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In the petroleum and chemical industries, overfill prevention is a critical safety
requirement. The American Petroleum Institute (API) Standard 2350, "Overfill
Protection for Storage Tanks in Petroleum Facilities," provides the
industry-recognized framework for preventing tank overfills. The transition to the
5th edition of this standard brought significant shifts in how operators manage tank
levels, particularly emphasizing a risk-based approach and the integration of
Safety Integrity Levels (SIL). As a leading manufacturer of industrial measurement
instruments, Welk provides high-performance radar level sensors designed to
meet these evolving safety and regulatory demands.

Understanding the api 2350 5th edition changes radar level sensors sil relationship
is essential for engineers and plant managers who must ensure compliance while
maintaining operational efficiency. This guide explores the technical principles of
radar measurement, the specific changes in the API 2350 standard, and how
SIL-rated instruments contribute to a robust safety instrumented system (SIS).

| Measurement Principles of Radar Level Sensors

Before selecting a sensor for an APl 2350-compliant system, it is necessary to
understand how radar technology functions in level measurement. Radar level
meters generally fall into two categories: Non-contacting Radar and Guided Wave
Radar (GWR).

| Non-Contacting Radar

Non-contacting radar sensors emit electromagnetic pulses (typically in the 26 GHz
or 80 GHz frequency range) from an antenna toward the liquid surface. These
pulses reflect off the surface and return to the sensor. The instrument measures
the "time of flight"—the time it takes for the signal to travel to the surface and
back. Since the speed of light is constant, the distance to the liquid level is
calculated with high precision.

80 GHz Technology: Modern 80 GHz sensors offer a narrower beam angle, which
minimizes interference from tank internals like agitators or heating coils. This is
particularly useful in the complex geometries of large storage tanks.
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26 GHz Technology: Often used for larger nozzles or applications where heavy
foam or turbulence might dissipate higher-frequency signals.

| Guided Wave Radar (GWR)

GWR sensors utilize Time Domain Reflectometry (TDR). A low-energy
electromagnetic pulse is guided along a physical probe (rod or cable) immersed in
the medium. When the pulse reaches the liquid surface, the change in the
dielectric constant causes a reflection. GWR is highly effective for liquids with low
dielectric constants or in applications where heavy vapors and steam are present,
as the probe ensures the signal reaches the surface without scattering.

For more information on selecting the right technology for your facility, you can
Review product options and application support to see how Welk instruments align
with these principles.

| Key Changes in APl 2350 5th Edition

The 5th edition of APl 2350 moved away from purely prescriptive requirements
toward a risk-based management philosophy. This alignment brings the standard
closer to international functional safety standards like IEC 61511.

| 1. Risk-Based Management

The standard now requires operators to perform a formal risk assessment for each
tank. This assessment determines whether a tank requires a manual overfill
prevention system (MOPS) or an automated overfill prevention system (AOPS). The
level of risk dictates the redundancy and the safety integrity level (SIL) required for
the instrumentation.
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| 2. The Safety Life Cycle

API 2350 5th Edition emphasizes the entire life cycle of the overfill prevention
system, from initial design and installation to maintenance and eventual
decommissioning. This includes rigorous requirements for proof testing and
documentation to ensure the system remains capable of performing its safety
function.

| 3. Categorization of Tanks

Tanks are categorized based on their level of automation and the presence of an
independent power source for the overfill alarm. Category 3 tanks, which are fully
automated, often require SlL-rated radar level sensors to ensure that the AOPS can
independently initiate a shutdown or diversion of flow before an overfill occurs.

| The Role of SIL in Radar Level Measurement

Safety Integrity Level (SIL) is a measure of the performance required for a Safety
Instrumented Function (SIF). In the context of API 2350, SIL ratings (typically SIL 2
or SIL 3) indicate the reliability of the level sensor in preventing a hazardous event.

| Achieving SIL Compliance

A radar level sensor achieves a SIL rating through two primary paths:

1. Hardware Integrity: The physical design of the sensor must have a low
probability of failure on demand (PFD). Welk radar sensors are engineered with
internal diagnostics that monitor the health of the electronics and the integrity of
the signal.

2. Systematic Capability: The software and development processes used to create
the sensor must follow strict functional safety protocols to prevent systematic
errors.
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When implementing api 2350 5th edition changes radar level sensors sil strategies,
engineers often use a SIL 2 rated sensor in a 100l (one out of one) configuration or
two SIL 2 sensors in a 1002 (one out of two) configuration to achieve SIL 3
performance for the entire loop.

Selection Criteria for APl 2350 Compliant Radar
Sensors

Choosing the right radar sensor involves balancing the physical properties of the
stored liquid with the safety requirements of the APl standard. The following table
provides a comparison of common radar configurations used in overfill protection.

Non-Contacting Guided Wave Non-Contacting
Radar (80 GHz) Radar (GWR) Radar (26 GHz)

Accuracy =1 mm (0.04 in) =2 mm (0.08 in) 3 mm (0.12 in)
Measuring Range Up to 120 m (393 ft) Up to 75 m (246 ft) Up to 30 m (98 ft)
Dielectric Constant Low to High Very Low to High Medium to High
Tank Internals Excellent immunity Requires clearance Moderate immunity
Vapor/Steam High resistance Best performance Moderate resistance
SIL Rating SIL 2 / SIL 3 capable SIL 2 / SIL 3 capable SIL 2 capable

| Installation and Engineering Considerations

To ensure that radar level sensors meet the safety targets defined by API 2350,
proper installation is paramount.

Nozzle Design: For non-contacting radar, the nozzle height and diameter must be
optimized to prevent signal interference. Ideally, the nozzle should be short
enough that the antenna extends slightly into the tank.
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Independent Mounting: API 2350 often requires that the overfill prevention sensor
be independent of the primary gauging system. This means the safety sensor
should have its own tank tapping and power supply.

Bypass Pipes and Stillwells: In tanks with heavy turbulence or floating roofs, radar
sensors are often installed in stillwells. This stabilizes the liquid surface and
provides a clear path for the radar signal, though the pipe must be clean and free
of burrs.

Environmental Factors: Consider the ambient temperature and the potential for
condensation on the antenna. Welk offers specialized antenna materials and
purging options to maintain signal clarity in harsh environments.

| Limitations and Challenges

While radar is the preferred technology for APl 2350 compliance, certain
limitations must be managed:

Foam: Extremely thick, dense foam can absorb radar signals. In such cases, GWR
or specific low-frequency radar may be required.

Dielectric Minimums: If the liquid has a dielectric constant (er) below 1.4, the
reflection may be too weak for standard non-contacting radar. GWR is typically the
solution for these low-dielectric fluids.

Proof Testing: SIL-rated systems require periodic proof testing. Modern radar
sensors from Welk include "remote proof test" capabilities, allowing operators to
verify the safety function without removing the sensor or manually raising the tank
level.

|Frequent|y Asked Questions (FAQs)

Q: Does API 2350 5th Edition require all tanks to have SiL-rated sensors?

A: No. It requires a risk assessment. Only tanks identified as having a risk profile
that necessitates an Automated Overfill Prevention System (AOPS) typically require
SlL-rated instrumentation.
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Q: Can | use the same radar sensor for both inventory management and overfill
protection?

A: APl 2350 generally recommends independence between the Basic Process
Control System (BPCS) and the Safety Instrumented System (SIS). While some
exceptions exist for lower-risk tanks, high-risk applications require a dedicated,
independent sensor for overfill protection.

Q: How does the 80 GHz frequency improve APl 2350 compliance?

A: The narrower beam of 80 GHz radar reduces the likelihood of false reflections
from tank walls or internal structures. This increases the reliability of the level
reading, which is a core requirement for any safety-critical application.

Q: What is the difference between SIL 2 and SIL 3 in level measurement?

A: SIL 3 indicates a higher level of risk reduction (a lower probability of failure)
than SIL 2. Achieving SIL 3 often requires redundant sensors and more frequent
proof testing compared to SIL 2.

By integrating advanced radar technology with the rigorous safety frameworks
provided by the api 2350 5th edition changes radar level sensors sil standards,
industrial facilities can significantly reduce the risk of environmental damage and
equipment loss. Welk continues to innovate in this space, providing the accuracy
and reliability required for modern industrial automation. For detailed
specifications and engineering support, visit the Main Page to explore our full
range of level measurement solutions.
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