Remote Tank Level
Monitoring

A practical guide to remote tank level monitoring, covering the reader intent, the
relationship to remote tank level monitoring, key evaluation criteria, common

risks, and the information the intended project audience should confirm before
taking the next step.
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Remote tank level monitoring has transitioned from a high-end luxury to a
fundamental requirement in modern industrial operations. In sectors such as water
treatment, chemical processing, and oil and gas, the ability to monitor inventory
and process levels from a centralized control room or a mobile device is critical for
safety, efficiency, and environmental compliance. This guide explores the
technologies, measurement principles, and engineering considerations necessary
to implement a robust remote monitoring system.

| Core Measurement Principles for Remote Systems

Before data can be transmitted to a remote interface, it must be accurately
captured at the source. Level measurement technologies are generally categorized
into non-contact and contact-based methods. Each principle has specific
advantages depending on the physical properties of the medium and the tank
environment.

| Radar Level Measurement

Radar transmitters utilize Time-of-Flight (ToF) technology. The sensor emits
high-frequency electromagnetic pulses (typically in the 26 GHz or 80 GHz range)
that travel at the speed of light. These pulses reflect off the surface of the medium
and return to the sensor. The distance is calculated based on the time interval
between emission and reception. Radar is highly effective for remote monitoring
because it is unaffected by temperature fluctuations, pressure changes, or the
presence of dust and steam.
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| Ultrasonic Level Measurement

Similar to radar, ultrasonic sensors use ToF but rely on sound waves rather than
electromagnetic pulses. A transducer emits an ultrasonic pulse that bounces off
the liquid surface. While cost-effective, ultrasonic measurement is sensitive to the
speed of sound, which varies with air temperature. Most modern sensors, such as
those provided by Welk, include integrated temperature compensation to maintain
accuracy. However, they are less suitable for tanks with heavy foam or vacuum
conditions.

| Hydrostatic Level Measurement

Hydrostatic transmitters measure the pressure exerted by a liquid column. The
principle is based on the formula: Pressure (P) = Density (p) x Gravity (g) x Height
(h). By measuring the pressure at the bottom of a tank, the system can determine
the level. For remote monitoring, these sensors are often used in deep wells or
vented tanks. They are available as submersible probes or externally mounted
flange transmitters.

| Magnetic Level Gauges and Switches

Magnetic level gauges utilize a float containing a permanent magnet that moves
with the liquid level inside a bypass chamber. While traditionally used for local
visual indication, they are frequently equipped with reed chain transmitters or
magnetostrictive sensors to convert the float position into a 4-20mA or digital
signal for remote transmission.

| The Architecture of Remote Monitoring

A complete remote tank level monitoring system consists of three primary layers:
the sensing layer, the transmission layer, and the visualization layer.

1. Sensing Layer: This involves the physical installation of radar, ultrasonic, or
hydrostatic sensors on the tank. These devices convert physical levels into
electrical signals.
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2. Transmission Layer: This is the bridge between the tank and the user. Common
protocols include:

4-20mA / HART: The industry standard for wired communication, allowing for both
analog level data and digital diagnostic information.

Modbus RTU/TCP: A robust protocol for connecting multiple sensors to a
Programmable Logic Controller (PLC) or Gateway.

loT and Wireless: Technologies like LoRaWAN, NB-IoT, or cellular (4G/5G) allow
sensors to transmit data directly to the cloud without extensive cabling, which is
ideal for remote oil fields or distributed water reservoirs.

3. Visualization Layer: The data is processed and displayed on a SCADA system, a
dedicated web portal, or a mobile application. This layer provides real-time alerts,
historical trending, and inventory reports.

For engineers looking to integrate these layers, reviewing comprehensive Main
Page resources can provide insights into compatible hardware and software
configurations.

| Selection Criteria for Remote Monitoring Sensors

Choosing the wrong technology can lead to signal loss, inaccurate data, and
increased maintenance costs. The following table provides a comparison of
common technologies used in remote tank level monitoring applications.
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Radar (80GHz) =1 mm Corrosive Higher initial Up to 120m
chemicals, cost (393 ft)
solids, precision
liquids

Ultrasonic +0.25% Water Affected by Up to 30m (98
treatment, open foam and heavy ft)
channels, vapor
simple liquids

Hydrostatic +0.1% to 0.5% Deep wells, Sensitive to Up to 200m
vented fuel density changes (656 ft)
tanks, water
towers

Magnetic Gauge x5 mm High-pressure/Hign-Begpiresture
boilers bypass chamber

installation

Up to 6m (20 ft)

| Environmental and Media Considerations

Corrosiveness: For aggressive acids or bases, non-contact radar with PTFE-coated
antennas is preferred to prevent sensor degradation.

Viscosity: Highly viscous liquids may coat contact-based sensors, leading to
measurement errors. In these cases, non-contact methods are superior.

Tank Geometry: Internal obstructions like agitators, ladders, or heating coils can
create false echoes for radar and ultrasonic sensors. Selecting sensors with "false
echo suppression" software is vital.

| Installation and Engineering Considerations

Proper installation is the most critical factor in ensuring the reliability of a remote
monitoring system. Even the most advanced sensor will fail if placed incorrectly.
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| Positioning and Orientation

Avoid the Center: In cylindrical tanks, sensors should not be mounted in the exact
center to avoid the "parabolic effect,"” where the tank walls focus reflected signals
back to the sensor, causing interference.

The 1/6th Rule: A common engineering rule of thumb is to mount the sensor at
1/6th of the tank diameter from the side wall.

Dead Zones (Blocking Distance): Every ToF sensor has a "dead zone" near the
transducer face where it cannot measure. Ensure the maximum expected liquid
level does not enter this zone, or use a nozzle/standpipe to elevate the sensor.

| Signal Integrity and Power

For remote sites, power availability is often a challenge.

Loop-Powered Sensors: Many 2-wire transmitters operate on the 4-20maA loop,
drawing very little power, making them suitable for battery or solar-powered
gateways.

Shielding: To prevent Electromagnetic Interference (EMI) from pumps or motors,
use shielded twisted-pair cables for all signal runs.

| Limitations and Common Risks

While remote monitoring offers significant benefits, engineers must account for
potential failure points:

Signal Latency: In wireless loT systems, data may only be transmitted at specific
intervals (e.g., every 15 minutes) to save battery. This is unsuitable for high-speed
process control where real-time response is required.

Connectivity Issues: Remote sites may suffer from intermittent cellular or radio
coverage. Implementing local data logging at the gateway level ensures that no
data is lost during an outage.
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Environmental Interference: Heavy foam on a liquid surface can absorb ultrasonic
waves, leading to a "Loss of Echo" (LOE) error. In such environments,
high-frequency radar or hydrostatic pressure sensors are more reliable
alternatives.

Maintenance: Sensors in remote locations still require periodic inspection. For
example, hydrostatic sensors may need cleaning if the media contains solids that
can clog the sensing diaphragm.

| Frequently Asked Questions (FAQ)

Q: Can | monitor multiple tanks with a single remote system?

A: Yes. Using a multi-channel gateway or a PLC, you can aggregate signhals from
dozens of sensors (via Modbus or 4-20mA) and transmit them through a single
cellular or Ethernet uplink.

Q: How do | handle level measurement in pressurized tanks?

A: For pressurized tanks, hydrostatic measurement requires a differential pressure
(DP) transmitter to compensate for the headspace pressure. Alternatively, radar is
unaffected by pressure and can be used directly with a suitable process
connection.

Q: What is the typical battery life for a wireless remote level sensor?

A: Depending on the transmission frequency and the protocol (e.g., LoORaWAN),
batteries can last anywhere from 2 to 5 years. Reducing the update frequency
significantly extends battery life.

Q: Is it possible to retrofit an old manual tank with remote monitoring?

A: Absolutely. Most tanks can be retrofitted by adding a threaded or flanged nozzle
for a non-contact sensor, or by installing a submersible hydrostatic pressure
transmitter through an existing manway.
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| Conclusion

Implementing remote tank level monitoring requires a clear understanding of the
physical environment and the communication requirements of the project. By
selecting the appropriate measurement principle—whether it be the precision of
radar or the simplicity of hydrostatic pressure—and ensuring proper installation,
organizations can achieve significant improvements in operational visibility. For
those in the planning stages of a project, consulting with a professional
manufacturer like Welk ensures that the selected instruments meet both the
technical specifications and the long-term reliability needs of the application.



