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ABSTRACT

Too high a level of groundwater, especially stagnant, is detrimental to all species of fruit trees and many berries. An
excess of soil moisture worsens air exchange processes in the soil, the oxygen content decreases in it, which inevitably
leads to death in the zone of the root system. As a result, the nutritional regime of fruit trees deteriorates, over time,
their growth processes stop. Geophysical prospecting methods are very effective in determining the levels and
thicknesses of groundwater layers. The article presents the work of the search for groundwater carried out in the
Kakheti region (Sagarejo district). The methods of vertical electrical sounding and ground penetrating radar were
used. Together, these two methods yielded reliable results at different search depths, which was additionally confirmed
during the drilling process.
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Introduction

If the 19th century was dominated by the acquisition and defence of land (territory) and the 20th
century was dominated by the acquisition and control of oil and energy resources, then the 21st century will
be dominated by the politics of water. Globally, secure access to potable water has been identified as the key
political, humanitarian and military flash point (8). Groundwater it is a subsurface water in the permanent
aquifer closest to the earth's surface. They are formed due to the percolation through the soil of atmospheric
precipitation and waters of nearby water bodies. Ground-water systems are continuous saturated systems
made up of different earth materials. As a simplified classification, these saturated earth materials can be
classified as either aquifers or confining beds. As previously defined, an aquifer contains sufficient saturated
permeable material to yield significant quantities of water to wells and springs. A confining bed is a rock
unit of very low hydraulic conductivity that restricts the movement of ground water either into or out of
adjacent aquifers. A ground-water system can be made up of many aquifers and confining beds. The top
boundary of the saturated ground-water system is the water table (6,7). Too high groundwater level is
detrimental to all types of fruit trees, shrubs and other cultivated plants. Too high a level of groundwater,
especially stagnant, is detrimental to all species of fruit trees and many berries. An excess of soil moisture
worsens air exchange processes in the soil, the oxygen content decreases in it, which inevitably leads to
death in the zone of the root system. As a result, the nutritional regime of fruit trees deteriorates, over time,
their growth processes stop.

There are plants, trees that thrive in high groundwater levels conditions. Such plants helps to dry the
moist soil.

For fifteen years now there has been a tendency to expand scientific research into the possibilities of
geophysics in the agricultural sector. Unsurprisingly, this science can provide predictable agriculture, good
groundwater control, accurate soil salinity estimates, and help map the surveyed soil. The use of geophysical
methods is increasingly expanding the range - with their help, additional agricultural tasks are already being
solved, such as the cultivation of high-quality grain crops, livestock waste management, forestry, the
description of the hydrological characteristics of the soil, and in addition - the localization and assessment of
underground infrastructure.

Vertical electrical sounding and georadiolocation methods are widely used to determine subsurface
humidity and groundwater levels.
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The marked part of the agricultural-reclamation area adjacent to the village of Tokhliauri in Sagarejo
region, Georgia was studied by georadiolocation profiling and vertical electrical sounding methods.

Georadiolocation prospecting

What is GPR? This is a modern device that solves a wide range of tasks using radar. It is mobile,
compact, and its main feature is the ability to conduct non-destructive monitoring of the environment with
high detail, which makes it unique among all geophysical equipment. GPR allows the operator to "see"
through water, soil and stone. In any environment, the GPR is able to show voids and foreign bodies,
changes in density and structure, hidden internal structures - any anomalies.

Agrarians use GPR, in particular, to assess ways to restore contaminated soils, to optimize fertilization
in fields, in gardens and vineyards, to control the uniformity of irrigation.

The GPR emits ultra-wideband pulses in the meter and decimeter range of electromagnetic waves and
receives signals reflected from irregularities, objects or other inclusions in the soil that have a dielectric
conductivity different from the medium. The reflected signals are converted into digital form and displayed
on the georadar display. The results can be viewed and processed on a computer. In order to obtain data from
different depths, antenna units are used that operate at different frequencies. It is necessary to take into
account the general rule: the lower the operating frequency of the antenna, the higher the signal penetration
depth, but the lower the antenna resolution.

In our case, we use the GPR Zond 12- e with our standard receiving and transmitting antenna using a
frequency of 75 MHz (Fig.1). To receive and process georadar data, we use the PRIZM 2.5 software.

ZOND 12
500 MHz

a. b.
Fig.1. a) ground penetrating radar ZOND 12, b) measurement process

Three points were marked at the study area where was performed cross-sectional georadiolocation profiling.
First point, a (0536279, 4613113). Second point, b (0536452, 4613083). Third point, ¢ (0536708, 4613047).
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Fig.2. Study place and workplace location diagram.

22



Conditional drawing of the study area (Fig.2), with intersection points of cross-profiles and schematic
placement of profiles.

The georadiolocation profile / (georadar section) shows the radio faces of the separated geological
layers, measured in meters vertically and horizontally at a distance, which are presented in accordance with
the sinphase texture of the electromagnetic field (4).
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Fig.3. Georadiolocation profile was performed with Georadar 75 MHz dipole antenna, distance - 20 m.
Profile 1a, directed normal to the river / floodplain.

Three georadiolocation layers were identified on Profile 1.a (Fig.3). The first layer is 5 m thick, the
second layer begins from 5 m deep and extends to a depth of 10-17 m, the third layer starts at 10-17 m and
extends below 45 m. Between the first and second layers there is a moistened, in places highly hydrated
transitional boundary layer. The second layer bears the marks of hydration with little watering.
Moisturization is observed in the presented part of the third layer.
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Fig.4. Georadiolocation profile was performed with Georadar 75 MHz dipole antenna, distance - 20 m.
Profile 2a, directed tangential to the river / floodplain.

Three georadiolocation layers were identified on Profile 2.a (Fig.4). The first layer is 5 m thick, the
second layer begins from 5 m deep and extends to a depth of 15 m, the third layer starts at 15 m and extends
below 45 m. Between the first and second layers there is a moistened, in places highly hydrated transitional
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boundary layer. The second layer bears the marks of hydration with little watering. Moisturization is
observed in the presented part of the third layer.
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Fig.5. Georadiolocation profile was performed with Georadar 75 MHz dipole antenna, distance - 20 m.
Profile 1b, directed normal to the river / floodplain.

Three georadiolocation layers were identified on Profile 1.b (Fig.5). The first layer is 3 m thick, the
second layer begins from 3 m deep and extends to a depth of 20 m, the third layer starts at 20m and extends
below 45 m. Between the first and second layers there is a moistened, in places highly hydrated transitional
boundary layer. The second layer bears the marks of hydration with little watering. Moisturization is
observed in the presented part of the third layer.
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Fig.6. Georadiolocation profile was performed with Georadar 75 MHz dipole antenna, distance - 20 m.
Profile 2b, directed tangential to the river / floodplain

Three georadiolocation layers were identified on Profile 2.b (Fig.6). The first layer is 4-5 m thick, the
second layer begins from 4-5 m deep and extends to a depth of 20 m, the third layer starts at 20 m and
extends below 45 m. Between the first and second layers there is a moistened, in places highly hydrated
transitional boundary layer. The second layer bears the marks of hydration with little watering.
Moisturization is observed in the presented part of the third layer.
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Fig.7. Georadiolocation profile was performed with Georadar 75 MHz dipole antenna, distance - 20 m.
Profile 1c, directed normal to the river / floodplain.

Three georadiolocation layers were identified on Profile 1.c (Fig.7). The first layer is 3 m thick, the
second layer begins from 3 m deep and extends to a depth of 22 m, the third layer starts at 22 m and extends
below 45 m. Between the first and second layers there is a moistened, in places highly hydrated transitional
boundary layer. The second layer bears the marks of hydration with little watering. Moisturization is
observed in the presented part of the third layer.
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Fig.8. Georadiolocation profile was performed with Georadar 75 MHz dipole antenna, distance - 20 m.
Profile 2c, directed tangential to the river / floodplain.

Three georadiolocation layers were identified on Profile 2.c (Fig.8). The first layer is 4-5 m thick, the
second layer begins from 4-5 m deep and extends to a depth of 22 m, the third layer starts at 22 m and
extends below 45 m. Between the first and second layers there is a moistened, in places highly hydrated
transitional boundary layer. The second layer bears the marks of hydration with little watering.
Moisturization is observed in the presented part of the third layer.
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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).

Vertical electrical sounding was performed at points "a" and "b" (Fig. 2, Fig.9). 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.

a. b.
Fig.9. a) Earth Resistivity Meter PASI 16GL-N, b) measurement process
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Fig.10. The curve of vertical electrical sensing and the distribution table in the depth of specific resistance
are presented for the point "a" of study area.
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According to the interpretation of VES (Fig.10), y up to a depth of 4.5-5 meter we have depleted
clays , from 4.5-5 meters there is a high humidity, presumably moistured sand, which extends to about

70 meters.
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Fig.11. The curve of vertical electrical sensing and the distribution table in the depth of specific resistance
are presented for the point "b" of study area.
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Fig.12. Profile of resistivity based on vertical electrical sensing curves.

According to the interpretation of VES (Fig.11), up to a depth of 4.5 meters, we have depleted clay
from 4.5-5 meters there is a high humidity, presumably water-containing sand. The alternation of clayey and
relatively dry sand starts from about 22 meters and extends to about 70 meters. A layer of clay-sand appears
below 70 meters.

Conclusion

1.Georadiolocation and electrometric search methods are effective in determining groundwater levels and
estimating moisture of the subsurface rock. Also, to evaluate the thickness of moistened areas.

2.Each of these methods has its limitations. In the complex they complement each other and can be used
without geological restrictions.

3.Georadiolocation and electrometric surveys for the marked area revealed the following - (naturally)
moistened, presumably water-saturated layer, which was marked from 4.5-5 m to 70 m. This was
additionally confirmed during the drilling process.

4.Based on the above results, fruit varieties and garden cultivation methods will be selected.
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BeprukajgbHoe JieKTpUYecKoe 30HIUPOBAHNE H Te0OPATHOJT0KAIUASA
JJIS1 OLEHKY YPOBHSI TPYHTOBBIX BOJ NPH NMOCAJAKe (PPYKTOBOIO €A/l

JA.T. Onunasanze, H. /I. Bapamamsuiun
Pe3rome

ChumKkoM BBICOKHH YPOBEHb COCTOSTHUS TPYHTOBBIX BOJI, OCOOEHHO 3aCTOMHBIX, TyOUTENEH ISl BCEX TIOPOJ
TUIOJIOBBIX JIEPEBHEB W MHOTHX STOAHHWKOB. V30BITOK TMOYBEHHON BIAard yXyAIIaeT BO3AyXOOOMEHHBIE
MIPOILIECCHI B TIOYBE, B HEM YMEHBIIACTCS COJICPIKAHUE KUCIIOPO/Ia, YTO HeM30€KHO PUBOJINUT K OTMHPAHHUIO B
30H€ KOPHEBOW CHCTEMBI. BCIEACTBHE 3TOr0 yXyALIA€TCA PEXUM IHTAHUS IUIOAOBBIX JEPEBBLEB, CO
BpEMEHEM Y HHX THPEKpaIlaloTcsi pPOCTOBBIE MpoIecchl. MeToapl Teo(U3NIEeCKOro IOMCKAa OYEeHBb
3¢ (EeKTUBHBI MPHU OINPENCICHUN YPOBHEW M MOIIHOCTEH CJIOEB TPYHTOBBIX BOJ. B crarhe mpencraBiieHa
paboTa MmoucKa MOJ3EMHBIX BOJ, MPOBeIeHHBIA B peruone Kaxeruii (pation Carapemko). Mcnonas3oBaiuch
METObl BEPTUKAIBHOIO 3JIEKTPUUECKOr0 30HAUPOBAHNS U F€OpaguoioKauuu. B KoMIiekce ¢ S TUMU JBYyMS
METOJIaMH OBUIH TOJyYSHBI HAICKHBIC PE3Y/IbTAThl HA Pa3HBIX IIIYOMHAX MOUCKA, YTO OBUIO JTOTIOJIHUTEIBHO
MOATBEPKIACHO B TIpoIiecce OypeHusl.
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