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In the oil and gas industry, the presence of acid gases such as hydrogen sulfide
(H2S) and carbon dioxide (CO2) in natural gas streams presents significant
operational and safety challenges. These gases are corrosive to pipelines, toxic to
personnel, and reduce the heating value of the fuel. A gas sweetening unit (GSU),
often referred to as an amine plant, is the primary process used to remove these
contaminants, transforming "sour" gas into "sweet" gas that meets pipeline
specifications.

Effective operation of a gas sweetening unit relies heavily on precise level control
across several high-pressure vessels and heat exchangers. Inaccurate level
measurement can lead to amine carryover, gas blow-by, or equipment damage, all
of which result in costly downtime. This guide explores the engineering principles
of level measurement within the GSU environment and provides technical
recommendations for instrument selection.

Fundamental Level Measurement Principles in Gas
Sweetening

Before selecting instrumentation for a gas sweetening unit, it is essential to
understand the physical principles governing the most common measurement
technologies. Each technology interacts differently with the amine solutions and
hydrocarbons found in the process.

| Guided Wave Radar (GWR)

Guided Wave Radar operates on the principle of Time Domain Reflectometry
(TDR). A low-energy electromagnetic pulse is transmitted along a physical probe
(the waveguide). When the pulse reaches the surface of the liquid, the change in
dielectric constant causes a portion of the energy to reflect back to the
transmitter. The device measures the time-of-flight to calculate the distance. In a
gas sweetening unit, GWR is highly valued because it is relatively unaffected by
changes in pressure, temperature, or the presence of vapors in the vapor space.
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| Magnetic Level Gauges (MLG)

Magnetic Level Gauges utilize the principle of buoyancy and magnetic coupling. A
float containing an internal magnet assembly moves up and down within a bypass
chamber (side-mounted to the vessel) as the liquid level changes. Outside the
chamber, a series of magnetized flaps or a follower indicates the level visually. For
electronic integration, a magnetostrictive transmitter can be mounted to the
outside of the gauge. This provides a robust, non-invasive method of measurement
that offers both local visual indication and a remote signal.

|Hydrostatic and Differential Pressure (DP)

Hydrostatic measurement relies on the principle that the pressure at the bottom of
a liquid column is proportional to the height of the liquid and its specific gravity ($P
= \rho gh$). In pressurized vessels like those in a gas sweetening unit, a
differential pressure transmitter is used to subtract the overhead gas pressure
from the total pressure at the bottom. While cost-effective, this method requires
accurate knowledge of the fluid density, which can fluctuate with temperature and
amine concentration.

| Critical Level Control Points in the Amine Cycle

A gas sweetening unit consists of a closed-loop system where amine is
continuously circulated, fouled, and regenerated. Each stage requires specific level
measurement strategies.

| 1. The Amine Contactor (Absorber)

The contactor is the heart of the gas sweetening unit. Sour gas enters at the
bottom and flows upward through trays or packing, while "lean" amine (amine with
low acid gas content) is pumped into the top. As they contact, the amine
chemically absorbs the H2S and CO2.
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Level control at the bottom of the contactor is critical. If the level is too high,
amine can be carried over into the sweet gas outlet, leading to chemical loss and
downstream contamination. If the level is too low, high-pressure gas can "blow
through" into the low-pressure amine regeneration system, causing a dangerous
overpressure event. Because contactors operate at high pressures (often
exceeding 70 bar), Guided Wave Radar or high-pressure Magnetic Level Gauges
are the preferred choices.

| 2. The Amine Flash Tank

After leaving the contactor, the "rich" amine (amine saturated with acid gases) is
depressurized. It enters a flash tank where dissolved hydrocarbons (methane,
ethane) and some acid gases flash off. The flash tank often contains a layer of
liguid hydrocarbons floating on top of the amine. This requires interface level
measurement. A GWR transmitter is particularly effective here, as it can detect
both the upper hydrocarbon surface and the lower amine/hydrocarbon interface,
provided the upper layer has a lower dielectric constant than the lower layer.

|3. The Amine Regenerator (Stripper)

In the regenerator, the rich amine is heated to break the chemical bond between
the amine and the acid gases. The acid gases are stripped out and sent to a sulfur
recovery unit or a flare. The regenerator operates at lower pressures but higher
temperatures than the contactor. Level measurement here ensures that the
internal trays remain properly submerged and that the bottom of the column does
not run dry, which would starve the reboiler.

| 4. The Reboiler

The reboiler provides the heat necessary for the stripping process. Maintaining the
correct liquid level over the heating bundles is essential to prevent tube burnout
and ensure efficient heat transfer. Due to the boiling action and potential for
turbulence, stilling wells or bypass chambers are typically used to protect the level
instrument from surface agitation.
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| Selection Criteria and Technology Comparison

Choosing the right instrument for a gas sweetening unit involves balancing
accuracy, reliability, and maintenance requirements. The following table
summarizes the suitability of different technologies for common GSU applications.

Primary Principle

Accuracy

High Pressure

High Temp

Foam Handling

Interface Capable

Maintenance

Guided Wave

Radar (GWR)

Electromagnetic
Pulse

+2 mm to £5 mm

Excellent (up to 400

bar)

Up to 450°C

Good (detects liquid)

Yes

Low (no moving
parts)

Magnetic Level
Gauge (MLG)

Buoyancy/Magnetism

+5 mm to £10 mm

Very Good (up to 200
bar)

Up to 400°C

Moderate (float may

sink)

Yes (with specific
float)

Moderate (float
cleaning)

Differential
Pressure (DP)

Hydrostatic Pressure

+0.1% to £0.5% of

span

Good (depends on
seal)

Up to 120°C
(standard)

Poor (density
changes)

No (requires
constant 5G)

Moderate (impulse
lines)

For comprehensive technical specifications and to Review product options and
application support, engineers should consult the Welk Main Page for detailed
instrument data sheets.

| Installation Considerations and Best Practices

The harsh chemical environment of a gas sweetening unit necessitates specific
installation practices to ensure long-term reliability.
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1. Material Selection: Amine solutions, especially when "rich" with H2S, are highly
corrosive. All wetted parts of the level meter, including probes, floats, and
chambers, should be constructed from 316/316L Stainless Steel at a minimum. In
high-concentration H2S environments, exotic alloys like Hastelloy C-276 may be
required to meet NACE MR0175/1SO 15156 standards.

2. Bypass Chambers: For both GWR and MLG, using a bypass chamber (external
cage) is recommended. This allows the instrument to be isolated for maintenance
without shutting down the vessel. It also acts as a stilling well, reducing the impact
of turbulence and foam on the measurement.

3. Nozzle Orientation: Ensure that nozzles for level instruments are located away
from inlet streams. Direct impingement of high-velocity amine or gas can cause
physical damage to probes or cause floats to chatter, leading to premature wear.

4. Heat Tracing and Insulation: Amine solutions can become viscous or crystallize
at low temperatures. In colder climates, external chambers and impulse lines
should be heat-traced (steam or electric) and insulated to maintain a consistent
process temperature and prevent "freezing" of the level signal.

5. Venting and Draining: Every external chamber must be equipped with high-point
vents and low-point drains. This is essential for safely clearing the chamber of toxic
H2S and amine before performing maintenance.

| Limitations and Operational Challenges

| Foaming Management

Foaming is one of the most common issues in a gas sweetening unit, often caused
by liquid hydrocarbons, particulates, or amine degradation products. Foam can
confuse many level technologies. Ultrasonic sensors often lose sighal because the
foam absorbs the sound waves. Hydrostatic sensors may provide a false reading
because foam has a much lower density than the liquid. GWR is generally the most
robust solution here, as the radar pulse typically penetrates the foam to reflect off
the true liquid surface, though very thick, dense foam can still attenuate the signal.
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| Coating and Scaling

Over time, amine degradation products and mineral scales can build up on the
internal surfaces of the vessel and the level instruments. In a Magnetic Level
Gauge, scale buildup can cause the float to stick. In GWR, heavy coating on the
probe can cause signal attenuation. Regular inspection intervals and the use of
single-rod probes (which are less prone to bridging than twin-rod or coaxial probes)
can mitigate these risks.

| High Pressure Vapor Space

At the high pressures found in the contactor, the dielectric constant of the vapor
space can increase slightly. While GWR is mostly immune to this, extremely
high-accuracy applications may require a "vapor compensation"” feature, which
uses a fixed reference target on the probe to calculate the actual speed of the
pulse in the pressurized gas.

| Frequently Asked Questions (FAQs)

Q: Why is interface measurement important in a gas sweetening unit?

A: In the flash tank, liquid hydrocarbons (condensate) often separate from the
amine. Measuring the interface allows operators to skim off the hydrocarbons,
preventing them from entering the regenerator where they could cause foaming or
interfere with the stripping process.

Q: Can | use ultrasonic level sensors in an amine contactor?

A: It is generally not recommended. The high pressure, the presence of heavy
vapors, and the high likelihood of foam make ultrasonic technology unreliable in
this specific application. Radar or magnetic technologies are far more suitable.

Q: How does H2S concentration affect instrument choice?

A: Higher H2S concentrations increase the risk of sulfide stress cracking (SSC). This
requires all metallic wetted parts to be compliant with NACE MR0O175 standards,
which often dictates specific heat treatment or the use of higher-grade alloys.
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Q: What is the benefit of a guided wave radar over a non-contact radar in a GSU?

A: GWR is generally preferred for GSUs because the probe guides the signal,
making it much more effective in narrow bypass chambers and more resistant to
the signal scattering caused by surface foam or turbulence compared to
non-contact (through-air) radar.

For further assistance in selecting the correct instrumentation for your gas
sweetening unit, visit the Welk Main Page to explore our full range of industrial
level measurement solutions.
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