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In industrial process safety, the flare knock-out (KO) drum serves as a critical final
barrier between the process plant and the flare stack. Its primary function is to
separate liquid droplets from the relief gas stream to prevent "burning rain"—a
hazardous condition where unburned liquid hydrocarbons are ejected from the
flare tip—and to protect the flare system from mechanical damage. Because the
safe operation of a flare system depends on the containment and management of
these liquids, accurate and reliable level measurement within the flare KO drum is
an absolute requirement for plant integrity.

The Role of Flare Knock-Out Drums in Industrial
Safety

A flare KO drum, also known as a flare seal drum or liquid knockout vessel, is
typically a horizontal or vertical pressure vessel installed at the base of a flare
stack or along the main flare header. During an overpressure event or a planned
blowdown, various gases are sent to the flare. These gases often carry entrained
liquids or may undergo partial condensation due to temperature drops.

The drum works on the principle of gravity separation. By significantly reducing the
velocity of the incoming gas stream, the vessel allows liquid droplets to settle at
the bottom while the dry gas exits through the top toward the flare tip. Effective
level management ensures that the vessel maintains enough volume to handle
sudden surges of liquid (slugs) without overfilling. If the liquid level rises too high,
the gas velocity increases, leading to liquid carryover, which can cause
environmental non-compliance, equipment vibration, and catastrophic fire hazards.

| Principles of Level Measurement in Flare KO Drums

Measuring the liquid level in a flare KO drum is challenging due to the
unpredictable nature of the fluids, which may include mixtures of water, heavy
hydrocarbons, and volatile organic compounds. Several measurement principles
are commonly employed to ensure redundancy and accuracy.

#### Radar Level Measurement (Non-Contact)
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Non-contact radar transmitters, specifically those using Frequency Modulated
Continuous Wave (FMCW) technology, are a preferred choice for flare KO drums.
These devices emit a high-frequency signal (often in the 24 GHz or 80 GHz range)
toward the liquid surface. The time taken for the signal to reflect back is used to
calculate the distance.

Advantages: Since the sensor does not touch the medium, it is immune to the
corrosive or viscous nature of the slop liquids.

Considerations: In flare systems, the vapor space can be saturated with heavy
hydrocarbons or steam. High-frequency 80 GHz radar is particularly effective here
because its narrow beam can avoid internal obstructions like heating coils or
ladders.

#HE### Guided Wave Radar (GWR)

GWR utilizes a probe that extends into the liquid. A low-energy pulse of
microwaves is sent down the probe, and when it hits the liquid surface (a change in
dielectric constant), the pulse is reflected.

Advantages: GWR is highly reliable even in the presence of foam or turbulent
surfaces, which are common during high-pressure relief events. It provides a direct
measurement regardless of changes in gas density or pressure.

Limitations: The probe is subject to coating or buildup if the liquids are particularly
waxy or viscous.

#### Magnetic Level Gauges (MLG)

For local visual indication combined with electronic transmission, magnetic level
gauges are frequently installed on the side of the drum. A float containing a
magnet moves with the liquid level inside a bypass chamber, flipping external
magnetic flags and triggering a reed chain or magnetostrictive transmitter.

Advantages: They provide a clear visual reference for operators in the field without
requiring power.

Limitations: They are susceptible to debris or magnetic particles that can jam the
float.
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| Selecting the Right Level Measurement Technology

Choosing the appropriate instrumentation requires an analysis of the process
conditions. Flare KO drums often operate at low pressures but must be rated for
the full design pressure of the flare header. The following table provides a
comparison of common technologies used in these applications.

Technology Accuracy Pressure Maintenance Best Use Case

Range

FMCW Radar +=2 mm Up to 100 bar Low General level
monitoring in
clean or dirty
liquids.

Guided Wave +2 mm Up to 400 bar Moderate High-pressure

Radar vessels or
where foam is
present.

Magnetic Gauge =5 mm Up to 200 bar Moderate Local visual
backup and
redundant
electronic
signal.

Hydrostatic +0.5%: ES Limited by High Simple
flange installations
where density is
constant.

Ultrasonic +0.2% Atmospheric Low Non-hazardous,
low-pressure
water-based KO
drums.

For engineers evaluating specific instrumentation for their flare systems, Welk
offers a range of industrial-grade sensors designed for these demanding
environments. Detailed technical specifications can be found on the Main Page of
their product catalog.
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Installation Best Practices for Flare KO Drum
Instrumentation

Proper installation is as important as the choice of technology. Because flare KO
drums are safety-critical, the following engineering considerations should be
addressed during the design phase:

1. Nozzle Positioning: Level transmitters should be located away from the inlet
nozzle. The high-velocity gas and liquid entering the drum can create significant
turbulence and splashing, which may cause false readings or physical damage to
probes.

2. Stilling Wells and Bypass Chambers: For both contact and non-contact radar, the
use of a stilling well (an internal pipe) or an external bypass chamber is
recommended. This protects the sensor from turbulence and provides a calm
surface for measurement.

3. Redundancy and Voting: Safety Instrumented Systems (SIS) often require a 2003
(two out of three) voting logic for high-high level trips. This involves installing three
independent transmitters to ensure that a single sensor failure does not cause a
false trip or, conversely, fail to detect a genuine overfill condition.

4. Heating and Insulation: Flare liquids can be heavy and prone to solidification in
cold climates. Level chambers and nozzles should be heat-traced and insulated to
prevent the liquid from freezing or becoming too viscous to move floats or reflect
signals accurately.

5. Venting and Drainage: External cages and bypass chambers must be equipped
with proper vent and drain valves to allow for maintenance and calibration without
shutting down the entire flare system.

| Operational Challenges and Mitigation Strategies

#### Dealing with Foam
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During rapid depressurization, liquids in the flare KO drum can foam. Foam is a
poor reflector for ultrasonic and non-contact radar signals. Guided Wave Radar
(GWR) is generally more robust in foaming applications because the
high-frequency pulse is guided by the probe through the foam to the actual liquid
interface. If non-contact radar is used, a lower frequency (e.g., 6 GHz or 10 GHz)
may be better at penetrating foam than higher frequencies, though at the cost of a
wider beam angle.

#### Heavy Slop and Coating

Flare KO drums often collect "slop"—a mixture of various hydrocarbons, water, and
debris. This material can coat GWR probes or the internal walls of magnetic gauge
chambers. To mitigate this, probes can be coated with PFA (Perfluoroalkoxy) to
reduce adhesion, or non-contact radar can be used to eliminate the risk of coating
entirely.

#### High-High Level Alarms (LSHH)

The most critical instrument on a flare KO drum is the High-High Level Switch. This
switch is typically set to trigger an emergency shutdown (ESD) of the upstream
process units. It is often a separate, independent point-level switch (such as a
vibrating fork or a thermal dispersion switch) that acts as a final fail-safe if the
continuous level transmitter fails.

| Frequently Asked Questions

Q: Why is a horizontal drum often preferred over a vertical one for flare KO
service?

A: Horizontal drums provide a larger surface area for liquid-gas separation and can
handle larger volumes of liquid slugs. This is particularly important in large-scale
refineries where relief loads can be massive. Vertical drums are typically used
when space is limited or when liquid loads are relatively small.

Q: Can ultrasonic sensors be used in flare KO drums?
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A: While ultrasonic sensors are cost-effective, they are generally not
recommended for flare KO drums containing hydrocarbons. The speed of sound
changes significantly with gas composition and temperature, leading to large
measurement errors. Additionally, the presence of heavy hydrocarbon vapors can
attenuate the ultrasonic signal. Radar is a much more reliable choice for these
applications.

Q: How often should flare KO drum level instruments be calibrated?

A: Calibration intervals depend on the plant's safety integrity level (SIL)
requirements. Typically, a proof test is conducted every 12 to 24 months.
However, instruments with self-diagnostic capabilities, such as modern FMCW
radars, can often extend these intervals by providing real-time health monitoring.

Q: What is the significance of the dielectric constant (DC) in radar measurement?

A: The dielectric constant determines how much of the radar signal is reflected.
Water has a high DC (~80) and is easy to detect. Hydrocarbons have low DCs
(typically 1.9 to 4.0). When selecting a radar or GWR for a flare KO drum, ensure
the device is sensitive enough to detect low-DC fluids, especially if there is a risk of
pure hydrocarbon liquid accumulation.

| Conclusion for Project Planning

Effective management of a flare KO drum is a cornerstone of industrial process
safety. By understanding the physics of separation and the strengths of various
level measurement technologies, engineers can specify systems that provide
reliable data even during the most chaotic plant upsets. Whether utilizing the
precision of 80 GHz radar or the robust physical feedback of a magnetic level
gauge, the goal remains the same: preventing liquid carryover and ensuring the
flare system operates as the final, safe exit for process relief.

For technical assistance in selecting the correct measurement range, flange size,
or communication protocol (such as HART, Modbus, or Foundation Fieldbus) for
your vessel, professional consultation is recommended. Reviewing the various
product options and application support available from specialized manufacturers
like Welk can provide the necessary data to complete a successful engineering
design.
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