DETECTION OF BURIED AGRICULTURAL DRAINAGE
PIPE WITH GEOPHYSICAL METHODS
B. J. Allred, N. R. Fausey, L. Peters, Jr., C. Chen, J. J. Daniels, H. Youn
ABSTRACT. One of the more frustrating problems confronting farmers and land improvement contractors in the Midwest
United States involves locating buried agricultural drainage pipes. Enhancing the efficiency of soil water removal on land
already containing a subsurface drainage system typically involves installing new drain lines between the old ones. However,
before this approach can be attempted, the older drain lines need to be located. Conventional geophysical methods have the
potential to provide a solution to this problem. Therefore, in order to determine a better way to detect buried drainage pipe,
the abilities of four near-surface geophysical methods were investigated, including geomagnetic surveying, electromagnetic
induction, resistivity, and ground penetrating radar (GPR). Of these four, only GPR proved capable of finding agricultural
drainage pipe. Furthermore, GPR grid surveys were conducted in southwest, central, and northwest Ohio at 11 test plots
containing subsurface drainage systems, and in regard to locating the total amount of pipe present at each site, this technology
was shown to have an average effectiveness of 81% (100% of the pipe was found at six sites, 90% at one site, 75% at two
sites, 50% at one site, and 0% at one site.) GPR proved, on the whole, to be successful in finding clay tile and corrugated
plastic tubing drainage pipe down to depths of approximately 1 m (3 ft) within a variety of different soil materials.
Consequently, although more research is certainly warranted, ground penetrating radar methods appear to have excellent
potential with respect to agricultural drainage pipe detection.
Keywords. Ground penetrating radar, Geomagnetic surveying, Electromagnetic induction, Resistivity.

F

rom a 1985 economic survey (USDA Economic Research Service, 1987), the states comprising the
Midwest United States (Illinois, Indiana, Iowa,
Ohio, Minnesota, Michigan, Missouri, and Wisconsin) had approximately 12.5 million ha (31 million acres) that
contained subsurface drainage systems. Cropland constituted
by far the large majority of this acreage. The survey also estimated the 1985 on-farm replacement cost for these cropland
subsurface drainage systems to be $18 billion (US). Today,
this subsurface drainage infrastructure would be worth at
least $30 billion (US), based on a 1986-2001 average annual
inflation rate of 3.2%, and this total does not include the extensive amount of drainage pipe that has been installed since
1985. The magnitude of the acreage involved along with infrastructure costs indicate how crucial subsurface drainage is
to the Midwest U.S. farm economy. In fact, the current levels
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of regional crop production would be impossible to achieve
without excess soil water removal via subsurface drainage.
Increasing the efficiency of soil water removal on
farmland that already contains a functioning subsurface
drainage system often requires reducing the average spacing
distance between drain lines. This reduced spacing distance
is typically accomplished by installing new drain lines
between the older ones. By keeping the older drain lines
intact, less new drainage pipe is needed, thereby substantially
reducing costs to farmers. However, before this approach can
be attempted, the older drain lines need to be located.
Subsurface drainage pipe also needs to be found prior to
construction project initiation on present or former farmland.
Before construction begins, subsurface drainage system
alteration is frequently necessary to avoid water ponding
problems at the surface resulting from inadvertent damage to
a buried drainage pipe.
Regardless of the need, finding drainage pipe is not an
easy task, especially for systems installed more than a
generation ago. Often, records have been lost, and the only
outward appearance of the subsurface drainage system is a
single pipe outlet extending into a water conveyance channel.
From this single pipe outlet, little can be deduced about the
network pattern used in drainage pipe placement. Without
records that show precise locations, finding a drain line with
heavy trenching equipment causes pipe damage requiring
costly repairs, and the alternative of using a hand-held tile
probe rod is extremely tedious at best. Satellite or airborne
remote sensing technologies show some promise (Zucker and
Brown, 1998) but are only applicable during certain times of
the year and under limited site conditions.
Two separate questionnaires were mailed to members of
the Ohio Chapter − Land Improvement Contractors of
America (OLICA) in order to get input on issues regarding
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drainage pipe detection. There were 68 who answered the
first questionnaire, and 48 that answered the second. In terms
of emphasizing the need for having a better way to find
drainage pipe, 50% of the respondents indicated that more
than 60% of their subsurface drainage installation work
projects required locating pre-existing buried agricultural
drainage pipe. In addition, 60% spent two or more days a
month trying to find drainage pipe, 52% where moderately to
completely dissatisfied with the present methods of locating
drainage pipe, and 69% were sure that their business would
receive an economic benefit in having a more effective and
efficient method of detecting buried drainage pipe.
Consequently, these questionnaire results strongly support the necessity of improved methods of locating buried
agricultural drainage pipe. Conventional near-surface geophysical methods, such as those commonly used for environmental- and construction-engineering applications, have the
potential to successfully address this need. With the exception of Chow and Rees (1989), who successfully demonstrated the use of ground penetrating radar to locate
subsurface agricultural drainage pipes in the Maritime
Provinces of Canada, surprisingly little work has been done
in this area. However, the use of geophysical methods to
locate buried plastic or metal utility pipelines has been
studied in much greater detail. Promising results have been
achieved with ground penetrating radar (LaFaleche et al.,
1991; Wensink et al., 1991; Zeng and McMechan, 1997;
Hayakawa and Kawanaka, 1998), electromagnetic induction
(Chen et al., 1991), and resistivity (Zhang and Luo, 1991)
surveying techniques. During the 1970s and 1980s, the
ElectroScience Laboratory at Ohio State University developed a ground penetrating radar system capable of finding
60% of plastic utility pipes in 60% of the United States
(Young and Caldecott, 1976; Peters and Young, 1986). Fired
clay objects at shallow depth have been detected with
geomagnetic surveys (Sharma, 1997).
Geophysics, as a whole, is becoming more commonly
utilized within agricultural settings, and the future in this area
appears promising. Ground penetrating radar has been
demonstrated capable of delineating soil profile layers (Kung
et al., 1991), and this method also shows great potential with
regard to updating soil survey information (Schellentrager
et al., 1988). Eigenberg and Nienaber (1997, 1998, and 1999)
used electromagnetic induction methods to monitor soil
nutrient levels on land where manure had been applied.
Electromagnetic induction has likewise been used to map soil
salinity (Hendrickx et al., 1992; Nettleton et al., 1994;
McKenzie et al., 1997) and estimate claypan depth (Doolittle
et al., 1994).
Based on this prior research, the governing hypothesis for
this project can be stated: “Near-surface geophysical methods can be successfully employed to map subsurface
drainage systems within Midwest U.S. agricultural environments.” Addressing this hypothesis required an investigation
focused on extensive testing of four conventional geophysical methods (geomagnetic surveying, electromagnetic induction, resistivity, and ground penetrating radar) to
determine which was most effective and efficient in detecting
buried agricultural drainage pipe.
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MATERIALS AND METHODS
For this investigation there is an obvious target and one
that is not quite so apparent. The obvious target is the
drainage pipe itself (fig. 1), which may have dielectric
constant, electrical conductivity, and/or magnetic characteristics different from the soil material surrounding it on the
outside or the air/water contained inside. The most common
drainage pipe is 10 cm (4 in.) in diameter and constructed of
clay tile prior to the 1960s and more recently, corrugated
plastic tubing. The less apparent target is the backfilled
trench (fig. 1), where the soil within can remain disturbed,
sometimes for hundreds of years. This disturbance can result
in a moisture content contrast between the backfilled trench
material and the surrounding undisturbed soil, thereby
leading to differences in physical properties such as dielectric
constant and electrical conductivity. Magnetic properties can
also differ between disturbed and undisturbed soil. With
respect to dimensions for figure 1, the tilled zone is usually
less than 0.3 m (1 ft) in thickness and the trench itself is
typically 0.3 to 0.5 m (1 to 1.5 ft) wide. The trench bottom,
at least in Ohio, is 0.5 to 1 m (1.5 to 3 ft) beneath the surface.
The backfilled trench is therefore a much larger target than
the drainage pipe, but the physical property contrast with the
undisturbed soil around it may be somewhat less pronounced.
Based on the physical properties of the potential targets
and the soil environment, a decision was made to test four
geophysical methods (geomagnetic surveying, electromagnetic induction, resistivity, and ground penetrating radar) to
determine their capabilities with regard to locating buried
agricultural drainage pipe. Geomagnetic surveying uses
instruments, called magnetometers, to measure the earth’s
magnetic field. Subtle small-scale anomalies in the measured
magnetic field may suggest the presence of an object buried
beneath the surface. Gradiometers, which are better adapted
for emphasizing magnetic field anomalies from shallow
sources, have an instrument set-up by which two magnetometers are mounted a short distance (<1 m) apart, so that the
magnetic field gradient between them can be measured.
Gradiometers have the added advantage of eliminating the
need to make corrections for diurnal fluctuations in the
magnetic field. In regard to this study, geomagnetic surveying has its greatest potential in detecting clay tile drainage
pipe. This detection is possible because the three-stage
molding, firing, and cooling fabrication process gives clay
tile drainage pipe a permanent “remanent” magnetism in
addition to that induced by the external magnetic field.
A Geometrics, Inc. G-858 Cesium Gradiometer (San Jose,
Calif.) integrated with a Trimble Navigation Ltd. AgGPS 132
Global Positioning System (GPS) Receiver (Sunnyvale,
Calif.) was used in this investigation (fig. 2). The gradiometer
had a 0.1-s sampling rate, magnetic field gradient sensitivity
of 0.05 nanotesla (nT), and in order to measure the gradient
in three different orientations, the two magnetometers were
mounted 79 cm (31 in.) apart either vertical (one above the
other) or horizontal (right and left or forward and back) with
the midpoint between them kept 1 m (3 ft) above the ground
surface during data collection. Geomagnetic surveying
involved taking discrete measurements at a slow walking
pace along parallel transect lines within a surveyed rectangular grid covering a study area. Site contour maps were then
constructed from magnetic gradient values measured in
nanoteslasper meter (nT/m). Mapped linear anomalies, if
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Figure 1. Cross-section of drainage pipe in an agricultural soil environment.

present, could then be used as an indicator of clay tile drain
line, or possibly, backfilled trench locations. Along with the
geomagnetic surveys conducted on test plots containing
buried agricultural drainage pipe, testing was also done to see
if strings of clay tile drain pipe laid out on the surface could
be detected.
Electromagnetic induction typically employs an instrument called a ground conductivity meter (GCM). An
alternating electrical current is passed through one of two
small electric wire coils spaced a set distance apart and
housed within the GCM. This transmitting coil current
generates an electromagnetic (EM) field above the surface,
a portion of which propagates into the ground. This EM field,
called the primary field, induces an alternating electrical
current within the ground, in turn generating a secondary EM
field. A portion of the secondary field propagates back to the
surface and the air above. The second wire coil acts as a
receiver measuring the amplitude and phase components of
both the primary and secondary EM fields. The amplitude
and phase differences between the primary and secondary
fields are then used, along with the inter-coil spacing, to

Figure 2. Geomagnetic surveying using a cesium vapor gradiometer
(Geometrics, Inc. G-858) integrated with a global positioning system receiver (Trimble Navigation Ltd. AgGPS 132).

Vol. 20(3): 307−318

calculate an “apparent” value for soil electrical conductivity.
Several factors influence the measured response including
the primary (instrument) field frequency, soil moisture
conditions, clay content, and salinity. Anomalous “apparent”
values of soil electrical conductivity are a potential indicator
of buried objects, such as a drainage pipe or the backfilled
trench where it was placed.
The Geophex, Ltd. GEM-2 (Raleigh, N.C.) was the GCM
used almost exclusively within this part the study (fig. 3). The
GEM-2 is a multi-frequency ground conductivity meter
allowing different penetration depths of the primary EM field
to be achieved. As the primary EM field frequency is
decreased, the depth of investigation increases. The trade-off
with increased depth of investigation is that the measured
apparent electrical conductivity is averaged over a larger soil
volume, potentially masking the effect due to small features,
such as drainage pipes. Therefore, three frequencies were
incorporated into this part of the study. The highest
frequency, 20010 Hz, was chosen because it was near the
upper limit of GEM-2 instrument capabilities. The middle
frequency of 14610 Hz was used because it was near the same
frequency (14600 Hz) of the Geonics Limited EM38, a GCM
typically employed for shallow (0.75 to 1.5 m) agricultural
investigations. The lowest frequency of 8190 Hz chosen to be
somewhat similar to the 9800 Hz frequency used by the
Geonics Limited EM31-MK2, a device popular for environmental site investigations
During use, the GEM-2 was held approximately 1 m (3 ft)
above the ground. The base measurement period for this
GCM is 0.033 s. Electromagnetic induction field investigation involved taking discrete measurements at a slow walking
pace for the three frequencies (8190, 14610, and 20010 Hz)
simultaneously along two sets of parallel transects oriented
perpendicular to one another and forming an rectangular grid
covering a test plot. Site contour maps were then constructed
from apparent soil electrical conductivity values measured in
millisiemens per meter (mS/m). Mapped linear anomalies, if
present, could then indicate buried drain line presence.
With the traditional resistivity method, an electrical
current is supplied between two electrodes staked into the
ground while voltage is concurrently measured between one
or more separate pairs of staked electrodes. The current,

Figure 3. Multi-frequency ground conductivity meter (Geophex, Ltd.
GEM-2).
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voltage, and electrode configuration are then used to
calculate a value for soil resistivity (inverse of soil electrical
conductivity). Anomalous “apparent” values of soil resistivity are a potential indicator of buried objects, such as a
drainage pipe or the backfilled trench where it was placed.
Newer technologies with pulled electrode arrays are capable
of rapid continuous electrical resistivity measurement.
The resistivity measurement device utilized for this
project was a Geometrics, Inc. OhmMapper TR1 (San Jose,
Calif.). The OhmMapper TR1 is a capacitively coupled,
towed dipole-dipole electrode array, resistivity measurement
system capable of continuous data collection at time intervals
as short as 0.5 s. In this study, there were two array dipoles
(one for measuring current and one for measuring voltage)
with either 5 or 2 m (16 or 6.6 ft) in length and comprised of
coaxial cables and transmitter/receiver electronics. The
OhmMapper TR1 also has a battery power supply, a data
logger console, and rope is used to connect the two dipoles
to one another (fig. 4). Changing the rope separation distance
between the dipoles within the array alters the depth of
measurement. Separations of 0.625, 1.25, 2.5, and 5 m (2, 4,
8, and 16 ft) were tested. Resistivity field investigation
involved taking discrete measurements at a slow walking
pace along parallel transect lines within a surveyed rectangular grid covering a study area. Contour maps were then
constructed from apparent soil resistivity values measured in
ohm meters (ohm-m). Mapped linear anomalies, if present,
could then be used as an indicator of buried drain line
presence.
For the ground penetrating radar (GPR) method, an
electromagnetic radio energy (radar) pulse was directed into
the subsurface, followed by measurement of the elapsed time
taken by the signal as it traveled downward from the
transmitting antenna, partially reflected off a buried feature,
and was eventually returned to the surface, where it was
picked up by a receiving antenna. Reflections from different
depths produced a signal trace, which was a function of radar
wave amplitude versus time. Antenna frequency, soil moisture conditions, clay content, salinity, and the amount of iron
oxide present all have a substantial influence on the distance
beneath the surface to which the radar signal penetrated.
Differences in the dielectric constant across a discontinuity,
govern the amount of reflected energy returning to the
surface. In this study, these discontinuities may include the
interface between the drainage pipe and surrounding soil
material, the drainage pipe and the air/water within it, or the
backfilled trench and adjacent undisturbed soil.
The Sensors & Software Inc. Noggin 250 (Mississauga,
Ontario, Canada) with a center antenna frequency of

Figure 4. Capacitively-coupled, towed dipole-dipole electrode array, resistivity measurement system (Geometrics, Inc. OhmMapper TR1).
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Figure 5. Ground penetrating radar unit (Sensors & Software Inc., Noggin 250).

250 MHz (fig. 5) was the GPR unit used predominantly in
this part of the research. An integrated odometer on the unit
measured distance along lines of traverse. From data
acquisition, a subsurface profile image was generated for
each transect line along which measurements were collected.
The profile itself is comprised of signal traces collected at
points a set distance (station interval) of 5 cm (2 in.) apart. To
reduce background noise, 32 signal traces were collected and
then averaged together (stacked) to produce one signal trace
at each point on a line. (Background noise tends to be random
and can be cancelled out by averaging multiple signal traces
obtained at the same point.) The horizontal scale on this GPR
profile represents distance along the transect line, and the
vertical scale is in two-way radar signal travel time, which
can in turn be converted into depth values. Test plot GPR grid
surveys in all cases, except one to be discussed in the next
section, were comprised of two sets of parallel transects
oriented perpendicular to one another. The combined GPR
profiles from each transect line in the grid were then used to
produce amplitude maps representing the amount of reflected electromagnetic radar energy corresponding to a
two-way travel time (or depth) interval.
The initial phase of the research focused on comparing the
four geophysical methods on two different test plots. The first
test plot was built specifically for this project and was located
behind the ElectroScience Laboratory (ESL) at Ohio State
University (OSU) in Columbus, Ohio. Figure 6 is a schematic
showing the layout of the ESL test plot, which was
constructed with both clay tile and corrugated plastic tubing
(CPT) drainage pipe placed in 0.5-m (1.5-ft) wide trenches.
Due to land slope, depth to the drainage pipe system on its
northwest corner was 1 m (3 ft), and 0.6 m (2 ft) on the
southeast corner. Shortly following backfill of the trenches
where the pipes were placed, the test plot was tilled down to
a depth of 20 cm (8 in.) so that typical agricultural field
conditions could be replicated (fig. 1). The surface soil (2.5to 15-cm depth, Ap horizon) at the ESL site determined by
grain size analysis (Wray, 1986) is a silty clay. With a couple
of exceptions to be noted later, the grid lines on this and the
other test plots were spaced 1.5 m (5 ft) apart for all
geophysical data collection. The geomagnetic surveying grid
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Figure 6. Schematic of the ElectroScience Laboratory test plot.

area slightly overlapped the outside boundary shown with a
thin solid black line in figure 6. This same thin solid black
line represents the exact boundary for the electromagnetic
induction and resistivity survey grid areas, while the
boundary for GPR survey grid area is depicted with the thin
inner dashed black line in figure 6.
The second test plot utilized in the initial phase of the
research was located on a portion of the OSU Waterman
Agricultural and Natural Resources Laboratory near the
intersection of Lane Avenue and Kenny Road in Columbus,
Ohio. Figure 7 is a schematic depicting the layout of the
Waterman Farm Lane/Kenny test plot. As shown, two
subsurface drainage systems are present, one comprised of
clay tile pipe and the other of CPT. The clay tile subsurface
drainage system is buried at depths of 0.5 to 1 m (1.5 to 3 ft)
and offset 0.6 to 1.8 m (2 to 6 ft) north of the CPT subsurface
drainage system, which is 0.6 to 1.2 m (2 to 4 ft) beneath the
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Figure 7. Schematic of the Waterman Farm Lane/Kenny test plot.

Vol. 20(3): 307−318

surface. Soil near the surface (2.5 to 15 cm depth, Ap
horizon), as determined by grain size analysis (Wray, 1986),
is at the textural boundary between clay and silty clay. Over
the years, corn and soybeans have typically been the crops
grown on this test plot. Much like the ESL site, the
geomagnetic surveying grid area slightly overlapped the
outside boundary shown with a thin solid black line in
figure 7. This same thin solid black line represents the exact
boundary for the electromagnetic induction and resistivity
survey grid areas, while the boundary for GPR survey grid
area is depicted with the thin inner dashed black line in
figure 7.
With their fine-grained soils and the presence of both clay
tile and CPT drainage pipes buried at depths ranging from 0.5
to 1.2 m (1.5 to 4 ft) these two test plots were ideal settings
for comparing the abilities of the four geophysical methods.
The geophysical method determined to be most capable in
the initial phase, then became the center of attention for
research throughout the rest of the project, which included
further investigation at two additional test plots at the OSU
Waterman Agricultural and Natural Resources Laboratory,
six test plots in northwest Ohio, and one test plot in southwest
Ohio. This final phase of the research was an attempt to
evaluate, under a variety of soil textural field conditions, the
best geophysical method for finding buried agricultural
drainage pipe. Indications of soil textural field conditions
were obtained by grain size analysis (Wray, 1986) of Ap
horizon samples from depths of 2.5 to 15 cm and by
electromagnetic induction surveys, which were utilized
because measured apparent electrical conductivity has been
found to correlate with soil clay content.

RESULTS AND DISCUSSION
Contour maps of the vertical magnetic field gradient for
the ESL and Waterman Farm Lane/Kenny test plots are
shown, respectively, in figures 8 and 9. A small contour
interval of 1 or 2 nT/m was used in order to better identify
subtle features that might be present. Although there are
several strong isolated features depicted, there are no
continuous linear ones present on either map that coincide
with the location of subsurface drainage pipes. Maps of the
two different orientations of the horizontal magnetic field
gradient likewise provided no indications of buried agricultural drain lines at either the ESL or Waterman Farm
Lane/Kenny test plots. In addition, the gradiometer showed
a response to only one out of four strings of clay tile pipe laid
out on the ground surface. Consequently, geomagnetic
surveying does not appear to be an effective method for
locating buried agricultural drainage pipe.
Soil electrical conductivity contour maps from data
collected using the electromagnetic induction method are
provided in figure 10 for the ESL test plot and figure 11 for
the Waterman Farm Lane/Kenny test plot. Since results were
similar for all three primary electromagnetic field frequencies used, only the maps based on 14,610 Hz are shown. A
small contour interval of 1 mS/m was employed in producing
the maps so that subtle features could be better represented.
Both of the soil electrical conductivity maps depict some
interesting trends, however, there are no continuous linear
features present on either one that coincide with the location
of subsurface drainage pipes. These results suggest that
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Figure 8. Contour map of vertical magnetic field gradient at the ElectroScience Laboratory test plot (Contour interval is 1 nT/m.).

although electromagnetic induction may provide useful
information on spatial trends of various soil properties, this
geophysical method is not a helpful tool for finding
subsurface drainage pipes.
Soil resistivity (inverse of soil electrical conductivity)
contour maps from data collected using the resistivity
method are provided in figure 12 for the ESL test plot and
figure 13 for the Waterman Farm Lane/Kenny test plot. Since
results tended to be fairly similar for all four of the tested
separation distances between the dipoles, only the maps
based on the 2.5-m (8-ft) separation distance are shown.
Again, a small contour interval (1 Ω-m) was employed in
producing the maps so that subtle features could be better
depicted. As with soil electrical conductivity, the soil
resistivity maps show some interesting trends, although there
are no continuous linear features present on either one
coinciding with subsurface drainage pipe locations.

Figure 9. Contour map of vertical magnetic field gradient at the Waterman Farm Lane/Kenny test plot (Contour interval is 2 nT/m.).
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Figure 10. Soil electrical conductivity contour map of the ElectroScience
Laboratory test plot generated using the electromagnetic induction method at a primary field frequency of 14,610 Hz (Contour interval is
1 mS/m.).

Soil resitivity and soil electrical conductivity maps from
the same test plot should show similar contour trends, since
resistivity is the inverse of electrical conductivity. This is
indeed the case, in most respects, for the Waterman Farm
Lane/Kenny test plot maps where higher resistivity (and
lower electrical conductivity) is found in the northwest
corner and along the southern boundary, while lower
resistivity (and higher electrical conductivity) is found in the
center and near the northeast corner. The same type of
correspondence between high resistivity and low electrical
conductivity (or low resistivity and high electrical conductivity) is not exhibited with the ESL test plot maps. Here, the
contour trends of the electrical conductivity and resistivity
maps are quite different. The reason for lack of a better
inverse correlation between the ESL test plot resistivity and
electrical conductivity maps is at present unclear.

Figure 11. Soil electrical conductivity contour map of the Waterman
Farm Lane/Kenny test plot generated using the electromagnetic induction method at a primary field frequency of 14,610 Hz (Contour interval
is 1 mS/m.).
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Figure 12. Soil resistivity contour map of the ElectroScience Laboratory
test plot generated using the resistivity method with a separation distance
of 2.5 m between the two dipoles and a dipole length of 2 m (Contour interval is 1 Ω-m.).

These results suggest that the resistivity method, in a manner
similar to electromagnetic induction, may provide valuable
information on spatial trends of various soil properties,
however, this particular geophysical method does not appear
to have the capability to detect buried drainage pipes.
Two ground-penetrating radar line profiles from the ESL
test plot are shown in figure 14. In order to produce the
profiles, a limited amount of computer processing of the field
data was required, including the application of a signal
saturation correction filter to remove slowly decaying low
frequency noise and a spreading and exponential compensation gain to increase radar signal strength. The data for figure
14a were collected along a west-to-east transect that was

Figure 13. Soil resistivity contour map of the Waterman Farm Lane/
Kenny test plot generated using the resistivity method with a separation
distance of 2.5 m between the two dipoles and a dipole length of 5 m (Contour interval is 1 Ω-m.). Note: Data collection grid lines were spaced 3 m
(10 ft) apart instead of the typical 1.5 m (5 ft).
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perpendicular to the trend of the four drainage pipes (see
fig. 6 for reference). The upside-down U-shaped features
depicted in figure 14a, referred to as reflection hyperbolas by
geophysicists, are a typical response to buried pipes that are
oriented perpendicular to the line on which GPR data were
collected. The apex of one of these upside down U-shaped
features denotes the actual position of the top of a buried
drainage pipe. (It should be noted that other small buried
objects can produce a similar response on a line profile
(Conyers and Goodman, 1997), and in order to be certain the
reflection hyperbola represents a subsurface drainage pipe,
an amplitude map of the test plot is typically generated to see
if these features have a linear trend.)
The data for figure 14b were collected on a south-to-north
transect directly along the trend and of a buried drainage pipe.
(In surveying a field in which the subsurface drainage system
layout is unknown, one is usually not lucky enough to have
a GPR transect line-up directly on top of a buried drain line.)
The banded linear feature on this line profile found at depths
below 0.75 m (2.5 ft) represents the drainage pipe itself. If the
subsurface radar wave velocity has been determined accurately through an in-the-field curve fitting procedure, depth
to the top of the banded feature shown on the line profile can
be used as a good estimate for the actual depth to the top of
the drainage pipe. The reflection hyperbolas at either end of
the banded feature (fig. 14b) are from the two CPT pipe mains
to which the drainage pipe is connected (see fig. 6 for
reference.). The response of a pipe oriented at an angle
somewhere between 0 and 90 degrees to the line of GPR
measurement is a laterally extended reflection hyperbola.

Figure 14. GPR line profiles from the ElectroScience Laboratory test plot:
(a) perpendicular to orientation of subsurface drainage pipes, (b) directly
along trend and over top of a subsurface drainage pipe.
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Figures 15 and 16 are GPR amplitude maps for the ESL
and Waterman Farm Lane/Kenny test plots, respectively.
GPR amplitude maps represent the radar signal amplitude,
and hence radar energy, reflected back to the surface for a
given interval of two-way travel time (or depth). Lighter
shades on the maps represent locations where a greater
amount of reflected radar energy returned to the surface.
Locations showing greater reflected radar energy often
indicate the presence of buried objects. This greater amount
of reflected radar energy occurs because buried objects
frequently produce dielectric constant disparities in the
subsurface. Where there are linear trends of high radar
amplitude (energy), subsurface drainage pipes may be
present. Before the GPR amplitude maps for this study could
be produced, a certain amount of computer processing of the
field data was needed. The computer processing steps that
were applied included a signal saturation correction filter to
remove slowly decaying low frequency noise, a spreading
and exponential compensation gain to increase radar signal
strength, trace enveloping to convert signal wavelets having
positive and negative components into ones that are monopulse, and all positive, 2-D migration to collapse hyperbolic
responses to point targets, a vertical filter to reduce random
high frequency noise, and in some cases, a background
subtraction filter to suppress horizontal features.
All of the buried pipes show up well in the GPR amplitude
map for the ESL test plot (fig. 15). The depth interval
represented by this map is 0.7 to 1.2 m (2.3 to 4.0 ft). On the
Waterman Farm Lane/Kenny map, the depth interval represented is 0.5 to 1.1 m (1.5 to 3.5 ft), and the western half of
the CPT subsurface drainage system can be seen along with
all of the clay tile subsurface drainage system (fig. 16). A
depth interval extending further beneath the surface was not
used for generating the Waterman Farm Lane/Kenny amplitude map because GPR line profiles showed that the
signal-to-noise ratio was not great enough to depict a
response indicating the presence of drainage pipe below
1.1 m (3.5 ft). Based on results from the ESL and Waterman
Farm Lane/Kenny test plots, ground penetrating radar
appears to be capable of detecting buried drainage pipe, and
therefore, the final phase of the research concentrated on
further testing of this geophysical method under a greater
variety of soil textural field conditions.
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Figure 16. GPR amplitude map of the Waterman Farm Lane/Kenny test
plot.

Table 1 summarizes the ground-penetrating radar data
collection effort (amplitude map depth interval and percent
of drainage pipe located) at all eleven test plots along with
providing information on soil factors (texture and electrical
conductivity) potentially impacting the effectiveness of
GPR. Estimates of the actual amount of buried pipe present
were based on subsurface drainage system maps and/or
landowner recollections. Again, the textural class of the
surface soil (2.5 to 15 cm depth, Ap horizon) was determined
by particle size analysis (Wray, 1986). Typically, the more
clay that is present, the greater the electrical conductivity of
the soil, in turn reducing the depth to which radar waves can
penetrate. For further information, and as indicted previously
in the section on Materials and Methods, the average soil
electrical conductivity was calculated from 14,610 Hz
electromagnetic induction measurements taken at the test
plots with the GEM-2 ground conductivity meter. Table 1
shows the expected trend of soils that are classified as clay
only tending to have higher electrical conductivity, while
sandy materials have low values. Surprisingly, silty clays
exhibit a wide range of electrical conductivities, from
12.13 mS/m at the North Waterman Farm #2 test plot to
76.76 mS/m at the Defiance County WRSIS #2 test plot.
The depth intervals used to produce the GPR amplitude
maps were chosen based on the encompassing depths for line
profile reflection hyperbolas (fig. 14a) thought to represent
buried pipe. The amplitude map depth interval given in
table 1 provides a rough estimate as to drainage pipe burial
depths for a particular test plot. GPR effectiveness in
detecting buried agricultural drainage pipe can be gauged by
the percent of the total buried pipe present at each site that
was located. As shown in table 1, the success rate for GPR
was quite good for finding drainage pipes down to depths of
around 1 m (3 ft). The overall average for all 11 sites in regard
to percent subsurface drainage pipe detection effectiveness
(mean of last column in table 1) was 81%.
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−
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100

[a]

Surface soil textural analysis was determined with two to four test
plot samples obtained in the Ap horizon and composited from
depths between 2.5 and 15 cm.

Figures 17 through 25 are GPR amplitude maps from the
two additional test plots at the OSU Waterman Agricultural
and Natural Resources Laboratory, six test plots located in
northwest Ohio and one test plot in southwest Ohio. The one
in which the GPR had the least success was the Fayette
County Airport test plot in southwest Ohio (fig. 17). In
retrospect, this result was not surprising since the soil was a
clay having a fairly high electrical conductivity and the
drainage pipes, as indicated by an excavated trench, were
buried at or below 1 m (3 ft). The North Waterman Farm #1
test plot was one on which GPR was only 50% successful.
The amplitude map (fig. 18) for this test plot does not show
three east-west buried CPT drainage pipes known to be
present. On the other hand, it does depict an older subsurface
clay tile drainage system that prior to the GPR data collection
effort had not been known to exist. Better luck was obtained
at the North Waterman Farm #2 test plot where the GPR
amplitude map (fig. 19) shows both the east-west CPT
subsurface drainage system and the northwest-southeast clay
tile subsurface drainage system. The CPT subsurface drainage system at the North Waterman Farm #2 test plot is
comprised of three pipes, and the northern most one is
depicted only in a very subtle manner in figure 19, but it does
show up rather well in a line profile that is oriented parallel
and over top of the pipe.
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As previously stated, wet clayey soils with their high
electrical conductivity reduce the depth to which radar
energy can penetrate, potentially providing the worst possible scenario for GPR. Although these very same conditions
existed at both of the Defiance County WRSIS test plots,
GPR results were rather good (figs. 20 and 21) in finding the
buried CPT drainage pipe that was there. GPR field
procedures at the Defiance County WRSIS #2 test plot were
different from the other sites. Here, the GPR data were
collected in only one direction (approximately west to east)
and the spacing distance between grid lines was 0.76 m
(2.5 ft). Different procedures were adopted in this case so that
the GPR unit could be pushed along lines between rows of
corn stubble.
Radar energy penetrates further in sandy material, but
other problems are often encountered (fig. 22), such as soil
layers that reflect strong signals back to the surface, in turn
interfering with the response due to drainage pipe buried at
the same depth. The problem is best illustrated in figure 22b.
This amplitude map from the Southeast Defiance, Ohio test
plot shows three north-south drain lines, with the eastern
most one somewhat obscured by strong radar reflections
from layers within the sandy soil. As depicted on the GPR
amplitude map for the sandy soil Fulton County WRSIS #2
test plot (fig. 23), the same problem did not occur at this
location primarily because the highly reflective soil layers
were at a distinctly higher level than the drainage pipes, and
therefore, there was no interference. GPR was 100%
effective in locating buried agricultural drainage pipe at the
Fulton County WRSIS #1 and OSU Campus Lima, Ohio test
plots (figs. 24 and 25). The apparent break in the pipes at the
Fulton County WRSIS #1 test plot (fig. 24) is not real and is
it due to inadvertent displacement, partway through GPR
field operations, of the string used as a baseline. All in all,
ground penetrating radar worked remarkably well under a
variety of field conditions in detecting buried agricultural
drainage pipe down to depths of around 1 m (3 ft).
Fayette County Test Plot
88
26.8
75
22.9

Distance
Distance (ft)(m)

Table 1. Test plot soil textural class, average soil electrical conductivity,
depth interval represented by the GPR amplitude map,
and the percent of total drainage pipe located.
Average Soil Mapped Amount
Surface Soil
Electrical
Depth
of Pipe
Textural
Conductivity Interval Located
Test Plot
Class[a]
(mS/m)
(m)
(%)

63
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11.6
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Figure 17. GPR amplitude map of the Fayette County Airport test plot.
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Figure 21. GPR amplitude map of the Defiance County WRSIS #2 test
plot.

Figure 18. GPR amplitude map of the North Waterman Farm #1 test plot.

As was previously stated in the Introduction, two separate
questionnaires were mailed to members of the Ohio Chapter
– Land Improvement Contractors of America (OLICA). The
second of these questionnaires focused on the economic
feasibility of using ground−penetrating radar to locate buried
agricultural drainage pipe. Of the ones that responded, given
the condition that GPR was proven effective and efficient in
finding buried agricultural drainage pipe, only 17% stated
“yes,” they could afford to purchase the equipment, while
45% said “no” and 38% were “not sure.” Furthermore, in
regard to periodically renting the equipment, just 11% stated
“yes,” while 47% said “no” and 42% were “not sure.” Those
contractors that were able to afford the purchase/rental of
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Figure 19. GPR amplitude map of the North Waterman Farm # 2 test plot.

75
22.9

Distance
(m)
Distance (ft)

63
19.2
50
15.2

38
11.6

25
7.6

13
4.0

0.00
0.0
0

N
4.0
13

7.6
25

11.6
38

15.2
50

19.2
63

22.9
75

Distance
(m)
Distance (ft)
Figure 20. GPR amplitude map of the Defiance County WRSIS #1 test
plot. The remnants of an older north-south trending pipe are depicted
along with the newer east−west subsurface drainage system.
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Figure 22. GPR amplitude maps of the Southeast Defiance, Ohio test plot:
(a) depth interval of 0.5 to 0.7 m (1.7 to 2.3 ft), (b) depth interval of 0.8 to
1.2 m (2.6 to 3.9 ft). Enclosed within dashed lines in (b) are the broken GPR
response of three north−south trending drainage pipes, the eastern most
one somewhat obscured by interference with surrounding soil layers that
strongly reflect radar energy.
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Figure 23. GPR amplitude map of the Fulton County WRSIS #2 test plot.

GPR equipment were for the most part involved in four or
more subsurface drainage installation projects per month.
Perhaps a better and more economical alternative for the ones
answering “no” or “not sure” would be for agricultural
service industry consultants, such as those now involved in
soil fertility mapping using resistivity geophysical methods,
to step in and at a moderate cost provide drainage pipe
detection assistance using GPR.

SUMMARY AND CONCLUSIONS
Finding buried agricultural drainage pipe is an important
problem confronting farmers and land improvement contractors throughout the Midwest United States. Present methods
of locating subsurface drain lines are inefficient and can
oftentimes result in damage to the buried drainage pipes.
Geophysical methods presently used for environmental and
construction engineering applications can provide the solution to this problem. In the first phase of this investigation,
four different geophysical methods, including geomagnetic
surveying, electromagnetic induction, resistivity, and ground
penetrating radar, were tested on two central Ohio test
75
22.9

Figure 25. GPR amplitude map of the OSU Campus – Lima, Ohio test plot.

plots containing clay tile and corrugated plastic tubing
drainage pipe. Ground penetrating radar (GPR) was the only
geophysical method of the four tested during this phase of
research that had success in detecting buried drainage pipe.
The final phase concentrated on GPR testing on nine
additional southwest, central, and northwest Ohio test plots
having a range of different soil textures (sandy loam to clay).
Including all eleven test plots on which GPR was tested, the
average effectiveness was 81% in terms of locating the
subsurface drainage pipe present. Overall, the results indicate that ground penetrating radar works remarkably well
under a variety of field conditions in detecting buried
agricultural drainage pipe down to depths of around 1 m
(3 ft). Future work should concentrate on evaluating GPR
drainage pipe detection potential at other locations within the
Midwest United States outside of Ohio. Although more work
is needed, this study clearly indicates that GPR methods
exhibit great promise for use in finding buried agricultural
drainage pipe.
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