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In the landscape of industrial process control, certain environments present
challenges that traditional contact-based or even standard non-contact sensors
cannot overcome. When dealing with extreme temperatures, high pressures,
highly corrosive media, or toxic substances contained within thick-walled vessels,
engineers often turn to radiometic level measurement. This technology, known for
its non-intrusive nature, provides a reliable solution where other instruments fail.

Radiometic measurement systems are unique because they are installed entirely
outside the process vessel. This ensures that the instrument components are never
exposed to the harsh conditions inside, significantly reducing maintenance
requirements and eliminating the risk of seal leaks or chemical attacks on the
sensor. For a comprehensive overview of various measurement technologies, you
can visit the Main Page of our product catalog.

| Measurement Principles of Radiometic Systems

The fundamental principle behind radiometic level measurement is the attenuation
of gamma radiation as it passes through matter. A complete system typically
consists of two primary components: a radioactive source and a highly sensitive
detector. These are mounted on opposite sides of the vessel or pipe.

| Gamma Radiation and Attenuation

The source emits gamma rays, which are a form of high-energy electromagnetic
radiation. As these rays travel through the vessel walls and the process material,
they interact with the atoms of the substance. This interaction causes the radiation
to lose energy or be absorbed—a process known as attenuation.

The degree of attenuation depends on three main factors:
1. The thickness of the material: Thicker layers of material absorb more radiation.

2. The density of the material: Denser substances (like lead or heavy slurries)
provide higher resistance to gamma rays than gases or light liquids.

3. The absorption coefficient: A physical property of the specific material being
measured.
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| The Calculation Logic

When the vessel is empty, the detector receives a maximum amount of radiation.
As the level of the material rises, it enters the path between the source and the
detector, absorbing a portion of the gamma rays. The detector measures the
remaining radiation intensity. The electronics then convert this change in intensity
into a level, density, or mass flow signal. Because the relationship between
material thickness and radiation intensity follows the Beer-Lambert law (an
exponential decay function), modern radiometic transmitters use sophisticated
algorithms to linearize the output for precise control.

| Key Components of a Radiometic System

To implement a radiometic solution effectively, several specialized components
must work in tandem. Each must be selected based on the specific geometry of
the vessel and the safety requirements of the facility.

| 1. The Radioactive Source

Most industrial radiometic systems use either Cesium-137 (Cs-137) or Cobalt-60
(Co-60).

Cesium-137: Has a half-life of approximately 30 years, making it suitable for
long-term installations with minimal source replacement needs. It emits lower
energy gamma rays, which are often ideal for standard vessel wall thicknesses.

Cobalt-60: Has a shorter half-life of about 5.3 years but emits much higher energy
radiation. This is typically reserved for exceptionally thick-walled reactors or very
large vessel diameters where Cs-137 cannot penetrate effectively.
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|2. The Source Container (Shielding)

Safety is paramount in radiometic applications. The isotope is housed in a robust,
lead-lined steel container known as a source holder. This container features a
narrow opening (aperture) that directs the radiation in a focused beam toward the
detector while shielding all other directions. These holders include a mechanical
shutter that can be locked in the "OFF" position during maintenance to ensure
personnel safety.

| 3. The Detector

Modern detectors usually utilize a scintillator—a material that emits flashes of light
when struck by gamma radiation. These light pulses are captured by a
photomultiplier tube and converted into electrical signals. Detectors can be "point"
detectors for high/low level switching or "rod" detectors (up to several meters in
length) for continuous level measurement.

|Practica| Selection Criteria

Choosing a radiometic system requires a detailed analysis of the application.
Unlike ultrasonic or radar level meters, the radiometic approach is often a "last
resort" or a specialized choice for extreme conditions. Engineers should evaluate
the following criteria:
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Vessel Diameter Distances from 0.1m to 30m can be covered,
depending on source strength.

Wall Thickness Total steel equivalent thickness (including
insulation) must be calculated to ensure
penetration.

Material Density Significant changes in the density of the
process fluid can affect accuracy and may
require compensation.

Safety Regulations Requires compliance with local nuclear
regulatory commissions and periodic leak
testing.

Accuracy Typically within +1% to +2% of the calibrated
span.

| Installation Considerations and Best Practices

Proper installation is critical for both the performance of the radiometic system and
the safety of the plant environment. Since the measurement is non-contact, the
mechanical installation involves mounting brackets on the exterior of the tank.

| Positioning and Alignment

For continuous level measurement, the source and detector must be alignhed so
that the radiation beam covers the entire desired measurement range. If the
vessel has internal obstructions like agitators, heating coils, or baffles, the beam
path must be calculated to avoid these, as they will cause "shadows" and result in
false level readings.
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| Environmental Factors

While the technology is unaffected by internal pressure or temperature, the
external detector is sensitive to extreme heat. If the vessel surface temperature
exceeds 50°C (122°F), water-cooling jackets or heat shields for the detector are
often necessary to protect the sensitive scintillator and electronics.

| Background Radiation

In some facilities, multiple radiometic sensors may be used in close proximity. It is
essential to ensure that the radiation from one source does not interfere with the
detector of another system. Lead collimators or specific mounting angles are used
to prevent this cross-talk.

| Limitations and Risks

While radiometic technology is incredibly powerful, it is not without its limitations.
Understanding these risks is essential for any engineering team considering this
technology.

1. Regulatory Burden: The use of radioactive isotopes requires strict licensing,
specialized training for Radiation Safety Officers (RSOs), and rigorous
documentation. This adds an administrative layer that other technologies do not
require.

2. Disposal Costs: At the end of the source's useful life (or the plant's life), the
isotope must be decommissioned and disposed of through authorized channels,
which can be expensive.

3. Source Decay: Because isotopes decay over time, the system must be
periodically recalibrated or have automatic decay compensation software to
maintain accuracy.

4. Perception: There is often a psychological barrier or "stigma" associated with
having radioactive sources on-site, requiring clear communication and safety
protocols to manage employee concerns.
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| Comparison with Other Technologies

To provide context for when to use radiometic sensors, it is helpful to compare
them with more common industrial level measurement tools offered by
manufacturers like Welk.

Radar Level Meters: Radar is excellent for many applications and is also
non-contact (top-down). However, radar can be affected by heavy foam, extremely
low dielectric constants, or internal tank obstructions. Radiometic systems bypass
these issues entirely as they do not rely on reflections from the surface.

Ultrasonic Sensors: These are cost-effective for water treatment and simple liquid
storage. However, they cannot operate in vacuums or high-pressure environments,
and they are sensitive to vapor layers and temperature fluctuations in the gas
space—limitations that do not apply to radiometic measurement.

Hydrostatic Transmitters: These require a process connection (wetted part). In
highly corrosive or clogging media, hydrostatic sensors require frequent cleaning
or expensive diaphragm seals, whereas radiometic sensors remain clean outside
the vessel.

| Frequently Asked Questions (FAQ)

Is radiometic measurement dangerous for the
product?

No. The gamma radiation used in these systems does not make the process
material radioactive. It is the same principle as medical X-rays; the energy passes
through or is absorbed, but it does not linger or change the atomic structure of the
product. It is safe for use in food, beverage, and pharmaceutical industries.
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| How often does the source need to be replaced?

If using Cesium-137, the source typically lasts 20 to 30 years before the signal
becomes too weak for the detector to provide an accurate reading. Cobalt-60
systems usually require source replacement every 5 to 7 years due to the shorter
half-life.

| Can it measure the interface between two liquids?

Yes. Radiometic systems are excellent for interface measurement (e.g., oil and
water) provided there is a sufficient density difference between the two liquids.
The detector can sense the change in total attenuation as the denser liquid
replaces the lighter liquid in the beam path.

|What happens during a power failure?

Radiometic systems are designed with "fail-safe" mechanisms. The source holders
feature shutters that can be manually or pneumatically closed. In terms of data,
most modern transmitters retain their calibration settings in non-volatile memory,
allowing for immediate resumption of measurement once power is restored.

| Conclusion

Radiometic level measurement remains a cornerstone of heavy industry, providing
the only viable solution for the most aggressive process conditions. By
understanding the physics of gamma attenuation and following strict installation
and safety guidelines, facilities can achieve precise level control in applications
where other sensors simply cannot survive. For those looking to explore a full
range of industrial level instruments, from radar to specialized switches, reviewing
the options on the Main Page is the recommended next step for technical
evaluation and project planning.
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