Oil Refinery Process Control
Solutions

A practical guide to oil refinery process control solutions, covering the reader
intent, the relationship to oil refinery process control solutions, key evaluation

criteria, common risks, and the information the intended project audience should
confirm before taking the next step.
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In the complex environment of a modern oil refinery, process control is the
foundation of safety, efficiency, and profitability. Refining involves transforming
crude oil into valuable products such as gasoline, diesel, and jet fuel through a
series of high-temperature, high-pressure chemical and physical processes. Central
to these operations is the ability to accurately monitor and control fluid levels
across various stages of production. Effective oil refinery process control solutions
rely heavily on robust instrumentation that can withstand corrosive media,
extreme temperatures, and hazardous atmospheres.

Level measurement is a critical variable in this control loop. Whether it is
managing the inventory in massive storage tanks or controlling the interface
between oil and water in a separator, the choice of technology directly impacts the
plant's uptime and risk profile. This guide explores the fundamental measurement
principles, application-specific considerations, and technical selection criteria
necessary for optimizing refinery operations.

Core Measurement Principles in Refinery
Environments

Before selecting a specific instrument, it is essential to understand the physical
principles governing different measurement technologies. Each method has
distinct advantages depending on the media properties and vessel conditions.

|Radar Level Measurement (ToF)

Radar level meters operate on the Time-of-Flight (ToF) principle. They emit
electromagnetic pulses (usually in the GHz range) that travel at the speed of light.
When these pulses hit the surface of the liquid, they are reflected back to the
sensor. The device calculates the distance based on the time interval between
transmission and reception.

Non-Contact Radar: Ideal for corrosive or high-temperature liquids as the sensor
does not touch the media. Modern 80GHz radar systems offer narrow beam angles,
reducing interference from internal tank structures like agitators or heating coils.
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Guided Wave Radar (GWR): Uses a physical probe (cable or rod) to guide the radar
pulse. This is particularly effective for low dielectric constant (er) fluids and
interface measurements (e.g., the boundary between oil and water).

| Ultrasonic Level Measurement

Ultrasonic sensors emit high-frequency sound waves. Similar to radar, they
measure the time it takes for the echo to return from the liquid surface. However,
because sound requires a medium (air/gas) to travel, its speed is affected by
temperature fluctuations, pressure changes, and vapor composition. In refineries,
ultrasonic sensors are typically reserved for wastewater treatment or
ambient-temperature chemical storage where vapors are minimal.

| Hydrostatic Pressure Measurement

This principle relies on the relationship between the height of a liquid column and
the pressure it exerts at the base of a vessel. The formula $P = \rho \cdot g \cdot
h$ (where $P$ is pressure, $\rho$ is density, $g$ is gravity, and $h$ is height)
allows the transmitter to calculate the level. In refineries, differential pressure (DP)
transmitters are often used in pressurized tanks to compensate for the gas
pressure above the liquid.

| Magnetic Level Gauges

Magnetic level gauges (MLG) utilize a float containing a permanent magnet. As the
liquid level rises and falls, the float moves within a bypass chamber mounted to
the side of the vessel. This movement flips magnetic flags on an external indicator,
providing a clear visual representation. Often, these are paired with reed chain
transmitters or magnetostrictive sensors for remote signal transmission.

| Strategic Applications Across the Refinery

Oil refinery process control solutions must be tailored to the specific demands of
different process units. The following areas represent the most common
applications for level instrumentation.
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| 1. Crude Distillation Units (CDU)

In the CDU, crude oil is heated and separated into fractions based on boiling
points. The bottom of the distillation column contains heavy residues at
temperatures often exceeding 350°C. Level control here is vital to prevent "dry
running" of pumps or flooding of the lower trays. High-temperature radar or
heavy-duty displacement transmitters are standard choices for these extreme
conditions.

| 2. Oil/Water Separators and Desalters

Separating water and salt from crude oil is a critical early step. This requires
precise interface measurement. Guided Wave Radar (GWR) is the preferred
solution here, as it can distinguish between the top oil layer, the emulsion layer,
and the bottom water layer. Accurate interface control prevents water from
entering downstream units, which could cause equipment damage or catalyst
poisoning.

| 3. LPG and LNG Storage

Liquefied gases are stored under high pressure and low temperatures. Because

these fluids have very low dielectric constants, non-contact radar with a stilling

well is often used to concentrate the signal and provide a stable reading despite
the boiling surface of the liquid.

| 4. Chemical Injection and Additive Tanks

Refineries use various chemicals for corrosion inhibition and fuel additives. These
are often stored in smaller tanks where hydrostatic transmitters or ultrasonic
sensors provide a cost-effective solution for inventory management.
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| Technical Selection Table

The following table provides a general comparison of technologies used in oil
refinery process control solutions to assist in the initial selection process.

Pressure Best Use Case

Technology

Capability

Non-Contact
Radar

Guided Wave

Radar

Hydrostatic (DP)

Magnetic Gauge

Ultrasonic

Typical Max
Accuracy Temperature
+2 mm Up to 450°C
=2 mm Up to 400°C
*+0.075% FS Up to 200°C
=5 mm (Visual) Up to 400°C
+0.25% Range Up to 80°C

Up to 160 bar

Up to 400 bar

High (Vessel

dependent)

Up to 250 bar

Up to 3 bar

Crude storage,
acids,
high-temp
vessels

Interface
measurement,
small nozzles

Pressurized
tanks, bitumen,
slop oil

Visual backup,
boiler feed
water

Wastewater,
open sumps,
plastic tanks

| Installation and Engineering Considerations

Even the most advanced instrument will fail if not installed correctly. In refinery
environments, several engineering factors must be addressed during the design

phase:

1. Nozzle Geometry: For radar and ultrasonic sensors, the nozzle height and
diameter must be optimized to prevent signal interference. If a nozzle is too long
or narrow, it can create "ringing" or false echoes near the top of the tank.

2. Stilling Wells and Bypass Chambers: In vessels with heavy turbulence or
foaming, installing the sensor inside a stilling well (a vertical pipe) helps stabilize

the liquid surface and provides a stronger return signal for radar.
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3. Hazardous Area Certification: Refineries are classified as hazardous zones. All
instrumentation must carry appropriate certifications such as ATEX, IECEX, or
North American Class/Division ratings. Explosion-proof (Ex d) or Intrinsically Safe
(Ex i) designs are mandatory.

4. Material Compatibility: The wetted parts of the sensor (probes, diaphragms, or
gaskets) must be compatible with the process media. For sour crude or acidic
environments, materials like Hastelloy C-276, Monel, or PTFE coatings are often
required to prevent corrosion.

| Limitations and Risk Management

While modern instrumentation is highly reliable, engineers must be aware of
potential limitations:

Dielectric Constant (er): Radar relies on the reflectivity of the liquid. Very low €r
fluids (like some hydrocarbons) reflect less energy. In these cases, GWR or radar
with a stilling well is necessary to ensure signal integrity.

Vapor and Condensation: In high-pressure steam applications or tanks with heavy
hydrocarbon vapors, signal attenuation can occur. Utilizing sensors with
specialized lens antennas or air purging systems can mitigate these effects.

Build-up and Coating: Viscous media like bitumen or heavy fuel oil can coat the
sensor probe. While some radar algorithms can compensate for minor build-up,
heavy coating may require periodic cleaning or the use of non-contact
technologies.

For a comprehensive overview of hardware specifications and technical support for
these applications, engineers can visit the Main Page to explore the full range of
Welk instrumentation and global service options.

| Frequently Asked Questions (FAQ)

Q: How do | measure the level in a tank with heavy foam?
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A: Foam can absorb radar and ultrasonic signals. For heavy foam, Guided Wave
Radar (GWR) is often the most reliable choice because the probe guides the signal
through the foam to the actual liquid surface. Alternatively, a differential pressure
transmitter is unaffected by surface foam.

Q: What is the benefit of 80GHz radar over 26GHz radar in a refinery?

A: 80GHz radar has a much narrower beam angle. This allows it to be installed in
tanks with internal obstructions (pipes, ladders) without picking up false
reflections. It also allows for smaller nozzle connections.

Q: Can hydrostatic transmitters be used for interface measurement?

A: Yes, but only if the densities of the two liquids remain constant. If the density of
the oil or water changes significantly, the calculation will be inaccurate. GWR is
generally preferred for interface applications where density may fluctuate.

Q: Why are magnetic level gauges still used if electronic sensors are available?

A: Magnetic level gauges provide a mechanical, power-free visual indication. This
is a critical safety backup for plant operators during power failures or when
electronic systems are being calibrated.

| Conclusion

Implementing effective oil refinery process control solutions requires a deep
understanding of both the chemical process and the physics of measurement. By
matching the right technology—whether it be radar, hydrostatic, or magnetic—to
the specific constraints of the application, refineries can achieve higher
throughput, improved safety, and reduced maintenance costs. As the industry
moves toward further automation, the role of precise, digitalized level data will
only continue to grow in importance. For those seeking reliable hardware, Welk
provides a wide range of industrial instruments designed to meet the rigorous
standards of the global oil and gas sector.



