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In the global refining and petrochemical industry, technical excellence is the
primary driver of safety, efficiency, and profitability. Events and communities like
Refcomm serve as critical hubs for engineers, operators, and equipment
manufacturers to share best practices regarding some of the most challenging
process units in a refinery, including Delayed Coking Units (DCU), Fluid Catalytic
Cracking (FCC), Hydroprocessing, and Sulfur Recovery. A recurring theme within
these technical forums is the critical role of precise level measurement. In
environments characterized by extreme temperatures, high pressures, and
corrosive media, selecting the correct instrumentation is not merely a matter of
operational preference but a fundamental requirement for process safety and
asset integrity.

Refinery operations depend on the ability to monitor fluid levels accurately to
prevent overfills, manage interface layers, and optimize catalyst distribution. This
guide examines the technical principles of level measurement technologies
commonly discussed in the context of refinery optimization and provides a
framework for selecting and installing these instruments in harsh industrial
environments.

Measurement Principles in Refining and
Petrochemical Applications

Before selecting a device for a refinery application, it is essential to understand the
physics behind the measurement. Refining processes often involve hydrocarbons
with low dielectric constants, high-temperature vapors, and turbulent surfaces, all
of which influence sensor performance.

|Radar Level Measurement (Guided and Non-Contact)

Radar technology is a cornerstone of modern refinery instrumentation. It operates
on the principle of Time Domain Reflectometry (TDR) for guided wave radar (GWR)
or Frequency Modulated Continuous Wave (FMCW) for non-contact radar.
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Guided Wave Radar (GWR): A probe guides high-frequency electromagnetic pulses
from the transmitter to the process medium. When the pulse hits the surface, a
portion of the energy is reflected back. Because the pulse is confined by the probe,
GWR is highly effective for low-dielectric liquids and interface measurements (e.g.,
oil-water interfaces).

Non-Contact Radar: These sensors emit signals through the air. FMCW radar is
particularly effective in refining because it continuously varies the frequency of the
signal, allowing the sensor to distinguish between the actual liquid surface and
internal tank obstructions or foam.

| Magnetic Level Gauges (MLG)

MLGs utilize a float containing an internal magnet assembly that moves with the
liquid level inside a bypass chamber. As the float rises or falls, it actuates magnetic
flags on an external scale and can be paired with a magnetostrictive transmitter
for continuous electronic feedback. This mechanical-to-magnetic coupling provides
a robust physical indication that is immune to power failures, making it a staple for
high-pressure boilers and separator vessels.

| Hydrostatic Level Transmitters

This principle relies on the relationship between the height of a liquid column and
the pressure it exerts at the base of a vessel ($P = \rho gh$). In refineries,
hydrostatic sensors are often used in atmospheric storage tanks. However, in
pressurized vessels, differential pressure (DP) transmitters are required to
compensate for the overhead vapor pressure.

| Ultrasonic Level Sensors

Ultrasonic sensors emit sound waves that reflect off the surface of the medium.
While cost-effective and reliable for water treatment and chemical storage (such
as acid or caustic tanks used in refinery utility areas), they are generally limited in
high-pressure or high-temperature process units because the speed of sound
changes with gas density and temperature.
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| Practical Selection for Refining Environments

Choosing the right technology requires a deep dive into the specific process
conditions of the unit. The following table outlines typical selection criteria based
on the challenges often highlighted in technical communities like Refcomm.

Application

Coke Drums (DCU)

FCC Catalyst

Hoppers

High-Pressure
Separators

Acid/Caustic Storage

Hydrocarbon Storage

Process Sumps

Boiler Steam Drums

Typical Conditions

Extreme Heat
(500°C+), Foaming,
Solidification

High Abrasion,
Fluidized Solids

High Pressure (100+
bar), Interface Layers

Highly Corrosive

Large Volumes, Low
Dielectric

Turbulence, Sludge,
Debris

High Temp/Pressure,
Saturated Steam

Recommended

Technology

Nucleonic (Gamma)
or High-Temp Radar

Guided Wave Radar
(Heavy Duty)

GWR or Magnetic
Level Gauges

Ultrasonic or
PTFE-coated Radar

Non-contact FMCW
Radar

Hydrostatic or
Submersible
Pressure

Magnetic Level
Gauge with
Transmitters

Key Benefit

Penetrates thick
foam and handles
extreme heat.

Resists abrasion;
manages
low-dielectric solids.

Accurate tracking of
hydrocarbon/water
interface.

Non-contact
measurement
prevents sensor
corrosion.

High accuracy over
long ranges (up to
30m+).

Robust against
surface turbulence
and debris.

Redundant visual
and electronic
monitoring.

For a comprehensive overview of industrial-grade sensors tailored for these
specific environments, engineers can consult the Main Page of our technical
catalog to review product options and application support.
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|App|ication Focus: The Delayed Coking Unit (DCU)

The DCU is often cited in refining circles as one of the most difficult environments
for level measurement. During the coking cycle, the drum fills with hot resid, which
eventually turns into solid petroleum coke.

1. The Foam Layer Challenge: As the resid is heated, a significant foam layer
develops. If this foam reaches the overhead vapor line (a "foam-over"), it can
cause catastrophic damage to downstream equipment.

2. Instrumentation Strategy: High-frequency radar is often used to track the foam
top, while nucleonic (gamma) systems are used to detect the denser liquid and
solid levels. Radar sensors used here must be equipped with purging systems
(typically steam or nitrogen) to prevent the buildup of heavy coke on the antenna.

| Installation and Engineering Considerations

Even the most advanced level meter will fail if installation guidelines are ignored.
In refinery settings, the following factors are critical:

Stilling Wells and Bypass Chambers: To mitigate turbulence and foam, radar and
magnetic sensors are often installed in stilling wells or external bypass chambers.
This provides a calm surface for measurement. The internal diameter of these
wells should be consistent (typically 50mm to 100mm / 2" to 4") to avoid signal
interference.

Nozzle Geometry: For non-contact radar, the nozzle height-to-diameter ratio must
be managed. A nozzle that is too long or too narrow can create "ringing" or
internal reflections that mask the actual level signal.

Heat Tracing and Insulation: In heavy oil or bitumen service, the liquid in a bypass
chamber may cool and solidify if not properly heat-traced. This would cause the
float in an MLG to stick or the radar signal to be lost.

Orientation: Hydrostatic transmitters must be mounted where they are not
susceptible to sediment buildup. In horizontal tanks, they should be placed away
from the discharge or fill lines to avoid dynamic pressure errors.
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| Limitations and Operational Risks

While modern instrumentation is highly capable, every technology has factual
boundaries:

Dielectric Constant (er): Radar signals rely on the difference in dielectric constant
between the vapor space and the liquid. If the er of a hydrocarbon is very low (less
than 1.4), the reflection may be too weak for standard non-contact radar, requiring
the use of a stilling well or a GWR probe to concentrate the signal.

Vapor Space Attenuation: In high-pressure steam or heavy hydrocarbon vapors,
the signhal speed of radar can be slightly altered. Advanced transmitters include
vapor compensation features to maintain millimeter-level accuracy.

Coating and Buildup: In applications like asphalt or heavy crude, material can coat
the sensor. While FMCW radar can often "see through" thin coatings, heavy buildup
will eventually degrade the signal. Regular cleaning cycles or specialized antenna
designs (like the drop antenna) are necessary.

| Frequently Asked Questions (FAQ)

Q: How does temperature affect level measurement accuracy?

A: Temperature affects different technologies in different ways. For hydrostatic
sensors, changes in temperature alter the density of the liquid, which changes the
pressure exerted for a given height. For ultrasonic sensors, temperature changes
the speed of sound. Radar is the least affected by temperature, though the
electronics housing must be kept within its rated operating range (typically up to
80°C/176°F) using cooling fins or remote mounting.

Q: Can one sensor measure both the total level and the interface level?

A: Yes, Guided Wave Radar (GWR) is specifically designed for this. It can detect the
first reflection from the upper liquid (e.g., oil) and a second reflection from the
lower, more conductive liquid (e.g., water), provided the upper layer has a lower
dielectric constant and is thick enough for the pulses to be distinguished.

Q: Why use a Magnetic Level Gauge instead of a simple sight glass?
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A: Sight glasses are prone to leaking, clouding, and breaking under high pressure.
MLGs are pressure-containing vessels that eliminate the risk of glass breakage
while providing a clear, high-visibility indication and the ability to add electronic
switches and transmitters for remote monitoring.

Q: What is the significance of SIL ratings in refinery level measurement?

A: Safety Integrity Level (SIL) ratings indicate the reliability of a device within a
Safety Instrumented System (SIS). In refineries, level sensors used for overfill
prevention are typically required to be SIL 2 or SIL 3 certified to ensure they will
perform their safety function when called upon.

| Conclusion

Effective level measurement in the refining and petrochemical sector requires a
balance of theoretical knowledge and practical engineering. By understanding the
principles of radar, magnetic, and hydrostatic measurement, and by accounting for
the specific rigors of the process environment—such as those discussed at
Refcomm—operators can significantly improve plant safety and throughput.

When evaluating new projects or retrofitting existing units, always confirm the
chemical compatibility of wetted parts, the maximum process
pressure/temperature, and the required accuracy. For detailed technical
specifications and to find the right solution for your specific industrial application,
visit the Welk Main Page for expert guidance and a full range of level
measurement instrumentation.
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