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In modern industrial automation, on-line water quality analysis has transitioned
from a specialized requirement to a fundamental component of process control.
Whether in municipal water treatment, chemical processing, or the oil and gas
sector, the ability to monitor chemical and physical properties of water in real-time
allows for immediate corrective actions, ensuring compliance with environmental
regulations and optimizing the consumption of treatment chemicals. This guide
explores the technical principles of on-line analysis, its integration with level
measurement technologies, and the practical engineering considerations required
for successful implementation.

The Role of Real-Time Monitoring in Industrial
Processes

On-line water quality analysis refers to the continuous measurement of specific
parameters within a water stream or vessel without the need for manual sampling
and laboratory delay. Unlike batch sampling, which provides a "snapshot" of
conditions at a specific moment, on-line systems provide a continuous data
stream. This is critical in applications where water chemistry can shift rapidly, such
as in neutralized wastewater discharge or high-purity boiler feed water.

From an engineering perspective, water quality data is rarely used in isolation. It is
typically integrated into a broader Distributed Control System (DCS) or
Programmable Logic Controller (PLC) architecture. Here, it works in tandem with
flow rates and vessel levels to manage dosing pumps, valves, and filtration cycles.
For instance, a rise in turbidity detected by an on-line sensor may trigger an
increase in coagulant dosing, but only if the level sensors in the flocculation tank
indicate sufficient volume for the reaction to occur.

| Core Measurement Principles for On-line Analysis

To select the correct instrumentation, it is necessary to understand the physical
and chemical principles governing different sensors. Most on-line water quality
analysis systems focus on a core set of parameters: pH, Oxidation-Reduction
Potential (ORP), Conductivity, Dissolved Oxygen (DO), and Turbidity.

Welk Reference Guide 2



WELK REFERENCE GUIDE On-line Water Quality Analysis

|Potentiometric Measurement (pH and ORP)

pH measurement determines the acidity or alkalinity of a solution by measuring
the potential difference between a glass electrode and a reference electrode.
Similarly, ORP (Redox) measures the tendency of a solution to gain or lose
electrons. These sensors are highly sensitive to temperature; therefore, most
industrial-grade probes include an integrated Pt100 or Pt1000 temperature
element for automatic temperature compensation (ATC).

| Conductive and Inductive Conductivity

Conductivity measures the ability of water to carry an electrical current, which is
directly proportional to the concentration of dissolved ions.

1. Contacting Conductivity: Uses electrodes in direct contact with the water. It is
ideal for low-conductivity applications like deionized water.

2. Inductive (Toroidal) Conductivity: Uses two encapsulated coils. One coil induces
a current in the liquid, and the second coil measures the strength of that current.
This method is preferred for high-conductivity or corrosive liquids because the
sensor does not come into direct contact with the medium, preventing electrode
fouling.

| Optical Principles (Turbidity and Dissolved Oxygen)

Turbidity is measured using nephelometry, where a light source is directed into the
water and sensors measure the light scattered at a 90-degree angle by suspended
particles. For dissolved oxygen, many modern systems use optical fluorescence. A
sensor emits blue light that excites a fluorescent layer on the probe; the presence

of oxygen "quenches" this fluorescence, and the rate of quenching is measured to

determine oxygen concentration. This optical method is generally more stable and
requires less maintenance than older electrochemical (polarographic) cells.
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| Integrating Level Measurement with Quality Analysis

A comprehensive instrumentation strategy requires the synchronization of quality
data with physical volume data. Level measurement instruments, such as those
found on the Main Page of industrial equipment providers, serve as the physical
context for quality analysis.

| Hydrostatic Level Transmitters

In deep tanks or open reservoirs where quality probes are submerged, hydrostatic
level transmitters are often used. These sensors measure the pressure exerted by
the liquid column. Because the density of the liquid can change based on the
chemical composition (which is monitored by the quality sensors), integrating
these two data points ensures that level readings remain accurate even if the
concentration of dissolved solids fluctuates.

| Radar and Ultrasonic Level Meters

For non-contact level measurement, radar and ultrasonic sensors are the industry
standard. Radar level meters are particularly effective in chemical tanks where
aggressive vapors might interfere with other sensors. In on-line water quality
analysis, these sensors ensure that the liquid level is high enough to keep the
quality probes fully submerged. A "dry" quality probe can lead to false readings or
permanent damage to the sensitive membranes of pH and DO sensors.

| Selection Criteria and Application Matrix
Selecting the right combination of sensors depends on the specific demands of the

process. The following table provides a general guideline for selecting water
quality and level instruments based on common industrial applications.
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Application Critical Quality Recommended Environmental
Parameters Level Technology Challenges

Wastewater pH, DO, Turbidity, Ultrasonic or Radar High fouling, foam,

Treatment NH4+ solids

Chemical Dosing pH, Conductivity, Radar or Magnetic Corrosive vapors,
ORP Level Gauge agitation

Cooling Towers Conductivity, pH, Hydrostatic Scale buildup,
Chlorine Transmitters temperature

Boiler Feed Water Low-range Hydrostatic (High High pressure, high
Conductivity, DO Temp) temp

Pure Water (RO/DI) High-precision Ultrasonic Ultra-low ion
Conductivity concentration

When evaluating equipment, engineers must consider the "Total Cost of
Ownership" (TCO). This includes not only the initial purchase price but also the cost
of calibration reagents, replacement electrodes, and the labor required for manual
cleaning.

Installation Best Practices and Engineering
Considerations

The accuracy of on-line water quality analysis is often more dependent on the
installation environment than the sensor's inherent precision. Even the most
advanced sensor will fail if placed in a "dead zone" where the water is stagnant.

| Sensor Positioning and Flow

Sensors should be installed in areas with representative flow. In pipelines, this
usually means a position where the pipe is always full. For tanks, probes should be
located away from chemical inlet points to allow for proper mixing before
measurement. If the main process line has too much turbulence or air bubbles, a
bypass loop (or sampling cell) is recommended. This allows for a controlled flow
rate (typically 0.5 to 1.5 m/s) across the sensor face.
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| Immersion and Level Control

Quality probes must remain wet to function correctly. If a tank is emptied
periodically, the quality sensors should be interlocked with a level switch. For
example, a Welk level switch can be configured to power down the analyzer or
trigger a cleaning cycle when the liquid level drops below a safety threshold (e.g.,
200 mm above the probe tip).

| Interference and Grounding

In industrial environments, electrical noise from large motors or variable frequency
drives (VFDs) can interfere with low-voltage signals from pH and conductivity
probes. Using shielded cables and ensuring a common ground between the sensor,
the transmitter, and the process liquid is essential to prevent signal drift.

| Maintenance, Calibration, and Risk Mitigation

On-line analyzers are not "set and forget" devices. They require systematic
maintenance to remain reliable.

1. Calibration Cycles: pH sensors typically require calibration every 2 to 4 weeks
using standard buffer solutions. Conductivity and turbidity sensors are more stable
but should be verified quarterly.

2. Fouling Management: In applications like wastewater, biological growth or
mineral scaling can coat the sensor. Automated cleaning systems, which use
compressed air or water jets to blast the sensor tip, can significantly extend the
interval between manual cleanings.

3. Redundancy: In critical safety applications (e.g., preventing toxic discharge), a
2-out-of-3 (2003) voting logic is often used. This involves installing three
independent sensors; if one deviates significantly from the other two, it is flagged
for maintenance while the process continues to run based on the remaining two.
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| Common Risks

Electrode Dehydration: If a pH probe dries out, the hydrated gel layer on the glass
bulb is destroyed, requiring replacement.

Chemical Incompatibility: Ensure that the wetted materials of the sensor body
(e.g., PVC, PVDF, or Stainless Steel) are compatible with the process fluid,
especially in chemical manufacturing.

Pressure Spikes: High-pressure transients (water hammer) can shatter glass
electrodes or damage the diaphragms of hydrostatic level transmitters.

| Frequently Asked Questions (FAQ)

Q: How often should | replace my on-line pH electrodes?

A: In standard water treatment, an electrode typically lasts 12 to 24 months. In
harsh chemical environments or high-temperature applications (above 60°C), the
lifespan may be reduced to 3 to 6 months.

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

A: Foam can absorb ultrasonic signals, leading to "lost echo" errors. In these cases,
a radar level meter or a hydrostatic transmitter is a more reliable choice for
maintaining the level data required for quality analysis.

Q: What is the difference between a 2-wire and a 4-wire transmitter?

A: A 2-wire transmitter uses the same pair of wires for both power and the 4-20mA
signal, which is efficient for long cable runs. A 4-wire transmitter has separate
power and signal lines, which is often necessary for sensors with high power
requirements, such as those with heated elements or complex optical displays.

Q: Is on-line analysis as accurate as laboratory testing?
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A: While laboratory instruments can be more precise in a controlled environment,
on-line analysis is often more "accurate" for process control because it eliminates
sampling errors, such as temperature changes or degassing that occur when a
sample is moved from the field to the lab.

By integrating robust on-line water quality analysis with reliable level
measurement, industrial facilities can achieve a higher degree of process stability
and environmental safety. For more detailed specifications on the instrumentation
used to monitor these parameters, engineers should consult technical datasheets
and application notes from reputable manufacturers.
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