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In the petroleum and chemical storage industries, overfill prevention is a critical
safety and environmental concern. The American Petroleum Institute (API)
Standard 2350 provides the industry-leading framework for preventing overfills in
atmospheric storage tanks. With the release of the APl 2350 5th Edition, the
standard shifted toward a more rigorous, risk-based approach. Among the
classifications defined in this standard, API 2350 5th edition category 0 tanks
represent a specific operational profile where manual intervention plays a primary
role in the Overfill Prevention System (OPS).

Understanding the requirements for Category 0 tanks is essential for facility
managers and engineers when selecting instrumentation from a professional
manufacturer like Welk. This article explores the measurement principles,
selection criteria, and installation guidelines necessary to ensure compliance and
safety for these specific tank configurations.

| Measurement Principles for Overfill Protection

Before selecting a level measurement solution for an APl 2350 compliant system, it
is vital to understand the underlying physical principles of the sensors. For
Category 0 tanks, the instrumentation must provide reliable data to an operator
who is responsible for terminating the receipt of product.

| Radar Level Measurement (Non-Contact)

Radar level meters operate on the Time-of-Flight (ToF) principle. The sensor emits
a high-frequency electromagnetic pulse (usually in the GHz range) that travels to
the liquid surface and reflects back. The distance is calculated based on the time
taken for the signal to return.

Advantages: It is unaffected by temperature, pressure, or vapor space
composition, making it ideal for the volatile organic compounds (VOCs) often found
in petroleum tanks.

Application: High-accuracy radar is frequently used as the Automatic Tank Gauge
(ATG) in APl 2350 systems.
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| Ultrasonic Level Measurement

Similar to radar, ultrasonic sensors use the ToF principle but employ sound waves
instead of electromagnetic waves. The sensor sends a sound pulse that bounces
off the liquid surface.

Advantages: Cost-effective and easy to install for non-volatile liquids.

Limitations: Sound speed varies with air temperature and can be attenuated by
heavy vapors or foam, which may limit its use in certain hydrocarbon applications.

| Hydrostatic Pressure Measurement

This method measures the pressure exerted by the liquid column at the bottom of
the tank. The level is calculated using the formula $P = \rho gh$, where $P$ is
pressure, $\rho$ is the liquid density, $g$ is gravity, and $h$ is the height of the
liquid.

Advantages: Highly reliable with no moving parts.

Requirements: Requires a constant or known liquid density to provide accurate
level readings.

| Magnetic Level Gauges and Switches

These instruments use a float containing a magnet that moves with the liquid level.
This magnet acts upon an external indicator or a reed switch. In APl 2350
applications, these are often used as secondary high-level alarms (LAHH) or for
local visual confirmation.

Understanding APl 2350 5th Edition Category O
Tanks

The 5th Edition of APl 2350 categorizes tanks based on the level of automation and
the presence of personnel during receiving operations.
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Category 0 tanks are defined as "attended" tanks. This means that during the
entire period of product receipt, a qualified operator is physically present at the
facility and is responsible for monitoring the tank level and manually closing the
valves to prevent an overfill.

Key characteristics of Category 0 tanks include:

1. Continuous Attendance: Personnel must be available to take action within a
defined response time.

2. Instrumentation Requirements: While the operator is the primary "controller,"
the tank must still be equipped with an Automatic Tank Gauge (ATG) that provides
real-time level data.

3. Manual Termination: The safety of the operation relies on the operator's ability
to perceive an alarm or a level reading and execute a manual shutdown.

In contrast to Category 1, 2, or 3 tanks—which involve increasing levels of
automated alarms and safety instrumented systems (SIS)—Category O relies
heavily on the human-in-the-loop. However, the 5th Edition emphasizes that even
Category 0 tanks require a formal Overfill Prevention Procedure (OPP) and
documented response times.

| Selection Criteria for Category 0 Instrumentation

When choosing level sensors for Category 0 tanks, engineers must balance cost,
reliability, and the specific properties of the stored fluid. The following table
provides a comparison of common technologies used in these applications.
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Technology Accuracy Suitability for Maintenance Recommended
VOCs Needs Role

Radar (80GHz) High (£1mm) Excellent Primary ATG
Ultrasonic Moderate Fair Low Secondary/Water
(£0.25%) Tanks
Hydrostatic High (+£0.1%) Good Moderate Continuous
Level
Magnetic Gauge Moderate Excellent Moderate Local

Visual/Alarm

| Evaluation Factors

Fluid Properties: For crude oil or refined products, non-contact radar is often
preferred to avoid paraffin buildup or corrosion on wetted parts.

Tank Geometry: The presence of internal baffles, heating coils, or agitators may
dictate the use of guided wave radar or hydrostatic transmitters.

Environmental Conditions: In regions with extreme temperature fluctuations,
sensors with integrated temperature compensation are necessary to maintain the
accuracy required by APl standards.

For a detailed look at specific sensor models and technical specifications,
engineers can review product options and application support on the Main Page of
the Welk digital catalog.

| Installation and Maintenance Considerations

Correct installation is as critical as the choice of technology for maintaining
compliance with APl 2350 5th edition category 0 tanks.

| Nozzle and Stilling Well Placement

Avoid Turbulence: Sensors should be installed away from the inlet pipe to prevent
false readings caused by turbulent surfaces during filling.
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Stilling Wells: For tanks with internal obstructions or high turbulence, installing the
radar or float-based sensor inside a stilling well (a perforated pipe) can provide a
stable surface for measurement.

Nozzle Height: Ensure the nozzle height does not create a "dead zone" where the
sensor cannot measure the liquid at its highest possible level (the Overfill Level).

| Calibration and Proof Testing

API 2350 requires periodic proof testing of the Overfill Prevention System. For
Category 0 tanks, this includes:

Visual Inspection: Checking for corrosion or damage to the sensor housing.

Wet Testing: Raising the liquid level (or using a test lever on a switch) to ensure
the alarm triggers at the correct set point.

Verification: Comparing the ATG reading against a manual hand-tape
measurement. Standard practice often requires accuracy within 25 mm (1 inch) for
non-custody transfer applications, though tighter tolerances are preferred.

| Limitations and Risk Management

The primary limitation of Category 0 tanks is the reliance on human response. If an
operator is distracted or if the response time (RT) is calculated incorrectly, an
overfill can occur even if the instrumentation is functioning perfectly.

|The "Response Time" Concept

Under the 5th Edition, facilities must calculate the time it takes for an operator to
receive an alarm and successfully close the intake valve. This time must be
converted into a "Safety Buffer" (SB) volume. If the tank's filling rate increases, the
safety buffer must be adjusted. If the required safety buffer exceeds the available
tank capacity, the tank may need to be reclassified to a higher category (e.qg.,
Category 1) requiring automated alarms.
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| Frequently Asked Questions (FAQs)

Q: Can a Category 0 tank be upgraded to Category 1?

A: Yes. Upgrading typically involves adding an independent high-level alarm (LAH)
that is separate from the ATG and ensuring the alarm is transmitted to a constantly
attended location with audible and visual indicators.

Q: Is a manual gauge tape sufficient for Category 07?

A: No. API 2350 5th Edition requires an Automatic Tank Gauge (ATG) for continuous
monitoring. Manual gauging is used for verification and calibration but cannot
serve as the primary monitoring method during receipt.

Q: What is the maximum filling rate for a Category 0 tank?

A: There is no fixed maximum rate, but the rate must be slow enough that the
operator can react to a high-level condition before the tank reaches the "critical
high" level. High flow rates often necessitate the transition to Category 2 or 3
(Automated OPS).

Q: Does Welk provide OEM services for these sensors?

A: Yes, as a professional manufacturer, Welk offers customized OEM/ODM services
to adapt level meters to specific tank nozzle configurations and communication
protocols required for APl compliance.

| Conclusion

Compliance with APl 2350 5th edition category 0 tanks requires a disciplined
combination of reliable instrumentation and strictly followed manual procedures.
By understanding the measurement principles of radar, ultrasonic, and hydrostatic
sensors, and by adhering to rigorous installation and maintenance schedules,
facility operators can significantly reduce the risk of overfill incidents. While
Category 0 relies on the human element, the accuracy provided by advanced level
measurement technology remains the foundation of a safe storage operation.
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