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Performance Objective: Trainee will be able to:
¢ Recognize the GPR and radar acronyms and their definitions.
e List the components of a GPR system and its restrictions.
o Describe how GPR works.
¢ Understand the uses and limitations of GPR in their survey area.

Target Proficiency:
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O Apply Independently O Proficiency, can teach others

Trainer Preparation:
e Trainer should be familiar with the assigned reading/review material in the lesson
plan that follows.
e Must be knowledgeable about GPR systems and theory.
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Initiate an external learning request with a SF-182 in Aglearn for this activity. Instructions

and a template are located on the training webpages for OJT modules.
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The Five-Step OJT Cycle for Declarative Training

(Knowledge)

Cycle Step 5 Cycle Step 1
Trainer/Trainee Trainer/Trainee

debrief establish shared
mental model

Trainer
and
Trainee

Cycle Step 4 Cycle Step 2

Trainer observe Trainee
Trainee perform reviews
task and provides materials
feedback provided

Cycle Step 3
Trainer and Trainee

discuss information



OJT Module Lesson

Title: 820 Understand GPR and how GPR works.

WHAT WHY, WHEN, WHERE, HOW, SAFETY, QUALITY
Trainer and trainee review objectives of module.
Cycle step 1
Review the attached What is ground-penetrating
Cycle step 2 radar (GPR).pdf
Trainer asks trainee to:
Cycle step 3

1. Describe what is GPR.

e Discuss the acronyms GPR and radar.

2. Describe how GPR works.

e GPR as atime scaled system.

e Resolution and depth in regards to high and
low frequency investigations.

e The soil properties in your survey area that
provide good energy reflection to the antenna.

e The soil properties in your survey area that
mask reflection to the antenna.

¢ How boundaries on the radar record represent
differences in water and clay content, grain
size distribution and/or porosity, as well as
electrical properties of the layers themselves.

3. Identify the major
components of a GPR.

¢ Review what data loggers and antennas are
available in your survey area, where they are
located, and who your contact is.

e Describe the data logger(s) and GPR
system(s) available to your survey area.

4. Discuss antenna

e Describe the signal range used by the GPR.
o Low frequency for water table,
lithological, and stratigraphic studies in
areas of more conductive and

frequency. attenuating materials.
o High frequency for relatively dry,
electrically resistive soils.
Have the trainee review the ideas above and then
ask them to describe the GPR system and how it
Cycle step 4

works.

Cycle step 5

Trainer can debrief trainee and address any
concerns.




OJT Module Lesson Measurement of Learning

Title: 820 Understand GPR and how GPR works.

WHAT

WHY, WHEN, WHERE, HOW, SAFETY, QUALITY

Trainee’s learning is measured.

Have the trainee complete the attached quiz to
reinforce the concepts in this module.

Apply knowledge gained to work.

The trainee can describe a GPR system, how it
works, recognize the major components and
restrictions associated with the technology.

SF-182

Trainee and/or supervisor access Aglearn to verify completion of the module via its

SF-182.




Quiz

Pulses of radiate energy are reflected from interfaces separating layers
with different:

A) Horizon designations.
B) Thickness.

C) Color.

D) Dielectric permittivity.

A typical radar unit consists of:

A) Digital data logger and GPR receiver.
B) Thermal plotter and antenna.

C) Control unit and antenna.

D) GPS receiver and recorder.

True or False? The resolution of subsurface features will increase with
increasing depth of exploration?

True or False? Low frequency antennas provide greater resolution and
exploration depths than high frequency antennas?

What is the range in antenna center frequencies most commonly used in
soil investigations?

A) 12.5 to 70 MHz
B) 100 to 500 MHz
C) 500 to 900 MHz
D) 1.5t0 2.5 GHz
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What is ground-penetrating radar (GPR)

The acronym “radar” is the abbreviations for “radio detection and ranging.” Ground-penetrating radar (GPR) is
a noninvasive, high-resolution geophysical method used to examine and characterize the subsurface (Figure 1).
Ground-penetrating radar is a time scaled system. The system measures the time that it takes pulses of
electromagnetic energy to travel from an antenna to an interface (e.g., soil horizon, stratigraphic layer) and
back. In soils investigations, GPR is principally used to detect, determine the depth, and map the geometry of
soil horizons and subsurface features.
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Figure 1. A modern GPR system consists of a cart-mounted SIR-3000 control unit with a
400- MHz antenna and a GPS receiver.

How does it work?

A GPR system transmits short pulses of high- to ultra high-frequency (from about 15 MHz to 2.6 GHz)
electromagnetic energy into the subsurface from an antenna. Each pulse consists of a spectrum of frequencies
distributed around the center frequency of the transmitting antenna. As these pulses of energy move downward,
they contact interfaces separating layers with different dielectric properties (e.g., boundaries separating major
soil and stratigraphic and lithologic layers or features) (Figure 2). These boundaries represent differences in
water and clay contents, grain size distributions, and/or porosity, as well as the electrical properties of the
constituents themselves. At each interface, a portion of the energy is reflected back to a receiving antenna. The
more abrupt and contrasting the difference in relative dielectric permittivity (E;) on opposing sides of an
interface, the greater the amount of energy that is reflected back to the receiving antenna. The receiving unit
amplifies and samples the reflected energy and converts it into a similarly shaped waveform in a lower
frequency range. The processed reflected waveforms are directly displayed on a video screen and can be stored
on a hard disk for future playback and/or processing.





Figure 2. As an antenna is dragged along the soil surface, pulses of electromagnetic energy are transmitted
into the ground. These pulses travel downward into the soil where they contact interfaces separating materials
with different dielectric properties. At each interface, partial reflection and transmission occurs. The reflected

energy is detected by the antenna. An integrated computer measures the strength and two-way travel time to

the reflectors and displays the data as a radar record. On the line-scan radar record, the vertical and
horizontal axes represents depth and distance along the ground surface, respectively.

GPR systems:

A typical GPR system consists of a radar control unit or digital data logger with an antenna (Figures 1 and 3).
The control unit or digital data logger consists of a screen, microprocessor, and mass storage medium. A
computer serves as a user interface and is used to control measurement processes and store data. Modern GPR
systems are light-weight, highly portable, and fully integrated with global positioning systems (GPS) (Figures 1
and 3). Principal manufacturers of GPR include: Geophysical Survey Systems, Inc. (GSSI; Salem, New
Hampshire, USA); MALA (Stockholm, Sweden); and Sensors and Software, Inc. (Mississauga, Ontario,
Canada).





Figure 3. Modern GPR systems are light-weight, highly mobile, and integrated with global positioning systems
(GPS). A typical GPR system consists of a radar control unit or digital data logger with an antenna. The
control unit or digital video logger (see right-hand images) serves as a user interface and consists of a colored
screen, microprocessor, and mass storage device. (Images on right are courtesy of GSSI and Sensors and
Software.)

Antennas:

Most GPR systems use dipole antennas (Figure 4). Antennas are either in monostatic or bistatic arrangement.
They are monostatic if the same antenna is used for transmission and reception and bistatic if two separate
antennas are used. The transmitting antenna radiates short pulses of high-frequency radio waves into the
subsurface. When a wave encounters a feature or boundary with contrasting dielectric properties, energy is
partially reflected back to the receiving antenna. The receiving antenna records variations in the reflected return
signal.

The depth of exploration and resolution of subsurface features are determined by the antenna frequency and the
electrical properties of earthen materials (Daniels, 2004; Olhoeft, 1998). A major constraint of GPR is the
inverse relationship between exploration depth and resolution: higher frequency (> 400 MHz) antennas provide
higher resolution but are more depth restricted than lower frequency antennas. Compared with higher
frequency antennas, lower frequency antennas (< 300 MHz) provide greater exploration depths but poorer
resolution of subsurface features. The antennas most commonly used in soil investigations have center
frequencies between 100 and 500 MHz. Lower frequency antennas (100 to 300 MHz) are commonly used for
water table, lithologic, and stratigraphic studies and for investigations in areas of more conductive and
attenuating soil materials. Higher frequency antennas (400 to 500 MHz) provide better results in relatively dry,
electrically resistive soils. Antennas with frequencies of 900 MHz to 1.5 GHz have been used for shallow
investigations in coarser textured soils. For organic soils, where greater depths of exploration are often needed
to profile the organic/mineral soil interface, lower frequency (70 to 200 MHz) antennas are commonly used.
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Figure 4. A wide range of monostatic and bistatic antennas, operating at different center frequencies, are
available (photograph courtesy of GSSI).

Restrictions:

In 2002, the Federal Communication Commission (FCC) and the National Telecommunications and
Information Administration (NTIA) issued a policy governing the use of ultra-wideband (UWB) technology.
UWAB devices, such as GPR, operate by employing very narrow or short duration pulses that result in relatively
large-transmission bandwidths. The 2002 policy imposed limitations on UWB devices to prevent
electromagnetic interference. These restrictions permit the operation of GPR according to certain frequency
and power limitations. All GPR antennas operating at frequencies below 960 MHz must comply with existing
emission limits. In addition, the energy from the GPR must be directed downward into the ground for this
purpose. Operation of GPR systems has been restricted to law enforcement, fire and rescue organizations;
scientific research institutions; commercial mining companies; and construction companies. Because of the
FCC and NTIA restrictions, it is now virtually impossible to transmit wideband GPR signals at frequencies less
than 100 MHz. However, the USDA-NRCS does use antennas with center frequencies of 70, 80, 100, and 120
MHz. The use of these antennas within this agency has been exempted or “grandfathered.”

Global Positioning Systems (GPS):

During the 1990s, it was determined that GPR data, in order to be more useful, needed to be integrated with
available digital soil data and maps. The logical trend was to integrate GPR with GPS. The accurate
positioning of radar data with GPS has allowed its importation into GIS and other imaging software. With GPS,
as the radar is moved across the surface, its position is continuously tracked. During post-surveying processing
of radar data, the position of each radar scan is proportionally adjusted according to the time stamp of the two
nearest positions recorded with the GPS receiver. As each scan of the radar is georeferenced, the integration of
GPS with GPR results in large data sets (see Figure 5).





Soll Depth
Classes

. <0.5m

0.5to1.0m

. 10to1.5m
B 15t02.0m

=20 m

1 2 3 4 3 6 [ =]
Shallow 0 161 0 0 692 340 0 493
M. Deep BBTE 9756 4485 1520 6382 10935 6305 13097
Deep 9734 2435 7160 5455 5202 4958 7837 4988

V.Deep 89 3105 271 3768 734 1879 0 39

Mean 1.03 1.04 1.09 1.40 0.98 0.98 1.02 0.88
Min. 0.54 0.37 0.53 0.55 0.15 0.31 0.59 0.31
Max. 1.61 215 1.72 245 1.86 1.97 1.40 1.77

Number 18499 15457 11916 10743 13010 18112 14142 18617
Figure 5. This Google map image shows the locations of color-coded GPR traverses that were completed using
GPS. Colors indicate different classes for depth to bedrock. For each radar traverse, data on the number of
observations in each depth class and basic statistics are shown in the table below the image.
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