Tank Monitoring System

A practical guide to tank monitoring system, covering the reader intent, the
relationship to tank monitoring system, key evaluation criteria, common risks, and

the information the intended project audience should confirm before taking the
next step.
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In modern industrial processing, a tank monitoring system is no longer a luxury but
a fundamental requirement for operational efficiency, safety, and inventory
management. Whether managing water treatment facilities, chemical processing
plants, or oil and gas storage, the ability to accurately track liquid levels, volumes,
and pressures in real-time is critical. A robust tank monitoring system integrates
advanced level measurement sensors with data transmission and visualization
tools to provide a comprehensive overview of storage assets.

This guide examines the core technologies, selection criteria, and engineering
considerations necessary for implementing an effective monitoring solution. By
understanding the underlying physics of measurement and the environmental
factors at play, engineers can select the most appropriate instrumentation for their
specific application.

| Measurement Principles in Tank Monitoring

Before selecting a tank monitoring system, it is essential to understand how
different sensors perceive the liquid level. Most industrial systems rely on one of
four primary measurement principles: radar, ultrasonic, hydrostatic, or magnetic.

| 1. Radar Level Measurement

Radar level transmitters use electromagnetic waves to determine the distance
from the sensor to the liquid surface. There are two main types: non-contact radar
and guided wave radar (GWR).

Non-contact Radar: These sensors emit high-frequency microwave pulses (often at
26GHz or 80GHz) that reflect off the liquid surface. The system measures the
time-of-flight (ToF) to calculate the distance. This technology is highly accurate
(often within =1 mm to =5 mm) and is unaffected by temperature, pressure, or
vacuum conditions.
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Guided Wave Radar (GWR): GWR uses a probe (cable or rod) to guide the
microwave pulse to the liquid surface. This is particularly effective in liquids with
low dielectric constants or in applications where foam and turbulence are present,
as the probe focuses the signal.

| 2. Ultrasonic Level Measurement

Ultrasonic sensors emit high-frequency sound waves that bounce off the surface of
the medium. The time taken for the echo to return is used to calculate the level.
While cost-effective and easy to install, ultrasonic measurement is sensitive to
environmental factors. Since sound speed varies with air temperature, these
sensors require built-in temperature compensation. They are generally less
effective in vacuum conditions or where heavy foam and vapor are present, as
these can absorb or scatter the sound waves.

| 3. Hydrostatic Level Measurement

Hydrostatic sensors measure the pressure exerted by the liquid column above the
sensor. Based on the principle that pressure (P) equals density (p) multiplied by
gravity (g) and height (h) ($P = \rho gh$), the system calculates the level. This
method is highly reliable for vented tanks. In pressurized vessels, a differential
pressure (DP) transmitter is used to subtract the headspace pressure from the total
pressure at the bottom of the tank.

| 4. Magnetic Level Gauges and Switches

Magnetic level gauges utilize a float containing an internal magnet that moves with
the liquid level inside a bypass chamber. Outside the chamber, a visual indicator
(flaps or a tracker) or a reed-chain transmitter responds to the magnet's position.
This provides both a local visual reading and a remote electronic signal. Magnetic
systems are favored for high-temperature and high-pressure applications where
direct contact with the process fluid must be managed carefully.
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Components of a Comprehensive Tank Monitoring
System

A complete tank monitoring system consists of more than just the sensor. It is a
multi-layered architecture designed to move data from the tank to the
decision-maker.

1. The Sensing Layer: This includes the radar, ultrasonic, or hydrostatic
transmitters installed on the tank. These devices convert physical properties into
electrical signals.

2. The Transmission Layer: Signals are typically transmitted via 4-20 mA (HART),
RS485 (Modbus), or wireless protocols like LoRaWAN, NB-10T, or cellular (4G/5G).
Wireless systems are increasingly popular for remote tank farms where cabling
costs are prohibitive.

3. The Control and Display Layer: This involves a local display, a PLC
(Programmable Logic Controller), or a dedicated tank hub. For larger operations,
data is fed into a SCADA (Supervisory Control and Data Acquisition) system or a
cloud-based platform.

4. The Software Layer: Modern systems include software for inventory
management, leak detection, and automated alerts. This layer allows users to set
high/low-level alarms to prevent overflows or dry-run conditions in pumps.

To review product options and application support for these components,
engineers should consult specialized manufacturers who provide integrated
solutions. For more information, visit the Main Page for a technical overview of
available hardware.

| Practical Selection Table

Choosing the right technology requires balancing accuracy, process conditions,
and budget. The following table provides a general comparison of common
technologies used in a tank monitoring system.
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Technology Accuracy Media Max Temp Relative Best For
Suitability (Typical) Cost
80GHz +1 mm Liquids/Solids ~ +250°C High High-precision
Radar inventory
Ultrasonic +0.25% FS Clear Liquids +80°C Low Water/Wastewater
tanks
Hydrostatic +0.1% to Liquids/Slurries +100°C Medium Vented
0.5% storage
tanks
Magnetic +5 mmto 10 Hazardous +400°C Medium-High = High-pressure
Gauge mm Liquids boilers/Chemicals
Guided 2 mm Low +450°C High Small tanks
Wave Radar Dielectric/Foam with internal
obstacles

| Installation Considerations and Best Practices

Proper installation is as critical as selecting the right sensor. Even the most
advanced tank monitoring system will fail if the physical mounting is flawed.

| Nozzle and Placement

For radar and ultrasonic sensors, the nozzle height and diameter must be
considered to avoid signal interference. Sensors should not be mounted in the
center of a tank, as this can lead to multiple reflections from the tank walls.
Conversely, mounting too close to the wall can result in "wall cling" interference. A
common rule is to mount the sensor at 1/4 to 1/6 of the tank diameter from the
wall.

| Avoiding Obstructions

Internal tank structures such as ladders, heating coils, and agitators can create
false echoes. While modern software can "map out" these obstructions, it is best to
provide a clear line of sight to the liquid surface. If obstructions are unavoidable,
guided wave radar or stilling wells are recommended.
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| Environmental Protection

In outdoor applications, sensors must be rated for the environment (e.g., IP67 or
IP68). For hydrostatic transmitters, the vent tube in the cable must be protected
from moisture to ensure accurate atmospheric pressure compensation. In
hazardous areas, intrinsically safe (Ex ia) or explosion-proof (Ex d) housings are
mandatory.

| Calibration and Configuration

Most digital transmitters require the input of the "Tank Geometry"—specifically the
zero point (bottom of the tank) and the full point (maximum fill level). For
non-linear tanks, such as horizontal cylindrical tanks with dished ends, strapping
tables or volume linearization functions must be programmed into the transmitter
or the monitoring software.

| Limitations and Common Risks

While a tank monitoring system significantly improves safety, engineers must be
aware of potential failure points:

Vapor and Condensation: Heavy steam or chemical vapors can attenuate
ultrasonic signals. In such cases, high-frequency radar is a more reliable
alternative.

Foam: Thick, dense foam can absorb radar and ultrasonic pulses, leading to a "lost
signal" error. Hydrostatic or magnetic gauges are typically immune to foam.

Build-up: In sticky or viscous media, material can build up on the sensor face or
probe. Non-contact radar with a flush-mounted antenna or self-cleaning functions
can mitigate this risk.

Dielectric Constant: Radar measurement depends on the dielectric constant (er) of
the liquid. If the er is very low (e.g., certain liquefied gases), the signal reflection
may be too weak for standard non-contact radar, requiring guided wave radar or
high-sensitivity 80GHz units.
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| Frequently Asked Questions (FAQs)

Q: Can a single tank monitoring system handle multiple tanks?

A: Yes. Modern controllers and gateways can aggregate signals from dozens of
sensors via Modbus or wireless networks, presenting all data on a single
dashboard.

Q: How often do level sensors need calibration?

A: This depends on the technology and the criticality of the application. Hydrostatic
sensors may drift over time and usually require annual verification. Radar sensors
are generally more stable and may only need calibration every 2-3 years or when
process conditions change significantly.

Q: Is wireless tank monitoring secure?

A: Industrial wireless protocols like WirelessHART or encrypted LoRaWAN include
robust security layers, including AES-128 encryption, to prevent data tampering
and unauthorized access.

Q: What is the "blocking distance" or "dead zone"?

A: This is the area directly below the sensor where it cannot take a measurement.
For ultrasonic and radar sensors, this is typically between 50 mm and 500 mm
depending on the frequency and design. The tank should never be filled into this
zone.
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| Conclusion

Implementing a tank monitoring system is a strategic investment that reduces
manual labor, prevents costly spills, and optimizes supply chain logistics. By
selecting the right measurement principle—whether it be the precision of radar or
the simplicity of hydrostatic pressure—and adhering to rigorous installation
standards, industrial operators can ensure long-term reliability. For those seeking
specific hardware recommendations or customized OEM/ODM services, further
technical details can be found on the Main Page of our industrial instrumentation
catalog. Confirming the chemical compatibility, pressure ratings, and required
accuracy with a technical specialist is the recommended next step for any project
audience.



