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In the industrial storage sector, particularly within petroleum and chemical
facilities, the prevention of tank overfills is a critical safety and environmental
priority. The American Petroleum Institute (API) Standard 2350, specifically the 5th
edition, provides the definitive framework for Overfill Prevention Systems (OPS) for
atmospheric storage tanks. This standard shifts the focus from purely
hardware-based solutions to a comprehensive management system that integrates
personnel, procedures, and technology. Understanding the api 2350 5th edition
tank categories overfill prevention requirements is essential for plant engineers
and safety managers tasked with mitigating the risks of hazardous spills.

This article examines the technical requirements of APl 2350 5th Edition, the
specific tank categories defined by the standard, and the selection of level
measurement technologies required to maintain compliance and operational
safety.

Understanding APl 2350 5th Edition: Scope and
Objectives

API 2350 applies to atmospheric storage tanks (tanks designed to operate at
pressures from atmospheric up to 0.5 psi) that store Class | and Class Il liquids. The
5th edition emphasizes a risk-based approach to overfill prevention. Unlike
previous iterations that focused heavily on the physical installation of alarms, the
current edition requires an Overfill Prevention Process (OPP). This process includes
risk assessment, operational procedures, and the maintenance of equipment.

One of the most significant aspects of the 5th edition is the formalization of "Tank
Categories." These categories determine the level of automation and redundancy
required based on how the tank is operated and whether personnel are present
during receiving operations. By categorizing tanks, operators can apply the
appropriate level of technology—ranging from manual gauging to fully automated
independent shutdown systems.

| Measurement Principles for Overfill Prevention

To comply with API 2350, accurate and reliable level measurement is mandatory.
Before selecting a category-specific solution, it is important to understand the
underlying measurement principles of the instruments used in an OPS.
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| Radar Level Measurement (Non-Contact)

Radar level meters, such as those manufactured by Welk, use Time of Flight (ToF)
technology. The sensor emits a high-frequency microwave signal that reflects off
the liquid surface. The time taken for the signal to return is proportional to the
distance. Radar is highly favored for APl 2350 compliance because it is
non-contact, highly accurate (often within £2 mm), and unaffected by changes in
vapor space density or temperature.

| Ultrasonic Level Measurement

Ultrasonic sensors function similarly to radar but use sound waves instead of
microwaves. While cost-effective for water treatment and some chemical
applications, they are generally restricted in petroleum applications where heavy
vapors or foam can attenuate the sound signal. However, for Category 1 or 2 tanks
containing non-volatile liquids, they remain a viable choice.

| Point Level Switches

Point level switches (such as tuning fork or float switches) do not provide
continuous measurement but trigger a signal when the liquid reaches a specific
height. In an APl 2350 context, these are frequently used as the "Independent
High-High Alarm" or the trigger for an Automated Overfill Prevention System
(AOPS).

| Defining the API 2350 5th Edition Tank Categories

The 5th edition classifies tanks into three distinct categories based on the level of
instrumentation and the presence of an operator. Each category has specific
requirements for how an overfill is detected and prevented.
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| Category 1: Fully Manual (Attended)

Category 1 tanks are those where the receipt of product is managed entirely by
on-site personnel.

- Requirement: The operator must be physically present at the tank or at a local
control station during the entire receipt process.

- Instrumentation: These tanks typically rely on manual gauging or local
mechanical level indicators.

- Risk: This category carries the highest risk of human error, as there is no
automated backup to signal an impending overfill.

| Category 2: Semi-Automated

Category 2 tanks are equipped with a remote power-actuated level sensor that
transmits data to a control room.

- Requirement: An independent high-level alarm (HLA) is required. This alarm
must be separate from the primary level gauging system used for inventory
management.

- Personnel: An operator monitors the level from a remote location and is
responsible for manually initiating a shutdown (closing valves or stopping
pumps) when the alarm sounds.

| Category 3: Automated (AOPS)

Category 3 represents the highest level of safety and is often required for high-risk
or high-flow rate operations.

- Requirement: These tanks must have an Automated Overfill Prevention System
(AOPS). This involves an independent level sensor that triggers an automatic
shutdown of the receipt process without human intervention.
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- Logic: The system must include a logic solver (like a safety PLC) that is
independent of the basic process control system (BPCS).

Selection Criteria for Level Measurement
Instruments

Selecting the right instrument depends on the tank category and the chemical
properties of the stored liquid. The following table provides a guideline for
technology selection based on API 2350 objectives.

Radar Level Ultrasonic Magnetic Tuning Fork
Meter Sensor Level Gauge Switch

API 2350 Cat2 &3 Catl & 2 Catl & 2 Cat2 &3
Category (Primary/Independerilon-volatile) (Visual) (Independent
Alarm)
Accuracy High (2 mm to Moderate Moderate N/A (Point level)
+5 mm) (+0.25% of
range)
Contact Type Non-contact Non-contact Contact (Float) Contact
Vapor Excellent Poor Good Good
Resistance
Maintenance Low Low Moderate Moderate

For professional-grade hardware that meets these industrial standards, engineers
can Review product options and application support to ensure their chosen
instrumentation aligns with the specific safety integrity levels (SIL) required for
Category 3 installations.

| Installation Considerations and Safety Best Practices

Compliance with api 2350 5th edition tank categories overfill prevention is not
achieved by hardware alone; installation geometry and system logic are equally
important.
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1. Redundancy and Independence: For Category 2 and 3, the overfill alarm system
must be independent of the inventory gauging system. This means separate
sensors, separate power supplies, and separate cabling. If a radar meter is used
for inventory, a tuning fork switch or a second radar meter should be used for the
high-high alarm.

2. Stilling Wells: For tanks with internal turbulence or floating roofs, radar meters
should be installed within stilling wells to ensure a stable signal and prevent false
alarms.

3. Response Time (RT): APl 2350 requires operators to calculate the required
response time. This is the time needed to successfully terminate the receipt after
an alarm is triggered. The sensor must be positioned low enough to allow for this
response time before the liquid reaches the "Critical High Level" (CHL).

4. Proof Testing: The standard mandates regular proof testing of the OPS. Modern
radar and ultrasonic instruments often feature self-diagnostic capabilities, but
physical testing (simulating a high level) is still required to verify the integrity of
the entire loop.

| Limitations of Overfill Prevention Technologies

While modern instrumentation is highly reliable, engineers must account for
specific technical limitations:

- Foam Interference: Heavy foam on the surface of a liquid can absorb ultrasonic
sighals and scatter radar waves, leading to a "loss of echo." In such cases,
guided wave radar or mechanical switches may be necessary.

- Dielectric Constant: Non-contact radar requires a minimum dielectric constant
to reflect the signal. Very low dielectric fluids (like certain pure hydrocarbons)
may require high-sensitivity radar units.

- Ambient Environment: In extremely cold climates, condensation or ice buildup
on the sensor face can interfere with readings. Heating elements or specialized
antenna designs (like PTFE drop antennas) are often required.
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| Frequently Asked Questions (FAQs)

Q: Is APl 2350 5th Edition legally mandatory?

A: While API standards are voluntary, they are considered "Recognized and
Generally Accepted Good Engineering Practices" (RAGAGEP). In many jurisdictions,
regulatory bodies like OSHA or the EPA may cite non-compliance with APl 2350 as
a safety violation following an incident.

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

A: For Category 1, yes. However, for Category 2 and 3, API 2350 explicitly requires
an independent alarm system. Using a single sensor for both functions creates a
single point of failure, which is prohibited for higher-risk categories.

Q: What is the difference between an HLA and an HHLA?

A: A High Level Alarm (HLA) is typically a warning to the operator that the tank is
reaching capacity. A High-High Level Alarm (HHLA) is the emergency trigger point
that indicates an imminent overfill, requiring immediate manual or automated
shutdown.

Q: How often should | calibrate my level meters?

A: Calibration frequency depends on the manufacturer's recommendations and the
criticality of the tank. For APl 2350 compliance, an annual proof test of the entire
overfill prevention loop is a common industry standard.

| Conclusion

Adhering to the api 2350 5th edition tank categories overfill prevention standards
is a multi-faceted challenge that requires a blend of rigorous management
processes and high-precision instrumentation. By correctly identifying the tank
category and deploying appropriate technologies—such as the radar and ultrasonic
solutions provided by Welk—facilities can significantly reduce the risk of
catastrophic overfills.
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Whether upgrading a manual Category 1 tank to a semi-automated Category 2
system or implementing a fully independent AOPS for Category 3, the focus must
remain on sensor independence, accuracy, and reqular system validation. For
those seeking to implement these safety standards, visiting the Main Page of an

experienced manufacturer is the first step toward selecting the right tools for the
job.
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