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In the downstream oil and gas industry, as well as in chemical processing plants,
the management of elemental sulfur is a critical operational requirement. Sulfur is
primarily recovered as a byproduct of desulfurization processes, such as the Claus
process, which removes hydrogen sulfide (H2S) from natural gas and refined
petroleum products. Once recovered, the sulfur is maintained in a molten state to
facilitate transport and processing. The primary storage infrastructure for this
molten substance is known as sulfur pits.

Sulfur pits are specialized underground or partially buried enclosures, typically
constructed of reinforced concrete with protective linings or stainless steel.
Because elemental sulfur has a melting point of approximately 115°C (239°F),
these pits must be equipped with internal heating systems—usually steam coils—to
maintain the temperature between 125°C and 155°C (257°F to 311°F). Monitoring
the liquid level within these pits is essential for preventing overfills, managing
pump cycles, and ensuring the heating elements remain submerged to avoid
localized overheating or equipment damage.

| Measurement Principles for Sulfur Pits

Selecting the correct level measurement technology for sulfur pits requires an
understanding of the physical properties of molten sulfur and the atmospheric
conditions within the pit. Molten sulfur is a challenging medium due to its tendency
to solidify upon cooling, its corrosive nature when moisture is present, and the
presence of toxic and explosive gases like H2S and sulfur dioxide (SO2).

#### 1. Non-Contact Radar (FMCW)

Frequency Modulated Continuous Wave (FMCW) radar, particularly operating at the
80GHz frequency, is the preferred modern solution for sulfur pits. The principle
involves the emission of a high-frequency signal that sweeps across a bandwidth.
The signal reflects off the surface of the molten sulfur and returns to the sensor.
The frequency difference between the emitted and received signal is proportional
to the distance.

Advantages: Non-contact measurement avoids the issues of sulfur buildup on the
probe. 80GHz radar offers a narrow beam angle, which is critical for avoiding
internal steam coils and pit walls.

Welk Reference Guide 2



WELK REFERENCE GUIDE Sulfur Pits

Challenges: The presence of heavy sulfur vapors and steam can attenuate the
signal. High-quality sensors with advanced signal processing are required to filter
out noise from vapor clouds.

#HEH## 2. Guided Wave Radar (GWR)

GWR utilizes Time Domain Reflectometry (TDR). A low-energy microwave pulse is
sent down a physical probe (rod or cable). When the pulse reaches the molten
sulfur, which has a dielectric constant ($er$) of approximately 3.5, a portion of the
energy is reflected back to the transmitter.

Advantages: GWR is highly effective in environments with heavy foam or extreme
turbulence where non-contact radar might struggle.

Challenges: The primary risk is "plugging" or solidification. If the sulfur cools
slightly, it can coat the probe, leading to false level readings or "bridging" between
the probe and the nozzle.

#### 3. Hydrostatic Pressure Measurement

This principle relies on the relationship between the pressure at the bottom of the
pit and the height of the liquid column ($P = pgh$). A pressure transmitter or a
submersible level sensor measures the head pressure exerted by the molten
sulfur.

Advantages: Simple to understand and traditionally cost-effective.

Challenges: The density (p) of sulfur changes with temperature, which can
introduce inaccuracies. Furthermore, the impulse lines or diaphragms must be kept
heated to prevent the sulfur from solidifying and blocking the sensor interface.

#### 4. Magnetic Level Gauges

Magnetic level gauges use a float containing a magnet that moves within a bypass
chamber. As the float rises and falls with the liquid level, it flips magnetic flags on
an external indicator.

Advantages: Provides a clear visual indication without requiring local power.

Challenges: In sulfur pits, the bypass chamber and the float must be
steam-jacketed. If the heating fails, the float will become stuck in solidified sulfur.
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| Selection Criteria for Sulfur Pit Instrumentation

When evaluating level measurement solutions, engineers must consider the
specific environmental variables of the sulfur pit. For a broader look at industrial
measurement technologies, you may review product options and application
support on our Main Page.

Criteria Requirement for Sulfur Recommended Technology
Pits

Temperature 125°C to 160°C (257°F to Radar or Heat-Jacketed GWR
320°F)

Vapor Presence High H2S and Steam 80GHz Radar with Purging

concentration

Dielectric Constant Low ($er = 3.5%) High-sensitivity Radar or
GWR

Maintenance Access Limited (Hazardous Zone) Non-contact Radar

Pit Geometry Narrow nozzles, internal coils 80GHz Radar (Narrow beam)

| Installation Considerations

Successful level measurement in sulfur pits is often determined more by the
installation method than the sensor technology itself.

#### Nozzle Heating and Insulation

The mounting nozzle is the most common point of failure. Because the nozzle is
further from the main heat source of the pit, it can act as a "cold spot." Molten
sulfur vapors will condense and solidify here, eventually blocking the radar signal
or seizing a GWR probe. All nozzles should be steam-jacketed or wrapped with
electric heat tracing and heavily insulated.

#### Purging Systems
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For non-contact radar, a nitrogen purge is highly recommended. A continuous flow
of dry nitrogen across the sensor lens or antenna serves two purposes: it prevents
sulfur vapors from condensing on the cool lens and keeps the H2S gas away from
the sensor's sealing gaskets. The purge pressure should be regulated to
approximately 0.2 to 0.5 bar (3 to 7 psi) above the pit's internal pressure.

#### Stillwells and Bypass Chambers

In pits with high agitation or heavy steam coil layouts, a stillwell (a vertical pipe
submerged in the liquid) can be used to provide a calm surface for measurement.
However, in sulfur applications, the stillwell must be large enough to prevent
capillary bridging and must be integrated into the pit's heating scheme to ensure
the sulfur inside the pipe remains liquid.

| Common Risks and Limitations

Operating in sulfur pits involves several inherent risks that affect both personnel
safety and instrument longevity:

1. Hydrogen Sulfide (H2S) Exposure: H2S is highly toxic and corrosive. Instruments
must have robust seals (often Kalrez or similar high-performance elastomers) and
should be rated for hazardous areas (Ex d or Ex i).

2. Pyrophoric Iron Sulfide: In the presence of moisture and iron, sulfur can form
iron sulfide, which is pyrophoric (can ignite spontaneously when exposed to air).
This makes maintenance activities during pit outages particularly dangerous.

3. Viscosity Shifts: If the temperature of the sulfur exceeds 160°C (320°F), its
viscosity increases by several orders of magnitude (from ~10 cP to over 90,000
cP). This can trap floats and cause significant errors in mechanical or hydrostatic
measurement systems.

4. Solidification (Freezing): Any failure in the steam heating system will lead to the
sulfur solidifying. Level instruments must be able to withstand being encased in
solid sulfur without damage, though they will not provide readings until the pit is
re-melted.
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| Maintenance Guidance

Routine maintenance for sulfur pit level meters should focus on the integrity of the
heating and purging systems.

Monthly Checks: Verify nitrogen purge flow rates and inspect steam trap operation
on jacketed nozzles.

Quarterly Checks: Inspect the transmitter housing for signs of H2S corrosion. If
using a non-contact radar, check the signal strength; a significant drop may
indicate sulfur buildup on the lens despite the purge.

Annual Shutdown: During pit cleaning, inspect GWR probes or stillwells for physical
wear or heavy scaling. Ensure that the internal steam coils are not vibrating, as
this can interfere with radar signals.

| Frequently Asked Questions (FAQs)

Q: Can ultrasonic sensors be used in sulfur pits?

A: Generally, no. Ultrasonic sensors rely on sound waves, which are significantly
affected by the temperature gradients and heavy vapors present in sulfur pits.
Furthermore, sulfur buildup on the transducer face is difficult to manage with
ultrasonic technology.

Q: What is the best way to handle the low dielectric constant of sulfur?

A: Modern FMCW radar sensors have high dynamic range and sensitivity. By using
an 80GHz sensor, the focus is improved, allowing the device to track the surface of
the molten sulfur even with a low dielectric constant and the presence of surface
ripples.

Q: Is it necessary to use a remote-mounted transmitter?

A: While not strictly necessary, mounting the electronic transmitter head away
from the hot nozzle (using a neck extension) helps protect the electronics from the
extreme heat and potential H2S leaks, extending the service life of the device.
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Q: How does H2S affect the choice of materials?

A: H2S is highly corrosive to copper and many alloys. Stainless steel (316L) is
typically the minimum requirement for wetted parts, with Hastelloy C-276 being
preferred for more aggressive environments or where higher concentrations of
SO2 are expected.

By adhering to these engineering principles and selecting instrumentation
designed for high-temperature, corrosive environments, operators can ensure
reliable level monitoring in sulfur pits. This reliability is the foundation of safe sulfur
recovery and processing in modern industrial facilities.
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