Ground Penetrating Radar Training Guide

Principles, Data Interpretation, and Near Surface Applications
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A transmitted pulse enters the ground; part reflects from a subsurface contrast and returns to the receiver. The receiver records the
return at its travel time.

Ground-penetrating radar (GPR) is a geophysical method for investigating contrasts beneath a surface. It
does not identify utilities or materials by name. Its value depends on the quality of the recorded response
and on how carefully the operator separates observation from interpretation.

The guide explains how radar energy travels through the ground, how responses appear in profiles, how
survey geometry and soil conditions affect the data, and what conclusions the method can support. It
covers utility investigations and other near-surface applications.
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1 What GPR Measures

A GPR antenna transmits short pulses of radio-frequency electromagnetic energy into the ground and
records energy that returns to the antenna. A portion of the pulse may reflect when it encounters a
boundary where electromagnetic properties change. Other energy continues into the material, scatters in
different directions, or is absorbed.

The instrument records the strength and arrival time of returning energy as the antenna moves. It does not
take a photograph of an object. The display is a representation of measured responses, shaped by the
antenna, the ground, survey geometry, system settings, and processing.

Radar detects contrast, not utilities. A pipe, rock, void, root, buried structure, disturbed soil, or boundary
between natural layers can produce a response. The instrument does not determine which of these caused
it. Identification requires interpretation and may require supporting information or physical verification.

Transmitter

Simplified view of radar energy interacting with subsurface boundaries.

2 Reflection, Velocity, and Attenuation

Why energy reflects

The ground has electrical properties that influence radar-wave speed and energy loss. When a pulse
reaches a boundary with a sufficient change in electromagnetic properties, some energy may reflect. The
size and shape of the response depend on the contrast, the boundary geometry, the antenna frequency
and orientation, and the amount of energy that reaches the boundary and returns.

A large contrast can produce a strong response, but response strength alone does not identify the feature.
A metal object may produce a strong reflection, while a nonmetallic object may also be visible if its
surroundings create sufficient contrast. Conversely, an object can be present but produce little recognizable
response when its properties are similar to those of the surrounding material or when the return is
obscured.

Dielectric properties and radar velocity

The dielectric permittivity of a material affects how quickly radar energy travels through it. Radar energy
generally travels faster in air and dry, low-permittivity materials than in wet or higher-permittivity materials.
The wave speed is not constant from site to site, and it can vary within a survey area as soil, moisture,
pavement, or fill changes.

Electrical conductivity also matters. Conductive ground can dissipate radar energy and reduce the amount
that returns from depth. Moisture often increases both the effective permittivity and conductivity of soil; clay-
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rich, saline, or saturated materials can therefore slow the wave and attenuate it strongly. The effect
depends on the actual ground conditions, not on a soil name alone.

Attenuation and usable depth

Radar energy weakens as it spreads, scatters, and is absorbed. The remaining energy may become too
weak or too cluttered to distinguish from background responses. A display that shows a deep time window
does not prove that useful energy reached that depth. Increasing display gain can make weak recorded
returns easier to see, but it cannot restore energy that was absorbed or never returned.

Drier, less conductive ground may permit greater penetration, while wet clay or saline conditions may limit it
severely. These are tendencies, not guarantees. Surface conditions, buried materials, target size, antenna
selection, system design, and the survey objective all affect the useful investigation depth.

—

Changes in layers, moisture, compaction, or backfill can create responses even when no utility is present.

3 From Traces to Radar Profiles

At each antenna position, the system records a trace: returned signal amplitude over a period of time after
transmission. As the antenna moves, the system places successive traces beside one another. The
resulting cross-section is commonly called a radar profile or B-scan. The horizontal axis represents antenna
position along the survey line; the vertical axis represents return time or a depth estimate calculated from
an assumed or calibrated wave velocity.

A profile is not a direct underground photograph. Its patterns are produced by measured returns and may
be affected by display settings and processing. A single trace shows how the return changes over time at
one position; a profile shows how those traces change along a line.
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Successive traces form a profile as the antenna moves along a survey line.

Layer reflections and localized targets

Broad, continuous bands may represent boundaries between soil layers, pavement layers, or other laterally
continuous changes. A localized reflector crossed by the antenna may form a curved response. The same
feature can look different when the antenna crosses it at a different angle, when the ground changes, or
when processing and display settings change.

4 Hyperbolas and Survey Geometry

When a survey line crosses a localized reflector, the antenna is farther from the target before and after the
closest approach and nearer to it at the closest point. This changing travel path can create a hyperbola in
the profile. The shape is a response pattern produced by antenna movement and return time; it is not a
picture of the target’s physical shape.

For a compact target or a line crossed under suitable geometry, the apex commonly indicates the point of
closest approach and is useful for estimating the target position along the survey line. It is not an
unconditional guarantee of the target’s exact centerline. Antenna offset, target geometry, line angle, depth,
processing, and the interaction of nearby features can affect the apparent apex.

A line that crosses a suspected linear feature close to perpendicular often produces a more interpretable
response than one that follows alongside it. A parallel pass can produce a stretched, continuous,
intermittent, or weak pattern rather than a distinct hyperbola. Diagonal crossings may broaden or skew the
response. A second direction helps test whether responses form a plausible alignment and can reveal
features that are inconspicuous in one orientation.
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The same target can produce different profile patterns when scan direction changes.

A response repeated at consistent positions on crossing or adjacent lines provides stronger evidence of a
real subsurface feature than a single isolated indication. Repetition improves interpretation, but it still does
not establish the feature’s identity, owner, contents, or operating status.

5 Depth Estimates and Calibration

GPR directly records two-way travel time: the time taken for energy to travel from the antenna to a
reflecting feature and back. The instrument estimates depth by combining travel time with a wave velocity.
In simplified form:

Estimated depth = wave velocity x two-way travel time + 2

Because velocity is an input to the calculation, an incorrect velocity produces an incorrect depth even when
the travel time was measured correctly. A dielectric value is commonly used by GPR systems to represent
or calculate the selected velocity. The value should match the material conditions as closely as practical.

Calibration can use a known-depth reflector or a suitable hyperbola-fitting method, depending on the
system and the available target geometry. Calibration based on a target that is crossed obliquely, poorly
resolved, or not correctly identified can introduce error. A value established in one material or moisture
condition should not automatically be assumed valid in a different area.

Depth should be reported as an estimate with its basis and limitations. If velocity has not been calibrated, or
if conditions vary substantially, the reported depth should be treated as less certain. A displayed number
does not remove uncertainty from the assumed ground velocity, antenna footprint, target geometry, or
interpretation.

6 Frequency and Antenna Tradeoffs

Antenna frequency influences the balance between resolution and potential penetration. Higher-frequency
systems can distinguish smaller, shallower features more clearly under suitable conditions, but their energy
is generally attenuated more quickly. Lower-frequency systems may investigate greater depths or larger
structures, but they provide coarser resolution and may blend nearby features. Actual performance
depends on antenna design, target size, ground conditions, survey setup, and the instrument’s processing.
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Frequency range

Higher

Midrange

Lower

Multi-frequency or stepped-
frequency

General advantage

Greater detail for shallow,
small features

Practical balance of detail and
depth for many near-surface
problems

Greater potential depth and
response from larger features

Can provide information at
more than one scale

General limitation

Often less usable depth; more
affected by attenuation

May not resolve very small
shallow features or deeper
weak contrasts

Coarser detail; small or
closely spaced targets may
not separate

More data and interpretation
complexity

Typical use

Concrete, pavement, shallow
conduits and reinforcement

Utilities, trenches and general
near-surface work

Deeper interfaces, large
structures and broad
subsurface features

Areas with mixed target sizes
or uncertain depth needs

These categories are general. Antenna labels, center frequencies, and operating modes vary among
systems. Frequency selection is a tradeoff, not a guarantee of a particular depth or resolution.

7 Reading and Enhancing the Display

Gain and filters

Gain changes how recorded amplitudes are displayed. It can make weaker returns more visible, but
excessive gain can brighten noise and clutter until meaningful patterns are harder to distinguish. Gain does
not increase the energy transmitted into the ground or improve the physical penetration of the survey.

Filters can reduce selected bands of noise or emphasize certain patterns. They can also suppress or
reshape useful information. Interpret the original or minimally processed data alongside enhanced views
when possible, and do not treat a clearer-looking image as stronger evidence unless the response remains
consistent in the underlying data.

Migration and other processing

Processing methods such as migration can reposition dipping energy and collapse a hyperbola toward a
likely source location. These methods depend on assumptions, including wave velocity. Incorrect
assumptions can distort the result. Processing can help present data, but it cannot identify an unknown
object by itself or create information that was never recorded.

A defensible interpretation begins with the observed response: its position, shape, continuity, strength, and
repeatability. The operator then considers possible causes and tests them against other survey lines,
nearby features, site conditions, records, and independent methods.

8 Common Responses and Possible Causes

Observed response

Repeatable hyperbola at a consistent

position

Continuous or disrupted horizontal bands

Linear disturbance or trench-like

response

Broad or overlapping arches

Possible explanation

Changed compaction, moisture, backfill,
or disturbed layering

Several close reflectors, a large target,
clutter, or limited resolution

Localized reflector such as a pipe, rock,
root, debris, or other object

Layer boundaries, pavement interfaces,
fill changes, or ringing

Interpretation limit

The curve does not identify the object or
prove it is a utility.

A band can be geological or system-
related; appearance alone is not material

identification.

The trench may be visible even if the

installed pipe is not.

utility.

Do not assume each curve is a separate
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Observed response

Very shallow or unusually wide response

Weak or absent response

Possible explanation

Surface metal, fence, pole, tree,
overhead wire, direct coupling, or another
air-wave source

Low contrast, attenuation, poor coupling,
unfavorable orientation, depth, or settings

Interpretation limit

Inspect the surrounding surface and
overhead environment before interpreting
it as buried.

No recognizable response does not
establish that the area is clear.

A trench can create a stronger response than the pipe placed in it. Excavation and backfill change soil
structure, compaction, air spaces, and moisture distribution. Those differences may remain detectable after
the surface looks restored. The radar is responding to the contrast created by the disturbed zone, not
recognizing a trench or identifying the utility inside it.

9 Applications Beyond Utility Investigation

GPR can support many near-surface investigations when materials and conditions provide useful contrast.
The method is used to investigate:

e Buried utilities, conduits, and other linear features, especially when survey lines cross suspected
alignments in more than one direction.
Trenches, disturbed soll, voids, and possible loss of support where changes in structure or moisture
create a detectable response.
¢ Soil and pavement layers, shallow geology, and layer thickness when interfaces are continuous and
velocity is suitable for depth estimation.
e Concrete and reinforcing systems, with antenna frequency and interpretation matched to the target
depth and scale.
e Buried structures, graves, archaeological features, environmental sites, and buried waste, where
spatially coherent anomalies can be evaluated by qualified practitioners.
e Bridges, tunnels, walls, embankments, levees, karst features, frozen ground, freshwater, roots, and
other near-surface or structural features with appropriate system configuration.
Some specialized applications require equipment, survey design, interpretation skills, and verification

beyond general utility locating. A GPR anomaly is evidence of a contrast or feature response; it does not by
itself establish the material, purpose, age, or condition of what caused it.

10 Limitations and Evidence-Based Conclusions

GPR performance varies with soil conductivity, moisture, clay content, salinity, surface condition, target
depth, target size, target orientation, and the contrast between the target and its surroundings. Reinforcing
steel, wire mesh, buried metal, roots, rocks, debris, and closely spaced features can create clutter or mask
weaker returns. Rough ground, vegetation, wheel slip, and changing antenna coupling can affect position
and trace spacing.

A negative scan means that no recognizable response meeting the stated interpretation criteria was
detected within the surveyed area under the conditions and settings used. It does not certify that no buried
feature is present. A target may be too deep, too small, too similar to its surroundings, poorly oriented, or
obscured by attenuation or clutter.

For utility work, GPR is most useful as one source of evidence. Compare its indications with
electromagnetic locating where a conductive path is available, utility records, surface features, access
points, and other relevant information. If an excavation decision depends on the identity or precise position
of a feature, use an appropriate safe exposure process to verify it. Vacuum excavation may be used where
suitable and authorized.
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Clear communication separates observation from interpretation. Describe what was measured, where it
appeared, whether it repeated, and what conditions limited the survey. State an interpretation as a
possibility or probability when the evidence does not establish identity. Report depth as an estimate and
state whether velocity was calibrated. The confidence of the conclusion should match the strength of the
evidence.

Glossary

A-scan or trace: A record of returned signal amplitude over time at one antenna position.
Attenuation: Reduction of radar energy through spreading, scattering, absorption, or other losses.

B-scan or radar profile: A cross-section formed by arranging traces collected as the antenna moves along
aline.

Dielectric permittivity: An electrical property that influences radar-wave velocity and reflection behavior.
Gain: Display amplification applied to recorded amplitudes.
Hyperbola: A curved profile response commonly created as an antenna moves past a localized reflector.

Migration: Processing that moves dipping reflections toward a likely source position using an assumed
velocity.

Polarization: The orientation of the transmitted and received electric field, which can affect response to
linear targets.

Reflection: Radar energy returned from a boundary or feature with sufficient electromagnetic contrast.
Resolution: The ability to distinguish small features or separate nearby responses.

Two-way travel time: Elapsed time for radar energy to travel to a reflector and return to the antenna.
Velocity: The speed of radar energy through a material; used with travel time to estimate depth.
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