas can cause damage to 
surrounding equipment
 Potentially embrittle sensitive 

materials
 Adds additional weight to 

supports

 Ice buildup can block relief 
valves or access to critical 
valves

 Ice buildup can freeze o-rings 
and compromise insulating 
vacuums

 What will help
 Insulate lines whenever 

possible
 Heaters
 Extending relief valves away 

from cold lines 



SUMMARY
 Cryogenic systems at Goddard  present many potential hazards, 

including:
 Asphyxiation
 Frostbite or Cold contact burns
 Pressurization due to gas expansion
 Ice buildup on critical or sensitive equipment
 Oxygen enrichment

 Applying the practices described in this presentation can mitigate 
and even eliminate these hazards

 Keep in mind proper procedure in the event of  injury from contact 
with cryogens

 Special precautions are required for handling and transferring 
cryogenic fluids
 Wear Proper PPE
 Review operating procedures

THINK THE PROCESS THROUGH

Any questions or comments contact Code 803.2


