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ABSTRACT: The selected area is an agricultural land of approximately 600 m square. The main target of this
study is to detect the size and depth of the subsurface voids or gaps (sinkholes) to treat the problem of irrigation water
loss. Sixteen GPR profiles of different lengths were conducted ranging from 32-35 m, with a separation of 1 m width.
The interpretation of GPR profiles reveals the locations of the voids in the selected area, and determine the effective
ways to deal with these defects. Results showed locations of different color contrasts and high reflections amplitude of
the reflected signals, compared to the surrounding soil; also the higher scattering compare to the bed layer in these
locations reveals possible voids in the study area. The depths of the possible targets range from 7.0 m to 8.0 m. 3D
analysis was performed for the total GPR profiles to confirm the presence of the possible hidden target and the
accurate depths of these objects. Four time-slicing at different (two-way travel time) TWTT were selected together with
two X-cut and two Y-cut were done to track the possible hidden target. These results were in agreement with the results
obtained from the 2D image. Such information reveal the important of Radar technique in handing the geotechnical
problems.

1. INTRODUCTION

The area of the present study is located in the Nag
Hammadi city, Qena governorate (Fig. 1). Where a
piece | of an agricultural land of approximately an area
of 600 m square was selected. During the irrigating of
this agricultural land, water seeps into the ground. The
downward movement of water may also transport soils,
resulting in fertilizing ground loss and surface
depressions called "sinkholes”, a GPR survey was
conducted to determine these subsurface features and
the possible occurrence of voids (sinkholes) responsible
for the irrigation water loos. The sedimentary
succession in the study area belongs to the Nile valley
succession of the late Cretaceous to early Eocene, a dry
mud and sandy mud overlying the wet sand layer (Said,
1981). Ground-penetrating radar is selected to help
identifying the locations of sinkholes in the selected
area to determine then options ways to deal with the loss
of the irrigation water.

The effectiveness of a geophysical survey is
typically conditioned by the existence of contrast
between the measured physical properties among the

study area. Therefore, considering changes in physical
properties of material due to dissolution, erosion, and/or
subsidence involved in the development of sinkholes,
geophysical methods are excellent tools for indirect
investigation (Hoover 2003). In general, the use of
geophysical surveys in the characterization of Kkarst
terrains consists of the detection and mapping of the
extension of sinkholes as well as information about the
depth of the water table, direction of the underground
flow, and depth of the karst rocks (Chalikakis et al.
2011).

Despite the countless geophysical investigations
carried out on Karst terrains worldwide, (mainly for
mapping cavities) GPR method has proven to be the
most efficient geophysical method for identifying
geometric karst features. At the past couple of decades
the use of the GPR method has increased and many
improvements have been successfully implemented
(McMechan et al. 1998; Zisman et al. 2005; Kruse et al.
2006; Rodriguez et al. 2014; Sevil et al. 2017; Hussain
et al. 2020).
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Fig. (1): A location map of the study area.

Fig. (2): Location of GPR profiles in the study area.

2. Ground Penetrating Radar (GPR) Survey

2.1. GPR basic concept

The physical principle and data acquisition of
GPR methodology are similar to the seismic reflection
and the sonar techniques, except for the fact that the
GPR is based on the reflection of electromagnetic waves

(Casas et al. 2000). According to Annan (2002), this
method stands out for shallow investigations, due to its
high resolution and the acquisition of a large volume of
data in a short period of time. The depth of investigation
is a limitation of the GPR method, and is influenced by
many factors including geometric scattering, attenuation
by the terrain, and partition of energy at the interfaces,
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which are all related to the loss of energy during the
propagation of the electromagnetic wave (Bradford
2007). The depth of investigation and resolution of GPR
vary according to the frequency of the antenna. The
higher the frequency, the higher the vertical resolution
and the lower the depth of investigation, and vice versa.

A ground-penetrating radar instrument includes a
transmitter, a receiver, and a data collection device. The
transmitter sends radio pulses from an antenna into the
ground. A receiver picks up reflections received from
this radio signal, the strength and direction of the
reflected signal give the size and depth of the reflecting
object (Daniels, 1996). The advantage of GPR is that it
records detailed vertical soil profiles rather than just
generating horizontal plan maps. It must be remembered
that GPR doesn't only image targets in the subsurface, it
provides a 2D record of the 3D waves bouncing of
objects on the ground (Davis et al., 1989). Linear
features which are aligned with the GPR's electrical
field will not produce high reflectance values.
However, this means that GPR is good at distinguishing
linear features if only run perpendicular to the path of
the antenna (Sharma, 1997).

2.2. GPR instrument

In the present study, a Sweden MALA GPR
system was used with a 100 MHz antennae (Fig. 3). It
provides a detailed look at what's beneath the surface.
The system offers leading-edge GPR technology, with
full digital control to all setup parameters and a multi-
channel color display.

2.3. Data collection and processing

Sixteen GPR profiles of E-W direction were
conducted of different lengths ranging from 32-35 m,
with a line separation of 1 m width.. The objective of

this study is to detect the size and depth of subsurface
voids (sinkholes) to treat loos of the irrigation water.
The conducted GPR data were processed using the
software program (Reflex W, 2D/3D). This program is
designed for the steps of processing and interpretation
of 2D and 3D electromagnetic and seismic reflections.
The program supports most formats of the GPR data. As
part of the standard filter algorithms, a wide range of
special methods is available. The raw GPR data were
processed using several parameters and filters to get
clear high-resolution 2D GPR profiles (Sato, 2001).

Using ReflexW software, version 7.0 (Sandmeier
2012), the 2D data processing routine comprised:
IMPORT - involve file format conversion (*.dzt -

output from SIR3000 equipment, to *.dat format -
ReflexW file);

SET TIME ZERO - adjust of the first arrival of the
electromagnetic wave;

ENERGY DECAY (gain) - applied to recover the
attenuated amplitude of the electromagnetic signal
during signal propagation;

BACKGROUND REMOVAL (2D filter) -
remove coherent noise related to the reverberation of the
electromagnetic wave within the antenna shield and
external noises;

BANDPASS (1D filter) — eliminate of electronic
and static noise inherent to the system;

LINEAR GAIN - applied to highlight the
amplitudes lost with spherical scattering.
2.4. Data interpretation and analysis

GPR is a geophysical tool that produces vertical
cross-sectional images of the shallow subsurface,
similar to seismic reflection profiles. GPR data
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collection provides the reflection and scattering of high-
frequency electromagnetic waves within the subsurface
(Gutierrez et al. 2009 and Mustasaar et al. 2012). If the
subsurface layers were homogenous, the GPR
instrument could not record any reflections. But earth
crust is heterogeneous, and therefore gives radar
reflection data to interpret (Hempen and Hatheway,
1992 and Daniels, 1996). The analysis of the reflected
GPR signals is important because it gives notice of
subsurface changes in lithology and other physical
properties. The higher the contrast at a buried object, the
greater the amplitude of the reflected waves. The
amplitude changes can be related to the presence of
important buried objects. The location of high and low
reflectivity at specific depths can detect the possible
buried objects with the surrounding soil. Areas of low
amplitude reflections indicate uniform matrix materials
or background soil, while those of high amplitude
waves denote areas of high subsurface contrast, such as
voids or gap features (Conyers and Goodman 1997).
The gathered sixteen GPR profiles were divided into
four groups to be processed and analyzed as follows:

A- Group 1 (P1-PJ)

The length of each of these profiles is 34 m with a
separation of one meter (Fig. 4). Observing the
reflecting signals of the subsurface media provides
information about the hidden layers of underground in
these profiles.

In P, and Py, the reflected signals are nearly
similar, indicating the lock of possible hidden targets.
The arrows in P, refer to the locations of possible slop
cracks including wet soil, which gives high contrast
color for the reflected signals. In P3 and P4, the black
circles show signals scattering with a different contrast
color than the surrounded soil, this indicates the
possible gaps or voids as a collection of underground

water coming through the slop cracks. The depths of the
possible hidden voids are estimated to be about 7 and 8
m for P, and P4 respectively.

B- Group 2 (Ps-Ps)

These profiles have different lengths that range
between from 32and34 m with a separation of 1m (Fig.
5). The four GPR profiles include signals reflection,
low, medium, and high reflection with a variation in the
color contrast. The low and medium reflections refer to
the soil bed layers and the high reflection indicates the
possible hidden voids. The black arrows show possible
slop cracks for passing underground water to possible
subsurface voids indicated by the black circles. By
visual inspection of the reflected signals inside these
circles, reflections and scattering inside the circles are
relatively higher than the surrounded soil, so the circles
may indicate the presence of possible voids at these
locations. The high contrast color of the reflected
signals in these profiles may indicat to the wet parts of
the soil. The possible hidden gaps or voids have depths
of about 7m in Ps and P; profiles and 8m in Ps and
Pgprofiles.

C- Group 3 (Ps-P12)

This group includes four profiles Py, P1o, P11, and
P12 (Fig. 6), with various lengths that range from 32to34
m with separation of one meters. Observing the
reflected signals compare to the background reflections,
there is no marked variation in the strength of these
reflections and all are relatively similar in the color
contrast except for some locations that have high pink
colors. These locations indicate the wet soil and water-
saturated parts of the subsurface soil, Py and Pyiprofiles.
For these reasons, there are no clear voids in profiles,
P1o and P1o.
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Fig. (5): GPR profiles Ps-Ps.
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Fig. (6): GPR profiles Po-P12.
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D- Group 4 (P13-P1e) to improve the quality of the profiles for a perfect
interpretation of the 2D radar images and delineating the
depths of the hidden features. The results of the GPR
data interpretation showed that the depths of these
targets are 7m in profiles (P2, Ps, P7, and P16) and were
8m in profiles (P4, Ps, and Pgg), equivalent to the TWTT
of (140 - 190 ns). 3D analysis was performed on total
GPR profiles to confirm the presence of the possible
hidden features and estimates accurate depths of these
objects. Four time-slicing at different TWTT were made
(Fig. 8), two X-cut (10, 14 m. distance) and two Y-cut
were performed at distances of 6 and 10 m (Fig. 9).

The length of the GPR profiles in this group is
nearly similar (34m) with a separation of 1m (Fig. 7).
Three Profiles (P13, P14, and P1s5) have no high variation
in reflection strength and the signals scattering, so the
presence of any hidden voids observed and appear
smooth, except for some parts of the soil with high
contrast color indicating the wet and water-saturated
parts Thus there are no clear evidence of possible
hidden targets under these profiles. In the GPR profile
(P16), there is a relatively high reflection and scattering
(indicated to by the black arrows and circle) for the

signals with high contrast color compared to the The time slices, X-cut and Y-cut confirm the
surrounding soil. These features may indicate the presence of possible hidden target at TWTT ranges from
locations of the possible slop cracks and void in this 140 ns to 190 ns. These results are in agreement with
profile. The depth of the possible hidden void is about the depth estimated from the 2D images, but the 3-D
7m. data analysis for the GPR data enabled better realization
3D Analysis to the hidden features. The total information of the

. . possible hidden voids (sinkholes) are gathered for

The GPR data were processed by different filters presentation in Table 1.
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Fig. (7): GPR profiles P13-Ps.

Table (1): The total information of the hidden possible voids (sinkholes) in the conducted
GPR profiles of the study area.

. Approximatel Approximatel Approximatel
Profile No. ppTWTT y PP Depth y PP Size y shape

P2 140-190 ns m 2.5m oval

P4 140-185 ns 8m 3m oval

P5 140-180 ns 7m 3m circular

P6 140-190 ns m 4m oval

P7 140-180 ns 8m 3m circular

P8 140-190 ns 8m 3.5m oval

P16 140-190ns 7m 3m Nearly circular
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Fig. (8): 3D time slicing for the total GPR profiles.

Fig. (9): 3D X-cut and Y-cut for the total GPR profiles.
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CONCLUSIONS

The aim of the present study is to detect the
subsurface voids or gaps (sinkholes) in the selected area
to make up the loss of the irrigation water using the
GPR technique. For this purpose, 16 GPR profiles were
conducted of different lengths ranging from 32-35 m,
with a line separation of 1 m. using the antenna of 100
MHz. The obtained GPR profiles were processed using
the software program (Reflex W, 2D/3D) using different
filters for achieving sound interpretation. The sixteen
GPR profiles were divided into four groups, each one
including four profiles.

The interpretation of GPR profiles from Py to Pas,
reveals the locations of some possible voids or gaps
(sinkholes), depending on the strength of wave
reflections with its color contrast and amplitudes
relative to the surrounding soil. These locations show
different contrasts and high amplitudes of the reflected
signals, compared to the surrounding soil. The
scattering of the signals may be higher than the
surrounded bed layers in these locations, which may
reveal the presence of the possible voids or gaps in the
study area.

The GPR data were processed in different ways to
filter the profiles from noises to be interpreted
accurately for the 2D radar images and to delineate the
depths of the hidden possible targets. The results of the
GPR data interpretation indicated that the depths of
these targets were at 7m in profiles (P2, Ps, P7, and Pis)
and at 8m in profiles (Ps, Ps, and Pg) which are equal to
the TWTT of (140-190 ns). 3D analysis was performed
for the total GPR profiles to confirm the presence of the
possible hidden target and the accurate depths of these
objects. Four time-slicing at different TWTT were
made, also two X-cut at 10 and 14 m distance, and two
Y-cut were done at distance 6 and10 m. The time slices,
X-cut and Y-cut show the possible hidden target at
TWTT ranges from (140- 190 ns). These results are in
agreement with the depth obtained from the 2D image.
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