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In the landscape of industrial fluid handling, a truck loading skid represents a
critical, modular solution designed for the efficient, safe, and accurate transfer of
liquids between storage tanks and road tankers. These systems are
pre-engineered, frame-mounted assemblies that integrate meters, valves, piping,
and control systems. For process engineers and facility managers, the reliability of
a truck loading skid depends heavily on the precision of its instrumentation,
particularly the level measurement technologies that prevent overfills and ensure
inventory accuracy.

Selecting the right instrumentation requires a deep understanding of the physical
properties of the media, the environmental conditions of the loading rack, and the
specific regulatory requirements for custody transfer. This guide explores the
engineering principles, selection criteria, and installation best practices for level
measurement within truck loading skid applications.

Understanding the Role of Level Measurement in
Truck Loading Skids

While flow meters are the primary instruments for measuring the volume of liquid
transferred through a truck loading skid, level measurement instruments play an
indispensable secondary role. They are primarily used for:

1. Overfill Protection: Acting as a high-level alarm or emergency shutdown (ESD)
trigger to prevent hazardous spills during the loading process.

2. Inventory Management: Monitoring the source tanks that feed the loading skid
to ensure continuous operation and prevent pump cavitation due to low levels.

3. Vessel Verification: Confirming that the receiving truck or railcar is empty before
loading begins or reaching the target capacity accurately.

To explore a comprehensive range of sensors suitable for these tasks, engineers
can refer to the Main Page for detailed product specifications and application
support.
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| Measurement Principles for Level Instrumentation

Before selecting a sensor for a truck loading skid, it is essential to understand the
underlying physics of the most common measurement technologies.

| Radar Level Measurement (Non-Contact)

Radar level meters operate on either Pulse Radar or Frequency Modulated
Continuous Wave (FMCW) principles. In both cases, the sensor emits
electromagnetic waves toward the liquid surface. The time it takes for the signal to
reflect back is used to calculate the distance.

FMCW Radar (e.g., 80 GHz): This technology uses a continuous signal with a
varying frequency. The difference in frequency between the emitted and received
signal is proportional to the distance. High-frequency 80 GHz radar is preferred for
skids because its narrow beam angle avoids interference from internal tank
structures or narrow nozzles.

| Ultrasonic Level Measurement

Ultrasonic sensors emit high-frequency sound waves. The time-of-flight for the
sound echo to return to the transducer determines the level. This technology is
cost-effective but sensitive to air temperature variations, heavy vapors, and
surface foam, which can attenuate the sound signal.

| Hydrostatic Pressure Measurement

Hydrostatic transmitters measure the pressure exerted by the liquid column at the
bottom of a tank. Since pressure is directly proportional to the height of the liquid
and its density ($P = \rho gh$), this method is highly reliable for vented tanks.
However, it requires accurate knowledge of the liquid's specific gravity.

Welk Reference Guide 3



WELK REFERENCE GUIDE Truck Loading Skid

| Magnetic Level Gauges

Magnetic level gauges utilize a float containing a permanent magnet. As the liquid
level rises and falls in a bypass chamber, the float moves, flipping magnetic flags
on an external scale to provide a visual indication. These are often paired with
reed switches or transmitters for remote monitoring in high-pressure skid
applications.

| Key Components of a Truck Loading Skid

A functional truck loading skid is more than just a collection of pipes. It is a
synchronized system where each component must withstand the rigors of
industrial use.

Loading Arms: Articulated pipe systems that connect the skid to the truck’s
manhole or bottom-loading adapter.

Flow Meters: Typically Coriolis or PD (Positive Displacement) meters for
high-accuracy custody transfer.

Control Valve: A digital or multi-stage valve that manages the flow rate, starting
slowly to prevent static buildup and ramping down at the end of the batch to
ensure precision.

Batch Controller: The "brain" of the skid, which processes signals from flow meters
and level switches to automate the loading sequence.

Grounding and Bonding System: A safety device that ensures the truck is properly
grounded to prevent static sparks, often interlocked with the batch controller.

| Selection Criteria and Comparison Table

Choosing the correct level sensor for a truck loading skid depends on the media's
chemical compatibility, the presence of vapors, and the required accuracy. The
following table provides a practical selection reference for common skid
applications.
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Truck Loading Skid

80 GHz Radar

Ultrasonic

Hydrostatic

Magnetic Gauge

Level Switch

Chemicals, Fuels,
Corrosives

Water, Wastewater,
Dilute Acids

Large Storage Tanks,
Oils

High Pressure, High
Temp, Visual Check

Overfill Prevention
(Point Level)

Non-contact,
extremely accurate
(1 mm), unaffected
by vapor.

Low cost, easy to
install, no moving
parts.

Simple, reliable, can
be mounted at the
bottom.

Clear local
indication, no power
required for visual.

High reliability for
safety loops, low
cost.

Higher initial cost
than ultrasonic.

Affected by foam,
heavy vapors, and
vacuum.

Requires constant
density; sensitive to
pressure changes.

Requires bypass
piping; mechanical
moving parts.

Provides only point
detection, not
continuous level.

| Installation Considerations for Level Sensors

Proper installation is paramount to ensuring the accuracy of a truck loading skid's
instrumentation. Engineers should observe the following guidelines:

| 1. Nozzle Geometry and Placement

For radar and ultrasonic sensors, the nozzle diameter and height must be
considered. If a nozzle is too narrow or too long, it can create "ringing" or false
reflections. Ideally, the sensor should be placed away from the tank wall (at least
200 mm) and away from the liquid inlet to avoid turbulence and splashing.
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|2. The Dead Zone (Blocking Distance)

Every non-contact sensor has a "dead zone" or "blocking distance" near the
transducer face (typically 50 mm to 300 mm depending on the model). If the liquid
enters this zone, the sensor will provide an error or an incorrect reading. Ensure
the skid's tank height allows for this gap at maximum fill.

| 3. Environmental Protection

Since truck loading skids are often located outdoors, sensors should have an |IP67
or IP68 rating to protect against rain and humidity. In hazardous areas (e.qg., fuel
loading), sensors must carry ATEX, IECEXx, or UL certifications for intrinsic safety or
explosion-proof enclosures.

| 4. Signal Integration

Most modern skids utilize 4-20 mA HART or RS485 Modbus protocols. Ensure the
batch controller on the truck loading skid is compatible with the output signal of
the level transmitter. For safety-critical overfill protection, a dedicated relay output
from a level switch is recommended for hardware-level interlocking.

| Common Risks and Safety Mitigation

Operating a truck loading skid involves inherent risks, particularly when handling
flammable or toxic substances.

Overfill Events: The primary risk during loading. This is mitigated by using
redundant level measurement. A continuous radar transmitter provides the
primary level data, while an independent tuning fork level switch provides a
secondary high-high alarm for emergency shutdown.

Static Electricity: Rapid flow through pipes can generate static charges. Skids must
include grounding monitors that prevent the pump from starting unless a
low-resistance ground path is established with the truck.
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Vapor Emission: During top loading, vapors are pushed out of the truck. Vapor
recovery units (VRUs) or vapor balance lines are often integrated into the skid to
capture these emissions, protecting the environment and operators.

| Limitations of Level Measurement Technologies

While modern instrumentation is highly advanced, no single technology is
universal.

Radar: While highly versatile, radar may struggle with liquids that have an
extremely low dielectric constant (e.g., certain liquefied gases), requiring guided
wave radar (GWR) instead of non-contact versions.

Ultrasonic: These sensors are unsuitable for tanks under vacuum or high pressure,
as sound waves require a consistent medium (air/gas) to travel through.

Mechanical Floats: In magnetic gauges, the float can become stuck if the liquid is
highly viscous or contains solids that cause buildup in the bypass chamber.

| Frequently Asked Questions (FAQ)

Q: Can a truck loading skid handle multiple products?

A: Yes, but it requires careful design to avoid cross-contamination. This often
involves dedicated piping or pigging systems and versatile instrumentation that
can be calibrated for different media densities or dielectric constants.

Q: How often should the level sensors on a skid be calibrated?

A: For internal inventory, annual calibration is usually sufficient. However, if the
system is used for custody transfer or safety-instrumented functions (SIF),
calibration intervals are typically governed by local regulations or SIL (Safety
Integrity Level) requirements.

Q: Is radar better than ultrasonic for chemical loading?
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A: Generally, yes. Chemical loading often involves vapors or temperature
fluctuations that can interfere with ultrasonic sound waves. Radar’s
electromagnetic signals are unaffected by these factors.

Q: What is the benefit of a modular skid over field-erected systems?

A: Modular skids are assembled and tested in a controlled factory environment.
This reduces site installation time, ensures higher quality control, and allows for a
"plug-and-play" integration with existing facility infrastructure.

| Conclusion for Engineering Design

Integrating a truck loading skid into an industrial process requires a balance of
mechanical engineering and precise instrumentation. By prioritizing the
measurement principles of level sensors and selecting equipment based on the
specific needs of the application—whether it be the high precision of 80 GHz radar
or the robust visual feedback of a magnetic level gauge—operators can ensure
long-term reliability.

For those in the planning stages of a loading project, reviewing the available
technologies on the Main Page is a recommended first step to identifying the most
cost-effective and accurate solutions for liquid level monitoring and control.
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