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IF'EO®U3NYKO CEUZMOMETPUJCKO KAPTUPAILE YHYTAP
HNCTPAKHUX T'AJIEPUJA HA ITPET'PAJTHOM MECTY BPAHE

GEOPHYSICAL SEISMIC MAPPING INSIDE THE INVESTIGATIVE
GALLERIES AT DAM SITE

IIPETXO/JHO CAONIITEIHLE, CTPYUHHU PAJ]
PRELIMINARY REPORT, PROFESSIONAL PAPER

AncrpakT. CaBpemMeHa reo(pU3HUKa UCTPAKUBambha HEN30CTaBHH CY JIeO T'EOJIOMIKNX HCTPaKHBamba Koja ce
U3BOJIC 3a MOTpede NPOjeKTOBama U n3rpajime OpaHa. Ibuxosa mpuMeHa y KapcTHUM T€peHHMa UMa 1ocebaH
3Hayaj NpH cariefaBamby TreoJolKe rpahe 30He IperpagHor Mecra, ysumajyhm y o03Mp KOMIUIEKCHE
CreM(UYHOCTH KapcTa MO MHUTaky LUPKYJIAlMje MOBPIIMHCKUX M MOA3EMHHX BOJA T CTAOWIHOCTU H
HpOIIEHE Xa3ap/a 3a BelnKe 00jeKTe Kao MTo cy OpaHe. Y 0BOM pajly cy pe/CcTaB/beHa HCIIMTHBAaKka H3BEICHA
CEM3MOMETPHUjCKIM KapTUPAamkEeM YHYTap NIBE UCTPaKHE TaJepHje y 30HU MperpagHor Mecta Oymyhe Opane.
T'eodoHH cy NOCTaB/LEHN Ha BEPTHKATHUM OOYHUM 3MJIOBHMA rajiepHja ca TauKkama H3a3uBamba CEH3MUUKHX
tanaca usMely cBaka aBa reodona. Iomanu cy noOHMjeHH y XOPU30HTAaJIHMM PaBHUMAa U HAKOH oOpaje cy
NpUKa3aHH Kao Teo(GU3HMUKH MOJeNH, KapTe IUCTpHOyuHje Op3MHEe MNpOCTHpama JIOHTHTYAWHATHUX
CeM3MHMYKHMX Tajaca Kpo3 CTEHCKy Macy y OOYHHM cTpaHama ranepuja. VHTepmpeTupaHu momanu cy
HPEICTaB/bEHN y BUY TCOJIOIIKHX MOJIENA, KapaTa N3/IBOjEeHHX IIyKOTHHA U 30Ha JIErPaJiupaHe CTEHCKE Mace.

Kibyune peun: pedpakmnuja, kKapcT, MyKOTHHE, AETPATUPAHOCT CTCHCKE Mace

Abstract. Modern geophysical investigations are unquestionable part of geological investigations carried out
for designing and construction of dams. Their use in karst environment has a special importance in defining of
geology of a dam site, considering complex specifics of karst in terms of surface and groundwater circulation
and the stability and hazard assessment of large structures such as dams. Investigations performed by seismic
mapping in two investigative galleries at future dam site are presented in this paper. Geophones were set in
vertical side walls of the galleries with shot points between every two geophones. Data were obtained in
horizontal planes and after processing presented as geophysical models, maps of velocity of longitudinal
seismic waves through the rock mass in the sides of the galleries. Interpreted data are presented in the form of
geological models, maps of detected cracks and zones of rock mass degradation.

Key words: refraction, karst, cracks, rock mass degradation

YBOJ|

! LlenTap 3a HeleCTPYKTHBHA TeCTHpama 1 reopusrKy, Mokponymika 86, Beorpa; cTyAeHT TOKTOPCKHX
crynuja, YauBep3urer y beorpany, Pynapcko-reonomku daxynrer, lenaptman 3a reo¢usuky, DymiHa 7,
Beorpan; Center for nondestructive testing and geophysics, Mokroluska 86, Belgrade; PhD student,
University of Belgrade, Faculty of Mining and Geology, Department of geophysics, Pusina 7, Belgrade
e-mail: bane@c-ntg.com

2 VuupepsureT y Beorpany, Pynapcko-reonomku daxyinrer, Jlenaprman 3a reodusuky, Bymuna 7, beorpax;
University of Belgrade, Faculty of Mining and Geology, Department of geophysics, Pusina 7, Belgrade

57



I'eosnomko ncuTrBame 3a MOTpede NeuHICamka JTOKAMHje 3a MPETPATHO MECTO
OpaHe, TIpeACTaBba jeJHY OJl HAj3HAUAjHUJUX CTyAUja Koje Ou Tpedano W3BECTH Y
pa3IUYUTUM pa3MepaMa M HMBOMMA Tpe oApeluBama HajOoJbe MO3ULMjE 3a U3TPalby
Opane (SISSAKIAN et al., 2019). ¥V ucrtpaxuBamuMa mpe Tpagme o0jexara, IpuMeHa
reo()U3NYKHX METOJa TIPe UCTPAXKHOT OyIiema 00e30ehyje He caMO eKOHOMUYHH]E, HETO
U JIeTaJbHU]jC Je(PUHHUCAHE TCOONIKUX jSIMHHIIA UCITO]] TOBPITHHE TepeHa. Y CTyaujama
W3BOJIJBUBOCTH TIPE M3rPaiibe OpaHa M akyMylaidja, reopu3ndke MeTojie uMajy OuTaH
3Ha4aj 3a ojApehuBame CTPYKTypHE CTAaOMITHOCTH, yTBpHHBamy IPHCYCTBAa MOTYhHX
NPEKPUBEHUX Tpaca pacena, MPOMEHa y JUTOJOTH]H, aHTHKIUHATHUX U CHHKIMHAITHUX
dbopmMu u mogzeMHux mymsbuHa (SARI et al, 2020). Mertone reodusuke ca MaauMm
3aXBaTOM 10 OTyOMHHM 3HAYajHO Cy HampeloBaje TOKOM IOCIEAmUX Nap AeLeHdja, 300r
yera je BUXOBa MPUMEHA MOCTaja 3Ha4yajHa KoI oApehuBama JOKaluje 3a H3Trpajmby
OpaHe, TOKOM came Tpalmbe, Kao M y MOrJedy HUXoBe 0e30eIHOCTH W OJIP>KUBOT
ympaBibamka TOKkoM Koputthema (LIN et al., 2018).

3a notpede onpehuBama Mo3uLyje NperpagHor MecTa u THIa OpaHe, 4nja je cBpxa
(dhopmupame akymynanuje 3a Oyayhy xuapoueHTpainy, y aBrycty 2020. roquHe n3BeeHa
cy reouznyka ucTpakuBama Ha TepeHy. [IpojexToBaHa Cy y capaimby ca THMOM I'e0JIora,
ca CBpPXOM Ja Je(HHUILY MOJET PYNTYPHOT CKJIONA M KBAJHTATHBHO-KBAHTHTATHBHE
KapaKTepPHCTHKE CTEHCKE Mace y 30HHU MperpaJHor Mecta OpaHe. JIokaluja npojekroBaHor
nperpagHor nmpoduia Hajla3zd ce Ha TepeHy W3rpalleHOM Ol TPHjacKUX Kpeumaka ca
pPOXHALMMa, ca BpJIO HU3paxeHOM TekToHMKoM (Cnuka la). Pagm ce o TtunmuHOM
JUHAPCKOM KapcTHOM TepeHy (Crnuka 10).

Crnuk

J.Byuxosuh, 2020.)
Figure 1. a) Part of the geological map with zone of investigation; b) Photograph of investigative location
(photo: D.Vuckovi¢, 2020.)

Kapcthu TepeH je jenan on Haju3a30BHHMjUX y CMHCIY NMPOOJIEMaTHKE BE3aHE 3a
kopuniheme Bosia, TpaljeBHHApCTBO U eKoyorHjy. ['eodu3nuke MeTo/Ie TPyKajy KOPHCHE
uHpOpMAaIMje O TMOTIOBPIIMHU KApCTHHUX IOJPYYja, Y TOTNIEAY TMpOleHEe Xazapaa U
aHaJIM3e pU3MKa MPHWIMKOM Kopulithema Boga (CHALIKAKIS et al. 2011). [enennjama cy
Ce XHUJIPOTeOJIONIKa NCTPAKHBakha CyoyaBaja ca 030MJbHIM W3a30BUMa y TIO/IpydYjuMa ca
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KOMILJIEKCHOM T€OJIOTHjOM M y KapCTHUM cucTeMuMa. HampenoBameMm caBpeMeHHX
reo(pM3MUKUX TOCTyMaKa MPUKYIJbamkha MMo/IaTaka, lhIXOBe 00paje ¥ MHTEpIpeTanrje y
TAaKBOM OKpY’KekbY, HallpeaoBalia cy U Ta UCTpakuBama (ARIFIN et al. 2020).

[open reopn3nUKNX UCIMTHBAKA KOja ce BLIE ca MOBPIIMHE TEPEHA H OHUX KOja
ce M3BOJIe M OyIoTHHAMA, TIPU TOOWjamky er3aKTHHX MOJIaTaKa 3a MPOjeKTOBAE U TPAlby
KOMIUIEKCHHX O0jeKaTa Kao MTo cy OpaHe, mocebaH 3Ha4aj] MMajy MCIIMTHBamka Koja ce
BpILE Y UCTPaKHUM ranepujama. MctpaskHe ranepuje, X0 JHHLIM TPOKOMaHH YHYTap caMme
CTEHCKE Mace, IIPelCTaBJhajy oO0jekTe Koju omoryhaBajy ITUPEKTHO cariieaBame
T€OJIOMIKHUX U CTPYKTYPHUX KapaKTEPHUCTHKA YHYTap caMe CTEHCKE Mace.

METOJIE

[eodusnuka UCIUTHBaKa MPHUKa3aHa y OBOM paay Cy M3BEICHA YHyTap IBE
uctpaxue ranepuje (['JI-1 u I'JI-2) Ha camom niperpamHom npoduiny Opane (Ciuka 2).
2 BTt ,47' g ‘}.{y;‘:f;», 7 o , :

Cnuxka 2. @ororpaduje 1Be HCTpaKHE TalepHje, ca MPUIPEMIbEHHM CHCTEMOM Sa aKBH3UIINjy TOaTaka
(dpoto: A.Byukosuh, 2020.)
Figure 2. Photographs of two investigative galleries, with prepared data acquisition system (photo:
D.Vuckovi¢, 2020.)

lanepuje cy mo3uumoHupaHe Mo jeqHa y obema cTpaHama peyHe KIUCcype Ha
MECTY ITPOjeKTOBAHOT IIPETPaJHOT MecTa. YHyTap 00e rajiepyje HCIUTUBamka Cy U3Be/IeHa
Iy o0a O0uHa BepTHKaJIHA 3una. Mepema Cy U3BEIeHa CEM3MOMETPHjCKOM METOIOM,
HOCTYNKOM pe(paKkTHBHOT KapTHPamka, IPY KOME MEPEHH TTOJIAIIHN JISKE Y XOPHU30HTAIHO]
paBHu. [Tapamerap Koju je aHaJIM3MpaH Ha OCHOBY BpeMeHa IPBHUX HanJIa3aKa CeU3MHYKOT
Tajaca 70 reodoHa je Op3uHa MPOCTHUPAA JIOHTUTYIUHAIHUX, Tj. MPUMApHUX Tajiaca
(Vp).

I'eoonu cy mocrapibeHn y O0YHUM 3UI0BUMA raliepyja, Ha BUCUHM 1,5 m, mTO
oJroBapa IOJIOBUHH pacTojama u3Mmehy mona u miadona ranepuja. Pacrojame nzmehy
reo¢oHa je uzHocuio 3 m y ranepuju ['JI-2 u 5 m y ranepuju ['JI-1. ¥ musbpy nocruzama
mro OoJbe pe3osiylidje MojaTaka, M3BEACH je MakcuMmalaH Opoj Tauaka H3a3MBamba
CEM3MHMYKHX Tajaca, o jenHa Tauka u3mely cBaka 1Ba reo)oHa, Kao U Tauke Ipe MpBOT U
HaKOH IMoclemker reodona. M3azuBame ceM3MUIKHX Tallaca OCTBAPEHO je yaapoM uekuha
mace 10 kg. lHTepBan y30pkoBama perucTpoBama rnojgaraka u3HocHo je 250 ps.
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PE3VJITATU U JUCKYCHUJA

Kao pesynraté u3BeACHHX TeOPHU3MUKHMX HCIUTHBAA MOOHjCHH CY CETOBH
X0JI0XpoHa. Ha OCHOBY WHX Cy WHBEP3HHM MOJICIOBAEM MPOPAYYHATH MOJICIH
muctpubytmje V,. IlpeacraBibern Cy y BUAY FeOQU3NUYKHX MOJENA Y XOPH30HTATHUM
paBHUMa, KapaTa qucTpudymje V, y 6oxouma ranepuja (Cnuke 3 u 4).

" —T 1 T 1 I 1 I [ 2 | ISTRAZNA GALERIJA GL-1,
z> GEOFIZICKI MODEL - KARTA DISTRIBUCIJE V,,

Y (m)

X (m)
Cnuxka 3. Uctpaxna ranepuja ['JI-1, reopusnaku Mozen - kapta auctpudyuuje Vp
Figure 3. Investigative gallery GL-1, geophysical model - map of Vp distribution

1 | I —_—
ISTRAZNA GALERIJA GL-2,
<= |GEOFIZICKI MODEL - KARTA DISTRIBUCLJE V,

Y (m)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42
X (m)

Cnuka 4. Uctpaxna ranepuja ['JI-2, reopu3naku MoJen - Kapta quctpudymmje Vp
Figure 4. Investigative gallery GL-2, geophysical model - map of Vp distribution
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AHanu3oMm noOujeHuX Mojena AWCTpUOynHje mapamerpa V, W NPUMEHOM
TpaHchopMaldje y JOMEH XOPH3OHTANHHX TIpaaujeHara V), KBaHTHTAaTHBHO CY
JNe(hMHUCAHU CIIEMEHTH TEOJIOINIKe Tpalje U pynTypHOT CKIIONAa OOYHHMX CTpaHa Tajepuja.
Hamencku, reonomky Mojend MpeACTaB/bEHW Cy Kao KapTe PYNTYPHOT CKIoma ca
W3]IBOjEHUM 30HaMa JISTPaIMPaHOCTH CTEHCKE Mace.

ISTRAZNA GALERIJA GL-1,

Z >  GEOLOSKIMODEL - KARTA RUPTURNOG SKLOPA
SA ZONAMA DEGRADIRANOSTI STENSKE MASE

LEGENDA
\———= Hodnik istrazne galerije

F.= Stenskamasa

&l -&; Degradirana stenska masa
=~ Ruptura - rased, pukotina

Y (m)

0
0 2 4 6 8 10 12 " 16 B8 20 22 24 26 28 30 2 M % 38 40 42

X (m)
Cmuxka 5. Uctpaxna ranepuja ['JI-1, reonomkn Mozen - KapTa pyInTYpHOT CKIIONA ca 30HaMa AeTpajyupaHe
CTEHCKE Mace

Figure 5. Investigative gallery GL-1, geological model — map of rupture system with zones of rock mass

degradation
1
= ISTRAZNA GALERIJA GL-2, ‘
< 2 _,_J_I_Ll_;'_ GEOLOSKI MODEL - KARTA RUPTURNOG SKLOPA |
16| I I T I I L T I . SA ZONAMA DEGRADIRANOSTI STENSKE MASE ‘
T T 1T T T T T T I
LEGENDA

——= Hodnik istrazne galerije

»3;77 Stenska masa

', Degradirana stenska masa [
~. Ruptura - rased, pukotina

L =

Y (m)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 a2
X (m)

Cuuka 6. Victpaxua ranepuja ['JI-2, reosnomky MoJen - KapTa pynTypHOT CKJIOIa ca 30Hama JerpajnupaHe
CTCHCKE Mace
Figure 6. Investigative gallery GL-2, geological model — map of rupture system with zones of rock mass
degradation
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VY uctpaxnoj ranepuju ['JI-1, u3nBojena je ¢pamuinja MyKOTHHA ca TeHEPATHUM
a3uMyTOM Tpyxama 25°— 205°. Te mykoTHHE Cy IPETEXHO JIONUPAHE Y JIEBOM OOKY, HEKe
Ol BUX Cy BH3YeJHO OmakeHe yHyTap ranepuje. OHe cy 0e3 youeHHX Tparosa
UPKYJIalKje BOJIE U JCTIOHOBamka MOBPIIMHCKOT Matepujaia. [Ipu camoM kpajy ranepuje,
on crarmonaxke 30 m 0 Kpaja, youaBa ce y 06a O0Kka pynTypa OpHjeHTHCaHa TeHEepaTHO
YIpaBHO Ha TIOMEHYTYy (Qammiujy. Y TOM Jeny raiepuje mpumeraH je Behm crereH
JeTrpaJrpaHOCTH CTEHCKE Mace, Kao ¥ TparoBy NOBpeMeHe [UPKyJanyje Bojae. Y raiepuju
I'JI-2 youaBajy ce aBe, mo OpOjHOCTHM NOMHHAHTHE (amuiivje MyKOTHHA, TeHepaHe
opujentammje 131°—311° u 160°— 340°. Crenen nerpamanyje 60koBa ranepuje je Hajpehu
o cranoHaxe 15 m go cranuonaxke 18 m. To je HAPOUUTO BUIJBUBO Y JIEBOM OOKY Y KOM
je TpUCYTHa BelHMKa KOJNMYMHA TJIMHOBUTOI MaTepHjajia JETOHOBAHOT Ca MOBPLIMHE
(Cnuxka 7a). Ha xaptu je noTBpl)eHO 1 IpUCYCTBO IMYKOTHHE ONa)KEHE ca CIIOJbHE CTPaHe,
y CTEHCKOM MacuBy m3Han yiasza y ['JI-2 (Crnuka 70).

Cnuxka 7. a) [Iponop moBpIInHCKOT rMHOBUTOT Matepujana y ['JI-2; 6) [lykoTiHa onakeHa y 30HHM yiia3a y
T'JI-2 (poro: 1.Byukosuh, 2020.)
Figure 2. a) Breakthrough of surface clay material into GL-2; b) Fracture observed near entrance in GL-2
(photo: D.Vuckovi¢, 2020.)

3AK/bYYAK

Cem3MoMeTpHjcKUM pe(paKTUBHUM KapTHPAHEM H3BEICHUM Yy HCTPAKHUM
rajepujama JoOMjeHH Cy IeOJIOMIKA MOJIENTM CTEHCKEe Mace y OOYHMM CTpaHaMa rajiepuja.
WznBojene cy damuiuje NyKOTHHa M YTBphjeHe 30HE y KOjUMa je CTEHCKa Maca
nerpanupana. Heke on IMyKOTHHA M 30HE JAErpagMpaHe CTEHCKE Mace Cy IOTBpheHe
BU3YEITHO HAa CAaMOM TEPEHY.

3a paziMKy O] MOCTYIKa MPOQHINCama YUjOM IPUMEHOM J00MjaMO TIOIaTKE O
KapaKTepHCTHKaMa CTEHCKE Mace y BEPTUKAIHO] paBHH, IIOCTYIIaK KapTupama omoryhasa
carjeJaBambe THX KapaKTePHCTHKA Yy XOPH30HTAJIHO] paBHH. TakBe mH(DopMmanmje cy
HApOYUTO KOPHCHE NMPHIMKOM T'€OJIOMIKUX MCIHMTHBAmkba 3a MoTpede m3rpajme OpaHa y
KapcTy, uMajyhin y BUAY CHENM(UIHOCTH KAPCTHUX TEpEHA IO MHTAkYy IUPKYJAlHje
HOA3EMHHX BOJIA U JIETPajalfje CTCHCKE Mace.
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GEOPHYSICAL SEISMIC MAPPING INSIDE THE INVESTIGATIVE
GALLERIES AT DAM SITE

INTRODUCTION

Geological investigation for selecting and locating dam sites is one of the most
significant studies which should be carried out in different scales and stages before
deciding the best location for a dam (SISSAKIAN et al., 2019). In foundation research of
engineering structures, application of geophysics methods before drilling work allows not
only more economical studies but also a more detailed determination of underground
sections. Especially in pre-feasibility studies on long tunnel routes, dam sites and lake
areas, it has a vital importance in terms of structural safety to determine possible
underground buried fault lines, lithological changes, anticlinal-synclinal structures and
underground openings (SARI et al., 2020). Near surface geophysical techniques have
advanced significantly in the last few decades, and can play a significant role in the siting,
construction, and operational safety and sustainable management of dams (LIN et al.,2018).

In order to determine position and type of the dam, which purpose is to form an
accumulation for the future hydroelectric power plant, geophysical investigations were
performed in August 2020. Designed in cooperation with a team of geologists, they have
a goal to define the model of the rupture system and qualitative-quantitative characteristics
of the rock mass in the zone of dam site. The projected dam site is located on a terrain built
of Triassic limestone with very intensive tectonics (Figure 1a). It is a typical Dinaric karst
terrain (Figure 1b).

The karst environment is one of the most challenging in terms of groundwater,
engineering and environmental issues. Geophysical methods can provide useful subsurface
information in karst regions concerning, for instance, hazard estimation or groundwater
exploration and vulnerability assessment (Chalikakis et al. 2011). For many decades,
hydrogeological exploration faced serious challenges in areas with complex subsurface
geology features, and karst-system environments. However, in the recent time, many
researchers could breakthrough using the geophysical exploration in such an environment
because of the advancement in the modern way of data acquisition, processing and
interpretations (ARIFIN et al. 2020).

Besides the geophysical investigations performed from the terrain surface as well
as those performed in boreholes, when obtaining exact data for the design and construction
of complex structures such as dams, investigations performed in investigative galleries are
of special importance. Investigative galleries, corridors in the rock mass, are objects that
allow a direct observation of geological and structural characteristics of rock mass itself.

METHODS

Geophysical investigations presented in this paper are performed inside the two
investigative galleries (GL-1 and GL-2) at the dam site (Figure 2).

Galleries are located in both sides of the river gorge at the designed dam site. Inside
both galleries investigations were performed in the vertical walls on both sides.
Measurements were performed by the seismic method, in the refractive mapping
procedure, in which the measured data lie in a horizontal plane. Based on the first arrival
times of the seismic wave, analyzed parameter was the longitudinal, i.e. primary
waves velocity of propagation (V).
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Geophones are placed in the side walls of galleries, at a height of 1.5 m, which
corresponds to half the distance between the floor and the ceiling of the gallery. Distance
between geophones was 3 m in the GL-2 and 5 m in the GL-1. In order to achieve the best
possible data resolution, the maximum number of seismic wave shot points was performed,
one point between each pair of geophones, as well as points before the first and after the
last geophone. The initiation of seismic waves was achieved by hammer of 10 kg
mass. Sampling interval of data registration was 250 ps.

RESULTS AND DISCUSSION

As a result of performed geophysical investigations, sets of hodochrons were
obtained. Based on that, models of V, distribution were calculated by inverse
modeling. They are presented as geophysical models in horizontal planes, maps of the V,
distribution at the sides of the galleries (Figures 3 and 4).

By analyzing the obtained models of the V, distribution and applying the
transformation into the domain of horizontal gradients of V), the elements of the geological
structure and rupture system in the sides of galleries were quantified. Geological models
are presented as maps of the rupture system with defined zones of rock mass degradation.

In the investigative gallery GL-1, family of cracks with a general azimuth of 25° -
205° was determined. These cracks are mostly located in the left side, some of them are
visually observed inside the gallery. They are without observed traces of water circulation
and deposition of surface material. At the very end of the gallery, from the chainage 30 m
to the end, there is a rupture observed on both sides of gallery, oriented generally
perpendicular to the mentioned family of cracks. In that part of the gallery, a grade of rock
mass degradation is noticeable, as well as traces of occasional water circulation. In the GL-
2 gallery, dominant families of cracks are determined in two general orientations, 131°—
311°and 160° — 340°. The grade of degradation of the gallery sides is the highest from the
chainage 15 m to 18 m. This is especially visible in the left wall, where a large amount of
clay material deposited from the surface is present (Figure 7a). The presence of a crack
observed from the outside of gallery, in the rock massif above the entrance to GL-2 is
confirmed on map (Figure 7b).

CONCLUSIONS

Geological models of the rock mass in the sides of the galleries were obtained by
seismometric refractive mapping performed in the investigative galleries. Families of
cracks were determined and zones of rock mass degradation were identified. Some of the
cracks and parts of degraded rock mass were confirmed visually at the location.

Unlike the profiling procedure, which provides data of the rock mass
characteristics in the vertical plane, the mapping procedure enables the observation of these
characteristics in the horizontal plane. Such information is especially useful in geological
surveys for the dam construction in karst, having in mind the specifics of karst terrains in
terms of groundwater circulation and rock mass degradation.
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