Acta Geodyn. Geomater., Vol. 4, No. 4 (148), 83-88, 2007
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ABSTRACT

This paper presents results from the examination of flood embankments by means of three geophysical methods: GPR, mutual
impedance of loop antennas measurements and D.C. resistivity method. In order to increase measuring accuracy, the mutual
impedance measuring system works at a high frequency. Parameters of mutual impedance measuring system were presented.
A method of mutual impedance measurement results was described. Flood embankments examination results showed that the
simultaneous use of few geophysical methods increases accuracy of inhomogeneities detection in near-surface structure of the
ground.
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INTRODUCTION

Flood embankments are very important elements
of hydro - protection systems. High water levels in
rivers or other water reservoirs is not always the main
cause of flooding. The poor condition of an
embankment is, very often, the main reason why
floods occur. Flood embankments are under the
influence of many different factors that can weaken
their structure. Therefore their condition should be
evaluated frequently. According to Polish regulations
every section of flood embankment has to be
examined once in two years.

Examination of levee structure is carried out by
sounding i.e. drilling holes in the ground and taking
samples to assess its condition. Sounding should be
carried out at three points for every kilometre of
levee. Very often the places of drilling are chosen by
visual estimation. This is not a precise method
because the properties of an embankment can vary
drastically with every meter and it is easy to overlook
weak places on a levee. Additionally, taking into
consideration that the total length of an embankment
is equal to thousands of kilometres in every country, it
is very difficult to carry out a thorough examination
only by means of sounding. Therefore examination of
levees should be carried out in two stages: firstly -
preliminary examinations and secondly - sounding.
Preliminary examinations should be carried out by
means of one or few near-surface geophysical
methods. These methods have to make it possible for

examination in the fast way. Results of preliminary
testing of levee should show places where strong
inhomogeneities occur in the embankments. Sounding
then has to be carried out in these places .

Geophysical electrical and electromagnetic
methods can be successfully applied as methods of
fast detection of inhomogeneties in flood
embankments (Keller and Frishknecht, 1966; Kruk et
al., 2000; Nabighian, 1991; Verma and Sharma,
1995). A global parameter that is determined by
means of these method is apparent resistivity of the
ground (Nabighian, 1988; Wilt and Stark, 1982). On
the basis of changes in measured apparent resistivity
traces places where occur inhomogeneities in
examined section of levee can be found.

Another geophysical method that can be used to
preliminary embankment examinations is GPR (GPR
2004 website). The result of GPR survey is the
distribution of electric permittivity that gives
information about inhomogeneities in the levee.

Preliminary examination of flood embankments
has been the main subject of authors researches for the
past few years (Beziuk and Pralat, 2003, 2004).
During that period some surveys were carried out by
means of D.C. resistivity method (Keller and
Frishknecht, 1966) and measurements of mutual
impedance of loop antennas working at the high
frequency. Recently, in order to get more information
about levee structures, GPR examinations have also
been used.
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Fig. 1 Diagram of measuring system: 1 — cart, 2 — source antenna, 3 — measuring antenna, 4 — A/D converter
and RS 232 transmission system, 5— fibre-optic cable, 6 — system displacement meter, 7 — portable

computer.

The paper contains the description of a system
for measuring the mutual impedance of loop antennas.
A method of interpretation of mutual impedance
measurement result is described. Measurement results
of flood embankments carried out by means of D.C
resistivity, mutual impedance and GPR are presented.
The results indicate usefulness of simultaneously
using a few geophysical methods for levee
preliminary examinations.

MEASURING DEVICES

As mentioned earlier, measurements of flood
embankments sections were carried out by means of
three geophysical methods: GPR, mutual impedance
measurements and D.C. resistivity method. A system
for measuring the mutual impedance of a system of
loop antennas operating at a frequency of 1 MHz,
shown in Figure 1, requires additional description
because it has been designed and built from 1994 to
1997, at the Institute of Telecommunications and
Acoustics at Wroclaw University of Technology
(Beziuk nad Pralat, 2003, 2004; Pralat 1994, 1997).
GPR measurements were carried out by means of
georadar type RAMAC/GPR with a 250 MHz
shielded antenna. However D.C. measurements were
carried out by Polish device LPHO3. Measuring
equipment used for D.C. resistivity and GPR methods
are commercially made and will not be described in
the paper.

The construction of the system for measuring the
mutual impedance is similar to the others described in
the literature (McNeill and Bosnar, 1999; Wright and
Chew, 2002). It measures magnitude and phase of
mutual impedance for: horizontal coplanar, vertical
coplanar, vertical coaxial and perpendicular loop
antennas arrays. The system consists of a measuring
van and cart (1) towed by it. The cart is made of
plastic whereby it has no effect on the electromagnetic
field radiated by source antenna (2) attached to it. The
magnetic moment of source antenna can be changed
from 0.17 to 3.6 [Am?]. A field measuring antenna (3)
is also attached to the cart. Both antennas are situated

0.5 m above the ground. The spacing between the
antennas is adjustable from 2 to 6 m. The signal from
the field measuring antenna is supplied to a/d
converter (4) and then via a RS232 link is sent to PC
(7). There is fibre-optic link (5) between the field
source and the meter. The signal transmitted via this
link is used for the measurement of the impedance
phase. It is also used in a system eliminating the
primary field originating from the source antenna
whereby measurements can be performed using all the
antenna configurations described above. The system
includes system displacement measuring unit (6) with
a measuring resolution adjustable from 0.05 m to
1.6m.

Another issue is the penetration depth of the
described system. According to Spies (1989) the depth
of investigation in EM surveys depends on the
following factors: sensitivity and accuracy of the
measuring system, complexity of the investigated
medium and an ambient and inherent noise level.
Because we did not have the exact information on the
structure and parameters of the levees, we were unable
to compute the penetration depth with the forward
modelling method. Therefore the system’s penetration
depth was experimentally determined by comparing
the measurements obtained by means of the system
with the ones yielded by the D.C. electrical resistivity
methods. The penetration depth was also estimated by
the measurements of some sections of the levees that
contain visible inhomogeneities such as a pipe culvert.
One can notice that penetration depth was determined
through examining levees and because of a particular
levee’ structure it can be different for investigation of
other media. Penetration depth of the system can be
changed by changing the spacing between the
antennas and their configuration but it should be
noticed that a maximum distance between antennas at
which the system works correctly is equal to 10m.
The maximum penetration depth is equal to the
spacing between the antennas for perpendicular loops
and horizontal coplanar loops. Whereas for vertical
coplanar loops and vertical coaxial loops the system’s
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Fig. 2 Algorithm for interpreting mutual impedance measurement results.

penetration depth is 1-2 m greater than the spacing
between the antennas. Obviously in the case of a very
conducting ground, penetration depth of the system is
smaller than mentioned above.

INTERPRETATION OF MEASUREMENT RESULTS

The mutual impedance of a system of loop
antennas is not a quantity which characterizes the
investigated conducting medium. It is an indirect
quantity on the basis of which the parameters of
investigated conducting medium, such as apparent
resistivity, can be determined. There are several
definitions of apparent resistivity of conducting half
space. The differences between them are mainly due
to the different methods used for measuring apparent
resistivity (Kruk et al., 2000; Wilt and Stark, 1982). In
this research, we used the commonly known
interpretation method (Frischknecht, 1967; Kruk et
al., 2000; McNeill, 1980; Nabighian, 1991). It consists
of finding the best match between the measured data
and the theoretical curves. The only difference being
that in mentioned papers apparent resistivity was
determined from the measurements of the mutual
impedance of antennas placed on the ground’s surface
while in this paper apparent resistivity is determined
for antennas situated at a certain height over the
investigated medium. A schematic algorithm for
interpreting mutual impedance results is shown in
Figure 2.

Interpretation consists in determining a theo-
retical mutual impedance curve for a homogenous
medium as a function of changes in its conductivity
for a given configuration of antennas, the spacing
between them, the height at which they are situated
and their operating frequency and then comparing the
measured mutual impedance values with the
calculated theoretical values. Using the least squares
method a theoretical mutual impedance value is
calculated for a homogenous medium, which is closest

to the measured value. In other words, interpretation
consists in the minimization of this function

2
z z
9= {— - (0)} , 1)
Zow Zot
where: Zz is the measured mutual impedance value
0Mm

and Zi(a) is the theoretically determined mutual
T
impedance value. The resistivity (conductivity) value
for which such a theoretical mutual impedance value
is found is the sought resistivity (o,) or apparent
conductivity (o) of the medium. Since measurements
are performed for media having a different structure
and the measured mutual impedance values are
compared with values theoretically determined for a
homogenous medium, the resistivity value which is
found is called apparent, i.e. it is equivalent to the
average of the resistivities of the investigated
medium’s particular layers. Thus the medium’s
apparent resistivity is a function of the particular
layers’ resistivity and thickness. The interpretation of
measurement results is demonstrated step by step in
Figure 3.

FIELD MEASUREMENT RESULTS

Figs. 4a — 4d present examples of results of
examined sections of flood embankment by means of
three methods: D.C. resistivity, mutual impedance of
horizontal coplanar loops, mutual impedances of
vertical coaxial loops and GPR. D.C. resistivity
measurements were carried out at every 10-meters, for
Wenner array with electrode separation equal to 10
meters. Mutual impedance measurements were carried
out at every 0.2 meters with antennas spaced equally
at 5 meters. However GPR measurements were
carried out at every 0.3 m at a frequency of 250 MHz.



86

a)

)

ﬁ 0.2

EO]-

c)

0.6
0.5}

0.4

1S
0.3_0 [Sim]

D-‘I|5.’m]
0.1}

0.2

-0 30

0.6

01
0.2

0. 30

-1.[5-'m]

02

0.2

0.01[S/m]

0.4

0.01[S/m]

0.4

0.0001[S/m]

0.6
re [Z/Zo]

|

0.001[S/m]

08 1

ical and

0.0001[S/m]

06
re [220]

0.001[S/m]

08 1

R. Mydlikowski et al.

Perpedicular loops r = 6m f = 1MHz
06

values

b)

d)

1[SHh
o5t 0.01[S/im]

0.001[S/m]
0.4}
S0 11sm)

Measured value

0.0001[S/m]

0 02 0.4 06 08 1
re [2/2o]

0 0.1[Su'm]

= 0.001 [Sim)

The best least squares solusion - o,

0.0001(S/m)

08 1

o 02 06
re [2/Z0]

Fig. 3 Example of mutual impedance measurement interpretation: a) determination of theoretical mutual
impedance curve, b) measurement of mutual impedance, ¢) comparison of all theoretical mutual
impedance values with measured mutual impedance value, d) determination of medium’s apparent
conductivity by least squares method.

p [Cm]

Fig.4 Results of surveys flood embankments by means of: a) D.C. resistivity, b)

70

65+

s

S et g

80 &0
o,
80 &0

120

180

140 180 200
| 1
I r
| LA \
P ¥ Wl ]
120 140 160 180 200

B

p [Qm|

I

|
| ‘|l
|
mmww‘”"”’"’m’ Awrtny \, «.|| ’.| A
l um _;'ﬁ' v\

) " L L L e L s L L

s [m]

40 &0 80 120 140 180 180 200

d)

é
[w] wdap

[+] 20 40 80 80 100 120 140 180 180 200

s [m]

mutual impedance of

horizontal coplanar loops, ¢) mutual impedance of vertical coaxial loops, d) GPR.



DETECTION OF INHOMOGENEITIES IN STRUCTURE OF FLOOD EMBANKMENTS ... 87

Analyzing the results of measurements it is
evident that inhomogenities occurred in the 150m area
of the levee is clearly visible on curves which are
interpretations of measurement results of mutual
impedance. In Figures 4b and 4c we observe the
increase of measured resistivity of the tested ground
around 150m of levee. The results were also
confirmed using the GPR method (Fig. 4d). This
figure clearly shows distortion of image of tested
fragment of levee on 150m. Both methods show
inhomogenities around 110m of the levee. These
inhomogenities are not so evident in Figures 4 b,c
(increase of resitivity), 4d (distortion of image).
Inhomogenities on 110 and 150m of the levee are not
so clear visible on the curve obtained from DC
Resistyvity measurements (Fig. 4a). The reason for
this could be that measurements were done less often,
that is, they were taken every 10 meter. DC
Resistyvity  method  shows  clearly  certain
inhomogenities between 20 and 40 m of levee. These
inhomegenities can be seen as an increase of apparent
resistivity (Fig. 4a) on this part of the levee. This
change in the structure of the levee is also confirmed
by GPR method. On Figure 4d, we also observe
certain image distortions between 20 and 40 m of the
levee. These inhomogenities could not be detected by
measurements of mutual impedance.

CONCLUSION

This paper presents examples of examination
section of flood embankments by means of three
geophysical methods: GPR, mutual impedance
measurement and D.C. resistivity measurements. The
system for measuring of mutual impedance of loop
antennas, developed at Wroclaw University of
Technology, was described. The system works at high
frequencies in comparison with other known
geophysical EM systems.

Inhomogenities which occur on the levee can be
characterized by several electrical parameters. Holes
made by animals living around water bodies are
characterized by a large value of resistivity and small
value of electrical permittivity. This kind of
inhomogenities can be easily detected by high
frequency electromagnetic methods: GPR or
measurements of mutual impedance. Structure
weaknesses of levee caused by high level of ground
water are characterized by high level of electrical
permittivity and low resitivity. Depth of penetration of
electromagnetic waves is small due to the fact that, in
this medium electromagnetic waves are strongly
attenuated. Therefore, the occurrence of this kind of
inhomogenities can be detected by DC Resistyvity
method, because in a moist medium electrical
conductivity is very good. Summarize the results of
examination indicated on necessity using of a few
geophysical methods. It enables to detect in non-
invasive way all inhomogeneities in the structure of
examined section of embankment.

Presented results of surveys can help in a variety
of other works that require an assessment of the near-
surface structure of the ground, e.g. road construction.
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