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INOTPEBA 3A U3PAIOM BUJIAHCA U OIIEHOM PACIIOJIOKUBUX
PE3EPBU IIOJA3EMHUX BOJA PEIIYBJIIUKE CPBUJE

THE NEED FOR BALANCING AND ESTIMATION OF AVAILABLE
GROUNDWATER RESERVES OF THE REPUBLIC OF SERBIA

OPUTUHAJIHA HAYYHH PAJT— TRAVAIL SCIENTIFIQUE — RESEARCH PAPER

Ancrpakt. [Ipuponne kapakrepuctuke CpOuje, ImpocTopHa IWMCTPHOyHHja pecypca BOAE M HHXOBHX
KOPHUCHUKA, Kao U MelycoOHa nHTepaknyja Kopuihema, 3aTUTE BOJIA, KA0 U 3aIITHTE O BOJA, YCIOBHIIE CY
Jla ce TMO/I3eMHE BOJIC Ha YHTABOj TEPUTOPHjU MOPAjy IOCMATPAaTH HHTETPATHO, JeAHHCTBEHO, KOMIUIEKCHO U
paunonanHo. MehytuMm, TpeHyTHO je y PemyOmumu CpOuju moryhe neduHmcaTn camo oIIMKe MOjEIMHUX
W3JIaHH M/MJIM U3BOPHIITA YCIIEl HEOCTOjamka JOBOJBHHX I0JIaTaKa 3a CBeOOYXBAaTHY aHAIU3Y CTamba pecypea.
3a oLeHy NMPHUTHCKA HAa KBaHTUTET pecypca MOA3EMHUX BoJa, IITO je obaBe3a npemMa OKBHPHO)j TUPEKTHBHU O
Bogama EY (O/IB) u nparehe raHoBe ynpaBibarmba KOjH Cy y IPUIIPEMH, YIIIABHOM CE€ MOT'Y KOPHUCTHTH ITOJalf
KOjU Cy NPUKYIUbeHH U oOpalhenu jomr mpe 4eTBpT Beka (1995. roqune) 3a notpebe u3pane BomonpuspenHe
ocuoBe Cpouje (BOC), unu cy MHOBHpaHH caMo 3a mojemune jaeioBe CpOuje Kpo3 U3paay CTpaTEeIlKuX
npojekara (2007-2011) wmu npojexTa mpoImupemha Mpeke 32 MOHUTOPHHT Moa3eMHUX Bona (2015). Y npakcu
ce BOJHE JI03BOJIC WM pellieha O eKCIUIOATalliOHOM MpaBy YIJIaBHOM M371ajy 0e3 yBHAA Ja JIM Ce Y UCTOM
BOJIHOM TeJy Hajla3e M KOPHUCTE M Jpyra W3BOPHINTA, M KaKBe Cy IOCIEIHIe HCTOBPEMEHE eKCIUIoaTaluje.
Crora ce Hamehe moTpeba 32 HOBOM €BANTyalljoM OMJIAHCHUX eJieMEHAaTa M OLIEHOM Pe3epBH IMOJ3EMHHUX
BOJJHUX pecypca Ha HUBOY PeryOnuke y HeNWHH, Ka0 M MOjeIMHUX BOJHMX Teja IOJ3EMHUX BOJA U Ipyna
BOJIHUX TeJla, ITO OM 0/Ir0Bapao perMOHATHOM KOHIIETITY, a IIpeMa yIyTCTBHMA U CTaHapAuMa Koje caapike
nparehn 1okyMeHTH U Boauuu 3a npumeny OJ/IB, koju y3umajy y 003up KaTeropHjy pactoloXHBUX Pe3epBH
U notpeda y BOAM 3aBUCHUX EKOCHUCTEMA.

KibyuHe peun: NOI3eMHH BOJHH PECYPCH, OMIIAHC, PACIIOIOKHBE PE3epBe, OAPKHUBO YIIPABIbAE,
Pemny6muka Cpbuja

Abstract. Serbia's natural features, the spatial distribution of water resources and their users, as well as the
mutual interaction of water use, water protection and protection against water, have caused groundwater
throughout the territory to be considered integrally, uniquely, complexly and rationally. However, in the
Republic of Serbia it is currently only possible to define the characteristics of certain number of aquifers and /
or groundwater sources due to the lack of sufficient data for a comprehensive analysis of resources. For the
assessment of the quantitative pressure on groundwater resources, which is an obligation under the EU Water
Framework Directive (WFD) and accompanying management plans, which are under preparation, is mainly
use data collected and processed as early as a quarter of a century ago (1995) for the purpose of previous
Serbia's Water Management Plan, or have been innovated only for certain parts of Serbia through the
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development of some strategic projects (2007-2011) or the expansion of the groundwater monitoring network
(2015). In practice, water permits or water exploitation permits are often issued without knowing whether other
groundwater sources are located and used in the same groundwater body and what are the consequences of
simultaneous exploitation. Therefore, there is a need for a reevaluation of the groundwater budget parameters
and the assessment of groundwater reserves at the level of entire territory, and then delineated groundwater
bodies (regional approach) in accordance to the guidelines and standards contained in the accompanying
documents of WFD, which take into account the category of available reserves and water needs of dependent
ecosystems.

Key words: groundwater resources, water budget, available reserves, sustainable development, Republic of
Serbia.

YBOJ

[ToazeMHe Bozie, Ka0 MHTETPAJIHH JICO CBEYKYITHUX BOJHHUX pPecypca NpeCcTaBibajy
BakaH €JIEMEHT CBAKOIHEBHOT )KMBOTa cTraHOoBHKMKA CpOuje, Oyayhu na ce Benuku neo (70-
75%) cHabneBa nujahom BomoMm mpeko OymieHHX OyHapa y BOJOHOCHUM CpeAMHama ca
MHTEPrpaHyIapHOM IOpPO3HOIINY WM NMPEeKO KanTHpaHHX KapcTHUX Bpema. Ca mpyre
CTpaHe, OCHUM EeKCILIoaTalje 3a NmoTpede BOJOCHAO/CBAaka M jOII YBEK MAambUM JIEIIOM
HaBogmaBama (DIMKIC et al. 2007), mom3eMHe BOjE €, 3aBUCHO OO THIA W
KapaKTepHCTHKA, KOPUCTE M 3a (uiallpame WM Ka0 MHHEpalHe W TepMalHe BOJIC y
0aTHEeoNIOTHj |, OJHOCHO T€0TEpMalIHE Kao MPUPOIHHU M3BOP €HEpruje, IITO je MoceOHO
akTyenHo nocneamux roxguHa. Crora ce Hamehe moTpeba 3a aJeKBaTHOM EBATyalldjoM
NOA3EMHHUX BOJHUX pecypca, Kako OM ce HHUXOBO KOpHUIIheme MOIIO palyoHaTHO
IUIAHUPATH y CKJIaTy ca KOHLIEITOM OJPKHMBOT pa3Boja. Y OBOM pajy HCTHYE ce moTpeda
3a UMILJICMEHTAIIM]jOM U 3aBPILICTKOM 3all0YETHX CTpaTeiikux mpojekata (GRUPA AUTORA,
2011) kojuma Om ce BaJlOpU30BAICe MaJOMUHEPAJIN30BaHE IIOA3EMHE BOJE ca
KBAaHTUTATHBHOI AaCIEKTa y CMHCIY OIICHE HUXOBE IIOTEHIMjATHOCTH Y TOTJIeTy
cHabzneBama nujahioM BojoM. CIIMYHE pEervoHaliHE OICHE YUYHMIbEHE Cy 3a eBallyalldjy
re0TePMATHOT M OaJHEeOoJoMKOor noTeHnujana Bojeoaune (MILENIC & VRANIES, 2018;
KRUNIC et al. 2018)

MATEPUJAJIN U METO/JIE

Peny6nuka Cpbuja ce MOke cMaTpaTu 3eMJbOM PEJIATHBHO OOTraToOM MOA3EMHUM
BOJIaMa, MaKO je KHXOBa MPOCTOpPHA TUCTPUOYyIMja HejeaHaka. HajsHauajHuje pesepse
noa3eMHuX Boga y CpOuju Hanase ce y KBapTapHUM (allyBUjaIHUM U TEPacHUM) Hacjaarama
Y HEOTEHHUM CEIMMEHTHMA HHTEPTpaHyJapHe MOPO3HOCTH (CEBEPHU U LIEHTPAIHH JEIOBU
3eMJb€) M Yy IUIAHWHCKMM MacWBHMa H3rpaljeHUM O KapCTH(QHKOBAHHX KapOOHATHUX
CTeHa ME3030jCKe CTapOCTH y 3amajHuM W ucrounmMm nenoBuma (Cruka 1). Ca npyre
ctpane, lllymanuja u jyxna CpOuja omiNKyjy ce MamHUM pe3epBamMa MOA3EMHUX BOAA,
aKyMyJIUpaHUM Y OKBHPY CTEHa I[aje030jCKe CTapoCTH, 3aTUM MarMarckuM u
MeTaMOp(GHUM cTeHaMa, (IIMIIHUM Hacjiarama jype u Kpene, U JyOJbUM CeTUMEHTHUM
KoMIuIekcuMa (STEVANOVIC & DOKMANOVIC, 2015).

[Iponemyje ce 1a y NeNoKyITHOM BOI0CHa0 IeBamky mrjahoM BOJIOM CTaHOBHHIIITBA
Cpbuje, moazeMHe BoJIE YI€CTBY]Y ca oko 75%. Ha moapydjy BojBoanHe HCKIbY9IHBH BUL
BOJIOCHA0 IeBarh-a CTAHOBHHUIITBA j¢ KOPHUITNEHhe ITOA3EMHUX BO/IA, JIOK CHA0IeBamhE BOJIOM
W3 MOBPIIMHCKHUX aKyMyJjanyja AoMuHupa camo y KocoBckoMm OaceHy. Y LEHTpaIIHO]
Cp6uju yuenrhe MoBpIIMHCKUX BOAA (aKyMyJallije W PEYHU TOKOBH) Y BOJOCHAOIEBAGY
je oko 10% (STEVANOVIC & DOKMANOVIC, 2015). 3a HaBeneHe notpede, HajBUILE Ce
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KOpUCTE MHTEeprpaHyliapHe U3IaHu ca clI000IHUM HHBOOM (OpMHpaHE Yy alyBHjOHHMa
BEJIMKUX pEKa, OJHOCHO T3B. OCHOBHH BOJIOHOCHHM KOMIUICKC Ha Tonpyd4jy BojBommne
(POLOMCIC & STEVANOVIC, 2011), 0JHOCHO KapCTHE U3/IaHU Y 3allaTHUM, jyro3ana HuM
(Tuuapumn) u uctounnm (Kapmaro-6ankanuan) nemosuma Cpbuje (STEVANOVIC, 1995),
JIOK ce Tope] HBUX KOPUCTe W HWHTEprpaHyjapHe H3IaHH IIOJl MPUTHCKOM Yy HEOT€HHM
bacennma mieaTpanne Cpouje (Cruka 2).
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Cruxka 1. Xuaporeononika kapta Cpouje (mpema 6a3u noxaraka MILANOVIC ef al. 2010)
Fig. 1. Hydrogeology map of Serbia (after database MILANOVIC et al. 2010)
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Ciuka 2. ITIponieHTyaHa 3aCTyJbEHOCT TUIIOBA H3/IaHH y BOJIOCHAa0 /IeBatby cTaHOBHUIITBA CpoOuje
MOI3eMHMM BoJjaMa (TIpema nojanuma STEVANOVIC & DOKMANOVIC, 2015)
Fig. 2. Participation of aquifer types (in percent) in the water supply of the population of Serbia with
groundwater (after STEVANOVIC & DOKMANOVIC, 2015)
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WUmajyhn y Buay 3Hauaj MoA3eMHHX BOJAa Y BOAOCHAOIEBamby CTAaHOBHHILTBA
Cpbuje, HeOTXOIHA je a/leKBaTHA BaJIopU3allfja pecypca, Kako Ou ce OHM MOTJIH yCIIEITHO
Y paliOHaTHO EKCIUIOATHCATH Y CKIIaAy ca KOHILIENTOM OAPXKUBOT pa3Boja. C THM y BE3H,
HEKOJIMKO TpOojeKaTa je UMITIEMEHTHPAHO MPETXOAHUX JICIeHHja y IIJby OLleHE pecypca
MOI3eMHUX Bofa. Y mpojexty m3pahenom 1995. rogune ox ctpane crpyumaka MuacTHTYyTA
3a BOJIOTIPUBpENY ,,JapociaB UepHu* 1o Ha3uBOM ,, H(popmayuje o cHabgesarsy 60gom
ciianosnuwiinsa Cpouje — cilare u Hellocpegru 3agayu’, HABOAM CE Ja YKYITHE KOJTUYNHE
BOJIA KOj€ Ce KOPHCTE 3a BOAOCHa0aeBame y CpOuju n3HOCE Toaumimbe oko 750 x 10° m?,
o1 4era cy noazemue Bojie oko 580 x 10° m? (GRUPA AUTORA, 1995). Oko 430 x 10° m?
Cy TIOJI3EMHE BOJIC U3 Pa3IMUYMTUX BOJIOHOCHHUX cpeanHa (Hajuenihe amyBHjaliHEe) KOje ce
3axBaTajy momohy Boj03axBaTHHX 06jeKaTa - yriiaBHOM OyHapa, 0K ce oko 145 x 10° m?
3axBara ca Kanraxa u3Bopa (STEVANOVIC & DOKMANOVIC, 2015). [ToMeHyTH TIpojeKat u
nojany KopuiheHu cy Kao OCHOBHA TOAJIora 3a u3pany Bogonpuspenne ocaoBe CpoOuje
u3 2001. romuHe Koja je caiapikala MOJATKE O MOTEHIMjajHUM pe3epBaMa IMOA3EMHHUX
BOJIHHX pecypca y usHocy o 108 m?/s ca BemraykuM npuxpamuBameM, OJHOCHO 67,5
m’/s Ge3 BEIITAuKOI NPHXparuBarba, OJ 4era cy ase TpehuHe BoJe W3 anyBHjoHA, Tj.
WHTeprpaHyJapHOT THUIA U31aHu, oko 20% cy moa3eMHe kapcTHe Boje, HemTo ucnon 10%
CY BOJie OCHOBHOT BOJIOHOCHOT KOoMIUTeKca BojBoamHe, oK ocTaTak o 5% 4rHe o3eMHe
BOJIE HEOTEHHX KOMILIEKCa U IMyKOTUHCKUX cucTteMa (GRUPA AUTORA, 2002).

[Mpunor OwmnaHCy KapcTHHX HM3AaHU M TOTCHIUjaTHOCTH eKcIUIoaTaluje Jiaje
STEVANOVIC (1995) y monorpaduju ,, Bognu muneparnu pecypcu auitiocgpepe Cpouje .
Jaspu pax Ha orieHN OMITaHCa MMOA3eMHHX BOJHUX pecypca Pemyonuke CpOuje HacTaBIbeH
je y mepuoay 2007 — 2011 xpo3 rpymy crpaTemkux Ipojekara, Mehy kojuma je 0mo u
npojexar ,, Oyena pezepsu peiuoHaIHUX U3gOpUWIIA HOg3eMHUX 80gad 3a 60gOCHAbgesarve
— pelyrayuja uzganu u tosehare ratayutdetiia“, KOju cy 3a motpede MuHUCTapCTBa
pynapcTBa M eHepretuke M Jlupekuuje 3a Bojge MUHHCTapcTBa 3a MHOJBOIPHBPELNY,
TProBHHY, IIyMapCTBO U BoJlonpuBpeny Pemybinke CpOuje 3aje JHIIKH MMITTIEMEHTHPAIH
cTpyumhanin JlemaprmMana 3a xujaporeosiordjy Pymapcko — reomnomkor Qakynrerta,
WHcTuTyTa 32 BOOONPUBpPENY ,,JapociaB Uepnu“ u I'eonomkor nacrutyra Cpouje. [ maBan
IIUJb OBOT MPOjeKTa OMO je ajJieKBaTHA OIICHA Pecypca U CTarma eKCILIOATaI|]e H3BOPHIITA
BOJIOCHA0O/IeBamka, JIepUHUCAE pecypca NOTCHLWjaTHUX HM3BOPHINTA, 3aTHM OIeHa
KBAJIUTETA TTO/I3EMHUX BOJIA U €BHICHTHpame NocTojehnx U MmoTeHnujamHux 3arahusaya,
Kao ¥ BbUXOB MOryhu yTuIlaj Ha moji3eMHe Bojie. [ TaBHM pe3ynTat mpojekra Tpebdaro je 1a
oMoryhu CBEyKyIHO IMO3HAaBame CTaTyca IMOJ3EMHHX BOJHHX pecypca Ha TEpUTOPHjU
Cpowuje.

[Ipojekar je u3BoheH (ha3HO y3 aHKETHpamE M TEPEHCKE OOMIIACKE WM3BOPHIITA
MOJ3eMHHUX BoJa, (opmupame 0aze mojaraka, eBallyalldje €BPOIICKE peryjiaTHBe U
XapMOHU3allMje W ycarjamaBame JoMahimx mpaBHUX mponmca y o0iacTh Boja ca
€BPOIICKHM TPaBOM U KOHIMIHPakha METO0JIOTHje popauyHa OnaHca NOJ3€MHUX BOJA.
KonuenT je nmoapa3zymeBao JiennHeanyjy OWJIAHCHUX jeTMHHIIA TIOA3EMHUX BOJA MpeMa
yHamnpes ojpeheHuUM KpuTepujymuma. Hakamoct, WMIDIEMEHTanuja NpOjeKTa HUje
JIOBEJICHA /10 Kpaja, Oyayhu ja je mpojekaT NPeKHHYT y 3aBpILHOj (a3u UMIUIEMEHTaIHje,
T€ Ha Taj HAUYMH HHjE 3a0KPYKECH MpopayyH OuiaHca CBUX OWJIAHCHHMX jeAWHHUIA Ha
teputopuju Cpbuje. Mmak, mpema moganuma U pe3ysitaTiMa ImpojeKTa, ImporeHa je aa 31
OMITaHCHA jeTUHUIIA KOJMKO MX j€ YKYITHO M3IBOjeHO Ha TepuTopuju Pemybmuke Cpouje
(6e3 AIT KuM), akymymupa 470 — 570 x 10° m*/ron, wro je camo OHaj TPUPOIHO
OOHOBJBMBH JICO pecypca TOI3EMHHX BOJa, JTOK je KOJNWYMHA BoAa KOjy je Moryhe
3axBaTaTH W3 amyBHjoHa 3HadajHO Beha (GRUPA AUTORA, 2011). YcBojena Cinpaitieiuja
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yiipasmarba sogama Ha iepuitiopuju Peityonuxe Cpouje xojy je 3a norpede MuHmcTapcTBa
HOJBONPUBPENIC M 3AIITUTE JKUBOTHE CPEAMHE H3paauo WMHCTUTYT 3a BOIONPUBPEIY
,Japocnas Uepuu“ Tokom 2015. ronune (GRUPA AUTORA, 2015), Takohe kopucTu nogarke
CTpaTeIIKUX MpojeKaTta Kaja je ped o OmiaHcy MOA3EMHHX BOJIA.

PE3YJITATH U IUCKYCHUJA

Vrpasibame MOI3EMHUM BOJHHM pecypcuMa MOjpa3yMeBa Ipolec KoMe Mopa
MPETXOIUTH a/IeKBaTHA ¥ IITO je MOoryhe mperu3Huja BaJopHu3alja pecypca, OJHOCHO
NpOpavYyH pPAacloJOXHBUX KOJIMYMHA TOA3EMHUX Boja. Mako 3By4HM mNapagoKCalHO,
IUIaHUpake CcTparerdje Kopuinhewa MOA3EMHUX BoAa Oe3 Mpeuu3HOr 3Hama O
PacToIOKUBUM KOJIIMYMHAMA, j€ YECT CITyYaj He caMmo y Hallloj 3eMJbH. To je ompaBaaHo
caMo y CUTYyallMju Kaja He TIOCTOje CUCTeMaTCcKa OcMaTpama Ha OCHOBY KOjUX OU ce MOrao
npopavuyHaTd OWIaHC TOA3EMHUX Boja. JlpyruM pedmMa, OACYCTBO aJIeKBATHOT
MOHHTOPHHTA KBaHTUTETa IOJ3EMHUX BOJA y HAINOj 3€MJbH, yCIOBJhABA HHU3AK CTEITICH
NO3HaBaka PEATHUX KOJIMYMHA IMOJ3EMHHUX BOJAa KOjUMa ce pacmoiaxe. MOHHUTOPHHT
KBaHTHTETa TMOJ3EMHUX Boja obaBe3a je PemyOnuykor XuapoMeTeopoJIONIKOT 3aBOAa
(PXM3), xoju Ha oko 20% W3ABOjeHHX BOAHMX Tena Moa3eMHUX Boaa (PRAVILNIK, SL.
GLASNIK 96/2010) Bpmm Mepema HHBOA MOA3EMHHX BOJa U ojpehyje HHXOB
KBaHTHTAaTHBHU cTartyc. Mel)yTuM, cBa BOJHA Tesa MOJA3EMHUX BOAA YHMjH j€é MOHUTOPUHT
y HamiexHocthu PXM3 cy uHTeprpaHyigapHOT WM CJIOXCHOT THIA, Tj. ped je o
ocMaTpamMMa HUBOA IMOJ3EMHUX BOAa y OyHapuma, JIOK c€ OcMaTpa CBera HEKOJIHKO
kapcTHuX Bpena. [Ipaheme kBanmuTeTa BOJAa y HAUISKHOCTH je ATEHIHje 3a JKUBOTHY
cpenuny (oxko 60-70 oOjekara y MHTEprpaHyJapHUM H3JIaHHUMa), KA0 M PETHOHATHUX
3aBo/1a 3a jaBHO 3/1paBJbe KaJia Cy y MUTamby BOJIOBOIM.

ITomak y 6pojy ocMarpadkux o0jekaTa KBAHTUTaTHBHOT CTAaTyca MOA3EMHHX BOJa
YUHIbEH je 011 cTpaHe Pymapcko — reosormikor (akysrera, Ydju ¢y CTPYYHALU Y CKIIOMY
npojexTa ,, Qiepaitiusu MoHuiopuni dogzemuux soga Peityonuxe Cpbuje “ (STEVANOVIC
et al. 2020) y nporpaM MOHUTOPHHT'a KBAJIUTETA M KBAHTUTETA MTOJ3EMHUX BOJIA YKIbYIUIIN
u oapeheHn Opoj KapCTHHX Bpeja, ald KOjU c€ 300r OrpaHUYCHHUX MAaTEPHjaTHUX
CpeJicTaBa M BPEMEHCKHX OKBHpA HMIIAK HE OCMATpajy aJeKBaTHOM (PPEKBEHIIMjOM KaKBY
3axTeBa KapcTHa u3iaH. Tpeba HABECTH W YIOTY JIOKaJHHX W3BOPHINTA Y NPHKYIbakby
HojaTaKka 0 KoJIMYMHaMma 3axBaheHnX 1MoI3eMHUX BO/Ia, OJJHOCHO O KOJIMYMHU BOJIa KOje ce
He KOpHUCTe 3a moTpede BojocHabaeBama. HanMme, mako Ccy CBM BOJOBOJIM Y 00aBe3n Aa
NPENM3HO BOJIE EBUJICHIM]Y O 3axBaheHMM KOJIMYMHAMA MOJ3EMHHX BOJA M BOJaMa Koje
ce y BUy IIpeNnBa (HEKalTHPAaHH JIe0) U3JINBAjy HU3BOIHO OJ MECTa 3aXBaTama, U AKyPHO
JIOCTaBJbajy MOJATKE PECOPHOM MHHHUCTAPCTBY U Jlupekuuju 3a Boje, To MehyTuM Huje
YBEK cuTyaluja y npakcu. Hajselin 6poj u3BopwHITa Noja3eMHUX BOJIa, KOja Cy KalTHpaHa
3a morpede Bo0CHa0/IeBamba, BPILIH JHEBHO OCMaTpama yKYITHUX KOJIMYMHA 3axBaheHHX
WK JTUCTPpUOYUpPAaHUX BOJa Ha BojgoMmepuMa, MehyTum maiim je Opoj OHHMX KOjU BOJIE
EBUJICHIIM]Y O CBUM O0jEKTUMa W JIOCTaBJbajy OBE MOJATKE HAJUICKHUM HHCTHUTYIIHjama.
Taxole, jom je Mambu OpOj U3BOPHUILTA KOjU HIpP. KANTHPAjy KapcTHa Bpeia U 0CMaTpajy
KOJINYMHE TIOA3EMHHUX BOJA KOje oAja3e HU3BOAHO OJ KamTaxke, ITO OM OHo IparorexH
IO/IaTaK 3a OIeHYy OMJIaHCa THX U3/IaHH.
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V ciydajy axxypHor npahema u 1ocTaBibama MoiaTaka 0 KoJTHYrnHaMa 3axBaheHux
MOJ3EMHUX BOJA, Tj. HUBOMMAa W MPEIMBHUM KOJIHYMHAMA IOJ3EMHHX BOJA, MPOTpaM
MOHHMTOpPHWHTA OM ce MOTao panuoHanucatu. Takohe, 0a3a mojgaTaka Koja Ou moxparmHBalia
oBe mojaTtke Omna OW OJf CyIUTHHCKOT 3Hauaja 3a MpopadyHe OMIAHCHUX Mapamerapa
onpehene mzmanun. Ca apyre crpaHe, (yHKIHja jeTHHCTBEHOT BOJAHOT MH(OPMAIIHOHOT
cuctema (BUC) koju 6m 00jennHNO KBaNWTATUBHE M KBAHTHUTATUBHE KapaKTEPHUCTUKE
MOJ3EMHHUX BOJa KOjeé CE eKCIUIOATHIIy, Kao M MOAaTKe O EKCIUIoaTalljH y pealHoM
BpeMeHy, Ou OWiia KJIbydHa TP U3/aBamky JI03BOJIA 32 KOpHUIIHeHke MO3eMHNX BOJa HOBHM
KopucHuIIMMa. Hamme, y mpakcu ce BOJHE JIO3BOJE WM Peliekha O eKCINIOATAlHOHOM
npaBy U3/ajy 4ecTo 0e3 yBUAa Ja JH ce Y UCTOM BOAHOM TeIlly Hajia3e U KOpUCTE U Ipyra
M3BOPHILTA, U KaKBe Cy MOCJIEOUIC MCTOBPEMEHE eKcIuoaranuje. Pamu ce 3ampaBo o
n30eraBamy MpeKiIanama eKCII0aTaAMOHUX MPOCTOpa CYCETHUX M3BOPUIIITA, AlTK HE U O
edekTrMa Koje MHTEepdEepeHIja paayjyca AejcTBa U3a3uBa. 1o 3HaUu Ja MOXKEe Johu 10
npeKJanama pajaijyca aejcta OyHapa, YKOIUKO ce paan O U3BOPHUILTY MMOA3EMHHIX BOAA Y
OKBHpY 30WjEHOT THIIa W3JaHW, OJHOCHO CHIDKABaWky HHUBOA TOJ3CMHUX BOJAA HIIP.
u3pazioM OyHapa y 3anmelhy Bpela WM TPUMEHOM OJApeleHUX perylaluoHuX Mepa
KapcTHUX M37aHu, a 0e3 Ja je u3BpIlIeHa MpolieHa yTuliaja Ha Beh mocrojeha n3Bopumra.
To Moxe NMOBeCTH W 1O HapyllaBama (YHKIMOHUCAKA 3aBUCHHUX EKOCHCTEMa, 4YHje
OJIp’KaBarbE YeCTO TUPEKTHO 3aBUCH O] TIOJ3EMHUX BOJIA.

AZekBaTHa BajiopH3aldja pecypca MOJA3EMHHUX BOAa Takohe je BeoMa BakHA
NPUIMKOM OIleHE KBaHTHUTATHBHOT CTaTyca Moj3eMHHX Boja. CTaTyc MOJ3eMHHX BOJAA
MpeJIcTaBsba jeIHy o/ TekoBrHa OKBUPHE TUPEKTHBE O BoJlaMa Kojy je EBporicka komucuja
ycsojuina 2000. rogune (WFD, 2000). Onena XxeMHjcKOI M KBaHTHTAaTHBHOI cTaTyca
MOJ3€MHHX BOJIa JeHHUINE MpaBal] U CTPATETHjy XUAPOTEONIOMKUX (PyHIaMEHTATHUX
UCTPaXWBaha HA HAIMOHAJTHOM HUBOY, YHjH je [WJb MOOOJBIIAKE TPEHYTHOT CTaTyca U
Oynyhe panmoHaqHO KOpUIINEHE MOM3EMHHUX BOJA Y CKJIaay Ca KOHIENTOM OJPYKHBOT
pa3Boja, Ha yemy mHcucTHpa EY. C 003upom Ha uumenuily aa je CpoOuja y mporecy
nperoBopa o 4iancTBY y EY W TpeHyTHO TeXH UCIyHmelhy KpUTEpHjyMa 3a MPHCTYI
VYHUjH, HAIIMOHATHA TIPaBHA PEryaTUBa Takole Teku XapMOHHU3ALHUjU U yckiIahuBamy ca
MPaBHOM peTyJaTHBHOM EBpoIicke yHHUje Ha CBUM TOJbMMA, TIa TAKO U Y TIOTJIEAY BOJHOT
npaea. CamuMm tuM, CpOuja je y 00aBe3u J1a npuMemyje yIyTcTBa U ctanaapae EBponcke
VHHjE 3a OIEHYy cTaTyca mnoj3eMHuX Boja. OBHM CTaHAApAW CaApKaHH Cy Y CaMmoj
JlMpeKkTuBH U BeHUM Tparehum nokymenTnma — Bomuuuma 1j. 3ajegnuuxoj ciipaiteiuju
umiinemeniiayuje 3a Oxeupny [upexiiugy o Bogama (eurn. Common Implementation
strategy — CIS) xoju cy uzpahenu y uniby nepuHHUCamba JeJUHCTBEHUX KPUTEpUjyMa pu
npolecy KapakTepH3alyje, AeIMHeal je U OlleHe CTaTyca BOJHHX Tejla ITOJI3EMHUX BOJIA Y
EBporu. OBH IOKYMEHTH, HaKO UMajy 32 IIHJb YCIIOCTABIbAHHE¢ TEHEPATTHOT METO/I0IOIIKOT
KOHIIETITa, MOpajy OMTH Ipuiiaro)eHu CBAaKOM KOHKPETHOM CIIy4ajy Y KOME ce IPUMEY]Y,
umajyhu y BHIy pa3HOJIMKOCT (XHIPO)reosIOMKNX KapaKTePUCTHKA MIPOCTOPA LEIOKYITHE
Esporne.

Haj3nauajarju BoJuuM y JOMEHY IOJI3EMHHX BOJIa CY OHH KOJH CE€ OJHOCE Ha
UICHTU(UKAIM]Y BOJHUX TeJa, aHalu3y IPHTHCAKAa M YTHUIAja, MOHHTOPHHT U
METOJOJIOTH]y OWIaHCHpama BOJHHMX Tela y LWJbY aJeKBaTHE HWMILICMEHTAIIN]e
HupektuBe. Boanuu umajy 3a 1ub na Onvxke OeUHHUINY KOHLEHT KOJU j& MOTPEOHO
YIOTPEOUTH 3a OICHY OmiIaHca MOJ3eMHUX BOJA, INTO j€ BaKaH KOpPaK y OIICHH
KBAaHTUTATHBHOT cTaTyca. J[pyrum peunma, METoAoJIorHja Ae(hUHNCakha KBAHTUTaTHBHOT
cTaryca MoJ3eMHHX BOJIa 3aCHUBA CE HA OJTHOCY TPEHYTHO 3axBaheHUX KONMYMHA BOJA U
MIPOIICHCHNX OWIAHCHHUX (PAaCIIONIOKUBUX) PE3EPBH IOA3EMHUX BOJA Y OKBUPY jEIHOT
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BOJHOT Tena. [IpeioskeHe MeToI0JI0THje U aHAJIN3e OOUYHO Ce MPHKa3y]y Y HAMOHATHAM
TUTAaHOBMMA YIpaBJbalba BOIHUM pecypcuMa, Koju ce TpeHyTHO m3palyjy m y Cpoujnm.
Crora, numajyhu y Buny HaBenene obaBese nipema EY y by ucnymaBama KpUTepHjyma
3a 4WIaHCTBO, Hamehe ce moTpeba 32 HOBOM eBaTyalijoM OMIIAHCHUX elleMeHaTa U OLICHOM
pe3epBH MOJ3eMHIX BOJIHUX pecypca, a MpeMa yIyTCTBUMa U CTaHAapAuMa Koje cajpike
nparehu moKymMeHTH W Boawum 3a mpumeny OJIB, koju y3umajy y o03mp Kareropujy
PacIoNoKUBHUX pE3EpBU U MOTpede y BOAN 3aBUCHUX EKOCHCTEMA.

3AK/bYYAK

[Momsemue Bome PenyOimke CpOuje mpeicTaBibajy BeoMa BakaH pecypec 3a
CBaKO/IHEBHH )KMBOT CTAHOBHHIITBA Hamle 3eMJbe. CTora ce Opura o oBoM pecypcy Hamehe
kao obaBe3a y Oyayhem mepuoay, He caMo 300T OINpeae/beha CBETCKE 3ajeIHUIIC
CaJIp’kaHoOT y KOHIENTY OJPXKHBOT pa3Boja KMBOTHE cpeiuHe, Beh M 300T OYUTIIeTHOT
HETIOBOJBHOT TPEHJA PACHOJIOKMBOCTH BOAHHUX pecypca. [IporHose cy na he yrumaj
KIMMAaTCKUX MPOMEHa, JeMOTpa)CKe MUTPAIje W JPYTd TCONONUTHYKH U EKOJOIIKH
(akTOpH HEraTWBHO YTHLIATH Ha TIpolLlece NpUXpamuBamba W3AaHW, CAMUM TUM W Ha
KOJINUMHE aKyMyJIHMpaHUX MOJ3€MHHX BOAa, IOK he ca apyre cTpaHe morpeba 3a BOJOM
Outn y mopacty. Pasnmke OBHMX KOHTPAacTHHX BEIMYMHA MOTY C€ aMOPTH30BATH
aJIecKBaTHUM  yNPaBJbalbeM TMOJ3€MHMM BOJHHM pecypcuMma, Tj. PalUOHAIHOM
eKcIuloatanujom, a uMajyhu y Buay u oynyhe xopuchuke. Mnak, na Ou To yormre 6uio
Moryhe, HEOMXOMHO je TMPEenu3HO YTBPAWTH KOJMYMHE IOJ3EMHHX BOAA KOjUMa Ce
pacnonaxe, 3aTUM Je()UHNACATH UIEjHA peleha AITEPHATHBHUX W3BOPHIITA MOJ3EMHHUX
BOJIa 33 BOJIOCHA0/IeBakbe U Pa3paiuTH MOTYRHOCTH JaJbeT pETHOHAIHOT BOJIOCHA0 IeBabha
craHoBHuIITBa CpOHje moa3eMHUM Boama. [IpBr Kopak y OBUM aHAJIM3aMa 1 peliehumMa,
CBaKako je JeQuHHCcamke OMaHca MOJA3eMHHUX BOJIa HA PErMOHAIIHOM HHUBOY IITO je Beh
3all04eTo TOKOM IpOTeKiie JereHuje. Kako Taj mpojekaT HHje OKOHYAH, 0CaAallimbu
pe3yiTaTH O ce MOpaId PEBUIOBATH M JIOIIYHUTH HEIOCTajyhiM MoiaiuMa, y Wby HOBE
eBalyalnyje OMIIaHCHHUX MapaMeTapa M OLeHE pe3epBH MOA3EMHHX BOJA.

Haxo ce Moxe KOHCTATOBATH Jia Y MOCIEeIBUX JIBaJeCeTak ToOANHA HUje OO JI0
3HAYajHUjUX TpPOMEHa ca aclekTa Kopuinhema BOAa, HajBUINE ycien crarHupajyher
NPUBpEIHOT pa3Boja W Jenomynanuje oxpehenux nenoBa CpOuje, TO He cMe 3aBapaTu
Hay4HY jaBHOCT M CTaHOBHHILITBO J1a BOJHUX pecypca UMa y n300uiby U 1a UM He Tpeda
puaaBaTH oceOHy naxmwy. Cilipatiieiuja yupasmarba 60ogama Ha iepuitiopuju Petiyonuxe
Cpbuje mpouemwyje Ja TpeHyTHA EKCIUIoaTalHja MOA3€MHHMX Boja H3HocH oko 30%
NPOLEHEHNX OMJIAHCHUX PEe3epBU MOA3eMHHUX BoAa. CaMuM TUM, Jajba EKCIUIOaTaluja
MOJ3EMHUX BOJa MOXe OutH 3HauajHo I1oBehana, mrTo Mopa Outu mnpahieHo u
BepU(UKOBAHO HEOINXOJHUM JICTAJbHUM XHJPOTEONIONIKAM HcTpaxuBambuMma. Crora ce
Hamehe nmoTpeba 3a IUTAHCKUM CTaJHUM MOHMTOPHMHIOM KBaHTUTETA MOJ3EMHHX BOJA Y3
npaheme KBaJHTETa MOJ3EMHHUX BOJIa U edeKara eKcIuioaranyje Ha KHUBOTHY CpPEIHHY.
Takohe, paBHOMEpHH pacriope]; MOHHUTOPHHI o0jekara kojuma he ce ocMmarpath CBU
TUIIOBM HM3JaHU j€ HEONXoJAaH 3a JedHHHCame OWilaHca IMOA3EMHHUX BOJAA U OILEHY
IBUXOBUX pe3epBU. Y HAapeIHOM NEpUOAY NOTpeOHO je MOBPLIMTH aKTHBHOCTH Ha
CTpaTeIIKNM IPOjeKTUMA 3a TOTpebe OMIaHcupama MOJ3EMHUX BONA, Y IHJbY JO0H)ama
NOY3JaHUX BPEAHOCTH YKYIHO pACIOJIOKMBHX KOJMYMHA 3a IOTpede jaBHOT
BOJIOCHA0IeBama, Kao U APYTUX BUAOBA eKcIuoaTanuje Boaa. Oso hie momohu n 'y Oynyhem
JIOIeJbMBaby EKCIUIOATAlMOHMX TIpaBa M BOJHHMX JI03BOJa 3a mocrojeha u HOBa
U3BOPHIIITA.
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Taxobhe, nopen eBanyanyje mocrojehe aenanHeanyje BOAHMX TeNa MOJ3EMHHIX BOJ,
U ICHE EBEHTyalHe KOpEKIWje, M3paja OWiaHca M OLEHA pPacHOJOKHUBHX pecypca
MOJ3€MHUX BOAA HAa HHUBOY JApKaBe M IO MOjeJUHUM BOJHHM Teluma, Ouo OM 3HayajaH
KOpak Ka HCTUIamy MOTEHIHjala W OAPKUBOM YIPaBJbalkby MOA3EMHUM BOJHHUM
pecypcuma y CpOuju, n yuBpmhuBamy Mo3uIHje y npeactojehum mperoBopuma ca EY
Be3aHNM 3a moriaBibe 27 - JKuBoTHa cpemunHa. OcTaly HCTPaKMBAYKH KOPAIH Yy
HAIIMOHAJHOM IPOTrpaMy 3a MOA3EMHE BOAE KOjU OM JIOTIPHHENH PEaTHOM IO3HABAY
pecypca MoI3eMHUX BOJIa M PAaBHOMEPHO] XUIPOTECOIONIKO] HCTPAKCHOCTH HaIlle 3€MJbEe
omm 6u: OnpehrBame rpaHHYHAX BPETHOCTH T10j€IMHUX KOMIIOHEHTH XEMH]CKOT cacTaBa
MOJ3€MHHX BOJa 3a BOJHA Teja MoA3eMHuX Boja; M3pana Kapre pamuBOCTH MOA3EMHUX
Bojaa y Cpouju y pasmepu 1:200.000; OreHa nputrcaka Ha KBAHTUTET U KBAJTUTET BOJTHUX
Terna mom3eMHuX Bona; O0e3behuBame KOHTMHYWTETa W TpolIHMpuBame Harmonamxe
MPEKE 3a MOHUTOPUHT IMMOJA3CMHHX BOAA.

THE NEED FOR BALANCING AND ESTIMATION OF AVAILABLE
GROUNDWATER RESERVES OF THE REPUBLIC OF SERBIA

INTRODUCTION

Groundwater, tapped by drilled wells in aquifers with intergranular porosity or
captured karst springs, is an important constituent of everyday life of the population of
Serbia, which ensures drinking water supply of about 70-75% of population.. On the other
hand, besides to exploitation for water supply and still a small part for irrigation (DIMKIC
et al. 2007), groundwater, depending on its type and characteristics, is used for bottling or
as mineral, thermal (in balneology), or geothermal water (as natural energy source), which
is especially relevant in recent years. Therefore, there is a need for adequate evaluation of
groundwater resources, so that their use can be rationally planned in accordance with the
concept of sustainable development. This paper emphasizes the need for implementation
and completion of initiated national strategic projects (GROUPS OF AUTHORS, 2011) which
would quantitatively valorise low-mineralized groundwater in terms of assessing their
potential for drinking water supply. Similar regional assessments have been made in order
to evaluate the geothermal and balneological potential of Vojvodina (MILENIC & VRANJES,
2018; KRUNIC et al. 2018)

MATERIALS AND METHODS

The Republic of Serbia can be considered a country relatively rich in groundwater,
although their spatial distribution is uneven. The most significant groundwater reserves in
Serbia are located in Quaternary (alluvial and terrace) deposits and Neogene sediments of
intergranular porosity (northern and central parts of the country) and in mountain massifs
built of karstified carbonate rocks of Mesozoic age in the western and eastern parts (Fig.
1). On the other hand, central part (Sumadija) and southern Serbia are characterized by
smaller groundwater reserves accumulated within Paleozoic rocks, igneous and
metamorphic rocks, flysch deposits of Jurassic and Cretaceous age, and deeper sedimentary
complexes (STEVANOVIC & DOKMANOVIC, 2015).

It is estimated that in the drinking water supply system of the population of Serbia,
groundwater participates with about 70-75%. Groundwater is the only source of water
supply to the population of Vojvodina, while the water supply from surface reservoirs
prevails only in Kosovo area. In central Serbia, the share of surface waters (reservoirs and
rivers) in water supply is about 10% (STEVANOVIC & DOKMANOVIC, 2015).
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Intergranular unconfined aquifers formed in the alluvium of large rivers, and in so-
called Basic Aquifer Complex in Vojvodina (POLOMCIC & STEVANOVIC, 2011), karst
aquifers in the western, southwestern (Dinarides) and eastern (Carpathian-Balkanides)
parts of Serbia (STEVANOVIC, 1995), and intergranular confined aquifers in Neogene basins
of central Serbia are mostly used in water supply (Fig. 2).

Bearing in mind the importance of groundwater in the water supply of the
population of Serbia, it is necessary to adequately valorise resources, so that they can be
successfully and rationally exploited in accordance with the concept of sustainable
development. For that purpose, several projects have been implemented in previous
decades. A project developed by experts from the “Jaroslav Cerni” Institute for the
Development of Water Resources in 1995 entitled "Information on water supply of the
population of Serbia - situation and direct tasks", states that the total amount of water used
for water supply in Serbia is about 750 x 10°® m*/y, out of which groundwater is about 580
x 10° m*/y (GROUP OF AUTHORS, 1995). About 430 x 10° m*/y are groundwater from
various aquifers (mostly alluvial) which are captured by wells, while about 145 x 10° m*/y
is collected from the tapped karst springs (STEVANOVIC & DOKMANOVIC, 2015). This
project and data were used as the basis for the Water Management Plan of Serbia (2001),
which contained data on potential reserves of groundwater resources in the amount of 108
m?/s with artificial recharge, or 67.5 m*/s without artificial recharge, out of which two thirds
are water from alluvium, i.e. intergranular aquifers, around 20% is karst groundwater, less
than 10% belong to the Basic Aquifer Complex of Vojvodina, while the remaining of 5%
is groundwater of Neogene complexes and fissure systems (GROUP OF AUTHORS, 2002).

A contribution to the balance of karst aquifers and its potential exploitation was
given by STEVANOVIC (1995) in the monograph "Water mineral resources of the
lithosphere of Serbia". Further work on the assessment of the balance of groundwater
resources of the Republic of Serbia continued in the period 2007-2011 through a group of
national strategic projects, including the project "Assessment of reserves of regional
groundwater sources for water supply - regulation of aquifers and capacity increase’,
which were jointly implemented by experts from the Department of Hydrogeology of the
Faculty of Mining and Geology, the “Jaroslav Cerni” Institute for the Development of
Water Resources and the Geological Institute of Serbia for the Ministry of Mining and
Energy and the Water Directorate of the Ministry of Agriculture, Trade, Forestry and Water
Management of the Republic of Serbia. The main goal of these projects was to adequately
assess the resources and state of exploitation of water supply sources, define the resources
of potential groundwater sources, then assess the quality of groundwater and locate existing
and potential pollutants, as well as their possible impact on groundwater. The main result
of the project was to improve an overall knowledge of the status of groundwater resources
in Serbia.

The project was carried out in phases including surveys and field visits of
groundwater sources, creation of a database, evaluation of European legislative and
harmonization of national legal regulations in the water sector with European law and
conceptualization of groundwater balance methodology. The concept implied delineation
of groundwater balance units according to predetermined criteria. Unfortunately, the
implementation of the project was not completed, since the project was interrupted in the
final phase of implementation, so the budget of all balance units in the territory of Serbia
was not completed. However, according to the data and results of the project, it is estimated
that 31 balance units, in total delineated in the Republic of Serbia (without AP Kosovo &
Metohija), accumulate 470 - 570 x 10° m®/y, which is only the naturally renewable part of
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groundwater resources, while the amount of water that can be extracted from alluvium is
significantly larger (GROUP OF AUTHORS, 2011). The Water Management Strategy on the
territory of the Republic of Serbia, developed in 2015 by the “Jaroslav Cerni” Institute for
the Development of Water Resources, for the needs of the Ministry of Agriculture and
Environmental Protection, also uses data from strategic projects when it comes to
groundwater balance (GROUP OF AUTHORS, 2015).

RESULTS AND DISCUSSION

Management of groundwater resources is a process that must be preceded by
adequate and as precise as possible valorisation of resources, i.e. the calculation of the
amount of available groundwater. Although it sounds paradoxical to plan a strategy for the
use of groundwater without precise knowledge of the available reserves, such cases are
common not only in Serbia. This is reasonable only in a situation where there is no
systematic monitoring which would provide the basis for the calculation of the groundwater
balance. In other words, the absence of adequate quantitative groundwater monitoring
causes a low level of knowledge of the actual available quantities of groundwater.
Monitoring of groundwater quantity is under the competence of the Republic
Hydrometeorological Survey of Serbia (RHSS), which monitors groundwater levels in
about 20% of all delineated groundwater bodies (RULEBOOK, 2010) and determines their
quantitative status. However, all groundwater bodies monitored by RHSS are of
intergranular or complex type, which means that only groundwater level in wells are
monitored, while only a few karst springs are observed. Qualitative groundwater
monitoring is under the competence of the Serbian Environmental Protection Agency
(SEPA), which monitors groundwater on about 60-70 piezometers in intergranular aquifers
of large rivers and basins, while Regional Public Health Institutes are responsible to follow
raw water quality of water utilities.

A progress in the number of monitoring objects for the quantitative status of
groundwater was made by the Faculty of Mining and Geology, whose experts expanded
the monitoring program under the frame of the project "Operational groundwater
monitoring of the Republic of Serbia" (STEVANOVIC et al. 2020). The role of local water
supply companies on the collection of data on the quantities of captured groundwater, and
the quantity of water that is not used for water supply (overflow), should also be mentioned.
Although all water utilities are obliged to keep accurate records of the captured quantities
of groundwater and overflow waters downstream of the tapping structure and promptly
provide data to the relevant Ministry and the Water Directorate, this is not always the
practice. The largest number of water supply companies that have captured groundwater
for the needs of water supply, perform daily observations of the total quantities of captured
or water distributed to consumers on the water meter, while a small number of them keep
records of all objects and submit this data to the authorities. Also, there is an even smaller
number of companies that, for example, capture karst springs and observe the quantities of
groundwater that flows downstream from the tapping structure, which would be a valuable
information when assessing the water budget of these aquifers.

In the case of permanent monitoring and submission of data on the quantities of
captured groundwater, i.e. groundwater levels and overflows, the monitoring program
could be expanded and rationalized. Also, a database would be essential in the more
realistic calculation of the balance parameters of a particular aquifer. On the other hand,
the function of a single Water Information System (WIS) that would combine the
qualitative and quantitative characteristics of exploited groundwater, as well as exploitation
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data in real time, would be crucial in issuing water permits to new groundwater users.
However, in practice, water exploitation permits are often issued without insight into the
situation whether other groundwater sources are located and actively used in the same
groundwater body, and what are the consequences of simultaneous exploitation. It is
actually about avoiding the overlap of exploitation areas of neighbouring groundwater
sources, but not about the effects that the interference of the cone of depression causes.
This means that there may be an overlap in the radius of well influence if it is groundwater
source within the intergranular aquifer, or lowering the groundwater level, for example by
drilling wells in the hinterland of the spring or by applying certain regulatory measures of
karst aquifer without assessing their impact on already existing springs. This can also lead
to the disruption of the functioning of ecosystems, which often depend directly on
groundwater discharge.

Adequate valorisation of groundwater resources is also very important when
assessing the quantitative status of groundwater. Groundwater status assessment is one of
the requirements of the Water Framework Directive adopted by the European Commission
in 2000 (WFD, 2000). The assessment of the chemical and quantitative status of
groundwater defines the direction and strategy of hydrogeological fundamental research at
the national level, which aims to improve the current status and future rational use of
groundwater in accordance with the concept of sustainable development, which the EU
insists on. Given the fact that Serbia is in the process of negotiations on EU membership
and is currently striving to meet the criteria for accession to the Union, national legislation
also seeks for being harmonized with EU regulations in all fields, including Water Law.
Therefore, Serbia is obliged to apply the instructions and standards of the European Union
for the assessment of groundwater status. These standards are contained in the Directive
and its accompanying documents - Guides, i.e. Common Implementation Strategy (CIS)
developed in order to define uniform criteria in the process of characterization, delineation
and assessment of the status of groundwater bodies in Europe. These documents, although
aimed at establishing a general methodology, must be adapted to each specific case in
which they are applied, having in mind the diversity of (hydro)geological characteristics of
the entire European area.

The most important guides - CIS concerning groundwater are those relating to the
identification of groundwater bodies, the analysis of pressures and impacts, the monitoring
and balancing methodology of groundwater bodies. The guides aim to further define the
concept for assessing the groundwater budget, which is an important step in evaluating
quantitative status. The methodology for defining the quantitative status of groundwater
should be based on the comparison of current exploitation rate of groundwater and
estimated available groundwater reserves within one groundwater body. The proposed
methodologies and analyses are usually presented in national River Basin Management
Plans, which are currently being developed in Serbia, as well. Therefore, the new
evaluation of water budget parameters and groundwater reserves, according to the
instructions and standards within the documents and guidelines of WFD is needed, and
they should include categorization of available groundwater reserves and demands of
groundwater dependent ecosystems.
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CONCLUSIONS

Groundwater of the Republic of Serbia is a very important resource for the daily
life of the population. Therefore, the care of this resource is imposed as an obligation in the
future, not only because of the commitment of the world community contained in the
concept of sustainable development, but also because of the obvious unfavourable trend of
availability of water resources. It is forecasted that the impact of climate change,
demographic migration and other geopolitical and environmental factors will negatively
affect the aquifer recharge processes, and thus the amount of accumulated groundwater,
while on the other hand the water demands will increase. These contrasting processes can
be amortized by adequate management of groundwater resources, i.e. rational exploitation
of only the amount of water that is necessary to meet real demands. However, in order to
make that possible, it is necessary to precisely determine the available reserves of
groundwater, then define conceptual solutions for alternative groundwater sources for
regional water supply of the population of Serbia with groundwater. The first step in these
analyses and solutions is certainly the definition of groundwater budget at the regional
level, which has already begun over the past decade. As this project is not completed, the
previous results would have to be revised and supplemented with missing data, in order to
perform a new evaluation of groundwater reserves.

Although it can be stated that in the last twenty years there have been no significant
changes in terms of water use, mostly due to stagnant economic development and
depopulation of certain parts of Serbia, it must not deceive the scientific community and
the population that water resources are abundant and should not be given to them special
attention. The Water Management Strategy on the Territory of the Republic of Serbia
estimates that the current exploitation of groundwater is about 30% of the estimated
groundwater reserves. Therefore, further exploitation of groundwater can be significantly
increased, which must be monitored and verified by the necessary detailed hydrogeological
research. Thus, there is a need for planned continuous monitoring of groundwater quantity
and quality and the effects of exploitation on the environment. Also, the equal distribution
of monitoring points that will monitor all aquifer types is crucial in defining the
groundwater balance and assessing groundwater reserves at regional level, but also
concerned water bodies. In the following period, it is necessary to complete activities on
strategic projects for the needs of groundwater budgeting, in order to obtain reliable values
of the total available reserves for the needs of public water supply, as well as other types
of water exploitation. This will also help in the future allocation of water exploitation
permits for existing and new sources.

Also, in addition to the evaluation of the existing delineation of groundwater
bodies, and its eventual correction, assessment of available groundwater resources at the
national level, would be a significant step towards strengthening position of Serbia in the
forthcoming negotiations with the EU on Chapter 27 - Environment. Other research steps
in the national groundwater program that would contribute to the more accurate knowledge
of groundwater resources and uniform hydrogeological research of our country would be:
Determining the thresholds s of groundwater chemical parameters; Creation of a
Groundwater Vulnerability Map in Serbia in the scale of 1: 200.000; Assessment of
pressures on the quantity and quality of groundwater bodies; Ensuring continuity and
expanding the National Groundwater Monitoring Network.
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