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INPUMEHA IN'EOI'PA®CKOI' THOOPMAIMOHOI' CUCTEMA Y U3PA/IU
KAPTE PU3UKA O/l 3A'ABUBAIbA ITIOIBEMHUX BOJA HA ITIPUMEPY
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KibyuHe peun: xkapTe pu3uka, pambHUBOCT oa3eMHux Boaa, ['MIC, 3amtuTa noa3eMHux Boaa, Bepran

YBOJ

VY caBpeMeHOj XUAPOTCOIIONIKO] MPAKCH CBE CE BHUIIIE A MOKIama 3alITUTH TOA3EMHUX
Bona. OCHOBHHM BHJ 3alITUTE jecy MPEeBEHTHBHE Mepe KOJ KOjHX C€ 3alliTUTa OOMYHO CBOOM Ha
YCIIOCTaBJbakhe PA3IMYUTUX 30HA CAHUTAPHE 3alITUTE y 30HM LUPKYyJIalyje Ka BOJ03aXBaTHUM
objekTMa WM y onapeheHOM MoApydjy Kaja ce IUTAHWpa 3alllTUTa II0jeJMHOT BOTHOT Tena. Y
rpaHMLlaMa OBHMX 30Ha YBOIM CE€ PECTPUKTHUBHA IIOJMTHKA KOja OrpaHW4YaBa WM KOMILIETHO
3a0pamyje aKTUBHOCT M Koje Ou Morie na yrpose kanuTeT nocrojehux wmm Oymyhux msBopwuiTa
MOJ3€MHUX BOAA.

VY oxppehuBamy 30Ha caHWUTapHE 3alTHTE cBe Behy npuMeHy uMajy KapTe pamHBOCTH
nog3eMHUX Boaa. OBe kapTe HaM MOMaXy Aa NPOLEHHUMO 3alUTHTHY (YHKLUHW]y HaIu3IaHCKE H
M3IaHCKE 30HE, IMTO MMa IMOCEOHY BaXKHOCT Yy PEalHOj MPOIEHU IPOCTOPHOT oapehmBama 30Ha
3amrute. MelhyTumM, oBe kapre caMe 1o ce0M HUCY AOBOJHHE Jla ce O0jeKTHBHO IMPOIEHU CTETeH
YIPOXKEHOCTH MOJA3EMHHX BOAa of 3arahuBama. Y Ty CBpXY, OHE ce 0OMYHO KOMOHMHYjy ca KapTama
Xazapja Tj, KapTama MOTEHIWjaTHUX H3Bopa 3arahuBama U Kao pe3ynraTr ce Mo0ujajy KapTe pu3nuKa
on 3arahuBarma KOje HaM H3/IBajajy 30HE T Cy IMOI3EMHE BOJE HAjyTrpOXEeHHUje. Y TameM TEKCTY je
MpUKa3aH MOCTYNaK M3pale KapTe Xa3paja M pu3uka oj 3araljuBama Ha npumepy HanmonamHor
napka bepaan (HIT HBepaam).

METOJIE

Merozmonoruja u3pajae Kapre puszuka of 3araljBama 1MoJ3eMHUX Bojia 00yXBaTa TpHU KOpaka:
1. u3pany KapTe pamUBOCTH MOJ3EMHUX BOJA; 2. M3Paay KapTe Xa3apaa; 3. crajame KapTe pambHUBOCTH
U KapTe xa3apna u J1o0Hjame KapTe pusnka oj 3arahjiBama. 3a u3paay Kapre pambUBOCTH MMOJ3EMHUX
Boza Harmonansor napka hepaan (Zivanovié et al., 2012) xopumhena je DRASTIC merona (Aller et
al., 1985). OBa MeTo/1a KOPHUCTH ceaM TapaMerapa: AyOuHy 10 HHBOa moja3eMHux Boja (dpaxtop D),
npuxpamuBame (pakrop R), kapakrep cpeamHa y Kojoj je ¢opmupana uzmad (daxrop A4), TUm
semspmmTa (akrop S), Tomorpadujy Tepena (daxtop 7), yruiaj 3ome aepamnwmje (dpaxrtop ) u
TPAHCMHUCHUOMIHOCT W3AaHW, OmHOCHO akBudepa (daktop C). AHamusupaHu mapamMeTpH ce MPBO
KOPHUTY]Y ca Pa3IMdUTAM TSKUHCKUM KOe(QUIMjEHTHMA, a 3aTUM CIIajajy y IuJby Mo0Hjama yKyITHOT
MHJICKCa 3allTUTE Ha 0a3u Kojer ce u3pal)yje kapTa pambUBOCTH MTOJI3EMHUX BOJIA.

Kapra xa3apna je nobujena taxo mro cy y ['MC okpyxkemwy yHeTe cBe JoKanuje (Taukacre,
JUHUjCKE ¥ TMOJHIOHANHE) Ha KOjUMa TMOCTOju MOTryHHOCT WCHOyNITama MoiyTaHTa. HakoH
KaTeropusanmje, 3a CBakd Xxaszapha je m3pauyHaT Xaszapa wuuzekc (HI) xoju oxmpelyje cremen
wretHocTu (Zwahlen, 2004). TIpu Tom je kopumthena cineneha popmyna:

HI=H-QnRs
rae cy:
Hl - xa3apx uanexc
H - TexxmHCKa BpEOHOCT 3a CBaKH Xa3ap[ Koja ce JeHHHUIIE IPEeKO YHAIpeI 3a1aTuxX Tadbena
Qn - xoMmmapaTHBHH (akTop, CIY)XKM Ha ce Harjlace pasjiuKe Yy IITeTHOCTH pPa3IMYUTUX Xa3apla KOjH

MIPHUIIA/Iajy MCTOj TPYIIM KOja MMa UCTY TEeKHHCKY BpeaHocT (kpehe ce y muartepsany 0.8-1.2)
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R - dakrop peaykuuje Koju nmokasyje BepoBaTHONy ja ce cieHapuo 3araljuBama aecu (kpehe ce y nHTEpBaIy
0-1)

Haxon mpopauyna Xaszapa MHIEKCa HPHCTYNHIO ce Tpaduyukoj WHTEPHpPETAlUjH Tj. U3Paan
Kapre xa3apzaa. Kao temarcka kxaprta, kapTa xaszapaa npyka HHGOpPMAIHjy O pacropeny, JOKalujH,
BEJIMYMHU U OOJIMKY TOTEHIMjaHoT 3arahuBaua. Xazapau cy Ha KapTH MpUKa3aHH MoMohy cumbouia,
JMHYja 1 mpadypa pasauuuTe 00je 3aBHCHO O] TOTCHIUjaTHOT CTeleHa ITETHOCTH KOj! MPOU3UIIa3n
U3 BPETHOCTH Xa3ap HHAEKCA.

3a nobujame KapTe pH3MKa o1 3arauBama Moa3eMHHUX BOJA NPBO j€ M3padyHATa BPEAHOCT
UHJeKca pusnka kopuctehu dpopmyty (Zwahlen, 2004):

R== -1/HI
rae cy:
R - uazmekc pusmka
HIl - xazapx nnpmekc
T - CTEIEH 3allTHTE MOJ3EMHMX BOIA

[Mocne npopauyna unnekca pusrka, y ['MIC okpykemy je H3BPIICHO U3ABAjabe 5 pa3IHInTHX
Kjlaca pU3MKa Koje TOKa3yjy pa3iudyury BepoBaTHOhy ma ce 3arajuBame MON3EMHHX BOAA JAECH
(Tabena 1). Hakon usBpuicHe knacudukanuje uspaljeHa je ¢puHaIHA KapTa puU3MKa o1 3araljuBarmba
MOJ3€MHUX BOJIA.

Tabena 1. MaTepBany 3a KIacH(pUKaNNjy pHU3UKa of 3arahuBarma MoJ3eMHIX BOJa
Table 1. Intervals for classification of groundwater contamination risk

n Xasapn 1/HI @ -1/HI Kaaca CremneH pu3nka Boja
HHJIEKC pHu3uKa

n ﬂﬁéﬁ;d 1/HI a -1/HI class index Degree of risk color
4-5 0-24 >0,042 >0,167 1 HHUKaKaB WA BEOMa Majni IIaBa
3-4 >24-48 0,042-0,021 | 0,167-0,063 2 MaJn 3ereHa
2-3 >48-72 0,021-0,014 | 0,063-0,028 3 cpelnmu KyTa
1-2 >72-96 0,014-0,010 | 0,028-0,010 4 BHCOKHU HapaH[acTa
PE3VIITATU U JUCKYCUJA

[Ipukazana MeTOMOJIOTHja je PUME-EHA 3a OIeHY pHU3MKa 01 3arahBama MoJa3eMHUX BOIA
Hanmonanunor mapka bepaamn. [loapydje mapka ce oMKy BeoMa CI0KEHOM TeOJIOIIKOM, a CAMUM
TUM M XUJIPOTEOJIOIKoM rpaljom. JJOMUHAHTHO TPHCYCTBO MMajy MeTaMOp(HE U CEIMMEHTHE CTCHE
KOje Cy MO XUIPOTCOJIONIKHM KapaKTepUCTHKaMa OKapaKTepHCaHe Kao cabuje BOAOMPOIyCHE, Ta Cy
3aT0 OrpaHMYCHE M pe3epBe IMOA3eMHUX Boja. Haj3HauajHuje pe3epBe IMOA3EMHUX BOJAA CYy
aKyMyJIUpaHe y HCIOyLAIUM M KapcTU(PHUKOBAHUM Kpeumalnuma Mmupoya y WMCTOYHOM ey
HarnmonanHor napka.

[Ipumenom DRASTIC metome nmoOujeHa je KapTa pamHBOCTH ITOA3EMHUX BOIa Koja je
MoKasasa jia ce HajBehu je0 mapka KkapakTepHIlle HUCKOM WM BEOMa HUCKOM PamUBOIINY MOI3eMHUX
Boza (Spadijer et al., 2008). OBo je u moTIyHO OYeKHBaHO jep je Hajpehm meo Tepena marpahen on
CTeHa y KOjUMa je pa3BHjeH IyKOTHHCKHA THIT W3JaHH, TIe HHUBO IOA3EMHUX BoAa HHUje Onm3y
MOBpIIIMHE, TIE je KpeTame BOAEC BEOMa YCIOPEHO, Tle je yclel WHTEH3UBHOT paclaiama
MOBPIIMHCKUX CTeHA TJIO A0OpO pa3BHjeHO W Tl je yclell BeIMKHX Haruba TepeHa MHQUITpauuja
BeoMa orpanuucHa. [logpydja y KojuMa je pamHBOCT MOJA3EMHHUX BOJIa OKapaKTepHUCaHa Kao BUCOKA U
BEOMa BHCOKA Cy MPe CBEra KapCTHU TepeHN Mupoya 1 KBapTapHH ceTUMeHTH KiiaJoBcKkor Kibyda.

VY mwby noOujama KapTe Xasapia, IpBO je U3BpIICHA aHAIU3a PACIOJIOKHMBUX IOIJIOTA, a
3aTUM Cy M3BPIICHA TEPEHCKA UCTPAXKUBAHA MTPH YEMY CY WU3JBOjEHH MOTEHIIMjATHU 3arajuBaun KOju
cy passpcranu y ase rpyme (DragiSi¢ et al., 2009): morenmnujamau 3arajuaun Koju Cy MOCieIuIa
HHPPACTPYKTypHOT pa3Boja (OTHagHe BOJE, TOPWBA, TPAHCIOPT KU caobpahaj) W TOTEHIIHjaTHH
3araljuBaum Be3aHU 3a MHIYCTPHjCKY aKTHBHOCT (pyIapCcKu paJoBH M HHAYCTPHUjCKa MOCTPOjCHA).
Jobujena kapra xazapaa je mokasana Jia HOTeHIVjalHu 3araliBadun Koju ce jaBibajy Ha nmpoctopy HIT
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Pepman mperexHO cnamajy y Mame ONAcHy TIpyIy, ca Xasap] HWHIEKCOM Koju ce kpehe y
BpenHoctuMa oko 30. [lopen oBHX, Ha TEPUTOPHjH MapKa ce Hajla3u M HEKOJIMKO CEOCKUX Haceba 0e3
KaHAJIHM3aOHOT CHCTeMa KOjU Clajajy y TPyIy ca BUCOKHM CTEIICHOM IITETHOCTH 3a IOJA3EMHE
BOJIC.

Kapra pusuka o 3araljuBama moazemMHux Boga HanmonangHor mapka je 1oOHjeHa criajameM
KapTe pamHMBOCTU M KapTe MOTeHIHMjanHuX 3arajuBava (cnuka 1). JlobujeHa kapTa je mokaszana jaa je
pHU3HK O] 3araljuBama MOA3EMHUX BOJaa Hajehn y 30HM Hacelba, U TO y JNETOBUMA TIE j& M3IBOjeHA
BHCOKa PamUBOCT MoA3eMHMX Boja. llpumep 3a 1o ca Hacessa bpmuia, Crapa Pemkosuna, J[oOpa.
Cpenmy 0 BHCOKM CTEIEH pU3MKa MOCTOJH M Ha MOJAPYYjy MlaHuHe MUpoY, Ha MecThMa Tae je
caobOpahajra wHGpacTpykTypa wm3rpalleHa Ha TPOCTOPY KapcTU(OHUKOBAHMX KapOOHATHUX CTCHA.
[onpyuje xunpoenekrpane , bepman I” ca cenmuma Kaparam, Cum, dasumoman u Kimagymauia
Takohe mpeacTaBibajy 30HE y KOjUMa ce MOA3EMHE BOJE Hajlasze MoJ BHCOKHUM CTEIIEHOM PH3HKa OJl
3arahuBama. Melytum, mocmarpajyhu HaMOHAJIHU MapK y LEJUHH, U3IBOjEHE 30HE Ca CPEHIUM,
BHCOKHMM HJIM BEOMa BHCOKHM CTEHNECHOM pPH3HMKa MPEICTaBJbajy BeOMa MM [0 YKYITHE HOBpIINHE
nmapka IITO je BeoMa oxpaOpyjyhe 3a masem pa3Boj HamumonamHor mapka. Y H3ABOjeHHMM 30Hama
pusunka, BepoBaTHoha na he ce moa3emMHe Boje 3araguTH je mosehana u 3ato y TuM nojpydjuma Tpeda
YCMEpHUTH Jajba UCTPAXHBAkba M NPHUMEHHTH HEONXOIHE Mepe Koje he crnpednTH HapyliaBame
KBaJIUTETa MOJ3EMHHX BOJIA.

Cn. 1. ®unannaa KapTa pusnka oJ 3araljuBama moa3eMHuX Bosna HanmonanHor napka Hepaam
Fig. 1. Final groundwater risk contamination map of National park Djerdap
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INTRODUCTION

In modern hydrogeological practice more and more attention is dedicated to the groundwater
protection. Elementary groundwater protective measures are preventive measures, where protection is
based on establishing of different sanitary zones in the area where groundwater circulate toward the
groundwater source or in an area when particular water body is being protected. Restrictive policies
that limit or completely prohibit activities that could jeopardize the quality of existing of future
groundwater sources are being implemented inside the boundaries of these zones.

Groundwater vulnerability maps are increasingly being used in the delineation of sanitary
protection zones. These maps help us to evaluate the protective function of the unsaturated and
saturated zone, which is very important in the spatial assessment of actual protection zones. However,
these maps itself are not sufficient to objectively evaluatethe risk to groundwater contamination. For
this purpose, they are usually combined with hazard maps i.e. map of potential sources of pollution
and as a result a groundwater contamination risk maps that distinguish areas where groundwater is
most endangered are being obtained. Hereinafter,the methodology for making maps of hazards and
risks from pollution in the example of National park Djerdap is presented.

METHODS

Methodology of creation of groundwater contamination risk map involves three steps: 1.
Mapping of groundwater vulnerability, 2. Mapping of hazards; 3. Overlaying the vulnerability and
hazard map and obtaining the groundwater contamination risk map. DRASTIC method (Aller et
al,1985) has been applied for creation of groundwater vulnerability map of National park Djerdap
(Zivanovi¢ et al, 2012). This method uses seven parameters: depth to water table (factor D),
groundwater recharge (factor R),aquifer type (factor A), soil type (factor S), topography of terrain
(factor T), impact of aeration zone (factor 1) and aquifer transmissibility (factor C). The analysed
parameters are first corrected with different weights coefficients, and then combinedin order to
calculate the total protection index on the basis of which a groundwater vulnerability map is being
made.

Hazard map was obtained in the GIS environment by processing all locations (point, line and
polygon) on which possibility of releases of pollutants exists. After categorization, Hazard Index(HI)
which determines the degree of harmfulness was calculated for each hazard (Zwahlen, 2004).
Assessment was done using following formula:

HI=H.Q.R
where:
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HI - hazard index

H  -weighted value for each hazard

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

R¢ - reduction factor that indicates the probability that the contamination will occur (ranges in the interval 0-1)

After the calculation of Hazard index, graphic interpretation and preparation of hazard map has
been done. As a thematic map, hazard map provides information on spatial distribution, location, size
and shape of the potential polluters. Hazards are shown on the map by symbols, lines and shadings
withdifferent colours depending on the degree of the potential hazardresulting from the hazard index
value.

To obtain the groundwater contamination risk map, first the value of Risk index (R) was
calculatedusing the formula (Zwhalen,2004):

R= 7z -1/HI
where:
R -risk index
HI - hazard index
r - level of groundwater protection

After calculation of risk index, five different classes of risk showing different likelihood of
groundwater contamination were segregate in GIS environment (Table 1). After the classification, the
groundwater risk map is made.

RESULTS AND DISCUSSION

The presented methodology was applied for the assessment of the risk togroundwater
pollution of National park DPerdap. The park is characterized by complex geological and
thereforecomplex hydrogeological composition. Metamorphic and sedimentary rocks are dominantly
present, hydrogeologically characterised as low permeable rocks with limited groundwater reserves.
The most important groundwater reserves are accumulated in fractured and karstified limestones of
Miro¢Mountain in the eastern part of the National park.

By applying the DRASTIC method,a groundwater vulnerability map is created whichshowed
that largest part of the national park is characterized by low or very low groundwater vulnerability
(Spadijer et al,2008). This is to be expected since the most of the terrain is composed of rocks with
fracture porosity, where water table is not near the surface, where water movement is very slow,
where soil is well developed due to enhanced decay of rocks, and where infiltration is very limited
due to the large terrainslopes. Areas where groundwater vulnerability is characterized as high and
very high are karst terrains of Miro¢ and Quaternary sediments of Kladovski Kljuc area.

In order to obtain the hazard map, first an analysis of available data and then field studies
were performed and then all allocated potential polluters were divided into two groups (DragiSic et al,
2009): potential polluters that are the result of 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 pollutersin the area of
National park Derdap predominantly belong to the less dangerous group with a hazard indexes
ranging around 30.Apart from these, in the territory of the park there are also several settlements
without sewage systems that belong to the group with a high degree of harmfulness to the
groundwater.

The groundwater contamination risk map of National park is obtained by combining the
vulnerability and hazard map (Figure 1). The resulting map showed that the risk to groundwater
contamination is largest in the area of the settlements, particularly in areas wherehigh groundwater
vulnerability is isolated (villages Brnjica, Stara ReSkovica, Dobra). Medium to high level of risk
exists in the area of Miro¢ Mountain in the places where transportation infrastructure is built
onkarstified carbonate rocks.The area of power plant “Derdap |” with settlements Karata$, Sip,
Davidovac is also area where groundwater is under high risk of contamination. However, looking at
the entire National park, separated zones with medium, high or very high risk to pollution coveronly
small part of the total area of the park, which is very encouraging for its further development. In
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isolated risk areas, the likelihood of groundwater contaminationis increased and therefore in these
areas further research should be focus and implementationof necessary measures to prevent

groundwater deterioration should also be done.
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