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In the petroleum and chemical industries, overfill prevention is a critical safety
function designed to protect personnel, the environment, and physical assets. The
American Petroleum Institute (API) Standard 2350, specifically the 5th Edition,
provides the framework for managing these risks in atmospheric storage tanks. A
central point of discussion for instrumentation engineers and safety managers is
the api 2350 5th edition aops sil requirement, which bridges the gap between
traditional tank gauging and functional safety standards like IEC 61511.

Understanding the requirements for an Automated Overfill Prevention System
(AOPS) and its associated Safety Integrity Level (SIL) is essential for compliant
facility operation. This article examines the technical principles of level
measurement used in these systems and the criteria for determining SIL
requirements under the current standard.

Principles of Level Measurement for Overfill
Protection

Before selecting hardware to meet APl 2350 standards, it is necessary to
understand the physics behind the measurement technologies. Overfill prevention
typically relies on two types of measurement: continuous level monitoring and
point level detection.

|Radar Level Measurement (Time of Flight)

Radar level meters, particularly non-contacting frequency modulated continuous
wave (FMCW) units, are the preferred choice for AOPS. They operate by emitting
high-frequency electromagnetic signals toward the liquid surface. The time it takes
for the signal to reflect back is used to calculate the distance. Because radar
signals travel at the speed of light and are largely unaffected by vapor space
pressure, temperature, or density changes, they provide the high reliability
required for safety-instrumented functions.
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| Ultrasonic Level Sensors

Ultrasonic sensors use sound waves to determine the level. A transducer emits an
ultrasonic pulse that reflects off the liquid surface. While cost-effective, these are
generally limited to applications where the vapor space is clear of heavy foam,
dust, or significant temperature gradients that could alter the speed of sound. In
the context of API 2350, they are often used in smaller, less volatile chemical
storage tanks.

| Tuning Fork and Float Switches

Point level switches provide a discrete signal when the liquid reaches a specific
"Level of Concern" (LOC). Vibrating tuning forks change their frequency when
immersed in liquid, triggering an alarm. These are frequently used as the
independent secondary or tertiary layer of protection in an AOPS to ensure a
"High-High" alarm is triggered even if the primary continuous transmitter fails.

| The Shift to the 5th Edition: AOPS and SIL

The API 2350 5th Edition introduced a more rigorous focus on the Management
System and the use of Risk Assessment to determine the necessary level of
protection. Unlike previous versions that relied heavily on prescriptive categories,
the 5th edition emphasizes the "Overfill Risk Assessment" (ORA).

| Defining the AOPS

An Automated Overfill Prevention System (AOPS) is defined as a system that can
automatically terminate the receipt of liquid into a tank without manual
intervention. This system includes the sensor, the logic solver (such as a safety
PLC), and the final control element (an automated valve).
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| The SIL Requirement

The api 2350 5th edition aops sil requirement is not a blanket mandate for a
specific SIL level (e.g., SIL 2) for all tanks. Instead, the standard dictates that if an
AOPS is required by the risk assessment, it must be desighed and maintained in
accordance with IEC 61511.

Key factors in determining the SIL requirement include:

1. Risk Assessment Results: If the frequency and consequence of an overfill are
high, a higher SIL (Safety Integrity Level) will be required to achieve the necessary
Risk Reduction Factor (RRF).

2. Independence: The AOPS must be physically and electrically independent of the
Basic Process Control System (BPCS) used for daily tank gauging.

3. Response Time: The system must be fast enough to close the inlet valves before
the tank reaches the critical high level, accounting for the maximum possible flow
rate.

| Selection Criteria for AOPS Instrumentation

When specifying instruments for a system intended to meet APl 2350 5th Edition
standards, engineers must evaluate the hardware's capability to operate within a
safety-instrumented system (SIS). For a comprehensive look at suitable hardware,
engineers can Review product options and application support to ensure the
chosen technology aligns with their specific ORA results.
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Technology Suitability for SIL Capability Limitations
AOPS

80GHz Radar Excellent Typically SIL 2/3 High initial cost

Tuning Fork Switch Excellent (Point Typically SIL 2 Contacting sensor;
Level) requires cleaning

Ultrasonic Moderate Often SIL 1 Sensitive to foam

and heavy vapors

Hydrostatic Moderate Varies Dependent on fluid
density consistency

| Installation Considerations for Safety Compliance

To meet the api 2350 5th edition aops sil requirement, the physical installation is
as important as the instrument's electronic certification.

Nozzle Positioning: The sensor should be positioned away from the inlet stream to
avoid turbulence and false readings. For radar sensors, a minimum distance of 500
mm from the tank wall is typically recommended to avoid signal interference.

Stilling Wells: In tanks with internal obstructions or high agitation, radar level
meters should be installed in a stilling well (a perforated pipe) to provide a calm
surface for measurement.

Redundancy: To achieve SIL 2 or SIL 3, a 1002 (one-out-of-two) or 2003 voting
logic is often employed. This requires multiple sensors installed in separate nozzles
to ensure that a single sensor failure does not disable the safety function.

Environmental Protection: Sensors must be rated for the hazardous area
classification (e.g., ATEX/IECEx Zone 0 or 1) and be resistant to the corrosive
nature of the stored medium.

| Limitations and Challenges

While the 5th Edition provides a clear path to safety, there are inherent limitations
in applying SIL requirements to older facilities:
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Legacy Hardware: Many existing tanks use mechanical float gauges that cannot
easily be integrated into a SIL-rated AOPS. Upgrading to electronic transmitters is
often required.

Proof Testing: A requirement of SIL compliance is periodic proof testing to ensure
the system will function when called upon. For many facilities, this requires taking
the tank out of service or installing "test-in-place" bypasses, which can be
logistically challenging.

Complexity of ORA: The Overfill Risk Assessment requires accurate historical data
on flow rates, valve closure times, and operator response times. Inaccurate data
can lead to an under-specified or over-specified SIL requirement.

| Frequently Asked Questions

Does APl 2350 5th Edition require all tanks to have an AOPS?

No. The requirement for an AOPS is determined by the tank category (Category 1,
2, or 3) and the results of the Overfill Risk Assessment. Fully attended facilities
(Category 1) may rely on Manual Overfill Prevention Systems (MOPS) if the
response time is sufficient.

What is the difference between SIL 1 and SIL 2 in tank overfill protection?

SIL 1 requires a Risk Reduction Factor (RRF) of 10 to 100, while SIL 2 requires an
RRF of 100 to 1,000. Achieving SIL 2 usually requires more frequent proof testing,
higher-quality components, and often redundancy in the sensor array.

Can | use my existing tank gauging system for AOPS?

API 2350 5th Edition requires the AOPS to be independent of the tank gauging
system used for inventory management. While you can use the same type of
technology (e.g., two radar meters), they must be separate units with separate
power supplies and signal paths.
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| Conclusion

Adhering to the api 2350 5th edition aops sil requirement is a multi-step process
that begins with a thorough understanding of level measurement principles and
ends with a validated, risk-based safety system. By transitioning from prescriptive
rules to a functional safety approach, the 5th edition allows operators to tailor their
safety investments to the actual risks present in their facilities.

For engineers tasked with designing these systems, selecting instruments that are
certified for use in SIL environments is the first step toward compliance. For more
information on selecting the appropriate radar, ultrasonic, or point level
instruments for your specific application, visit the Main Page for detailed technical
specifications and engineering support.
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