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Oxygen Production
• Oxygen is separated from air, not 

chemically manufactured
• Cryogenic air separation is the 

dominant technology
• Texas Gulf Coast is the largest 

U.S. production hub
• Linde, Air Products, Air Liquide, 

and Messer dominate the industry



Oxygen Production
• Mims, Florida – aerospace liquid oxygen
• Brownsville, Texas – Gulf Coast industrial ASU
• Multiple on-site ASUs across U.S. industry
• Typical large ASU capacity: up to ~5,500 TPD
• Aside from medical grade oxygen – oxygen is widely used in 

manufacturing steel, petrochemical refining, aerospace and 
wastewater treatment

• Oxygen is delivered by cryogenic tanker trucks, rail tank cars, 
dedicated pipelines, liquid oxygen storage tanks

Cryogenic Society of America



Disaster Issues
• Local vs. regional
• Effects on the hospital building
• Effect on local infrastructure (bridges, roads, 

power)
• A disaster as an event that produces ≥ 10 deaths 

or leaves ≥ 100 people homeless, displaced or 
injured (WHO)







Reserve VesselDual Operational
Vessels



Daily Oxygen Use

Ritz R. Respir Care 2008;53:215.



Daily Oxygen Use at UC
• Two large vessels

– 5,180 gallons and 4,970 gallons (33,000,000 L)
• Reserve vessel

– 1,330 gallons (4,300,000 L) 
• Daily use – 300 gallons/day (977,000 L)

– 17 days of operation
– Refilled weekly – volume monitored to never be <half
– Reserve vessel – 2 days



Oxygen Usage with Common Delivery 
Devices





Practical Equations
• Oxygen use by ventilator

– Add bias flow if present

𝑶𝑶𝟐𝟐 𝑳𝑳/𝒎𝒎𝒎𝒎𝒎𝒎
= [

]

𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕𝒕 𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗𝒗 𝑳𝑳

× 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 (𝒃𝒃𝒃𝒃𝒃𝒃 ×
𝑭𝑭𝑭𝑭𝑭𝑭𝟐𝟐 − 𝟎𝟎.𝟐𝟐𝟐𝟐

𝟎𝟎.𝟕𝟕𝟕𝟕



Facilities Design Concepts
• No set design procedure of medical gas pipe sizing
• Surge tolerances built into systems may not match 

actual surge due to increased ventilator usage
– Oxygen usage by other delivery systems must be 

considered (O2, masks, cannula, high flow systems)
• Clinicians need a way to communicate with 

engineers to determine gas flow capacity in each 
location where ventilators are or will be used 



Vulnerabilities



Choke Points in Medical Gas Plumbing



Vulnerabilities
• The average age of US hospitals is 27 years
• Many are much older and include piping from 

earlier construction
• These systems (often retrofitted) may not have the 

capacity to provide 50 psig at high flows demanded 
by some current devices

• UC – first building 1823 – 2 buildings in use that 
are over 100 years old



Facilities Design Concepts
• Medical oxygen is stored in liquid form

– Limitations in flow due to plumbing resistance

– Limitations in rate of usage due to icing on evaporation coils



Facilities Design Concepts
• Air is supplied by huge air compressors 

with dryers to remove water vapor
– Failure of dryers will lead to water in piping 

system that can damage ventilators

Branson R, Hess D, Chatburn R.  Resp Care Equipment  1995



Have A Back-up Plan
• In order to back fill the entire system with enough oxygen to supply our 

facility for 24 hours it would require approximately 142 H cylinders.
• Our facility has the ability to store about 10% of what is needed for 24 hours 

of oxygen usage. (2.4 hours – you have to have a plan – not a good plan). 
• National Fire Protection Association safety regulations storing oxygen:
 ≥ 3,000 cubic feet requires lockable doors, storage racks or chains, 

indirect heat (if required), and dedicated ventilation.
 > 300 cubic feet to < 3,000 cubic feet requires lockable doors and 

passive ventilation.
 < 300 cubic feet (12–13 standard E cylinders) may be stored without 

any restrictions as an operational supply to support clinical operations.



Backfill/Emergency LOX Connection 
• Stoller JK.  Hospital Supplies: An O2K Problem. Respir 

Care 2000;45:300.
• Only 63% of surveyed hospitals had an emergency 

oxygen inlet.
• (1) Hospitals use bulk liquid oxygen systems (with 

primary and reserve liquid reservoirs) as the main central 
supply source, with manifolded cylinders as backup.

• (2) Mishaps regarding the main supply line from the bulk 
oxygen reservoir were reported by 16% (5/32) of 
responding institutions.

• (3) Most main and reserve tanks were contiguous and fed 
through a single line to the hospital facility suggests 
ongoing risk for interruption of an oxygen supply by line 
mishaps (e.g., street repair). 

• (4) Contingency planning to lessen the risk of an 
interrupted supply should involve back-up systems with 
physically separated feed lines, as well as tanks of 
manifolded cylinders along the course of the main 
hospital oxygen circuit line.

Connection to allow a portable LOX to 
feed the hospital (assuming intact 
oxygen piping)



Manifold Systems



Manifold Systems

Little CM, Acad Emerg Med 2009;16:558.











MODS Schematic



MODS-75 H TANK T TANK
MAX CAPACITY (GAS LITERS) 64,500 7,079 8,495
USABLE CAPACITY 64,000 5,322 7,079
# TANKS REQUIRED 12 9
WEIGHT (approximate) 395 lbs 1400 lbs 1250 lbs
FOOT PRINT (approximate) 7.5 sq ft > 7 sq ft > 6 sq ft

MODS-75 COMPARED TO H AND T TANKS

MODS-75 Comparison


Sheet1

		MODS-75 COMPARED TO H AND T TANKS

				MODS-75		H TANK		T TANK

		MAX CAPACITY (GAS LITERS)		64,500		7,079		8,495

		USABLE CAPACITY		64,000		5,322		7,079

		# TANKS REQUIRED				12		9

		WEIGHT (approximate)		395 lbs		1400 lbs		1250 lbs

		FOOT PRINT (approximate)		7.5 sq ft		> 7 sq ft		> 6 sq ft
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Practical Suggestions
1. Consider testing location gas capacity by placing 

running ventilators with test lungs
2. Turn off oxygen to manual resuscitators until used
3. Use minimal FiO2 for adequate oxygenation
4. Reduce use of high flow nasal cannula for oxygen 

delivery
5. Turn off oxygen to anesthesia workstations



Take-Home Messages
• Accurate prediction of medical gas consumption 

during extreme surges requires a combination of 
both clinical and engineering information

• The limiting factor for COVID-19 ventilation surge 
may not be the available ventilators

• Medical oxygen and air supply systems may not be 
able to handle the increased usage of both oxygen 
and air
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