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Abstract

The researchers have tried to focus on how to determine the number of pipes that
are present in one obtained hyperbola in radargram profile. Ground Penetration
Radar (GPR) survey was performed to distinguish between two zero-spaced iron
pipes in radargram. The field work was carried out by constructing artificial
rectangular models with dimensions of length, width, and depth equal to 10.0, 1.0,
0.65 meter respectively that filled with dry clastic mixture deposit, three twin sets of
air filled iron pipes of 15.24 cm (6 inch) diameter were buried horizontally and
vertically inside the mixture at different distances together. Visual and Numerical
interpretation were chosen to get the best results. In the visual interpretation, the
amplitude variations show that the height of the positive peaks increases with the
increase of the space distance between the buried pipes. Numerical interpretation
appeared that the decrease in the width of the bands means an increase of the space
between the pipes. The second part of the numerical analysis comprises measuring
the amplitude value variation, among the signal forms; relying on the value of
amplitude in each hyperbola the distinction process becomes quite easy. Depending
on the variations in amplitude, the identification and discrimination of two closely
spaced underground pipes will be feasible. The big values refer to highly spaced
pipes while the low values denote the slightly spaced pipes. It is worth mentioning
that the lowest value indicates the amplitude of only one buried iron pipe.
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Introduction:

Ground Penetrating Radar (GPR) is a geophysical and Remote Sensing, non-destructive method
that has been developed over the past thirty years for high resolution and subsurface investigations.
GPR produces high frequency pulsed electromagnetic waves (generally 10 MHz to 2.0 GHz) and
usually operate in the VHF-UHF region of the electromagnetic spectrum that travel through the
ground until these waves meet geological targets or different objects then they reflect to the surface [1-
3]

The possibility of detecting and locating underground or buried objects remotely has fascinated
mankind for centuries. A single technique which could render the ground and its contents clearly
visible is potentially so attractive that considerable scientific and engineering effort has gone into
devising suitable methods of exploration. As yet, no single method has been found to provide a
complete answer, but seismic, electrical resistivity, induced polarization, gravity surveying, magnetic
surveying, and electromagnetic methods have all proved useful. Ground penetrating Radar, Ground
probing or surface penetrating radar has been found to be an especially attractive option [4, 5].

The application of Ground Penetrating Radar in engineering, mining, and environmental geology
studies is well documented and highly effective [6-11].

The new development of GPR techniques, acquisition, and processing used multi frequency
antenna, ,complex 3D datasets, and computer programs to increase data collection and resolution over
larger areas [12-17].

Discovering the number of zero-spaced and shape of the underground pipelines that have occupied
small subsurface area is still regarded as one of the big problems that are relevant to shortages in
shallow depth investigating geophysical method. Radargram hyperbolas are considered as one of the
diagnostic features to identify the number of subsurface pipelines through the number of its peaks. In
the literature, there are still few published works dealing with the automatic detection of patterns
associated with buried objects [18].

This research is an attempt to focus on how to determine the number of pipes that are present in
one obtained hyperbola. In order to explain the ways that relate to solving this issue with high
resolution.

Data collection:

The field work was started after constructing artificial rectangular models with dimension of
length, width, and depth (10.0, 1.0, 0.65) meter respectively that filled with dry clastic mixture
deposit, three twin sets of air filled iron pipes of 15.24 cm in diameter were buried horizontally and
vertically at depth equals to 0.65 m (65 cm) inside the mixture at different distances together, as
shown in Figure-1 and -2. The instrument comprised a portable RIS One and RIS Plus GPR System
Figure-3. Common-offset profiling mode of survey under the control of IDS factory setting parameters

(&r = 15, range = 128 ns, sample/scan = 384, and veIOC|ty 10 cm/ns) were used.
m *, 7
*.J b

Figure 1 — Lined Horizontal and vertical iron pipes inside the dry mixture clastic deposit model.
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Figure 2- Shows (a) the top view of horizontal arranging of the three twin sets of empty iron pipes (a;, a,, and
ag) within the dry mixture model (b) the side view of vertical arranging of the three twin sets of empty iron pipes
(bs, by, and bj) within the dry mixture.
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Figure 3 - Shows RIS One and RIS Plus GPR System.

Data analysis and Interpretation:

The analysis and processing of the collected field data were performed by using GRED.exe and
Reflex 2D Quick software [19, 20]. These programs can omit the bad data that distorts the radargrams,
helps to describe the hyperbola’s peak shape and shows the existed form of current traces or signals.
To get the best results both visual and numerical interpretation were chosen as follows:

Visual Interpretation:

Visual analysis and interpretation comprise an explanation of the hyperbola’s peak shape and
demonstrate the existed form of current traces and signals Figures-4,-5,- 6, and -7 a-d. Figure-4 refers
to a radargram of one iron pipe within the dry mixture, the hyperbola’s peak shape is completely
curved downward and there is no any clear sign of existing flat peak surface. Figure 5 indicates three
hyperbolas which have wide peak shapes as compared with Figure-4. In Figure-5 surface flattening is
starting from left to right (a; to as) depending on the increase of the distance between the pipes.
Moreover, appearances of hyperbolas peak splitting can obviously be seen now in the middle (a,) and
the right (a3) of hyperbolas which belong to 2.5 and 10.0 cm space between the iron pipes. Figure-6
refers to vertical arranging of iron pipes. It can easily be distinguished the middle (b,) and right (bs)
vertically set and arranged pipes while the left-hand pipe (b;) is still facing the same problem that
exists in the horizontal arranging of pipes. In order to know the exact number of zero vertically spaced
pipes, the amplitude value measuring is the best option, see Figure-8.
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Delay [nsec] LID10001.X12

10 15 20 Il

Figure 4- shows raw radargram of mixture model (one iron pipe within mixture), horizontal resolution test,
using factory setting parameters (e, = 15, range = 128 ns, sample/scan = 384, and velocity = 10 cm/ns).

Delay [nsec] LID10001.X12

Figure 5- shows raw radargram of mixture model (two iron pipes within mixture), horizontal resolution test,
factory setting parameters (s = 15, range = 128 ns, sample/scan = 384, and velocity = 10 cm/ns).

1778



Thabit and Bakir Iraqi Journal of Science, 2016, Vol. 57, No.3A, pp:1775-1782

Delay [nsec] LID10001.X12

o

100

Figure 6 - shows raw radargram of mixture model (two iron pipes within mixture), vertical resolution test, using
factory setting parameters (e, = 15, range = 128 ns, sample/scan = 384, and velocity = 10 cm/ns).

Figure-8 shows the amplitude variation is very clear; the amplitude value of the radargram that
includes one iron pipe is (5171) and the radargram that contains two vertically zero-spaced iron pipes
is (9620). Figures-7a and d refer to a signal form that has one iron pipe Figure-7a and signal form that
has more than one pipe. Figures-7b, ¢, d show a big difference between the signal forms especially in
the length or height of the pipe’s positive peaks. The height of the positive peaks increases with the
increase of the space distance between the buried pipes. So, the amplitudes show a direct relationship
with the spacing between two pipes.
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Figure 7(a-d) - shows comparison between the signal form of one alone iron pipe and two horizontally arranged
iron pipes at different distanced within mixture together.

" phase spechr
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Figure 8 - shows comparison between the signal form of one alone iron pipe and two zero-spaced vertically
arranged iron pipes within mixture together.

Numerical Interpretation:

In order to demonstrate and verify the fact of visual interpretation and to confirm the results, there
is another method which is called numerical interpretation that can help this part of the study.

Figure-9 shows to the amount of horizontal space between the buried pipes. This space appears as
clear dark-white-dark bands located inside the middle part of each hyperbola and determined by two
vertical yellow lines. Through measuring the width of the bands the researchers could find the amount
of separation between the buried pipes on the radargrams that leads to identify the presence of more
than one pipe inside the subsurface materials, see Table-1.

Delay [nsec] LID10001.002

X[m]

Figure 9 - shows appeared width between the hyperbola’s peaks of buried pipes, raw radargram of dry mixture
model (two iron pipes within mixture), horizontal resolution test, factory setting parameters (e = 15, range = 128
ns, sample/scan = 384, and velocity = 10 cm/ns).

Table 1 - shows the width of appeared dark-white-dark band on the radargrams that relates to the actual space

between the pipes.

Hyperbola position

Band width (m)

I I |
I Left I 0.6 |
[ Middle I 0.5 |
| Right | 0.4 |
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Over all, decrease in the width of the bands means increase of the space between the pipes, it
means inverse relationship between them. The second part of the numerical analysis comprises
measuring the amplitude value variation. Figure-7 shows the signal forms; relying on the value of
amplitude in each hyperbola the distinction process become quite easy, see Table-2. Depending on
these amplitude value variation from figures (a to d), the identification and discrimination of two
closely spaced underground pipes will be feasible. The big values refer to highly spaced pipes while
the low values denote the slightly spaced pipes. It is worth mentioning that the lowest value indicates
the amplitude of only one buried iron pipe.

Table 2- shows the amplitude value variation of the current signals that belong to the iron pipe within dry
mixture model.

Hyperbola in Figure (7) Horizontal arranging of twin sets Amplitude value
a One iron pipe 5171
b (a1) 11505
c (a2) 13100
d (a3) 14164
Conclusion:

Radargram of one iron pipe within dry mixture shows hyperbola’s peak shape is completely curved
downward, and there is no any clear sign of existing flat peak surface. Radargram of mixture model
(two iron pipes within mixture) shows surface flattening is starting from left to right (a; to as)
depending on the increase of the distance between the pipes. Moreover, appearances of hyperbolas
peak splitting can obviously be seen now in the middle and the right of hyperbolas (a, and a;) which
belong to 2.5 and 10.0 centimeters space between the iron pipes. While in the vertical arranging of
twin sets of iron pipes, it can easily be distinguished the middle and right (b, and bs) vertically set and
arranged pipes, while the left hand pipe (by) is still facing the same problem that exists in the
horizontal arranging of pipes. The comparison between the signal forms of two vertically arranged
iron pipes within mixture together shows a big difference between the signal forms especially in the
length or height of the pipe’s positive peaks. The height of the positive peaks increases with the
increase of the space distance between the buried pipes, In addition, the amplitude variations show that
the height of the positive peaks increases with the increase of the space distance between the buried
pipes, it means a direct relationship between them.

Numerical interpretation appeared that the decrease in the width of the bands means increase of the
space between the pipes (inverse relationship). The second part of the numerical analysis comprises
measuring the amplitude value variation, among the signal forms; relying on the value of amplitude in
each hyperbola the distinction process become quite easy. Depending on the variations in amplitude,
the identification and discrimination of two closely spaced underground pipes will be feasible. The big
values of amplitude refer to highly spaced pipes while the low values denote the slightly spaced pipes.
It is worth mentioning that the lowest value indicates the amplitude of only one buried iron pipe. It is
concluded that the results could help the civil engineers to find the underground utilities before
planning to excavate the proposed area for building and constructing new projects.
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