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yBOA

3a pa3Boj HEKOT NOAPYY]a, O/, CYLUTUHCKE BXXHOCTH je NO3HaBare HEeHOr BOAHOT noTeHumMjana,
'Y TOM CMWCAY Y NOA3EMHMX BOAA. Y UW/bY HETOBOT OADXMUBOT kopwithetba notpebHo je npe csera fno-
3HaBaTM PaCNpOCTParberbe, PEXUM 1 pesepse NOA3EMHUX BOAA, anu 1 YCNOBE HhuXxoBe 3awTuTe.

JeaHo o noapyuja y kome cy 3axsasbyjyhu €BOjOj recnowKoj rpaliu M XMBpOreoNoWKUM Ka-
. paKTepucTMkama, GopmuUpaHe 3HauajHe pesepse NOA3EMHUX BOAR, je KapCTHY MacuB OspeHa u Jesuue,
" peo naanuHCKor nyka Kapnarto-6ankaHuaa. Hanasu ce y UCTO4HO] Cpbuijn, roe Hajsehum aenom 3axsaTa
teputopujy onwtuHa Cokobarba 1 Anekcutal, a matbum 4enom Caprour n Kibaxkesall,
3axBa/byjyhu 3HauajHOM pacnpocTparberby A06po KapcTUdUKOBaHMX KapboHaTHMX CTeHa, Y
0BOM noApyyjy GopMmupaHa je KapcTHa U3fAaH Koja ce apeHupa no oboay Macuea, Ha KOHTaKTy ca BOAO-
HenponycHum Hajuewhe HeoreHnm TBopesBuHama. [ipeHupatrbe U3faHy BpLIM Ce NPEKO KapCTHUX Bpena
(Mopasuua, OzpeH, PecHuk, Jlunosay, FOpHOKPYRauKo 1 Op.), anu 1 NPexKo TepmomirHepanHux n3sopa

y Cokobarbu.

' Mopea 3HaTHOr PacrpocTparberba Ha MOBPLIMHM, KapCTUOUKOBaHM Kpeurbauy uMajy pacnpo-
CTparberbe UCMOoA HeOreHUX ceaumeHaTa coKoBarbCKe KOTIMHE, afleKCMHAUKOT U CBP/BUILKOT HEOoreHor
BaceHa, WTO je Ha NojeAMHIUM NOKAUTETMMA [IOKa3aHO UCTPaXKHUM Bylierbem 1 pyAapCckuM pagosuma.
Y ummpy AeduHMCatba YKYNHUX Pe3epBmn NOA3EMHUX BOAA Y OKBUPY KapCTHE U3AaHu OzpeHa u
[leBuLe, NPUKYTU/LEHW CY M aHaNW3MpaHu AOCTYNHM nojauy (nasjasuHe, reonolulka rpaha, uspgawHoct
Bpena 1 Ap.), a HaKoH Tora usseseH oarosapajyhu bunanc.

METOZONOWKK NTOCTYTNAK -

Ycnep, NOBO/BHUX TEO/IOLLKUX # xwp,poreonomxwx' Kapaktepuctuka macvsa O3peHa u Jesuue
CTBOpEHU Cy YC0BK 3a GOpMMUpatbe KapeTHE W3AaHu Ca 3HauajHUM pesepBama NOA3eMHUX BOA. Kako
61 ce ncTe u foKasane ypaheH je npopauyH ruxosor bunaxca W pesepsu.

3a npopauyH Bunarca NoA3emMHuX BoZa KapcTHe naaaHu macusa O3spena v [lesuue kopuwheHa
je moaudukosaHa bunaHcHa jegHadMHa, Kojy je 3a MCTO NnoApydje NpUMeHUo 3. Cresanosuh (1991).
TMomeHyTH ayTop je nNpv TOM OBO noapyuje AedUHWUCE0 Kao ,NeXULITe U3AAHCKUX BOAA OszpeH ca [e-
suuom”. Moaudurauuja BunaHcHe jefHaumHe M3BEAEHA je 3aHemapuBatbemM noA3emHor JoTtuuaja y
KapCTHY M3AaH, Kao 1 UCrapasatba Ca HWBOA WM3JaHWU Y3 NPETNOoCTasKy A3 Y AYXEeM HU3Y y3aCTOMHUX
XUAPONOLWKMX LIMKAYCa He A0NasH [0 NPOMEHE ANHAMUYKUX pe3epBn:

P=Q,+G
P — ammocpepcke nadasure; Q,. — ucmuuarse npexo epena; G — 2ybuyu.

MpoueHa AMHaMUUKUX PE3EPBM NMOJA3EMHMX BOAA M3BPLIEHA jé HA OCHOBY CYMapHe Cpefibe U3-
[ALIHOCTU KapcTHUX Bpena no oboay macusa O3speHa u [esuue. Orne oArosapajy sanpemuHi noasem-
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HUX BOA@ Y OAHOCY Ha pedepeHTHy paBaH u3Ha/ KOTe UCTULaHa M3 KapcTHe U3AaHu. Mcrnog ose pasH
OfIHOCHO UCTIOZ KOTE UCTMLANA, HATa3e Ce CTaTUuKe pesepse. 4

3a cTaTiuke pesepse NOA3EMHUX BOAA Y3€T je NPOM3BOJ, 3aNpemMuHe KapCTHE U34aHu u ede
TMBHE noposHocTu. 3. Cresanosuh (1991) Hasoau Aa ce BpeaHOCT KoeduumjeHTa edeKkTUBHE noposH
CTU Y KapCTHUM TepeHnma uctoure Cpbuje kpehe og 0,01 go 0,02, Tako aa je 3a npopavyn cTaTuuk
pesepsu kopuuheHa ocpearseHa BpegHoCT, ogHocHo 0,015. 3anpemuHa KapcTHe M3aaHmu oapeheHa
Kao Npou3BoA, NOBpLUKHE pacnpocTparerba U3jaHu U cpefrbe AybuHe UsgaHcke 3oHe (pacTojarbe
KOTe MCTUUaa A0 npeTnocras/beHe 6ase kapcTudumkauyje). O63mpom Ha penaTueHo manu 6poj nog
Taka 0 nonoxkajy 6ase kapcTuduKaumje, NPOLEHEHO je Aa Ce UCTa Hanasu Ha Ay6uHM of, oko 250
MospiunHa kapcTHe usgaHu oapeheHa je Ha OCHOBY rpaHuMLEe PacnpoCTPatberba KapcTUPUKOBAHUX CTEHE
Ha NOBPLWMHY TepeHa Ha OCHOBY UCTpaxusarba M. 3epemckor (2002).

PE3YNTATU U3BEAEHUX NCTPAXKUBAHA

CnviBHa NOBPLUMHA KapCTHE U3AaHM OapeHa u [esuue nsrocu 294 km?, oA, vera 241 km? npe
CTaB/ba NOBPLUMHY OTKPUBEHOT KapcTa, a 53 km? NOBPLIMHY HEKapCTHKUX TepeHa. Ha oBy nospmvmy ce
TOKOM roauHe usnyum npocedro 808 mm nagasua (Masnosuh u gp., 2011), o,qHOCHo 237,5*10°m
UcTuuarbe npeko KapcTHUX Bpena usHock 0,97 m/s, oaHocHo 30,6 * 10° m® (avHamuuke pese
Be), Wro je 12 9% oA cpearbux NaAasuHa y CAUBY. YKYNHE CTaTUUKE pesepse NOA3EMHMX BOAa M3HOCE
90,4 * 10’ m ,
ﬂpopaquom 6unarica noasemHMX BoAa yTBpheHe Cy HUKe BPeAHOCTY AMHAMUYKMX U CTATUUYKUX
pesepsu, Aok je ydewhe nagasuHa Koje ce jase Ha Bpesuma 3a 2,9% sehe opg BpeAHOCTH A0 Koje je
fowao 3. CresaHosuh (1991). Pasnor Hecnararba nogataka moxe 6uti ynotpeba pasniMuuTUX yaasHux
NoAaTaKa, npe CBera Be/indnHe NafaBuHa, u3AaWHOCT Bpea u ap.
l'ybuum npeacras/beHu nOBpLLIMHCKMM ¥ MOA3EMHMM OTULAJeM U eBaNoTPaHCINPaLIMjOM Cy U3y-
3€THO BMCOKM U uaHoce 206,9 * 10° m® roguuirbe, ofHocHo 87,1 %. Y oBOM TpeHyTKy, a 6e3 SOnyHCKux
NCTPAXKMBarba TELKO je rOBOPUTY O CTBAPHUM Y3POLMMa BACOKMX rybutaka. Mehy moryhe yspoke Tpeba
HaBeCTH HEAOBO/LHY XUAPOreonoWKyY UCTpaeHoCT macusa OspeHa u [leBuue, a npe csera HefoCTaTaK
PEXMMCKMX OCMaTparba NpoTULaja KapcTHUX Bpena no oboay mMacusa. He Tpeba 3aHemMapuTH HU 3Ha-
HajHe KONMUYMHE KapCTHUX BOAA KOje UCTUYY Y pyaapcke paaose pyAHuka ,Coxko” kof Cokobarbe u Koju
npenase 30 I/s, Kao HU KoAMUMHE BOJA Koje y3nasHO UCTU4Y ¥ Koputy peke Mopasuue. C gpyre crpaHe,
ocTana je HeaeduHUcaHa v Be3a Bpena y AosmHU Cepsbuwikor TMMOKa ca KapcrHom musganu O3peHa m
Jesuue.

. 3AK/bYYAK

Kapcriun macus Ospena u [lesuue Hanasu ce y uctouroj Cpbuju. Warpahyjy ra gobpo kapcru-
¢uKoBaHe me3030jcke KapboHaTHE TBOPEBUHE (pPa3/MUKUTE BPCTE Kpeurbaka M [OAIOMUTE), Y KOjuUMa cy
dopmupaHe 3HauajHe pesepse KBANUTETHUX NOA3EMHMX BOAa. O £,06poj BOAOHOCHOCTH KapcTHe u3aa-
HU, rosope pesymam ﬁlAnaHCHMX ucnuTuearba. Tako AuHamuuke pesepse usHoce 0,97 m/s, a ykynHe
cratudke 90,4 * 10’ m®. Uspagom 6unanca noAsemuux Boaa aobujenn cy pesyntatv Koju ykasyjy Ha
W3y3eTHO BUCOKe rybutke (87,1%) u Koju ce He mory NOTBpAMTHM 6e3 A0AATHUX UCTPAKMBAHDA.

Orpanuyasajyhu ¢aktop kopuwherba NoA3eMHUX BOZAA M3 KapCTHE M3JaHy je bMXOBa BENMKa
PatbMBOCT Ha LLE/IOKYNHO] MOBPILNHM KapcTHe m3fann. OBO M3 pasnora WTo Cy OTKpMBEHe KapboHaTHe
CTEHE MHTEH3NBHO KapCTUPUKOBaHE O Yemy CBeAouM Benuku 6poj BpTada Ha KapcTHOj nospiun O3peHa
v lesuue. Mmajyhu y Buay pesepse KBaAUTETHUX NOA3EMHUX BOAA U HUXOB 3HayYaj 3@ CTaHOBHULLITBO
no oboay macusa, HEONXOAHO je NpeayseTh oarosapajyhe mepe 3awTuTte ucTux. Y by geduHucamba
30Ha 3alUTUTe U Npeaysumarba mepa y OKBUPY U3ABOJEHUX 30Ha, HEONXOAHA je U3paja KapaTa parbuBo-
CT1 v Xasapfa KapcTHor macusa O3peda u [esuie.
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HYDROGEOLOGICAL POTENTIAL OF KARST MASSIFS OF OZREN AND DEVICA
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INTRODUCTION

For the development of a region, it is essential to clearly define the water potential, therefore
groundwater potential. For the purpose of its sustainable use it is necessary, first of all, not only to know
the distribution, regime and reserves of groundwater, but the conditions for their protection as well.

One of the areas in which, due to its geological composition and hydrogeological characteristics,
significant reserves of groundwater have been formed, is the karst massif of Ozren and Devica, part of
the Carpatho-Balkanides mountain arch. It is located in eastern Serbia, where the largest part involves
the territory of the municipalities Sokobanja and Aleksinac, and to a lesser extent Svrljig and Knjazevac.

In this area, due to the significant distribution of well-karstified carbonate rocks, karstic aquifer
is formed, which is drained along the ridgeline of the massif, in contact with the impermeable most
commonly Neogene sediments. Groundwater drainage is through the karst springs (Moravica, Ozren,
Resnik, Lipovac Gornjokrupacko and others), but also through thermomineral springs in Sokobanja Spa.

in addition to significant spread on the surface, karstified limestone has a distribution below the
sediments of the Sokobanja basin, the Aleksinac and Svrljig Neogene basins, which has been proved in
some locations by exploration drilling and mining operations.

in order to define the total reserves of groundwater within the karst aquifer of Ozren and De-
vica, the available data were collected and analyzed (precipitation, geological composition, yield of
springs , etc.), and then a corresponding budget was presented.

METHODOLOGICAL PROCEDURE
Due to the favorable geological and hydrogeological characteristics of the Ozren and Devica

massif, conditions for the formation of the karst groundwater body have been created, and that with
significant reserves. In order to support this, the calculation of their budget and reserves has been

. made.

The budget equation, which was applied for the same area by Z. Stevanovic (1991), was used to
calculate groundwater budget for the karst aquifer.of Ozren and Device massif. Mentioned author des-
cribed the area as "the groundwater body of Ozren with Devica". The modified budget equation in
relation to the general budget equation neglects the underground inflow in the groundwater body and
evaporation from the groundwater table, with the assumption that in the long series of consecutive
hydrological cycles there is no change in dynamic reserves:

P=Q,+G
P - atmospheric precipitation; Q,,— drainage through the springs; G - losses.

The estimation of dynamic reserves is identified by the summarized medium spring yields along
the ridgeline of Ozren and Devica, which correspond to the volume of the groundwater, above the
reference plane above to the point of outflow on the surface. Below this level are static reserves.

Static reserves of underground waters are calculated as the product of the groundwater bodies
volume and the effective porosity. Stevanovic (1991) states that the value of the karstification coeffici-
ent in the karstic terrains of eastern Serbia ranges from 0.01 to 0.02, and the centralized value was used
to calculate static reserves, i.e. 0.015. The volume of the groundwater body is determined as the pro-
duct of the surface of the groundwater body and the medium depth of the aquifer zone {the distance
from the outflow point on the surface to the base of karstification). Considering the relatively small
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number of data about the position of the base of karstification, it is estimated that it is at a depth o
about 250 m. The delineating of the surface area of the groundwater body was based on the boundane
stated by Zeremski (2002).

RESULTS OF EXPERIENCED RESEARCH

The catchment area of the karst groundwater body Ozren and Devica amounts to 294 km?, ou
of which 241 km? is represented by autogenic karst, and 53 km? are non-karst (allogenic) terrain. The
amount of atmospheric precipitation, which is excreted in the research area for one year, is 808 mm
(Pavlovic et al., 2011), i.e. 237.5 * 10° m®

Outflow through the karst is 0.97 m%/s, i.e. 30.6 * 10° m® {dynamic reserves), which is 12.9%
the average precipitation in the catchment area. Total static reserves of groundwater are 90.4 * 10" m>.

By calculating the groundwater budget considerably less values of dynamic and static reserve
were obtained while the amount of precipitation that appears in springs is 2.9% higher than the valu
given by Z. Stevanovic (1991).The reason for the disagreement of data can be the use of different inpu
data, primarily the amount of precipitation, the yield of the springs, etc.

Losses presented by surface and subsurface runoff and by evapotranspiration are extremel
high 206.9 * 10° m* per year, i.e. 87.1%. At this moment, and without additional research, it is difficult t
talk about the real causes of high losses. One of the possible causes is the insufficient hydrogeologica
research works of the massif Ozren and Device and above all the lack of regime observations of the flow
of karst springs along the foothill of the massif. The significant amount of karst waters also outflow in
the underground mining works of the Soko Mine near Sokobanja and exceed 30 I/s, as well as the :
amount of water that outflow upstream in the Moravica riverbed. On the other hand, the connection of *
the spring in the valley of Svrijiski Timok with the karst groundwater body Ozren and Devica remained
undefined.

CONCLUSION

Karst massif Ozren and Device is located in eastern Serbia. It is built by karstified Mesozoic car-
bonates (different types of limestone and dolomite), in which significant reserves of groundwater have
been formed. The amount of water in this karst groundwater body is calculated through the budget
equation. Thus the dynamic reserves are 0.97 m’/s, and the total static is 90,4 * 10" m®. Through the
groundwater budget calculation, results have been obtained, which mdocate extremely high losses
(87.1%) and which cannot be confirmed without additional research.

The limiting factor for the use of groundwater from the karst is their great vulnerability on the
entire surface of the karst groundwater body. This is because the carbonates on the surface are inten-
sively karstified, evidence of which is large number of dolines on the karst area of Ozren and Devica.
Bearing in mind the reserves of good-quality groundwater and their importance for the population along
the ridgeline of the massif, it is necessary to take appropriate measures to protect the very ground-
water. In order to define the protection zone and take measures within the selected zones, it is
necessary to create maps of vulnerability and hazard of the karst massif of Ozren and Devica.
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