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The American Petroleum Institute (API) Standard 2350, "Overfill Protection for
Storage Tanks in Petroleum Facilities," serves as the primary industry guideline for
preventing hazardous spills in atmospheric storage tanks. With the release of the
5th edition, the industry saw a significant shift toward aligning overfill prevention
with functional safety standards like IEC 61511. One of the most critical areas of
focus in these updates is the requirement for sensor independence, particularly
within Category 3 tanks.

For process engineers and terminal operators, understanding the nuances of api
2350 5th edition changes sensor independence category 3 tanks is essential for
maintaining compliance and ensuring operational safety. This article explores the
technical requirements of the standard, the principles of the measurement
technologies involved, and the practical steps for selecting and installing compliant
instrumentation.

| Understanding Tank Categories under API 2350

API 2350 classifies tanks into three categories based on the level of automation
and the method of overfill prevention. The 5th edition maintains these
classifications but tightens the requirements for the systems supporting them.

1. Category 1 (Manual): These tanks rely entirely on manual intervention. They
lack an automatic tank gauge (ATG) or high-level alarm (HLA) that transmits to a
constantly attended location. Prevention depends on manual gauging and strict
adherence to receipt procedures.

2. Category 2 (Semi-Automated): These tanks are equipped with an ATG and a
high-level alarm system that alerts personnel in a control room. The responsibility
for stopping the flow remains with the operator.

3. Category 3 (Fully Automated): These are the most critical tanks. They feature an
ATG and an independent Automated Overfill Prevention System (AOPS). The AOPS
is designed to automatically terminate the receipt of product (e.g., by closing a
valve or stopping a pump) without human intervention when a High-High (HH) level
is reached.
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|The Principle of Sensor Independence

The most significant mandate for Category 3 tanks in the 5th edition is the strict
requirement for sensor independence. Sensor independence means that the
device used for the AOPS must be entirely separate from the device used for the
ATG or basic process control.

| Why Independence Matters

In previous iterations, some facilities used a single level transmitter with multiple
signal outputs—one for the tank level reading and one for the high-level alarm.
However, the 5th edition clarifies that a single failure in a shared component (such
as the sensor head, the power supply, or the processing electronics) could
potentially disable both the monitoring system and the safety system
simultaneously. By requiring independent sensors, the standard ensures that if the
ATG fails or provides an incorrect reading, the AOPS sensor remains functional to
trigger an emergency shutdown.

| Physical and Functional Separation

For a Category 3 tank to be compliant, the following independence criteria should
be met:

Separate Sensors: The ATG and the HH alarm sensor must be different physical
instruments.

Separate Process Connections: Ideally, the sensors should be installed in different
nozzles to prevent a single physical obstruction (like a floating roof malfunction or
heavy foam) from affecting both.

Separate Signal Paths: The wiring and logic solvers for the AOPS must be
independent of the basic process control system (BPCS).
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| Level Measurement Principles for Overfill Protection

When selecting instruments to meet the sensor independence requirements, it is
vital to understand the underlying measurement principles. As a professional
manufacturer, Welk provides various technologies suitable for both ATG and AOPS
roles. You can Review product options and application support to find the specific
hardware that fits your tank geometry.

|1. Radar Level Measurement (FMCW)

Radar level meters, particularly those using Frequency Modulated Continuous
Wave (FMCW) technology, are the preferred choice for ATG in Category 3 tanks.
They operate by emitting a continuous microwave signal that increases in
frequency over time. The reflection from the liquid surface is compared to the
emitted signal, and the frequency difference is used to calculate the distance.

80GHz Radar: Offers a narrow beam angle (as small as 3°), which is ideal for
avoiding internal tank obstructions and providing high precision (1 mm).

26GHz Radar: A robust option for larger nozzles and applications where heavy
vapor might be present.

| 2. Ultrasonic Level Sensors

Ultrasonic sensors use the Time-of-Flight (ToF) principle, emitting sound pulses
that reflect off the liquid surface. While cost-effective, they are generally limited to
shorter ranges (typically up to 15 or 20 meters) and can be affected by
temperature fluctuations, wind, or heavy vapors in the tank headspace. In API
2350 contexts, they are more common in water treatment or chemical storage
than in high-pressure petroleum applications.
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| 3. Hydrostatic Level Transmitters

These sensors measure the pressure exerted by the liquid column. Since pressure
is directly proportional to the height of the liquid and its density, these are highly
reliable if the product density remains constant. They are often used as a
secondary verification tool or for bottom-mounted level detection.

|4. Point Level Switches (Tuning Fork or Float)

For the AOPS (High-High alarm) in a Category 3 tank, point level switches are
frequently used to provide the required independence. A vibrating tuning fork
switch, for example, changes its vibration frequency when immersed in liquid,
triggering a fail-safe relay. Because this technology is fundamentally different from
the radar used for the ATG, it adds a layer of "diverse redundancy."

| Selection Table for Category 3 Tank Instrumentation

Choosing the right combination of sensors is critical for 5th edition compliance. The
following table compares common configurations for Category 3 tanks.
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Technology

Technology

Technology

Accuracy

Maintenance

Primary Sensor

(ATG)

80GHz FMCW Radar

26GHz Radar

80GHz FMCW Radar

High (£1 mm to 3

mm)

Low (Non-contact)

Secondary Sensor
(AOPS/HH)

Vibrating Tuning Fork

Guided Wave Radar
(GWR)

80GHz FMCW Radar

Moderate (Point
detection)

Low (Self-testing
electronics)

Compliance Note

High diverse
redundancy;
recommended for
most petroleum
tanks.

Good for tanks with
internal structures;

GWR is immune to

foam.

Permitted, but
requires separate
power, wiring, and
logic.

ATG requires
precision for
inventory; AOPS
requires reliability.

Both should support
remote proof-testing.

Installation Considerations for Category 3

Compliance

Correct installation is as important as sensor selection. To adhere to the api 2350
5th edition changes sensor independence category 3 tanks guidelines, consider the

following:

Nozzle Positioning: Ensure the AOPS sensor is positioned at a height that allows
sufficient "response time." APl 2350 defines the response time as the interval

between the HH alarm triggering and the actual cessation of flow. This must be
calculated based on the maximum possible flow rate.

Stilling Wells: For tanks with floating roofs or high turbulence, sensors should be
installed in stilling wells. However, the ATG and AOPS sensors should ideally use

separate wells to maintain independence.
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Environmental Factors: In petroleum environments, ensure all sensors are
explosion-proof (ATEX/IECEX certified). Radar sensors should be checked for
compatibility with the dielectric constant of the stored medium.

System Integration: The AOPS must be a "Logic Solver" that is separate from the
Tank Gauging System. This often involves a dedicated Safety Instrumented System
(SIS) or a high-integrity PLC.

| Limitations and Challenges

While the 5th edition provides a safer framework, it introduces certain challenges
for brownfield (existing) facilities:

Nozzle Availability: Many older tanks do not have enough spare nozzles to provide
complete physical separation for an independent AOPS sensor. In these cases,
internal brackets or specialized multi-sensor nozzles may be required.

Testing Requirements: APl 2350 requires regular "Proof Testing" of the AOPS. For
Category 3 tanks, this means the system must be tested to ensure the valves
actually close when the HH level is reached. Modern sensors with built-in self-test
functions can significantly reduce the manual labor required for these tests.

Cost: Transitioning a Category 2 tank to Category 3 involves significant investment
in automated valves and independent logic solvers, not just the level sensors.

| Summary of Key 5th Edition Changes

Mandatory Management System: Facilities must have a written Overfill Prevention
Care (OPC) program.

Risk-Based Testing: Proof test intervals are now often determined by the risk
profile of the tank rather than a fixed annual schedule.

Emphasis on AOPS: For Category 3, the AOPS is no longer just an "alarm" but a
safety function that must be desighed with a specific Safety Integrity Level (SIL) in
mind, often SIL 1 or SIL 2.
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| Frequently Asked Questions (FAQs)

Q: Can | use a dual-channel radar for a Category 3 tank?

A: Generally, no. While a dual-channel radar provides redundancy, it often shares a
single process connection and housing. APl 2350 5th Edition emphasizes
independence to avoid common-mode failures. Two separate instruments are the
standard for Category 3.

Q: What is the required response time for an AOPS?

A: There is no fixed number in seconds. The response time must be calculated
based on the tank's "Overfill Level" (the point where damage occurs) and the
maximum receipt rate. The HH alarm must be set low enough to allow the valves
to fully close before the liquid reaches the overfill level.

Q: Do these changes apply to small chemical tanks?

A: APl 2350 is specifically designed for large atmospheric storage tanks (typically
over 10,000 gallons or 38 cubic meters) in petroleum facilities. However, the
principles of sensor independence are considered best practices in the chemical
and water treatment industries as well.

Q: How does 80GHz radar improve compliance?

A: 80GHz radar's narrow beam allows it to be installed in smaller nozzles or closer
to tank walls without interference. This makes it easier to add an independent ATG
sensor to an existing tank that has limited space, facilitating the move to Category
3 status.

For engineers looking to upgrade their facilities to meet the latest safety
standards, selecting robust, independent instrumentation is the first step. By
utilizing advanced radar and point-level technologies, operators can ensure their
Category 3 tanks remain compliant with API 2350 5th edition while maximizing
both safety and operational efficiency.



