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Flare Gas Flow Measurement

A practical guide to flare gas flow measurement, covering the reader intent, the
relationship to flare gas flow measurement, key evaluation criteria, common risks,
and the information the intended project audience should confirm before taking
the next step.
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Flare gas flow measurement is a critical technical requirement in the oil and gas,
petrochemical, and chemical processing industries. A flare system serves as a
primary safety mechanism, designed to safely dispose of waste gases during
process upsets, startups, shut-downs, or emergency blowdown events. However,
because these systems discharge directly into the atmosphere or to a combustion
unit, accurate measurement is mandatory for environmental compliance,
greenhouse gas (GHG) reporting, and process loss accounting.

Measuring flare gas presents unique engineering challenges. Unlike standard
process flows, flare headers experience extreme fluctuations in velocity, pressure,
and gas composition. This article provides a technical overview of measurement
principles, selection criteria, and installation best practices for engineers managing
flare system instrumentation.

| Measurement Principles for Flare Gas

To select the appropriate technology for flare gas flow measurement, it is essential
to understand the physics behind the most common instrumentation types. The
three primary technologies used in these applications are ultrasonic transit-time,
thermal dispersion, and differential pressure.

| Ultrasonic Transit-Time Measurement

Ultrasonic flowmeters are widely considered the gold standard for flare
applications. They operate on the principle of transit-time difference. Two
transducers are mounted on the pipe, one upstream and one downstream. Each
transducer alternates as a transmitter and receiver.

When gas is flowing, the sound pulse traveling with the flow moves faster than the
pulse traveling against it. The difference in transit time is directly proportional to
the velocity of the gas ($v$). The relationship is defined by:

$$v = \frac{L}{2 \cos \theta} \left( \frac{1}{t{up}} - \frac{1}{t{down}} \right)$$

Where $L$ is the path length, $\theta$ is the angle of the transducers, and $t$
represents the transit times. Because this method measures the speed of sound, it
can also provide an estimate of the molecular weight of the gas, which is
invaluable for identifying changes in gas composition.
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|Therma| Dispersion (Mass Flow)

Thermal dispersion meters utilize two sensors: one for temperature and one that is
heated to a specific temperature above the ambient gas. As gas flows past the
heated sensor, it carries away heat. The amount of power required to maintain the
temperature differential is proportional to the mass flow rate of the gas.

This technology is highly sensitive to low-flow conditions, such as purge gas or pilot
gas monitoring. However, it is sensitive to changes in the gas’s thermal
conductivity. If the gas composition changes significantly (e.g., a shift from
methane-rich to hydrogen-rich gas), the meter must be recalibrated or use
dynamic compensation to remain accurate.

| Differential Pressure (DP)

Differential pressure meters, such as averaging Pitot tubes or orifice plates,
measure the pressure drop across an obstruction in the flow. While common in
general process control, they are often limited in flare applications due to their low
turndown ratio. Flare systems require a meter that can handle both the tiny flow of
a purge gas (e.d., 0.03 m/s) and the massive velocity of an emergency blowdown
(e.g., 100 m/s or more). Most DP meters cannot cover this range effectively.

| Key Evaluation Criteria for Flare Systems

When evaluating instrumentation for flare gas flow measurement, engineers must
look beyond simple accuracy specs. The following factors are decisive in ensuring
long-term reliability.
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| Turndown Ratio

The turndown ratio is the ratio of the maximum measurable flow to the minimum
measurable flow. In flare systems, this is perhaps the most critical specification. A
typical flare header may see velocities ranging from 0.01 meters per second
during normal standby to over 100 meters per second during a relief event. Only
ultrasonic meters typically offer the 1000:1 or 1500:1 turndown required to capture
both ends of this spectrum.

| Gas Composition Variability

Flare gas is rarely a single component. It often contains a mixture of hydrocarbons,
hydrogen, nitrogen, carbon dioxide, and hydrogen sulfide ($H2S$). Furthermore,
moisture content can be high, leading to condensation. The chosen measurement
technology must either be immune to composition changes (like ultrasonic) or
have sophisticated algorithms to compensate for them (like high-end thermal
meters).

| Pressure Drop

Because flare systems are safety-critical, any restriction in the pipe can create
backpressure that might interfere with the operation of pressure relief valves
(PRVs). Technologies that offer "full-bore" measurement or minimal intrusion, such
as ultrasonic transducers or averaging Pitot tubes, are preferred over restrictive
orifice plates.

| Technical Selection Table
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Ultrasonic Thermal Dispersion | Differential
Transit-Time Pressure

Turndown Ratio High (up to 1500:1) Moderate (100:1) Low (10:1)

Accuracy +1% to +3% of +2% to +5% of +3% to +£5% of FS
reading reading

Composition Low High Moderate

Sensitivity

Maintenance Low (No moving Moderate (Cleaning High (Clogging risk)
parts) needed)

Typical Velocity 0.01 to 120 m/s 0.05 to 60 m/s 5 to 40 m/s

Range

Installation Spool piece or Insertion probe Flanged or Insertion
Hot-tap

| Installation Considerations and Best Practices

Proper installation is as important as technology selection. Even the most
advanced ultrasonic meter will fail to provide accurate data if the flow profile is
distorted.

1. Straight Run Requirements: To ensure a fully developed flow profile, most
meters require a specific length of straight pipe upstream and downstream of the
sensor. For flare headers, a common guideline is 20 diameters (20D) upstream and
10 diameters (10D) downstream. If these lengths are unavailable, flow conditioners
or multi-path ultrasonic meters may be necessary.

2. Hazardous Area Compliance: Flare headers are almost always classified as Zone
0 or Zone 1 (Class I, Div 1) environments. All instrumentation must carry
appropriate ATEX, IECEX, or UL certifications. For integrated systems, ensure that
level switches and transmitters in associated knock-out drums also meet these
safety standards. For more information on industrial instrument options, you can
Review product options and application support at the Welk Main Page.

3. Material Compatibility: Flare gas can be highly corrosive, especially if it contains
"sour" gas ($H2S$). Transducer faces and probes should be constructed from
corrosion-resistant alloys like Hastelloy C276 or Stainless Steel 316L.

Welk Reference Guide 5



WELK REFERENCE GUIDE Flare Gas Flow Measurement

4. Condensate Management: Flare lines are prone to liquid carryover. Sensors
should be installed in a way that prevents liquid from pooling on the sensor face.
For ultrasonic meters, transducers are often mounted at the 3 o'clock and 9 o'clock
positions (horizontal plane) to avoid sediment at the bottom and gas pockets at the
top.

| Common Risks and Limitations

Engineers must be aware of the inherent risks in flare gas flow measurement to
mitigate potential data gaps.

High Velocity Noise: During emergency blowdowns, gas velocities can approach
sonic speeds. This creates significant acoustic noise that can "blind" ultrasonic
sensors. Advanced signal processing and high-powered transducers are required to
maintain a signal-to-noise ratio during these events.

Low Pressure Challenges: Flare headers often operate at near-atmospheric
pressure. Some measurement technologies that rely on gas density or significant
pressure drops may struggle to produce a stable signal at these low pressures.

Regulatory Scrutiny: In many jurisdictions, flare measurement is legally mandated.
Failure to provide accurate data can lead to significant fines. This makes
redundancy (e.g., dual-path meters) a common requirement for high-capacity
flares.

| Integration with Upstream Systems

While the flare meter measures what is leaving the system, it is equally important
to monitor the vessels that protect the flare. Knock-out drums (KOD) are used to
separate liquids from the gas stream before it reaches the flare tip. Monitoring the
liquid level in these drums is vital; if the level becomes too high, liquid can be
carried into the flare, leading to "burning rain" or mechanical damage. High-quality
hydrostatic level transmitters or radar level meters are typically used in these
vessels to ensure the flare gas remains in a gaseous state for measurement and
combustion.
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| Frequently Asked Questions (FAQs)

Q: Can | use a single-path ultrasonic meter for flare gas?

A: While possible, single-path meters are highly sensitive to flow profile
disturbances. In large diameter flare headers, multi-path meters (2-path or 3-path)
are recommended to average the velocity across the pipe and improve accuracy.

Q: How often should flare gas flow meters be calibrated?

A: Regulatory bodies often dictate the frequency, but typically, a field verification
is performed annually. Since flare meters cannot usually be removed without a
plant shutdown, "in-situ” verification methods, such as checking the speed of
sound or electronics diagnostics, are used.

Q: Does moisture in the gas affect measurement?

A: Yes. For thermal meters, moisture significantly changes the heat transfer rate,

leading to errors. For ultrasonic meters, moisture can attenuate the signal, though
most modern systems can compensate for this as long as the transducers remain
clean.

Q: What is the impact of hydrogen on flare measurement?

A: Hydrogen has a very high speed of sound and low density. If the flare gas
contains high concentrations of hydrogen, ultrasonic meters must be configured to
handle the high-frequency requirements, and thermal meters must be specifically
calibrated for the hydrogen content.
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| Conclusion

Selecting a system for flare gas flow measurement requires a balance between
regulatory compliance, safety, and technical capability. While ultrasonic
transit-time technology offers the best performance for the high turndown and
varying compositions of flare gas, thermal dispersion remains a viable,
cost-effective option for smaller, stable pilot flows. By adhering to strict installation
guidelines and considering the chemical properties of the gas, operators can
ensure reliable data for both environmental reporting and process safety
management.
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