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Radar Level Transmitter
Floating Roof Tank

A practical guide to radar level transmitter floating roof tank, covering the reader
intent, the relationship to radar level transmitter floating roof tank, key evaluation
criteria, common risks, and the information the intended project audience should

confirm before taking the next step.
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Main topic: Radar Level Meters
https://www.level-meters.com/products/radar-level-meters/
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In the petrochemical and bulk liquid storage industries, the floating roof tank (FRT)
is a standard for storing volatile organic compounds (VOCs) and crude oil. By
allowing the roof to float directly on the liquid surface, these tanks significantly
reduce evaporative losses and minimize the risk of fire. However, the moving
nature of the roof presents unique challenges for instrumentation. Selecting a
radar level transmitter floating roof tank solution requires a deep understanding of
radar physics, tank geometry, and the specific mechanical behavior of floating
decks.

Precise measurement is not merely a matter of operational efficiency; it is critical
for custody transfer, overfill prevention, and environmental compliance. Modern
Radar Level Meters have become the preferred technology for these applications
due to their non-contact nature and high reliability in harsh environments.

Understanding Radar Measurement Principles for
Floating Roof Tanks

Radar level measurement operates on the principle of electromagnetic wave
propagation. To select the correct instrument, engineers must distinguish between
the two primary methods of signal processing: Pulse Radar and Frequency
Modulated Continuous Wave (FMCW) radar.

| Time of Flight (Pulse) Radar

Pulse radar emits short microwave bursts toward the target surface. The
instrument measures the time it takes for the pulse to travel to the surface and
return to the sensor. Since the speed of light is constant, the distance is calculated
as:

Distance = (Speed of Light x Time of Flight) / 2

While effective for many standard applications, pulse radar may struggle with the
low-dielectric signals often found in refined fuels if the signal is weakened by vapor
or turbulence.
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| Frequency Modulated Continuous Wave (FMCW)

FMCW radar, often utilized in high-precision radar level transmitter floating roof
tank setups, emits a continuous signal with a constantly changing frequency. The
difference in frequency between the emitted signal and the reflected signal (the
"beat frequency") is directly proportional to the distance. FMCW offers a
significantly higher signal-to-noise ratio, making it ideal for the long distances and
potential signal interference common in large storage tanks.

| The Interaction with the Floating Roof

In a floating roof application, the radar can be configured to measure in two ways:

1. Measuring the Roof Top: The radar treats the metal deck of the floating roof as
the target. Since metal is a perfect reflector, the signal return is exceptionally
strong.

2. Measuring through a Stilling Well: The radar is mounted over a perforated pipe
(stilling well) that penetrates the floating roof. This allows the radar to measure the
liguid surface directly, bypassing the roof's mechanical interference.

The Role of a Radar Level Transmitter in Floating
Roof Tank Applications

Floating roof tanks are categorized into Internal Floating Roof (IFR) and External
Floating Roof (EFR) types. Each requires a specific approach to level
instrumentation.
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|Externa| Floating Roof (EFR) Challenges

EFR tanks are open to the atmosphere, meaning the radar must withstand ambient
weather conditions, including heavy rain, snow, and extreme temperature
fluctuations. The radar must be able to distinguish the roof surface from rainwater
accumulation on top of the deck. High-frequency Radar Level Meters are typically
used here to provide a narrow beam that avoids hitting the tank walls or structural
supports.

|Interna| Floating Roof (IFR) Considerations

IFR tanks have a fixed outer roof and an internal floating deck. This creates a
vapor space between the two roofs. The radar is usually mounted on the fixed roof.
The primary challenge here is the potential for the signal to reflect off structural
rafters or the floating roof's rim seal. Advanced signal processing (False Signal
Suppression) is required to "mask" these static reflections.

| Key Evaluation Criteria for Selection

When specifying a radar level transmitter floating roof tank system, several
technical parameters dictate the success of the installation.

| 1. Frequency (26GHz vs. 80GHz)

26GHz Radar: Offers a wider beam angle. It is robust against heavy condensation
and foam but requires a larger clear path to the target.

80GHz Radar: Features a very narrow beam angle (often as small as 3 degrees).
This is the gold standard for stilling well applications, as it minimizes reflections
from the pipe walls, and for direct measurement where internal obstructions are
present.
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| 2. Accuracy and Custody Transfer

For inventory control, an accuracy of £2mm to £5mm is often sufficient. However,
for custody transfer (where the measurement determines the financial value of the
transaction), high-precision radar units with accuracies of 0.5mm or =1mm are
required. These units must comply with APl (American Petroleum Institute)
standards.

| 3. Beam Angle and Obstructions

The beam angle determines the "footprint" of the radar signal at the target
surface. In a 20-meter high tank, a wide beam might hit the tank shell or the
ladder, causing false readings. Selecting a radar with a narrow beam ensures the
energy is focused on the floating roof or the liquid inside the stilling well.

Installation Guidelines for Stilling Wells and Direct
Mounting

Proper installation is the most critical factor in ensuring the longevity and accuracy
of a radar level transmitter floating roof tank application.

| Stilling Well Installation

A stilling well is a vertical pipe that acts as a waveguide. It protects the liquid
surface from turbulence and provides a clean path for the radar signal.

Pipe Condition: The inner surface of the stilling well must be smooth. Welds should
be ground flush to prevent signal scattering.

Venting: Holes must be drilled in the stilling well to allow the liquid level inside the
pipe to equalize with the tank level. These holes should be small and deburred.

Alignment: The radar antenna must be perfectly centered over the pipe. Any tilt
will cause the sighal to bounce off the pipe walls, leading to increased noise.
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| Direct Roof Mounting

If measuring the top of the floating roof:

Target Selection: Aim the radar at a flat, horizontal section of the deck, away from
the rim seal and drainage sumps.

Reference Point: Establish a clear "zero" point that accounts for the thickness of
the floating roof and its buoyancy (the distance the roof sits below the actual liquid
level).

| Practical Selection Table for Industrial Applications

26GHz Pulse Radar 80GHz FMCW Guided Wave
Radar Radar (GWR)

Best Use Case Large tanks with few Stilling wells / Small tanks / Low
obstructions Narrow spaces dielectric liquids
Accuracy +3mm to £5mm +=1lmm +2mm
Beam Angle 8° - 20° 3°-6° N/A (Contacting)
Vapor Resistance Moderate High Excellent
Installation Ease Moderate High Difficult (requires
probe)

| Limitations and Common Operational Risks

While Radar Level Meters are highly reliable, engineers must be aware of specific
limitations in floating roof environments.
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| Roof Tilting and Rotation

Floating roofs do not always stay perfectly level. If the roof tilts due to uneven
loading (e.g., snow or water accumulation), the radar signal reflecting off the metal
deck may be deflected away from the receiver, causing a "loss of echo" error.
Using a radar with a wider dynamic range can help mitigate this.

| Condensation and Product Buildup

In tanks storing heavy crude or bitumen, vapors can condense on the radar
antenna. While 80GHz radars handle thin films well, heavy buildup can attenuate
the signal. Drip-off lens designs or PTFE-coated antennas are recommended to
prevent droplets from clinging to the sensor face.

| The "Dead Zone"

Every radar has a Near-Zone (or Blocking Distance) where measurement is not
possible. Ensure the mounting nozzle height is accounted for so the radar can still
measure the roof when the tank is at its maximum safe fill level.

|Frequent|y Asked Questions (FAQs)

Q: Can radar measure the liquid level if the floating roof is in the way?

A: Only if a stilling well is used. The radar signal cannot penetrate a metal floating
roof. Without a stilling well, the radar measures the position of the roof itself, and
the liquid level is inferred based on the roof's known buoyancy.

Q: How does the dielectric constant affect measurement in FRTs?

A: If measuring the metal roof, the dielectric constant of the product is irrelevant
because metal is a total reflector. If measuring the liquid through a stilling well, the
product's dielectric constant must be high enough to reflect the signal (typically er
> 1.4).
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Q: Is maintenance required for these transmitters?

A: Radar is virtually maintenance-free due to the lack of moving parts. However,
periodic checks of the antenna for heavy buildup and verification of the
transmitter's calibration against a manual dip are recommended annually.

| Conclusion

Implementing a radar level transmitter floating roof tank solution requires a
balance of high-frequency technology and sound mechanical installation. By
selecting the appropriate frequency and mounting method, operators can achieve
precise inventory data while minimizing the risks associated with manual gauging.
For complex storage environments, Radar Level Meters offer the most robust and
future-proof path toward automated tank farm management. Always consult with
the manufacturer to ensure the selected flange size, pressure rating, and
hazardous area certifications (ATEX/IECEX) align with your specific site
requirements.
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