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In the complex landscape of midstream and downstream operations, the efficiency
of a facility hinges on the seamless integration of hardware and digital oversight.
Oil and gas terminal management software (TMS) serves as the central nervous
system for these facilities, coordinating the movement, storage, and custody
transfer of bulk liquids. However, the software is only as effective as the data it
receives from the field. Precise level measurement instrumentation provides the
critical primary data that allows these software platforms to calculate inventory,
manage loading racks, and ensure safety compliance.

For engineers and terminal managers, understanding the synergy between
field-level sensors and terminal management systems is essential for reducing
operational risk and maximizing throughput. This guide explores the technical
principles of level measurement, how they feed into digital management
platforms, and the selection criteria for building a robust automated terminal.

Level Measurement Principles: The Foundation of
Digital Inventory

Before data can be processed by oil and gas terminal management software, it
must be accurately captured at the tank farm. Level measurement technologies
vary based on the physical properties of the stored product and the required
precision. At Welk, we emphasize understanding the measurement principle to
ensure long-term reliability.

|Radar Level Measurement (FMCW)

Frequency Modulated Continuous Wave (FMCW) radar is the gold standard for oil
and gas applications. The sensor emits a continuous signal with a varying
frequency. The reflection from the liquid surface is received, and the frequency
difference between the emitted and received signal is directly proportional to the
distance.

Modern 80GHz radar units offer a narrow beam angle, which is crucial in terminals
where internal tank structures (like heating coils or agitators) might cause signal
interference. Radar is non-contact, meaning it is unaffected by the density,
pressure, or temperature of the hydrocarbon, making it ideal for high-precision
inventory management.
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| Ultrasonic Level Sensors

Ultrasonic sensors operate on the time-of-flight principle, sending sound pulses
that bounce off the liquid surface. While cost-effective, they are sensitive to the
vapor space composition. In oil and gas terminals, they are often used in water
treatment tanks or for secondary containment (sump) monitoring where the
atmosphere is relatively stable and non-volatile.

| Hydrostatic Pressure Measurement

This principle measures the pressure exerted by the liquid column. Since pressure
is equal to height multiplied by density and gravity, the software can calculate the
level if the density is known and constant. This is a contact-based method often
used in smaller additive tanks or where top-mounting a sensor is not feasible.

| Magnetic Level Gauges (MLG)

MLGs use a float containing a magnet that moves within a bypass chamber. As the
level changes, the float moves, flipping magnetic flags or interacting with a
magnetostrictive transmitter. This provides both a local visual indication and a
digital signal for the software system, offering a mechanical backup to electronic
sensors.

Integrating Level Instrumentation with Oil and Gas
Terminal Management Software

Oil and gas terminal management software acts as the interface between the
physical tank farm and the business's Enterprise Resource Planning (ERP) system.
The integration typically occurs through a series of communication layers designed
to move raw sensor data into actionable information.

Welk Reference Guide 3



WELK REFERENCE GUIDE Oil and Gas Terminal Management Software

| Data Acquisition and Protocols

Field instruments transmit data via industry-standard protocols such as HART,
Modbus RS485, or Foundation Fieldbus. The TMS collects these signals, often
through a Gateway or a Programmable Logic Controller (PLC). For high-accuracy
custody transfer, the software applies APl (American Petroleum Institute) standard
correction factors, adjusting the volume based on real-time temperature and
density data provided by secondary sensors.

| Key Functions of the Software-Hardware Link

1. Inventory Visibility: Real-time tracking of "Book vs. Physical" inventory to detect
leaks or unauthorized movements.

2. Loading Rack Automation: The software uses level data to prevent overfills
during tanker loading and to automate the shut-off valves when the target volume
is reached.

3. Custody Transfer: High-precision radar data allows the software to generate Bill
of Lading (BOL) documents with legal-for-trade accuracy.

4. Alarm Management: The software processes High-High (HH) and Low-Low (LL)
level alerts to trigger emergency shutdown systems (ESD).

To explore the full range of instrumentation compatible with modern digital
platforms, you can visit our Main Page for detailed technical specifications.

| Selection Criteria for Field Instrumentation

Choosing the right hardware to support your oil and gas terminal management
software requires a balance of accuracy, hazardous area certifications, and
maintenance requirements. The following table provides a comparison of common
technologies used in terminal environments.

| Practical Selection Table
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Technology Accuracy Max Range Best
(Metric) Application

80GHz Radar =1l mmito =2 30m - 120m Crude oil, High initial cost
mm refined

products, LPG

26GHz Radar =3 mmto =5 30m - 70m Heavy fuel oil, Wider beam
mm bitumen angle than
80GHz
Ultrasonic +0.25% of 15m Water Affected by
range treatment, heavy
chemical vapors/foam
additives
Hydrostatic +0.1% to 0.5% Varies Small horizontal Requires
ES tanks constant
density
Magnetic Gauge  +5 mm 6m+ High-pressure Moving parts
vessels may require
cleaning

| Installation Considerations for Reliable Data

Even the most advanced oil and gas terminal management software cannot
compensate for poorly installed sensors. To ensure the digital twin of your terminal
remains accurate, several engineering factors must be addressed during
installation:

1. Nozzle Height and Diameter: For radar sensors, the nozzle should be as short as
possible. If a tall nozzle is required, the internal diameter must be smooth to
prevent false reflections.

2. Obstruction Avoidance: Sensors should be mounted away from the tank wall
(typically at 1/6th to 1/4th of the tank diameter) and clear of fill streams, ladders,
and internal bracing.

3. Vapor Space Management: In tanks storing volatile organic compounds (VOCs),
the accumulation of heavy vapors can affect ultrasonic speed of sound. In these
cases, radar or guided wave radar is preferred as electromagnetic waves are not
affected by vapor composition.
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4. Earthing and Grounding: Industrial terminals are prone to electrical noise and
lightning strikes. Proper grounding of the instrument housing and the use of
shielded twisted-pair cabling for Modbus or 4-20mA signals is mandatory to
prevent data corruption in the software.

| Operational Limitations and Challenges

While integrating level meters with oil and gas terminal management software
significantly improves efficiency, engineers must be aware of specific limitations:

Signal Attenuation: In tanks with heavy foam or extreme turbulence, non-contact
radar signals may be scattered. In these scenarios, a stilling well or a guided wave
radar (GWR) may be necessary to direct the signal.

Data Latency: In large terminals with hundreds of tanks, the polling rate of the
software must be optimized. If the refresh rate is too slow, the software may miss
rapid level changes during high-speed loading operations.

Environmental Factors: Extreme ambient temperatures can cause electronics to
drift. Selecting instruments with high-quality temperature compensation and robust
housing (IP67/1P68) is vital for outdoor terminal environments.

|Frequent|y Asked Questions (FAQs)

Q: Can | integrate old mechanical gauges with new terminal management
software?

A: Yes, through the use of retrofitted tank side monitors or encoders. These
devices convert the mechanical movement into a digital signal (like Modbus),
allowing the software to read the data. However, upgrading to radar is generally
recommended for better accuracy.

Q: How does the software handle different product densities?

A: Advanced oil and gas terminal management software uses inputs from
temperature and density probes. It applies ASTM tables to calculate the corrected
volume at a standard temperature (typically 15°C or 60°F), ensuring that the mass
balance remains accurate regardless of thermal expansion.
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Q: Is wireless transmission reliable for terminal management?

A: WirelessHART and ISA100.11a are increasingly used in terminals to reduce
cabling costs. While reliable, they are typically used for monitoring rather than
high-speed control or safety-critical overfill protection due to potential latency.

Q: What is the maintenance cycle for radar level meters in a terminal?

A: Because they are non-contact, radar meters require very little maintenance. A
yearly calibration check and an inspection of the antenna for buildup (especially in
heavy crude or bitumen service) are usually sufficient.

| Conclusion

The digital transformation of the midstream sector relies on the synergy between
robust oil and gas terminal management software and high-precision field
instrumentation. By selecting the appropriate measurement principle—whether it
be the precision of 80GHz radar or the visual reliability of magnetic
gauges—operators can ensure their software platforms provide the accurate,
real-time data required for safe and profitable operations.

As terminals move toward higher levels of automation, the focus must remain on
data integrity at the source. For technical assistance in selecting the right sensors
for your terminal's digital infrastructure, consult the product documentation and
engineering guides available on our Main Page.

Welk Reference Guide 7



