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The American Petroleum Institute (API) Standard 2350, specifically the 5th edition,
serves as the definitive guideline for overfill protection for storage tanks in
petroleum facilities. This standard is not merely a set of technical suggestions but
a comprehensive framework designed to prevent catastrophic environmental
damage, financial loss, and safety hazards resulting from tank overfills. Central to
this standard is the classification of tanks into four distinct categories—0, 1, 2, and
3—based on the level of automation and the type of instrumentation used to
monitor and control tank levels.

For engineers and facility managers, understanding these categories is essential
for selecting the correct level measurement hardware. Whether utilizing radar
level meters, magnetic level gauges, or point level switches, the hardware must
align with the operational requirements of the specific APl category assigned to the
tank. This article provides a technical deep dive into these categories and the
instrumentation principles required to remain compliant.

Understanding the APl 2350 Standard and Overfill
Prevention

API 2350 5th edition applies to atmospheric storage tanks that receive Class |
(flammable) and Class Il (combustible) liquids. The standard emphasizes a
"Management System" approach, which combines administrative controls
(procedures and training) with physical equipment (sensors and alarms).

The primary goal is to manage the "Response Time"—the interval between an
alarm being triggered and the completion of the action required to stop the flow of
liquid into the tank. As the complexity of the facility increases, the reliance shifts
from human intervention to automated systems. This shift is reflected in the
progression from Category O to Category 3.

Before diving into the categories, it is critical to understand the four key levels
defined by the standard:

1. Maximum Working Level (MWL): The highest level to which a tank is normally
filled.

2. High Level (HL): The level where an alarm is triggered to notify the operator.
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3. High-High Level (HHL): A critical alarm level indicating that immediate action is
required.

4. Critical High (CH): The level at which the tank will overflow or suffer structural
damage.

Measurement Principles for Compliant Level
Monitoring

To meet the requirements of APl 2350 5th edition tank categories 0 1 2 3, facilities
must deploy reliable level measurement technologies. The choice of technology
depends on the chemical properties of the fluid, the tank geometry, and the
required accuracy.

| Radar Level Measurement

Radar level meters are the preferred choice for petroleum storage due to their
non-contact nature and high precision.

FMCW (Frequency Modulated Continuous Wave): These meters emit a continuous
signal with a changing frequency. The difference in frequency between the emitted
and received signal is proportional to the distance. This provides sub-millimeter
accuracy, which is vital for high-value inventory and overfill prevention.

Guided Wave Radar (GWR): This technology uses a probe (waveguide) to direct the
microwave pulses. It is particularly effective in tanks with low dielectric constants
or where surface turbulence and foam are present. GWR is often used as the
primary Automatic Tank Gauge (ATG) in Category 1, 2, and 3 tanks.

| Ultrasonic Level Sensors

Ultrasonic sensors measure the time it takes for a sound wave to travel to the
liguid surface and back. While cost-effective, they are limited by temperature
fluctuations and the presence of heavy vapors, which can alter the speed of sound.
In petroleum applications, they are typically reserved for water treatment or
non-volatile chemical storage within the facility.
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| Hydrostatic Pressure Transmitters

These sensors measure the pressure exerted by the liquid column. While reliable
for continuous level monitoring, they require accurate density data to calculate the
level. In APl 2350 applications, hydrostatic sensors are often used as secondary
verification tools rather than the primary overfill prevention sensor.

| Point Level Switches

For Category 2 and 3 tanks, independent high-level alarms are mandatory. Tuning
fork switches and float-operated switches are commonly used. Tuning fork
switches vibrate at a specific frequency; when the liquid touches the fork, the
frequency changes, triggering a relay. These are highly reliable for "High-High"
alarm applications because they are independent of the continuous level
transmitter.

Detailed Breakdown of APl 2350 Tank Categories 0,
1, 2, and 3

The categorization of a tank dictates the minimum requirements for
instrumentation and the level of human involvement required during a receipt
(filling) operation.

| Category 0: Fully Manual Operations

Category 0 tanks are the most basic and rely entirely on manual procedures.

Requirements: There is no automatic tank gauge (ATG) or high-level alarm (HLA)
that transmits data to a control room.

Operation: Personnel must be physically present at the tank site throughout the
entire receipt process to monitor the level manually (e.g., via hand-gauging or a
local mechanical gauge).
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Risk: This category carries the highest risk of human error and is generally only
permitted for small, low-frequency tanks in remote locations.

Category 1: Basic Automation with Manual
Monitoring

Category 1 introduces the requirement for electronic level monitoring, but still
relies on human intervention to stop the flow.

Requirements: Must have an ATG that transmits level data to a remote location
(control room) where personnel are constantly present.

Operation: The operator monitors the ATG. If a high-level alarm is triggered, the
operator must manually initiate the shutdown of valves or pumps.

Instrumentation: Typically involves a high-accuracy radar level meter or a GWR as
the primary ATG.

Category 2: Redundant Alarms and Independent
Systems

Category 2 is common in modern industrial facilities. It adds a layer of safety by
requiring an independent alarm system.

Requirements: Must have an ATG and a separate, independent High-Level Alarm
(HLA). The HLA must be physically and electrically independent of the ATG.

Operation: If the ATG fails or is ignored, the independent HLA provides a secondary
alert to the operator. The operator is still responsible for taking action to stop the
flow.

Instrumentation: A radar level meter serves as the ATG, while a tuning fork switch
or a separate float switch serves as the independent HLA. This redundancy ensures
that a single point of failure in the electronics does not lead to an overfill.
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Category 3: Automatic Overfill Prevention Systems
(AOPS)

Category 3 represents the highest level of safety and is often required for high-risk
or high-volume transfers.

Requirements: Includes an ATG and an independent HLA that is integrated into an
Automatic Overfill Prevention System (AOPS).

Operation: If the liquid reaches the High-High level, the AOPS automatically
triggers an emergency shutdown (ESD). It closes the inlet valves and shuts down
the pumps without requiring operator intervention.

Instrumentation: This setup requires high-reliability sensors, often with SIL (Safety
Integrity Level) ratings. A radar level meter provides continuous data, and a
SIL-certified level switch or a second independent radar meter triggers the
automated shutdown logic.

| Practical Selection Table for Level Instrumentation

When designing a system to comply with APl 2350 5th edition tank categories 01 2
3, use the following table as a guide for instrument selection.

Category Primary Level Secondary Automation Recommended
Device (ATG) Alarm (HLA) Level Welk Product

Category 0 None (Manual) None Manual Mechanical
Gauges

Category 1 Radar / GWR Integrated ATG Manual Main Page
Alarm Shutdown Radar

Category 2 Radar / GWR Independent Manual Radar + Tuning
Switch Shutdown Fork Switch

Category 3 Radar / GWR Independent Automatic SIL-Rated Radar
Switch/Radar Shutdown + AOPS
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Installation Considerations and Regulatory
Compliance

Proper installation is as important as selecting the right hardware. APl 2350
emphasizes that for Category 2 and 3, the independence of the systems must be
absolute.

1. Physical Separation: The ATG and the independent HLA should ideally be
installed in different nozzles on the tank roof. This prevents a single localized issue
(like a blocked nozzle or internal obstruction) from affecting both sensors.

2. Power Supply: In Category 3 systems, the AOPS should have a dedicated power
source or a fail-safe configuration (e.g., valves that close upon loss of power).

3. Proof Testing: APl 2350 requires regular proof testing of all overfill prevention
components. This includes physically verifying that a level switch triggers at the
correct point and that the AOPS logic successfully closes the valves.
Instrumentation with built-in self-testing features significantly reduces
maintenance overhead.

4. Stilling Wells: For tanks with internal mixers or high turbulence, installing radar
sensors inside stilling wells (pipes) is recommended to ensure a stable signal and
accurate readings.

| Limitations and Common Risks in Overfill Protection

While following APl 2350 5th edition tank categories 0 1 2 3 significantly reduces
risk, certain limitations must be acknowledged:

Environmental Interference: Heavy steam, rapid temperature changes, or extreme
wind can affect the accuracy of certain sensors. Radar is generally the most
resilient, but its configuration must account for the specific dielectric constant of
the fluid.

Maintenance Neglect: The most common cause of overfill incidents is the
bypassing of alarms or the failure to maintain sensors. A "Category 3" system is
only effective if the automated valves are functional and the sensors are
calibrated.
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System Complexity: Increasing the category level increases the complexity of the
control logic. Engineers must ensure that the AOPS does not cause water hammer
or other hydraulic issues when performing an emergency shutdown.

|Frequent|y Asked Questions (FAQs)

Q: Can | use a single radar meter for both the ATG and the HLA in a Category 2
tank?

A: No. API 2350 Category 2 requires the HLA to be independent of the ATG. Using
one device for both functions creates a single point of failure. You must use a
separate sensor for the alarm.

Q: What is the required accuracy for an ATG under APl 23507

A: While the standard focuses on safety levels, it generally references API Chapter
3.1B for inventory accuracy. For overfill prevention, the repeatability of the sensor
is often more critical than absolute accuracy, though radar meters typically
provide both within £2mm.

Q: How do | determine which category my tank falls into?

A: This is determined through a risk assessment. Factors include the location of the
tank (proximity to water or residential areas), the flow rate of receipts, and the
historical reliability of the facility’'s operations. High-flow, high-risk tanks are almost
always Category 2 or 3.

| Conclusion

Compliance with APl 2350 5th edition tank categories 0 1 2 3 is a cornerstone of
modern petroleum storage safety. By moving from manual monitoring to
automated, independent protection systems, facilities can mitigate the risks
associated with human error and mechanical failure. Selecting the right
instrumentation—whether it be advanced radar level meters for continuous
monitoring or robust tuning fork switches for emergency alarms—is the first step
toward a safer operational environment.
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For engineers seeking to upgrade their tank farms or design new compliant
systems, it is essential to partner with manufacturers who provide reliable,
accurate, and cost-effective measurement solutions. To explore a full range of
industrial level measurement instruments tailored for these applications, you may
Review product options and application support to ensure your facility meets the
highest safety standards.
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