Automated Sampling
Systems

A practical guide to automated sampling systems, covering the reader intent, the
relationship to automated sampling systems, key evaluation criteria, common
risks, and the information the intended project audience should confirm before
taking the next step.
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Automated sampling systems (ASS) represent a critical advancement in industrial
process control, moving beyond the limitations of manual grab sampling to provide
consistent, repeatable, and representative data. In industries ranging from
wastewater treatment and chemical processing to oil and gas, the ability to
analyze the composition of a medium accurately is dependent on the quality of the
sample extracted. Without a reliable sampling protocol, even the most
sophisticated laboratory analysis remains flawed because the input data does not
truly reflect the process stream.

For engineers and plant managers, integrating automated sampling systems with
advanced level measurement technology—such as the radar and ultrasonic
sensors available on our Main Page—ensures that sampling occurs at the precise
moment and location required for optimal process transparency. This guide
explores the fundamental principles, selection criteria, and installation
requirements for modern automated sampling systems.

| The Role of Automated Sampling in Process Control

In @ manual sampling environment, a technician manually retrieves a sample from
a process line or tank. This method is prone to human error, safety risks
(especially with hazardous chemicals), and "snapshot bias," where the sample only
represents the process at a single point in time. Automated sampling systems
mitigate these issues by extracting samples at pre-defined intervals or in response
to specific process triggers.

Automated systems provide several key advantages:

1. Representativeness: By taking small increments over a long period, the system
creates a composite sample that reflects the average composition of the entire
batch.

2. Safety: Operators are not exposed to high-pressure lines, extreme
temperatures, or toxic vapors.
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3. Consistency: The volume, speed, and frequency of sampling are controlled by
programmable logic controllers (PLCs), eliminating the variability of manual
collection.

4. Regulatory Compliance: Many environmental regulations require continuous or
composite sampling to prove that discharge limits for pollutants are not exceeded.

| Measurement Principles and Triggering Mechanisms

Before selecting or installing a sampling system, it is essential to understand the
principles that govern how and when a sample is taken. Automated sampling is
rarely a standalone process; it is typically integrated with level, flow, or pressure
measurement instruments.

|Time-ProportionaI Sampling

This is the simplest form of automated sampling. The system is programmed to
take a fixed volume of sample at regular time intervals (e.g., 100 mL every 15
minutes). While easy to implement, it can be inaccurate if the flow rate of the
process stream varies significantly, as it may over-represent periods of low flow.

| Flow-Proportional Sampling

In this method, the sampler is linked to a flow meter. The system takes a sample
after a specific volume of fluid has passed a certain point (e.g., one sample every
1,000 liters). This ensures that the final composite sample accurately reflects the
total volume of material processed.
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| Event-Based (Level-Triggered) Sampling

In many tank applications, sampling must occur when the liquid reaches a specific
level. For example, a Welk hydrostatic level transmitter or a non-contact radar
level meter can monitor the rising level in a reaction vessel. Once the |level
reaches a setpoint (e.g., 5.0 meters), the automated sampling system is triggered
to extract a sample for quality verification before the next stage of production
begins. This integration ensures that the sample is taken from the correct batch at
the correct time.

| Key Components and Technology Types

Automated sampling systems vary based on the medium being sampled (liquid,
gas, or slurry) and the pressure of the process line.

| Peristaltic Pump Samplers

Commonly used in water and wastewater applications, these systems use a
rotating roller to compress a flexible tube, creating a vacuum that draws the liquid
into the sample container. They are ideal for liquids with suspended solids but are
limited by the vertical suction lift (typically capped at 6 to 8 meters).

| Vacuum/Pressure Samplers

These systems use a vacuum pump to draw the sample into a metering chamber
and then use air pressure to discharge it into the container. Because the liquid
does not pass through a pump mechanism, these systems often have higher
transport velocities, which helps keep solids in suspension.
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| In-Line Plunger Samplers

For high-pressure pipelines or viscous fluids, an in-line plunger or piston sampler is
used. The plunger extends into the process stream, captures a fixed volume in a
cavity, and retracts to discharge the sample into a collection bottle. This is the
standard for the oil and gas industry.

| Selection Table for Industrial Samplers

Choosing the right system requires balancing the physical properties of the
medium with the operational requirements of the site.

Sampler Type

Peristaltic

Vacuum

In-Line Plunger

Solenoid Valve

Best Suited

For

Wastewater,
effluent, light
slurries

Toxic
chemicals,
high-solids
water

Crude oil,
resins,
high-pressure
liquids

Clean liquids,
low-viscosity
chemicals

Maximum Lift /

Pressure

8m Suction Lift

9m Suction Lift

Up to 100+ bar

Line Pressure

Key
Advantage

No contact
between pump
and sample

Highly accurate
volume control

Operates in
pressurized
lines

Simple, low cost

Tubing requires
frequent
replacement

More complex
mechanical
setup

Higher initial
capital cost

Prone to
clogging with
solids

| Engineering and Installation Considerations

A poorly installed automated sampling system will produce biased samples,
regardless of the quality of the hardware. Engineers must consider the following

factors during the design phase:
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| 1. Intake Point Positioning

The intake nozzle should be located in a zone of high turbulence to ensure the
medium is well-mixed. In horizontal pipes, the probe should be installed on the side
(3 o'clock or 9 o'clock position) rather than the bottom, where sediment collects, or
the top, where air pockets may form.

| 2. Line Velocity

To prevent heavy particles from settling out of the sample during transport, the
"transport velocity" within the sampling lines should be maintained at a minimum
of 0.6 m/s to 0.9 m/s. If the distance between the intake and the sampler is long,
auxiliary pumps may be required.

| 3. Materials of Construction

The wetted parts of the sampler must be chemically compatible with the process
fluid. While 316 stainless steel is standard, highly corrosive applications may
require PTFE (Teflon), Hastelloy, or specialized plastics. For level-monitored tanks,
ensure that the sampling probe does not interfere with the signal path of radar or
ultrasonic level sensors.

| 4. Sample Preservation

Once collected, many samples are biologically or chemically active. Automated
sampling systems often include integrated refrigeration units to maintain the
sample at 4°C, inhibiting bacterial growth or chemical degradation until the sample
can be transported to the lab.

| Operational Limitations and Risk Mitigation

While automated sampling systems are robust, they are not without limitations.
Understanding these risks is essential for maintaining data integrity.
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Cross-Contamination: If the sampling line is not purged between samples, residues
from the previous cycle can contaminate the current sample. Most high-end
systems include a "pre-purge"” and "post-purge" cycle using air or an inert gas.

Dead Volume: The liquid trapped in the intake line between the process pipe and
the sampler is known as dead volume. The system must be designed to flush this
volume completely before a sample is retained.

Blockages: In slurries or wastewater, the intake strainer can become clogged.
Reverse-flush systems, which use high-pressure air to blow out the intake line, are
recommended for these applications.

Representative Ratios: If the sampling probe is not designed for isokinetic
sampling (where the velocity of the fluid entering the probe matches the velocity
of the process stream), particle size distribution in the sample may be skewed.

| Integration with Level Measurement

In modern industrial automation, the synergy between level measurement and
sampling is vital. When managing bulk storage or chemical reactors, knowing the
exact level of the medium allows for smarter sampling. For instance, if a tank is at
a low level (e.g., below 1 meter), the sampling system might be programmed to
stay idle to avoid sucking in air or bottom-sludge. Conversely, at high levels, the
frequency of sampling might increase to monitor for potential over-reaction or
contamination.

Welk provides the foundational level measurement technology—ranging from
magnetic level gauges to sophisticated radar transmitters—that provides the data
necessary to automate these sampling triggers. By visiting our Main Page, users
can explore the full range of instrumentation that supports these integrated
systems.

| Frequently Asked Questions (FAQ)

Q: How often should the tubing in a peristaltic sampler be replaced?
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A: In continuous use, tubing should typically be inspected weekly and replaced
every 3 to 6 months, depending on the abrasiveness and chemical nature of the
fluid.

Q: Can automated sampling systems be used in hazardous (Ex) zones?

A: Yes, but the system must be housed in an explosion-proof enclosure and use
intrinsically safe components. Many manufacturers offer ATEX or IECEx certified
versions of their samplers.

Q: What is the maximum distance a sampler can be from the intake point?

A: While some systems can pull from 30 meters away, it is best to keep the
distance under 10 meters to minimize transport time and the risk of sample
degradation or line blockage.

Q: How do | ensure the sample is "representative"?

A: Use flow-proportional sampling if the flow rate varies, and ensure the intake
probe is located in a turbulent section of the pipe (at least 10 pipe diameters
downstream from any bends or valves).

| Conclusion

Automated sampling systems are an indispensable tool for modern industrial
quality control and environmental monitoring. By removing the variability of
manual intervention and providing a consistent method for data collection, these
systems allow facilities to operate with greater precision and safety. When paired
with accurate level measurement and robust engineering practices, an automated
sampling system ensures that every drop analyzed in the lab is a true reflection of
the process at large. For more information on the level measurement technologies
that drive these automated processes, please refer to the resources on our Main
Page.



