Journal of the Georgian Geophysical Society, e-ISSN: 2667-9973, p-ISSN: 1512-1127
Physics of Solid Earth, Atmosphere, Ocean and Space Plasma, v. 24(2), 2021, pp. 38 - 42

Identification of the Groundwater Aquifer by Geophysical (Electrical
Survey) Methods on the Example of Gudauri Area and Degree of its
Hydrogeological Study

1George I. Melikadze, :Nodar D. Varamashvili, 2Nana Sh. Khundadze, 2Tamar J.
Razmadze-Brokishvili, :Nino A. Kapanadze, :Aleksandre Sh. Tchankvetadze,
‘Tornike G. Tchikadze

v, Javakhishvili Thilisi State University. The M. Nodia Institute of Geophysics. melikadze@gmail.com
2Georgian Technical University. n.khundadze@gtu.ge; t_razmadze@gtu.ge

ABSTRACT

Gudauri is a mountain ski resort in Georgia in Kazbegi Municipality, at 2196 m asl on the southern slope of the Central
Caucasian ridge, 120 km from Thilisi. As the number of infrastructural facilities and visitors increases in the resort area,
the existing water supply systems need additional water outputs to ensure a stable water supply of Gudauri in winter
season. This is why, United Water Supply Company of the Ministry of Regional Development and Infrastructure of
Georgia starts to build the drinking water and sewerage systems in Gudauri Settlement. The works envisage the
construction of the drinking water and sewerage infrastructure of modern standards in Gudauri and nearby villages.
Under the Project, within the scope of “Agreement on Hydrogeological Exploration” between Georgian Branch of
China Nuclear Industry 23 Construction Co. Ltd. and Georgian Geophysical Society Ltd., from December of 2020
through May of 2021, a group of scientists accomplished the geophysical and hydrogeological surveys on the territory of
Gudauri to identify the areas of interest in terms of groundwater extraction.
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1. Introduction

The specific goal of the studies was to identify and isolate the ground aquifers in the study area in
Gudauri. The studies aimed to describe the volcanic rocks of different resistance and, finally, to identify the
areas of concern in view of groundwater extraction.

In order to study the underground structures, the geophysical surveys were accomplished with vertical
electrical sounding (VES) method by using the following geophysical tools: Canadian SARIS and Italian
Earth Resistivity Meter 16GL-N. The studies were based accomplished according to the standard vertical
electrical sounding (VES) methods [1,2].

2. Data and methods
In the course of the initial surveys, one of the prospective sites was selected on the territory of Gudauri,
the “The Panorama District”, to conduct the detailed survey. New 24 VES profiles were provided. Following
the complex terrain, the lengths of the profiles varied from 500 to 1000 m.

During the field works, for each “VES station™, ground resistance was measured along the profile steps
of 15 m, 30 m, etc. The field data were calculated by considering the resistances of different layers and their
bedding depths using IXID and IPI2WIN softwares.

Then, the boreholes were drilled and the logging surveys and pumping works were accomplished on the
alternative locations. The groundwater level was measured at the depth of 87.3 m during the geophysical
surveys of borehole #1. Most likely, the aquifer at this depth has several layers. The test results and
calculated hydrodynamic parameters are discussed in the present article.

3. Results and discussion
Based on the data of 24 VES points of observation, the possible bedding depth and the strength of the
underground water were calculated (Fig. 1,2).
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Gudauri Panorama

Below are the graphs of resistance distribution for ,,G-21”
and ,,GP-2” VES points of observation as an example.
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Fig. 1. Location of “VES” profiles Fig. 2. Profiles VES G-21 and G

Fig. 3 shows the location of the VES points of observation of the auriferous and ‘dry’ layers.

As per the methodology, it is possible to connect short VES profiles and count the data to make long
profiles. Fifteen lateral and longitudinal profiles were plotted (Fig. 4). Their lengths vary from 500 to 1000 m.
The average distance between the profiles is 250-500 m. A geo-electric section and resistance distribution

image are gained along each profile (Fig. 5).
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Fig..3. Locations of water-bearing and ‘dry’ VES curves in
“Panorama District”

39

Fig. 4. Plan of location of connected profiles
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Fig.5. Profile #15 VES Nos. G-21; GP-2; G-27; G-17; GP-13; GP-11

By counting the values of resistance, the types of soil and water-bearing capacities were determined (Table 2).

Table 2. Values of profile resistance and lithology

ID Lithology From To |Strength X Y z
GP-2| Solil 0 0.75 0.75 |456386 | 4704937 | 2288
Water-resistant sand-loamy soil
0.75 | 4.31 3.56
Water-bearing sand-loamy soil
431 | 247 20.39
Water-resistant sand-loamy soil
24.7 | 146 121.3
Water-bearing sand-loamy soil
146 344 198

By using the obtained results and “Starter” software, the comparative geological sections were
plotted along the geophysical profiles (Fig. 6) to describe the location of the water-bearing horizon in the

study area.
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Fig. 6. Profile #5
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As the data of profile #5 (which incorporates short profiles G-21; GP-2; G-17; GP-11) suggest, there
are two aquifers identified: the former, which is the surface water-bearing layer, is found at the depth of 0-20
m, all along the section from the surface, and another underground water-bearing layer is fixed at the depth of
150 m (under point GP-2), varying between 30 and 150 m (for G-17) and 17 and 170 m (for GP-11).

Total of 11 such profiles were plotted. Based on the obtained results, by using “Voxler-4” software,
a 3D model of the study area was developed that established that the aquifers are mostly common in the
“lowland” areas built with old alluvial, delluvial and prolluvial layers and covered with a lava layer.

Following the obtained results, two underground water-bearing horizons may be identified: the
former is developed in the fissure zones of lava layers at the depth of 2-10 m and the latter is developed in the
lava strata of breccias and alluvial-delluvial deposits. Its strength varies between 40 and 60 m. Following the
available studies, the perspective areas were identified where the boreholes may be drilled (VES observation
points GP-5; GP-14; GP-15; GP-16. Fig. 7).

4. Conclusion

Recommendations given following the exploration and geophysical studies. For the full exposure of
the aquifer and study of the hydrodynamic parameters, the boreholes (approximately 200-meter-deep) are to
be drilled in the strongest “perspective” sites of the study area.
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UAOMIBHMOOL  LBsTobOLEHMML 59056930 FysedmBoMogqdols 3md3s60s, Vs MG do,
ofiygdl LoLAgeo Fyaolbs s 3obseEroBsool LobBHdgdol ddgbgdMdL. LsdMTsmgdo omzseolfjo-
B0l 4mom®Ly s 303YdMY LmRgddo ™MBsdgEM™M3g LBHIBIMEHIOOL Fglsdsdolo Lslidgeo
fgeobs s 39B5e0Bs3ool 06ROLEHMWIGHOOL INFYmdL. 3MMmgEol BoMAwgddo, d3L ,,BobmE
006mM37wo  0bEMLGOO0L 23 Bs3mbLEMWIBHMOM doMM“-L LodsMMZgwml Bowoswls s 3L
5, 0549OM390Mb  A9MBODBOIMMO  SbME0s30s - U FmOol  sMLYdIMO  ,,30MHMYIMICOMYO0YIOHO
d9LPogarol  obbmMmE0gWwgdsby Fgmobbdgdol  gobawqddo, dgsbogdoms xamxds 2020 ool
09399960056 2021 farol dsolol Bsmgzwom, 329s9MHol GHJMHoEMMm0sDY, Bso@ss ggmz0b03mcmo
5 30Q0OHMAIMEMAO0MO0 330093900 MM godmzwgbowwoym ol »db6gdo, GMmIwgdoi LoobEghglims
dofioligzgds Hyugdol dm3mz9d0l Mm3s5wlsbOOLO.

BoisiB/IeHHe BOJIOHOCHOTO TOPU30HTA MOJA3EeMHbIX BO/I
reopusn4ecCKUMH (3JIEKTPOPA3BEeI0YHbIMHU) METOJAMHU HA NIPUMepe
paiiona I'yiaypu v ero ruiporeoiorudeckoe uzyueHue

I''. Meaukanse, H./{. Bapamamsuiu, H.IL. Xynnaaze, T./I:x. Pazman3e-
bpoxumBuiau, H.A. Kanananze, A.IIl. YankBetanse, T.I' . Uukanze

Pe3rome

I'ynaypu - ropHONBDKHBIN KypopT B ['py3un. OH pacrnonoxkeH B MyHHUunanurere KazOerw, Ha roKHOM
ckione llerrpansaoro Kaskaza, B 120 kM ot TOuwicu u Ha BeicoTe 2196 M Hag ypoBHeM mopst. [1o mepe
YBETIMUCHHS KOJMYECTBa MHOPACTPYKTYPHBIX OOBEKTOB U MOCETUTENEH B KYPOPTHOH 30HE CYIIECTBYIOLIHE
CHCTEMBI BOJOCHAOKEHUS HYXKAAIOTCS B JOTOJHHUTENBHBIX PACX0Aax BOABI Uil 00ecTedeHus] cTaOUIIBHOTO
BogocHaOxeHuss ['ymaypu B 3umHHN mepuon. llostomy OObenuHEHHas KOMITaHWS BOJOCHAOKEHUS
MHUHHCTEPCTBA PETHOHAIBHOIO PAa3BUTHS U HHOPACTPYKTYpH! [ py3un npucTynaer K CTpOMTENbCTBY CUCTEM
MUTHEBOTO BOAOCHAOKEHHSI M KaHAIM3aMK B riocenke ['ynaypu. PaboThl mpenycMaTpuBarOT CTPOUTENBCTBO
COBPEMEHHOH HH(PACTPYKTyphl NMUTHEBOH BOJBI M KaHanu3auuu B ['ymaypu u Onmsnexamumx cenax. B
pamMKax MpoekTa, B paMkax «CoINIalleHHs O THAPOTEOJIOTMYECKHX HCCIECAOBAaHUAX» MEXIy ['py3suHCKUM
¢mmanom China Nuclear Industry 23 Construction Co. Ltd. u I'py3uHckuM reoduszndeckuMm oOmiecTBoM
Ltd., ¢ nexa6pst 2020 roga no maii 2021 roja rpyrma y4eHbIX BBIIOJHUIA TeO(PU3NICCKUE UCCICIOBAHMS U
THIPOTE0JIOTMUECKNE U3BICKAHNS Ha TeppuTopuu ['yaaypu 1 BBISIBICHUS TEPPUTOPHUH, MPENCTABISIOMINX
WHTEpEC C TOUKHU 3pPEHUS JOOBIYM TOA3EMHBIX BOJIL.
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