WELK | REFERENCE GUIDE

APl 2350 5th Edition Safety
Margin Between Locs

A practical guide to api 2350 5th edition safety margin between locs, covering the
reader intent, the relationship to api 2350 5th edition safety margin between locs,
key evaluation criteria, common risks, and the information the intended project
audience should confirm before taking the next step.

levelmeter.org
Main topic: Main Page
https://www.level-meters.com/

Welk Reference Guide 1



WELK REFERENCE GUIDE API 2350 5th Edition Safety Margin Between Locs

In the realm of industrial tank storage, particularly within the petroleum and
chemical sectors, overfill prevention is not merely a safety protocol but a critical
regulatory requirement. The American Petroleum Institute (API) Standard 2350,
now in its 5th edition, provides the definitive framework for preventing overfill in
atmospheric storage tanks. A central component of this standard is the
determination of Levels of Concern (LOCs) and the mandatory safety margins
between them. Understanding how to calculate these margins and selecting the
appropriate level measurement technology is essential for engineering compliance
and operational safety.

| Understanding API 2350 5th Edition and LOCs

API 2350 identifies specific liquid levels within a tank that trigger various actions or
alarms. These are known as Levels of Concern (LOCs). The 5th edition emphasizes
a risk-based approach to overfill prevention, categorizing tanks into different levels
of automation and management systems.

The primary LOCs defined in the standard include:

Critical High (CH): The level at which the tank is physically full and further inflow
will result in a spill or damage to the tank (such as damaging the internal floating
roof).

High-High (HH) Level: The level at which an automatic overfill prevention system
(AOPS) or a manual overfill prevention system (MOPS) must be triggered to stop
the flow.

High (H) Level: A pre-alarm level intended to notify operators that the tank is
reaching its upper capacity limits, allowing for routine operational adjustments.

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

The "safety margin" refers to the vertical distance or volume between these LOCs.
This margin is designed to account for the time required to recognize an alarm and
complete the necessary actions to stop the liquid inflow before it reaches the
Critical High level.
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| Measurement Principles for Overfill Prevention

Before determining safety margins, it is necessary to understand the measurement
principles of the instruments used to monitor these levels. For APl 2350
compliance, reliability and accuracy are paramount. Welk provides various
technologies suited for these high-stakes applications.

| Radar Level Measurement

Radar level meters, including both non-contact (Free-space) and Guided Wave
Radar (GWR), operate on the Time-of-Flight (ToF) principle. The sensor emits a
microwave signal that travels to the liquid surface and reflects back. By measuring
the time taken for the signal to return, the device calculates the distance to the
product.

Non-contact Radar: Ideal for corrosive or volatile liquids as the sensor does not
touch the media. It is highly accurate and unaffected by changes in density or
pressure.

Guided Wave Radar: Uses a probe to guide the microwave signal. This is
particularly effective in tanks with foam, turbulence, or narrow nozzles where
free-space radar might encounter interference.

| Ultrasonic Level Sensors

Similar to radar, ultrasonic sensors use ToF but utilize sound waves instead of
microwaves. While cost-effective, they are more sensitive to environmental factors
such as temperature gradients, heavy vapors, and surface foam, which can
attenuate the sound wave. In APl 2350 applications, they are typically reserved for
stable, ambient-temperature water or chemical storage.
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| 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, the level can be
calculated. While reliable, any change in product density (due to temperature or
product switching) requires recalibration to maintain the accuracy required for
safety margins.

| Calculating the Safety Margin Between LOCs

The APl 2350 5th edition safety margin between LOCs is not a fixed number; it is a
calculated value based on the tank's maximum inflow rate and the required
response time.

|The Response Time (RT) Factor

The safety margin must accommodate the total Response Time, which is the sum
of:

1. Sensor Response Time: The time the instrument takes to detect the level and
transmit the alarm.

2. Operator/System Recognition Time: The time for the control system to process
the alarm and for an operator to acknowledge it.

3. Action Time: The time required to physically close valves or shut down pumps.

| The Calculation Formula

The volume required for the safety margin ($V{margin}$) can be calculated as:
$$V{margin} = Q{max} \times RT$$
Where:

$Q{max}$ is the maximum possible inflow rate (e.g., cubic meters per hour).
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$RTS is the total response time (expressed in hours).

To find the vertical safety margin in meters, the volume is divided by the tank's
surface area at that height. For manual systems (MOPS), APl 2350 often suggests a
minimum response time of 30 minutes, whereas automated systems (AOPS) can
operate with significantly shorter margins, provided the hardware is sufficiently
fast and reliable.

| Selection Criteria for Level Instruments

When selecting a level meter from the Main Page to meet APl 2350 standards,
engineers should evaluate the following criteria:

Criteria LHELETS Hydrostatic Magnetic
(GWR/Non-Conts Gauges

Accuracy High (£1-3 mm) Moderate Moderate Moderate
(£0.25% range) (£0.1-0.5%)

Vapor Immune High Immune Immune
Sensitivity

Density Immune Immune High High
Sensitivity

Maintenance Very Low Low Moderate Moderate
API 2350 Excellent Limited Good (with Good (as
Suitability temp comp) secondary)

| Practical Selection Table for Safety Margins

The following table illustrates how safety margins might be structured based on
the level of automation (Category 1, 2, or 3 as defined by API 2350).
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Tank Category System Type Typical Min. Recommended
Response Time Technology

Category 1 Fully Manual 30 Minutes Radar + Independent
High Alarm
Category 2 Manual with Alarms 30 Minutes Radar + Level Switch
Category 3 Fully Automated Calculated (e.qg., Redundant Radar
(AOPS) 5-10 mins) (SIL 2/3)

| Installation Considerations for Safety Compliance

To ensure the calculated safety margin is maintained accurately in practice,
installation must follow strict guidelines:

1. Stilling Wells: For tanks with internal turbulence or floating roofs, radar sensors
should be installed in stilling wells to provide a stable surface and eliminate false
reflections.

2. Bypass Chambers: External magnetic level gauges or GWR sensors in bypass
chambers allow for maintenance without opening the tank, but the piping must be
sized correctly to ensure the level in the chamber matches the tank level in
real-time.

3. Dead Zones: Every sensor has a "dead zone" or "blocking distance" at the top of
its range. The Critical High (CH) level must never be within the sensor's dead zone,
or the system will fail to detect an overfill.

4. Redundancy: APl 2350 often requires an independent level alarm (ILA) separate
from the continuous level transmitter used for inventory management. This
ensures that a single instrument failure does not lead to an overfill.

| Limitations and Constraints

While API 2350 provides a robust framework, there are limitations to consider:
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Product Turbulence: High-speed filling can create surface waves, leading to
premature alarms if the safety margin is too tight or the sensor lacks adequate
damping.

Environmental Factors: Extreme cold can affect the speed of sound for ultrasonic
sensors, while extreme heat can affect the electronics of any transmitter if not
properly cooled or remote-mounted.

Human Factor: In Category 1 and 2 tanks, the safety margin is only as effective as
the operator's ability to react. If the margin is calculated for 30 minutes but the
operator is busy elsewhere, the risk of overfill remains high.

| Frequently Asked Questions (FAQs)

Q: Does API 2350 5th Edition require SlL-rated instruments?

A: While APl 2350 does not strictly mandate Functional Safety (SIL) for all tanks, it
heavily encourages the use of SIL-rated components for Category 3 (AOPS)
systems to meet risk reduction targets.

Q: How often should the safety margin and LOCs be reviewed?

A: They should be reviewed whenever there is a change in the maximum inflow
rate (e.g., upgrading pumps), a change in the stored product's properties, or after
any near-miss overfill incident.

Q: Can one sensor provide both the High and High-High alarms?

A: APl 2350 generally requires that the overfill prevention alarm (HH) be
independent of the tank gauging system used for routine operations to prevent
common-cause failures.

Q: What is the difference between a MOPS and an AOPS?

A: A Manual Overfill Prevention System (MOPS) relies on an operator to shut down
the flow after an alarm. An Automatic Overfill Prevention System (AOPS) uses a
logic solver (like a PLC) to automatically trigger an emergency shutdown valve
(ESDV).
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| Conclusion

Determining the APl 2350 5th edition safety margin between LOCs is a technical
process that balances flow dynamics with human and system response times. By
selecting high-precision instruments such as radar level meters and adhering to
the calculated margins, facility managers can significantly mitigate the risk of
environmental disasters and equipment damage. For technical support and a wide
range of compliant measurement solutions, professionals are encouraged to

Review product options and application support to ensure their installations meet
the latest safety standards.
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