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The management of large-scale atmospheric storage tanks requires rigorous
safety protocols to prevent environmental disasters, equipment damage, and loss
of life. The American Petroleum Institute (API) Standard 2350, titled "Overfill
Protection for Storage Tanks in Petroleum Facilities," serves as the primary
industry benchmark for these safety measures. With the release of the 5th Edition,
the standard has undergone significant shifts, particularly in how it defines and
mandates the Overfill Prevention Process (OPP).

For engineers and facility managers, understanding the api 2350 5th edition key
changes overfill prevention process opp is essential for maintaining compliance
and operational integrity. This article examines the technical requirements of the
5th edition, the measurement principles involved in modern overfill protection, and
practical selection criteria for level instrumentation.

|Understanding the Overfill Prevention Process (OPP)

The Overfill Prevention Process (OPP) is defined by API 2350 as a comprehensive
management system designed to prevent the overfilling of tanks. It is not merely a
collection of hardware; it is a holistic approach that integrates people, procedures,
and equipment.

In the 5th edition, the OPP is categorized into two primary types of systems:

1. Manual Overfill Prevention Systems (MOPS): These rely on human intervention.
An alarm notifies an operator, who must then manually stop the flow (e.g., by
closing a valve or shutting down a pump).

2. Automated Overfill Prevention Systems (AOPS): These function without human
intervention. When a critical level is reached, the system automatically triggers a
shutdown or diversion of the fluid.

A key change in the 5th edition is the increased emphasis on the "Management
System" aspect. Facilities are now required to document their OPP, including risk
assessments, response time calculations, and maintenance schedules, ensuring
that every tank is assigned a specific category of protection based on its risk
profile.
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| Measurement Principles for Overfill Prevention

To implement a robust OPP, accurate and reliable level measurement is
mandatory. Different technologies offer varying levels of reliability and suitability
depending on the stored medium and tank geometry. Before selecting a device, it
is important to understand the underlying measurement principles.

| Radar Level Measurement (Non-Contact)

Radar level meters, such as those utilizing 80 GHz or 26 GHz frequency-modulated
continuous wave (FMCW) technology, are the gold standard for overfill protection.
They emit a high-frequency signal that reflects off the liquid surface. The
time-of-flight or frequency shift is used to calculate the distance.

Advantages: No moving parts, unaffected by density or temperature changes, and
extremely high accuracy (up to £1 mm).

Application in OPP: Ideal for AOPS due to their high reliability and internal
diagnostics.

| Ultrasonic Level Sensors

Ultrasonic sensors function similarly to radar but use sound waves instead of
electromagnetic waves. The sensor emits an ultrasonic pulse that bounces off the
liquid surface.

Advantages: Cost-effective for non-volatile liquids.

Limitations: Performance can be degraded by foam, heavy vapors, or
high-pressure environments, which may interfere with the sound wave's travel
speed.
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| Hydrostatic Pressure Transmitters

These sensors measure the pressure exerted by the liquid column at the bottom of
the tank. Since pressure is proportional to the height of the liquid and its density,
the level can be calculated.

Advantages: Simple installation and reliable for stable-density liquids.

Limitations: Requires accurate density data; if the product density changes (e.g.,
temperature fluctuations), the level reading will drift.

| Magnetic Level Gauges and Switches

Magnetic level gauges use a float containing a magnet that moves with the liquid
level, coupled with an external indicator or switch. These are often used as
secondary, redundant systems in an OPP framework to provide a visual backup to
electronic sensors.

API 2350 5th Edition: Key Changes and
Requirements

The 5th edition introduced several refinements to the 4th edition, focusing on
clarity and alignment with functional safety standards like IEC 61511.

| 1. Categorization of Tanks

API 2350 5th Edition classifies tanks into three categories based on the level of
automation and the presence of an attending operator:

Category 1: Fully manual operations where the operator monitors the level and
controls the flow.

Category 2: Tanks equipped with a high-level alarm (HLA) that alerts a remote
operator.
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Category 3: Tanks equipped with an AOPS that automatically terminates the flow.

|2. The "Level of Concern” (LOC) Concept

The standard defines specific levels that must be calculated for every tank:

Critical High (CH): The level at which an overfill occurs (e.g., the top of the tank or
the vent).

High-High (HH) Level: The trigger point for an AOPS or the final emergency alarm
for a MOPS.

High (H) Level: The operational alarm used to signal that the tank is reaching
capacity.

Maximum Working Level (MWL): The highest level used during normal operations.

|3. Response Time Requirements

One of the most critical api 2350 5th edition key changes overfill prevention
process opp is the rigorous requirement for calculating response times. The
distance between the High-High alarm and the Critical High level must be sufficient
to allow for the maximum possible flow rate and the time required for the system
(or operator) to successfully stop the flow.

| Selection Criteria for Level Instrumentation
When designing an OPP, selecting the right instrument is a matter of balancing
technical capability with the specific risks of the application. For a comprehensive

range of industrial solutions, engineers can Review product options and application
support to ensure their hardware meets the necessary safety integrity levels (SIL).
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Technology Accuracy Suitability for Maintenance Primary
AOPS Needs Limitation

80GHz Radar High (£1mm) Excellent High initial cost
Ultrasonic Moderate Fair Low Affected by

vapor/foam
Hydrostatic Moderate Good Moderate Density

dependent
Float Switch Low (Point) Good (Backup) High Moving parts

can stick
Guided Wave High Excellent Low Contact with
Radar medium

| Installation and Engineering Considerations

Proper installation is as important as the technology itself. APl 2350 emphasizes
that the overfill prevention system must be independent of the basic process
control system (BPCS) used for inventory management.

Independence: The sensor used for the High-High alarm should be separate from
the sensor used for daily level gauging. This prevents a single point of failure from
disabling both the control and the safety functions.

Stilling Wells: For tanks with internal turbulence or floating roofs, radar sensors
should be installed in stilling wells to ensure a stable signal.

Nozzle Geometry: Ensure that the mounting nozzle does not obstruct the signal
path of radar or ultrasonic sensors. For radar, a nozzle diameter of 50 mm to 150
mm (2" to 6") is standard, depending on the beam angle.

Testing and Proof-Testing: The 5th edition requires regular proof-testing of the
entire OPP loop. Instruments that support remote proof-testing (where the
electronics can simulate a high-level condition) significantly reduce maintenance
costs and safety risks for personnel.
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| Limitations and Risks in Overfill Prevention

While modern instrumentation is highly reliable, several factors can compromise
an OPP:

1. Product Buildup: In viscous applications like crude oil or bitumen, buildup on the
sensor face can cause signhal attenuation or false readings.

2. Environmental Factors: Extreme ambient temperatures can affect the
electronics of sensors mounted on tank tops. Using sunshades or remote-mounted
transmitters can mitigate this.

3. Human Error: In MOPS, the "human factor" remains the weakest link. Delayed
response times or the silencing of alarms without investigation are common
causes of overfill incidents.

4. Inadequate Risk Assessment: If the response time is calculated incorrectly, even
a perfectly functioning AOPS may not stop the flow before the liquid reaches the
Critical High level.

| Conclusion

The api 2350 5th edition key changes overfill prevention process opp represent a
shift toward a more disciplined, risk-based approach to tank safety. By integrating
advanced level measurement technologies—such as high-frequency radar and
redundant switches—with a robust management system, facilities can significantly
reduce the probability of a catastrophic overfill. Compliance is not just about
installing a sensor; it is about ensuring that the entire process, from detection to
termination of flow, is verified, documented, and maintained.

| Frequently Asked Questions (FAQ)

Q: Does API 2350 5th Edition require all tanks to have an AOPS?
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A: No. The standard requires a risk assessment to determine the appropriate
category. While high-risk tanks or those in sensitive areas often require an
Automated Overfill Prevention System (AOPS), Category 1 and 2 (manual) systems
are still permitted for lower-risk applications, provided the management system
requirements are met.

Q: How often must overfill prevention sensors be tested?

A: The frequency of proof-testing depends on the risk assessment and the
manufacturer's recommendations. However, APl 2350 emphasizes that testing
intervals must be documented and strictly followed to ensure the system's
probability of failure on demand (PFD) remains within acceptable limits.

Q: Can | use the same radar for inventory and overfill protection?

A: While technically possible, API 2350 strongly recommends independence. Using
a separate, dedicated sensor for the overfill alarm ensures that a failure in the
inventory management system does not compromise the safety of the tank.

Q: What is the difference between a "Safety Instrumented System" (SIS) and an
AOPS?

A: An AOPS as defined by API 2350 is a specific type of Safety Instrumented
System. While API 2350 provides the requirements for tank overfill prevention, it
often references IEC 61511 for the desigh and management of the hardware and
logic solvers used in the system.
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