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In the realm of industrial liquid storage, particularly within the petroleum and
chemical sectors, overfill prevention is a critical safety requirement. The evolution
of safety standards has led to a rigorous framework governed primarily by two
documents: API 2350 (Overfill Protection for Storage Tanks in Petroleum Facilities)
and IEC 61511 (Functional safety - Safety instrumented systems for the process
industry sector). The release of the api 2350 5th edition iec 61511 alignment
marks a significant shift toward a risk-based approach in managing tank farm
safety.

This article explores the technical relationship between these standards, the
measurement principles required for compliance, and how engineers can select
the appropriate instrumentation to meet these stringent safety requirements.

| The Evolution of Overfill Protection Standards

Historical industrial accidents, such as the Buncefield fire in 2005, highlighted the
catastrophic consequences of level instrument failure and inadequate overfill
management. These events drove the development of the API 2350 5th Edition,
which moved away from prescriptive rules toward a management system
approach.

API 2350 focuses specifically on atmospheric storage tanks containing Class | and
Class Il petroleum liquids. However, its principles are widely adopted across other
liquid storage applications. The 5th Edition explicitly references IEC 61511,
requiring that any Automated Overfill Prevention System (AOPS) be treated as a
Safety Instrumented System (SIS). This means that the design, implementation,
and maintenance of these systems must follow the Safety Life Cycle defined in the
IEC 61511 standard.

| Understanding API 2350 Tank Categories

To apply the standards correctly, facilities must first categorize their tanks based
on the level of automation and the presence of personnel. APl 2350 defines three
primary categories:
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1. Category 1 (Manual): These tanks rely entirely on manual intervention. They
require an attending operator to monitor the level and terminate the receipt. There
is no automated alarm or shutdown system.

2. Category 2 (Manual with Alarms): These tanks are equipped with a high-level
alarm (HLA) that alerts an operator. The operator is responsible for stopping the
flow. The alarm system must be independent of the primary level gauging system.

3. Category 3 (Automated): These tanks utilize an Automated Overfill Prevention
System (AOPS). If the liquid reaches a critical high-high level, the system
automatically triggers a shutdown (e.g., closing an inlet valve or stopping a pump)
without human intervention. Under the api 2350 5th edition iec 61511 framework,
these AOPS must be designed to meet specific Safety Integrity Levels (SIL),
typically SIL 1 or SIL 2.

| The Role of IEC 61511 in Overfill Prevention

IEC 61511 provides the methodology for achieving functional safety. When an
AOPS is required by APl 2350, IEC 61511 dictates how that system must be
engineered. Key concepts include:

Safety Instrumented Function (SIF): The specific action taken by the system (e.qg.,
"Close valve V-101 when level exceeds 12 meters").

Safety Integrity Level (SIL): A measure of the reliability and performance required
for a SIF. APl 2350 5th Edition suggests that for many petroleum applications, a SIL
1 rating is the minimum requirement for an AOPS.

Independence: The safety system must be physically and functionally separate
from the Basic Process Control System (BPCS). This ensures that a failure in the
system used for day-to-day level monitoring does not disable the overfill protection
system.
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| Level Measurement Principles for Safety Systems

Selecting the right technology is the first step in achieving compliance. Before
exploring the Main Page for specific hardware, it is essential to understand the
physics behind the most common measurement principles used in safety-critical
applications.

|Radar Level Measurement (Non-Contact and Guided)

Radar is often the preferred choice for APl 2350 compliance due to its high
accuracy and lack of moving parts.

Non-Contact Radar: This uses Frequency Modulated Continuous Wave (FMCW) or
pulse technology. The sensor emits a microwave signal that reflects off the liquid
surface. The time taken for the signal to return is proportional to the distance.
Because microwaves travel at the speed of light and are largely unaffected by
vapor space conditions (pressure, temperature, or gas composition), radar
provides a highly reliable signal.

Guided Wave Radar (GWR): This utilizes Time Domain Reflectometry (TDR). A
microwave pulse is sent down a probe (cable or rod). When it hits the liquid, the
change in dielectric constant causes a reflection. GWR is particularly effective in
tanks with internal obstructions or low-dielectric fluids, as the probe concentrates
the signal.

| Ultrasonic Level Measurement

Ultrasonic sensors emit high-frequency sound waves. The time of flight from the
transducer to the liquid surface and back determines the level. While
cost-effective, ultrasonic measurement is sensitive to the speed of sound, which
changes with air temperature. Most industrial units include temperature
compensation, but they may struggle in tanks with heavy foam or significant vapor
layers that absorb sound energy.
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| Hydrostatic Pressure Measurement

This method measures the pressure exerted by the liquid column. Level is
calculated using the formula: Level = Pressure / (Density x Gravity). While reliable,
this principle is dependent on the density of the fluid. In petroleum applications
where density may vary with temperature or product grade, additional
compensation is required to maintain the accuracy levels demanded by API 2350.

| Technical Comparison and Selection Table

When designing a system to meet api 2350 5th edition iec 61511 requirements,
engineers must evaluate instruments based on their suitability for safety functions.

Technology

Accuracy SIL Capability Suitability for

Overfill

FMCW Radar +1 mm to £3 Up to SIL 3 Excellent High initial cost
mm
Guided Wave =2 mmto =5 Upto SIL 3 Excellent Probe may
Radar mm accumulate
buildup
Ultrasonic +0.25% of Up to SIL 2 Good (for Affected by
range water-based) foam and heavy
vapors
Hydrostatic +0.1% of span Up to SIL 2 Fair Density
dependent;
requires tank
penetration
Tuning Fork N/A (Point Up to SIL 3 Excellent (as Point level only;
(Switch) Level) secondary) no continuous
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| Installation and Redundancy Considerations

To comply with the independence requirements of IEC 61511, the overfill
protection instrument must not be the same device used for inventory
management.

| Redundancy Architectures

In high-risk scenarios, redundancy is employed to increase the Probability of
Failure on Demand (PFD). Common configurations include:

loo2 (1 out of 2): Two sensors are installed. If either sensor detects a high level,
the shutdown is triggered. This increases safety but also increases the risk of false
trips.

2003 (2 out of 3): Three sensors are used. A shutdown occurs only if at least two
sensors agree. This provides a balance between high safety integrity and high
process availability.

| Installation Best Practices

No-Go Zones: For non-contact radar, ensure the signal beam does not intersect
with ladders, agitators, or inlet pipes. A clear path of at least 300 mm (approx. 12
inches) from the tank wall is typically recommended.

Stilling Wells: In tanks with turbulence or internal structures, installing the level
sensor inside a stilling well (a vertical pipe) can stabilize the surface and provide a
cleaner signal.

Environmental Protection: Instruments should be rated for the hazardous area
classification (e.g., ATEX/IECEx Zone 0 or 1) and protected against lightning
surges, which are a common cause of electronic failure in large tank farms.
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| Maintenance and Proof Testing

Compliance with IEC 61511 does not end with installation. The standard requires
periodic "proof testing" to ensure the SIF will perform its function when called
upon.

For an AOPS, this involves more than just checking the transmitter's output. The
entire loop—from the sensor to the logic solver (PLC) to the final element
(valve)—must be tested. Modern radar gauges often include internal diagnostics
and "remote proof test" capabilities, allowing operators to simulate a high-level
condition without physically filling the tank. This significantly reduces maintenance
costs and minimizes the risk of personnel working at heights.

| Common Risks in Implementation

Despite the clear guidelines in api 2350 5th edition iec 61511, several risks can
jeopardize compliance:

Inadequate Response Time: The time from the detection of a high level to the full
closure of an inlet valve must be shorter than the time it takes for the tank to
overflow at maximum fill rate. This "Time to Critical High" calculation is a
mandatory part of the API 2350 assessment.

Bypassing Safety Systems: During maintenance or system upsets, operators may
be tempted to bypass an AOPS. IEC 61511 requires strict administrative controls
and logging of any safety system bypasses.

System Complexity: Over-engineering a system can lead to nuisance trips, which
may encourage personnel to ignore alarms. The goal should be the simplest design
that meets the required SIL.

| FAQ

Q: Does API 2350 5th Edition apply to pressurized tanks?
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A: No, the scope of API 2350 is limited to atmospheric tanks. Pressurized vessels
(like LPG bullets) are typically covered by other standards such as APl 2510 or
specialized SIS guidelines.

Q: Can | use a single radar gauge for both control and safety?

A: Generally, no. I[EC 61511 and API 2350 emphasize independence. If the primary
level gauge fails, the safety system must remain functional. Using two separate
instruments is the standard industry practice.

Q: What is the difference between a "High Level Alarm" and a "Critical High Level"?

A: A High Level Alarm (HLA) is a warning to the operator that action is needed
soon. The Critical High Level (CHL) is the point beyond which an overflow is
imminent; this is where an AOPS must trigger an automatic shutdown.

Q: How often should | perform a proof test?

A: The frequency is determined during the SIL calculation phase and depends on
the target PFD. Typically, proof tests are performed annually or every two years,
depending on the reliability of the instruments used.

| Conclusion

Aligning a facility with api 2350 5th edition iec 61511 is a comprehensive process
that integrates mechanical engineering, electronic instrumentation, and safety
management. By understanding the measurement principles of radar and
ultrasonic technologies and adhering to the safety life cycle, operators can
significantly reduce the risk of environmental damage and loss of life. For those
seeking specific instrumentation to fulfill these safety roles, you may Review
product options and application support to ensure your hardware meets the
necessary industrial certifications and reliability standards.

Welk Reference Guide 8



