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In the petroleum and chemical processing industries, overfill prevention is not
merely a safety protocol; it is a rigorous regulatory requirement. The American
Petroleum Institute (API) Standard 2350, specifically the 5th edition, provides the
definitive framework for preventing atmospheric storage tank overfills. Central to
this standard is the concept of "Levels of Concern" (LOCs). Understanding and
correctly implementing these levels is critical for engineers and plant managers to
ensure operational safety, environmental protection, and compliance with modern
risk management practices.

This guide explores the technical definitions of api 2350 5th edition levels of
concern locs, the measurement technologies used to monitor them, and the
engineering considerations required for effective implementation.

| Measurement Principles for Overfill Prevention

Before defining the specific levels of concern, it is essential to understand the
measurement principles that allow for accurate level detection. API 2350 5th
edition emphasizes the reliability of the Automatic Tank Gauge (ATG) and
independent Overfill Prevention Systems (OPS).

| Radar Level Measurement (Non-Contact)

Non-contact radar level meters utilize Frequency Modulated Continuous Wave
(FMCW) or pulse technology. The instrument emits a microwave signal toward the
liquid surface, which reflects back to the sensor. By measuring the time-of-flight or
frequency shift, the device calculates the distance to the product. This technology
is preferred for APl 2350 compliance because it has no moving parts and is
unaffected by density changes or vapors.

| Guided Wave Radar (GWR)

GWR uses a probe (cable or rod) to guide the microwave pulse directly to the liquid
surface. This is particularly effective in tanks with internal obstructions or
low-dielectric fluids, providing a highly stable signal for critical high-level alarms.
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| Ultrasonic Level Sensors

Ultrasonic sensors function by emitting sound waves. While cost-effective for water
treatment or non-volatile liquids, they are often restricted in APl 2350 applications
involving hydrocarbons due to the impact of temperature gradients and heavy
vapors on the speed of sound.

| Hydrostatic Pressure

This method measures the pressure exerted by the liquid column. While accurate
for continuous level monitoring, it requires consistent liquid density to provide a
precise level reading, making it less ideal as a primary safety trip for overfill
prevention compared to direct-distance measurement technologies.

Defining API 2350 5th Edition Levels of Concern
(LOCs)

The 5th edition of APl 2350 defines four specific Levels of Concern. These levels
represent physical points in the tank that trigger specific actions or define safety
boundaries. They are calculated from the "Critical High" level downward.

| LOC 1: Critical High (CH)

The Critical High level is the highest level in the tank that can be reached without a
leak or structural damage. This is typically the point where the liquid would
overflow the tank shell or enter the vent system. In engineering terms, this is the
absolute limit of the tank's capacity.

| LOC 2: High-High (HH) Level

Also known as the Overfill Alarm level, LOC 2 is the point at which an automatic
overfill prevention system (AOPS) or a high-level alarm is triggered. The distance
between LOC 2 and LOC 1 must be sufficient to allow for the "Safety Margin,"
ensuring the flow can be stopped before reaching the Critical High level.
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| LOC 3: High (H) Level

This is the maximum level for normal operations. When the liquid reaches LOC 3, it
triggers a warning to the operator. This level is designed to provide enough time
for manual intervention (e.g., closing a valve or switching tanks) before the system
reaches the critical LOC 2 trip point.

| LOC 4: Maximum Working Level (MWL)

The Maximum Working Level is the highest level intended for routine operations. It
is set below the High Level (LOC 3) to prevent frequent nuisance alarms during
standard filling procedures.

| Tank Categories and LOC Requirements

API 2350 5th Edition categorizes tanks based on the level of automation and the
presence of personnel. The calculation of api 2350 5th edition levels of concern
locs depends heavily on which category the tank falls into:

1. Category 1 (Fully Manual): These tanks require personnel to be physically
present during the entire receipt of product. The LOCs must account for human
reaction time and manual valve closure.

2. Category 2 (Manual with Alarms): These tanks are equipped with an ATG and
high-level alarms that alert an operator at a remote control center. The LOCs are
calculated based on the remote operator’'s response time.

3. Category 3 (Automatic Overfill Prevention): These tanks utilize an independent
system that automatically terminates the flow of product without human
intervention. The LOCs are determined by the response time of the automated
valves and logic solvers.
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| Selection Criteria for Level Instrumentation

Choosing the right instrument to monitor these LOCs is vital for maintaining the
integrity of the safety system. The following table provides a comparison of
common technologies used in APl 2350 compliant systems.

s Smtablhty -

Non-Contact Radar High (£1mm) Excellent High initial cost

Guided Wave Radar High (£2mm) Excellent Probe can be
affected by debris

Level Switches Discrete Excellent for LOC 2 No continuous

(Tuning Fork) monitoring

Ultrasonic Moderate Fair Affected by foam and
vapors

Magnetic Level High Good Requires external

Gauges chamber (bypass)

For comprehensive system design, engineers often consult the Main Page of
specialized manufacturers to evaluate which sensor type aligns with their specific
chemical compatibility and tank geometry.

| Calculation of Response Times and Safety Margins

The distance between the LOCs is not arbitrary; it is a calculated engineering value
based on the maximum filling rate.

| The Formula for LOC Spacing

The volume required between two levels is calculated as:
Volume = (Flow Rate x Response Time) + Safety Margin

Flow Rate: The maximum possible inflow rate (e.g., m3/h).
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Response Time: For Category 1 and 2, this is the time required for an operator to
recognize the alarm and fully close the inlet valves. For Category 3, this is the
mechanical time for the AOPS to actuate.

Safety Margin: An additional buffer (typically 5 to 10 minutes of flow) to account for
unforeseen delays.

In metric units, if a tank has a flow rate of 500 m3/h and a required response time
of 30 minutes (0.5 hours), the volume between LOC 3 and LOC 1 must be at least
250 m3 plus the safety margin.

| Installation and Maintenance Considerations

To ensure that the api 2350 5th edition levels of concern locs are monitored
reliably, several installation factors must be addressed:

1. Redundancy: APl 2350 often requires an independent level sensor for the overfill
prevention system (LOC 2) that is separate from the ATG used for inventory (LOC 3
and 4).

2. Stilling Wells: For tanks with turbulence or internal structures, installing radar or
GWR sensors inside a stilling well can prevent signal interference and ensure
accurate LOC detection.

3. Proof Testing: The 5th edition places a heavy emphasis on periodic proof testing.
Level instruments must be tested to ensure they trip at the correct LOCs. Modern
radar meters often include "remote proof-test" capabilities, allowing for verification
without removing the sensor or filling the tank to the trip point.

4. Dead Zones: Every level sensor has a "dead zone" or "upper blocking distance"
at the top of its range. Engineers must ensure that the Critical High (LOC 1) does
not fall within this dead zone, as the sensor will fail to provide an accurate reading
at the most critical moment.

| Limitations and Risks

While following APl 2350 significantly reduces risk, certain limitations remain:
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Human Factor: In Category 1 and 2 tanks, the system is only as reliable as the
operator's response. Fatigue or distraction can lead to overfills even if the LOC
alarms function perfectly.

Instrument Fouling: In heavy crude or paraffinic services, buildup on the sensor
can cause "high-level" false readings or, more dangerously, prevent the sensor
from detecting a rising level.

System Integration: If the alarm at LOC 2 is not properly integrated into the
Emergency Shutdown (ESD) system, the notification may be ignored.

|Frequent|y Asked Questions (FAQs)

Q: How often should LOC instruments be calibrated?

A: While APl 2350 focuses on proof testing rather than full calibration, it is
generally recommended to verify the accuracy of the ATG annually and perform a
functional proof test of the overfill alarm system at intervals defined by the risk
assessment (often every 6 to 12 months).

Q: Can one sensor monitor all four LOCs?

A: Technically, a continuous level transmitter can monitor all levels. However, for
higher-risk tanks (Category 2 and 3), APl 2350 requires an independent sensor for
the high-high alarm (LOC 2) to ensure redundancy in case the primary ATG fails.

Q: Does API 2350 apply to pressurized tanks?

A: No, API 2350 specifically covers atmospheric storage tanks. Pressurized vessels
(such as LPG bullets) fall under different standards, such as APl 2510.

Q: What is the difference between the 4th and 5th editions regarding LOCs?

A: The 5th edition provides more detailed guidance on the management systems
and risk assessment processes used to determine the LOCs, moving further away
from a "one-size-fits-all" approach to a site-specific safety strategy.
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By strictly adhering to the api 2350 5th edition levels of concern locs, facilities can
mitigate the catastrophic risks associated with tank overfills. Selecting high-quality
instrumentation, such as advanced radar level meters, and maintaining a rigorous
proof-testing schedule are the cornerstones of a modern, safe tank farm operation.
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