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SUMMARY

The vulnerability results of groundwaterbodies ofitheastern Bosnia are shown in this paper. On the
examined area 27 groundwater bodies were extrastedre 12 groundwaterbodies are in rocks with
intergranular porosity and 15 groundwaterbodiesiareocks with karst-fissure porosity. All of the
groundwater bodies were analysed through DRASTICA,G?1 and EPIK vulnerability determination
methods, where the gained results are presentedatatDepending on the porosity type, the
vulnerability determination methods were used. &dritergranular groundwaterbodies the best results
were gained by DRASTIC and GLA methods, while floe karst-fissure groundwater bodies the best
results were gained by the EPIK method, which ésithplementation of Pl method.
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THE GEOGRAPHIC LOCATION OF THE EXAMINED AREA

The investigated area is contured by its admirtisgacantonal and geomorphological borders, o it
contured on the north by &, Orasje, Samac, and Bosanski Brod, on the sbytilasenica,
Kladanj, and Zege, on the east by Bijeljina, Janja, and Zvornikg am the west by Zavidosij
Tesli¢, Derventa, and Bosanski Brod. The examined area B000 kA The area belongs to the part
of the country with the highest population densé#ty,the population is one of the main factors which
can lead to the groundwater pollution.
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Picture No. 1. The geographic location of the exediarea (Srkalo&iD. 2010)
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GEOLOGICAL AND HYDROGEOLOGICAL CHARACTERISTICS OFHE EXAMINED AREA

The terains which belong to the investigated afesoatheastern Bosnia are in the middle and inner
Dinarides. Looking from the south in the inner Didas a zone of paleosoic slates and mesosoic
limestones are separated, following the Zenicaj®avabasin, and a zone of jurassic-cretaceous and
uppercretaceous flysch. The inner Dinarides cardibeled into two zones. The first zone is the
central ofiolithic zone, which is intersected by tBosna river on the profile which begins 5
kilometers northern from Vranduk, and ends in tlb@) area. Northern from Doboj to the Sava river
the horst and graben formations are crossed bBdkaa river [1].

Every of the named zones are characterised byirtdéaianations and tectonical units, which have an
impact on the waterbodies. The zone of paleosa@itesland mesosoic limestones is located in the
upper part of Bosna river.

This zone is made of various slates, sandstonegstones and dolomites, with appearance of
volcanic rock formations, with riolithes as the doamt ones. The border between these two zones is
the Busovéa fault zone. In the tectonical view, the area hg#oto the zone of inner paleosoicum,
ofiolithic zone and the zone of paleosoic slated mesosoic limestones (small area of the Sutjeska
belongs to the zone of high karst). The tectorsceepresented by intensive foldings, cracking and
horizontal movements of the masses, block sinkagerruption in sedimentation, etc. A zone of
paleosoicum, mesosoicum and cenosoicum formatiassbken separated, which have a northwest-
southeast direction.

The nortwestern part of the central Bosnian slate$ mesosoic limestones are mainly made of the
Vlasi¢ mountain limestones and dolomites [1], with thergs Plava voda 960 I/s, BaSbunar 80 I/s,
Hendek, 15 I/s and Saiti{2]. Higher capacity accumulations are in theasaped triassic deposits of
Zvijezda, Javor, Romanija, Ozren and Konjuh mountanestones, as well the Gostelja river
waterbasin, southern from the Sfke Polje. Near Doboj, on the left and right sidé®osna river, a
hydrogeological aquifer of karst-fissure porosigshbeen discovered [3,4]. Along the northeastern
border of the Zenica-Sarajevo basin, a KraljevgeSka spring with 12 I/s, Toplik, llidZa-Ribnica 40
I/'s and BioStica are appearing.

In the Spréa river waterbasin, in the Gostelja river springaartwo separate accumulations in the
middle and upper triassic limestones were formeith wprings Tarelica, Zat@a, Sedam Vrela and
Toplica, catched for the Tuzla watersupply. For Benovti watersupply, a StudeSnica spring is
catched. The serpentinites and peridotites reprebenbottom isolators, waterunpermeable rocks,
intersected with cracks. The middletriassic limas®has been developed in the seperated zones by
Brateljeviti, Turali¢i and DraguS3a. In the lower terains at the corttetiveen the waterunpermeable
rocks and limestones, an occasional or permanaiigspare appearing. (Brateljéyi Kladanj,
Bjelasnica) [5].

In the waterbasin of Drina river, three kinds of tevahed are developed: the surficial one
(orographical), underground (hydrogeological) awdat (hydrogeological). The surface watershed
intersects the terrain parts where the lithologomahposition and the formation bedding do not allow
the penetration of groundwater into the deeperrtayé the terrain. That are the terains built of
waterunpermeable formations of verfene, paleosojcwolcanic-sediment formations and
ultramafites. The underground hydrogeological wsdted stretches at the area where the surface and
underground watersheds are not overlapping, outitkerground one is deep enough, and by colour
tracing techniques a prove has been given thae tivaser are flowing into a defined direction. The
underground zonal watershed separates certain heaiar parts at two or more waterbasins, and
during the time the border moves on one or thercdioe, depending on the aquifer level.

The Drinja&a river waterbasin (springs T&and Studeni Jadar) collects water from severahgp
from the carbonate massive of Wdind Kladanj surroundings. The carbonate completh@fupper
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part of Drinj&a have separated groundwater accumulations. Thendwater are draining on the
springs in Brateljevii, Podpad, Plahovéi, Stanti, Plaz&e and Lovnica. In the wider area of Kladanj,
the most significant springs Podga®eina and Plahovi. The biggest accumulation is draining from
the Veliki Bratnik (@,n=20 I/s). From the Javornik mountain water is drajrinto the Drinj&a river
from springs KuljeSim (@.,=25 I/s), Bjelasnica (Q,=40 I/s) and Lovnica (Q,=10 I/s).

The Drina waterbasin groundwater reserves are leadrliby 4414 I/s. From these reserves about 80%
are in G category, while the reserves A and B are about.Zl}¥é low level of aquifer investigation
does not allow the transition of groundwater resgiinto higher categories [6].

GROUNDWATER BODIES DETERMINATION

The groundwater bodies in karst-fissure and interglar media were extracted. In the karst-fissure
media are units which are in limestone complex aitgr Dinarides" carbonate platform, massive
layered limestones, partly with dolomites, marlyintyered limestones, marbles, dolomite
limestones, limestone conglomerates and breccianandene limestones with low part of sandstone
inclusions.

The waterbodies in karst-fissure media are moreptexnand less investigated as the intergranular
ones. The groundwaterflow mechanism is very comfiiexach one waterbody, so the flow direction
can be estimated only by colour tracing techniquliee. capacities of these waterbodies are depending
by the hydrogeological conditions, so the minimumad anaximum capacity differences can be very
big. The spring draining mechanism is the mainlgnfact type“, where the contact is represented by
limestones and waterunpermeable clastic format@fnpgaleosoicum, mesosoicum and cenosoicum
age. In table No.1 the groundwater bodies of kigsstire porosity are shown.

Table No. 1 Table No. 2

Name of waterbody with Name of waterbody

karst-fissure porosity with intergranular
Kladanj porosity
Kladanjl _ i
KrabaZnica Sprecko polje

Krekanski bazen

Izron Suha-Zavidovici

Sprefa- Lukavac

Sklop, Soko, Seljanusa

Sjeverna Majevical

Stupari - LUK
Graanica-Zivinice Misurici
Toplice Havdine
Sapna Jelah
Teofak Krasevo
Mirifina Gratanical
Orahovica Celié-Frigos

Sjeverna Majevica-DomaZici

Okanovici- Gradacac

Mionica

OdZak

Orasje- Domaljevac

The intergranular porosity groundwater bodies draracterised by relatively simple mechanism of

intake recharge, and by a clear movement mechasisitihat these waterbodies are well investigated,
in term of geology and the dominant flow directioiifie dominant flow directions are depending

from the hydrological condition of contour receggnin table No.2 the groundwater bodies with

intergranular porosity are given. Intergranular &adst-fissure groundwaterbodies situation is shown
in picture No.2 [7, 8, 9, 10, 11, 12, 13].
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Picture No. 2. Groundwaterbodies of the examined aith the data
of aggregative vulnearability

VULNERABILITY DETERMINATION OF GROUNDWATER BODIES

Every groundwater body has been processed by DR&S3FLA and EPIK methods. The best results
for intergranular unconfined groundwater bodies gamed by the DRASTIC method, for confined
groundwater bodies the GLA method is suitable amdHe karst-fissure porosity the EPIC method is
the most suitable one [2]. The gained values bgettiieree methods are given in tables 3, 4 and 5.
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Table No. 3-DRASTIC index value

Ordinal | Groundwater- | DRASTIC Table No. 4 -The GLA index values of overall effecti
number |body name index . .
Kiadan = groundlwater bodies pro:[ectlon
Kladanjl 130 Groundwaterbody
Kraba&nica 128 name
lzron Suha- Kladanj
Zavidovici 146 Kladanjl
Stupari 120 Krabatnica
GEaE anica- lzron Suha-
Zivinice 120 Zavidovici
Toplice 112 5 Stupari
Sapna 108 6 Gratanica-Zivinice
Teocak 112 7 Toplice
Miricina 137 8 Sapna
Orahovica 174 g Teofak
Sklop, Soko, 10 Miricina
Seljanuia 132 Orahovica
Sjeverna Sklop, Soko,
Majevica 1 130 Seljanuia
Sjeverna Sjeverna Majevica 1
Majevica- Sjeverna Majevica-
Domazici 118 Domazici
Mianica 120 5 Mionica
Sprecko 16 Sprecko polje
polje 118 17 Krekanski bazen
Krekanski 18 Spreca- Lukavac
bazen 89 19 Misurici
Spreca- 20 Havdine
Lukavac 106 21 Jelah
Q Misurici 72 23 Kratevo
20 Havdine 157 23 Gracanica 1
21 lelah 167 _ Celic-Frigos
22 Kraievo 195 =
23 Gracanica 1 76 LW Okanovici- Gradacac
24 Celic-Frigos 114 36 Od3ak
25 Okanovici- 37 Oraije- Domaljevac
Gradacac 124
Odiak 135
Oragje-
Domaljevac 182

From the table No.3 it can be seen that the valuresin range fron<79 to 195, where 79 is
representing an insignificant vulnerability of grnolwater, and the value 199 is representing
extreme vulnerability of groundwat¢

The GLA method does not treat the vulnerability gtbundwater, it treats the overalffective
protectionof groundwater bodies, so that the higher valuesepresenting a higher protection ar
lower risk for contanination of groundwater bodies [{In table No.4 the GLA index values are giv

The GLA index values are in range fr«<500 for very low effective protection t&4000for a very
high effective protection. From the table No.4dhde seen that the values for the effective ptiote
are proportionaly reversible to the DRASTIC indextues from the table No.3. So for example
waterbody Havdine has a very low effective protactand a very high vulnerability. It can also
seen that the waterbodies Havdine, Jelah and Koadevwith very low effective protection index
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what can be explained by shallow bedding ol watebodies and a absence of aquiprotective
covering formations [2]Like the GLA method the EPIK method determinespha&tectieve index ¢
groundwater bodies, but unlike the GLA method, thie determines the protection index of k-
fissure groundwatdvodies. The results are shown in table N

Table No. 5 -EPIK index values for kar-fissure groundwater bodies

Groundwaterbody The values are in range from 9, which represent
name protective characteristics to 34 which represengh
protective characteristics of groundwater boc From the
Kladanj table No.5 it can be seen that kdissure porosity
Kladanjl groundwater bodies on the investigasedaare either high
Krabatnica vulnerable waterbodies (9-19r waterbodies with n
— vulnerability (26-34), with the exception of Orahovic
lzran-Suha Zavidovici waterbody, which has a value of moderate vulneitgb
Stupari
Gratanica-Zivinice
Sapna
Teocak
Miricina
Orahovica
Sklop, Soko,
Seljanuia
CONCLUSION

Analysing the above described vulnerability detexation methods and synthetising the gained de
conclusion can be made that:

The groundwater bodieKladanj, Kladanj 1, KrbaSnica, lzron Suha, Stupari ar Graianica -
Zivinice according the EPIK ntieod have a high vulnerability, because of isive karstificatior
processes. The waterbodie®rahovicaand OraSje — Domaljevachave a very high vulnerabili
according the DRASTIC method, while accordito the other methodthey have low to very Io\
vulnerability. A explanation is that the DRASTIC thetl takes in calculation the inclination of slo|
and hydraulic conductivity, which significance &ry high.

The waterbodies Jelah, Havdiaec KraSevohave a high vulnerability according to all meds, what
is the result of shallow aquifer bedding and peisleeaovering formation

The waterbodieJoplice, Sjeverna Majevic— Domazti, Spre&ko polje, Krekanski bazen, Misiri
and Grganica 1have a very low vulnerability, what is the resufttbick unpermeable coverir
formations and a deep bedding of the aqu

A conclusion can also be made, that the waterboatésh are in the area of industrial zones
which are in plain regions are more vulnerefrom those in the hilly areas, except tivees where the
karstification processes are inten:.

(Received 20december 2013, accepted. january 2014)
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