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Effective management of effluent is a critical component of modern industrial food
and beverage production. Unlike municipal sewage, wastewater from food
processing facilities often contains high concentrations of organic matter, fats, oils,
grease (FOG), and varying pH levels due to cleaning-in-place (CIP) procedures.
Implementing robust food & beverage wastewater treatment solutions requires a
deep understanding of both the biological processes involved and the
instrumentation required to monitor them accurately.

Level measurement is the backbone of these treatment systems. From
equalization tanks to anaerobic digesters and sludge thickening units, precise level
data ensures that pumps operate efficiently, chemicals are dosed correctly, and
overflows are prevented. This guide examines the technical principles of level
measurement within the context of food and beverage wastewater and provides
engineering benchmarks for technology selection.

| Core Level Measurement Principles

Before selecting a sensor for wastewater applications, it is essential to understand
the physical principles governing different measurement technologies. In the food
and beverage sector, the choice of technology is often dictated by the presence of
foam, steam, or corrosive cleaning agents.

| Ultrasonic Level Measurement

Ultrasonic sensors operate on the "Time-of-Flight" (ToF) principle. The sensor emits
a high-frequency sound pulse that travels through the air, reflects off the liquid
surface, and returns to the transducer. The distance is calculated using the
formula:

Distance = (Speed of Sound x Time) / 2

In wastewater treatment, ultrasonic sensors are popular because they are
non-contact and relatively cost-effective. However, they are sensitive to air
temperature fluctuations and heavy surface foam, which can absorb the sound
signal and lead to "lost echo" errors.
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|Radar Level Measurement (FMCW and Pulse)

Radar sensors also use ToF but employ electromagnetic waves (microwaves)
instead of sound. High-frequency radar, particularly 80 GHz systems, offers a
narrow beam angle and high precision. Radar is largely unaffected by temperature
changes, vacuum, or pressure. Frequency Modulated Continuous Wave (FMCW)
radar is particularly effective in food & beverage wastewater treatment solutions
because it can penetrate light foam and is not influenced by the steam often found
in hot wash-down areas.

| Hydrostatic Level Measurement

Hydrostatic sensors measure the pressure exerted by the liquid column above the
sensor. 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, submersible pressure transmitters are often
used in lift stations and deep sumps. Their primary advantage is simplicity, though
they must be ruggedized to withstand the corrosive nature of the effluent.

| Capacitance and Point Level Switches

While continuous measurement is vital, point level switches (such as tuning forks
or capacitive probes) act as critical safety backups. These sensors detect the
presence or absence of liquid at a specific point to prevent tank overfills or pump
dry-running. In F&B wastewater, coated probes are preferred to prevent the
buildup of fats and proteins from causing false triggers.

| Application-Specific Level Solutions

The diversity of wastewater streams in a food processing plant—ranging from dairy
washwater to brewery mash—requires tailored instrumentation strategies.
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| Equalization and Neutralization Tanks

Equalization tanks balance the flow and organic load before the water enters
biological treatment stages. Because these tanks often experience rapid level
changes and turbulence, radar level meters are the preferred choice. They provide
a stable signal even when the surface is agitated. For neutralization tanks where
pH-adjusting chemicals (like sulfuric acid or sodium hydroxide) are added,
non-contact sensors prevent chemical corrosion of the instrument.

|FOG (Fats, Oils, and Grease) Separation

In meat processing and industrial kitchens, FOG separation is a primary treatment
step. Level sensors here must deal with a thick layer of grease on the surface.
Hydrostatic sensors may struggle if the grease coats the diaphragm, making
non-contact radar or specially designed ultrasonic sensors with self-cleaning faces
more reliable.

| Aeration Basins and Biological Reactors

Aeration basins introduce oxygen to support aerobic bacteria that break down
organic matter. This process creates significant surface turbulence and foam.
While ultrasonic sensors are frequently used, they must be equipped with
foam-compensation algorithms. If foam levels exceed 50mm, radar sensors with
higher signal strength are generally recommended to maintain accuracy.

| Selection Criteria for Wastewater Instrumentation
Selecting the right instrument involves balancing performance requirements with

environmental constraints. The following table provides a comparison of common
technologies used in food & beverage wastewater treatment solutions.
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80 GHz Radar Hydrostatic Magnetic

Gauge

Measurement Non-contact Non-contact Contact Contact (Visual)

Type (Pressure)

Accuracy +0.25% to 0.5% =1 mmto 2 mm +0.1% to 0.5% =5 mm to 10
mm

Foam Poor to Good Excellent N/A

Resistance Moderate

Steam/Vapor Poor Excellent Excellent Good

Resistance

Maintenance Low Very Low Moderate Moderate

Level

Typical Open Channels Process Tanks Deep Sumps Boiler Feed

Application

| Installation Considerations and Best Practices

Even the most advanced sensor will fail if installed incorrectly. For engineers
designing food & beverage wastewater treatment solutions, the following
installation guidelines are critical:

1. Avoid the Inflow Stream: Never install a level sensor directly above the point
where wastewater enters the tank. The turbulence and air entrainment will cause
erratic readings.

2. Dead Zone Management: Every non-contact sensor has a "dead zone" (blocking
distance) near the face of the sensor where measurement is impossible. Ensure
the sensor is mounted high enough that the maximum liquid level never enters this
zone.

3. Stilling Wells: In tanks with heavy agitation or thick foam, installing the sensor
inside a stilling well (a vertical pipe) can provide a calm liquid surface for more
accurate measurement. This is particularly useful for hydrostatic and ultrasonic
Sensors.
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4. Nozzle Geometry: For radar sensors, the mounting nozzle should be as short as
possible. Internal welds or burrs in the nozzle can cause false reflections (parasitic
echoes) that interfere with the signal.

5. Alignment: Ensure the sensor is mounted perfectly perpendicular to the liquid
surface. A tilt of even a few degrees can significantly reduce the strength of the
returned echo, especially in low-dielectric liquids.

| Limitations and Environmental Challenges

While modern technology has solved many traditional measurement problems,
certain limitations remain in wastewater environments:

Heavy Build-up: In dairy or chocolate production wastewater, proteins and fats can
solidify on contact sensors. Regular cleaning or the use of non-contact instruments
is mandatory.

Ambient Noise: In facilities with heavy machinery, ultrasonic sensors may pick up
acoustic noise that matches their operating frequency. Shielding or switching to
radar can mitigate this.

Gas Composition: In anaerobic digesters, the presence of methane and CO2
changes the speed of sound, which can cause ultrasonic sensors to report incorrect
levels. Radar, which relies on electromagnetic waves, is unaffected by gas
composition.

| Frequently Asked Questions (FAQ)

Q: How often should wastewater level sensors be calibrated?

A: For most non-contact sensors, an annual check is sufficient. However,
hydrostatic sensors in corrosive effluent may require bi-annual calibration to
account for diaphragm wear or drift.

Q: Can one sensor type be used for all stages of wastewater treatment?
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A: While radar is the most versatile, it may not be cost-effective for every
application. A hybrid approach—using radar for process tanks and ultrasonic or
hydrostatic for open channels and sumps—is often the most economical solution.

Q: What is the impact of CIP chemicals on level sensors?

A: CIP processes often involve hot caustic or acid washes. Sensors must be rated
for these temperatures and chemical compatibility. Non-contact sensors are
generally preferred as they are not exposed to the harsh chemicals directly.

| Engineering Support and Solutions

Choosing the correct instrumentation is a fundamental step in optimizing food &
beverage wastewater treatment solutions. By understanding the physics of
measurement and the specific challenges of the effluent, plant operators can
reduce maintenance costs and ensure environmental compliance. For a
comprehensive range of industrial measurement instruments, including radar and
ultrasonic systems designed for challenging environments, professionals can
Review product options and application support to find the right fit for their specific
process requirements.

Welk provides specialized expertise in level measurement, offering a variety of
sensors that meet the rigorous standards of the food and beverage industry.
Whether managing a small-scale craft brewery or a large-scale dairy processing
plant, selecting the right level meter is the first step toward a more efficient and
sustainable wastewater treatment strategy.
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