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ABSTRACT

Electrical exploration is a large group of geophysical methods that study electromagnetic fields of
various nature. The purpose of these studies is to determine the electromagnetic characteristics of
the geological environment (resistance, conductivity, polarizability, etc.), knowing which you can get
valuable information about the structure of the studied area or region. By the type of electromagnetic
fields, electrical exploration can be divided into two groups: the first - combines methods that study
natural, the second - artificial electromagnetic fields. The first ones are called natural electric fields
methods, and the other - methods of resistance. The materials presented in our work have been
obtained with resistance (vertical electric sounding) method. The article provides a brief overview of
the results of various types of work. Studies results on the possible moisture of rocks and the existence
of groundwater at different depths are presented. Also presented are the results of lithology of rocks
in landslide zones, studies of the possible moisture and evaluation of landslide safety coefficient (FS)
for several landslides.
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Introduction

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. 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.
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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 p_a. 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 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.

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 500 80000
content
Ores minerals  conductors(in 0.001 1-5
mostly sulphides)

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.

Search for water

We carried out one of the interesting works through vertical electric sounding for water
searching in Sachkhere district, in the valley village of Savane, in the vicinity of the river Kvirila.
The works were carried out by the Italian electrometer equipment (Earth Resistivity Meter PASI
16GL-N).
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In the search range, up and down to the Kvirila River, several electrical survey profiles were
conducted. The measurements were carried out at several points on each profile using the method of
vertical electrical sounding. In total, 26 points of vertical electrical sounding (Schlumberger
methods) on the left bank of the Kvirila River, north of the village of Savane. The length of each
spreading was 500 meters and a depth of about 170 m.
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Fig 2. Vertical electric sounding in two different points with appropriate resistance and separated
layers and one of the long resistivity profile

Figure 2 shows that in both cases VES-a stands out wet layers, relatively dry layers, clay,
loam, which is quite good matches with the actual results of drilling. It also presented a long profile
(about 1200 meters) obtained by joining several small profiles on one line. Several such profiles were
made along the Kvirila River.

Assessment of landslide hazard

Complex geophysical studies were conducted on the Khoko landslide at the Enguri reservoir.
We took part in the works with electro prospecting equipment (Earth Resistivity Meter 16GL-N). On
the Figure 3, presented the process carrying of the above works and the results of the vertical electrical
sounding, in one point, measured by three electrode method. The graph shows that with increasing of
the depth is reduced by the imaginary resistivity, grows the moisture layers. The obtained results
allow us to conclude that landslide processes are developing in the local area. The thickness of the
layers in the process is not large (about 5-10 meters). The process is activated periodically during the
rainy season.
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Fig.3. Carrying works on the Khoko landslide and the results of vertical electric sounding measured
by three electrode method in one point of the landslide
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Fig.4. Results of vertical electrical sounding on Mukhatgverdi landslide
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Works were also carried out on the Gombori landslide. On the above-mentioned landslide was
made of vertical electrical sounding by Schlumberge's method. Were conducted assessment of the
risk factor of the landslide .

In order to assess the risk of landslide, exist a factor of safety [4]:

p = C + hgcos?6(p, — p,m)tan ¢

prhg sinf cos 6

Where ¢ is the cohesion, h - the thickness of the potential sliding mass, g - acceleration of free fall,
0 surface slope angle, p, - density of landslide rocks , p,, - water density, m - moisture layer part
in the sliding layer, ¢ - internal friction angle.
When FS> 1 — landslide is stable, FS <1 — landslide is unstable, FS = 1 — The condition of the
landslide is critical.

We also conducted electroprospecting works on one of the landslides near Mukhatgverdi road,
which potentially threatens the road to Mukhatgverdi cemetery.

Mukhatgverdi landslide consists of several blocks, some of which are active (moving) and
some are stable (immovable). We took measurements on all moving and immovable blocks.

The obtained results show unstable conditions in case of large rainfall (as well as in case of
earthquake) and relatively stable conditions in dry period.
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IMouck BOABI U U3YYEHHE OMOJI3HEH € UCIIOJIb30BAHUEM
JIEKTPOPA3BEAKU

H.A. Bapamamsuiu, /I.B. Tepnanse, /1.3. Amunaxsapu, JI.b. {Baau, T.I'.
Yuxansze, I'.'T. Kagxas, /[.H. BapamamBuiu

Pe3rome

DnekTpopas3Beqika - 3TO 00JacTh TeO(U3NISCKUX METOJI0B, KOTOpas M3y4aeT AJICKTPOMArHUTHBIC
OJISI pa3IMYHOM NpUpoabl. Llenbio ATUX nccneqoBaHuM SBISETCA ONMPEAEICHUE AIEKTPOMArHUTHBIX
XapaKTEPUCTUK TEOJIOTHUYECKOU Cpeabl (COMPOTHBICHHS, TPOBOIUMOCTH, Tojspu3auu u T. .),
KOTOpBhIE€ MOTYT MPEAOCTAaBUTh IIEHHYI0 HMH(OPMAIMIO O CTPYKType HCCIeNyeMOoW Oo0JIacTH WU
pervoHa. B 3aBUCHMOCTH OT THIIA AIEKTPOMATHUTHBIX MTOJIEH SJEKTPUIECKOE 30HAUPOBAHUE MOKHO
pa3neNuTh Ha JIBE TPYIIIBL: MepBas - 00beTUHSIET METOABl UCCIIEOBAHUS €CTECTBEHHBIX, BTOpAs -
HMCKYCCTBEHHBIX JJICKTPOMAarHUTHBIX Tonei. [lepBbIii Ha3pIBaeTCI METOJAaMU E€CTECTBEHHOTO
anekTpudeckoro mois (bv), a BTOPOl - METOJaMH COMTPOTUBIICHHS. MaTepuansl, IpeICTaBICHHbIE B
Hamelr paboTe, TOJYYeHBI METOJOM COMPOTHUBICHUS (BEPTUKAIBHOTO  AJIEKTPUUYECKOTO
30HAMpPOBaHUs). B crarbe mpencTaBieH KpaTKuil 0030p pe3yabTaTOB Pa3IMUYHBIX BUAOB padoT.
[IpencraBneHsl pe3yabTaThl MCCIECIOBAHUNA BO3MOXXHOW BJIIAKHOCTH TOPHBIX TMOPOA U HAIAYUS
MOJI3EMHBIX BOJI HAa Pa3HBIX ITyOMHAX. Tak:ke MmpecTaBleHbl Pe3yabTaThl TUTOIOTUH TOPHBIX MTOPO]T
B 30HaX OIOJ3HEH, UCCIIEAOBAaHUS BO3MOXKHOW BJIIAYKHOCTH U OIEHKH KO3 duimeHTa 6€30macHOCTH
onoyisHel (FS) n1st HECKOMBKUX OMOJI3HEH.
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