WELK | REFERENCE GUIDE

Wastewater Treatment
Sensors

A practical guide to wastewater treatment sensors, covering the reader intent, the
relationship to wastewater treatment sensors, key evaluation criteria, common
risks, and the information the intended project audience should confirm before
taking the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE Wastewater Treatment Sensors

In modern industrial and municipal infrastructure, wastewater treatment sensors
are the primary components that enable automation, safety, and regulatory
compliance. The transition from manual monitoring to automated process control
requires a deep understanding of the physical principles governing level and flow
measurement. Wastewater environments present unique challenges, including
corrosive gases, turbulent surfaces, suspended solids, and varying chemical
compositions. Selecting the correct instrumentation is not merely a matter of
range, but of matching the sensor’s physics to the specific characteristics of the
medium.

| Measurement Principles for Level and Flow

Before selecting a sensor for a wastewater application, engineers must evaluate
the measurement principle that best suits the physical environment. In wastewater
treatment, the three most common technologies are ultrasonic, radar, and
hydrostatic pressure.

| Ultrasonic Level Measurement

Ultrasonic sensors operate on the "time-of-flight" principle. The sensor’s transducer
emits a high-frequency sound pulse that travels through the air, reflects off the
surface of the liquid, and returns to the transducer. The distance is calculated

using the formula:

Distance = (Speed of Sound x Time) / 2

In wastewater treatment sensors, ultrasonic technology is favored for its
non-contact nature, which prevents fouling from raw sewage. However, because
sound requires a medium (air) to travel, factors such as air temperature, humidity,
and the presence of heavy foam can attenuate the signal or change the speed of
sound, leading to inaccuracies. Most high-quality ultrasonic units include integrated
temperature compensation to mitigate these effects.
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|Radar Level Measurement (FMCW and Pulse)

Radar sensors use electromagnetic waves rather than sound waves. These waves
travel at the speed of light and are largely unaffected by air temperature,
pressure, or vacuum conditions. Two main types are used:

1. Pulse Radar: Emits short microwave pulses and measures the time taken for the
return.

2. FMCW (Frequency Modulated Continuous Wave): Transmits a continuous signal
with a varying frequency. The difference in frequency between the transmitted and
received signal is proportional to the distance.

Radar is particularly effective in wastewater applications where steam, H2S gas, or
light foam is present, as microwaves can penetrate these layers more effectively
than sound waves. High-frequency radar (e.g., 80GHz) offers a narrow beam angle,
which is ideal for avoiding internal tank obstructions like ladders or agitators.

| Hydrostatic Level Measurement

Hydrostatic sensors are contact-based transmitters that measure the pressure
exerted by the liquid column above the sensor diaphragm. The relationship is
defined by the formula:

P=pxgxh

Where P is pressure, p (rho) is the density of the liquid, g is gravity, and h is the
height of the liquid. For wastewater, these sensors are often designed as
submersible probes with large, flush-mounted diaphragms to prevent clogging by
sludge or debris. They are highly reliable for deep wells and lift stations where
surface foam or turbulence would disrupt non-contact sensors.

| Practical Application Scenarios

The efficiency of a treatment plant depends on the strategic placement of
wastewater treatment sensors across different stages of the process.
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| Inlet and Screening

In the preliminary treatment stage, sensors monitor the level of raw influent.
Because this stage involves high levels of debris and potential turbulence,
non-contact ultrasonic or radar sensors are preferred to avoid physical damage.
These sensors are often paired with flumes or weirs to calculate flow rates based
on the liquid level.

| Aeration Tanks

Aeration basins are characterized by heavy foam and high turbulence caused by
blowers. While ultrasonic sensors may struggle with signal absorption in thick
foam, radar sensors with higher signal processing capabilities are often required.
Alternatively, hydrostatic sensors can be used if they are protected from the direct
force of the aerators.

| Sludge Digesters and Storage

Measuring sludge levels is notoriously difficult due to the high viscosity and density
of the material. Hydrostatic transmitters with ceramic diaphragms are often used
here because they resist the abrasive nature of the sludge. If non-contact
measurement is required, high-power radar is the standard choice to penetrate the
heavy vapors often found in digesters.

| Chemical Dosing Tanks

Wastewater treatment involves the use of corrosive chemicals like sodium
hypochlorite or sulfuric acid. Sensors in these areas must be constructed from
chemically resistant materials such as PVDF, PTFE, or high-grade stainless steel.
You can Review product options and application support to identify specific
material compatibilities for these aggressive environments.
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| Selection Criteria and Technical Comparison

Choosing between different wastewater treatment sensors requires a comparison
of technical specifications against the site’s operational constraints.

Measurement Type Non-contact Non-contact Contact
(Submersible)

Accuracy +0.25% to 0.5% =1lmm to 2mm *+0.1% to 0.5%

Max Range Up to 15m (typical) Up to 30m+ Up to 200m

Foam Resistance Poor Moderate to Good Excellent
(unaffected)

Vapor/Gas Effect High (Speed of sound  Negligible None

changes)

Maintenance Low Very Low Moderate (cleaning
needed)

Typical Cost Low to Moderate Moderate to High Moderate

| Installation Considerations

Proper installation is as critical as sensor selection. Even the most advanced
wastewater treatment sensors will fail to provide accurate data if poorly
positioned.

1. Beam Angle and Obstructions: For ultrasonic and radar sensors, the "beam
angle" determines the footprint of the signal. If the sensor is mounted too close to
a wall or a pipe, the sighal may reflect off these surfaces rather than the liquid.

2. Dead Zone (Blocking Distance): Every non-contact sensor has a minimum
distance (dead zone) near the face of the transducer where it cannot measure.
Sensors must be mounted high enough that the maximum liquid level never enters
this zone.
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3. Stilling Wells: In high-turbulence areas, a stilling well (a vertical pipe) can be
used to provide a calm surface for the sensor to measure. This is common in
aeration tanks or near inlets.

4. Atmospheric Venting: Hydrostatic sensors require a vent tube in the cable to
compensate for changes in atmospheric pressure. This vent must be kept clear
and protected from moisture using a desiccant filter.

| Limitations and Environmental Challenges

While modern instrumentation is robust, certain limitations must be acknowledged:

H2S Corrosion: Hydrogen sulfide is common in sewage. Sensors and housings must
be rated for corrosive atmospheres (IP68 or NEMA 6P) and use materials like 316L
stainless steel or specialized plastics.

Build-up and Scaling: In sludge applications, fats, oils, and grease (FOG) can build
up on contact sensors. Regular cleaning cycles or the use of flush-diaphragm
sensors are necessary to prevent measurement drift.

Power Supply Stability: Many industrial sensors operate on a 4-20mA loop. In
remote lift stations, solar power or battery-operated systems must ensure a stable
voltage to maintain sensor accuracy.

| Frequently Asked Questions (FAQ)

Q: Can | use an ultrasonic sensor in a tank with heavy steam?

A: It is not recommended. Steam changes the density of the air, which significantly
alters the speed of sound, leading to large errors. Radar is the preferred
technology for steamy environments.

Q: How often do hydrostatic sensors need calibration?

A: In clean water, they can remain stable for years. In wastewater with high solids,
we recommend an annual check to ensure no sludge has hardened on the
diaphragm, which could shift the zero point.
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Q: What is the benefit of an 80GHz radar over a 26GHz radar for wastewater?

A: The 80GHz radar has a much narrower beam (often as small as 3 degrees). This
allows it to be installed in smaller openings and prevents interference from internal
tank structures that a wider 26GHz beam might hit.

Q: Do these sensors work with SCADA systems?

A: Yes, most modern wastewater treatment sensors provide standard outputs such
as 4-20mA (HART), RS485 (Modbus), or Profibus, allowing for seamless integration
into plant-wide SCADA systems.

For engineers and plant managers looking to optimize their processes, selecting
the right instrumentation is a balance of performance and long-term maintenance
costs. For more detailed technical specifications and to explore a full range of
industrial level measurement tools, please visit the Main Page for comprehensive
product data and engineering support.
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