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Wastewater lift station automation is a critical component of modern municipal
and industrial infrastructure. These stations, designed to move wastewater from
lower to higher elevations when gravity flow is no longer feasible, rely on
sophisticated control systems to prevent overflows, minimize energy consumption,
and reduce manual intervention. As urban density increases and environmental
regulations tighten, the transition from basic pump control to fully integrated
automation has become an industry standard.

Automating a lift station involves the integration of level sensors, programmable
logic controllers (PLCs), variable frequency drives (VFDs), and remote monitoring
systems. The primary objective is to maintain the wet well level within a specific
range while optimizing pump cycles to extend equipment life. This guide explores
the technical principles, selection criteria, and installation best practices for
achieving reliable wastewater lift station automation.

| Core Level Measurement Principles for Lift Stations

Before implementing an automation strategy, it is essential to understand the
measurement principles that drive the system. Level sensors provide the primary
data input for the PLC, which then determines when to start or stop pumps. In
wastewater environments, several technologies are commonly employed, each
with distinct physical principles.

| Ultrasonic Level Measurement

Ultrasonic sensors operate on the "time-of-flight" principle. The sensor emits a
high-frequency sound pulse that travels through the air, reflects off the surface of
the wastewater, and returns to the transducer. By measuring the time taken for
the pulse to return, the system calculates the distance to the liquid surface.
Because this is a hon-contact method, it is resistant to the corrosive nature of raw
sewage. However, it can be affected by heavy foam or significant steam.
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|Radar (FMCW) Level Measurement

Frequency Modulated Continuous Wave (FMCW) radar sensors emit
electromagnetic waves rather than sound. Like ultrasonic sensors, they measure
the time it takes for the signal to reflect back. Radar is often preferred in
wastewater lift station automation because it is unaffected by air temperature
fluctuations, heavy vapors, or surface foam, which can sometimes attenuate
ultrasonic signals. Radar provides high precision, often within 2 mm, across
ranges exceeding 30 meters (approx. 100 feet).

| Hydrostatic Pressure Measurement

Hydrostatic transmitters are submersible sensors that measure the pressure
exerted by the liquid column above them. The principle is based on the fact that
pressure increases linearly with depth (P = pgh). These sensors are placed at the
bottom of the wet well. They are highly effective in deep wells where surface
turbulence might interfere with non-contact sensors, though they require periodic
cleaning to prevent the buildup of solids or grease on the sensing diaphragm.

| Point Level Switches

While continuous level measurement is preferred for automation, float switches or
conductivity probes are often used as redundant backups. These provide a simple
binary signal (on/off) to trigger high-level alarms or emergency pump starts if the
primary automation system fails.

| Automation System Architecture and Components
A robust wastewater lift station automation system is built on a hierarchy of

hardware and software. The synergy between these components ensures that the
station responds dynamically to inflow variations.
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1. The Controller (PLC/RTU): The Programmable Logic Controller (PLC) or Remote
Terminal Unit (RTU) serves as the brain of the station. It receives 4-20mA or digital
signals from the level sensors and executes logic to manage lead/lag pump
configurations. Modern controllers also log data for flow estimation and pump
efficiency analysis.

2. Variable Frequency Drives (VFDs): Instead of simple across-the-line starters,
VFDs allow pumps to ramp up and down slowly. This reduces "water hammer" in
the force main and allows the pump speed to match the inflow rate, which is a
cornerstone of energy-efficient automation.

3. Human-Machine Interface (HMI): Local displays allow technicians to view
real-time levels, pump status, and alarm history without opening high-voltage
cabinets.

4. SCADA Integration: Most automated lift stations communicate via cellular, radio,
or fiber optics to a central Supervisory Control and Data Acquisition (SCADA)
system. This allows for remote monitoring and early warning of potential failures.

For engineers seeking specific hardware configurations and sensor specifications,
the Main Page of the Welk industrial catalog provides detailed technical data
sheets for radar, ultrasonic, and hydrostatic instruments.

| Selection Criteria for Sensor Technology

Choosing the right sensor for wastewater lift station automation requires an
evaluation of the specific wet well environment. Factors such as the presence of
fats, oils, and grease (FOG), the potential for foam, and the physical dimensions of
the well must be considered.
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Radar Non-contact High-accuracy, foam, Higher initial cost
and steam than ultrasonic
environments

Ultrasonic Non-contact Standard municipal Affected by heavy
sewage, foam and wind
cost-effective

Hydrostatic Contact Deep wells, turbulent = Susceptible to
surfaces grease buildup

Float Switches Contact Redundant high/low High maintenance;
alarms prone to tangling

When selecting a sensor, engineers should prioritize instruments with high ingress
protection ratings (IP68) and materials resistant to Hydrogen Sulfide (H2S), which
is common in wastewater applications.

| Installation and Maintenance Considerations

The reliability of wastewater lift station automation is often determined by the
guality of the installation. Even the most advanced radar sensor will fail to provide
accurate data if it is poorly positioned.

| Mounting and Positioning

Non-contact sensors (radar and ultrasonic) must be mounted with a clear "line of
sight" to the liquid surface. They should be positioned away from the inflow pipe to
avoid signal interference from falling water. Additionally, sensors should be
mounted perfectly vertical to ensure the signal reflects directly back to the
transducer.
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| Stilling Wells

In wet wells with extreme turbulence or heavy foam, a stilling well—a vertical pipe
that creates a calm surface for the sensor—may be necessary. For hydrostatic
sensors, a stilling well protects the cable and sensor body from the physical force
of moving water and debris.

| Cable Management and Venting

Hydrostatic sensors require a vented cable to compensate for atmospheric
pressure changes. It is vital that the vent tube remains unobstructed and protected
from moisture, typically using a desiccant cartridge. In contrast, non-contact
sensors require shielded cabling to prevent electromagnetic interference (EMI)
from nearby VFDs.

Mitigating Operational Risks and Environmental
Challenges

Automating a lift station introduces specific risks that must be addressed during
the design phase. The most significant challenge is the corrosive environment. H2S
gas reacts with moisture to form sulfuric acid, which can degrade aluminum
housings and standard rubber seals. Utilizing plastic (PVDF/PP) or high-grade
stainless steel (316L) for sensor bodies is a standard requirement.

Another risk is the accumulation of grease and debris. In many lift stations, a thick
layer of grease can form on the surface. This layer can dampen ultrasonic signals
or coat hydrostatic diaphragms. Automation logic should include "basin cleaning"
cycles, where pumps are allowed to run lower than usual to break up surface
crusts, and sensors should be selected for their ability to penetrate or resist such
coatings.

Finally, power surges from lightning or grid instability can damage sensitive
electronics. Every automated lift station should include surge protection devices
(SPDs) on both the power supply and the signal loops (4-20mA).
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| Frequently Asked Questions (FAQ)

Q: Can | use ultrasonic sensors if there is heavy foam in the lift station?

A: While ultrasonic sensors can work in light foam, heavy or thick foam often
absorbs the sound pulse, leading to a "loss of echo" error. In these cases, 80GHz
radar is a much more reliable choice for wastewater lift station automation.

Q: How often do hydrostatic level transmitters need to be calibrated?

A: Most modern hydrostatic sensors are calibrated for life at the factory, but they
should be checked annually for "zero drift" caused by sediment buildup. Cleaning
the diaphragm with a soft cloth (avoiding sharp objects) is usually sufficient to
restore accuracy.

Q: What is the benefit of using a VFD in an automated lift station?

A: VFDs allow for "soft starts" and "soft stops," which prevent mechanical stress on
the pumps and pipes. Furthermore, by slowing the pump down to match the inflow,
the system avoids frequent start/stop cycles, which are the leading cause of motor
failure.

Q: Is remote monitoring (SCADA) necessary for small lift stations?

A: While not strictly necessary for operation, it is highly recommended. Remote
monitoring allows for proactive maintenance, such as identifying a pump that is
drawing excessive current before it actually fails, thereby preventing costly
emergency repairs and potential overflows.

By carefully selecting level measurement technologies and adhering to rigorous
installation standards, operators can ensure that wastewater lift station
automation provides long-term reliability and operational efficiency. For further
technical guidance on selecting the appropriate instrumentation for your specific
application, refer to the resources available on the Main Page.
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