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ABSTRACT

Electrical prospecting is a branch of geophysical methods that studies electromagnetic fields of various nature.
The purpose of electroprospecting is to determine the electromagnetic characteristics of the geological
environment (resistance, conductivity, polarization, etc.), from which we can draw conclusions about the
structure of the studied area. Electrical study can be divided into two groups: passive and active methods. The
first of them is called natural electric field methods, and the second - artificial electric field methods. The
materials presented in our paper were obtained by the method of resistance (vertical electric sensing) and the
method of natural electric field. The article presents a study of rock humidity and the possible existence of
underground water flows.
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Introduction

Electroprospecting (Vertical Electrical Sounding)

In electroprospecting (resistance method) is used artificial power source. The electricity reaches the
ground through the power electrodes and the difference between the arised potentials is measured by the
receiving electrodes on the earth surface. If the environment is homogeneous, the resistance method gives us
true conductivity, which will not depend on the configuration of electrodes and the position of electrodes on
the surface of the earth, since the true conductivity is a constant. In electric resistivity imaging (ERI) electric
currents are injected into the ground and the resulting potential differences are measured at the surface, yielding
information about the distribution of electrical resistivity below the surface. Finally this gives an indication of
the lithological and structural variation of the subsoil (since resistivity depends on sediment porosity and pore
water). In the shallow subsurface, the presence of water controls much of the conductivity variation.
Measurement of resistivity is, in general, a measure of water saturation and connectivity of pore space (1,2,3,5).
This is because water has a low resistivity and electric current will follow the path of least resistance. Increasing
saturation, increasing salinity of the underground water, increasing porosity of rock (water-filled voids) and
increasing number of fractures (water-filled) all tend to decrease measured resistivity. Increasing compaction
of soils or rock units will expel water and effectively increase resistivity. In environment AV, and therefore
impedance p should be dependent on the configuration and location of electrodes, as secondary fields influence
on the primary field [2]. Therefore, the measured p value in nonhomogenous environments is called an
apparent resistivity and is signed as pa. The coefficient of reaccount for uneven environment depends on the
configuration of electrodes. Different configurations of the electrodes are used according to the type of
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problem. In our tasks we used the Schumerberger method. Receiver MN electrodes are fixed in the center of
the device, while the distance between the current AB electrodes increases gradually [3].
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Fig.1. Schlumberger method of vertical electrical sounding

The vertical electrical sounding (VES) method relies on the fact that the greater is the distance between
of current electrodes (AB), deeper penetrating the current, than from more deep layers we receivs information

by measured potential on the electrode.
The works were carried out by the Italian electrometer equipment (Earth Resistivity Meter PASI

16GL-N). Data processing was done through a certified IPI2WIN program.

Electrical resistance table for some of the rocks

The name of the rock Electrical resistivity (ohm.m)
min typical max
Clay 5 10 15
loam 10 30 50
sand clay 30 50 80
Water-saturated sands 50 80 200
Sands slightly moist 100 150 500
Dry sands 200 500 10000
Carbonate rocks weakly cracked 500 1000 5000
Intrusive rocks weakly fractured 1000 2000 10000
Bulk 30 50 500
Permafrost rocks of various ice content 500 80000
Ores minerals conductors(in mostly sulphides) 0,001 1-5
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As we see from this table [2], the electrical resistance is different for different rocks that allow us to
be more confident about the definition of rocks, the water content in them, and to overcome various
geophysical tasks.

A study entitled slope stability analysis for landslides natural disaster mitigation by means of
geoelectrical resistivity data in Gedangan of South Malang, East Java, Indonesia has been conducted [12]. The
research was conducted using geoelectrical resistivity method by applying a vertical electrical sounding (VES)
model and Wenner-Schlumberger configuration. From the data as a result of field data acquisition, processing
and interpretation are carried out to obtain landslide parameters. By merging each vertical electrical sounding
(VES) point, physical parameters will be obtained as the basis for local landslide analysis [12].

Landslide, as a geohazard issue, causes enormous threats to human lives and properties. In order to
characterize the subsurface prone to the landslide which is occurred in the Tehran-North freeway, Iran, a
comprehensive study focused on geological field observations, and a geoelectrical survey as a cost-effective
and fast, non-invasive geophysical measurement was conducted in the area [13]. The Vertical Electrical
Sounding (VES) investigation in the landslide area has been carried out by the Schlumberger array for data
acquisition, implementing eight survey profiles varying in length between 60 and 130 m [13]. Electrical
resistivity values above 150 Qm indicate a basement of weathered marlstone and sand. Values between 15 and
150 Qm illustrate a shale-content layer with outcrops in the area that is the reason for movement. The sliding
surface is at a depth of about 12 m. The method used in this study is a good candidate to investigate the risk of
landslides in this region and can be applied to other landslide areas where borehole exploration is inefficient
and expensive due to local complications [13].

Natural electric field (NF) method

In the lithosphere, there are diverse natural electric fields that differ in their nature, nature and scale of
manifestation. Among them, a special place is occupied by the electrochemical fields of natural electronic
conductors, also called fields of redox or ore nature. One of the methods of electrical exploration is based on the
study of fields of this type - the natural electric field method (SP method), which is used to search for and explore
mineral deposits and map certain types of rocks.

The self-potential method enables non-intrusive assessment and imaging of disturbances in electrical
currents of conductive subsurface materials. It has an increasing number of applications. Laboratory
investigations undertaken, the inverse problem and seismoelectric coupling, and concludes with the application
of the self-potential method to geohazards, water resources and hydrothermal systems [8].

Landslides present a latent danger to lives and infrastructure worldwide. Often such mass movements
are caused by increasing pore pressure. The electrical self-potential (SP) method has been applied in a broad
range of monitoring studies. When fluid flow is involved the most relevant source of SP is the streaming
potential, caused by the flow of an electrolyte through porous media with electrically charged internal surfaces
[9].

The trigger factor of landslide in Pasanggrahan, Indonesia is the increase of water content in the slope
and the slip plane. The slip plane began to actively to turn on when the rainy season arrives. The infiltration of
rainwater into slopes as an avalanche trigger can be detected by Self Potential (SP) method. SP measurements
were performed to determine changes in subsurface water flow [10].

The major factor that triggered the landslide is the combination of the heavy rainfall and the existing weak
zones. The electrical resistivity and self-potential profiling are invaluable tools for providing subsurface
information in landslide investigation [11].
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Fig. 2. Dry unpolarizable electrodes for self potentials measurement - PMS 9000

In the natural electric field method, two methods of observation are used: the gradient method and the
potential method. When using the gradient method, the potential difference between adjacent points of the
profile is measured. This method is indispensable in cases where it is not possible to use long wires, for
example, in settlements or in areas of intense industrial interference. On the other hand, measurements by the
gradient method are often accompanied by the accumulation of a large error, and the results require additional
processing. The most commonly used and simplest for processing is the shooting of the EP according to the
potential scheme, when one electrode is fixed, and using the second identical electrode, the potential difference
between the fixed electrode and the rest points of the space is measured.

Measurements of the natural electric field were carried out by means of non-polarizable electrodes of
French production (Unpolarizable electrodes for self potentials measurement - PMS 9000).

Field measurements and processing methods

Electroprospecting works. On March 29, 2021, on the landslide located on Machavariani street,
electroprospecting works were carried out using the method of vertical electric sounding. Measurements were
performed with modern Italian (PASI GL-15N) equipment. The measurement was performed at two points
(Fig. 3). The data was processed using the certified program IP12Win.

The first measurement was made near the landslide tongue, on Machavariani Street (Fig. 3). The
measurement was performed by the vertical electrical sounding, with Schlumberger method. The maximum
distance between the current electrodes was 100 meters. The corresponding vertical electrical sounding (VES)
curve is presented in Fig. 4. The figure shows the curve obtained as a result of resistivity measurements in
black, the theoretical curve in red, and the layers, separated by inversion method, in blue. The analysis of the
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imaginary curve allows us to assume that the clay layer starts from a depth of about 25-30 meters. This result
is in some agreement with the results obtained by carotage of wells in the vicinity of VES point.
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Fig. 3. Positioning of vertical electrical sounding points in landslide body areas.
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Fig. 4. Vertical electrical sounding curve obtained as a result of measurements near the landslide tongue.

The second measurement was made on the landslide body, about 500 meters away from the first point
(Fig. 5). The measurement was also performed using the vertical electrical sounding method with
Schlumberger extension. The maximum distance between the current electrodes was 250 meters.

The corresponding vertical electrical sounding curve is presented in at Fig.5. Potentially humidity
layers are separated on the VES. However, the analysis of the vertical electrical sensing curve allows us to
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assume that the entire investigated underground space is characterized by high humidity, which may indicate
the inflow of water from certain areas.
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Fig. 5. Vertical electrical sounding curve obtained as a result of measurements on the landslide body.

Works of natural electric field. The measurement of the natural electric field was carried out in the vicinity
of the second point of vertical electric sounding (vashlijvari2) (Fig.3). The measurement was carried out by
method of the potential (Fig.6). One electrode was fixed stationary in the center of the circle, while the other
electrode, connected to it by a 25-meter cable, moved around the circle at a 90-degree angle step. The potential
difference was measured on each step. Measurements of the natural electric field allow determining the
presence and direction of groundwater flow. From the asymmetry of the diagram, it can be assumed that there
is movement of underground water. By analyzing the presented diagram (Fig.7), the direction of groundwater
flow can be assumed. Most likely, the movement of underground water flow occurs in the direction of small
to large potential difference.

Fig. 6. Non-polarizable electrodes PMS 9000
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Fig. 7. Result of measurement of the natural field by circular (90° angle) rotation

Conclusion

1.Vertical electrical sounding method is effective in determining groundwater levels, lithology of subsurface
and estimating moisture of the subsurface rock. Also, to evaluate the thickness of moistened areas.

2. Measurements of the natural electric field allow determining the presence and direction of groundwater
flow.

3. Each of these methods has its own area of application. In the complex they complement each other and can
be used for more useful information.

4. However, it should be noted that the work done is not sufficient to study the issue in depth. Further studies
are needed.
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993G ™d09d0L 3g0m©Ydols Aglisdergdenmds dghiygerye sMgdo
9395903306000 ©sEYb0s6gdoL s dofolidzgds Hgerol bogswols
09935L99500

b. 35650533000, X. JoM0s, 5. MOBIB-BrME530, b. EMbGo
9Bomdg

99dGH™30905 SO0 29MB0D0IMO0 I9MEYdOL J0ToMmEYdS, MMIGE0E BHogwrMmdl Lbgsalbgs
069d0L  9EgdBOMToaboGMO  39egdL.  9gdBHM™MA0gdOL  JoBsbos  AIMEMAOMMO QoMM
99dGHOM3boEMOO FoboliosmgdEgdOL A6 (F0bs50TYRMdS, FTBHIOMBDS, 3MWIMODBIGOS OO
0.9.), Ls0obsE Fgodergds 249353900Mm0m 1336900  TGuHogzEw oo BHIMOGHMOMOOL 5390w gdOL
d9lobgd. 9wwgdBHOMEo 498m33wg3s F90dwgds ©S0YMlL MO XAMBI: 35BOMMO s SJBHOYOO
3900Mm©Y00. 30039 Fomobl 0BxdM030 JE9dBHOWIO 390l (093) IgOMPIOL fiMmgd9b, breom
39Ol - bgemzbmmo gargdGHewo 390l 3900mgdL. B39bL b5dMmAdo Fomdm®agboero dsbaergdo
00090905 [0b550dgamdol  (39MGH035MMmO  9EgdBHOIo  Bmbo®mgdol) TgmmEom  ©o
016906030 ggdBHMEo 390l gMPOm. LGB0 FoMdmygboos Jsbgdol 3oHgwosbgdols
Q5 dofjoligzgds Hywgdol b535gd0L Tgboderm sOLYIMBdOL 33¢93s.

B03MOKHOCTH 3J1EKTPOPA3BEIOYHBIX METO/I0B B OLIEHKE MOA3eMHOI
BJIATH U MO/J3€MHOI'0 NMOTOKA BO/JbI B ONOJI3HEBOI 30He

H.J. Bapamamsuin, JI.K. Kupus, A.I'. Tapxan-Moypasu,
H.A. I'ionTn

Pe3rome

OnekTpopas3Beka — pasfed reopu3MUecKuX METOAOB, W3YyYarOIIUi AJIEKTPOMATrHUTHBIE TMOJIS Pa3InYHON
npupoApl. Llenpr0  AJIEKTPOpAa3BEAKHM  SIBISETCS  ONPENEICHUE  AIEKTPOMArHUTHBIX — XApaKTEPUCTHUK
T€0JIOTHUECKON cpelibl (COMPOTHBICHHE, JIEKTPOIPOBOAHOCTD, MOJSPU3ALMI U Jp.), 10 KOTOPBIM MOXKHO
CENaTh BBIBOABI O CTPOCHNUHU U3y4aeMOU TEPPUTOPUH. DIEKTPUUECKUE HCCIEN0BaHMsI MOXKHO pa3fesinTh Ha
JIB€ TPYIIbL: ITACCHBHBIE M AKTUBHbIE METOABI. IIepBBIH M3 HUX HA3BIBAETCS METOJAMHU E€CTECTBEHHOTO
JIEKTPUYECKOTO M0JIs, @ BTOPOH - METOJaMH COITPOTUBIIEHNA. MaTepuasl, IpeCTaBICHHbIE B HAILIEH CTaThe,
OBUIM TIONYYEeHBI METOJIOM CONPOTHBIICHHS (BEPTUKAIBHOE 3JICKTPHUYECKOE 30HIUPOBAHUE) W METOJIOM
€CTECTBEHHOI0 JIEKTPUYECKOr0 MoJIs. B cTaThe MpeacTaBIeHo NCCIEJOBAHNE APEHUPOBAHMS TOPHBIX TIOPOJ
Y BO3MOXKHOTI'O CYLIECTBOBAHUS 1036 MHBIX BOJLOTOKOB.
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