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Executive Summary

Nitrogen (N2) is utilized extensively across industrial, pharmaceutical, and laboratory
environments as a blanketing, purging, and process gas due to its chemical inertness and non-
flammable properties. However, these identical characteristics render it a profound atmospheric
hazard. Classified by the Occupational Safety and Health Administration (OSHA) as a simple
asphyxiant, nitrogen effectively displaces atmospheric oxygen, creating lethal, undetectable
environments within enclosed or semi-enclosed spaces.

This paper outlines the physiological, behavioral, and thermodynamic mechanisms of nitrogen
releases to assist facilities in risk mitigation.

Regulatory Thresholds and Human Physiology

Human physiology depends on a strict range of ambient oxygen concentration. Standard
atmospheric air contains between 19.5% and 23.5% oxygen by volume.

e OSHA Deficit Threshold: Under 29 CFR 1910.134, OSHA defines any atmosphere
containing less than 19.5% oxygen by volume as oxygen-deficient.

e The Deceptive Physiological Response: Human respiratory drives are regulated by
hypercapnia (elevated carbon dioxide levels in the blood) rather than hypoxia (low
oxygen levels). Because inhalation of a nitrogen-enriched atmosphere allows for the
normal expiration of CO2, the body fails to trigger a suffocation response.

e Acute Effects: Reductions below 19.5% result in immediate measurable cognitive and
physiological impairments. Severe reductions induce rapid syncope (loss of
consciousness) and subsequent death without prior distress or warning.

Atmospheric Dispersion Dynamics

A critical error in industrial hazard planning is miscalculating gas behavior based on buoyancy
assumptions.

e Vapor Density: Gaseous nitrogen has a molecular weight nearly identical to that of
ambient air. Consequently, it exhibits neutral buoyancy.

o Dispersion Variables: Released gas will not reliably rise to high-point vents or settle in
low-point sumps on its own. Dispersion is dictated entirely by local air currents,
mechanical HVAC ventilation systems, and the kinetic energy/pressure of the release
itself.
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e High-Risk Zones: Accumulations to lethal levels can occur rapidly in stagnant zones,
including dead-air corners, open pits, storage vaults, and trenches.

Thermodynamic Expansion: Gaseous vs. Cryogenic Liquefied Nitrogen (LN2)

While gaseous leaks present localized atmospheric risks, liquefied nitrogen (LN2) introduces
catastrophic volume dynamics upon release. As a practical illustration, a single gallon of liquid
nitrogen spilled on the floor will produce enough gaseous nitrogen to fill a small room. Beyond
the sheer volume of gas produced, the nitrogen that boils off a liquid spill is initially extremely
cold and therefore heavier than the surrounding air. This means it will hug the floor and
accumulate in low-lying areas — exactly where people are breathing — before it eventually
warms up and disperses.

A liquid nitrogen release will also produce a visible white cloud of condensed moisture in the air,
which may look like the entire hazard zone, but the actual oxygen-deficient atmosphere extends
invisibly beyond that cloud as the gas warms and spreads. A liquid nitrogen release creates a
larger hazard zone, faster, at floor level, with less visible warning than a gaseous nitrogen release
of the same size.

Metric Gaseous Nitrogen (N2) Liquefied Nitrogen (LN2)
Primary State  Gas at ambient temperature Cryogenic liquid at —1960C
g);]t)ia:)nsmn 1:1 (Standard gas diffusion) 1:700 (Liquid-to-gas expansion)
Boiling Point  N/A —195.80C (Instantaneous at room temp)

Localized displacement via flow  Rapid, exponential room-wide

Risk Profile rate displacement

Because LN2 boils instantly upon contact with any surface at room temperature, a minor liquid
release yields an overwhelming volume of gas. A single liter of liquid nitrogen generates
approximately 700 liters of gaseous nitrogen, capable of instantly overwhelming standard air
exchange rates in enclosed spaces.

What About Outside Bulk Nitrogen Tanks?

Outside tanks are to be kept secure, behind a locked chain-link fence is best. Tanks need to be
designed and fabricated in compliance with the American Society of Mechanical Engineers
(ASME) Boiler and Pressure Vessel Code.

The tanks must have a primary pressure relief valve — a spring-loaded valve that automatically
opens when internal tank pressure reaches its set point, vents nitrogen gas to the outside
atmosphere, and then closes again once pressure drops back to a safe level. The pressure should
be set to maintain set houseline pressures.

Tanks also have a rupture disc set to rupture at a specified pressure. Rupture discs are single-use
devices and would require the gas product vendor to take the tank out of service if they rupture.
The vendor should also provide service and maintenance.
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Outside Bulk Tank Nitrogen Distribution Path

The journey of nitrogen from the bulk storage tanks to the inhouse lines pass through pressure
reducing equipment, distribution headers, branch valves, and end-use connections, potentially
traversing both outdoor and indoor environments, occupied and unoccupied spaces, and areas
with varying levels of inspection frequency and visibility. A leak anywhere along this path
constitutes a credible bulk nitrogen release. Remote sections of piping that pass through
interstitial spaces, pipe chases, or utility corridors are of particular concern because slow leaks in
these areas can build to hazardous oxygen-deficient concentrations over time without any
mechanism for detection without monitoring.

Best practice is to install oxygen (Oz) monitoring in occupied areas. Most companies install O2
monitoring where large nitrogen cylinders and dewars are maintained inside. However, detection
must also be considered in unoccupied areas where a potential nitrogen leak can occur. This
would include any interstitial space where nitrogen travels through piping to the intended
destination. A preventative maintenance program and annual inspection should also be
implemented for the nitrogen piping.

Monitoring Possibilities

¢ A Fixed Remote- Sensor Oxygen Monitors to detect nitrogen leaks in unoccupied spaces
such as interstitial spaces.

o A fixed O: sensor is installed inside the interstitial space, while the display unit,
alarm horn, and strobe are mounted in an accessible location outside the space,
typically in the adjacent corridor or on the wall outside the access door.

e Continuous Line-Pressure Monitoring

o Continuous line pressure monitoring detects a leak at the source by monitoring the
pressure integrity of the nitrogen distribution line itself. Pressure transmitters are
installed at strategic points along the distribution system, typically at the regulator
outlet, at branch points to each manufacturing line, and at the use point end of
each line.

e Ultrasonic Leak Detection Surveys

o Ultrasonic detection works on nitrogen because pressurized nitrogen escaping
through even a very small orifice creates a characteristic ultrasonic signature —
completely independent of the gas composition. This means it detects nitrogen
leaks directly, without relying on oxygen displacement as the indicator.

Inside Portable Liquid Nitrogen Tank

Transportable liquid cylinders are designed for the storage and transportation of liquid nitrogen
to the laboratories or areas that require it. The cylinders must be fitted with a safety relief device
to protect the pressure vessel and vacuum casing, sized, and selected in accordance with CGA
Pamphlet S-1.1, “Safety Relief Devices for Cylinders.”

In the event of known or suspected container vacuum problems, the unit should not continue to
be used. Continued use of a cryogenic container with a vacuum problem can lead to
embrittlement and cracking. Furthermore, the carbon steel jacket could potentially rupture if the
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unit is exposed to stress conditions caused by an internal liquid leak. Prior to reusing a damaged
container, the unit must be tested, evaluated, and repaired as necessary. It is strongly
recommended that any damaged container be returned to ARC for repair and recertification.

Oxygen Sensors for Liquid Nitrogen

When liquid nitrogen is released from a storage vessel, the cold temperature increases its density,
causing it to fall to the floor. As the gas expands and gains heat, it rises while displacing oxygen.
This two-phase behavior — cold and dense at first, then warming and rising — means the hazard
begins at floor level and moves upward. Mounting a sensor too high means it may not detect
dangerous conditions at floor level until the gas has already risen through the breathing zone.

OSHA does not mandate O monitors in rooms with cryogenic liquids and gases, but it does have
standards that require employers to identify hazardous atmospheres (Confined Space Standard 29
CFR 1910.146) and to provide notification when atmospheric O drops below 19.5%
(Respiratory Protection Standard 29 CFR 1910.134).

The NIH protocol for use and maintenance of oxygen monitoring devices establishes the
following best practice: “An oxygen monitoring device shall be installed in any indoor location
where compressed gases and/or cryogenic liquids are stored and/or dispensed in a manner that
could create the potential for the displacement of oxygen.”

Regularly scheduled calibration must be performed to verify the accuracy of the O- sensors.
Best Practices for Placement of O: Sensors:

e (O: sensors should be placed roughly 3-5 feet above the floor.

e Placement at 4-6 feet above the floor within the breathing zone is also acceptable.

e Inrooms where liquid nitrogen is stored in dewars and other containers at ground level,
the sensor should be placed at approximately 3—4 feet. This allows for early detection of
low oxygen levels in the event of a liquid spill or leak.

e Sensors should be placed near likely release points.

Credible Release Scenarios

Your facility should conduct a credible release scenario defined as any realistic failure mode that
could result in the uncontrolled release of nitrogen gas in sufficient quantity to reduce the
ambient oxygen concentration to hazardous levels in an occupied, intermittently occupied, or
interstitial area.

Identify the nitrogen tanks that feed into the facility including gallons. Document what tanks
feed what areas.

Also identify individual lines capable of turning nitrogen on and off at the point of use. When a
use point is closed, the piping segment downstream of the last active branch becomes a static
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dead leg in which pressure equalizes upward toward the houseline set pressure. When all use
points are simultaneously closed, the entire distribution system is at maximum pressure. The
consequence analysis conservatively uses houseline pressure as the governing release pressure
for all scenarios, as this represents the maximum stored energy condition and the highest credible
release flow rate for any given failure mode.

A Common Scenario — Scenario 1: — Small Leak at Fitting or Connection (Higher Probability /
Lower Consequence)

A slow, continuous leak from a gasket, threaded fitting, valve stem seal, or flexible connection at
the tank connection points represents the most likely type of release event, though the overall
probability remains low. Such a leak would develop gradually within whichever an occupied
space the failure occurs. Without monitoring in these areas, this type of leak would be difficult to
safely detect from the exterior.

While a leak may produce physical indicators—such as a faint hissing sound, localized frost
formation on the piping, or a pocket of cold air—if the space is unoccupied and personnel may
be strictly prohibited from entering unmonitored interstitial spaces to look or listen for these
signs during a suspected leak event, as doing so risks immediate exposure to an unventilated,
oxygen-deficient atmosphere. Detection must rely entirely on non-entry engineering methods.

Scenario 2 — Large Release: Bulk Pipe Rupture or Major Connection Failure (Low Probability /
High Consequence)

This scenario represents the worst credible case — a full or near-full bore failure of a distribution
pipe, a catastrophically failed coupling, or a major valve body failure. At 180 psig from the
9,000-gallon tank and 130 psig from the 1,500-gallon tank, the nitrogen inventory available for
release is very large relative to any enclosed building space. A full-bore rupture of a distribution
line could deplete oxygen throughout a large area within minutes.

The most likely location for this scenario to occur is at the outdoor tank connection points where
the bulk storage vessels interface with the facility distribution piping. This is the highest-
consequence connection point in the entire system for several reasons. The tank outlet
connections, pressure reducing station, manifold connections, and the first section of distribution
piping immediately downstream of the tanks collectively represent the highest available system
pressure in the entire distribution network.

This area also contains the greatest density of mechanical joints, flanges, threaded fittings,
regulators, and isolation valves in the system. These components experience the most frequent
human interaction, as this is where bulk deliveries are made, where the supplier’s delivery driver
connects and disconnects the fill hose under pressure, and where facility personnel most
commonly perform operational adjustments. Outdoor exposure also subjects these connections to
weather cycling, UV degradation of flexible components, and frost-thaw stress on threaded joints
that indoor piping does not experience.
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A large release at the outdoor tank connection point is also the scenario with the most direct
pathway into buildings. Distribution piping enters the facility structure at a defined penetration
point, typically at or near grade level. A high-flow release at the tank outlet — whether from a
failed coupling, a ruptured flexible connection, or a pressure reducing station failure — will
discharge a large volume of cold nitrogen gas at or near ground level immediately adjacent to the
building exterior.

Risk Mitigation Framework

To counteract the invisible nature of nitrogen hazards, facilities utilizing N2 or LN2 must
implement a multi-layered defense-in-depth strategy:

1. Continuous Atmospheric Monitoring: Installation of fixed oxygen (O2) depletion
monitors equipped with audible and visual alarms set to trigger at 19.5%.

2. Mechanical Ventilation: Engineered air-exchange systems designed specifically for
areas housing pressurized gas lines or cryogenic storage.

3. Point-of-Use Controls: Utilizing personal, wearable O2 monitors for personnel entering
confined spaces, trenches, or poorly ventilated storage rooms.

Additional Recommendations

1. Update Emergency Response plan to include Oxygen Deficient Emergencies

a.

The emergency action plan does have a section that talks about responding to
hazardous chemical release but not specifically O2 deficiency from a nitrogen
leak. We recommend updating the plan to include response to a potential oxygen
deficient environment.

We recommend training a Medical Emergency Response Team on how to respond
to an employee that was in an oxygen deficient environment.

What is the process to verify re-entry into incident areas?

Consider Nitrogen Release and Dispersal Potential when Designating Egress
Paths. When updating the Emergency Action Plan (EAP) for oxygen-deficient
emergencies, evaluate the physical relationship between employee evacuation
routes and the indoor nitrogen distribution piping path. Because nitrogen gas can
migrate along indoor air currents and interstitial corridors ensure that designated
emergency egress paths do not require employees to walk directly alongside high-
density piping zones or past unmonitored utility spaces where a leak could
accumulate. EAP training should instruct personnel to utilize alternative or
secondary exit routes that lead away from the suspected leak source.

2. Update training plans to include Nitrogen hazards and how to detect a possible leak.

a.

We recommend updating the current training plan to educate any employees
working with nitrogen on the specific hazards of liquid nitrogen. Employees
should also understand the visual warning signs of a potential nitrogen leak.

We recommend training the facilities team on how to respond to a possible
nitrogen leak in remote or interstitial spaces. Namely, they should not go into any

Making the workplace a better place



spaces where there is a suspected leak, so they do not expose themselves to a
potentially oxygen deficient environment.
3. Evaluate the need and method of detection in unoccupied spaces.

a. This report covered two potential release scenarios. In a large release that happens
at the tanks outside of the building, clearing the area and keeping people away
from the large release would be a recommended response plan. This release would
also be easier to identify.

b. In the event of a release in occupied spaces consider a mechanical means of
identifying a slower leak.

i. Remote O2 Monitors could be placed in these areas.

ii. Ultrasonic Leak detection could be added as a service from a third party.
4. Implement annual inspections of nitrogen piping.

a. Ensure a preventative maintenance or annual inspections plan on the nitrogen
piping in the unoccupied and interstitial spaces. Adding nitrogen piping to the
preventative maintenance list as an annual inspection, will help proactively
monitor the risk for a potential nitrogen release event. If personnel enter these
spaces to do any monitoring, they will need to be evaluated as permit confined
spaces. Consider remote monitoring and inspection if these spaces will not be
classified as permit required confined spaces.

5. Additional considerations for portable liquid nitrogen transport and use.

a. Mandate Vacuum-Insulated Transfer Hoses for Liquid Nitrogen Dispensing:

i.  Vacuum insulation minimizes ambient heat transfer, drastically reducing
liquid flash-boiling, line sputtering, and the intense thermal contraction
that causes uninsulated hoses to become brittle and rupture under pressure.

b. Ensure that all flexible use-point lines, connection hoses, couplings, and internal
gaskets utilized in the laboratories and manufacturing lines are explicitly rated for
low-temperature or cryogenic service. Standard unrated plastic, rubber, or
polymer tubing must be prohibited from carrying nitrogen vapor and liquid.

6. Confirm the Air Changes per hour in rooms where liquid nitrogen is stored or actively
dispensed.

a. We recommend confirming with your facilities team that all active laboratory or
manufacturing use points maintain an engineering baseline of 4 to 6 Air Changes
per Hour (ACH) in accordance with ANSI/ASSP 79.5 and NFPA 45 standards.
For enclosed spaces where liquid nitrogen is stored or actively dispensed, ensure
mechanical exhaust rates maintain a continuous 6 ACH baseline in accordance
with CGA P-12.

7. Evaluate areas of nitrogen use without O> monitors.

a. Best practice is to include O: monitors in all areas with active nitrogen use.

b. We also advice signs be posted in areas instructing employees what to do if the
alarm goes off. We recommend standardizing this practice across all areas with a
Oz monitor.

8. Position O: monitors in the correct placement range.

a. Ensure O: monitors are within the 3-5 foot range. We recommend adjusting the
monitor heights to comply with industry best practices.

b. Consider Implementing Dual-Sensor Configuration for Unattended Cryogenic
Storage:
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i. The Source Sensor: Placed low (3—4 feet) directly next to the tank
valve/dispensing manifold to protect a worker from a sudden, cold, floor-
level flash release while actively dispensing.

ii. The Threshold Sensor: Placed directly at the primary entrance door with a
dual-sided exterior strobe and horn. This ensures that if a leak occurs
while the room is left empty, an approaching employee or emergency
responder is warned before opening the door and entering a stagnant
hazard zone.

Conclusion
Nitrogen is a silent hazard precisely because it mimics safe atmospheric conditions until oxygen
is entirely depleted. Understanding the 700x expansion ratio of LN2 and the lack of

physiological warning signs is fundamental to designing an accident-free facility.

For additional questions, to discuss your needs, or to schedule a risk assessment, contact
Dimensions.
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