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ZASTITA PODZEMNIH VODA U RAZLICITIM FAZAMA ISTRAZIVANJA
LEZISTA MINERALNIH SIROVINA

Vladimir Zivanovié, Neboj$a Atanackovié
Univerzitet u Beogradu — Rudarsko-geoloski fakultet, Beograd, Srbija
E-mail: vladimir.zivanovic@rgf.bg.ac.rs

Kljuéne reci: Zastita podzemnih voda, Primenjena geoloSka istraZivanja, LeZiSta mineralnih
sirovina, Srbija

U poslednjih 20 godina na teritoriji Republike Srbije se odvijaju brojna geoloska istrazivanja
lezista mineralnih sirovina. U pitanju su primenjena istrazivanja koja izvode domace i strane kompanije
sa ciljem iznalaZenja i utvrdivanja rezervi metali¢nih i nemetali¢nih mineralnih sirovina. Istrazivanja se
izvode u skladu sa projektima geoloskih istrazivanja na bazi kojih resorno ministarstvu izdaje odobrenje
odnosno istrazni prostor.

Sa povecanjem ekoloskih standarda i sve ve¢om brigom stanovniStva o Zivotnoj sredini, poslednjih
godina se viSe paznje poklanja i karakterizaciji i zastiti podzemnih ovda u okviru istraznih prostora. U
fazi geoloskih istrazivanja zastita podzemnih voda se vrsi u skladu sa uslovima Zavoda za zastitu prirode
koji medu ostalim propisuje i mere za spreCavanje uticaja geoloskih istrazivanja na kvalitet i resurse
podzemnih voda. Takode, prilikom izdavanja odobrenja za istraZivanja resorno Ministarstvo daje
informacije o postoje¢im izvoriStima podzemnih voda i propisuje neophodnost spre¢avanja uticaja na
podzemne vode koje se zahvataju.

U pocetnim fazama izvodenja geoloskih istrazivanja leziSta mineralnih sirovina, pored uzorkovanja
zemljiSta 1 geofizickih ispitivanja, uglavnom se vrsi istrazno buSenje sa jezgrovanjem sa ciljem
definisanja sadrzaja rude. Namenska hidrogeoloska istrazivanja naj¢e$¢e pocinju onog momenta kada
se proceni da je sadrzaj orudnjenja ekonomski znacajan. Uticaj vrSenja primenjenih geolo§kih
istrazivanja na podzemne vodne resurse moze biti razliCit: promena kvaliteta podzemnih voda kao
rezultat mesanja voda iz razlicitih zona, priliv voda sa povrsine terena u dublje vodonosne horizonte,
gubitak dela podzemnih voda iz izdani i sl. Znacajan problem mogu da izazovu istrazne busotine u
kojima se nakon busenja ne izvr$i adekvatna cementacija, ¢ime se omoguc¢ava mesanje podzemnih voda
razli¢itog kvaliteta iz razlicitih dubina. Poseban problem predstavljaju pojave samoizliva, gde vode
losijeg kvaliteta sa vecih dubina izbijaju na povrSinu ili isti¢u u pli¢e vodonosne horizonte.

U cilju sprecavanja ovakvih uticaja predlaze se paralelno izvodenje hidrogeoloskih istrazivanja u obimu
koji ogovara trenutnoj fazi izvodenja geoloskih istrazivanja. U prvim fazama istrazivanja kada je akcenat
na dokazivanju rezervi mineralnih sirovina, hidrogeoloska istrazivanja pored definisanja hidrogeoloskih
karakteristika lezista treba da budu fokusirana i na sprecavanje moguceg uticaja na podzemne vode i na
geolosku sredinu uopste. Pre pocetka izvodenje istraznih busotina, raskopa i sl. neophodno je izvrsiti
hidrogeolosko kartiranje terena sa izradom katastra hidrogeoloskih pojava i objekta na podrucju
istrazivanja. U sklopu ovih istraZivanja potrebno je izvr$iti merenja proticaja izvora, nivoa podzemnih
voda u okolnim bunarima, uzorkovanje podzemnih voda i odredivanje osnovnog hemijskog sastava
podzemnih voda sa posebnim akcentom na prisustvo metali¢nih i nemetali¢nih komponenti koje su
predmet istrazivanja. Ova istrazivanja treba da omoguce inicijalnu hidrogeolosku karakterizaciju
prostora ¢ime se dobija uvid u prirodni sadrzaj pojedinih metala i nemetala u razli¢itim vodonosnim
horizontima u okviru istraznog prostora. Pracenje kvantitativnih i kvalitativnih karakteristika podzemnih
voda na blizim objektima i pojavama treba da se nastavi i tokom i nakon zavrsetka istraznog busenja,
¢ime se prati uticaj geoloskih istrazivanja na vodne resurse.

U kasnijim fazama dolazi do intenziviranja hidrogeoloskih, geotehnickih i ostalih istraZivanja u cilju
dobijanja neophodnih podloga za projektovanje rudarskih radova, uz maksimalno oCuvanje Zivotne
sredine. U ovoj fazi paznju treba posvetiti dobrom projektovanju hidrogeoloSkih radova, detaljnoj
karakterizaciji svih izdani u prostoru i po dobini u okviru istraznog prostora, kao i1 vrSenju nadzora nad
izvodenjem planiranih istraznih radova, kako bi se izbegle situacije u kojima moze doc¢i do
kontaminacije podzemnih voda.
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GROUNDWATER PROTECTION IN DIFFERENT PHASES OF RAW MINERAL
DEPOSIT RESEARCH

Vladimir Zivanovié, Neboj$a Atanackovié
University of Belgrade — Faculty of Mining and Geology, Belgrade, Serbia
E-mail: vladimir.zivanovic@rgf.bg.ac.rs

Key words: Groundwater protection, Detailed geological research, Ore deposit, Serbia

In the last 20 years, numerous geological explorations of mineral deposits have been conducted
in Serbia. Domestic and foreign companies perform these detailed researches to find and determine
reserves of metallic and non-metallic ore deposits. The research is carried out in accordance with the
geological investigation projects based on which the relevant exploration approval (exploration license)
is issued from the Ministry.

With the increase of environmental standards and the growing concern of the population for the
environment in recent years, more attention is paid to characterization and protection of groundwater
within the exploration areas. In the phase of geological research, groundwater protection is performed
following the conditions of the Institute for Nature Protection, which, among other things, prescribes
measures to prevent the impact of geological research on the groundwater quality and resources. Also,
when issuing research approvals, the relevant Ministry provides information on existing groundwater
sources and prescribes the need to prevent the impact on groundwater that is being used for watersupply.
In the initial phases of geological exploration of mineral deposits, along with soil sampling and
geophysics, exploratory drilling with coring is mainly performed to define the ore content. Dedicated
hydrogeological research usually begins when it is estimated that mineralization is economically
valuable. The impact of applied geological research on groundwater resources can be different: change
in groundwater quality due to mixing water from different zones, the inflow of water from the surface
to deeper aquifers, changes in groundwater reserves and the like. A significant problem can be caused
by exploratory drillholes in case that, after drilling, adequate cementation is not performed, which
enables the mixing of groundwater of different quality from different depths. A particular problem is
the occurrence of artesian flows, where the water of poorer quality from greater depths is discharging
on the surface or into shallower aquifers.

In order to prevent such impacts, it is proposed to conduct proper hydrogeological research in parallel
to geological exploration. In the first phases of exploration, when the emphasis is on proving mineral
reserves, along with hydrogeological characterization of the deposit, research should focus on
preventing possible impacts on groundwater and the geological environment. Before conducting
exploration drilling, excavations, etc., it is necessary to perform detailed hydrogeological mapping and
develop a cadastre of hydrogeological springs and objects in the research area. As part of this research,
it is necessary to measure the spring flows, groundwater levels in surrounding wells, conduct
groundwater sampling, and determine the essential chemical composition of groundwater, emphasizing
the presence of metallic and non-metallic components that are the subject of geological research. This
research should enable the initial hydrogeological characterization of the area, which provides insight
into the natural content of individual metals and non-metals in different aquifers within the exploration
area. Monitoring of quantitative and qualitative characteristics of groundwater at nearby springs and
wells should continue during and after the completion of exploratory drilling, with assessing the impact
of geological research on water resources.

In the later phases, hydrogeological, geotechnical and other research is intensified to obtain the
necessary bases for the mine design taking into account maximum preservation of the environment. In
this phase, attention should be paid to a good engineering design of hydrogeological works, detailed
spatial and in-depth characterization of existing aquifers, and supervision of planned exploration works
to avoid situations where groundwater contamination may occur.
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