
Copyright 2026 Utility Training Academy all rights reserved 

Understanding the Medium: How Soil Controls Utility Locating Performance 

The most important piece of equipment on any utility locate isn’t the transmitter, receiver, radar system, or 

acoustic sensor. It’s the ground beneath your feet. Every locating technology depends on its ability to 

transfer energy through soil, pavement, rock, or other materials before that energy can be detected. The 

characteristics of the medium often determine success long before the instrument does. 

Whether the technology relies on electromagnetic fields, Ground Penetrating Radar (GPR), passive radio 

frequency energy, magnetic field detection, or mechanical vibrations, each depends on the successful 

transfer of energy through the earth. Every technology operates within its own range of frequencies, utilizes 

different methods of transferring energy, and is limited by practical power levels established for 

performance, equipment protection, and public safety. While the instruments may appear very different, 

they all share one common dependency—they rely on the physical properties of the medium through 

which their energy must travel. 

Ground Penetrating Radar provides one of the clearest examples of how the medium controls 

performance. GPR operates at frequencies measured in hundreds of megahertz to several gigahertz, 

transmitting short radar pulses into the ground and analyzing the reflected energy. The farther those radar 

waves can travel before being absorbed, the deeper the instrument can detect buried objects. Soil 

scientists describe one of the most important factors affecting radar performance as Cation Exchange 

Capacity (CEC). Sandy soils generally have a low CEC, retain relatively little moisture, and contain fewer 

exchangeable ions. As a result, they absorb less electromagnetic energy, allowing radar signals to 

penetrate deeper into the earth. Clay soils have a much higher CEC, retain more moisture and ions, and 

rapidly attenuate radar energy. I often describe clay as the color black. Just as a black surface absorbs 

visible light, clay absorbs radar energy before it can penetrate to greater depths. Research discussed by 

Larry Stolar even relates regional CEC variations to radar attenuation and the Ground Penetrating Radar 

Suitability Map, demonstrating the close relationship between soil chemistry and GPR performance.   

Electromagnetic utility locating behaves almost exactly the opposite. An EM transmitter is not simply 

placing electricity onto a buried conductor. It is attempting to establish a complete alternating-current 

circuit consisting of the transmitter, the buried conductor, the earth Most transmitters are supplied with red 

and black connection leads. Although these colors help the operator consistently connect the transmitter 

to , they should not be confused with positive and negative terminals found on a DC power source. Utility 

locating transmitters produce alternating current, meaning the polarity reverses hundreds or thousands of 

times each second depending on the selected frequency. The red and black leads simply represent the 

two points of equal but opposite charge. Current vibrates back-and-forth along the path of least resistance 

between these two charges. The vibrating current at a known frequency creates a detectable magnetic 

vibration radiating away from the buried conductor the same frequency.   

The quality of that circuit depends heavily on the surrounding soil. Dry sandy soils, while ideal for GPR, often 

provide a poor earth return path because they contain relatively little moisture and fewer mobile ions 

capable of carrying current. Higher resistance limits the amount of locating current that can circulate 

through the conductor, producing a weaker electromagnetic field for the receiver to detect. Clay-rich soils 

generally improve the earth return path by retaining greater amounts of moisture and exchangeable ions, 

reducing resistance and allowing stronger current to flow. The same soil that limits radar penetration often 

enhances electromagnetic locating performance. 

Mechanical locating technologies introduce another form of energy transfer. Instead of electromagnetic 

energy, these systems rely on mechanical vibrations traveling through the earth and along buried 

structures. Electrical conductivity is no longer the controlling factor. Instead, the important characteristics 

become density, rigidity, elasticity, compaction, and the number of material boundaries the vibration must 

cross. Asphalt, concrete, gravel, sand, clay, rock, and even poorly compacted backfill each influence how 

efficiently mechanical energy is transmitted, reflected, scattered, or absorbed. 

Imagine striking the pavement with a mechanical impact source while listening through a buried valve or 

pipe. The vibration spreads outward in every direction through the surrounding materials, but the buried 
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utility often serves as a much more efficient pathway for the mechanical energy. As the receiver is moved 

across the surface, the strongest response is typically detected directly above the buried utility because 

that location provides the shortest and most efficient path for vibration to travel between the pipe and the 

surface. Every transition from pavement to gravel, gravel to clay, clay to sand, or rock to soil changes the 

characteristics of the wave. Every layer, every void, and every change in compaction influences what 

ultimately reaches the receiver. 

This principle extends well beyond GPR, electromagnetic locating, and acoustics. Every locating 

technology is fundamentally an exercise in energy transfer. Some transfer electromagnetic fields. Others 

transmit radar pulses. Others detect magnetic fields or mechanical vibrations. Each technology uses 

different frequencies and different sensors, yet every one of them is influenced by the same variable—the 

medium through which the energy must travel. 

Perhaps the Ground Penetrating Radar Suitability Map should be viewed as more than simply a radar 

performance map. In many respects, it also serves as an Earth conductivity map. Regions where GPR 

excels often indicate soils with relatively poor electrical conductivity, making electromagnetic grounding 

more challenging. Regions where radar penetration is limited frequently contain soils capable of supporting 

stronger earth-return current for electromagnetic locating. One map tells two very different stories 

depending on which locating technology is being used. 

Professional utility locating is often taught as the operation of instruments. In reality, it begins with 

understanding the medium. Experienced utility locators learn to read the ground before they read the 

receiver. Soil type, moisture content, compaction, geology, pavement structure, and backfill conditions all 

provide valuable clues about how energy will behave before the transmitter is connected or the first scan is 

performed.  

 


