Tank Gauging

A practical guide to tank gauging, covering the reader intent, the relationship to
tank gauging, key evaluation criteria, common risks, and the information the
intended project audience should confirm before taking the next step.
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Tank gauging is a critical process in industrial automation and inventory
management, involving the precise measurement of liquid levels, temperatures,
and sometimes pressures within storage vessels. In B2B environments such as oil
and gas, chemical processing, and water treatment, accurate tank gauging
ensures operational safety, environmental compliance, and financial accountability
during custody transfer. As a professional manufacturer, Welk provides a range of
advanced instruments—including radar, ultrasonic, and hydrostatic sensors—to
meet the diverse needs of global industrial applications.

Understanding the technical nuances of tank gauging allows engineers to select
the most appropriate technology for their specific medium and environment. This
guide explores the principles of measurement, selection criteria, and practical
installation considerations for modern industrial tank gauging systems.

| Principles of Tank Gauging Technologies

Effective tank gauging relies on several physical principles, each suited to different
process conditions. Selecting the right technology requires an understanding of
how these instruments interact with the stored medium.

| Radar Level Measurement

Radar level meters are widely considered the gold standard for high-precision tank
gauging. They operate using the Time-of-Flight (ToF) principle or Frequency
Modulated Continuous Wave (FMCW) technology. The sensor emits
electromagnetic pulses that travel at the speed of light, reflect off the liquid
surface, and return to the receiver.

Non-Contact Radar: Ideal for corrosive or high-temperature liquids as the sensor
does not touch the medium. It is unaffected by vacuum, pressure, or vapor layers.

Guided Wave Radar (GWR): Uses a probe to direct the signal. This is particularly
effective for liquids with low dielectric constants or in tanks with heavy turbulence
and internal obstructions.
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| Ultrasonic Level Sensors

Ultrasonic sensors utilize sound waves rather than electromagnetic waves. The
transducer emits an ultrasonic pulse that reflects off the surface of the liquid. By
measuring the time interval between emission and reception, the distance to the
liquid level is calculated. While cost-effective, ultrasonic sensors are sensitive to
air temperature, heavy foam, and vacuum conditions, making them better suited
for stable, ambient-pressure water treatment or chemical storage tanks.

| Hydrostatic Level Transmitters

Hydrostatic gauging operates on the principle that the pressure at the bottom of a
tank is directly proportional to the height of the liquid column above it. Using the
formula $P = \rho gh$ (where $P$ is pressure, $\rho$ is density, $g$ is gravity, and
$h$ is height), these transmitters provide a reliable measurement of level. This
method is highly effective for vented tanks but requires compensation for density
changes if the liquid composition varies.

| Magnetic Level Gauges

For high-pressure and high-temperature applications where visual confirmation is
required alongside electronic signals, magnetic level gauges are used. A float
containing a permanent magnet moves with the liquid level inside a bypass
chamber. This magnet flips external flags for visual indication and can be paired
with a reed chain or magnetostrictive transmitter for remote data transmission to
a Main Page control system.

|Key Evaluation Criteria for Industrial Applications

When designing a tank gauging system, engineers must evaluate several variables
to ensure long-term reliability and accuracy. Failure to account for these factors
can lead to measurement errors or premature instrument failure.
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| 1. Media Characteristics

The chemical compatibility of the sensor materials with the stored medium is
paramount. For example, aggressive acids require PTFE-coated probes or
non-contact radar. Additionally, the dielectric constant of the liquid influences
signal strength in radar applications, while density variations impact hydrostatic
measurements.

| 2. Tank Geometry and Obstructions

The presence of agitators, heating coils, or baffles can interfere with signal paths.
Radar and ultrasonic sensors require a clear "line of sight" to the liquid surface. In
tanks with complex internal structures, guided wave radar or bypass chambers are
often the preferred solutions to isolate the measurement from interference.

| 3. Process Conditions

Temperature and pressure ranges significantly narrow the list of viable
technologies. Standard ultrasonic sensors may fail above 80°C (176°F), whereas
specialized radar level meters can operate in environments exceeding 400°C
(752°F) and pressures up to 16 MPa (160 bar).

| 4. Required Accuracy

For inventory control, an accuracy of 25 mm to =210 mm (0.2 to 0.4 inches) is often
sufficient. However, for custody transfer—where the liquid is being bought or sold
based on volume—high-precision radar systems with accuracies of +1 mm (0.04
inches) or better are required.

| Practical Selection Table

The following table provides a general comparison of common tank gauging
technologies to assist in the initial selection process.
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Technology Accuracy

Non-Contact Excellent (£1-3

Radar mm)

Guided Wave Excellent (+2-5

Radar mm)

Ultrasonic Good (+0.25%
range)

Hydrostatic Moderate
(+0.1-0.5%)

Magnetic Gauge Good (£5-10
mm)

Media

Suitablility

Most
liquids/solids

Low dielectric
liquids

Water,
wastewater

Homogeneous
liquids

Clean liquids

Max Temp Best Use Case

(Typical)

Up to 450°C Custody
transfer,
corrosive
chemicals

Up to 400°C Small tanks,
turbulent
surfaces

Up to 80°C Open channels,
sump pits

Up to 120°C Constant
density storage

Up to 400°C High-pressure

boilers, visual
monitoring

| Installation Considerations and Best Practices

Proper installation is as important as selecting the right technology. Even the most
advanced radar meter will provide inaccurate data if installed incorrectly.

| Nozzle Positioning and Dimensions

For non-contact radar and ultrasonic sensors, the nozzle should be positioned
away from the tank wall to prevent signal interference from side-wall reflections.
Generally, the sensor should be placed at least 1/6th of the tank diameter away
from the wall. Furthermore, the nozzle height should be kept to a minimum to
prevent the signal from "ringing" inside the nozzle before reaching the tank

interior.
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| Avoiding Obstructions

Ensure that the signal beam does not intersect with ladders, pipes, or agitator
blades. If an obstruction is unavoidable, many modern instruments offer "false
echo suppression" software, allowing the user to map out static reflections so the
sensor ignores them.

| Stillwells and Bypass Pipes

In applications involving heavy foam, boiling surfaces, or extremely low dielectric
liquids, installing the sensor inside a stillwell or a bypass pipe can stabilize the
liquid surface and concentrate the signal, leading to much more reliable
measurements.

| Environmental Protection

While most industrial level meters are rated IP66 or IP67, external tanks exposed
to direct sunlight can experience extreme temperature fluctuations. Installing a
sunshade can prevent the electronics from overheating and reduce the impact of
thermal expansion on the sensor housing.

| Common Risks and Limitations

Every tank gauging technology has inherent limitations that must be managed
through engineering controls.

Vapor and Condensation: In high-humidity environments, condensation can form
on the sensor face of ultrasonic or radar units. While radar is less affected, heavy
droplets can attenuate the signal. Sensors with PTFE drip-off antennas are
designed to mitigate this risk.

Foam Interference: Heavy, thick foam can absorb ultrasonic and radar signals,
leading to a "loss of echo."” In these cases, hydrostatic transmitters or magnetic
level gauges, which rely on physical properties like pressure or buoyancy, are
more reliable.
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Scaling and Buildup: In wastewater or mining slurries, material can build up on the
sensor. Non-contact methods are generally preferred here, but even radar
antennas may require periodic cleaning if the material is conductive and prone to
coating.

Density Shifts: Hydrostatic gauging assumes a constant liquid density. If a tank is
used for different products or if the temperature causes significant expansion, the
level reading will drift unless a multi-parameter system with temperature
compensation is used.

| Frequently Asked Questions (FAQ)

Q: How often should tank gauging instruments be calibrated?

A: Calibration frequency depends on the criticality of the application. For custody
transfer, annual or semi-annual calibration is standard. For general process
monitoring, a check every 12 to 24 months is usually sufficient, provided the
instrument shows no signs of drift.

Q: Can one sensor be used for both level and overfill protection?

A: While a single sensor can provide both functions, safety standards like SIL
(Safety Integrity Level) often require a redundant, independent level switch
specifically for high-high level alarms to prevent accidental spills.

Q: What is the difference between pulse radar and FMCW radar?

A: Pulse radar sends short bursts and measures time, making it energy-efficient
and suitable for battery-powered applications. FMCW (Frequency Modulated
Continuous Wave) radar sends a continuous signal with a changing frequency,
providing much higher resolution and accuracy, which is preferred for large-scale
tank gauging.

Q: Do | need a stillwell for my radar meter?

A: A stillwell is recommended if the liquid surface is extremely turbulent, if there is
thick foam, or if the liquid has a very low dielectric constant (like liquid nitrogen or
certain hydrocarbons) that requires a concentrated signal path.
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| Conclusion

Selecting the right tank gauging system is a balance of technical requirements,
environmental constraints, and budgetary considerations. By understanding the
underlying physics of radar, ultrasonic, and hydrostatic measurement, engineers
can implement solutions that enhance safety and operational efficiency. For those
seeking to optimize their inventory management, it is essential to consult with a
professional manufacturer to ensure the chosen instrumentation is tailored to the
specific demands of the facility. To explore a comprehensive range of industrial
measurement tools, engineers are encouraged to Review product options and
application support to find the most effective solution for their unique process
needs.



