Monitoring Water and
Wastewater

A practical guide to monitoring water and wastewater, covering the reader intent,
the relationship to monitoring water and wastewater, key evaluation criteria,
common risks, and the information the intended project audience should confirm
before taking the next step.
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Effective monitoring water and wastewater is a cornerstone of modern civil
engineering and industrial process management. Whether managing municipal
sewage treatment, industrial effluent, or clean water distribution, the accuracy of
level measurement directly impacts operational safety, environmental compliance,
and cost efficiency. In these environments, level instruments must contend with
diverse challenges, including corrosive gases, floating debris, foam, and varying
liquid densities.

Selecting the appropriate technology requires a deep understanding of the
physical principles governing measurement. This guide examines the primary
technologies used for monitoring water and wastewater, provides selection
criteria, and outlines best practices for installation and maintenance. For a
comprehensive overview of available instrumentation, engineers often refer to the
Main Page of specialized manufacturers to compare technical specifications.

Measurement Principles in Water and Wastewater
Applications

Level measurement technologies are broadly categorized into non-contact and
contact methods. Each operates on different physical principles, making them
suitable for specific stages of the water cycle.

|1. Ultrasonic Level Measurement (Non-Contact)

Ultrasonic sensors emit high-frequency sound pulses that travel through the air,
reflect off the liquid surface, and return to the transducer. The device measures
the "time-of-flight" ($t$) and calculates the distance ($d$) using the speed of sound
($v$): $d = (v \times t) / 28.

Advantages: No moving parts, low maintenance, and cost-effective for clean water
applications.
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Limitations: The speed of sound is affected by air temperature, requiring
integrated temperature compensation. Furthermore, heavy foam or steam can
absorb or scatter the sound waves, leading to signal loss.

|2. Radar Level Measurement (Non-Contact)

Radar instruments, particularly those operating at 26GHz or 80GHz frequencies,
emit electromagnetic pulses. Like ultrasonic sensors, they use time-of-flight
principles, but because they use light-speed radio waves rather than sound, they
are unaffected by temperature fluctuations, vacuum, or high pressure.

Advantages: Extremely high precision (often within $\pm 2$ mm), unaffected by
vapor or dust, and capable of measuring through plastic tank walls.

Limitations: Higher initial capital expenditure compared to ultrasonic sensors,
though the total cost of ownership is often lower due to reduced maintenance.

|3. Hydrostatic Level Measurement (Contact)

Hydrostatic transmitters measure the pressure exerted by the liquid column above
the sensor. The principle follows the formula $P = \rho \cdot g \cdot h$, where $P$
is pressure, $\rho$ is liquid density, $g$ is gravity, and $h$ is the height of the
liquid.

Advantages: Ideal for deep wells, boreholes, and vented tanks. They are robust
and simple to install by submerging the probe.

Limitations: Changes in liquid density (e.g., heavy sludge vs. thin effluent) will
affect accuracy. The atmospheric pressure must be compensated for via a vented
cable to ensure the reading reflects only the liquid height.
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|4. Magnetic Level Gauges and Switches (Contact)

In dosing tanks or chemical storage associated with water treatment, magnetic
level gauges provide a visual indication and a remote signal. A float containing a
magnet moves with the liquid level, actuating magnetic flaps or a transmitter.
Level switches, such as float switches or tuning forks, provide point-level detection

to prevent overfills or dry-running of pumps.

| Technology Selection Matrix

Choosing the right instrument depends on the specific point in the treatment
process. The following table provides a general guideline for monitoring water and
wastewater across common applications.

Application Recommended Technology

Open Channel Flow

Deep Well / Borehole

Aeration Tanks

Chemical Dosing

Sludge Digesters

Pump Sump

Ultrasonic / Radar

Hydrostatic

Radar (80GHz)

Magnetic Gauge / Ultrasonic

Radar

Hydrostatic / Ultrasonic

| Practical Selection Criteria

Non-contact prevents fouling
from debris.

Simple submersion;
unaffected by narrow spaces.

Penetrates foam and ignores
turbulence.

Resistance to corrosive
chemicals (PTFE/PVDF).

Handles high temperatures
and methane gas.

Reliable start/stop control for
pumps.

When evaluating systems for monitoring water and wastewater, engineers should
confirm the following technical parameters before procurement:
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| Media Characteristics

Presence of Foam: If the process involves heavy foaming (common in aeration or
biological treatment), radar is preferred over ultrasonic.

Chemical Compatibility: For wastewater containing acids, bases, or hydrocarbons,
the wetted parts of the sensor (e.g., 316L stainless steel, PTFE, or PVDF) must be
chemically resistant.

Solids Content: High solids or sludge can coat contact-based sensors. Non-contact
radar is usually the most reliable choice for thickeners.

| Environmental Conditions

Ambient Temperature: For outdoor installations in extreme climates, ensure the
sensor housing is rated for the temperature range. Ultrasonic sensors must have a
clear path and temperature compensation.

Gaseous Environments: In wastewater treatment, Hydrogen Sulfide ($H2S$) is
common. Sensors should have high-grade corrosion resistance and, if necessary,
Explosion-Proof (Ex) or Intrinsically Safe (IS) ratings.

| Integration and Output

Modern monitoring water and wastewater systems require integration into SCADA
or PLC systems. Standard outputs include 4-20mA with HART, Modbus R5485, or
Profibus. Wireless transmission is increasingly common for remote lift stations
where cabling is cost-prohibitive.

| Installation Considerations and Common Risks

Proper installation is as critical as technology selection. Failure to follow
engineering best practices often leads to erratic readings or premature sensor
failure.
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|1. The "Dead Zone" (Blocking Distance)

Every ultrasonic and radar sensor has a dead zone directly beneath the transducer
where measurements are impossible. For a sensor with a 0.3m dead zone, the
tank must never be filled above that point, or the sensor must be mounted on a
nozzle or standpipe to move the dead zone outside the active measurement range.

| 2. Avoiding Obstructions

Internal tank structures such as ladders, agitators, or inflow pipes can cause "false
echoes." While modern software can perform "false echo suppression" to ignore
these fixed objects, it is best to mount the sensor at least 200mm to 500mm away
from the tank wall and away from the direct path of the inflow.

| 3. Hydrostatic Cable Protection

Submersible hydrostatic transmitters rely on a small capillary tube within the cable
to vent the sensor to the atmosphere. If this cable is kinked or if moisture enters
the vent tube, the sensor will drift or fail. Using a specialized junction box with a
desiccant cartridge is recommended for high-humidity environments.

| 4. Turbulence and Surface Waves

In fast-moving wastewater channels or agitated tanks, the liquid surface may be
turbulent. This can scatter the signal of a non-contact sensor. Using a stilling well
(a vertical pipe that dampens wave action) can provide a stable surface for the
sensor to measure.

| Maintenance and Troubleshooting

While non-contact sensors are marketed as "maintenance-free," monitoring water
and wastewater in harsh environments still requires periodic checks.
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Build-up Removal: In sewage applications, fats, oils, and grease (FOG) can
accumulate on the face of an ultrasonic transducer or the probe of a hydrostatic
sensor. Regular cleaning with a soft cloth or water spray is necessary.

Calibration Verification: Annual calibration checks ensure that the 4-20mA output
correctly corresponds to the physical level. This is often required for environmental
compliance reporting.

Lightning Protection: Outdoor sensors are susceptible to surges. Ensuring proper
grounding and installing surge protection devices on the signal loop can prevent
costly damage during storms.

| Frequently Asked Questions (FAQ)

Q: Can | use ultrasonic sensors for monitoring wastewater with high H2S
concentrations?

A: Yes, but the sensor must be constructed from corrosion-resistant materials like
PVDF. However, radar is often preferred as it is completely sealed and less
susceptible to the corrosive effects of gases on the transducer face.

Q: How does density change affect hydrostatic level sensors?

A: Hydrostatic sensors measure weight, not height. If the density of the
wastewater increases (e.g., higher sludge concentration), the sensor will report a
higher level than actually exists. If density is variable, a hon-contact radar is a
better choice.

Q: What is the maximum range for monitoring water and wastewater with radar?

A: Modern industrial radar meters can measure up to 30 meters (98 feet) or more,
depending on the model and the dielectric constant of the liquid. For most
municipal applications, a range of 10 to 15 meters is standard.

Q: Is 80GHz radar better than 26GHz for water treatment?

A: 80GHz radar offers a narrower beam angle, which makes it easier to install in
narrow tanks or near obstructions. It also provides better resolution on the liquid
surface, making it superior for most wastewater applications.
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| Conclusion

Successful monitoring water and wastewater depends on matching the
measurement principle to the specific environmental and physical constraints of
the application. By understanding the trade-offs between ultrasonic, radar, and
hydrostatic technologies, engineers can design systems that are both accurate and
resilient. For those beginning a new project or upgrading an existing facility,
reviewing technical data on a Main Page of a trusted manufacturer is the
recommended first step to ensure the selected instrumentation meets the rigorous
demands of the water industry.



