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AmncTpakT. buTaH acnekT y 3alliTUTH MOJ3EMHUX BOJA je U3lBajarme Moapydja Iie Cy
OHE Hajyrpo’KeHHja ycllel NOCTOjarma MOTEHIMjTHIX U3BOpa 3arajuBama KOju peajiHo
MOTY Ja Ierpanupajy kBamTet Bojaa. OBoO je moceOHO 3HAYajHO Kasia Tpeba 3alITUTUTH
oJ3eMHE BoJie Ha BehMM MoJpydjuMa Kao LITO Cy TEPUTOPHje HALIMOHAIHUX MapKOBa
W MapkoBa mpupoje. Y painy je mpHKazaHa METOAOJIOTHja M3pale KapTe PU3HKa O
3arahuBama TOA3EMHHX Bojxa 3a moiapydje Hammonamnor mapka DBepmam. Mspama
IIOMEHyTe KapTe o0yxBaTwia je M3paay KapTe pamHUBOCTH M KapTe xaszapia. Orena
pamuBocTu BpiieHa je npumeHoM DRASTIC meronme. 3a u3pamgy kapre xasapia
HampaBJbeH je KaTacTap Xaszapna Tj. MOTEHIMjalTHUX M3Bopa 3arahjuBama. Xaszapau Ccy
Ha KapTu MpPEACTaBJbEHH y BHUJY Tayaka, JMHHUja WM NOJIWIOHA TPH YeMYy je CBaKH
MIPOCTOPHHU 00jeKaT KaTeropucaH y 3aBUCHOCTH OJ1 IITEeTHOCTH 3araljyjyhux cyrncraniu
Koje m3Bop 3arahjuBama Moxke na ucnyctu. CrajambeM KapTe pambHBOCTH €a KapToM
Xazapja nobujeHa je kapra pusuka op 3arahuBama Hanmownamxor napka bepnarm.
Jlobujena kapra rokasajia je Jia je pusuk of 3araljuBama moj3eMHUX Boaa HajBehu y
30HM Hacesha M TO IpPEe CBera KOJX OHHMX 0Oe3 ypeleHOr KaHaIM3alMOHOT cUCTeMa.
Xaszapoy KoOju Cy BE3aHHM 3a HMHAYCTPHjCKE W TOJBONPHBPEIHE AKTHBHOCTH HA
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pasMaTrpaHoM MOAPYYjy Cy MHHHUMAIHH, 1A jeé CaMHM THM M PHU3WK o1 3araljuBama
MOA3EMHMX BOJA KAao pe3yinTaT OBHX aKTHBHOCTH BeoMa Mand. [IpukaszaHa
METO/I0JIOTH]ja MOKa3aia ce MPUMEHIbMBA y U3PaIu KapaTra pu3nKa KOje NMpeCTaBbajy
3HAYAjHy MOUIOTY Y IIAaHUPaky OAPKUBOT pa3Boja HanmonamHor mapka.

Kibyune peun: kapte pusuka of 3arahuBama Mo3eMHIX BOJA, PAELUBOCT ITOA3EMHUX
BOJa, 3amTuTa noazeMuux Boga, [ IC, Bepnan

Abstract. An important aspect in the groundwater protection is allocation of areas
where groundwater is most vulnerable due to the existence of potential sources of
pollution that can degrade water quality. Thisis especially important when larger areas
such as the territory of National Parks and Nature Parks needs to be protected. The
paper presents a methodology for groundwater contamination risk mapping on the
example of Djerdap National park. Methodology of creation of groundwater
contamination risk map involves mapping of groundwater vulnerability and mapping of
hazards. DRASTIC method has been applied for creation of groundwater vulnerability
map. The cadaster of potential contaminants was made in order to create hazard map.
Hazards are represented on the map as points, lines or polygons where each spatial
object is categorized according to the pollutant harmfulness. The groundwater risk map
was obtained by combining maps of vulnerability and hazard map. The resulting map
showed that the main risks for groundwater contamination is located in the area of the
settlement, particularly those without a regulated sewage system. Analyzed hazards
related to industrial and agricultural activities are minimal and therefore the risk of
groundwater contamination as a result of these activities is very low. Presented
methodology has been proved very applicable in groundwater contamination risk
mapping, which represents a significant background in sustainable development of
Natural Park Djerdap.

Key words: risk map, groundwater vulnerability, groundwater protection, GIS,
Djerdap

YBOJ,

Hanwmonanuu mapkosu (HIT) u [MTapkosu npupone (ITIT) npencraBibajy
HajBUIIE OOJNMKE 3alITUTE J>KUBOTHE CpEIWHE Ma Ce CaMUM THM Y OBHM
MoJpydjuMa MoceOHy Maxkmky Tpeda MOCBETHTH W 3allITUTH MOJ3EMHHUX BOJA.
[IpeBeHTHBHE Mepe Cy OOMYHO MPBU U OCHOBHHU BHJ FUXOBE 3amITHUTE. Hbuma
Ce YBOOM PpECTPUKTHBHA MOJUTHKAa KOja OrpaHWYaBa WIM KOMILUIETHO
3a0pamyje akTHBHOCTH Koje OM MOTJIe Jja yrpo3e KBanuTeT Boja. [IpeBeHTHBHE
Mepe Tpeba na Oyy HajCTPOKHUje TaMO TJE Cy MOA3EMHE BOJE HAjJIIOIOKHHI]E
3arahuBamy Tj. yTHIajy ca TOBpIIMHE TepeHa. 300r Tora ce y 3allTUTH
NOA3EMHHUX BoJa Ha oapeheHMM TepuTOpHjamMa CBE BHIIE KOPHUCTE KapTe
pamUBOCTH KOjHUMa ce Ie(pHHHUIIIE 3alITUTHA YJIOTa HaIU3/TaHCKE 30HE Y CBAKO]
TayKH HOZAPYyYja Koje ce mTuth (ZIVANOVIC, 2011; ZIVANOVIC et al., 2012).

Kapre pamumBocTH Wu3IBajajy MOApydja ca Pa3IMIUTHM CTCIICHOM
pamUBOCTH TOA3EMHUX BOJA W Kao TaKBe HUCY JOBOJbHE Jia OM ce yTBpIWIIa
BUXOBa YIPOKEHOCT y oapeheHnm nemoBuma TepeHa. Jla Om ce mpoueHHo
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CTENEH YIPOXKEHOCTH TIIOJ3€MHUX BOJa of 3arahuBama, HEONMXOJHO je
eBHJICHTUPTH IPHCYCTBO TOTCHIUjaTHMX H3BOpa 3araluBama W HM3BPIIUTH
eBaJlyalujy CTeneHa ITeTHOCTH oBuX 3arahuBaua (KETELAERE et al., 2004).
CnajameM KapTe pamHMBOCTH M KapTe MHOTCHIMjATHMX W3BOpa 3arahuBama
nobuja ce Kapra pu3uka oJi 3arajuBama Koja TOKa3yje MHoapy4dja TIae cy
MoJ3eMHe BoJIe HajyrpokeHuje. To cy moapyyja rae noctoju Hajseha mpeTma
KBaJIUTETY MOA3EMHHX BOJA, I1a CAMUM THUM IPEACTaBJbajy W TOApydja Tae
HajBHUIIIE MaXHe Tpeba MOCBETUTH INIAHUPAhy MOHUTOPHHT IIPOrpama y IHJbY
BUXOBE 3aIITHTE. Y pajy je NpuKazaHa METOJ0JI0THja U3paje KapTe Xa3apaa u
pusuka on 3arahuBama Ha npumepy Haumonamuor mapka Bepmanm (HIT
Bepman).

OIINC METOJOJIOI'MJE

Mertononoruja u3paae Kapre puszuka oj 3araluBama MoJ3eMHHUX BOJAA
oOyxBata Tpu kopaka (Cnuka 1): 1. u3paay kapTe pamHBOCTH; 2. U3paIy KapTe
xazapna; 3. clajame KapTe pambHBOCTH M KapTe Xasapaa u J00Hjame Kapre
pu3MKa ox 3araljuBama.

WLAJ XA3APOA
COK «———— HU3AK

AHUBOCT U3OAHU

OKA <—— HUCKA

WHOEKC PU3UKA

Co. 1. lllema oppehuBama pus3nka ox 3ara)iBarma MOA3EMHAX BOa Ha 0a3u MpOIeHE
PambHBOCTH ¥ TI0CTOjakbe Xazapa Ha ucrpaxkusanom noapy4jy (HOTZL, 2004)

Fig 1. Risk assessment scheme showing risk evaluation based on groundwater
vulnerability and hazard existence (HOTZL, 2004)

M3pana xapTe pamUBOCTH. 3a W3paLy KapTe PamHBOCTH MOJIA3HY
Ta4yKy MpeCTaB/ba aJeKBaTaH M300p METO/IE 3a OLCHY PalHBOCTH MOA3EMHUX
BOJA. 3a W3paay KapTe pamMBOCTH MOA3EMHHMX Bojaa HarpoHamHOr mapka
Bepman xopunihena je DRASTIC metoma (ALLER et al., 1985). 3a pazmuky ox
Opyrux mMeTona, kao mro je EPIK metona (DOERFLIGER & ZWAHLEN, 1997), a
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KOje Ccy pa3BHjeHe HCKJbYYMBO 3a mojeauHe tunose usganu, DRASTIC meTona
je TpYMEHJbHBA 32 CBA XHIPOTEOJIONIKA OKPYXKEeHha M CTOra je MorojaHa 3a
npumeny Ha npocropy HII bepman koju 3ay3uMa BeTUKO MPOCTPAHCTBO ca
3acTymbeHomhy CBHX THIIOBA M3JaHU.

a 6u ce DRASTIC meToz0M 100uMIa KapTa pambUBOCTH, MPETXOIHO je&
notpedHO AeuHUCATH ceaM MapameTapa: JyOHHY 10 HHBOA MOJ3EMHHX BOJa
(baktop D), mpuxpamwuBame (pakrop R), kapakrep cpemuHa y Ko0joj je
¢dopmupana mzman (dakrop A), tum 3emsbminra (haxTop S), Tomorpadmujy
tepena (¢pakxtop T), yrumaj 30He aeparmje (pakrop |) u TpaHCMHUCHOMITHOCT
n3nanu (pakrop C).

®aktop D — myObuHa 10 HUBOA MOA3EMHUX BOJA, AShUHHUIIEC KOJTHUKO
nyro je moTpeOHo 3araljyjyhoj cyncraniy y Te4Hoj a3 aa Jonpe 10 U3JaHu
nyTyjyhn kpo3 30HY aepaunuje. 3a OLEHYy OBOr (akTopa KOpUCTE ce
XHUAPOTEOJIOIIKa KapTa, JIOKaIHje mocTojehnx n3Bopa M BOJOTOKA, KapTa Koja
ToKazyje OJNIM3WHY BOJHHX II0jaBa, MyOMHA J0 HHBOA IOJ3EMHE BOIEC ¥
OyHapuma H cI1.

dakTop R— npuxpamuBame, 1eGUHHIIE ce Ka0 KOJIUYNHA BOJE KOja ce
110 jeAVHWYHO] MOBPIIMHU 3eMJbe MHOWITPHUpaA KPo3 3eMJbHHY TMOBPIIUHY U
nonasu a0 u3nanu. 1lIto je Behe npuxpamuBame To je Beha U pambUBOCT OCUM Y
yCIOBMMa KajJa je MHTCH3UTET MHOUITPHPAHE BOJC TOJIMKO BEIUKH Ja Ce
KOHIIeHTpaIyja 3aralyyjyhe cymncranme pa30iaxu 10 M103BOJbEHOT JTuMuTa. Ha
OCHOBY TIOZIaTaKa O HaruOy TepeHa, cacTaBy TJia U KOJUYWHH MajaBuHa 100uja
Cce KapTa Koja IMoKa3yje BeIMYNHY PUXPABHBAbA.

dakTop 4 - KapakTep cpenuwHa y Kojoj je dbopmupana uzgas; OBaj
(axTop ce oMHOCH Ha KapakTep CTEHCKE Mace Kpo3 Koje BoJa IUPKYJHIIE Y
u3nanu. CpeauHa y K0joj je hopMupaHa u3llaH yTU4e Ha TOK MOJ3eMHE BOJIE, a
TAMEe W neduHUIIe MyTamy U IyKWHY Kperama 3araljyjyhe cymcranme. Y
DRASTIC metoau daktop 4 ce oapeljyje OMMCHUM IyTEM jep Cy yHampen
neUHUCAaHE CpeIMHE Yy KOjUMa CY U3BOjCHH Pa3IMUUTH THIIOBH U3/IaHU.

@aktop S — Tun 3emsbuinrta; CacrtaB 3eMJBMINTAa Urpa OMIy4dyjyhy
yJIOTY 3a KOJIMYMHY BOJe Koje ce mHpmiTpupa y m3aaH. CIMYHO Kao U KOX
¢dakTopa A, 3amTHTHa yJora Tia ce NpoIlelyje MPEKO YHAmpel 3alaTHX
BPETHOCTH. 3a OLEHY OBOT (pakTopa OOMYHO Ce€ KOPUCTH IEAOJIOIIKA KapTa
UCTPaXHOT MOJPYYja.

®dakrop 7 - Tomorpaduja TepeHa Ce€ OTHOCH Ha HArubd TepeHa H
npoMeHe y HaruOy Ha pejbeHuM noBpiunHama. OBaj GakTop KOHTPOIHUIIE J1a
nu he 3arahuBady OMTH TOKPEHYT MOBPIIMHCKUM CIHpameM TepeHa win he
OCTaTH JIOBOJBHO JIYTO Ha MOBPIIMHM TepeHa Ja ce nHowmarpupa. [Ipoctoprom
aHaJM30M TepeHa Ha ocHoBY JIEM mogena noduja ce kapra T gakTopa Ha K0joj
je TepeH Ki1acu(pUKOBaH MpeMa BeTUUYMHI Haruoa.

®daktop | - yrumaj 30He aepanmje; 30HA aepandje MPEACTaBIba
HezacuheHy 30HY 071 HUBOA TIOJI3EMHE BOJIC 110 MOBPIHHE TepeHa. CItocoOHOCT
3alTHTE O] 3araljBama ca MOBPIIMHE 3aBUCU O]l CTPYKTYpE, MHHEPAITHOT M
opraHckor cacrasa ose 30He. [Ipema ayropuma DRASTIC metone, nmapamerap |
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ce oapehyje omucHUM myTeM jep cy yHarpen neduHUCaHe CpeIuHEe KOje MOTy
na Gpopmupajy HaJU3IaHCKY 30HY .

@akrop C — xumpaynuuka MpOBOAJBMBOCT W3faHu, OmHOCH ce Ha
MOTyhHOCT M3/1aHU J]a TPAaHCTIOPTYje BOAY Tj. Op3UHY KOjOM ce MOJI3eMHa BOJa
kpehe mpu onpeheHoMm xuapaynudykoM rpaaujeHTy. Ha ocHoBy mocrojehinx
Iujarpama koepunujeHara GuiTpanyje BpK ce KiacupuKamnyja cTeHa Koje ce
jaBJbajy Ha MOJPYYjy UCTpAXKHMBamka U THME ce 1o0uja kaprta (akropa C.

AHanmm3upaHW TapaMeTpH Cce TPBO KOPUTYjy ca pasiIHdUTUM
TEXKUHCKUM KOC(UIIMjeHTUMA KOjU JACPUHUIIY 3HAuaj rapaMerapa y YKyIHO]
NPUPOAHO] 3AIUTHTH, a 3aTHM Clajajy y LUby AoOWjama YKYIHOT WHIEKca
3amTyTe Ha 0a3u Kora ce m3pahyje kapTa palHBOCTH MOA3EMHUX Boma. Tako je
BennunHa pambuBocTd Tj. DRASTIC naaekc nodujen hopmyiom:

DRASTICIndeks=5D +4R+3-A+2S+T+51+3C (1)

M3pana kapre xa3apaa. 3a m3paay KapTe xasapia HEONXOIHO je
VM3pagUTH KaracTap TMOTeHIWjaTHuX 3arahuBava, Tako mTo ce y IHUC
OKpYXEeHY YHOCE CBe Jokauuje (Taukacre, JIMHHMjCKE W MOJMTOHANHE) Ha
KojuMa mocToju MoryhHocT mcmymTama 3aralyjyhux cyncranmu. Karactap
3arahjuBava omoryhyje moOujame mperiena CBUX xa3ap/a, 3a Koje ce cMaTpa Ja
Ccy on OWTHOT 3Hauaja 3a moa3eMHe Boxae. [Ipmmmkom amammse moctojehmx
Xazapia y o03up ce y3uMma CTeleH LITeTe KOju HCTH MOXKE Ja HaHece
nog3emMuuM Bojama (Tabena 1). Tlpenopykom Cost 620 (KETELAERE €t al.,
2004) 3a mpolieHy cTeleHa IMTETHOCTH yTBpheHa je TEeXHMHCKA BPEIHOCT KOja
ce moaesbyje cBakoM xasapay (Tabema 1).

Tabena 1: TexxuHCKa BpETHOCT Xazapaa
(KETELAERE €t al., 2004)

. Texuncka
bpoj Xazapa BpeIHOCT
1 |MudpacTpyKTYpHH pPa3Boj
1.1 |Ormanse Bome 25-85
1.2 |I'papcku otnan 35-40
1.3 |T'opuBa 50-65
1.4 |Tpancnopr u caobpahaj 35-60
1.5 |VcraHoBe 3a pekpeanujy 25-5
Hpyru u3Bopu 3arahuBama (rpodsbe, BojHa
16 25-35
HHPpacTpyKTypa, Tpado CTAHUIR)
2 |HuaycTpujcka akTHBHOCT
2.1 |PynapctBo (aKTHBHO M HAMYIITEHO) 65-85
2.2 |Otkonu 10-03
2.3 |Ekcrmuioaranuja Hadre u raca 55-70
2.4 |Uunycrpujcke dhabprike (Hepyaapcke) 40-85
2.5 |Enextpane 50-65

63



2.6 |MuaycTpujcKu Maraiau 45-100

2.7 |TperMmaH OoTIaTHUX BOJA 40-85
3 |CrouapcTBO M NOBLONPUBPEIA

3.1 |CrouapcTBO 25-45

3.2 |Tlosmonpuspena 15-60

Haxon kateropusanuje, 3a CBaku Xasap]l cpadyHaT je XazapJ HHIEKC
(HI) xoju onpehyje cremen mretHoctu. Ilpu ToM je kopuinheHa crencha
¢dopmyna (KETELAERE €t al., 2004):

HI = H-QnR 2
rIe cy:
HI - xazapn unnekc,
H - TexuHCKa BpPETHOCT 3a CBaKHM Xas3apj Koja ce JeduHHIIE MpPeKo
yHaIpen 3amaTtux tabena,

Qn - xomnapaTwBHM (akTOp, CIyKM Ja Ce Hariace pasliuKe Yy
MITETHOCTH PAa3MUUUTHX Xa3apla KOju TNpHUNanajy 3ajeAHUYKO]
IPYyIH KOja MMa MCTY TEXHHCKY BpeqHocT (kpehe ce y mHTepBamy
0,8-1,2),

R: - dakrop pemykumje xoju mokasyje BepoBaTHOhy Ja ce CLEHapHO

3arahuBama necu (kpehe ce y uateppany 0-1).

Hakon mnpopauyna Xaszapa uWHAEKCAa NPHUCTYNWIO ce Tpapuykoj
MHTEpIpeTalju Tj. W3paad Kapre xasapaa. Kao Ttemarcka kapra, Kaprta
xazapjia npyxxa uHbopMaIMjy O pacropeny, JOKalHju, BETHYUHU U OOJIUKY
noteHuyjanHor 3arahuBauva. XaszapAau cy Ha KapTH MpHKa3aHd TOMOhy
cuMmboia, nMuHUja W mpadypa paznuyute 00je 3aBHUCHO OJI IMOTEHIUjaTHOT
CTeIeHa MITETHOCTH KOj! NMPOM3HIA31 U3 BPEAHOCTH Xa3ap/] HHIEKCA.

H3pana kapre pusuka ox 3arajusama nmoaseMHux Bojaa. Pusuk on
3araljema qo0Mja ce KOMOMHAIMjOM KapTe PamHBOCTH W KapTe xasapraa 3a
noOujame KapTe pu3uka of 3aralBama MOI3eMHIX BOJa MPBO M3padyHaTa je
BPEIHOCT WHAEKcA pusnKa npeko dpopmye (HOTZL, 2004):

R= = -1/HI (©)]
rjae cy:
R - UHJIEKC PU3HKA,
HI - - Xa3apz UHIEKC,
i - CTEIEH 3allITUTE MOI3EMHUX BOJA.

CreneH 3amTHTE TOA3EMHHX BOJIa T JOOHjEH je IpepacroieioM
Bpeanoctu DRASTIC unnekca pamuBoCTH U cBoherbeM Ha uHTepBa o1 0 1o 5.
Haxon mpopauyna mazaekca pusuka, y [YC okpykemy H3BpIICHO je
W3/[Bajamke S pa3nuynTHX Kiaca pu3uKa Koje MOKa3yjy pa3InduTy BepoBaTHOhy
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ma ce sarahuBame momseMuux Boma moroau (Tabema 2). HakoH wusBpIieHe
kinacudukaiuje ypahena je ¢puHaiHa KapTa pusMKa o]l 3araljuBama MmoJI3eMHUX
BO/IA.

Tabena 2: UnTepBanu 3a kiacuuKaIyjy pu3rka of 3araljusama moa3eMHUX BOJIA

n Xazapa YHI x UHI Knaaca Crenen Boja
MHIEKC pH3HKa pH3HKa
4-5| 024 >0,042 >0,167 1 HHKAKAB I TiaBa
BEOMA MaJld

0,042- 0,167-

3—-4 | >24-48 0,021 0,063 2 MaJu 3eJIeHa
0,021- 0,063-

2-3 | >48-72 0,014 0,028 3 CpemmH KyTa
0,014- 0,028-

1-2 | >72-96 0,010 0,010 4 BHCOKH HapaH[jacTa

0-1| >96-120 <0,010 <0,010 5 BEOMa BUCOKH LIpBEHA

PE3VYJITATHU U JUCKYCHJA

3a moTpebe m3pajge KapTe pamHBOCTH moa3eMHux Boxa HIT Bepnan
NpBO Cy TNpHIIPEMJbeHE MOceOHE oneaTe, Tj. KapTe 3a CBaKH aHAIW3UPAHU
napamerap. Ha oBMM Kkaprama H3/BOjeHa Cy MOApYydYja ca PasIHIUTHM
yTULAjeM aHaJM3UpaHuX (akTopa Ha pambUBOCT TMOI3EMHHX Boda. llpu
aHAJIM3M TMOjeMHKUX Mapamerapa KopuinheHe Cy pa3In4uTe MOAJIOre Kao IITO
Cy; TEOJIOIIKa KapTa, XUIPOreoNoIKa KapTa, MeA0J0MIKa KapTa, eeBallMOHH
MOJIell, KapTa BOTHUX o0jekaTa, CaTeIMTCKH CHUMITH TepeHa U ci. Ilojenmnm
mapametpn (D u R) cy oxapehienn mnocpemHo mpekianameM HEKOIUKO
napametapa (ZIVANOVIC et al., 2012). CriajameM OBHX O€aTa H IIPOpauyHOM
DRASTIC unpmekca omoryheno je m3mBajambe 30Ha (Kjgaca) ca pasIHYUTHM
CTENCHOM PambUBOCTH MOI3eMHHX Boja Ha 3araljeme (Crnuka 2).
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DRASTIC Indeks
Klase ranjivosti

& RKam

- Veoma visoka ranjvost podzemnih voda
- Visoka ranjivost podzemnih voda
B srednie visoka ranjivost podzemnih voda
Nisko seednja ranjivost podeemnih voda =
0 Naska ranpvost podzemnih voda E
— =

~d Veeoma niska rangivest podzemnih voda

7 560 000 7570 000 7 580 000 7 580 000 7 600 000 7510 000 7620 000

Cun. 2. Kapta pamuBoctu nmogzemanx Boaa HII Bepnan nobujera npuMeHOM
DRASTIC metone

Fig. 2. Groundwater vulnerability map of NP Djerdap based on application of
DRASTIC method

[MIpumenom DRASTIC wmerone no0ujeHa je KapTa pambHBOCTH
MOA3EMHHUX BOZAA KOja je MoKasana jJa ce HajBehm meo mapka KapakTepHie
HHCKOM HWJIH BeOMa HUCKOM pamHBOIiiy moa3eMHuX Bojaa. OBO je U OUSKHBAHO
003upoM ja je Hajehu 1eo TepeHa u3rpaleH oj CTeHa ca IMyKOTHHCKUM THIIOM
MOPO3HOCTH, KOJI KOTa Ce HUBO IOJ3EMHUX BOJa HE Halla3u OJM3y MOBpIINHE,
U TJIe je KpeTame BOJe BeOMa yCIOPEHO. Y clle] HHTEH3UBHOT paclia/lamba CTeHa
y TMOBPIIMHCKOM JIeNTy, TJIO je I0OpO pa3BHjeHO, a YCJIeA BEJIMKUX Haruba
TepeHa HHUIATpanyja je Beoma orpanndeHa. [logpyyja y kojuma je pamUBOCT
MOA3EMHHUX BOJIa OKapaKTepHcaHa Kao BHCOKAa M BeOMa BHCOKA, 00yxBarajy
KapcTHe TepeHe Mupoua W TepeHe y KilaoBCKOM KJbyuy MpeKpHBEHE
KBapTapHUM CEIMMEHTHMA.

VY mupy noOujama KapTe xaszapja, MPBO j€ M3BPIICHA aHAIW3a
pacmoNoKUBUX MOMJIOra, HAKOH 4Yera Cy HU3BEACHA TEPEHCKA MCTPAXKHU-
Bama Ca M3/BajalbeM MOTCHIMjATHUX 3araljuBava KOJU CY pa3BpCTaHH Y
nBe rpyme (Tabenma 3): moreHuujaidHu 3araljpBadM KOju Cy MOCIEAUIA
uH(}pacTpyKTypHOT pa3Boja (oTmaaHe BoJe, TOPUBA, TPAHCIIOPT U caoOpahaj) u
MOTEHIHjaIHN 3araljBauM Be3aHW 3a WHAYCTPHjCKY aKTHBHOCT (pydapcKu
pamoBM M HHAYCTPHjCKa MOCTPOjema). JlobujeHa kapra xasap/a rmokasaia je aa
noTeHuujanHu 3arauBaun Koju ce jaBieajy Ha npocropy HII Bepman
MPETEXXHO CIa/ajy Y Mame OMacHy TPYIly, ca Xa3apl WHIEKCOM Koju ce kpehe
y Bpemnoctuma oko 30. Ilopen oBHX, Ha TEPUTOPHjH IMapKa Ce Hajgasd M
HEKOJIMKO CEOCKMX Hacesba 0e3 KaHATM3alUMOHOI CHUCTEeMa KOjH cHajgajy y
TPYILy ca BUCOKHMM CTETIEHOM IITETHOCTH 3a moa3eMHe Boje (Ciuka 3).
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TaGena 3. PerucrpoBanu noreHuujantu 3araljusaun Ha npocropy HIT Bepnan

(ZIVANOVIC et al., 2014)

Xazapa

Tex.
Bpen-
HOCT

(H)

Xazapa
HHIEKC

(H1)

Jlokanuja

HNuppacTpyKTypHH pa3Boj

Ormajae Bozie

VYpbauuzanuja
(kaHaM3aIMOHE [IEBU U

Hasunosari, Jloopa, Jlomu Munanogaii,

CHCTEMH KOjU UMajy % 5 Kananymnuna, Kaparam, Cum, Tekuja
ryOuTKe)

. Bossernn, bpmuma, 'onyoume,
Ypbanusauuja 6es 70 63-85 Mamnacrupuia, K/IOCHa, PI/I,E[};H:, Crapa
KaHAJIM3aLIMOHOT CHCTEMa

PemkoBuiia
I'pancku otnan
Cmernuiure 40 40 MocHa
T'opusa
Bensurcka mymrna 60 60-66 Tony6ar (crapu rpan), Jomu Munanosair,
MocHa
Tpancnopt u caoopahaj
MarucTpaiHy myt 40 40 ‘hepnan
Homu Munanosai — Majnanrek, [lerposo
Pernonanuu myt 40 26-36 Ceno, Manactupuna, Mupod, BosseruH,
Jomn Munanosan, JJo6pa
Tokaumsy myr 40 26-32 T'oso bpno, Tekuja, Knanynmanma —
Kaparam, Mocaa
AyTobycka craHuna 35 39 Jomu Muanosai
[Tpucranumire 40 29 Tekuja
YcraHoBe 32 pekpeanujy
Kamn 30 12 Bpmuia
Jpyraunju ussop
3arahuBama
Bpwuna, bommerun, JlaBunosarn, obpa,
I'pobibe 25 25-28 | Kianymmnuia, Crapa Pemkosuna, Tekuja,
Mamnactupuna
TpanchopmaTopcka 30 30 XE Bepaar |
CTaHHUIA
HWuaycTpujcka akTHBHOCT
Otkonn
T'ono Bpmo, JIuBaauna, Jenencka Crena,
Kamenomnom 25 18-25 | TomyGauka Kmucypa, Punam, ['omybauxa
Kimcypa
Io3ajmumiTe MbYHKA 30 30 MocHa
Wunyctpujcke pabpuxe
JlpBHU KOMOHHAT 40 32 MocHa
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Cn. 3. Kapra xa3apaa Haumonanuor napka hepaan
Fig. 3. Hazard map of National park Djerdap

Kapra pusuka on 3arahjuBama moaszeMHuX Boja HanuoHATHOT mapka
nobujeHa je crajameM KapTe parmHBOCTH M KapTe NMOTCHIHjaTHuX 3arahuBaua
(Cmuka 4). JToOujema kapra TOKa3ajga je Ja je PHU3UK OJ 3araljuBamba
NMOJ3eMHHUX BOAa HajBehW y 30HM Hacesba, U TO y JEJIOBHMa Ca BHCOKOM
pamuBomily moa3eMHUX Bojaa. Ilpumep 3a To cy Hacesba bpmmuia, Crapa
Pemmkosuriia, Jloopa (Crnuka 5). Cpemmu 10 BUCOKH CTENEH PU3HKA TIOCTOjH U
Ha Tmonpy4jy TIanmHe Mupod, Ha MecTUma TIe je caoOpahajHa
HHPpACTPYKTypa JOIHUpaHa MPEKO KapcTU(UKOBAHWUX KapOOHATHUX CTCHA.
[Moapydja xmmpoenekrpane , bepman |” ca nHacessmma Kaparam, Cur,
Haeunosan u Knagyuiauiia tTakole npeacraBibajy 30He Y KOjuMa Cy MOJ3eMHE
BOJIC Ca BUCOKHM CTEIICHOM pu3HKa o] 3arajuBama. TepacHU W MpoayBUjaTHH
CemMMEeHTH Ha mojapy4jy Tekuje Takohe mpencTaBibajy 30HY Ca BHCOKHAM
cTerneHoM pu3uka. Mehytum, mocmarpajyhu HanmoHanHu mapk y IendHH,
W3/IBOjE€HE 30HE ca CPeAUM, BUCOKHM HMJIM BEOMa BUCOKHUM CTEIICHOM PU3HKA,
MPEe/CTaBJbajy PEIaTUBHO MU JIe0 YKYITHE MOBPIIMHE TMapKa, ITO je BeoMa
oxpabpyjyhe 3a mWeror majsu pa3Boj. Y H3ABOJEHMM 30HaMa pHU3HKA,
BepoBaTHoha na he ce moazeMHe Boje 3aramuTH je moBehaHa M 3aTo Ha Ta
nojipydja Tpeda yCMEpUTH J1ajha UCTPAXKHUBaKka U IPUMECHUTH HEOMXOJHE Mepe
Koje he cipeunTn HapyIIaBame KBATUTETa MOA3EMHUX BOIA.
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Fig. 4. Fina groundwater risk contamination map of National park Djerdap
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Fig. 5. Examples of groundwater risk in urban areas of National park Djerdap
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3AK/bYYAK

JobujeHn pe3ynTaTd MOKa3yjy Oa je MpHUKa3aHy METOIOJIOTHjy 3a
u3pajay Kapre pusnka on 3arahuBama moryhe mpuMeHuTH U 3a Beha moapydja
Kao ILTO Cy HAIIMOHAJHU MapKOBU W MapKOBU Npupoje. JeaaH ox HajOUTHUjUX
cerMeHaTa y YMTaBOM MOCTYIIKY HM3pajlie KapTe pHU3HKa jecTe M300p MeTone 3a
OIIEHY pamHUBOCTH Moa3eMHuX Bojaa. M3abpana DRASTIC metona ce mokazana
Kao aJieKBaTHA 300T CII0KCHE TCOJIONIKE CUTYyaIllje Ha TepeHy U 300T moTpede
3a M3pajJy Kapara y CUTHHMjOj pa3Mmepu. Epamyanujom moctojehux xazapia
omoryhena je u3paga kapre pusuka on 3araljuBama Koja MpeacTaBiba I00py
OCHOBY 3a ITAHUPAmbe TaJbUX UCTPAXKNBaMka Y IIMJbY 3aIITHTE MOA3EMHHIX BOJA
Ha TepuTopHju HanmoHanHor mapka.

ButHO je HamoMeHyTHM Oa A0OWjeHHM pe3yNTaTh MpeAcTaBlbajy NPBH
npuctyn (screening) y oapehuBamy 30Ha THEe Cy TOA3EMHE BOZE
HajyrpokeHHje. Y MUJbY JH00Hjama MPEIU3HUjUX KapaTa y KpyIHH]jOj] pa3MepH
HEOMXOJHO je HM3BOheme AeTabHUjUX HCTpaXHBama Koja OM Omia ycMmepeHa
yIpaBo Ha OBUM HM3/JBOjEHUM 30HaMa.

3axeannuya
Oso ucmpaodicusarsa cy noopowcana 00 cmpane Munucmapcmea npoceeme,
Hayke u mexHonowxoe passoja (kao oOeo npojexama 6p. I 43004) u

Munucmapcmea pydapcmea u eHepzemuxke.

GROUNDWATER CONTAMINATION RISK MAPPING USING THE
EXAMPLE OF THE “DJERDAP” NATIONAL PARK

INTRODUCTION

National parks (NP) and nature parks (PP) are natural areas of great
importance, requiring the highest level of environmental protection. Therefore,
special attention should also be paid to groundwater protection. Preventive
measures are usualy the first and elementary measure of groundwater
protection. Restrictive policies of these measures limit or completely prohibit
activities that could jeopardise the quality of groundwater. Preventive measures
should be the strictest where groundwater is most vulnerable to pollution.
Vulnerability maps help evaluate the protective function of unsaturated zones
and are thus being increasingly used for the protection of groundwater in
designated areas (ZIVANOVIC, 2011; ZIVANOVIC et al., 2012).

Groundwater vulnerability maps define areas with different levels of
groundwater vulnerability; however, in and of themselves they are not
sufficient to objectively evaluate the risk to groundwater contamination. In
order to assess the degree of risk of groundwater contamination, it is hecessary
to identify the presence of potential sources of pollution and evaluate the level
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of hazard of these pollutants (KETELAERE et al., 2004). Groundwater
contamination risk maps are obtained by combining the groundwater
vulnerability maps and hazard maps (Fig. 1). These maps distinguish the areas
where groundwater is in greatest danger. This paper describes the methodol ogy
for making maps of hazards and risks from pollution using the Djerdap
National Park as an example.

METHODOLOGY

Methodology used to create a groundwater contamination risk map
involves three steps: 1) mapping of groundwater vulnerability, 2) mapping
of hazards, and 3) overlaying the vulnerability and hazard maps, thus
obtaining the groundwater contamination risk map.

Mapping of groundwater vulnerability. The choice of method of
groundwater vulnerability assessment is an important task because the quality
and accuracy of vulnerability maps will depend on the selected method. The
DRASTIC method (ALLER et al., 1985) has been applied in the creation of
the groundwater vulnerability map of the Djerdap National Park
(ZIVANOVIC et al., 2012). Unlike other methods, such as the EPIK method
developed specifically for certain types of aquifers, the DRASTIC method can
be applied to all hydrogeological environments and is therefore very suitable
for groundwater vulnerability assessment of large areas such as the Djerdap
National Park, where different types of aquifers can be found.

To create a groundwater vulnerability map using the DRASTIC
method, it is necessary to define seven parameters: the water table depth (factor
D), the net recharge (factor R), the aquifer media (factor A), the soil media
(factor S), topography of the terrain (factor T), the impact of vadose zone
(factor 1), and the hydraulic conductivity of the aquifer (factor C).

Factor D — depth of groundwater influences the amount of time needed
for a contaminant to reach the saturated zone. A hydrogeological map, locations
of springs and streams, groundwater levels measured at present wells, etc. are
used for assessing this parameter.

Factor R — recharge, defines the amount of water that infiltrates from the
surface. Groundwater is generally more vulnerable where recharge is higher,
except when infiltration intensity is so high that contaminant concentration after
dillution falls below permitted level. Groundwater recharge can be estimated
based on the amount of precipitation, the dope of the terrain and the soil
composition.

Factor A — aquifer media This factor refers to consolidated and
unconsolidated rocks through which water circulates in the aquifer. These rocks
influence the groundwater flow and the fate of the contaminant. Factor A is
assessed using descriptive names, with the previoudy defined vulnerability of
different types of rocks.
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Factor S — soil media. Soil composition plays an important role in the
amount of recharge of the aquifer. Similar like factor A, the protective function
of the soil is evaluated by descriptive names. Pedological maps are commonly
used to assess this parameter.

Factor T — topography refers to terrain dope. This factor controls the
surface water runoff and the degree of recharge. The spatial analysis of the
terrain, using DEM, represents a base for assessing the T factor and for defining
different classes according to the slope of the terrain.

Factor | — impact of vadose zone. Aeration zone represents the layers
from the surface to the groundwater table. The protective function of this zone
depends on the composition of rocks and sediments. Factor | is assessed using
descriptive names of rocks and sediment types, with the previoudy defined
vulnerability of these types of media.

Factor C — hydraulic conductivity of aquifer refers to the ability of the
aquifer to transfer water through a saturated zone. A map of factor C is created
using conductivity values for al the rocks and sediments wherever there is any
groundwater.

The analysed parameters are first modified with different weights
coefficients, and then combined in order to calculate the total protection
index. A groundwater vulnerability map is created based on this index.

Thus, the level of groundwater vulnerability i.e. DRASTIC index is
calculated using the following formula:

DRASTIC Index = 5:D+4-R+3-A+2-S5+T+5:] +3-C 1)

M apping of hazards. To create a hazard map it is necessary to creste a
Register of potential contaminants. GIS environment is used to process al the
locations (point, line and polygon) at which there is a possibility of release of
pollutants. The Register of pollutants alows us to get an overview of al the
hazards considered to be of significance as regards groundwater. The level of
harm to groundwater was also assessed in the analysis of existing hazards. The
degree of harmfulness was estimated for each hazard (table 1) using the
recommendation defined in Cost 620 (KETELAERE et al., 2004).

Table 1. Hazard Weighing Values (KETELAERE &t al., 2004)

No. Hazard Weighing value
1 |Infrastructural development
1.1 |Waste water 25-85
1.2 |Municipal waste 35-40
1.3 |Fuels 50-65
1.4 | Transport and traffic 35-60
1.5 |Recreational facilities 25-5
1.6 |Diverse hazards (graveyard, military 25-35
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installations, transformer station)

2 |Industrial activities
2.1 [Mining (in operation and abandoned) 65-85
2.2 |Excavation sites 10-03
2.3 |Oil and gas exploration 55-70
2.4 |Industria plants (non-mining) 40-85
2.5 |Power plants 50-65
2.6 |Industrial storage 45-100
2.7 |Diverting and treatment of waste water 40-85

3 |Livestock and agriculture
3.1 |Livestock 25-45
3.2 |Agriculture 15-60

where:
HI
H

Qn

R

where;
R
HI

After the categorization, the Hazard Index (HI) which determines the
degree of harmfulness was calculated for each hazard. The assessment was
performed using thefollowing formula (KETELAERE €t al., 2004):

HI = HQWR,

- hazard index,
- weighed value for each hazard,

)

- comparative factor, serves to highlight the differences in the
identification of various hazards that belong to the same group
which has the same weight (ranging from 0.8 to 1.2),

- reduction factor which indicates the probability of occurrence of

contamination (ranging from 0 to 1).

The graphic interpretation was developed and the hazard map created
after the calculation of the Hazard index. As a thematic map, a hazard map
provides information concerning the spatia distribution, location, as well as
the size and shape of potentia polluters. Hazards are shown on the map using
symbols, lines and shadings in different colours, depending on the degree of
potential hazard resulting from the hazard index value.

Mapping the groundwater contamination risk. The groundwater
risk map was obtained by combining the vulnerability map and the hazard map.
To obtain the groundwater contamination risk map, the value of Risk index
(R) was calculated first, using thefollowing equation (HOTZzL, 2004):

R=x -1/HI

- risk index,
- hazard index,
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T - level of groundwater protection.

The level of groundwater protection n was calculated by way of
redistribution of the values of DRASTIC index of vulnerability, reducing the
interval from 0 to 5.

After the calculation of the risk index, five different classes of risk
showing different likelihood of groundwater contamination were distinguished
in the GIS environment (Table 2). Then, the groundwater risk map was created.

Table 2. Hazard and Risk Index and Risk Index Classes

Hazard Class . Common
n index 1/HI 7 -I/HI index Degree of risk Colour

4-5| 024 >0.042 >0.167 1 NO”?O?LVGW Blue
0.042- 0.167-

3-4 | >24-48 0.021 0.063 2 Low Green
0.021- 0.063-

2-3 | >48-72 0.014 0.028 3 Moderate Yellow
0.014- 0.028- .

1-2 | >72-96 0.010 0.010 4 High Orange

0-1 | >96-120 <0.010 <0.010 Very high Red

RESULTSAND DISCUSSION

For the purpose of creating a groundwater vulnerability map of the
Djerdap National Park, special layers were prepared for each analysed
parameter. These maps show the different impact of analysed parameters on the
overall vulnerability of groundwater. Various input data were used in the
analysis of each parameter: a geologica map, a hydrogeological map, an
elevation model, a pedologica map, satellite images of the terrain, etc.
Parameters D and R were determined indirectly, by overlapping severa
parameters (ZIVANOVIC et al., 2012). Overlying these layers with the
DRASTIC equation, the final vulnerability index was calculated and the zones
(classes) with different degrees of vulnerability of groundwater to
contamination were distinguished (Fig. 2).

Applying the DRASTIC method, the groundwater vulnerability map
was created, showing that most of the NP is characterized by low or very
low groundwater vulnerability. This was to be expected as most of the terrain
is composed of rocks with fracture porosity, where water table is not near
the surface, the water movement is very slow, the soil is well developed
due to enhanced decay of rocks, and the infiltration is very limited due to
steep terrain. The areas in which groundwater vulnerability was characterized
as high and very high are the karst terrains of Miro¢ and the Quaternary
sediments of the areaof Kladovski Kljug.
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The creation of a hazard map required an analysis of available data
and field studies. Potential polluters were identified and divided into two
groups (Table 3): the potential polluters resulting from infrastructural
development (waste water, fuel, transport and traffic) and potential polluters
associated with industrial activity (mining operations and industrial plants).
The resulting hazard map showed that assessed potential polluters in the
area of the Nationa Park Djerdap predominantly belong to the less
dangerous group, with hazard indexes of about 30. In addition to these, there
are also severa settlements without sewage systems that have been
categorised as those that can cause significant harm to groundwater (Fig.3).

Table 3. Registered hazards (potential pollutants) in the area of NP Djerdap

Weighing | Hazard
Hazard value index L ocation
(H) (H1)
Infrastructural development
Waste water
Urbanisation (leaking 35 35.39 Davidovac, Dobra, Donji Milanovac,
sewage pipes and systems) Kaladusnica, Karatas, Sip, Tekija
Urbanisation without a 70 63-85 Boljetin, Brnjica, Golubinje, Manastirica,
sewage system Mosna, Ridanj, Stara ReSkovica
Municipal waste
Garbage dump 40 | 40 | Mosna
Fuels
Gas station 60 | 60-66 | Golubac (old town), Donji Milanovac, Mosna
Transport and traffic
Highway 40 40 Djerdap
Donji Milanovac — Majdanpek, Petrovo Selo,
Regional road 40 26-36 Manastirica, Miro¢, Baljetin, Donji
Milanovac, Dobra
Local road 40 2632 Golo Brdo, Tekija, Kladusnica— Karatas,
Mosna
Bus station 35 39 Donji Milanovac
Dock 40 29 Tekija
Recreational facilities
Camp 30 | 12 | Brnjica
Diver se hazards
Brnjica, Boljetin, Davidovac, Dobra,
Cemetery 25 25-28 Kladusnica, Stara ReSkovica, Tekija,
Manastirica
Transformer station 30 30 HPP DJerdap |
Industrial activities
Excavation sites
Golo Brdo, Livadica, Jelenska Stena,
Stone pit 25 18-25 Golubatka Klisura, Ridanj, Golubatka
Klisura
Gravel and sand pit 30 30 Mosna
Industrial plants
Wood processing factory 40 [ 32 | Mosna
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The groundwater contamination risk map of the Nationa Park
was obtained by combining the vulnerability and hazard maps (Fig. 4). The
resulting map showed that the risk to groundwater contamination exists
only in the area of the settlements, (villages Brnjica, Stara ReSkovica, Dobra
— Fig. 5). Medium to high level risk exists in the area of Miro¢ Mountain,
where transportation infrastructure is built on karstified carbonate rocks. The
area of the power plant “Djerdap |I” with settlements Karatas, Sip, and
Davidovac is aso under a high risk of groundwater contamination. Terrace
and prolluvia sediments in the area of Tekija are also zones with a high degree
of risk of pollution. However, looking at the entire National Park, the
identified zones with medium, high or very high risk to pollution cover only a
small portion of the total area of the park, which is very encouraging for its
further development. The likelihood of groundwater contamination is higher
in the defined risk areas; further research should thus focus on
these areas, and necessary measures to prevent groundwater deterioration
should be applied.

CONCLUSIONS

The results show that the presented methodology for mapping the risks
of groundwater contamination can be applied to larger areas such as the
National Park (NP) and the Nature Park (PP). One of the most important tasks
is the choice of method for the assessment of groundwater vulnerability. The
selected DRASTIC method is very suitable for assessing the vulnerability of
groundwater in large areas, especialy those characterised by complex
geological and hydro-geological composition, also because it suits the need for
maps created in smaller scale. Evaluation of the existing hazards enabled the
mapping of groundwater vulnerability risk, which presents a good basis for
planning further research in order to protect groundwater in the territory of the
National Park.

It should be noted that these results present only the first approach
(screening) to determining the areas where groundwater is most vulnerable. To
obtain more precise maps, it is necessary to conduct more detailed research,
focused on the identified danger zones.
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