APl 2350 5th Edition
Category 3 Tanks Sensor
Independence Requirements

A practical guide to api 2350 5th edition category 3 tanks sensor independence
requirements, covering the reader intent, the relationship to api 2350 5th edition
category 3 tanks sensor independence requirements, key evaluation criteria,
common risks, and the information the intended project audience should confirm
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In the realm of industrial liquid storage, overfill prevention is not merely a safety
protocol but a critical operational mandate. The American Petroleum Institute (API)
Standard 2350, specifically the 5th edition, provides the definitive framework for
preventing overfill in atmospheric storage tanks. For facilities handling flammable
or hazardous liquids, understanding the api 2350 5th edition category 3 tanks
sensor independence requirements is essential for regulatory compliance and risk
mitigation. This standard categorizes tanks based on their level of automation and
the complexity of their overfill prevention systems (OPS), with Category 3
representing the most advanced and rigorous tier.

| Understanding API 2350 5th Edition Standards

API 2350 5th Edition focuses on "Overfill Protection for Storage Tanks in Petroleum
Facilities." It applies to tanks larger than 10,000 gallons (approx. 38,000 liters) that
store Class | and Class Il liquids. The transition from earlier editions to the 5th
edition marked a significant shift toward aligning with functional safety standards
like IEC 61511.

The standard defines three primary categories of tank systems:

1. Category 1 (Manual): Relies on manual gauging and human intervention to stop
the flow.

2. Category 2 (Semi-Automatic): Features a Tank Gauging System (TGS) with
high-level alarms that alert an operator to take action.

3. Category 3 (Automatic): Utilizes an Automatic Overfill Prevention System (AOPS)
that can terminate the receipt of liquid without human intervention.

Category 3 systems are mandated for facilities where the risk assessment
indicates that manual or semi-automatic responses are insufficient to prevent a
catastrophic overfill event. The cornerstone of a Category 3 system is the
independence of its components from the standard inventory management tools.
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| Measurement Principles for High-Level Detection

Before selecting a sensor for a Category 3 tank, it is vital to understand the
underlying measurement principles. Different technologies offer varying degrees of
reliability and suitability for safety-critical applications.

| Radar Level Measurement

Radar level meters, including both non-contact and guided wave radar (GWR), are
frequently used in Category 3 applications. Non-contact radar emits a microwave
signal that reflects off the liquid surface. The time-of-flight is measured to
determine the distance.

- Pros: High accuracy, no moving parts, and unaffected by density changes.

- Suitability: Excellent for primary sensing in AOPS because they can be tested
without removing the sensor from the tank.

| Magnetic Level Gauges

Magnetic level gauges (MLG) consist of a float containing a magnet that moves
within a chamber. As the liquid level rises, the float flips magnetic flags on an
external scale.

- Pros: Provides both a local visual indication and can be equipped with
magnetic switches or transmitters for remote signaling.

- Suitability: Often used as a redundant, independent secondary check because

the physical principle (buoyancy and magnetism) differs from electronic radar
signals.
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| Ultrasonic Level Sensors

Ultrasonic sensors use sound waves to detect the liquid surface. While
cost-effective, they are sensitive to vapors, foam, and temperature fluctuations
common in petroleum tanks.

- Pros: Non-contact and simple to install.

- Suitability: More common in water treatment or chemical storage than in
high-stakes APl 2350 Category 3 petroleum applications.

| Hydrostatic Level Transmitters

These sensors measure the pressure exerted by the liquid column. While reliable
for inventory, they require accurate density data to calculate the exact level.

- Pros: Robust and well-understood technology.

- Suitability: Generally used for the Tank Gauging System (TGS) rather than the
independent overfill sensor in a Category 3 setup.

Core Requirements for Sensor Independence in
Category 3

The api 2350 5th edition category 3 tanks sensor independence requirements are
designed to ensure that a failure in the system used for daily operations (the TGS)
does not disable the system meant to prevent an overfill (the AOPS). Independence
must be maintained across several layers.
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| 1. Physical Independence

The sensor used for the AOPS must be physically distinct from the sensor used for
inventory gauging. In a Category 3 tank, you cannot use a single radar head to
provide both the inventory level and the high-high safety alarm. Ideally, these
sensors should be installed on different nozzles (process connections) to prevent a
single point of failure, such as a localized blockage or a mechanical issue with a
stilling well, from affecting both systems.

| 2. Electrical and Signal Independence

The wiring, power supply, and signhal paths for the AOPS sensor must be separate
from the TGS. This means:

- Separate conduits for safety-related cables.

- Independent power circuits or uninterruptible power supplies (UPS) for the
safety loop.

- Dedicated Input/Output (I/O) modules in the control system.

| 3. Logic Independence

In Category 3, the logic solver that processes the signal from the overfill sensor
and triggers the emergency shutdown (ESD) valve must be independent of the
Basic Process Control System (BPCS). While some integrated systems allow for
partitioned logic, the 5th edition strongly encourages the use of a dedicated Safety
Instrumented System (SIS) to handle the AOPS logic. This ensures that a software
crash or processor failure in the main tank farm management system does not
prevent the safety system from closing the inlet valve.
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| Technology Selection for Overfill Prevention

Selecting the right combination of sensors is critical for meeting independence
requirements. Engineers often use "diverse redundancy," which involves using two
different technologies to minimize the risk of common-cause failures.

Technology Role in Cat 3 Independence Maintenance
Level Requirement

Non-Contact Radar Primary AOPS Sensor High (Electronic) Periodic proof testing
via software

Magnetic Level Secondary/Redundant High Visual inspection and
Gauge (Mechanical/Magnetic) float check
Tuning Fork Switch High-High Point High (Vibratory) Physical

Alarm cleaning/testing
Guided Wave Radar Primary/TGS High (Electronic) Probe cleaning if

buildup occurs

For those designing these systems, reviewing the Main Page of specialized
instrument manufacturers can provide insights into which sensors are rated for SIL
2 or SIL 3 environments, which is often a prerequisite for Category 3 compliance.

| Installation and Maintenance Best Practices

Compliance with api 2350 5th edition category 3 tanks sensor independence
requirements extends beyond the purchase of hardware; it involves rigorous
installation and lifecycle management.

| Installation Considerations

- Nozzle Location: Ensure the AOPS sensor is not located too close to the inlet
stream, as turbulence or splashing can cause false trips.

- Stilling Wells: If using radar in a stilling well, the TGS and AOPS sensors should
ideally use separate wells. If they must share a well (which is discouraged for
Category 3), rigorous engineering justification and risk analysis are required.



AP|1 2350 5th Edition Category 3 Tanks Sensor Independence...

- Environmental Protection: Sensors must be rated for the hazardous area

classification (e.g., ATEX/IECEX) and be able to withstand the corrosive nature of
the stored product.

| Proof Testing

API 2350 requires periodic proof testing to ensure the AOPS will function when
needed. For Category 3 tanks, the test must verify the entire loop: from the sensor
detecting the high level, to the logic solver processing the signal, to the final
element (the valve) successfully closing. Modern radar sensors often include
"remote proof test" capabilities, allowing operators to simulate a high-level
condition without manually filling the tank to the danger zone.

| Limitations and Challenges

While Category 3 provides the highest safety level, it comes with challenges:

- Complexity: Managing two or three independent systems increases the
complexity of the control architecture.

- Cost: The requirement for independent sensors, wiring, and logic solvers
significantly increases the initial capital expenditure (CAPEX).

- False Trips: High levels of independence and sensitivity can sometimes lead to
"nuisance trips," where the system shuts down valid receipts due to transient
conditions. This is why high-quality instrumentation with advanced signal
processing is vital.

| Frequently Asked Questions

Q: Can | use a single multi-variable transmitter for Category 3?

A: Generally, no. APl 2350 5th Edition emphasizes that the AOPS must be
independent of the TGS. A single instrument providing both signals creates a
common-cause failure point.

Q: Is SIL 2 certification required for Category 3 sensors?
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A: While APl 2350 does not explicitly mandate a specific SIL rating for every
component, it requires the system to meet the safety integrity requirements
determined by a risk assessment (LOPA). In practice, most Category 3 systems
utilize SIL 2 or SIL 3 rated components to ensure the necessary reliability.

Q: Does Category 3 apply to small chemical tanks?

A: APl 2350 is specifically written for large petroleum storage tanks. However, the
principles of sensor independence are considered best practices in the chemical
industry (often following IEC 61511) for any high-risk storage application.

Q: How often must Category 3 sensors be calibrated?

A: Calibration frequency depends on the technology used and the manufacturer's
recommendations, but APl 2350 emphasizes the "proof test interval," which is
typically conducted annually or as determined by the facility's risk management
plan.

By adhering to the api 2350 5th edition category 3 tanks sensor independence
requirements, operators can significantly reduce the probability of environmental
disasters and equipment damage. The integration of diverse technologies, such as
radar and magnetic gauges, ensures a robust safety net that operates
independently of day-to-day inventory tasks.



