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E4 : Applications of ground-penetrating radar

E4.1 Geotechnical and environmental applications of GPR

The following examples of GPR data are from http://www.sensoft.ca
Sensors and Software Ltd. are thanked for permission to use these figures.

E4.1.1 Soil water content

'rsml water content measured at field scales improves irigation practices and reduces water requirements. In this example, GPR elevated above the )
surface determined soil water contenf by measuring the surface reflectivity. The water content profile measured with GPR is: compared to the TDR

reference data. Combining GPR with GPS enables rapid area mapping of water content variations.

Step 1: The GPR surface refliections visible in real fime on the: DVL screen. Step & The GPR traces further analyzed
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From http://www.sensoft.ca/applications/qgeotech/geotech.html

Soil water content of a California vineyard
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¢ Velocity of the ground wave decreases as the water content of the soil increases.
This allows for non-invasive mapping in locations such as in a vineyard.
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e The radar measurements give good agreement with other methods of measuring
soil-water content. Details in Hubbard et al., The Leading Edge, (2002)
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E4.1.2 Water table depth

-~

The natural level of groumd water provides impaortant control when
assessing hydrogeologic flow problems and contaminant migration.
Common offset GPR reflection profiling and common mid-point
sounding are frequently used for detecting groundwater depth and
distribution. This example section shows the continuity of the water
table plus local soil stratigraphy which often confrols groundwater
flow.
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From http://www.sensoft.ca/applications/geotech/geotech.html

E4.1.3 Contaminant mapping

(‘Electrical ly canductive groundwater contamination preferentially absorbs GPR signals so GIPR is an effective tool in mapping the extentof the contamination,

This example shows reflection mode surveys in an area of chloride-contaminated groundwater near a landfill site before and afier remediation. Five years
after remediation began, GPR signal penstration had increased significantly, indicating that the remediation effort was successful.
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From http://www.sensoft.ca/applications/geotech/geotech.html
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E4.1.4 Contaminant remediation

'rMonItoring air saturation during an air spargimg remediation provides a means of assessing the sparging efficacy. Boreholer GPR surveys can readily datecﬁ
alr distribution. This example of a zero offset borehole profile shows the increase in travel ime and decrease in water contemt generated by the air

sparging process. - s

Trawvel time plot Travel time plot
Before Air Sparging After Air Sparging (after 200 minutes)
Timma {ng) Time (ns)
=3 -] 2 & 2 2 i E] & g

Data collected using a
puleeEKKO PRO | with
transmitting anten nain
one borehole and recelving antenna

in the other borehole. f

o

| .Boreholes are 1.9 meters

¥

() ajoyawog uf wdan

A
R | into the ground
gmﬁ;{':a‘_‘lf‘““’ - depth displaces -
_E water causing
the GPR signal
g - g to travel faster &
9 i)
From http://www.sensoft.ca/applications/geotech/geotech.html
E4.1.5 Underground storage tanks
r ~

Real estate transactions regulary create the need for an environmental site assessment. Confirming the presence or absence of underground storage
tanks (USTs) can be a critical factor in contract closing. GPR reflection mapping surveys are cormmonly used to identify the presence of USTs.
The example presented shows two storage tanks plus related pipes discovered at the site of a former gasoline station.
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E4.1.6 Saltwater intrusion

r|r| coastal areas, the supply of fresh groundwater can be disrupted by the influx of saltwatler into shallow )
aquifers. GPR is highly sensitive to the presencea of saline water. Reflection GPR in coastal areas often
can define the boundary between fresh and saline groundwater, This example clearly shows the abrupt S for fon
boundary between fresh and saline groundwaler, classic con J model.
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From http://www.sensoft.ca/applications/geotech/geotech.html

E4.1.7 Depth to bedrock
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FiG. 12. The same profile as Fig. 11 but with increased gain. The reflections in the sand are
from silt and clay layers.

From Davis and Annan, Geophysical Prospecting, (1989)
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E4.2 Archaeology

Example of Radar data
showing historic burial
sites
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http://www.sha.org/publications/technical briefs/volume03/article04.htm
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Many times the Iocation of graves are not marked or improperdy marked
' Real time because of cemetery deterioration or lack of maintenance. GPR provides a quick
display means of relocating grave sitas. In this example, the bodias of 1919 Spanish Flu
viclims buried in permafrost was of greal interest for medical research.
The GPR mapping survey allowed scientists to select the locations for

exhurming the victims.

Longyearbyen Cemetery, Svalbard
GPR plan map - the high amplifude areas

M
http://www.sensoft.ca/applications/forensics/forensics.html
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http://www.geo-sense.com/GPR.htm

o Detection of an archaeological cave in the Biblical city of Nysa (Shomron, Israel)
using a GPR survey, from the time of Joshua Bin-Nun (around 1300 BC). This

cave is known as the "Mikve" of the city.
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E4.3 Forensics

Locating clandestine burials
-

Many murder investigations require locating clandestine burials, GPR
reflection surveys are used to map zones of disturbance in soils caused
by excavation. This example demonstrates burial areas as well as depth
and lateral dimensions.

AR 3aCleny
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http://www.sensoft.ca/applications/forensics/forensics.html

E4.4 Concrete and rebar

N\

d Under the right conditions, GPR can determine the orientation, depth, slope and diameter of a pipe. GPR provides an advantage when the pipes are
nan-matallic or not readily Incated with traditional electrical davices. In this example, GPR successfully located a 36 inch (90 cm) concrata storm drain
and determined its diameter and rise/fall rate along its alignment.
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From http://www.sensoft.ca/applications/structure/structure.htmli
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E4.5 Location of buried utilities

http://www.accuratedetection.com/products/easy locator.html

E4.6 Military applications

Applications include landmine clearance, unexploded ordinance detection and location of
clandestine tunnels and bunkers.

http://www.sensoft.ca/applications/security/security.html
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E4.7 Sedimentology

http://www.see.leeds.ac.uk/research/igs/seddies/best/jamunabar.htm

Distance along Ina (m)
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Real time studies of sedimentation in a gravel bar in Bangladesh from Best et al., (2003)
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E4.8 Mining
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FIG. 14. A geological section along the survey line in Fig. 13 as derived from visual observa-

tions, borehole core logs and shaft excavation data.
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FiG. 13. A pulseEKKO III radar record obtained in a tunnel in granite.
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Example from Davis and Annan (1989) of GPR data collected in a mine.
Fractures can be identified, as well as a dyke.
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FiG. 15. A geological section above a potash mine based on borehole logs.
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FiG. 16. A pulseEKKO III radar record obtained in the potash mine shown in Fig. 15.

e GPR Data collected in a potash mine
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E4.9 Glaciology

E4.9.1 Measuring ice thickness and bedrock topography
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Figure from Martin Sharp (EAS)

Problems:

off-nadir returns (migration), internal reflections, scattering from crevasses,

absorption by water

Resolution/penetration trade-off in frequency selection

Map internal reflectors, bed reflection power as indicators of thermal structure
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no.ssss  October 24, 1964 NATURE 317

RADIO ECHO SOUNDING THROUGH AN ICE SHELF

By M. E. R. WALFORD

British Antarctic Survey and Scott Polar Research Institute,
Cambridge

N D ber 1963 a journey of
200 miles was made on the Brunt Ice
Shelf from the British Antarctic Survey
base at Halley Bay (Base Z, 75° 31’ 8.,
267 40" W.) and some unexpected results
were obtained with a radar instrument
developed for the penetration of polar ice
masses. They seem to be different from
the observations made by Waite (private
communication) with a higher frequency
apparatus on the Ross Ice Shelf. The
techniques have been deseribed by Evans®
and the important parameters of the
present apparatus are given in Table 1.
The range of a radar target is indicated
by the echo delay-time, with an accuracy
determined mainly by the rise time of the
receiver. The shortest measurable range
is limited by the recovery time of the
receiver after the transmitter pulse and
in practice, by echoes from nearby sur-
faces, probably stratifications in the snow,
The aerials can be seen in Fig. 1: they
transmit and receive most power in their

equatorial , which ineludes the ver-
hoal and d.lmtmn of travel. Due to
1. Muskeg vehicle with te unipole b) for transmission and reception.
oy s g 3 e o, S P S L SR L
yo 6 verti- electrical loading. The box () contains the electronic
There is no other means provided sad 'ﬁn’;pmm el.ueptlrol‘l display unit mounted in Igfe] vehicle cab

15
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Photos from Martin Sharp and Jeff Kavanaugh (EAS)

Antarctica

e One of the first applications of radar for measuring ice thickness was described by
Walford (1964). Also called radio-echo sounding (RES). Radio waves travel at
0.168 m/ns. General review of radar applications in glaciology given by Plewes
and Hubbard (2001).

e Extensive data base collected in Antarctica in the 1960’s and 1970s using airborne
radar system. More than 400,000 km of profile data collected Scott Polar
Research Institute, NSF and Technical University of Denmark.

e Figures below are from http://www.bgc.bris.ac.uk/research/RES

16
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e Recent compilation of ice thickness data in the BEDMAP project

http://www.antarctica.ac.uk//bas research/data/access/bedmap/

17
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http://www.antarctica.ac.uk//bas research/data/access/bedmap/
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Canadian Arctic
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Radar section from John Evans Glacier, Ellesmere Island. For details see
Copland and Sharp (2001).

Measuring ice thickness can confirm space geodetic studies of glacier volume.

E4.9.2 Mapping internal structure of ice sheets and glaciers.

Internal reflections believed to be due to isochronous layers. Layers of dust from
volcanic eruptions can give strong reflections. Example below is taken from the
Fletcher Promontory, Antarctica and the undulations in the isochronous layers are
not correlated with bedrock topography (Vaughan et al., 1999). One feature
occurs at an ice divide and reflects non-linear rheology of ice.

Mapping this internal structure helps with interpretation of ice core data. The
internal reflections can also used to understand flow pattern of glacier.
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Vaughan et al., Nature, (1999)
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Figure from Martin Sharp (EAS)

e Local-scale snow accumulation variability on the Greenland ice sheet from
ground-penetrating radar (GPR)
http://cires.colorado.edu/~maurerj/gpr/gpr_cryosphere.html
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E4.9.3 Determine basal conditions

e Sub-glacial lakes first identified on the basis of character of a flat basal reflection,
and flat ice surface. http://www.bgc.bris.ac.uk/research/RES/RES/4_subg.html

Lake Vostock was detected from both airborne and satellite radar.
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More information http://earthsci.org/education/Lake Vostok/vostok.html

Animation : http://www.earthinstitute.columbia.edu/news/vostok/vostok.swf

e Elsewhere the amplitude of the basal reflection can be used to study the
composition of sub-glacial sediments. Reflections from a frozen base or one
containing free water are quite different. This parameter is important for
understanding how easily the glacier or ice sheet can move.

e For examples see Holt et al., (2006) who used airborne radar to infer that the bed
of the Taylor Glacier is frozen.

Subglacial Reflection Coefficient, R-; (dB)

Distance Along Track (km)

22
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Table 1. Dielectric constant and subglacial reflection coeffi-
cient for materials hypothesized to occur beneath glaciers.

Subglacial Material &1 Ry; (dB)
Fresh Water (fw) 80 -3
Rock 7 —14
Unfrozen Till (40% fw) 24 -7
Frozen Till (40% ice) 52 — 18
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