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The prevention of tank overfills in the petroleum and chemical industries is a
critical safety and environmental mandate. The American Petroleum Institute (API)
Standard 2350, specifically the 5th Edition, provides the industry-standard
framework for managing these risks. Understanding the api 2350 5th edition
overfill prevention process requirements is essential for engineers, facility
managers, and safety officers who oversee atmospheric storage tanks. This
standard moves beyond simple hardware recommendations, emphasizing a
comprehensive Overfill Prevention Process (OPP) that integrates management
systems, risk assessment, and technological solutions.

Understanding the Core Framework of APl 2350 5th
Edition

The 5th Edition of APl 2350 marks a significant shift from previous versions by
placing a heavier emphasis on the "Management System." It defines overfill
prevention as a process rather than just a set of instruments. The standard applies
to atmospheric storage tanks with a capacity greater than 2,271 liters (600
gallons) that store Class | and Class Il liquids.

The Overfill Prevention Process (OPP) is built on three primary pillars:

1. Management Systems: Formal procedures for operations, maintenance, and
training.

2. Risk Assessment: Evaluating the likelihood and consequences of an overfill to
determine the necessary level of protection.

3. Hardware Systems: The level measurement instruments and alarms used to
detect and prevent overfills.

By following these requirements, facilities can transition from reactive
maintenance to a proactive safety culture. For those seeking specific hardware to
implement these standards, the Main Page of Welk's technical catalog offers a
variety of compliant measurement technologies.
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|Key Level Definitions and Response Requirements

To comply with the api 2350 5th edition overfill prevention process requirements,
facilities must establish clearly defined tank levels. These levels are not arbitrary;
they are calculated based on the flow rate of the incoming liquid and the time
required to stop that flow.

| Critical High Level (CHL)

The CHL is the highest point in the tank where an overfill occurs, often resulting in
a release to the environment or damage to the tank roof. All safety calculations
are referenced back to this point.

|0verfi|l Alarm Level (High-High Level)

This is the level at which an alarm is triggered to notify the operator or initiate an
automated shutdown. The distance between this level and the CHL must be
sufficient to allow for the "Response Time."

| Response Time Calculations

APl 2350 requires that the response time includes:

Detection Time: The time it takes for the instrument to sense the level and
transmit the signal.

Decision Time: The time for an operator to acknowledge the alarm or for a logic
solver to process the signal.

Action Time: The time required for valves to close or pumps to stop.

In @ manual system, the response time is typically much longer (often 30 minutes
or more), whereas an Automated Overfill Prevention System (AOPS) can reduce
this to seconds.
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| Measurement Principles for Overfill Prevention

Before selecting an instrument to meet API 2350 standards, it is vital to understand
the underlying measurement principles. Each technology has strengths and
limitations depending on the product stored and the tank environment.

|Radar Level Measurement (Time of Flight)

Radar level meters, such as those manufactured by Welk, operate on the Time of
Flight (ToF) principle. They emit electromagnetic pulses (typically in the 26GHz or
80GHz range) that travel to the liquid surface and reflect back.

Non-Contact Radar: Ideal for corrosive or viscous liquids as the sensor does not
touch the product. It is highly accurate (up to +/- 1mm) and unaffected by changes
in density or pressure.

Guided Wave Radar (GWR): Uses a probe to guide the signal. This is excellent for
low-dielectric liquids or applications with heavy foam or turbulence.

| Ultrasonic Level Measurement

Ultrasonic sensors use sound waves to measure distance. A piezoelectric crystal
emits a pulse that bounces off the liquid surface. While cost-effective for water
treatment and simple chemical storage, ultrasonic waves are sensitive to
temperature gradients, high pressure, and heavy vapors, which can change the
speed of sound and affect accuracy.

| Hydrostatic Level Measurement

This principle relies on the relationship between pressure and liquid height ($P =
\rho \cdot g \cdot h$). A pressure transmitter at the bottom of the tank measures
the head pressure of the liquid column. While reliable, this method requires a
constant liquid density to maintain accuracy. If the product density changes due to
temperature fluctuations, the level reading will drift.
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| Magnetic Level Gauges and Switches

Magnetic gauges use a float containing a magnet that moves with the liquid level,
coupled with an external indicator or transmitter. For APl 2350 compliance, these
are often used as secondary redundant systems. Point level switches (tuning fork
or float-based) are frequently employed as the final "High-High" alarm trigger
because of their simplicity and high reliability.

| Selection Table for APl 2350 Compliance

The following table compares common technologies used to satisfy the api 2350
5th edition overfill prevention process requirements.

Technology Accuracy Best API 2350
Application Suitability

Radar (80GHz) ToF (EM Wave) +/- Imm Volatile Excellent
chemicals, tall (Primary Gauge)
tanks

Guided Wave ToF (Contact) +/- 2mm Low dielectric, Excellent

Radar foam (Primary/Secondary)

Ultrasonic Sound Wave +/- 0.25% Water, open Fair
sumps (Non-hydrocarbon)

Hydrostatic Pressure +/- 0.1% Constant Good

density liquids (Secondary)

Magnetic Gauge  Buoyancy +/- 5mm High Good (Visual
temp/pressure Backup)
Tuning Fork Vibration N/A Point level Excellent
Switch detection (High-High
Alarm)

| Categorization of Tanks under APl 2350

The 5th Edition categorizes tanks based on how the overfill prevention process is
managed. This categorization determines the level of instrumentation required.
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Category 1 (Manual): These tanks rely entirely on manual gauging and operator
intervention. They require the longest response times and are generally only
suitable for low-risk, slow-filling applications.

Category 2 (Manual with Alarms): These tanks utilize an independent level alarm
system to notify an operator. The operator must then manually take action to stop
the flow.

Category 3 (Automated): These tanks are equipped with an Automated Overfill
Prevention System (AOPS). The AOPS is independent of the tank gauging system
and will automatically shut down the inflow if a High-High level is reached.

| Installation and Engineering Considerations

Proper installation is as important as technology selection when adhering to API
2350. Even the most advanced radar meter will fail if installed incorrectly.

1. Nozzle Positioning: For radar and ultrasonic sensors, nozzles should be located
away from the tank wall to avoid signal interference. For a 10m tall tank, a
minimum distance of 500mm from the wall is usually recommended.

2. Stilling Wells: In tanks with heavy turbulence or internal obstructions (like
heating coils), installing the level sensor inside a stilling well (a perforated pipe)
can provide a calm surface for measurement.

3. Redundancy and Independence: APl 2350 emphasizes that the overfill
prevention alarm must be independent of the primary tank gauging system. This
means separate sensors, separate power supplies, and ideally, different
measurement technologies to avoid common-mode failures.

4. Environmental Factors: Ensure the instrument's housing (e.g., IP67 or IP68) and
materials (e.g., 316L Stainless Steel or PTFE) are compatible with the local climate
and the stored chemical.
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| Maintenance and Proof Testing

API 2350 5th Edition mandates regular "Proof Testing" of the overfill prevention
system. This is not merely a calibration check but a functional test to ensure the
entire loop—from the sensor to the final control element (valve or pump)—works
as intended.

Visual Inspection: Check for corrosion, leaks, or buildup on sensors.

Functional Test: Simulate a high-level condition to verify that alarms activate and
valves close within the calculated response time.

Documentation: Maintain detailed records of all tests, as required by the
management system component of the standard.

| Limitations and Challenges

While the api 2350 5th edition overfill prevention process requirements provide a
robust safety framework, certain challenges remain:

Vapor Space Interference: In high-pressure tanks or those with heavy steam,
ultrasonic and some radar signals can be attenuated.

Product Build-up: Viscous liquids like crude oil or bitumen can coat sensors, leading
to false readings or "frozen" signals. In these cases, non-contact radar or
specialized magnetic gauges with heaters are preferred.

Human Factors: Even with the best hardware, a failure in the management system
(e.g., an operator ignoring an alarm) can lead to an overfill. This is why the 5th
Edition focuses so heavily on procedures and training.

| Frequently Asked Questions

Q: Does API 2350 apply to underground storage tanks?

A: Generally, no. APl 2350 is specifically designed for above-ground atmospheric
storage tanks in the petroleum and chemical sectors.
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Q: Can | use the same sensor for inventory management and overfill prevention?

A: APl 2350 5th Edition strongly recommends independence. For Category 2 and 3
tanks, the overfill alarm system should be separate from the tank gauging system
to ensure that a single sensor failure does not disable both functions.

Q: How often must | perform proof testing?

A: The frequency is determined by your facility's risk assessment and the
manufacturer's recommendations, but it is typically performed annually or
semi-annually.

Q: What is the difference between a "Basic Process Control System" (BPCS) and an
AOPS?

A: The BPCS manages the day-to-day level control. The AOPS is a safety layer that
only acts when the BPCS fails or the level exceeds safe limits.

For engineers looking to upgrade their facilities to meet these rigorous safety
standards, selecting the right instrumentation is the first step. You can Review
product options and application support to find reliable level measurement
solutions tailored to industrial automation and safety compliance.
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