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Unveiling the Earth: The Power of
Ground Penetrating Radar

From pinpointing buried utilities to uncovering ancient relics, ground penetrating radar (GPR) acts as our eyes beneath the
surface. It’s a high-tech tool that has quietly revolutionized various fields, impacting everything from construction to
archaeology. Let's explore the fascinating world of GPR and how this innovation shapes our present and future.
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What is Ground Penetrating Radar?
GPR transmits electromagnetic radio waves into the ground. A receiving antenna picks up the reflected waves. These waves
bounce back when they encounter something different, like a pipe or a change in soil. This data creates a map of what’s
underground without digging.

How Ground Penetrating Radar Works
GPR utilizes the varied electrical properties of materials. A reflected wave occurs when a radar wave transitions between
substances with different electrical conductivity, like dry sand to wet sand (ASTM, 2019).

These reflections help locate underground utility lines. The reflected wave, two-way travel time, and wave velocity contribute
to understanding subsurface conditions.

Choosing the Right GPR Frequency
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Picking the right GPR antenna frequency is crucial. High-frequency antennas provide detailed images at shallow depths.
These high-frequency pulsed waves might penetrate mere centimeters, providing high resolution for buried objects.

Lower frequencies offer better penetration but less detail. Lower frequencies excel at greater depths, reaching up to 100
meters in materials like ice. They’re suitable for larger buried objects and general subsurface mapping. The center frequency
determines the balance between detail and depth.

Consider the "25% Rule". Your desired spatial resolution should be about 25% of the target depth. This is often a factor in a
GPR survey. The following table offers additional guidelines for choosing the right GPR frequency:

Depth
(m)

Center Frequency
(MHz)

0.5 1,000

1.0 500

2.0 200

5.0 100

10.0 50

30.0 25

50.0 10
Source: Annan, 2001, as cited by Robinson et al., 2013

Applications of Ground Penetrating Radar
GPR’s versatility is evident in its wide range of applications. It is an important geophysical method in civil engineering and
other fields.

Utility Locating and Mapping
GPR precisely locates buried utilities before excavation. This prevents damage and costly repairs. Knowing the location of
pipes, cables, and other utilities keeps projects on schedule.

Environmental Assessment
GPR plays a role in environmental protection. GPR identifies contaminated areas and maps pollutant spread in groundwater,
aiding cleanup (Pomposiello et al., 2004). The GPR method also detects weathered fuel leaks impacting surrounding soil and
water (Bradford, 2003). Electrical conductivity readings within ground penetrating radar results are one of the major factors
helping understand ground pollution using this geophysical method.

Archaeological Investigations
GPR unveils the past without disturbing archeological sites. It maps subsurface structures, locating ancient settlements,
tombs, and artifacts. The relative dielectric permittivity helps differentiate between these buried objects and the surrounding
soil. The non-destructive GPR method is used to help preserve these delicate remains, which informs research.

Geological Exploration
GPR aids geological exploration, locating various earth materials and subsurface features. It identifies bedrock cavities and
cracks (Benson et al., 1984) and hidden features like sinkholes. GPR data helps understand dielectric permittivity, and
researchers even discovered early GPR systems with single horn antennas could map pavement layers (Maser & Scullion,
1992).

Concrete Inspection
GPR enhances safety and project efficiency. Scanning concrete structures with a GPR unit before cutting or drilling prevents
damage. This protects embedded elements like rebar and conduits. Electromagnetic waves travel through the concrete,
reflecting off metallic objects.
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Disaster Relief
GPR is a crucial tool for search and rescue. GPR systems rapidly locate trapped people. This information guides rescuers to
impacted areas and creates safe access points.

Deploying Ground Penetrating Radar
Trained professionals utilize various GPR deployment methods. Choosing the right method depends on the specific
application and site conditions.

Surface GPR
Surface GPR is the most common deployment method. The GPR antenna is hand-held, cart-mounted, or towed by a vehicle
(Lucius et al., 2006). Data is collected at ground level. A GPR transmitter sends electromagnetic waves into the ground. The
reflected signals are received and stored on a digital storage device. Electromagnetic waves travel at different velocities
depending on the subsurface materials, creating two-way travel time.

Borehole GPR
Borehole GPR involves sending GPR equipment down boreholes (Kayen, 2000). This provides a detailed cross-section of
subsurface structures. The GPR antenna transmits electromagnetic waves between boreholes. The common midpoint
method or common offset gathering technique may be used depending on site characteristics and access.

Aerial and Watercraft GPR
GPR adapts to various environments. Aerial GPR uses antennas mounted on helicopters or drones to cover large areas.
Watercraft GPR gathers readings for underwater surveys (USGS). However, water and certain clays can significantly impact
GPR depth (Benson et al., 1984). Also, electromagnetic radiation transmissions require signal filtering. A control unit
processes the reflected signals to form an image and often will store data for later analysis.

Conclusion
Ground penetrating radar is more than underground imaging. It contributes to safety, environmental awareness,
archaeological discoveries, and disaster response. From centimeter-level detail to depths of hundreds of meters, GPR’s
versatility is unmatched. Its ability to function in various conditions, including ice and concrete, expands its potential. GPR
work improves accuracy and efficiency in multiple industries.

Selecting the correct frequency for your target depth and desired resolution ensures optimal results. High frequencies excel in
detailed shallow surveys, while low frequencies provide deeper penetration with less detail. Matching frequency to your
project goals yields a complete picture of what's happening.

As technology advances, GPR will undoubtedly transform environmental preservation and our understanding of hidden
treasures. It is poised to reshape archaeological investigations and disaster management. The power source for ground
penetrating radar varies depending on the specific GPR equipment and application. Often times the gpr unit, including a
control unit and screen for visualizing or collecting data uses a lithium ion battery much like that found in cordless power tools.
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