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3AIIAAB BYJUYHE ITPETPAAE Y ®YHKITJU
AOKAAHOT BOAOCHABAEBAIBA CTAHOBHUMIIITBA
BPACKO-IIAAHUHCKHUX IIOAPYYJA

Ap 3opau Hukuh, pea. npod., Yausepsurer y Beorpaay — Illymapcku daxyarer

Ap Parko Puctuh, pea. npo¢., Yausepsurer y Beorpaay — IlTymapcku pakyarer

Ap Henap Mapuh, ponenrt, Yausepsurer y Beorpaay — Illymapcku pakyarer

Ay, uix. Bykamus Muavanosuh, Yausepsurer y Beorpaay — IlTymapcku daxyarer
Cunwira [ToaoBrHa, MacT. MHK. ITyMapcTBa, YHuBepauTeT y beorpaay — Illymapcku paxyarer
HWBan Maaymesuh, Mact. urk. mymMapcrBa, Yausepauter y Beorpaay — Illymapcku pakyarer

Pesume: byjuuHe nperpaze ce rpage pasv KOHTPOe epo3MOHUX NpoLeca v SyjuuHKX Nonaasa.
Y Cpduiju, 3akoHckm odasesyjyhum gokymeHTtuma, BOC (2002) u MMPC (2010), npeasuheH je
KOHLLENT pellaBarba BOAOCHadAeBatba CTAHOBHULITBA U MHAYCTPUje PErMOHANHMM CUCTEMUMA
3a Koje ce Boae 06e3dehyjy nsrpaarbom BUCOKMX OpaHa U dopMmnpatbem BOAOaKyMynaLmja.
OBMM KOHLLENTOM YecTo Huje moryhe 3al0BO/bUTK NOTpede NOKANHUX 3ajegHULA Y OpACKO-
-NNAHMHCKMM NoApYyYjuma. Y Lusby AONpMHOCA pellaBatby Npodnema BogocHadaeBarba 0BUX
YrNaBHOM CMPOMALLHMX Cena, CNpoBeeHa Cy UCTPaKMBakba MoryhHOCTU Aa ce noA3emHe Boge
13 3annaea OyjuyHMX Nperpaza ynotpede 3a 0By HameHy. MI3BpLUEHA Cy TePEHCKa UCTPaXKu-
Bakba M KaOMHETCKe aHa/IM3e NpojeKTHe AOKYMeHTaumje 3a dpojHe nperpase 1 3annase Ha
npoctopy Cpduje. AHann3MpaHe cy NOTEHLMjaIHE KOIMYMHE U KBAaAWUTET NOA3EMHUX BOAA Y
3an/iaBy Kao pecypc 3a BoLoCHadAeBarbe CTAaHOBHULITBA. Pe3ynTaTu UCTpaxknsarba yKasyjy
Ha BeoOMa NoBosbHe MOryhHOCTH 3ani1aBa 3a aKymynMparbe NoA3EMHMX BOAA Y BUAY U3LaHU
3dujeHor TMNa ca cnodofHN HUBOOM, Y KOIMYMHAMA KOje ce Mory ynoTpedutu 3a BogocHad-
AeBatbe. KoHcTaToBaHO je: 1) Aa y NOBO/bHUM YC/IOBMMA KO, Nperpaga Ha BO4OTOKOBUMA
ca CTa/lHMM AOTULLAjeM M 3aM1aBOM BEIMKUX AMMEH3Mja NocToju MoryhHOCT akymynunparba
[OBOJbHUX KOIMYMHA MOA3EMHMX BOAA Kao pecypca 3a BogocHadaesare, 2) nodosbluake
KBasuMTeTa MHOUANTPUPAHMX BOZA Npouecom GUATpaLuje Kpo3 MHTeprpaHyiapHy cpeau-
Hy 3anfaBa 40 HWBOA ynoTped/bMBOCTM 3a BOAOCHAdAeBake M 3) MOBO/bHU €KOHOMCKM
napameTpu 3a oTBapakbe M3BOpPULLTA Y 3anasy y nopehery ca Apyrum BULOBMMA U3BOPU-
wTa BoZa. McTakHyTa je moryhHoCT Aa dyjuuHe nperpase, nopes TpaauLMoHaaHe yaore Mory
L00UTY jol jeaHY HameHYy, Kao 08jeKTM 3a N0KaHO BogoCHadAeBarbe.

K/byuHe peum: dyjuua; nperpasa; 3annas; nog3emHe BoAe; BOAOCHadAeBatbe.

YBOA

Y Cpduju je BogocHadaeBare cTaHoBHMWTBA  Pedydauke Cpbuje (BOC, 2002.) u 3akoHom o
N MHAYCTPUje 3aKoHCKM ypeheHo ca cnegeha asa  GpocwiopHom GnaHy Pelydauke Cpbduje og 2010. go
KpOBHa AOKymeHTa: BogodpuspegHom ocHogom  2020. toguHe (MMNPC, 2010.). OB1UM AOKYMEHTMMA
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npeasuheHo je fa ce BogoCcHadaeBare CTaHOB-
HULITBA W UHAYCTPUje Ha npocTopy Cpduje pewn
M3rpaaHoM PernoHasHMUX cucTeMa Koje YnHe Bu-
COKe bpaHe v Bogoakymynauuje. NnaHupaHo je ga
pervoHanHe cucteme, nopep, 12 nsrpahenux su-
COKMX paHa, YUnHM jol 33 BUCOKe dpaHe 1 akymy-
naumje, Koje TeK Tpeda n3rpaantn. O3akoreHEM
KOHLLenTa BofOCHadaeBara yBeAeHo je ga ce
KOPUCHULM BOAA MHTErpULLY OKO PEervMoHasiHnx
cuctema. Ha ycBojeHu KoHLEeNT BogocHadaeBarba
nocTtoje 3HavyajHe npumende, mehy Kojuma cy
npeanuMeH3MOHUpPaHe HOpMe MOTPOLlWHe BoAe
M HepeanHe aemorpadcke nporHose m3 70-Tux
1 80-TUX roAmMHa NPOLUIOT BEKA, WTO je pe3yntu-
pano ¢baBopuloBarbeEM U3rpare NOBPLUMHCKUX
aKyMynaumja y ogHOCY Ha gpyre BogHe pecypce
(Dokmanovié¢iNikié¢, 2015).

BOC u MMPC cy KOHLENTOM U3rpagte peru-
OHa/HMX cUCTeMa BOAOCHadAeBarba CTaBUAN Y
M3BECHOM CMWUC/Y Y HEMOBOJ/baH MO0XKaj 1OKaN-
He 3ajegHuue y dpACKO-NAAHUHCKUM NoapyYju-
Mma. Mo3HaTo je Aa cy cena y SpACcKO-NAAHUHCKUM
noApyyjma eKOHOMCKM CMPOMALLIHA, Ad UX YMHEe
yr1aBHOM CTapayka AoMahuHCTBA M Aa X Kapak-
Tepulle U3PasuUTU TpeHn ucesbaBarba. bpojHu
Cy pasno3u 3a OBAKBO CTake. JeaaH of pasnora
jecTe HenocCTojakbe MM NakK jako SoLle CTakbe NyT-
He, BOAOBOAHE U eNeKkTpo UHdpacTpyKType. 36or
TOra, y jeAHOM Ayrom BpeMeHCKoM nepuoay (Kaga
Cy YIIaBHOM OUAM NpenywTeHn camm cedu), Ku-
Tes/bu OPACKO-NNAHUHCKUX cena Cy Hawau usnas
Y UcesbaBatby Ha NPOCTOpPE Koju cy umanu doswe
yC/10B€ 3a XUBOT.

C 0d3vpom Ha To ga cTpaTervja pellaBara
BOoAOCHadaeBara cTaHoBHUWTBA Cpduje npessu-
Hena BOC u MMNPC Hehe ckopo dUTK ocTBapeHa,
NIOKA/IHUM 3ajeHMLAMA Y OpACKO-NAAaHUHCKUM
nogpydjuma ocCTano je Aa NOKylWwajy came Aa
pewe npodnem. MojegMHa Hacesba Koja cy Mmana
npuposHe MoryhHOCTM M eKOHOMCKe cHare, 3a
notpede BopocHadaeBarba KanTupana cy us-
BOpe uau cy ypaauna dyHape v Boae AoBenn A0
cBojux gomahuHcTaBa. Ca gpyre cTpaHe, *KUTesbU
OpojHMX Hacesba dPACKO-NAAHUHCKUX NoapyYja v
Jasbe BoAy 3a nuhe 3axBaTajy Ha TPagMLMOHaNaH
HauMH 13 0dNNKHbUX M3BOpPa UK dyHapa.

Y 0BOM pagy, Y4MHEH je MOKyLlaj ga ce Ha
OCHOBY gomaher UCKYCTBa W 3Hakba Aajy npenopy-
Ke Koje mory OuUTW of, KOPUCTU Y NAaHUpaky,
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NpojeKkToBaky U pellaBaky Npodiema BogocHad-
AeBatba CTAHOBHMLWITBA PypasHUX cpeguHa.
MonasHa maeja 6una je Aa CTaHOBHULWITBO dpa-
CKO-NMIAaHMHCKMX NoAapyyja Aoduje Boay 3a nuhe, a
npv Tome Aa GUHAHCK]CKa ynarakba 33 OBy HAMEHY
oyay WTo Matba.

IIPEAMET UCTPAJKHBAIbA

Y OpAcKo-NAAHUMHCKMM nogpyyjuma  Ha
npoctopy Cpduje, y nepuoay og 1907. no 2018.
roguHe, nsrpaheHe cy SpojHe nperpage pagm KoH-
Tpo/ae epo3noHMX npoueca U SdyjudHux nonsiasa.
ByjuuHe nperpage cy 0djeKTn yKynHe BUCKHE Of,
5 0o 15 m, usrpaheHu nonpeyHo y koputy dyjuu-
HOT BOZJOTOKA, Ca PAaCNOHOM Of, leceTak A0 Bulle
necetnHa metapa (Ristic et al., 2012). Hbmxosa
OCHOBHa HaMeHa jecTe 3apKaBatbe HaHoCa, CTa-
dununszaumja odana, cmarere nofyHor naga oy-
juuHor Koputa v ydnaxkaBarbe AECTPYKTUBHOCTU
OyjuyHmx nonnasga.

ToKkOomM BpemeHa, KoA MHOrMx nperpaga
npoctop npeasuheH 3a 3a4prKaBatbe HaHoca y NoT-
nyHocTV S1Ba 3anyreH AOHETUM U UCTA/IOKEHUM
CTEHCKMM maTepujasom. Ha Taj HaumH, y3BO4HO Of,
nperpage ¢opmupa ce dyjuyHu 3annas. byjuunm
3annaBy NpeAcTaB/bajy BeLUTaukKy akymynauujy
dpaKLmMja cTEHCKOT maTepujana pasanymTe Beu-
YMHE M IMTONOLKOF cacTaBa Koju je ca CAMBHOT
noApyyja fOHET BOAAMA U UCTA/IONKEH Y3BOLHO Of,
nperpage (Kostadinov, 2008). BeanunHa Tena
(mace) dyjuuHor 3ananaea 3aBucK oA rpahesBuH-
CKMX KapaKTepuCcTUKa nperpage U MopdooLLKnxX
KapaKTePUCTMKA KopuTa nperpaheHor BoAOTOKa
Ha Aeny y3BoAHO o nperpage. [yKuHa osor
3ansiaBa moxe duTW o4 nap AeceTnHa A0 HeKou-
KO CTOTMHA MeTapa.

Kog, nMoTnyHO 3anyweHOr akymynauumoHor
npocTopa nperpage, npesivBarbe BoAa AOTEKINX
ca C/MBA OfBMja Ce MPEeKo NpesnBa WUAU UCTU-
LatbeM Kpo3 oTBope y Teny nperpage (&ap-
bokaHe). Mpu Tome, y NOBO/bHUM YCIOBUMA Y TENY
3annaBa [01a3n 40 aKyMyauparba Noa3emMmHUX
Boga. KonnumHe noasemHuMx BoAa Koje ce mory
aKYMy/IMPaATU 3aBUCE OF, TEXHUYKUX KapaKTepu-
CTMKa nperpage, Be/IMYMHE 1 KapaKTepa 3anaasa
M XMAPOJIOLLKOT CTaka BOAOTOKA KOjU foTMYe Ha
3annas.
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MopsemHe BoAe akymynupaHe y 3annasy y
pagdy cy pasmaTpaHe Kao NOTeHUMWjalHU BOA-
HU pecypc KOoju ce MOe CTaBUTU Yy yHKUU-
jy BoaocHadbaeBara CTaHOBHUWTBA OpAcKo-
-NNaHUHCKKUX cena. Tema paja jecte opurnHaHa
naeja (Koja o caga HUje NpUKasMBaHa M aHaNu-
3MpaHa), a 7o je aa ce npodnem odesdehusarba
BoAa 3a nuhe CTaHOBHULWITBY SPACKO-MIAHUHCKUX
nogpyyja moxe pelasatu Kopuwherwem nog-
3eMHKUX Boga u3 dyjuyHor 3annasa ¢popmupaHor
n3rpaarom nperpage Ha OyjudMHOM BOZOTOKY.
Ha oBaj HauuH, y NOBO/bHUM ycn0BMMa, dyjuuHe
nperpage Koje cy seh nsrpaheHe nnu Koje he tek
outn usrpaheHe, fodujajy jow jeaHy 3HayajHy
ynory y odnactv BogocHadaeBatrba, nopes 0CHOB-
He HameHe.

MATEPUJAA U METOAE

Ha npocTtopy Cpduje cnpoBegeHa je aHanusa
KapaKTepucTuKa 3anaasa GpopmupaHor y3soaHO
oA nperpaga y dyjudHum TokoBuma. Maxma je
NoKNakbaHa nNperpagama 4Ymju je akymynaumoHu
NPOCTOP NOTNYHO 3aMyHeH PEeYHMM HaHOCOM.
AHanu3npaH je KapakTep 3annasa, JMTONOLWKMU
cacTaB M BennYMHa $paKkumja, HUXOB NPOCTOpP-
HUW pacnopeg, y Teny 3annaBa Kao Meamj y Kojem
ce ogBuja duaTpaumja n akymynmpare noa3em-
HUX BoAa. Ha nperpazama je carnefaBaHo CTakbe
6apOoKaHa 1 HbMxoBa GyHKLMja TOKOM Pasanyu-
TUX XMAPONOLWKMX Nepuoga. 3a BOLOTOKE KOju
[0TWYY Ha 3annas, carnefaHa je kuxoBa ynoray
npuxparbMBakby U34aHN TOKOM Tpajakba BEIMKUX
BOZAa U Y peLecMoHom nepuoay. AHaNN3npaHu cy
NPOjeKTU 3a U3rpagmy nperpasa, ca GoKycom Ha
Mopdonorujy dyjudHMUX KopmUTa U aKyMylaLunMoHUX
NpPOCTOpa, Kao U rPaHyIOMETPUjCKE KapaKTepu-
CTMKa maTepujana y 3annasy.

PeKkorHocumnparem Ha TepeHy M3BPLUEHO je
yno3HaBake ca CTakbeMm nperpaga, BEIMYMHOM
3annaBa, KapakTepuctTMkama dppakumja y sannasy,
npoTuL.ajem BOAOTOKA NPEKO 3ansiasa u apyro. Y
KabuMHeTy, cnpoBeAeHa je aHan3a NPUKYN/beHNUX
nofaTtaka Ha TepeHy. OdaB/beHa je cuHTesa
[odnjeHnx pesynTata Ha OCHOBY Yera cy AOHETU
onpeheHn 3ak/bydum u npenopyke. OHU ce of-
Hoce Ha moryhHocTM Kopuwhera noa3emHUX

BOAa M3 3annasa 3a noTpede BogocHadaesarba
oapeheHor dpoja KOPUCHUKA Y OPACKO-MaHUH-
CKMM cenuma.

PE3YATATU U AUCKYCHJA

O nogzeMHMM BoAama y 3aniaBy

Y Cpbujn nocToju HEKONNKO Xubada Oyjud-
HUX nperpaga. MpaheHe cy HAMEHCKU, yr1IaBHOM
y roptemM (M3BOPULLHOM) U CPEAHEM [eNy TOKa,
y 6pACKO-MNAaHUHCKMM MOAPYYjUMA, Ha CTaIHUM
M NOBPEMEHMM BOAOTOKOBMMA, KOjU MMAjYy U3-
paXeHOo HepaBHOMEPAH XMAPONOLLKMN pexnm, Oy-
jnyHor kapakTepa (Kostadinov, 2008).

M3rpaarom nperpage pemeTn ce (oceT/busa)
OMHAaMUYKA paBHOTEXA Koja NOCTOjM Y BOAOTOKO-
Buma (Nikié, 2008). C 063npom Ha To Aa je TpaH-
CNOPT HAaHOCA jeAHO Of, 3HAYajHWUX CBOjCTaBa
OyjuuHnx TokoBea (Risti¢ i MaloSevi¢, 2011),
HEMMWHOBHA NocneamLa HUXoBor nperpahuBarba
jecte ognaratbe HaHOCA U 3acMnakbe HAaHOCOM
npoctopa y3BogHo opf nperpage. OcHOBHa
npomeHa [0 Koje [0/1a3u U3rpagHom nperpage
M 3aTum popmmparbem 3annasa jecte cMakbu-
Barbe dp3MHe U KMHETUYKE eHepruje peyHe Boaa
M TUME, HEeHOr TPaHCNOPTHOr KanmauuTeTa 3a
HaHoC. Y ayxem unun kpahem BpemeHCKOM nepu-
oAy nocne usrpajrbe nperpage, 4onasun go 3any-
HaBakba aKyMy/naLMOHOTr NPOCTopa Yy LenocTy,
OOHeTMM HaHocom. Bbp3uHa 3anywaBarba U
KapaKTep AOHeTOr maTepujana 3aBuce of SpojHUx
baKTopa NPUCYTHUX Ha CAUBY (MOLYM/bEHOCTH,
KIMMATCKUX, XUAPOOLWKUX, reOMOPDONOLLKUX,
reo/IoLLKMUX, aHTPOMOTEHUX U APYTrUX).

Y npocTopy y3BOAHO Of, nNperpaje By4YeHu u
CycrneHZ0BaHW HAHOC ce TasioXu, dopmupajy-
hu 3annaB oo KOTe AHa NpenuBa, WTO oAroBapa
KOPUCHOj BUCUHM nperpage. KonuunHa, odauk
M KapaKTepUCTMKe AEenOHOBAHOr HaHOCa 3aBuce
of, BennuuHe nperpage, mopdonoruje Koputa
BO/ZOTOKa, INTO/IOTUje TepeHa CAMBHOT Noapyyja,
KOZIMYMHE N MHTEH3MTeTa NafaBuHa, y4ecTanocTu
nojas/bMBarba OyjuUHMX Monaasa, NpUCycTBa
Beretaumje, aumeHsunja dapdokaHa un Apyrux
enemeHaTa. leHepanHo, 3annasu cy Hajuyewhe ms-
AyKeHor 08/1MKa, penaTMBHO YCKU, PETKO Npenase
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BUCMHY o4, 10 m y 30HM nperpage (MM y HeKoj
JIOKanHoj aenpecuju y koputy) (Cnvka 1). Maga
Hema onwTe 3aKOHUTOCTM TaNnoXKeka Y 3annasy,
npema BennunHM GpakLmja MoxKe ce jaBUTH BULLIE
TMNoBa HaHoca. HajkpynHuje dpaKkumje HaHoca
cy y Buay dnokoBa n ApoduHe Koju mory dutm
MEeTapCcKux AumeHsnja. OdMYHO ce Tanoxe Ha
Y3BOAHOM Kpajy 3aniaBa, Maga Y 3aBUCHOCTU 04,
cHare dyjuue, KapaKTepucTUKa camBa M 00MKa
aKymynaumoHor npoctopa, §10K0BM Mmory dutn y
Lenom 3annasy, cBe Ao nperpage. CutHuje n ou-
HUuje PppaKumnje HaHOCa TPAHCMOPTYjy Ce Hajaasbe
Ay 3annaBa, nonykwasajyhu akymynaumoHu
npocTop cBe A0 nperpage, aiu UCTOBPEeMeEHO
nonywasajyhu n wyn/buHe mnamehy KpynHux
Komapa. ®parmeHTn y 3annaBy Cy HeBesaHWu,
yrnactux popmu ca oWwTpPUM MBULEAMA A0 cnado
odpaheHu. MpaHyIOMETPUjCKM cacTaBs 3ansiaBga je
y WMPOKOM pacnoHy oa daokosa n gpoduHe a0
dpaKumja necka v runHa.

HaHoc je nopeknom ca uenor tonorpad-
CKOI C/IMBHOT NoApyyja, y3BOAHO Of nperpase.
®parmeHTH cy 0f, CTEHA KOje mory SWTW MarmMaTcKor,
CefMMEHTHOT U MeTaMOopPdHOT NOPEKNa, pasnnuuTe
cTpaturpadcke NpunagHocTM (o4 naneo3ojcke o
KBaTapHe) 1 Pas/IMuymMTOr reOXeMmjCKor KapakTepa
(y pacnoHy opg kucenmnx go yntpadasHux) (Nikic,
2008). FeoxemMmjCcKn, OAHOCHO MUHEPa/IHW cacTas
dpakumja je oapas NUTONOLWIKOr cacTaBa C/AMB-
HOT MoAgpy4ja n MoXke dUTK jeaHONMYAH [0 jaKo
xeTeporeH. Moryha Benvka pasnnuuTtoct Gppak-
LMja y 3annaBy no SpojHUM KapaKTepuUCcTUKama
0[lpas je CNOoXKeHOCTW (reonoLWKor) paga camor

BOJOTOKA, KOjW Ce M3parkaBa Kpo3 epo3unjy pasnu-
YUTUX UTONOLLKMX jeauHMLA, TPAHCNOPT NPOoAy-
KaTa pacrnajatba v FbUXOBO aKyMy/Mparse y BUaY
3annaga (Niki¢ i Pavlovi¢, 2012).

Lleo 3annas je HeBe3aHa, pacTpecuTa CTeHCKa
Maca, MHTeprpaHy/sapHe NOPO3HOCTH, CynepKanu-
napHor T1na. Y 3annaBy He NocToju Knacudukaum-
ja maTepujana npema KpynHohu. Ha nctom mecty
MOXKe dUTU TaNOXKEH CaB AOHETU HAHOC KOjU YMHe
dpakumje pasnmunTe BennunHe, of 610KoBa By-
YEeHMX MO AHY KopuTa Oyjuue A0 HajCUTHUjUX
¢dpaKumja. YecTo ce npeko cUTHOr MaTepujana Ta-
NIOKe KpYMHKUju 6/10KOBU, LOHETU BE/IMKOM BOAOM
M3parkeHe KMHEeTUUYKe eHepruje. Takohe, npeko
KPYNHUjUX KOMaga HaHoca moxke aohu Ao Tano-
era Beoma CUTHUX ppakumja.

3annaB Kao MHTeprpaHy/aapHa Nopo3Ha cpeau-
Ha npeAacTaB/ba CTEHCKY Macy, meauj, yuje cy
nope ucnyteHe BOLOM MUAKN Ba3AyXOM. Y NOANHM
1y oOKOBMMa 3annaBa 0OMYHO ce Hanasn mare
nopo3Ha CTeHCKa mMaca U TMMe BoAoHenpony-
CHa cpeguHa. Y maTepujany 3ansiasa ogsuja ce
npouec MHGUNTPaLMje AOTEKANX MOBPLUMHCKUX
BOZ.a TOKOM Lene rognHe. MHduATMparse nosp-
LUMHCKKUX BOAA ce 0daBsba Ay»K Nopa, a 3aTUM Mo,
0,ejCTBOM rpaBuTaLmnje Ay bux ce oasuja eua-
Tpaumja BoAa npema ayd/bum fenoBUMa 3annasa.
Y npoduny 3annasa BpLIM Ce aKymyMpake BoAa,
nonywasarbemM nopa Ha noTesy o4, NoAuHe npema
nospwuHW. Ha Taj HaunH dopmupa ce jeaunH-
CTBEHO NOA3EMHO BOAHO TeNo, U3AaH, 30ujeHor,
OZHOCHO dpeaTcKor TMNa, ca cNodoAHUM HUBOOM
(Niki¢ i Pavlovic¢, 2012).

Cnuka 1. MNperpaga un mohax 3annas Ha Yahasuuu, came Jagpa, 3anagHa Cpduja
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Y xupgporeonowkom npoduay 3annasa
NoCTOjM M3L4aHCKA M HaAN34aHCKa 30Ha. Hbuxose
BUCWMHE CY Y 3aBUCHOCTU of, roauwrber foda, xu-
[APOJIOLWKOr CTakba, KOIMYMHA BOAA KOje A0TUdy,
NPOCTOPHE reomeTpuje 3anaaBa U TEXHUYKUX
KapakTepucTuka nperpage, nocedHo dapdokaHa.
MakcumanaH HMBO NoA3eMHUX BoAa je y nepu-
ofly NoBoOAHA, @ MUHUMANAH Yy pPeLecuoHOM
nepuogy. Odnact pacnpocTparberba M3gaHu ce
noayfapa ca pacnpocTpakberem 3anaasa Ha
notesy of, nperpage na Ao Hajy3BOAHWje KoTe
3annaBa. [locmaTpaHo y uenvHu, 3annas npea-
CTaB/ba jeAUHCTBEHY XMAPOTeO0IOWKY CPpeanHy,
KOja ce MOXKe LemaTn30BaTh Kao jeAiHOC0jeBUTa
NnoposHa cpeamrHa, Y 41joj NoANHN 1 HOKOBUMA je
BOZOHeNponycHa cpeanHa. fnaBHn nssop npu-
XparuBakba M3[aHu jecy BoAe NOBPLUMHCKON TOKa
KOjM NPOTUYE NPeKO 3aniaBsa, 40K Cy MUHUMANHOT
3Hayvaja atMocdepcke nagasuHe. KonmumHe Boaa
Koje 40TMYY BOAOTOKOM CY MPOMEHJ/bUBE Y TOKY
BPEeMeHa 1 Y 3aBUCHOCTHU Cy oA, roguwirber aoda.
360r XMAPOreoIOLIKMUX KAapaKTEPUCTMUKA 3an/1aBa,
BOZe BOAOTOKA U U3aHU Cy CBE BPEME, Y ANPEKT-
HOj xuapaynuukoj sesn (Nikic i Pavlovic¢, 2012).
[OpeHnpare M3gaHn BpLIM Ce UCTULAHbEM KPo3
OapdoKaHe uUnu npennBakbemM MpPeKo nperpage,
[OK je edeKaTt eBanoTpaHcnupaunje Ha rydbuTak
noA3emMHuX BoAa M3 3aniaBa 3aHEMap/buB.

XnaporeonowKkn napameTpum 3HayajHM 3a
npouec ¢unTpaumje n NPoHOC maTepuje Noa-
3eMHMM BOgama Cy MOPO3HOCT, KoeduumjeHT
dunTpaymje M reomeTpuja NoposHe cpeguHe
(Jocunosuh, 1985). Kao nocneguua ycnosa
ceAMMeHTaumje maTepujana y 3annaBy, NpocTop-
HU pacnopes dpakunja pPasAUYUTOr TpaHy-
JIOMETPUjCKOr cacTaBa M3PasnTo je HeyjeHayeH,
TaKo ga cy NPOpPO3HOCT U BOAONPOMYCHOCT
maTepujana y 3ansaBy Beoma xeTeporeHu. 3a
npouec dunTpaunje og 3Hayaja cy xmapaynmy-
K1 mehycodHo nosesaHe cynepkanunapHe nope
OYK KOjUX ce nopj, AejcTBOM rpasBuTaumje ogsuja
KpeTatbe cod0AHUX NoA3eMHUX BoAa. Benunku
pacnoH rpaHy/I0MEeTPUjCKOr cacTaBa 3ansaBa uma
3a nocneamuy pasMynMToCT BeIMYMHe nopa. 36or
TOra, Ay HUX Ce MOXe 0fBUjaTU TaMUHAPHU U
TYpOyNneHTHU pexum duntpaumje. lydutak eHep-
rmje TOKa Ha cune Tperba TOKOM KpeTakba YecTu-
La NoA3emMHUX BOAA Ay Nopa, U3paKeH Kpos
KoepuuMjeHT puaTpaumje je y LUMPOKOM PacroHy

BpeaHocTU. BpegHocT KoeduumjeHTa puntpaumje
3aCTOpa jaKo je xeTeporeHa Kako y XOpU3OHTanN-
HOM TaKo My BepTUKanHom cmepy (Kx # Ky # Kz).

Koa u3gaHu y 3annaBsy, cTpyjatbe noasem-
HUX BOAA je y yCN0BMMa ca c10004HUM HUBOOM.
PunTpaumMoHn TOK je y OYHKUMjU rpagujeH-
Ta HMBOa cnodopHe BogHe MOBPLIMHE Npema
nperpagu, a nponarauuja npomeHe HUBOA Y
npoctopy je pasanumuta. C od3mpom Ha To aa cy
YCNOBW Xpatbera U3JaHWU U KapaKTepucTuke
3annaBa NpoMeH/bUBe U Aa ce dp3MHa KpeTarba
noA3eMHMUX BOZA MeHba Y CBAKOj TauKM NpocTopa
M Yy BpemMeHy, CTpyjatbe je HecTauuMoHapHO
(Josipovi¢, 1985). Kako je KonnumHa Boga Koja
ce aKymynupa y 3aniasy y CMepy X, Y U z, jeiHaKa
pasnvum namehy KoimMumMHe OOTEKNE U UCTEeKNe
BOZe 3a HeKo Bpeme (At), onucyjy ce jegHaynHOM
KOHTMHyMUTETa y 06MKY (1):

()5 (15) 3 (15 =<5 o

rae je: M-nujesomeTapckn HUBO y msgaHu (L);
T-koeduunjeHT TpaHcmucuduaHoctn (L2T1);
e-cneyndunyHa U3JAWHOCT M3gaHu (-); g-40TuU-
Laj BoAe y n3aaH no jeAvHUum nosplumHe (LTY);
t-speme (T).

NHTeprpaHynapHa cpegunHa 3aniasa npej-
CTaB/ba NMPUPOAHM GUATEP KOjU [ONPUHOCK
nodosbluakby KBanMTETa BOAA UHOUATPUPAHUX U3
BOZOTOKA. KpeTartbem Ay nopa nogsemHe Boge
Cy noA, AyKUM UAn Kpahum yTuuajem pasnuuu-
TUX npoueca “maconsmeHe” n “maconpeHoca”.
Mpouecw, Koju unTpaumnjom Boaa Kpo3 NOPO3Hy
cpeavHy MOry AOMPUHETU Nodosbluakby KBaIu-
TeTa, penaTMBHO cy OpojHU. TeHepanHo, To cy
npouecu: NpeHollera PacTBOPeEHE maTtepuje
(koHBekuwuja, ancnepsnja, andysuja), npeHoc
maTepuje u3 uspcte dase y pactsop (gecopnum-
ja, pacTBapatbe ppakumja v Npenasak y pactsop),
npenasak maTepuje us TedyHe pase Ha dppakuuje
MHTepPrpaHynapHor maTpukca 3acuna (dmsunuko
copbupare, xemmnjcko copduparbe, TanoXKereE),
pasrpagte maTepuje (duoperpagaumnja, pagu-
0aKTMBHO pacnajgarbe, OKCMAALMOHO-PESYKLMOHN
npoLiecy n3BaH npoueca S1MonoLKe aerpasaumje),
esanopauuja (Filipovié i Vujasinovié¢, 1982).
MehyTnm, y 3aBUCHOCTU Of, reOXeMMUjCKOT cacTaBa
dpakumja, nopes nodosbluarba KBAAUTETA BOAA,
moke aohu M f0 noropllaka KBanuTeTa 360r
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3opaH Hukuh, PaTtko Puctuh, HeHan Mapwh, BykawmnH MunyaHosuh, CuHuwa MNMonosuHa, MeaH Manywesuh

pacTBaparba eflemeHaTa Koju yyecTsyjy y rpahu
dparmeHaTa (HNp. reoxkhe, MaHraH v gpyru).

MpeaHocTu Kopuwhera Noa3eMHUX
BOAa U3 3an/saBa 3a notpede
BOAOCHabaeBatba

M3BopuLwTa y 3an1aBy jako Cy CANYHA U3BOPU-
WTUMA Yy aNyBMjaHUM TBOPEBMHAMA, O4HOCHO
TUNY N3BOPULLTA CA UHPUATPALLMjOM PEYHMX BOAA
Kpo3 MHPUATpaLmoHe daceHe.

3HavajHe KapaKTepucTuKe CBaKor M3BOpMLUTA
BOJA jecy KOIMYMHE KBA/NIMTETHUX BOAA Koje ce
M3 U3BOPULLTA MOTYy A0OUTU U CTaOUAHOCT TUX
KONMYMHA TOKOM ekcnsioataumje (Lukic, 2014).
KanauwnTteT nssopuwita yrephyje ce y ogHocy Ha
HEroBy MUHWUMANHY M3LALWHOCT, AebUHUCAHY
TOKOM peuecnoHor nepuoga (Filipovié, 1980).
Mpu ToMe, Kopg, Bpena n n3Bopa KantupaHux 3a
BogocHadaeBare, ocunnaymja mamehy mMuHU-
MaJiHe U MaKCMMa/IHe U34aWHOCTM MOXKe dUTUN y
pacnoHy v go 1:10, nnv Beha. Y Tom ceetny tpeda
nocmMaTpaTh U cTadUIHOCT U3BOPULLTA M3 3an/iaBa.

KanauuteT n3sopuLuTa 13 3anaaBa yC/10B/beH
je BenmynHom (Macom) 3annaBa, KoaMyMHama
BOZa KOje AO0TWMYY Ha 3ansaaBs, JIOKaJIHUM XU-
OPOreo/IOWKMM YC/I0BUMA Y OKBUPY 3annasa,
TUNOM BOZAO3axBaTHOI 0djeKkTa, BeIMYMHOM du-
O/IOWKOr MMHUMYMa KOjW je 3aKOoHCKa odaBesa
32 NpoTuLaj HU3BOAHO oA nperpage. 3HayajHo
NOBOJ/bHUjU yCNOBU 3a dopmMUparbe U3BOPU-
LITa Cy KOA, BOAOTOKA Ca CTA/IHUM NPOTULAjeM U
NpPOCTPaHMM M MOhHUM 3annaBom. CKpOMHMUje cy
MOryhHOCTM KOZ BOLOTOKa KOjU Yy peLecmoHom
nepuoay npecyuyjy.

Hace/beHa mecTa M MHAYCTPUjCKU MOTOHM
00MYHO ce He Hanase y3BOAHO 0Z 3annasa. 36or
TOra je KBanuTeT BOAA KOje [0TMYy Ha 3an/as
penatuBHO nNoBosbaH. OBO je jako 3HavajHa pas3nu-
Ka Y OLHOCY Ha M3BOPULUTA Y a/lyBUja/IHUM Cpeau-
Hama, c 063MpPOM Ha TO A3 Ce Hace/beHa MecTa U
MHAOYCTPWUjCKM MOTOHM YI/TaBHOM Hanase nopes
pekKa, Aa je Ha aNyBUjalHUM PaBHMMA MHTEH3MBHA
no/bonpuBpeaHa NPoM3BOLHA, U A3 CY BOLOTOKO-
BM peuunumjeHTV (NpujeMHULM) KOMYHANTHUX U UH-
OYCTPUjCKUX OTNAZHMX BOAA.

KBanutaTuBHE KapaKTepucTMKe BoAa 3a
notpede BofoOCHadAeBata CTAHOBHULLTBA HEOM-
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XOA4HO je aa dyay y NOTNyHOCTU Npema NpasBuiHu-
LuMMma Koju oy odnact ypehyjy. KsanuTeT Boga 13
3ansiaBa 3aBUCK Of, KBasIUTETa BOAA Koje A0TUYY
N XMOPOTeO/IOWKNX KapaKTepucTMKa 3ansiasa.
Mpouecom dunTpauuje Kpo3 3annas A01as3n 40
nodosbluiarba KBasiMTeTa NOA3EMHUX BOAA, Y O4-
HOCY Ha BOZOTOK. 3a pPas/iKy Of U3L4aHW y any-
BMja/IHUM cpeauHama, ocuunaunje KBanuterta
noa3emMHuWX BoAa M3 3aniaBa cy odUYHO Mmane.
Mory 8uUTK M3parkeHe TOKOM nepuoja Beu-
KMUX BOZa, Y Tpajatby A0 nap AaHa. MpecTtaHKkom
nepvoaa NnoBoAHa, KBAJIUTET je ONeT y JOMEHY
yoduyajeHor. YTuuaj BeIMKUX BOAA Ha KBaAuUTeT
noZ3eMHuMX BOAA U3 3an1aBa, MOXe Ce pellaBaTtu
TUMNOM BOJAO3axBaTHOr 0djeKkTa. MMPOrHO3HMU
KBa/IUTET BOJA 13 3aMN/1aBa je TaKaB Aa HMUXOB TeX-
HOJIOLKM TPeTMaH 3a noTpede BoaocHadAeBaHa,
MoXKe dUTK Ha HMBOY Ae3nHbeKumje.

EKOHOMCKM MapameTpu Koju ce ogHoce Ha
bopmupatbe M3BOPULLTA Y 3aM/1aBY jaKo Cy MOBOJ/b-
HW y nopehery ca ApyrMm BUA0BKMMA M3BOPULLTA.
OBa NOBOJ/LHOCT ce MOKe carnefati nopeherem
bUHAHCKjCKMX cpeacTaBa MCKasaHUX KPO3 MH-
BECTULLMOHY BPEAHOCT M3BOPMLLTA U EKCMIOATALLM-
oHe TpowkKose. Camo MocTojakbe HeKor BuAaa
BOAHOI pecypca 3a notpede BogocHadaeBakrba
npeAcTaB/ba U3y3eTHO BENIUKY BPEAHOCT KOjy je
bUHAHCKU]CKM TELWKO MCKasaTu. PeasHa eKoHOM-
CKa NpeAHOCT M3BOPULLTA Y 3aMniasy, Y OAHOCY Ha
JApyre BUZ0BE N3BOPWLLTA, OTN1ea Ce y U3aBajatby
MarbUX GUHAHCUjCKMX CpeACTaBa 3a OTBapatkbe U3-
BOPULUTA, HErOBY EKCNI0aTaLujy U O4pKaBakbe.
[opaTtHa NoBo/bHOCT orniesa ce y Kopuwherby
Beh m3srpaheHor odjekta (nperpaga) u dopmu-
paHor 3ansiaea, TPAaHCMOPTYy BOA4A A0 NOTpoLuaya
rpaBMTaLMOHMM LEeBOBOAOM, 3axBaheHe Boae
Cy y OKBMpPY MoA3emHe akymynauwje, 3dor yera
Ccy Mane AMMEH3Mje 30He CaHUTapHe 3alTuTe.
MpocTop y3BOAHO 04 3annaBa Huje ontepeheH aH-
TpornoreHum 3araherbnma U TUMe je TEXHOOLWKM
npouec odpasie BOAA MUHMMANAH.

LTeTHn edektn Ha SyjuuHy nperpagy, ycnen,
dbopmMmuparba 3BOPULLTA Y 3aNJ1aBy, HACY OYEKU-
BaHu. MNocTaB/barbem oarosapajyher Tuna sogo-
3axBaTa Yy 3annaBy 4ONPUHOCK ce 0dapatby HMBOA
NoA3eMHUX BOAA, @ TUME U 4,0 CMakberba XMApO-
CTaTUYKOT NMPUTUCKa Ha nperpagy. BogosaxsatHu
0bjeKaT y 3annaBy MOXe NpeyseTu yaory ape-
HayKHMX OTBOpPA Y Teny nperpage (dapdokaHa).



3AMNAB BYJUYHE MPEPALE Y ®YHKUMIN NOKATHOI BOAOCHABAEBAHA CTAHOBHULLTBA...

3AKAYIIIN

MNaHCKMM LOKYMEHTMMA KOju pasmaTtpajy
npodnem pelwaBarba BOAOCHadAeBarba CTAHOB-
HUWTBA Ha npocTopy Cpduje npepsuheHa je us-
rpaftba CKYnux permoHasHmx cuctema. Mehytum,
peanHo je ga cBu npeasuheHn cuctemmn Hehe
ouTtn nsrpahenn y damkoj dyayhHoctn. OBakBom
cuTyaumjom nocedHo cy noroheHe nokanHe
3ajegHuue y dpAcKo-NAaHMHCKMM noapyyjuma,
TaKO Ja MHOra cefla HemMajy pelleHo BOAOCHad-
Oesarbe. OBO je BEpOBATHO jeaH 04, pa3/ora Koju
aonpuHocu 3adputbasajyhem TpeHay ucesbaBakba
CTQHOBHMLUTBA Ca OPACKO-MNAHMHCKUX NPOCTOPa.
Y 0BaKBOj cUTyaumju “BofHe peanHocTn”, cTaHoB-
HULM OBMX NPOCTOPA NPUHYHEHU cy Aa TpaxKe an-
TepHaTUBHE MmoryhHoOCTH.

Mperpage Ha dyju4HMM BOAOTOKOBMMA ce
rpaZe Ha XWUMNCOMETPUjCKM BULLIMM AeN0BUMA
TepeHa ca UnbeM 4a Wwinte og OyjuyHmnx nonsaea
Jbyfie U hbUxoBa fo6pa, Ha HU3BOAHOM Zeny Cu-
Ba. Y3BOAHO 0o, nperpage, HaTa/l0KeH epo3vOHHM
maTepujan 3annaBa NpeacTaB/ba MHTeprpaHynap-
HY MOPO3HY CpeanHy, O4HOCHO MeAu], y Kojem
401331 40 aKyMyrMparba NoA3eMHuX Boga U dop-
MMpakba M3haHun 36ujeHor Tuna ca cnodogHUM HU-
Boom. dopmumpaHa akymynaLmja noa3eMHUX BOZA
y 3anaaBy 0OMYHO je NOBO/bHUX KBA/IMTAaTUBHUX
KapaKTepUCTMKa, ca acnekTa BogocHadaeBarba
CTAaHOBHMLUTBA.

Ha &pAacKo-naaHUMHCKMM npocTopuMma rae
Mma notpeda 3a BOAOM M rae NocToje ycaoBu
3a 3axBaTaka MNOA3EMHMX BOAA W3 3annasa,
npeaaoXKeHo je hUXOBO KanTupare 3a nortpede
BoAoCHadaeBatba CTaHOBHULLTBA. Ha Taj HauuH,
OyjuyHe nperpage nopes OCHOBHE HaMeHe 3aap-
}KaBakba HAHOCa, MOTy MMATK joL jeHY 3HAYajHY
ynory, a To je BoAOCHadAeBare CTAaHOBHULITBA
noA3eMHMM BoZama M3 3annasa. LUteTHu edek-
TM Ha OyjuyHy nperpagy, ycnen dopmuparba
BO/Z,03aXBaTHOT 00jeKTa y 3anaaBy, Ce He OYeKyjy.

MoroaHoCTM Kopuwhera NoA3eMHUX BoAa U3
3annaBa 3a noTpede BogocHadaeBatba ornesajy
cey cnepehem:

— MoTtpebHa PpuHaHCKjcKa cpeacTBa 3a CTaB/ba-
e 3annaBa y ¢yHKUMjy BogocHadaeBarba,
PEeNaTMBHO Cy CKPOMHa.

— MoTeHumjan npupogHor npeymwhaBama Nog-
3eMHUX Boga GUATPALMjOM KPO3 3annas jako

je u3pakeH v LoNpUHOCKU NOdOosbLLAHY YNA3HUX

napameTapa KBasMTeTa BoAa y 3HaTHO NOBOJ/b-

HWjU M3N1a3HN KBAIUTET BOAA M3 3an/iaBa.

— [MoTpedHe cy penaTMBHO Mase 30He caHWUTap-
He 3aLlTUTe U3BOPULLTA, jep Ce CIMBHO Noapy-
yje 0dMYHO Hanasm “3BaH 30Ha aHTPOMOTOHE U
WMHAYCTPUjCKE aKTUBHOCTM, MPU YeMy je BOAHO
TE/I0 UCNOoA NOBPLUMHE TEPEHa, Y OKBUPY UH-
TeprpaHy/sapHe NOPO3He cpeanHe.

— [perpaae v 3annaBu ce Hanase penaTUBHO
61m3y, y ogHOCY Ha NoTeHUMjanHe KOPUCHUKe
BOAA.

MoasemHe BoAe 13 3annaBa Cy BOAHM pecypc
KOjU ce MO¥e KOpUCTUTK 3a noTpede BoAOCHAb-
[eBakba IOKa/IHe 3ajeHuLLe Y CayYajy:

— Kaja ce TeXHUYKOM aHa/NM30M yTBpAM Aa
dyHKumnja nperpage Hehe duTtn yrpoxkeHa
noctas/batbeM BOAO03axBaTHOr odjeKkTa M
Kopuwherem nog3eMHUX BOAA U3 3aM/1aBa,

— Kapja He noctoje apyre moryhHocT1, 04HOCHO
ApYrv BOAHWU pecypc Koju ce moxe ynotpedu-
TV 3a BogocHadaeBatbe,

— Kaja ce yTBpAM fAa je TeXHO-eKOHOMCKM
NoBOJ/bHWja BapmjaHTa, O, HEKOT APYror Haun-
Ha peluerba BOAOCHadaAeBama,

— Kaja cy noAsemHe BoAe M3 3anaaBa NnosBoJ/b-
HUX KBA/IMTAaTUBHMX KapaKTEPUCTMKA Ca acnek-
Ta BogocHadeBarba CTaHOBHULLTBA.

HanomeHa: UcTparkmBarbe je peanvMsoBaHo
Yy OKBMpPY MpojeKTa eBuaeHumoHn dpoj 37008,
(Mporpam TP), dpuHaHcHpaHor o4 cTpaHe MuHU-
CTapcTBa 3@ HAYKY M TEXHO/IOWKM pPa3Bgoj.
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Summary: Check dams are built to control erosion processes and torrential floods. In Serbia,
legally binding documents, VOS (2002) and PPRS (2010), provide the concept for the water sup-
ply of the population and industry by regional systems for which water is provided by building
high dams and formation of reservoirs. With this concept, it is often not possible to meet the
needs of local communities in mountainous areas. In order to contribute to solving the water
supply problems of these mostly poor villages, research was conducted on the possibility of
using check dam aggradation groundwater for this purpose. Field investigations and analysis
of project documentation for numerous check dams and aggradations in Serbia were carried
out. Potential quantities and quality of groundwater in the aggradations were analyzed as
a resource for the water supply of the population. The results of the research indicate very
favorable possibilities of the aggradations for the accumulation of groundwater in the form
of unconfined or phreatic aquifer with a free water table, in quantities that can be used for
water supply.

It was stated that: 1) under favorable conditions, with check dams on watercourses with con-
stant flow and large-scale aggradations, there is a possibility of accumulating sufficient quan-
tities of groundwater as a resource for water supply, 2) improving the quality of infiltrated
waters by the process of filtration through intergranular porous media of the aggradation, and
reaching the level of water supply quality, and 3) favorable economic parameters for opening
the source at the aggradation, compared to other types of water sources. The possibility that
check dams, in addition to their traditional role, could be used for local water supply facilities

was also highlighted.

Keywords: torrent; check dam; aggradation; groundwater; water supply.

INTRODUCTION

In Serbia, the water supply of the population
and industry is regulated by the following two
main documents: Vodoprivredna osnova Republike
Srbije (VOS, 2002) and Zakon o prostornom planu
Republike Srbije od 2010. do 2020. godine (PPRS,
2010). By these documents it is scheduled for the
water supply of the population and industry at the
territory of Serbia to be solved by the construction
of regional systems composed of high dams and
water reservoirs. It is planned that the regional
systems, in addition to already built 12 high dams,
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consist of 33 more high dams and reservoirs,
which have yet to be built.

By the legalization of the concept of water
supply, water users are integrated into regional
systems. There are significant objections to the
adopted concept of water supply, including over-
sized water consumption rates and unrealistic de-
mographic projections from the 1970s and 1980s,
which resulted in favoring the construction of
surface reservoirs over the other water resources
(Dokmanovi¢ and Niki¢, 2015).



FUNCTION OF CHECK DAM AGGRADATION IN LOCAL WATER SUPPLY OF MOUNTAINOUS AREAS

VOS and PPRSs concept of building regional
water supply systems has put the local communi-
ties of mountainous areas at a disadvantage.

It is well known that the villages in the moun-
tainous areas are economically poor, composed
mainly of elderly households and characterized by
a distinct trend of migration.

There are many reasons for this situation. One
of the reasons is the absence or very bad condi-
tion of the road, water supply, and electrical in-
frastructure. Therefore, since they were for years
mostly left to themselves, the inhabitants of the
mountainous villages started migrating to areas
with better living conditions.

As the water supply strategy foreseen by the
VOS and the PPRS will not be realized soon, local
communities in the mountainous areas must try to
solve the problem themselves.

Some settlements with natural resources
and economic power have tapped the springs or
dug wells and that way conducted water to their
households. On the other hand, residents of nu-
merous mountainous areas continue to draw
drinking water in the traditional way from nearby
springs or wells.

In this paper, based on local experiences and
knowledge, an attempt is made to make recom-
mendations that can be of use in planning, de-
signing and solving problems of water supply in
rural areas. The initial idea was that the people of
mountainous areas would receive drinking water
with as little investment as possible.

SUBJECT OF STUDY

In the mountainous areas of Serbia, in a period
between 1907 and 2018, numerous check dams
were constructed to control erosion processes and
torrential floods. Torrential check dams are ob-
jects with a total height of 5 to 15 m, constructed
transversely in a torrential stream waterbed, with a
range of ten to tens of meters (Ristic et al., 2012).
Their main purpose is the retention of sediments,
stabilization of banks, the elevation of the longitu-
dinal profile of a torrent bed and mitigation of the
destructiveness of torrential floods.

Over time, at many check dams, the space
provided to retain sediments is completely filled

with deposited material. That way, aggradation
is formed upstream of the check dam. The tor-
rential aggradations represent the artificial ac-
cumulation of different grain size and lithology
material, brought by waters from the watershed
area and deposited upstream of the check dam
(Kostadinov, 2008). The size of the body (mass)
of torrential aggradation depends on the con-
struction characteristics of the check dam and
the morphological characteristics of the water-
bed, upstream of the check dam. In the case of a
completely filled reservoir space, the water from
the watershed area is flowing over the spillway or
through the weir overflow of the check dam. In
this case, under favorable conditions, groundwater
accumulates at the aggradation.

The quantities of groundwater that can be ac-
cumulated depend on the technical characteristics
of the check dam, the size, and characteristics of
the aggradation, and the hydrological condition of
the watercourse.

Groundwaters accumulated at the aggradation
are considered as a potential water resource that
can be used for the water supply of the mountain-
ous villages’ population.

The subject of this paper is the original idea
(which has not been presented or analyzed so
far), that the problem of providing drinking water
to the population of mountainous areas can be
solved by using groundwater from torrential ag-
gradation formed by the construction of a check
dam in the torrential watercourse. This way, un-
der favorable conditions, already constructed, or
about to be constructed, torrential check dams, in
addition to their primary role, acquire another sig-
nificant function in the field of water supply.

MATERIALS AND METHODS

An analysis of the characteristics of aggrada-
tions formed upstream of check dams in torrential
watercourses was conducted in the territory of
Serbia. Attention was paid to the check dams with
completely filled reservoir spaces. Characteristics
of the aggradation, lithological composition, and
grain size of particles were analyzed, as well as
their spatial distribution in aggradation as the me-
dium in which the filtration and accumulation of
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groundwaters take place. At the check dams, the
condition of weir overflows and their function dur-
ing different hydrological periods were examined,
as well as the role of the watercourses, on which
the aggradation was formed, the aquifer recharge
during the high waters and in the recession period.
Check dam construction projects were analyzed,
with a focus on the morphology of torrential beds
and reservoirs, as well as the granulometric char-
acteristics of the material at the aggradation.

Reconnaissance in the field made it possible
to get acquainted with the condition of the check
dams, the size of the aggradations, the characteris-
tics of fractions at the aggradations, the flow of the
watercourses through the aggradations and more.

The analysis of the collected field data was
performed. A synthesis of the obtained results was
carried out, on the basis of which certain conclu-
sions and recommendations were made. They re-
late to the possibilities of aggradation groundwa-
ter use for the needs of water supply to a number
of users in mountainous villages.

RESULTS AND DISCUSSION

Groundwater in the aggradation

There are several thousand check dams in
Serbia. They were built commonly in the moun-
tainous areas (upper and middle portion of the
basins), on perennial and intermittent streams
characterized by the erratic - torrential character
of the hydrological regime (Kostadinov, 2008).

The construction of the check dam disrupts
the dynamic equilibrium of the stream (Niki¢,
2008). Since torrential streams are character-
ized by considerable sediment transport (Risti¢
and MaloSevi¢, 2011), the construction of the
check dam leads to the deposition of the material
upstream from it. The main consequence of the
check dam construction and formation of aggra-
dation is the reduction of the stream velocity and
kinetic energy, and consequently, its capacity for
sediment transport. Sometime after check dam
construction, the upstream accumulation area
will be filled with sediment material. The rate of
deposition and material properties depend on
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numerous drainage basin features (level of forest
cover, climatic, hydrological, geomorphological,
geological, anthropogenic factors).

Upstream of the check dam, the suspended
load and bedload form the aggradation from the
bottom to the overflow, whose height corresponds
to the check dam height. The amount of material
and its features will depend on the check dam di-
mensions, the bed morphology, the basin litholo-
gy, the amount and intensity of precipitation, the
frequency of torrential floods, the presence of veg-
etation, the dimensions of the weir overflow and
other elements. In general, the aggregations are
elongated and relatively narrow shaped, rarely ex-
ceeding a height of 10 m in the zone of check dam
(or in some local river bed depression) (Figure 1).
Since there are no general rules for the deposition,
considering the size of the particles several types
of deposits may be formed. The largest particles
of deposited material in the form of blocks and
debris canreach the size of several meters. These
are commonly deposited in the upstream portion
of the aggradation, although depending on the na-
ture of the torrent, basin features and the shape
of the accumulation area, the blocks can be depos-
ited within the entire aggradation, up to the zone
of the check dam. The finer sediment particles are
transported furthest along the aggradation, filling
the space and the pores between larger particles
within the entire aggradation up to the check dam
itself. The aggradation material is unconsolidated,
angular-shaped, poorly abraded with sharp edges.
The grain size of the aggradation material ranges
from blocks and debris to sand and clay particles.

The deposited material originates from the en-
tire catchment area upstream of the check dam.
The sediment particles can originate from igneous,
sedimentary and metamorphic rocks, different
stratigraphy (Paleozoic to Quaternary) and geo-
chemical character (acidic to ultrabasic) (Niki¢,
2008). The geochemical or mineralogical composi-
tion of the material ranges from uniform to heter-
ogeneous, as a consequence of the lithology of the
catchment area. The diversity of sediment prop-
erties is a consequence of the complex geological
function of the stream: the erosion of different
lithological units, transport of weathered material
and its deposition in the aggradation (Niki¢ and
Pavlovi¢, 2012).
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The aggradation is an unconsolidated rock
mass with intergranular porosity of a super-cap-
illary type. There is no classification of material
by the size. The different-sized material, from the
blocks to the finest particles can be deposited at
the same place. Due to the kinetic energy of high
waters, the blocks are often deposited over finer
sediments. In addition, very fine sediments can be
deposited over larger ones.

The aggradation as an intergranular porous
media is a rock mass with pores filled with water
or air. The less porous and permeable material is
usually located at the bottom and flank of the ag-
gradation. The infiltration of surface water through
the aggradation occurs during the entire year. Due
to gravity, the infiltration of surface water occurs
through pores towards the deeper parts of the ag-
gradation. Within the cross-section of the aggra-
dation, the water fills the pores from the bottom
to the land surface. Thus, a groundwater body, an
unconfined or phreatic aquifer with a free water
table is formed (Niki¢ and Pavlovi¢, 2012).

From the hydrogeological standpoint, the ag-
gradation cross-section consists of a saturated
and unsaturated zone. The vertical distribution
of these zones depends on the hydrological sea-
son, the amount of infiltrated water, the geome-
try of aggradation, and the technical properties of
the check dam, especially the weir overflow. The
water table is the highest during the wet period
and the lowest during the recession period. The
aquifer geometry corresponds to the geometry
of aggradation (from the check dam to its most

upstream section). The aggradation represents a
hydrogeological system, which can be schematized
as a single-layer porous media with impermeable
bottom and flank boundaries. The main source of
recharge is the flow of surface water above the ag-
gradation, and the recharge from the precipitation
is secondary. The amount of water in the stream
varies over time and depends on the season. As
a consequence of the hydrogeological properties
of the aggradation, the stream and aquifer are di-
rectly hydraulically connected (Niki¢ and Pavlovic,
2012). The aquifer drains through the weir over-
flow or overflow above the check dam, while the
impact of evapotranspiration is negligible.

Hydrogeological parameters that govern
groundwater filtration and transport are porosity,
hydraulic conductivity, and geometry of porous
media (Josipovic, 1985). As a consequence of con-
ditions of deposition, spatial distribution of different
grain size particles is considerably nonuniform. Thus,
the porosity and permeability of sediments in the
aggradation are very heterogeneous. The hydrau-
lically interconnected super-capillary pores can be
considered as crucial for the movement of ground-
water due to gravity. The wide particle size ranges of
deposited material results in a diverse size of pores.
Therefore, a laminar and turbulent flow regime can
occur. The loss of energy on the friction forces during
the movement of groundwater through porous me-
dia, expressed by the hydraulic conductivity, ranges
considerably. The hydraulic conductivity values are
considerably heterogeneous both horizontally and
vertically (Kx # Ky # Kz).

Figure 1. Check dam and aggradation on the Cadavica River, Jadar Basin, West Serbia
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The accumulation of groundwater formed
within aggradation is an unconfined or free water
table aquifer. The groundwater flow movement is
a function of the water table gradient towards the
check dam, while the variations of the water table
are spatially diverse. Since the aquifer recharge
conditions and the material properties are di-
verse, the flow velocity changes both spatially and
temporally causing the nonstationary groundwa-
ter flow (Josipovi¢, 1985). The amount of water
accumulated in the aggradation (x, y, z direction)
that equals the difference between the inflow and
outflow of water over time (At) is described by the
following continuity equation (1):

9 (420,990}, 8 (;9N) _ on_
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where M is a piezometric head (L), T is a coefficient
of transmissibility (L>T?); € is a specific yield (-), q
is a water inflow per unit area (LT?); tis time (T).
The aggradation as an intergranular natural fil-
ter contributes to the improvement of the quality
of infiltrated water. The groundwater movement
through porous media is influenced by different
processes of “mass transfer” and “mass transport”.
The processes which, due to the filtration through
porous media, contribute to the improvement of
water quality are numerous. Thus, these processes
are: solute transport (convection, dispersion, dif-
fusion), mass transfer from solid phase to solution
(desorption, dissolution of fractions into solution),
transfer from solution to aquifer matrix (physical
sorption, chemical sorption, precipitation), de-
composition of matter (biodegradation, radioac-
tive decay, oxidation-reduction processes exclud-
ed from the biological degradation), evaporation
(Filipovi¢ and Vujasinovi¢, 1982). However,
depending on the sediment geochemical compo-
sition, the dissolution of different chemical ele-
ments (e.g. iron, manganese, and others) may lead
to the deterioration of the groundwater quality.

The advantages of the utilization
of groundwater accumulated
in the aggradation for the water supply

The groundwater sources in the aggradation

are very similar to the sources in the alluvial sedi-
ments, and the sources with infiltration basins.
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The important features of the source are the
quality and amount of tapped water, and their
long-term stability during the exploitation (Lukic,
2014). The capacity of a source is determined con-
sidering its minimum yield, during the recession
period (Filipovic¢, 1980). The variation between
the minimum and maximum vyield for the wells
and springs tapped for water supply may be up to
1:10 or greater. The stability of the groundwater
sources in the aggradation should also be consid-
ered in this manner.

The capacity of the groundwater source in
the aggradation is characterized by the size of
the aggradation, the amount of flowing water,
local hydrogeological conditions, properties of
the material, the water tapping object types, the
legally obligated minimum environmental flow
downstream of the check dam. The perennial
streams with extensive and deep aggradations are
considerably more favorable for the formation of
groundwater sources. The streams that dry up in
the recession period provide modest possibilities
for the formation of groundwater sources.

Settlements and industries are not usually lo-
cated upstream of the aggradation. Therefore, the
quality of the aggradation inflow water is relatively
favorable. This is considerably different compared
to the alluvial sources since settlements and indus-
tries are commonly located along rivers. The agri-
cultural production is intensive on alluvial plains,
while the alluvial streams are common recipients
of municipal and industrial wastewater.

The quality of water used for the population
water supply needs to meet the regulatory crite-
ria. In the case of the water from the aggradation,
it depends on the quality of the inflow water and
the hydrogeological properties of the aggrada-
tion. Compared to the surface water, the filtration
through the aggradation leads to the improve-
ment of groundwater quality. Unlike the alluvial
aquifers, the variations of the quality character-
istics of groundwater from the aggradation are
commonly low. These variations can be empha-
sized during high waters, with a duration of up to
several days. At the end of the flood period, the
quality of water returns to its normal level. The im-
pact of high waters on the quality of groundwater
from the aggradation can be addressed using the
adequate type of water tapping object. It can be
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expected that disinfection is the only technological
treatment required before the use of groundwater
from aggradation for the water supply.

Compared to other types of groundwater
sources, the formation of sources in the aggrada-
tion is considerably economically advantageous.
This advantage can be evaluated by comparing
the investment and the operating costs for the
source. The water as a resource for the water
supply has a value that is difficult to express finan-
cially. Compared to other types of sources, the
economic advantages of the aggradation sources
are lower costs of its opening, exploitation, and
maintenance. The additional advantage is that wa-
ter is tapped from the underground reservoir with
narrow sanitary protection zones and transported
to consumers by gravity, from the existing check
dam and aggradation. The areas upstream of the
aggradation are commonly not threatened by an-
thropogenic pollution, and therefore the techno-
logical treatment of water is minimum.

Due to the formation of sources in the aggra-
dation, the negative effects on check dams should
not be expected. The construction of appropriate
types of water tapping objects contributes to the
lowering of the water table, and thus to the reduc-
tion of hydrostatic pressure on the check dam. The
water tapping objects in the aggradation can have
the same function as the weir overflow.

CONCLUSIONS

The regulation plans for the public water supply
in Serbia envisage the construction of expensive
regional water supply systems. However, it is not
realistic that all planned systems will be built soon.
The communities in the mountainous areas are
particularly affected by the fact that many villages
are still without appropriate water supply. This sit-
uation probably contributes to the migration of the
population from mountainous areas. Considering
this “water reality”, inhabitants of these areas are
forced to seek alternative solutions.

The check dams on torrential streams are con-
structed in higher parts of the terrain, to protect
people and their property in the downstream
parts of the basin. Upstream of the check dam, the

material deposited within the aggradation forms
intergranular porous media with an unconfined or
free water table aquifer. The groundwater accu-
mulation formed in the aggradation has commonly
favorable qualitative characteristics for the water
supply of the population.

The tapping of groundwater from the aggra-
dation is suggested for the water supply of the
population in the mountainous areas with water
scarcity and where there are conditions for the
tapping of groundwater. Thus, in addition to their
main role in sediment retention, check dams can
have another function for water supply by ground-
water from the aggradation. The negative effects
on the check dam, due to the construction of wa-
ter tapping objects in the aggradation, should not
be expected.

The advantages of the utilization of groundwa-
ter from the aggradation for the water supply are
the following:

— The financial resources needed for establishing
this type of water supply system are relatively
modest.

— The potential of groundwater natural purifi-
cation by filtration through the aggradation is
considerable and contributes to the improve-
ment of water quality (from the inflow to more
favorable outflow).

— Relatively narrow sanitary protection zones are
required, since the catchment area is usually
outside the anthropogenic and industrial im-
pact, with the groundwater body below the
surface of the terrain within the intergranular
porous media.

— Check dams and aggradation are located in the
relative vicinity of potential users of water.
Groundwater from the aggradation as a re-

source for the water supply of local communities

can be used in the following cases:

— the technical analysis has confirmed that the
function of the check dam will not be threat-
ened by the construction of a water tapping
object and the use of groundwater from the
aggradation,

— there is no other water resource which can be
used for water supply,

— the feasibility analysis has confirmed that this
is more economically advantageous compared
to other water supply options
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— groundwater from the aggradation has favora-
ble qualitative characteristics for the water
supply of the population.

Note: This study was carried out under the
Project No. TR 37008, granted and funded by the
Ministry of Science and Technological Development
of Serbia.
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