APl 2350 Category 3 Tanks
Sensor Independence
Requirements 5th Edition

A practical guide to api 2350 category 3 tanks sensor independence requirements
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In the management of large-scale atmospheric storage tanks, overfill prevention is
a critical safety pillar. The American Petroleum Institute (API) Standard 2350
provides the industry-standard framework for preventing overfills in petroleum
storage facilities. With the release of the 5th edition, the requirements for api 2350
category 3 tanks sensor independence requirements 5th edition have become
more stringent, reflecting a deeper integration with functional safety standards
such as IEC 61511. For engineers and facility managers, understanding the
technical nuances of sensor independence is essential for maintaining compliance
and ensuring operational safety.

| Understanding API 2350 Tank Categories

API 2350 classifies storage tanks into three distinct categories based on the level
of automation and the risk profile of the facility. Each category dictates the type of
instrumentation required and the level of human intervention necessary to prevent
an overfill event.

Category 1: These are manual or semi-automatic systems. They rely heavily on
human operators to monitor levels and manually terminate transfers. The
instrumentation usually consists of a basic level gauge and a high-level alarm.

Category 2: These systems feature an Automatic Tank Gauging (ATG) system that

provides real-time data to a remote location (such as a control room). They include
an independent high-level alarm that alerts the operator, who must then manually

stop the flow.

Category 3: This is the most advanced level of protection. Category 3 tanks are

equipped with an ATG and an Automatic Overfill Prevention System (AOPS). The
AOPS is designed to automatically terminate the liquid transfer without operator
intervention if the level reaches a critical high-high set point.

The 5th edition emphasizes that for Category 3, the AOPS must be functionally
independent of the ATG. This independence is the core requirement for achieving
the necessary Safety Integrity Level (SIL) in high-risk environments.
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| Measurement Principles for Overfill Prevention

Before selecting sensors to meet the independence requirements, it is vital to
understand the underlying measurement principles. Different technologies offer
varying degrees of reliability and suitability for overfill protection.

|Radar Level Measurement (Guided and Non-Contact)

Radar technology operates on the Time-of-Flight (ToF) principle. A sensor emits a
microwave signal that travels to the liquid surface and reflects back. By measuring
the time it takes for the signal to return, the system calculates the distance and,
consequently, the liquid level.

Guided Wave Radar (GWR): Uses a physical probe to guide the signal. It is highly
accurate and unaffected by vapor or turbulence.

Non-Contact Radar: Emits signhals through the air. It is ideal for corrosive or sticky
fluids as it does not touch the medium.

| Ultrasonic Level Sensors

Similar to radar, ultrasonic sensors use sound waves. However, sound speed is
affected by air temperature and vapor density, making ultrasonic less reliable in
pressurized tanks or environments with heavy chemical vapors compared to radar.

| Vibrating Tuning Fork Switches

These are point-level sensors. The fork vibrates at a specific frequency. When
submerged in liquid, the frequency shifts, triggering an alarm. These are highly
reliable for "High-High" level detection because they have no moving parts and are
generally fail-safe.
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| Hydrostatic Pressure Transmitters

These measure the pressure exerted by the liquid column. While effective for
continuous level measurement, they require accurate density data to provide
precise level readings, which can be a limitation if the stored product changes.

APl 2350 Category 3 Tanks Sensor Independence
Requirements 5th Edition

The 5th edition of APl 2350 mandates that for Category 3 tanks, the AOPS must be
entirely separate from the ATG used for inventory management. This concept of
"independence" is broken down into several technical layers.

| Sensor Independence

The sensor used for the AOPS (the overfill alarm/shutdown) cannot be the same
sensor used for the ATG (the continuous level monitoring). If a single radar gauge
provides both the inventory data and the high-high shutdown signal, the system
does not meet Category 3 requirements. You must install a secondary, dedicated
sensor for the AOPS.

| Logic Solver Independence

The signals from the ATG and the AOPS must be processed by different logic
solvers. In many industrial setups, this means the AOPS signal should go to a
dedicated Safety Instrumented System (SIS) or a separate PLC, rather than the
basic process control system (BPCS) that handles day-to-day operations.
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| Final Element Independence

Independence also extends to the final control element. While some configurations
allow the AOPS to share a valve with the process system under strict risk
assessment conditions, the 5th edition strongly encourages the use of a dedicated
emergency shutdown valve (ESV) to ensure that the flow can be stopped even if
the primary control valve fails.

|Mitigation of Common Cause Failures (CCF)

To achieve true independence, engineers must consider Common Cause Failures.
If two identical radar sensors are used, a specific environmental condition (like
heavy steam) might cause both to fail simultaneously. Using diverse
technologies—for example, a non-contact radar for ATG and a vibrating tuning fork
for AOPS—significantly reduces the risk of CCF.

| Selection Criteria and Technology Comparison
When designing a system to comply with API 2350 Category 3, selecting the right

mix of technologies is critical. The following table compares common industrial
level instruments used in these applications.
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Technology Typical Independence Advantages
Application Role
Non-Contact Continuous ATG or AOPS High precision, Higher initial
Radar Level no contact cost
Guided Wave Continuous ATG or AOPS Immune to Probe can
Radar Level foam/vapor accumulate
buildup
Tuning Fork Point Level AOPS Fail-safe, low No continuous
Switch (High-High) maintenance data
Magnetic Level Visual/Continuous Secondary ATG No power Mechanical
Gauge required for moving parts
visual
Ultrasonic Continuous ATG (Low risk) Low cost Affected by
Level vapor/temp

For a comprehensive range of instruments that meet these standards, you can
Review product options and application support on our Main Page.

| Installation Considerations and Practical Limitations

Implementing the api 2350 category 3 tanks sensor independence requirements
5th edition involves more than just buying two sensors. Proper installation is
required to ensure the independence is maintained in practice.

1. Nozzle Positioning: The AOPS sensor should be installed in a separate nozzle
from the ATG sensor. This prevents physical interference and ensures that a
mechanical failure of one nozzle (e.g., a blockage) does not disable both systems.

2. Stilling Wells: If stilling wells are used for radar gauges, they must be properly
vented and clear of obstructions. For Category 3, the AOPS sensor should ideally
have its own dedicated stilling well if the tank design requires one.

3. Power Supply: True independence often requires separate power circuits or
redundant power supplies. If a single power failure shuts down both the ATG and
the AOPS, the system's safety integrity is compromised.
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4. Environmental Factors: Consider the internal tank environment. For instance, in
tanks with internal agitators or heavy turbulence, guided wave radar or robust
point-level switches are preferred over non-contact ultrasonic sensors.

| Maintenance and Proof Testing

AP| 2350 5th Edition places heavy emphasis on the lifecycle of the overfill
prevention system. Independence is not a "set and forget" feature; it must be
verified through regular proof testing.

Proof Test Intervals: The frequency of testing is determined by the required Risk
Reduction Factor (RRF). Sensors used in Category 3 AOPS must be tested regularly
to ensure they will perform when called upon.

Partial Stroke Testing: For final elements like valves, partial stroke testing can be
used to verify movement without fully shutting down the process.

Documentation: Detailed records of sensor independence, including wiring
diagrams and logic solver configurations, must be maintained for regulatory audits.

|Frequent|y Asked Questions (FAQs)

Q: Can | use two outputs from the same radar sensor to satisfy Category 3?

A: No. API 2350 5th Edition requires physical and functional independence. Using
two outputs from one sensor creates a single point of failure; if the sensor's
microwave module fails, both signals are lost.

Q: Is diversity (using different technologies) mandatory?

A: While not strictly mandatory in every single application, diversity is highly
recommended to mitigate Common Cause Failures. If you use identical sensors,
you must provide a detailed justification in your risk assessment.

Q: How does SIL rating relate to APl 2350 Category 3?
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A: Category 3 systems are essentially Safety Instrumented Systems (SIS). The 5th
edition aligns with IEC 61511, meaning the components (sensors, logic solvers,
valves) should ideally be SiL-certified to meet the target risk reduction determined
by the facility's safety study.

Q: What is the maximum response time allowed for an AOPS sensor?

A: The response time must be fast enough to allow the final element (valve) to
close completely before the liquid reaches the "Critical High" level, accounting for
the maximum possible flow rate of the inlet pumps.

| Conclusion

Compliance with api 2350 category 3 tanks sensor independence requirements 5th
edition is a vital component of modern industrial safety. By ensuring that the
Automatic Overfill Prevention System is physically and functionally separate from
the inventory tank gauging, facilities can significantly reduce the risk of
catastrophic overfills. This requires a strategic combination of measurement
technologies—such as radar for continuous monitoring and vibrating switches for
high-high alerts—along with rigorous installation and maintenance protocols. For
engineers seeking to upgrade their tank farms to Category 3 standards, focusing
on sensor diversity and dedicated safety logic is the most effective path toward
operational excellence and regulatory compliance.



