WELK | REFERENCE GUIDE

Separation Gas

A practical guide to separation gas, covering the reader intent, the relationship to
separation gas, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Separation Gas

In industrial process engineering, the term separation gas refers to the gaseous
phase that is isolated from a liquid or solid mixture within a pressurized vessel or
separator. Whether in oil and gas production, chemical refining, or wastewater
treatment, the presence of separation gas creates a complex environment for level
measurement. Accurate monitoring of the liquid-gas interface is critical for
preventing "gas blow-by" (where gas enters the liquid outlet) or "liquid carry-over"
(where liquid enters the gas stream), both of which can damage downstream
equipment like compressors and turbines.

Selecting the right instrumentation requires a deep understanding of how different
measurement principles interact with the physical properties of the separation gas,
including its density, pressure, temperature, and dielectric constant. This guide
provides an engineering perspective on managing level measurement in these
demanding environments.

Understanding the Dynamics of Separation Gas in
Level Measurement

Level measurement in a separator is rarely a static process. The separation gas
often consists of a mixture of hydrocarbons, carbon dioxide, nitrogen, or water
vapor. As process conditions fluctuate, the behavior of this gas changes, directly
impacting the accuracy of various sensor technologies.

| The Impact of Pressure and Temperature

In high-pressure separators, the density of the separation gas increases
significantly. This increase in density can affect the propagation speed of certain
waves (particularly acoustic waves) and, to a lesser extent, electromagnetic
waves. Furthermore, temperature gradients within the vessel can lead to
condensation or the formation of mist, which can interfere with non-contact
measurement methods.
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| Dielectric Constant and Refractive Index

For radar-based technologies, the dielectric constant ($er$) of the separation gas is
a vital factor. While the dielectric constant of a vacuum is 1.0, the $&r$ of
separation gas at high pressure can rise to 1.05 or higher. This change alters the
refractive index of the medium through which the radar signal travels, potentially
causing a measurement error known as "gas phase propagation delay."

| Measurement Principles in Gas-Liquid Separators

Before selecting an instrument, it is essential to understand the physics behind
how different sensors interact with the separation gas and the liquid below it.

| 1. Guided Wave Radar (GWR)

Guided Wave Radar operates on the principle of Time Domain Reflectometry
(TDR). A high-frequency electromagnetic pulse is guided down a probe (rod or
cable). When the pulse reaches the interface between the separation gas (low
dielectric) and the liquid (high dielectric), a portion of the energy is reflected back
to the transmitter.

Advantages: GWR is highly effective for interface measurement (e.g., oil over
water) under a gas layer. Because the signal is contained along a probe, it is less
affected by turbulence or foam than non-contact methods.

Gas Phase Compensation: Advanced GWR units feature a reference reflection at a
known distance to calculate the actual speed of the signal in the pressurized
separation gas, automatically correcting for density-induced errors.

| 2. Non-Contact Radar (NCR)

Non-contact radar transmitters emit microwave signals through the air (or gas)
towards the liquid surface. The time it takes for the signal to return is used to
calculate the distance.
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Frequency Considerations: Higher frequency radars (e.g., 80 GHz) offer narrower
beam angles, which help avoid internal obstructions like heating coils or baffles.
However, in the presence of heavy dust or thick foam generated by the separation
gas, lower frequency radars (e.g., 6 GHz or 26 GHz) may provide better
penetration.

Limitations: NCR is sensitive to the refractive index of the gas phase. In very
high-pressure applications, the propagation delay must be manually or
automatically compensated.

| 3. Magnetic Level Gauges (MLG)

An MLG uses a float containing a magnet system that moves with the liquid level
inside a bypass chamber. Outside the chamber, a series of magnetic flags or a
transmitter tracks the float’s position.

Isolation: The primary advantage of the MLG is that the separation gas is
completely contained within the pressure-rated chamber, and the measurement
mechanism is physically isolated from the process media. This makes it an
excellent choice for toxic or highly corrosive gases.

| 4. Ultrasonic Level Sensors

Ultrasonic sensors use sound waves to measure distance. However, they are
generally discouraged for use in separation gas environments.

The Sound Speed Problem: The speed of sound is highly dependent on the
composition, temperature, and pressure of the gas. In a separator where the gas
mix might change from 80% methane to 60% methane, the resulting measurement
error can exceed 20%. Additionally, high pressure can attenuate the acoustic
signal, leading to signal loss.
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Comparative Analysis of Level Measurement
Technologies

When evaluating options for a project, engineers should compare technologies
based on the specific constraints of the separation gas and the vessel geometry.
For a broader look at industrial instrument options, professionals can refer to the
Main Page for detailed product specifications.

Guided Wave Non-Contact Magnetic Hydrostatic
HETETS Radar Level Gauge Pressure

Accuracy High (£2 mm) High (£1 mm) Moderate (£5 Moderate (0.1%
mm) FS)

Pressure Range Up to 400 bar Up to 160 bar Up to 320 bar Up to 1000 bar

Temp. Range -200°C to -40°C to -196°C to -40°C to

+450°C +200°C +400°C 1206

Foam Excellent Fair to Poor Excellent Good

Resistance

Interface Yes No (mostly) Yes No

Capability

Installation Top-mounted Top-mounted Side-mounted Bottom/Side-mounted
(Bypass)

Engineering Selection Criteria for Separation Gas
Applications

To ensure reliable performance, the following criteria must be evaluated during the
FEED (Front-End Engineering Design) phase:

1. Gas Composition and Stability: If the separation gas composition varies
significantly, avoid ultrasonic sensors. If the gas is highly dielectric (like
high-pressure CO2), ensure the radar transmitter supports gas phase
compensation.
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2. Vessel Internal Geometry: Separators often contain baffles, sand jetting
systems, and mist extractors. If the "clear path" for a non-contact radar is
obstructed, a Guided Wave Radar or a Magnetic Level Gauge in a bypass chamber
is preferred.

3. Presence of Foam: Many separation processes involve surfactants that create a
foam layer at the gas-liquid interface. Radar signhals can be absorbed or scattered
by foam. In these cases, GWR with a coaxial probe or a Magnetic Level Gauge is
the most reliable solution.

4. Maintenance Requirements: Non-contact sensors are generally preferred for
corrosive media to minimize maintenance. However, if the separation gas tends to
crystallize or form deposits, a non-contact radar with a PTFE drop antenna or a
flushing port may be necessary.

| Installation Guidelines and Best Practices

Proper installation is as important as technology selection. Below are critical
considerations for separation gas environments:

Nozzle Dimensions: For non-contact radar, the nozzle height and diameter must be
chosen to prevent "ringing" or false echoes. The antenna should ideally extend
slightly beyond the nozzle end.

Stilling Wells: In vessels with high turbulence or heavy separation gas flow,
installing a radar inside a stilling well (a perforated pipe) can stabilize the liquid
surface and provide a stronger return signal. The pipe must be vertically plumb to
avoid probe contact in GWR applications.

Bypass Chambers: For Magnetic Level Gauges, the bypass chamber should be
equipped with vent and drain valves. This allows the instrument to be isolated and
the separation gas to be safely vented before maintenance.

Orientation: Ensure that transmitters are mounted away from the gas inlet to
prevent the high-velocity separation gas from causing mechanical vibration or
false readings due to heavy mist.
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Challenges and Limitations: Managing Foam and
Pressure

| The Foam Challenge

Foam is perhaps the most difficult variable in separation gas level control. Foam
consists of gas bubbles trapped in a liquid film. Because it has a dielectric constant
between that of the gas and the liquid, it can create a "fuzzy" reflection for radar. If
the foam is dry and thick, the radar may see the top of the foam as the level. If it is
wet and thin, the radar might see through it to the liquid. Engineering teams must
confirm the expected foam characteristics before finalizing the sensor type.

| High-Pressure Vapor Correction

As mentioned, high-pressure separation gas slows down electromagnetic waves.
At 100 bar (1450 psi), a radar might report a level that is several centimeters lower
than the actual level. Using a GWR with a "reference leg" or a sensor that allows
for the input of the gas's dielectric constant is the standard mitigation strategy.

| Frequently Asked Questions (FAQ)

Q: Can | use an ultrasonic sensor if the separation gas is just air?

A: If the vessel is open to the atmosphere and at ambient temperature, yes.
However, if it is a closed B2B industrial process where the "air" might be
pressurized or mixed with vapors, the accuracy will degrade significantly. Radar is
almost always a better B2B investment for these scenarios.

Q: How does the dielectric constant of the liquid affect the measurement?

A: For radar, the liquid must have a higher dielectric constant than the separation
gas to reflect the signal. Most aqueous liquids have high dielectrics (er = 80), while
hydrocarbons are lower (er = 2). If the liquid dielectric is very low, you may need a
GWR with a high-sensitivity receiver.
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Q: What is the maintenance cycle for a level meter in a separation gas
environment?

A: This depends on the media. For clean separation gases, an annual calibration
check is sufficient. For gases that carry waxes or asphaltenes, monthly inspection
of probes or bypass chambers may be required to prevent buildup.

Q: Is it possible to measure the interface between two liquids under a gas layer?

A: Yes, Guided Wave Radar is specifically designed for this. It can detect both the
top of the upper liquid (e.g., oil) and the interface with the lower liquid (e.qg.,
water), provided the upper liquid is non-conductive and has a lower dielectric
constant than the lower liquid.

| Conclusion

Effective level management in the presence of separation gas requires a balance
of physics and practical engineering. By understanding the limitations of sound and
electromagnetic wave propagation in pressurized gases, and by selecting robust
hardware like Guided Wave Radar or Magnetic Level Gauges, operators can ensure
safe and efficient separation. For detailed application support and to view the full
range of industrial level measurement solutions, engineers are encouraged to visit
the Main Page to find the optimal fit for their specific process requirements.
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