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Izvod

Numericki model strujanja podzemnih voda razvijen je za borsku oblast u cilju utvrdivanja
potencijalnog uticaja odlozenog rudnickog otpada iz pogona RTB Bor (kopovska odlagalista i
flotacijska jalovista u okolini Bora) na kvalitet podzemnih voda. Svi parametri i prostorno-
vremenska dinamika uzimanja uzoraka podzemnih voda definisani su standardom ISO 5667-11,
kojim se utvrduje program uzimanja uzoraka i rukovanje uzorcima za fizicko i hemijsko ispitivanje

istih.

Kljucéne reci: podzemne vode, SPRING softver, rudnicka jalovina, zagadenje

UvoD

Zagadenje voda u Republici Srbiji
potice od razli¢itih privrednih grana (indus-
trija, energetika, poljoprivreda, saobracaj,
rudarstvo itd.), kao i od neprecis¢enih ko-
munalnih otpadnih voda. Na pogorSanje
kvaliteta vode u Republici Srbiji uticu,
pored komunalnih i industrijskih i poljo-
privredne aktivnosti, re¢ni saobracaj, pop-
lave, kao 1 prekograni¢no zagadenje.
Znacajno mesto u zagadenju voda zauzi-
maju prostori deponovane jalovine nastale
u procesu rudarsko — preradivacke indus-
trije (flotacijska jalovista Bora, Majdapeka,

* Institut za rudarstvo i metalurgiju Bor

Rudnika, Velikog Majdana, Zajace, Raske,
Vranja i dr.), deponije nastale pri meta-
lurskoj preradi mineralnih sirovina i de-
ponije pepela nastale pri energetsko-toplo-
tnoj proizvodnji (termoelektrane).

HIDROGEOLOSKI MODEL
TRANSPORTA

Numericki model strujanja podzemnih
voda razvijen je za borsku oblast, u cilju
procene potencijalnog priliva podzemnih
voda u oblasti povrSinskih kopova i jame

. Ovaj rad je proistekao iz Projekta broj TR: 37001 , Uticaj rudarskog otpada iz RTB-a Bor na
zagadenje vodotokova sa predlogom mera i postupka za smanjenje Stetnog dejstva na Zzivotnu
sredinu* koji je finansiran sredstvima Ministarstva prosvete, nauke i tehnoloskog razvoja Republike

Srbije.
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Bor, kao i u cilju utvrdivanja poten-
cijalnog uticaja kopovskih odlagalista i
flotacijskih jalovista RTB Bor koja su u
okruzenju, na kvalitet podzemnih voda.

Izbor softverskog modela

Konceptualni model podzemnih voda
preveden je u numericki model strujanja
podzemnih voda, u cilju procene vrednosti
brzine i pravca strujanja podzemnih vode.
Izabran softverski paket "SPRING" za 3D
numericko modeliranje strujanja podzem-
nih voda, zasnovan na metodi kona¢nih
elemenata, razvijen od strane Delta h Inge-
nieurgesellschaft mbH, Germany (Konig
2010). Program je prvi put objavljen 1970.
godine i od tada je proSao kroz nekoliko
revizija. "SPRING" je Siroko prihvacen
softverski program od strane nauénika iz
oblasti zatite zivotne sredine i naucnih
udruzenja. Ovaj softverski paket koristi
metodu konacnih elemenata prilikom resa-
vanja jednacina kojom je prikazano struja-
nja podzemnih voda. To znaci da je domen
modela predstavljen brojem ¢vorova i
elemenata.

Hidraulicke osobine, svojstva ovih
¢vorova, elemenata i jednacina, razvijaju se

za svaki €vor, a na osnovu susednih
¢vorova. Niz iteracija je zatim pokrenuto za
reSavanje sistema diferencijalnih jednacina
matrickom metodom. Model je pokazao da
ima "konvergentne" rezultate, kada se
greske smanjuju do prihvatljivog opsega.
"SPRING" je u stanju da simulira stacio-
narno i nestacionarno strujanje podzemnih
voda u izdani nepravilnih dimenzija, kao i
prilikom zatvorenog ili otvorenog strujanja,
ili kombinacije ova dva. Moguc¢i su razliciti
modeli slojeva podzemnih voda razli¢itih
debljina.

Geometrijska struktura

Za mapiranje slivova relevantnih voda
i kvantifikaciju uticaja ovih voda na situa-
ciju podzemnih voda u borskoj oblasti,
kreiran je regionalni dvodimenzionalni
model. Prilikom formiranja mreze uzeti su
u obzir: geoloska struktura, nadmorska
visina (Slika 1), povrSinske vode (Slika 2)
sa svojim nivoima vode, busotine izradene
u prethodnom periodu u cilju geoloskih
istrazivanja 1 lokacija pijezometara za
monitoring podzemnih voda.
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SL. 1. Visina povrsine terena citave oblasti modeliranja
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SL. 2. Tok povrsinskih voda u domenu modela

Pravac kretanja podzemnih voda

Po modelu kontura lokalnih podze-
mnih voda, jasno se vidi da je veliki uticaj
rudnika bakra, flotacijskih jalovista i odla-
galista rudnicke jalovine. Konture regio-
nalnih stacionarnih podzemnih voda su,

kao sto se ocekuje, u bliskoj vezi sa topo-
grafijom. Podzemne vode teku od visih ka
nizim terenima, gde se pojavljuju kao
izvoriSta od kojih nastaju potoci i reke
(SL3).
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SL. 3. Model kontura podzemnih voda za citavu oblast modeliranja
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Zagadenje u podzemnim vodama

3D model stacionarnih podzemnih
voda koriSéen je kao osnova za transportni
model primenom "SPRING"-a. Jalovista,
deponije i povrsinski kopovi su smatrani
kao potencijalni izvori zagadenja i ubaceni
su u domen modela kao oblasti dreniranja
sa izvorom konstantne koncentracije. U
ovom tekstu se razmatra samo, transport
potencijalnih zagadivaca pretpostavljen

kao advekcioni - disperzivni (longitudi-
nalna disperzivnost 50 m) bez zadrzavanja
ili transformacija. Uticaji potencijalnih
izvora zagadenja na kvalitet podzemnih
voda su stoga ogranieni. Slike 4 1 5
pokazuju proratunate koncentracije SO4>
[mg/dm?] u borskoj oblasti u podzemnim i
povrsinskim vodama.
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SL. 4. Proracunate linije pravca kretanja
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SL. 5. Proracunate koncentracije SO, [mg/dm?]

Slika 6 pokazuje proracunate koncen-  povrSinskim i podzemnim vodama.
tracije Cu [mg/dm’] u borskoj oblasti u
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SL. 6. Proracunata koncentracija Cu [mg/dm?]
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Uzorkovanje i ispitivanje kvaliteta
podzemnih voda

Svi parametri i prostorno-vremenska
dinamika uzimanja uzoraka podzemnih
voda definisani su standardom ISO 5667-

Tabela 1. Uzimanje uzoraka podzemnih voda, terenska osmatranja i merenja

11, kojim se utvrduje program uzimanja
uzoraka 1 rukovanje uzorcima za fizicko i
hemijsko ispitivanje istih (Tabela 1).

aktivnesti Metoda/Standard T
Uzimanije ISO 5667-11:1997 Water quality -- Sampling -- | 7 lokalitevt'a:
uroraka Part 11: na podruqu RBB Bf)r;
Guidance on sampling of groundwaaters Dinamika: april-juni 2012.
REZULTATI I DISKUSIJA

Fizicko-hemijsko ispitivanje podzemnih
voda na podru¢ju borskog rudnika je
ukljucivalo odredivanje slede¢ih elemenata:
hroma, selena, gvozda, bakra, olova, nikla,

kadmijuma, cinka, arsena, sadrzaja suspen-
dovanih materija i sulfata. Rezultati fizicko
hemijskih ispitivanja uzoraka podzemnih
voda prikazani su u Tabelama 2a i 2b.

Tabela 2a i 2b. Rezultati fizicko-hemijskih ispitivanja uzoraka podzemnih voda iz
posmatranih pijezometara koji su uzorkovani 18.05.2012. godine

T (°C) |T (°C) El.provod. Cu Pb Zn
Parametar Boja/miris pH 3 3 3
vazduha| vode pnS/cm (mg/dm”) | (mg/dm’) |(mg/dm”)
Pl 20 13.7 |mutna/bez| 3452 5.82 <0.1 <0.1 0.5
P2 20 11.9 |mutna/bez| 3812 6.15 <0.1 <0.1 16.1
P3 20 12.7 |mutna/bez| 5858 4.45 3.6 <0.1 1.1
P4 20 16.0 |mutna/bez 1777 5.21 5.1 <0.1 2.9
P5 23 14.4 |mutna/bez| 2751 6.83 <0.1 <0.1 0.73
P8 23 17.8 |mutna/bez| 3032 6.67 <0.1 <0.1 <0.1
B3 22 17 |mutna/bez| 3081 7.39 <0.1 <0.1 <0.1
Broj 4,2012. 6 RUDARSKI RADOVI



Cd Ni Cr Se As Fe-uk | Sus.mater. S0,

Parametar 3 3 3 3 3 3 3 3
(mg/dm”)| (mg/dm’) | (mg/dm’) |(mg/dm’)| (mg/dm’) [(mg/dm’)| (mg/dm’) | (mg/dm’)

P1 <0.1 <0.1 <0.1 <0.2 <0.1 132.7 363.0 2837.2

P2 <0.1 <0.1 <0.1 <0.2 <0.1 64.4 1977.0 2806.3

P3 <0.1 0.5 <0.1 <0.2 <0.1 <0.1 2225.0 3392.8

P4 <0.1 0.37 <0.1 <0.2 <0.1 36.9 899.0 1204.3

P5 <0.1 <0.1 <0.1 <0.2 <0.1 0.1 2264.0 1641.1

P8 <0.1 <0.1 <0.1 <0.2 <0.1 2.1 6770.0 1276.0

B3 <0.1 <0.1 <0.1 <0.2 <0.1 <0.1 62.0 1944.8

Tabele 2a i 2b - Lokacije posmatranih pijezometara
PI - Desna obala Valja Luterice — drenazna Sahta;
P2 - Desna obala Valja Luterice — drenazno jezero;

P3 - Podnozje odlagalista Saraka potok;
P4 - Borska reka uzvodno od Slatine;

PS5 - Kriveljska reka posle izlaza iz tunela;
P8 - Telo brane I11;

B2 - Ulaz u tunel Kriveljske reke

Pravilnik koji propisuje maksimalno
dozvoljenu koli¢inu opasnih i Stetnih ma-
terija u zemljiStu i vodi koje mogu da
oStete ili promene proizvodnu sposobnost
zemljiSta 1 koje dolaze ispustanjem iz

fabrika i izlivanjem iz deponija, dat je u
Sluzbenom listu Socijalisticke Republike
Srbije br. 23/94. U tabeli 3 prikazani su
podaci o maksimalno dozvoljenim koli-
¢inama opasnih i Stetnih materija u vodi.

Tabela 3. Maksimalno dozvoljena kolicina opasnih i Stetnih materija

Broj Parametar MDK u vodi (mg/L)
1. Kadmijum Do 0.01
2. Olovo Do 0.1
3. Ziva Do 0.001
4. Arsen Do 0.05
5. Hrom Do 0.5
6. Nikl Do 0.1
7. Fluor Do 1.5
8. Bakar Do 0.1
9. Cink Do 1.0
10. Bor Do 1.0

Opasne materije, u smislu ovog pravilnika su: kadmijum, olovo, Ziva, arsen, hrom, nikl i fluor,

a Stetne materije su: bakar, cink i bor.

Za analizu kvaliteta podzemnih voda u
zoni uticaja rudnika i odlozene jalovine
RTB Bor, uzeti su kao hemijski parametri
prvenstveno teski metali i pH vrednost.

Smanjena pH vrednost odnosno pove-
¢ana kiselost ispod donje granice od 6 pH
jedinica, u posmatranom periodu uocena je
na mernim mestima P1, P3 i P4, pri ¢emu je

najniza izmerena pH vrednost iznosila 4,45
u zoni odlagalista Saraka (pijezometar P3).
U Tabeli 2a i 2b boldirane su sve vred-
nosti onih elemenata ¢ije se koncentracije
nalaze iznad dozvoljenih granica. Poveca-
ne sadrzaje imaju bakar, cink, gvozde i
nikl. Sadrzaj bakra u posmatranom periodu
se kretao od 3.6 mgdm® (P3) do
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5,1 mg/dm’ (P4), cinka od 1,1 mg/dm® (P3)
do 16,1 mg/dm® (P2), gvozda 2,1 mg/dm’
(P8) do 132,7 mg/dm’ (P1) i nikla od 0,37
mg/dm’ (P4) do 0,5 mg/dm® (P3). Ukoliko
uporedimo izmerene koncentracije i maksi-
malno dozvoljene koncentracije (MDK)
uocavamo da su one kod nekih elemenata
visestruko povecane, na primer za bakar 51
put, za cink 16 puta, za gvozde 132 puta i za
nikl do 5 puta. Sadrzaj hroma, kadmijuma,
selena i arsena se u posmatranom periodu
kretao ispod MDK.

ZAKLJUCAK

Ogromne koli¢ine odlozenog rudni¢kog
otpada u opstini Bor nastalog tokom
vekovne eksploatacije i prerade rude bakra,
konstantno zagaduje kako povrSinske tako i
podzemne vodotokove. Kao krajnji rezultat
i posledica zagadenja imamo neupotrebljive
vodotokove Borske i Kriveljske reke koji se
ne mogu koristiti ¢ak ni za navodnjavanje
poljoprivrednog zemljista, jer je kvalitet
vode u njima van svake kategorije. Ono Sto
je takode veoma ozbiljno je da su i posle-
dice po podzemne vode u zoni uticaja rud-
nickog otpada RTB Bor katastrofalne. Svi
bunari i izvorista u selima Veliki i Mali
Krivelj, Slatina i Ostrelj, koji se nalaze u
blizoj okolini Kriveljske i Borske reke su
veoma zagadeni i ne mogu se koristiti, kako
za pice tako i za napajanje domacih zivot-
inja. Ovo isto vazi i za bunare i izvorista u
blizoj okolini  odlagalista  kopovske
raskrivke i flotacijske jalovine. Numericko
modeliranje ima za cilj da nam omoguci
kvalitetan graficki prikaz uticaja zagadenja
kako na podzemne tako i na povrSinske
vodotokove, sa definisanim zonama raspro-
stiranja zagadenja i njihovom krajnjem
dometu. Na taj nacin se u potpunosti moze
sagledati sveobuhvatan uticaj koje za-
gadenja generisana rudnickim otpadom
imaju na povrSinske i podzemne vode u
njihovom okruZenju.
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GROUND WATER FLOW IN THE IMPACT ZONE OF
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Abstract

The numerical model of ground water flow was developed for the Bor area in order to determine the
potential impact of disposed mine waste from the site of RTB Bor (open pit and flotation tailing dumps
in the vicinity of Bor) on the ground water quality. All parameters and spatial-temporal dynamics of
ground water sampling are defined by the Standard ISO 5667-11, which establishes a program of sam-
pling and handling of samples for physical and chemical analysis the same.

Keywords: ground water, SPRING sofiware of mine waste, pollution

INTRODUCTION

Water pollution in the Republic of Serbia
comes from various economic sectors (in-
dustry, energy, agriculture, transportation,
mining, etc.), as well as from untreated mu-
nicipal wastewater. The deterioration of
water quality in the Republic of Serbia is
influenced, in addition to the municipal and
industrial activities and agricultural activi-
ties, by the water transport, floods, and
cross-border pollution. An important place
in the water pollution is occupied by the
areas of deposited tailings produced in the
process of mining - processing industry (flo-

i Mining and Metallurgy Institute Bor, Serbia

tation tailing dumps of Bor, Majdanpek,
Mine, Veliki Majdan, Zajaca, Raska, Vranje,
etc.), the waste dumps incurred in the metal-
lurgical treatment of mineral resources and
ash landfills resulting from the energy-
thermal production (thermal power plants).

HYDROGEOLOGICAL MODEL
OF TRANSPORTATION

Numerical ground water flow model
was developed for the Bor area in order to
assess the potential groundwater inflow in

™ This work is the result of the Project No. TR: 37001 “The Effect of Mine Waste from RTB Bor on
Pollution of Watercourses with a Proposal of Measures and Procedures to Reduce the Adverse Effects
on Environment”, funded by the Ministry of Education, Science and Technological Development of

the Republic of Serbia.
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the area of open pits and pit Bor, as well
as to determine the potential impact of
open pit dumps and flotation tailing
dumps of RTB Bor, which are in the envi-
ronment, on the ground water quality.

Selection of software model

A conceptual model of ground water
has been translated into a numerical model
of ground water flow in order to assess the
value of speed and direction of ground wa-
ter flow. The selected software package
SPRING for 3D numerical modeling of
ground water flow, based on the finite ele-
ment method, was developed by the delta h
Ingenieurgesellschaft mbH, Germany
(Konig 2010). The program was first pub-
lished in the 1970 and since then it has
gone through several revisions. SPRING is
a software program widely accepted by
scientists in the field of environmental pro-
tection and scientific societies. This soft-
ware package uses the finite element
method in solving the equation that shows
the flow of ground water. This means that
the model domain is represented by the
number of nodes and elements.

Hydraulic characteristics, properties of
these nodes, elements and equations, are
developed for each node, based on the
neighboring nodes. A series of iterations was
then run to solve the system of differential
equations using the matrix method. Model
showed that it has the "convergence" results
when the errors are reduced to an acceptable
range. SPRING is able to simulate steady
and unsteady flow of ground water in the
aquifers of irregular sizes, as well as in the
closed or opened flow, or a combination of
these two. There may be different models of
ground water layers of different thicknesses.

Geometric structure

To map the relevant water basins and
quantify the impact of this water on the
ground water situation in the Bor area, a
regional two-dimensional model was cre-
ated. During formation the network, the fol-
lowings are taken into account: geological
structure, altitude (Figure 1), surface water
(Figure 2) with their levels of water, drill
holes made in the previous period for geo-
logical explorations and locations of piezo-
meters for ground water monitoring.

Tr85

[*E5

0]

TGS

G5

TS

480

L]

]

Fig. 1. Field surface height of the entire modeling area
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Fig. 2. Surface water floe in the area of model

Ground water directions

According to the model local ground
water contours, it is clear that the copper
mine, flotation tailing dumps and mine
waste dumps have the major impact. The
contours of regional stationary ground

water, as it is expected, are closely related
to the topography. Ground water flows
from higher to lower terrains where they
appear as sources which crate streams and
rivers (Figure 3).
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Fig. 3. Model of ground water contours for the entire area of modeling
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Pollution of groundwater

3D model of stationary ground water
was used as the basis for the transport
model using SPRING. Tailing dumps,
landfills and open pits are considered as
potential sources of pollution and they are
inserted into the model domain as drain-
age areas with a source of constant con-
centration. This paper discusses only the
transport of potential pollutants assumed

to advection-dispersion (longitudinal dis-
persion 50 m) without stopping or trans-
formation. The effects of potential pollu-
tion sources to the ground water quality
are therefore limited. Figures 4 and 5
show the calculated concentration of SO4'2
[mg/dm?] in the Bor area in the ground
and surface water.
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Fig. 4. Calculated lines of movement direction
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Figure 6 shows calculated concentra-
tions of Cu [mg/dm?] in the Bor area in
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Fig. 5. Calculated concentrations of SO,? [mg/dm?]

the ground and surface water.
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Fig. 6. Calculated concentration of Cu [mg/dm?]
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Sampling and testing the groundwater
quality

All parameters and spatial-temporal ~ which establishes a program of sampling
dynamics of ground water sampling are and handling of samples for physical and
defined by the Standard ISO 5667-11, chemical analysis of the same (Table 1).

Table 1. Groundwater sampling, field observa

tions and measuring

Act|.V|t.y Method/Standar d Prostorno—vr.emenska
description dinamika
ISO 5667-11:1997 Water quality -- Sampling - | 7 locaities: in the area of
Sampling - Part 11: RBB Bor; Dynamics:
Guidance on Sampling of Ground Water April-June 2012

RESULTSAND DISCUSSION

Physical-chemical testing of ground wa-
ter in the area of Bor mine included deter-
mining the following elements: chromium,
selenium, iron, copper, lead, nickel, cad-

mium, zinc, arsenic, content of suspended
solids and sulfates. The results of physical
and chemical testing of ground water sam-
ples are present in Tables 2a and 2b.

Tables 2a and 2b. Results of physical- chemical testing of ground water samples from
the observed piezometers, sampled on May 18, 2012

T(°C) | T (°C) El.conduct. Cu Pb zZn
Par ameter ) Colour/smell pH 3 3 3
air water uS/cm mg/dm mg/dm® | mg/dm

PI 20 | 137 ﬁ‘l‘t‘}l&{ 3452 5.82 <0.1 <0.1 0.5
P2 20 11.9 n;‘:tiiﬁt/ 3812 6.15 <0.1 <0.1 16.1
P3 20 | 127 ﬁ‘l‘t‘}l&{ 5858 445 36 <0.1 11
P4 20 16.0 n;iiiit/ 1777 5.21 5.1 <0.1 29
PS 23 14.4 alllti((i))l;t/ 2751 6.83 <0.1 <0.1 0.73
P8 23 17.8 nv?;iiit/ 3032 6.67 <0.1 <0.1 <0.1
B3 22 17 ﬁ‘lltc}‘l‘é{n/ 3081 7.39 <0.1 <0.1 <0.1
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Parameter < 3 N 3 cr 3 3 As 3 Fe—tota13 Sumsgtetneggd SO“'-Zs
(mg/dm®)(mg/dm®)| (mg/dm?) | (mg/dm®) | (mg/dm®) | (mg/dm”®) (mg/dm?) (mg/dm®)

P1 <0.1 <0.1 <0.1 <0.2 <0.1 132.7 363.0 2837.2
P2 <0.1 <0.1 <0.1 <0.2 <0.1 64.4 1977.0 | 2806.3
P3 <0.1 0.5 <0.1 <0.2 <0.1 <0.1 2225.0 | 3392.8
P4 <0.1 0.37 <0.1 <0.2 <0.1 36.9 899.0 1204.3
P5 <0.1 <0.1 <0.1 <0.2 <0.1 0.1 2264.0 1641.1
P8 <0.1 <0.1 <0.1 <0.2 <0.1 2.1 6770.0 1276.0
B3 <0.1 <0.1 <0.1 <0.2 <0.1 <0.1 62.0 1944.8

Tables 2a and 2b — L ocations of the observed piezometers
P1 - The right bank of Valja Luterica - drainage manhole;
P2 - The right bank of Valja Luterica - drainage lake;

P3 - Bottom of the waste dump Saraka Stream;
P4 - The Bor River upstream from Slatina;

P5 - The Krivelj River after exit of the tunnel;
P8 - The body of Dam III;

B2 - The entrance into the tunnel of the Krivelj river.

The Rulebook that prescribes maxi-
mum allowable quantity of hazardous and
harmful substances in soil and water that
might damage or change the production
capacity of soil and that come from fac-
tory discharges and spillages from land

fills, is given in the Official Gazette of the
Socialist Republic of Serbia No. 23/94.
Table 3 presents the data on maximum
allowable quantities of hazardous and
harmful substances in water.

Table 3. Maximum allowable quantities of hazardous and harmful substances

No. Par ameter MDK in water (mg/L)
1. Cadmium Up to 0.01
2. Lead Upto0.1
3. Mercury Up to 0.001
4. Arsenic Up to 0.05
5. Chrome Upto 0.5
6. Nickel Upto0.1
7. Fluorine Upto 1.5
8. Copper Up to 0.1
9. Zinc Up to 1.0
10. Boron Upto 1.0

Hazardous substances, in terms of this regulation are: cadmium, lead, mercury, arsenic, chro-
mium, nickel and fluorine, and harmful substances are: copper, zinc and boron.

For the analysis of ground water qual-
ity in the area of impacts the mine and
disposed tailings of RTB Bor, primarily
heavy metals and pH value were taken as
chemical parameters.

Decreased pH value and increased
acidity below the lower limit of 6 pH units
in the reporting period was observed at the

measuring points P1, P3, and P4, with the
lowest measured pH value of 4.45 in the
area of Saraka landfill (piezometer P3).
Table 2a and 2b present the bolded all
values of those elements whose concentra-
tions are above the permissible limits. Cop-
per, zinc, iron and nickel have the increased
contents. Content of copper in the observed
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period ranged from 3.6 mg/dm® (P3) to 5.1
mg/dm’ (P4), zinc from 1.1 mg/dm® (P3) to
16.1 mg/dm’ (P2), iron from 2.1 mg/dm’
(P8) to 132.7 mg/dm’ (P1) and nickel from
0.37 mg/dm’ (P4) to 0.5 mg/dm’ (P3). If
the measured concentrations and maximum
permissible concentrations (MPC) are
compared, it is seen that they are several
times increased in some elements, for ex-
ample 51 times for copper, 16 times for
zinc, 132 times for iron and up to 5 times
for nickel. Content of chromium, cadmium,
selenium and arsenic in the observed period
was under MPC.

CONCLUSION

Huge amounts of disposed mine waste
in the municipality of Bor, created during
centuries of mining and processing of
copper ore, constantly pollute both surface
and ground waterways. As the final result
and consequence of pollution, there are
unusable waterways of the Bor and
Krivelj River that cannot be used even for
irrigation of agricultural land, because the
water quality in them is out of any cate-
gory. It is also very serious that the conse-
quences for ground water in the impact
zone of mine waste of RTB Bor are disas-
trous. All wells and springs in the villages
of Veliki and Mali Krivelj, Slatina and
Ostrelj, which are located in the vicinity
of the Krivelj and Bor River are heavily
polluted and they can be used both for
drinking and watering of domestic ani-
mals. This is also true for wells and
springs in the vicinity of the open pit
overburden and tailing dump. Numerical
modeling is intended to allow a high qual-
ity graphic display of the pollution impact
both on ground water and surface water
courses, with defined areas of pollution
spreading and their ultimate range. In this
way, a completely comprehensive impact
can be seen of pollution, generated by
mine waste on the surface and ground
water in their environment.
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