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Refinery Optimization

A practical guide to refinery optimization, covering the reader intent, the
relationship to refinery optimization, 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 modern oil and gas industry, refinery optimization represents the strategic
effort to maximize throughput, yield, and safety while minimizing operational costs
and environmental impact. While much of the discussion surrounding optimization
focuses on advanced process control (APC) software and linear programming (LP)
models, the efficacy of these digital systems is entirely dependent on the quality of
the field data they receive. Accurate, reliable level measurement is a fundamental
pillar of this data infrastructure.

Refinery processes involve extreme temperatures, high pressures, and chemically
aggressive fluids. Inaccurate level readings in a fractionation column or a storage
tank can lead to inefficient separation, product contamination, or hazardous
overfill conditions. By integrating advanced instrumentation, facilities can achieve
the granular control necessary for true refinery optimization.

| Principles of Level Measurement Technology

Before selecting instrumentation for refinery applications, it is essential to
understand the physics behind the primary measurement technologies. Each
method has distinct advantages depending on the physical properties of the
medium and the environmental conditions of the vessel.

| Radar Level Measurement

Radar technology is the gold standard for high-accuracy refinery applications. It
operates on the Time-of-Flight (ToF) principle, where electromagnetic pulses are
emitted and reflected off the product surface.

Non-Contact Radar: Emits microwave signals (often in the 26 GHz or 80 GHz range)
through the air. It is ideal for corrosive liquids as the sensor does not touch the
medium. It is unaffected by vacuum, pressure, or temperature shifts in the vapor
space.

Guided Wave Radar (GWR): Uses a physical probe to guide the signal. This is
particularly effective for low-dielectric liquids and interface measurements, such as
the oil-water interface in a separator.
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| Ultrasonic Level Sensors

Ultrasonic sensors emit high-frequency sound waves. The time taken for the echo
to return determines the distance. While cost-effective, they are generally limited
to atmospheric tanks and water treatment processes within the refinery. Their
accuracy can be affected by changes in air temperature, heavy vapors, or surface
foam, which dissipate sound energy.

| Hydrostatic Level Transmitters

This method measures the pressure exerted by the liquid column. Based on the
formula $P = \rho gh$ (where $P$ is pressure, $\rho$ is density, $g$ is gravity, and
$h$ is height), the level is calculated. In refinery optimization, hydrostatic sensors
are valued for their robustness in pressurized vessels, though they require
compensation if the liquid density changes due to temperature fluctuations.

| Magnetic Level Gauges and Switches

Magnetic level gauges provide a clear visual indication of level via a float system
coupled with external magnetic flaps. These are often used as redundant local
indicators alongside electronic transmitters. Level switches, on the other hand,
provide point-level detection for high-level alarms or pump control, acting as a
critical safety layer.

| Strategic Applications in Refinery Units

Refinery optimization requires tailored instrumentation across various units. Each
stage of the refining process presents unique challenges for level sensing.
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| Crude Distillation Units (CDU)

In the CDU, crude oil is separated into fractions based on boiling points. Level
control in the bottom of the column is critical to prevent pump cavitation and
ensure the quality of the residue. High-temperature radar sensors are typically
preferred here, as they can withstand temperatures exceeding 400°C (752°F).

| Delayed Coking and Catalytic Cracking

These units involve heavy, viscous fluids and high solids content. Traditional
contact-based sensors often fail due to buildup or mechanical wear. Non-contact
radar with specialized purging systems allows for continuous measurement without
the risk of sensor fouling, contributing significantly to the uptime required for
refinery optimization.

| Storage and Inventory Management

Refineries manage vast tank farms containing crude oil, intermediates, and
finished products. High-precision radar (with accuracy up to £1 mm) is essential
for custody transfer and inventory reconciliation. Precise measurement reduces
"uncertainty" in the refinery’s mass balance, which is a key metric for financial
optimization.

| Selection Criteria for Refinery Level Instruments
Choosing the wrong technology can lead to frequent maintenance shutdowns. The

following table provides a general guide for technology selection based on
common refinery conditions.
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Application Recommended Primary Benefit Limitations
Technology
Atmospheric Storage Non-contact Radar High accuracy, low High cost compared
maintenance to ultrasonic
High-Pressure Guided Wave Radar Reliable interface Probe can be
Separators detection affected by coating
Corrosive Chemical Ultrasonic or Chemical resistance Ultrasonic limited by
Tanks PTFE-coated Radar vapor density
Boiler Feed Water Hydrostatic / Proven reliability at Sensitive to density
Differential Pressure high temp changes
Sump/Wastewater Ultrasonic Cost-effective Inaccurate if foam is
present

For a comprehensive overview of available hardware and technical specifications,
engineers should Review product options and application support to ensure the
selected device meets the specific hazardous area classifications (such as ATEX or
I[ECEX) required for refinery environments.

| Installation and Engineering Considerations

Proper installation is as important as the technology itself. Even the most
advanced radar sensor will fail if placed incorrectly.

1. Nozzle Geometry: The height and diameter of the mounting nozzle can interfere
with radar signals. For non-contact radar, the beam should not intersect the nozzle
edge or internal obstructions like ladders or agitators.

2. Stilling Wells and Bypass Chambers: In turbulent tanks or those with heavy
foam, installing the sensor inside a stilling well or an external bypass chamber can
provide a calm surface for more accurate readings. This is common in refinery
optimization projects involving volatile liquids.

3. Density Compensation: For hydrostatic sensors, if the process temperature
varies, the density of the fluid will change. Modern transmitters often include
temperature sensors to automatically calculate the corrected level.
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4. Environmental Protection: In coastal refineries, salt spray can corrode aluminum
housings. Selecting stainless steel (316L) housings and ensuring proper cable
gland sealing is vital for long-term reliability.

| Limitations and Operational Risks

While modern instrumentation is highly capable, certain physical limitations must
be acknowledged:

Dielectric Constants: Radar signals reflect poorly off materials with very low
dielectric constants ($er < 1.4%). In such cases, Guided Wave Radar or mechanical
float systems may be required.

Vapor and Dust: Heavy steam or dust in a vessel can attenuate ultrasonic signals.
Radar is generally immune to this, but extremely high-pressure steam (above 100
bar) can slightly slow down microwave propagation, requiring a correction factor.

Foaming: Thick, dense foam can absorb radar and ultrasonic pulses. If the foam is
conductive, the sensor may report the top of the foam as the liquid level. Using a
bypass pipe is the standard engineering solution for these scenarios.

| Frequently Asked Questions (FAQ)

Q: How does level measurement directly impact refinery profit margins?

A: Accurate level measurement allows for tighter control of process setpoints. For
example, maintaining a higher average level in a separator without risking
carryover increases the residence time, leading to better separation and
higher-quality product yields.

Q: Can | use one sensor for both level and interface measurement?

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

Q: What is the maintenance cycle for non-contact radar in a refinery?
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A: Because there are no moving parts and no contact with the medium,
non-contact radar typically requires very little maintenance. Annual calibration
checks and occasional cleaning of the antenna (if there is significant condensation
or sublimation) are usually sufficient.

Q: Are wireless level transmitters suitable for refinery optimization?

A: Wireless transmitters are excellent for remote tank farms where cabling costs
are prohibitive. However, for critical safety loops or high-speed control in units like
the FCC, wired connections are still preferred for their lower latency and higher
reliability.

| Conclusion

Refinery optimization is an ongoing process of refinement. By moving away from
legacy mechanical systems toward advanced electronic level measurement,
refineries can reduce manual intervention, improve safety, and gain the data
clarity needed to compete in a volatile global market. Whether upgrading a single
storage tank or overhauling a distillation column, the integration of
high-performance radar, ultrasonic, and hydrostatic sensors from a professional
manufacturer like Welk ensures that the refinery's digital twin and control models
are built on a foundation of factual, real-time accuracy.

For technical assistance in selecting the correct instrument for your specific
process conditions, visit our Main Page to access detailed product datasheets and
engineering guides.
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