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evaluation criteria, common risks, and the information the intended project
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In the realm of industrial liquid storage, particularly within the petroleum and
chemical sectors, overfill prevention is not merely a safety preference but a
stringent regulatory requirement. The American Petroleum Institute (API) Standard
2350, specifically the 5th Edition, provides the definitive framework for preventing
tanks from overflowing, which could otherwise lead to catastrophic environmental
damage, fire hazards, and significant financial loss. This standard categorizes
tanks based on their level of automation and the presence of personnel, dictating
the types of level measurement technologies and safety systems required.

Understanding the api 2350 5th edition tank categories details is essential for
engineers and plant managers tasked with selecting appropriate instrumentation.
This article explores the measurement principles involved, the specific
requirements for each tank category, and practical considerations for system
implementation.

| Measurement Principles for Overfill Prevention

Before diving into the specific tank categories, it is vital to understand the physics
behind the sensors used to satisfy APl 2350 requirements. Overfill prevention
typically relies on two types of measurement: Continuous Level Measurement and
Point Level Detection.

|Radar Level Measurement (Time of Flight)

Radar sensors, including both non-contact and guided wave radar (GWR), are the
industry standard for high-accuracy applications. They operate on the Time of
Flight (ToF) principle. The sensor emits a microwave signal that travels to the liquid
surface and reflects back. By measuring the time taken for the signal to return, the
device calculates the distance to the product. Radar is preferred in APl 2350
applications because it is non-mechanical, highly reliable, and unaffected by
changes in vapor space pressure or temperature.
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| Ultrasonic Level Sensors

Similar to radar, ultrasonic sensors use sound waves. However, they are sensitive
to the composition of the vapor space (e.g., heavy fumes or wind) and temperature
fluctuations. In the context of API 2350, they are often used in atmospheric tanks
where the chemical properties of the stored liquid do not interfere with sound
propagation.

|Point Level Detection (Vibrating Forks and Floats)

Point level switches act as the "High-High" (HH) alarm. Vibrating fork sensors
detect the change in frequency when the tines are submerged in liquid. These are
often used as the independent safety layer required for Category 2 and 3 tanks
because they provide a simple, robust "yes/no" signal that is less prone to the
complex failure modes of continuous transmitters.

API 2350 5th Edition Tank Categories Details: A Deep
Dive

The 5th Edition of APl 2350 classifies tanks into three distinct categories. These
classifications are based on how the receipt of the product is managed and the
level of risk associated with the operation.

| Category 1: Fully Attended Tanks

Category 1 tanks are those where personnel are physically present at the tank site
throughout the entire receipt process. The safety of the operation relies heavily on
human intervention and manual monitoring.

Requirement: At a minimum, these tanks require a level gauging system that can
be read by the operator.

Operation: The operator monitors the level and manually terminates the flow when
the tank reaches its maximum working capacity.
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Risk Profile: High reliance on human factors. If the operator is distracted or the
manual gauge fails, there is no secondary automated system to prevent an overfill.

| Category 2: Semi-Attended Tanks

Category 2 tanks are located at facilities where personnel are on-site but not
necessarily standing at the tank during the receipt. These systems require a higher
level of instrumentation to compensate for the lack of constant physical
surveillance.

Requirement: These tanks must have a basic liquid level sensing system plus an
independent high-level alarm (HLA).

Operation: The alarm must be transmitted to a location where personnel are
constantly present (such as a control room). Upon hearing the alarm, the operator
must have sufficient time to manually shut down the receipt before an overfill
occurs.

Key Detail: The high-level alarm must be independent of the tank gauging system
used for inventory or process control.

| Category 3: Unattended Tanks

Category 3 represents the highest level of automation. These tanks are often
located at remote sites or at facilities where receipts are managed from a distant
control center without local personnel to intervene manually.

Requirement: These tanks require an Automatic Overfill Prevention System (AOPS).
This includes an independent level sensor and an automated logic solver that can
trigger a shutdown valve (SDV) or stop a pump without human intervention.

Operation: When the sensor detects a "High-High" level, the system automatically
terminates the flow.

Safety Standards: Category 3 systems are often designed in alignment with IEC
61511 (Functional Safety), requiring specific Safety Integrity Levels (SIL).
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| System Components: MOPS vs. AOPS

The API 2350 standard distinguishes between Manual Overfill Prevention Systems
(MOPS) and Automatic Overfill Prevention Systems (AOPS).

1. MOPS (Manual): Utilized in Category 1 and 2 tanks. It relies on an alarm to notify
a human operator, who then takes action. The effectiveness of MOPS is calculated
based on the "Response Time"—the time between the alarm sounding and the
actual cessation of flow.

2. AOPS (Automatic): Utilized in Category 3 tanks. It removes the human element
from the critical safety loop. The system must be capable of testing (proof testing)
to ensure that the sensors, logic solvers, and valves are all functional.

For comprehensive equipment selection that meets these standards, engineers
often refer to the Main Page of specialized manufacturers to find SIL-rated
instrumentation.

| Selection Table for Level Instrumentation

Choosing the right technology depends on the tank category and the nature of the
stored product.
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m Category 1 Category 2 Category 3

Primary Gauge Manual Tape or Continuous Level High-Accuracy Radar
Basic Transmitter Transmitter Transmitter
(Radar/Ultrasonic)

Secondary Alarm Not Required (but Independent Point Independent
recommended) Level Switch SlL-rated Level
Sensor
Response Manual Operator at Manual Operator in Automatic Shutdown
Mechanism Tank Control Room Valve (AOPS)
Independence N/A Alarm must be Full separation of
independent of Safety and Control
gauge loops
Typical Application Small, local fuel Large terminal Remote pipelines or
depots facilities unmanned sites

| Installation and Maintenance Considerations

Proper installation is as critical as the technology choice itself. APl 2350 5th Edition
emphasizes several physical and procedural factors:

Redundancy and Independence: For Category 2 and 3, the overfill sensor must not
share a process connection, power supply, or cabling with the basic process
control system (BPCS). This prevents a single point of failure from disabling both
the control and safety systems.

Stilling Wells: For tanks with internal turbulence or floating roofs, radar sensors
should be installed in stilling wells (pipes) to ensure a stable signal. The dimensions
of these wells must be precisely calibrated to the radar's frequency.

Proof Testing: The standard requires periodic testing of the overfill prevention
system. Modern instruments often include "Remote Proof Testing" capabilities,
allowing operators to simulate a high-level condition from the control room without
climbing the tank or manually raising the liquid level.
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Response Time Calculation: Engineers must calculate the "Levels of Concern"
(LOC). This involves determining the volume of the tank between the High-High
alarm point and the point of actual overflow, then dividing that volume by the
maximum possible flow rate to ensure the shutdown occurs in time.

| Common Risks and Limitations in Tank Gauging

While the API 2350 5th Edition provides a robust framework, certain risks remain:

Paraffin or Scale Buildup: In crude oil applications, buildup on sensors can cause
false readings. Non-contact radar is often the best solution here as it does not
touch the medium.

Foaming: Heavy foam on the liquid surface can absorb ultrasonic and radar
signals, leading to a "loss of echo." In these cases, guided wave radar or
specialized high-power non-contact radar is required.

Human Error in Category 1 & 2: The most common cause of overfills in attended
tanks is the failure of personnel to respond to alarms or the unauthorized
bypassing of alarm systems.

| Frequently Asked Questions (FAQ)

Q: Can a single radar gauge serve as both the inventory monitor and the overfill
alarm?

A: Under API 2350 5th Edition for Category 2 and 3 tanks, the answer is generally
no. The overfill prevention system must be independent of the system used for
normal tank gauging to ensure that a failure in the control system does not also
disable the safety alarm.

Q: What is the difference between the 4th and 5th editions of APl 23507

A: The 5th edition places a much stronger emphasis on the management system
and functional safety. It aligns more closely with international safety standards like
IEC 61511 and provides more detailed guidance on the use of wireless technology
and the requirements for proof testing.

Welk Reference Guide 7



WELK REFERENCE GUIDE API 2350 5th Edition Tank Categories Details

Q: Are wireless level sensors allowed for overfill prevention?

A: Yes, but they must meet specific reliability and latency requirements. For
Category 3 (AOPS), wireless systems are generally scrutinized more heavily to
ensure they meet the necessary safety integrity levels.

Q: How often must these systems be proof-tested?

A: The frequency is determined by the risk assessment of the facility and the
manufacturer’'s recommendations, but typically it ranges from once every six
months to once a year.

| Conclusion

Adhering to the api 2350 5th edition tank categories details is a fundamental
aspect of modern industrial safety. By classifying tanks into Categories 1, 2, and 3,
the standard allows operators to scale their safety infrastructure according to the
specific risks of their facility. Whether implementing a manual system for an
attended tank or a complex, SiL-rated AOPS for a remote terminal, the selection of
reliable radar, ultrasonic, and point-level sensors is the bedrock of compliance. For
those seeking to upgrade their facilities or design new storage solutions, consulting
the Main Page for advanced measurement technology is a critical step toward
achieving both safety and operational efficiency.
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