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In the demanding environment of the extractive industries, mining controls
represent the integrated systems used to monitor, automate, and optimize the
extraction and processing of minerals. At the heart of these control systems lies
the critical need for accurate level measurement. Whether managing the inventory
of massive ore silos, regulating the flow of abrasive slurries in flotation cells, or
monitoring the storage of hazardous reagents, reliable data is the foundation of
operational safety and efficiency.

Effective mining controls rely on sensors that can withstand extreme dust, high
vibration, abrasive materials, and corrosive chemicals. This guide examines the
primary measurement principles used in mining, provides selection criteria for
various applications, and outlines the practical considerations for integrating these
instruments into a broader control architecture.

| Core Principles of Level Measurement in Mining

Before selecting hardware for mining controls, it is essential to understand the
physics behind the most common measurement technologies. Each principle has
distinct advantages depending on the physical state of the material (solid vs.
liquid) and the environmental conditions.

|1. Radar Level Measurement (FMCW and Pulse)

Radar technology is the gold standard for many mining applications. It works by
emitting high-frequency electromagnetic waves (typically in the 26 GHz or 80 GHz
range) toward the material surface. These waves reflect off the material and
return to the sensor.

FMCW (Frequency Modulated Continuous Wave): The sensor emits a continuous
signal with a constantly changing frequency. The difference between the emitted
and received frequency is proportional to the distance. This method offers
extremely high accuracy and is preferred for deep silos.

Non-Contact Advantage: Because the sensor does not touch the material, it is
immune to the abrasive nature of ore or the corrosive properties of leaching
chemicals.
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Dust Penetration: High-frequency radar, particularly at 80 GHz, can penetrate thick
dust clouds common during silo filling, which would otherwise scatter ultrasonic
signals.

| 2. Ultrasonic Level Measurement

Ultrasonic sensors emit mechanical sound pulses that reflect off the surface of the
medium. The time-of-flight between emission and reception determines the
distance.

Application: Best suited for liquid storage and some clean solid applications.

Limitations: In mining, ultrasonic sensors can struggle with heavy dust, foam on
the surface of flotation tanks, or high-pressure environments where the speed of
sound may vary.

| 3. Hydrostatic Pressure Measurement

This principle measures the weight of the liquid column above a submerged
sensor. The pressure (P) is equal to the height (h) multiplied by the density (p) and
gravity (g).

Use Case: Ideal for deep wells, sumps, and water management systems.

Consideration: In mining slurries, the density (p) can change frequently. If the
density is not constant, the control system must be calibrated to compensate for
these fluctuations to maintain accuracy.

| 4. Guided Wave Radar (GWR)

Unlike non-contact radar, GWR uses a probe (cable or rod) to guide the
electromagnetic pulse to the material surface.

Application: Excellent for materials with low dielectric constants or in tanks with
heavy internal obstructions (like agitators) that might cause false echoes for
non-contact sensors.
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Maintenance: Because the probe is in contact with the material, it must be
checked for wear when used with abrasive ores.

Technology Selection for Specific Mining
Applications

The diversity of materials in a mine—ranging from dry, dusty powders to thick,
chemically aggressive slurries—requires a tailored approach to mining controls.
The following table provides a comparison of technologies based on common
mining scenarios.

| Selection Matrix for Mining Level Instruments

Application

Recommended
Technology

Primary Challenge

Why This Choice?

Ore Silos (Dry)

Slurry Tanks

Flotation Cells

Reagent Storage

Tailings Dams

Crusher Chutes
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80 GHz Radar

Radar or Ultrasonic

Guided Wave Radar

Magnetic Level

Gauge

Hydrostatic / Radar

Microwave Barrier

Extreme Dust

Abrasion/Agitation

Surface Foam

Corrosive Chemicals

Large Distances

High Impact

Narrow beam avoids
wall interference;
penetrates dust.

Non-contact prevents
sensor wear and
tear.

GWR ignores foam
and detects the true
liquid level.

Isolates the liquid
from the indicator;
high visibility.

Robustness for
outdoor, long-term
deployment.

Detects blockages
without being hit by
falling rock.
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| Integrating Sensors into Mining Controls

Level sensors are the "eyes" of a mining control system. For these sensors to be
effective, they must communicate seamlessly with the mine's PLC (Programmable
Logic Controller) or SCADA (Supervisory Control and Data Acquisition) system.

Most modern instruments provide a 4-20mA signal with HART protocol, allowing for
both the primary level measurement and secondary diagnostic data (such as
internal temperature or signal strength) to be transmitted over the same wires. In
more advanced setups, digital protocols like Profibus PA or Foundation Fieldbus are
used to reduce wiring complexity in large-scale processing plants. To explore
specific hardware configurations, engineers can Review product options and
application support to ensure compatibility with existing control architectures.

| Installation Considerations and Best Practices

Proper installation is often more critical than the choice of technology itself. In the
context of mining controls, several factors must be addressed during the
engineering phase:

| Angle of Repose

When dry solids like coal or iron ore are poured into a silo, they form a cone. The
angle of this cone is known as the angle of repose. If a radar sensor is mounted
directly over the slope, the signal may reflect away from the sensor rather than
back to it. Using a swivelling flange allows the sensor to be aimed perpendicular to
the slope for a stronger return signal.

|Dead Zones (Blocking Distance)

Every sensor has a "dead zone" near the transmitter face where measurements
are impossible. In mining chutes, where space is often limited, selecting a sensor
with a small dead zone (e.g., 50 mm to 100 mm) is vital to prevent overflows.
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| Mounting Location

Sensors should never be mounted directly in the path of the inflowing material.
The force of falling ore can destroy even the most robust probes, and the
turbulence of inflowing liquid can cause erratic readings in ultrasonic or radar
systems.

| Stilling Wells and Bypass Chambers

For tanks with heavy agitation or surface foam (like those found in chemical
leaching), installing a sensor inside a stilling well (a vertical pipe) can provide a
calm surface for measurement, significantly increasing the reliability of the mining
controls.

| Limitations and Environmental Challenges

While modern instrumentation is highly advanced, certain limitations must be
acknowledged to prevent system failure:

1. Build-up: In sticky clay or wet ore applications, material can build up on the
sensor face. While some radar sensors feature "mapping" software to ignore this
build-up, manual cleaning or air-purging systems may still be required.

2. Vibration: Mining machinery, such as crushers and vibratory screens, creates
intense structural vibration. Sensors must be mounted using vibration-dampening
brackets to prevent electronic failure or signal noise.

3. Extreme Temperatures: In deep underground mines or high-altitude open-pit
sites, temperatures can range from -40°C to +80°C. Ensure all electronics are
rated for these extremes and use sunshades for outdoor installations to prevent
overheating from solar radiation.

| Frequently Asked Questions

Q: Can radar be used for underground mining ore passes?
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A: Yes. High-frequency radar is excellent for ore passes. However, because these
passes are often very deep and have irregular rock walls, a narrow beam angle
(such as 3 degrees) is necessary to avoid "hitting" the walls before reaching the
material.

Q: How do | handle level measurement in a tank with heavy foam?

A: Foam is a challenge for non-contact radar and ultrasonic sensors because it
absorbs the signal. Guided Wave Radar (GWR) is the preferred solution here, as
the signal travels along a probe and is more likely to penetrate the foam to find the
liquid interface.

Q: Is hydrostatic pressure suitable for tailings monitoring?

A: It is a common choice due to its simplicity. However, if the tailings' density
changes as solids settle, the sensor will report an incorrect level. In these cases, a
combination of hydrostatic pressure and a non-contact radar sensor can be used to
calculate both level and density simultaneously.

Q: What maintenance is required for mining level sensors?

A: For non-contact sensors, maintenance is minimal, usually limited to checking for
material build-up on the antenna. For contact-based systems like magnetic level
gauges or GWR probes, regular inspection for abrasion and chemical corrosion is
necessary.

| Conclusion

Optimizing mining controls requires a deep understanding of both the material
being measured and the technology used to measure it. By selecting the
appropriate principle—whether it be the dust-penetrating power of 80 GHz radar or
the robust simplicity of hydrostatic pressure—operators can ensure their processes
remain safe and productive. For those looking to implement or upgrade their
measurement systems, it is recommended to consult technical documentation and
Main Page resources to find the exact fit for their specific industrial requirements.
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