Analytics for Refinery
Operation

A practical guide to analytics for refinery operation, covering the reader intent, the
relationship to analytics for refinery operation, 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 downstream oil and gas sector, the integration of advanced
analytics for refinery operation has transitioned from a competitive advantage to
an operational necessity. Refineries are among the most complex industrial
environments, characterized by high-temperature processes, volatile substances,
and thin profit margins. To optimize these facilities, engineers rely on a continuous
stream of data from field instrumentation. Level measurement serves as a critical
data source for these analytics, providing the foundational information required for
inventory management, process control, and safety protocols.

Effective analytics for refinery operation depend entirely on the accuracy and
reliability of the primary sensors. If the level data from a crude oil storage tank or
a distillation column is flawed, the resulting analytical models will produce
erroneous insights, potentially leading to costly throughput bottlenecks or safety
incidents. This article explores the technical principles of level measurement
technologies used in refineries and how they feed into broader operational
analytics.

Core Measurement Principles in Refinery
Environments

Before implementing analytics for refinery operation, it is essential to understand
the physics behind the sensors providing the data. In a refinery, different process
conditions require specific measurement principles to ensure data integrity.

|Radar Level Measurement (FMCW and TDR)

Radar technology is the gold standard for refinery level measurement due to its
non-contact nature and resistance to pressure and temperature fluctuations. There
are two primary types used:
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1. Non-Contact Radar (FMCW): Frequency Modulated Continuous Wave radar emits
a high-frequency signal that increases in frequency over time. The difference
between the emitted and received frequency is proportional to the distance to the
liquid surface. In refineries, 80GHz radar is often preferred for its narrow beam
angle, which avoids internal obstructions like heating coils or agitators.

2. Guided Wave Radar (GWR/TDR): Time Domain Reflectometry involves sending a
low-energy microwave pulse down a physical probe (rod or cable). When the pulse
hits a medium with a different dielectric constant, it reflects back. This is highly
effective for interface measurement, such as detecting the water-oil interface in a
separator.

| Ultrasonic Level Sensors

Ultrasonic sensors operate on the Time-of-Flight (ToF) principle, emitting sound
pulses that reflect off the material surface. While cost-effective, their use in
refinery analytics is typically limited to water treatment facilities or
ambient-temperature chemical storage, as the speed of sound is affected by vapor
composition and temperature gradients common in hydrocarbon processing.

| Hydrostatic Pressure Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column ($P =
\rho gh$). By knowing the density ($\rho$) of the fluid and the local gravity ($9$%$),
the level ($h$) can be calculated. In refinery analytics, hydrostatic sensors are
frequently used in vented tanks. However, because refinery fluids often change
density with temperature, these sensors require integration with temperature
compensation algorithms to maintain analytical accuracy.

| Magnetic Level Gauges (MLG)

MLGs use a float containing a magnet that moves within a bypass chamber. As the
float rises and falls, it flips magnetic flags or interacts with a magnetostrictive
transmitter. These are preferred for high-pressure boilers and toxic chemical
storage where a physical visual reference is required alongside an electronic signal
for the refinery's Distributed Control System (DCS).
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| The Role of Analytics for Refinery Operation

Data-driven analytics for refinery operation transform raw level signals into
actionable intelligence. This process typically involves several layers of data
processing.

| Inventory and Supply Chain Optimization

Refineries manage vast quantities of crude oil and finished products (gasoline,
diesel, jet fuel). Analytics platforms aggregate level data from across the tank farm
to calculate real-time inventory volumes. By applying geometric strapping tables
to level data, the system provides precise volumetric measurements. This allows
for better scheduling of crude deliveries and product shipments, reducing the need
for "safety stock" and improving capital efficiency.

| Process Efficiency and Mass Balance

Refinery units, such as the Crude Distillation Unit (CDU) or Fluid Catalytic Cracker
(FCC), require precise level control to maintain the mass balance. Analytics for
refinery operation track the levels in reflux drums and column bottoms. If level
data indicates an imbalance, the analytical engine can identify whether the issue
stems from a pump failure, a fouled heat exchanger, or a change in feedstock
qguality. This allows operators to make proactive adjustments rather than reactive
corrections.

| Predictive Maintenance and Asset Health

Advanced analytics monitor the performance of the level sensors themselves. For
example, if a Guided Wave Radar probe begins to show signal attenuation, the
analytics system can flag potential paraffin buildup or coating on the probe. By
identifying these issues early, maintenance can be scheduled during planned
outages, preventing unexpected downtime.
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| Selection Guide for Refinery Level Instrumentation

Choosing the right technology is the first step in ensuring reliable analytics for
refinery operation. The following table summarizes the suitability of different
technologies across common refinery applications.

Application

Recommended

Technology

Primary Benefit

Limitations

Crude QOil Storage

Oil/Water Separators

Acid/Caustic Tanks

High-Pressure Boilers

Wastewater Sumps

LPG/LNG Spheres

Non-Contact Radar
(80GHz)

Guided Wave Radar
(GWR)

Ultrasonic or Radar

Magnetic Level
Gauge + GWR

Hydrostatic or
Ultrasonic

Servo or
High-Precision Radar

High accuracy,
ignores foam

Precise interface
detection

Corrosion resistance
(PVDF/PTFE)

Redundancy and
safety

Cost-effective, easy
install

Extremely high
accuracy

Requires clear vapor
space

Probe coating in
heavy oils

Ultrasonic sensitive
to vapors

Mechanical float
maintenance

Not for high-temp
hydrocarbons

Complex installation

| Installation Considerations for Reliable Data

To ensure that analytics for refinery operation are based on high-fidelity data,
installation must follow strict engineering standards. Even the most advanced
analytics cannot compensate for a poorly installed sensor.

Nozzle Geometry: For radar sensors, the nozzle height and diameter must be
optimized to prevent signal interference. Long, narrow nozzles can create "ringing"
effects that mask the true level signal.

Stilling Wells: In tanks with heavy turbulence or surface foam, installing the level
sensor inside a stilling well (a perforated pipe) can provide a calm surface for

measurement, significantly improving the signal-to-noise ratio.
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Vapor Space Management: Refineries often use nitrogen blanketing. The presence
of different gases can change the dielectric constant of the vapor space (affecting
radar) or the speed of sound (affecting ultrasonic). Analytics software must be
configured with the correct gas constants.

Environmental Protection: Instrumentation in refineries is exposed to salt spray (in
coastal areas), extreme heat, and potentially explosive atmospheres. All sensors
must carry appropriate ATEX, IECEX, or North American hazardous area
certifications.

| Limitations and Operational Risks

While analytics for refinery operation offer significant benefits, there are inherent
limitations and risks that engineers must manage:

1. Media Buildup: Heavy crude and bitumen can coat sensors. While some radar
technologies can "see through" thin coatings, heavy buildup will eventually cause a
loss of signal, leading to "frozen" data in the analytics platform.

2. Changing Feedstocks: As refineries process "opportunity crudes" with varying
densities and sulfur contents, hydrostatic and some radar measurements may
require recalibration. Analytics engines must be flexible enough to handle these
shifts.

3. Cybersecurity: As refinery operations become more data-driven, the link
between field sensors and the cloud or enterprise network creates a potential
attack vector. Level measurement data must be transmitted via secure industrial
protocols.

| Frequently Asked Questions (FAQs)

Q: How often should refinery level sensors be calibrated for accurate analytics?

A: Most digital radar and hydrostatic sensors have very low drift. However, for
custody transfer applications, annual calibration or verification is standard. For
general process control, a check every 2 to 3 years is often sufficient, provided the
analytics system monitors for signal health.
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Q: Can one sensor type be used for all refinery applications?

A: No. The diversity of fluids—from cryogenic LNG to 400°C vacuum
bottoms—means that no single technology is universal. A multi-technology
approach is essential for robust analytics for refinery operation.

Q: How does foam affect level measurement data?

A: Foam can absorb ultrasonic signals and scatter low-frequency radar signals.
High-frequency (80GHz) radar is generally the most effective at penetrating foam
to reach the true liquid surface, ensuring the analytics platform receives accurate
volume data.

Q: Is wireless level measurement suitable for refinery analytics?

A: Yes, WirelessHART and ISA100.11a protocols are increasingly used for tank farm
monitoring where wiring costs are prohibitive. However, for high-speed control
loops within the process units, wired connections are still preferred for their lower
latency.

| Conclusion

Refinery operators must move beyond simple level monitoring and embrace
comprehensive analytics for refinery operation to remain competitive. By
understanding the underlying measurement principles and selecting the
appropriate instrumentation for each specific application, engineers can build a
reliable data foundation. This allows for optimized production, enhanced safety,
and reduced environmental impact. For those looking to upgrade their field
instrumentation or explore new measurement technologies, it is advisable to
Review product options and application support to ensure the selected hardware
aligns with the specific requirements of the refinery's analytical goals. The
transition to a data-centric refinery begins at the tank top, where accurate level
measurement turns raw fluid volume into strategic operational intelligence.



