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KARST AQUIFERS OF SOUTHEAST EUROPE -
ESSENTIAL AND RICH RESOURCE OF POTABLE WATER

ZORAN STEVANOVIC*

Abstract. - Southeast Europe (SEE) is abundant with groundwater accu-
mulated in karstic aquifers of numerous mountain massifs of the Alpine orogenic
belt and intergranular aquifers of wide valleys and basins that are also largely feeding
from karst outflows. The percentage of karst water in the public supply varies from
one country to another, the highest being in Montenegro, where it exceeds 80%.
Many large settlements, including six capital cities of this region, base their water
supply on tapped karst springs. Most cities along the shores of the Adriatic and
Ionian seas, as well as many settlements on the islands, were founded near large
springs and their development is the result of these springs’ presence. For instance,
cities such as Rijeka, Split, Dubrovnik and Kotor became important naval and, later,
tourist centres thanks to these large water sources.

The applied technical solutions for karst water tapping were often revolu-
tionary at the time they were created, and represent excellent engineering examples
even by today’s standards. During the peak of its power, imperial Rome used water
mostly from the karst, in the amount of 13 m?/s. Water was supplied through 11 big
aqueducts, the largest of which was over 90 km long. Similarly, the source of Peschiera
meets about 60% of the overall current water demand of the city of Rome. Regional
waterworks from the sources that drain the southern slopes of the Apennine karst
lead to Campania (supplying Naples and many other smaller towns) and Puglia
(Bari, Taranto and others). Intakes at the sources Kaisserbrunn and Kliffen have
reliably supplied the citizens of Vienna with high quality water for almost one and a
half centuries, although the distance between them is more than 150 km. Capturing
of the sublacustrine spring Bolje Sestre in the Skadar Basin shore ensured a reliable
supply of water to the entire Montenegrin coast and intensified its tourism-related
and overall economic development.

Six countries (Montenegro, Bosnia and Herzegovina, Albania, Slovenia,
Croatia and Austria) are especially distinguished in terms of water-richness as a
result of significant distribution of karst terrains and karst aquifers. On the other
hand, there are frequent problems with the unstable regime of karstic springs and
the vulnerability of karst to any sort of pollution, requiring special attention as well
as measures that would help amortise negative anthropogenic impacts and ensure
continued use of these precious water resources. Proposed three essential steps
towards more rational utilisation and sustainable development of karstic aquifers

* Centre for Karst Hydrogeology, Department of Hydrogeology, Faculty of Mining and
Geology, University of Belgrade, Djusina 7, 11000 Belgrade. e-mail: zstev_2000@yahoo.co.uk
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are: 1. Further evaluation of karstic water resources, especially the part that can be
used for sustainable extraction; 2. Reducing the anthropogenic pressures on aquifer
systems; and 3. Systematic monitoring of these resources.

Keywords: aquifers, karst, Southeast Europe, water, resources

INTRODUCTION

Southeast Europe is known worldwide as the “classic karst” terrain where, thanks
also to Serbian geomorphologist Jovan Cviji¢, a new scientific discipline karstology
was born (1895). In the Alpine orogenic belt and its branches Dinarides, Appenines,
Carpathians, Balkans, Hellenides and Pindus (also often named as Pind, Pindos, Pindes
Mts.) (Fig. 1) the karstified carbonate rocks are either dominant or widely distributed, and
karst aquifers represent the main water resource for potable water supply. Among them
are six capitals, while some other very large cities with population of over 500,000 also
depend on water supply from karst aquifers (Stevanovi¢, 2010; Stevanovi¢ & Eftimi, 2010).

However, dealing with karst aquifers and ensuring regular water supply is
not an easy task for the engineers. There are two major concerns: one is the un-
stable regime of karst aquifers, which often results in reduced springs” discharge
during the recession periods that coincide with summer/autumn months, and the
high vulnerability to pollution and limited attenuation capacity of the aquifers.
Furthermore, increased water demand - especially during summer/autumn seasons
along the Adriatic and Ionian coasts — result in additional pressure on the aquifers,
and in many cases shortage of water is evident during this critical period.

Another concern is related to the impact of climate changes, threats of the
sea level rising, and salt water intrusion along the coastal zones and at many islands
that heavily depend on karst aquifers for potable water supply.

Figure 1. The Alpine orogenic
belt and its branches in SE
Europe. Dots show locations
of some of the most powerful
karstic springs

Cnuka 1. Anmcku oporen

ca rpaHama — IJTAHMHCKUM
macusuma y JVM EBporm. Tauxe
IIPUKA3Y]jy JTOKALMje HEKMX
O], HajCHKHMjUX KaPCTHUX
u3Bopa
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Water experts and decision makers are also facing challenges in the area of
transboundary water management. After the disintegration of former Yugoslavia
and the emergence of several newly created countries, many previously domestic
aquifers have now become international, requiring a different approach in water
management and common understanding of the importance of karst aquifers and
equitable share of their waters.

KARST WATERS UTILISATION IN WATER SUPPLY

The tapping of large springs was the traditional method of water supply in
the region since the Roman times. For instance, 11 long aqueducts used to deliver
more than 13 m?/s of water to ancient Rome from distances ranging from 16 to 91
km (Lombardi & Corazza, 2008). Many of the cities, especially along the Adriatic,
Ionian and Aegean coasts, were founded in the vicinity of powerful springs. This is
the case with three major cities in Dalmatia, Croatia (Rijeka, Split and Dubrovnik),
Kotor in Montenegro, Heraklion in Crete, Greece, and many others.

At present, six capitals in SEE are using karstic waters for drinking purposes
(Rome, Vienna, Sarajevo, Tirana, Skopje and Podgorica). The experiences of these
capitals and the characteristics of tapped sources are described in greater detail
in Stevanovi¢ (2010) and Stevanovi¢ & Eftimi (2010), while summary data and
relevant references are shown in Table 1.

Table 1. Karstic sources of water supply of six capitals of SE Europe
Tadena 1. KapcTha n3Bopuiita Koja cHadfeBajy 1ect npectonuna JV Esporme

Disch " % of potable
. . SCRALETA™E | water supply / Reference /
City / Ipap | Spring/Vssop | / MisgamHoCT
(m¥/s) % yuemha y Pedpepenira
BOZIOCHa0/IeBaby
. . Boni & Bono,
Rome Peschiera (Fig. 2) 18-21 60 1984; Petitta, 2009
. Kaiserbrunn, Drennig 1973,
Vienna | g piffer 4 = Plan et al., 2010
. Cici¢ & Skopljak,
Sarajevo Vrelo Bosne 1.4-24 80 2004
Tirana Selita, Shemria, >15 60 Eftimi, 2010
Buvilla
Podgorica | Mareza 2-10 80 Radulovi¢, 2000
Skopje Vrelo Rasce 2.5 90 Keki¢, 1982
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Many other cities and tourist centres along the Adriatic, Ionian and Aegean
coasts are also consumers of karstic groundwater (Stevanovi¢ & Filipovi¢, 1994;
Milanovi¢, 2005; Radulovi¢, 2000; Stevanovi¢ & Eftimi, 2010; Fiorillo & Guadagno,
2012; Kallioras & Marinos, 2015). The cities of Southern Italy — Naples, Bari
and many others - utilise large springs such as Caposele (Q,_ = 4 m*/s), Serino
(Q, =22 m’/s); the largest spring on the northern Italian coast, Timavo, with an average
discharge rate of 30 m*/s, supplies water to Trieste; Rizana near Koper (Q_=4.3 m/s)
is the main source for supplying water to Slovenia’s coastal zone; the Zvir group of
springs (0.6-3.0 m’/s) supplies water to Rijeka, the largest Croatian port; while Jadro
Spring (3-50 m?/s) is the main source for the water supply of Split. Ombla Spring is the
largest permanent karstic spring in the Southern Adriatic (Q_, = 2.3 m?/s), supplying
water to the city of Dubrovnik.

Figure 2. Overflow at the Peschiera spring
(Velino Basin), tapped to supply the city of Rome

Cnuka 2. IIpenus Ha Bpeny Ileckujepa
(cmuB pexe Benuuo), kantupaHor 3a rpag Pum

Before the new regional water supply of the Montenegrin Coast was completed
in 2010, all coastal cities used water from local springs. City of Kotor used water
from several springs located around the city walls (Skurda, Gurdi¢, Tabacina, Vrmac
tunnel), Budva shared the waters of Podgorska vrela Sjenokos with Cetinje, while
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more than 10 springs and well fields were used to supply potable water to citizens
and tourists of the Bar municipality. Nowadays, water supply of the coastal area is
ensured from Bolje sestre karstic source (Fig. 3), located some 40 km inland at the
Skadar Lake shoreline. For tapping this sublacustrine spring (Q . = 2.3 m’/s), and
to prevent the mixing of fresh karstic groundwater with lake water, a special intake
- elliptical coffer dam was constructed (Stevanovi¢ et al., 2008; Stevanovi¢, 2010).

Beside Tirana, some other big Albanian cities as Kukes, Pogradec, Vlora,
Berat, Gjrokaster are also karst waters user (Eftimi, 2010).

In the continental part of the region, in Greece, Romania, Bulgaria and
Serbia, there are several large cities that depend on karst aquifers and their dis-
charge regimes. Among them are: Thessaloniki, Craiova, Trgu Jiu, Turnu Severin,
Constanza, Gabrovo, Prijepolje, Ni§, Bor and Pirot (Stevanovi¢ & Filipovi¢, 1994).

Figure 3. Bolje sestre source at the Skadar Lake shoreline, which now
supplies the entire Montenegrin Coast
Cruka 3. KapcTHo usBopuiute bosbe cectpe Ha 060xy Ckaapckor jesepa,
IlaHac cHabfieBa BOZIOM IieNOKyIHO I]pHOropcko npumopje

KARST AQUIFERS DISTRIBUTION AND DEVELOPMENT
AT THE COUNTRY LEVEL

SEE is one of the most water-rich regions in the world, but due to its specific
water regime and the behaviour of the karst, local population often suffers from
water shortages. In the mountains high above the sea level and the erosional base,
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groundwater table is often very deep, with no available surface waters. The only
way to provide water to the local villagers and their livestock is to build cisterns
and specific intakes for collecting rainwater (Fig. 4).

Figure 4. A typical cistern - reservoir for rainwater in the high
mountain of Vojnik, between Niksi¢ and Savnik (Montenegro)
Crnuka 4. TunmdHa 1yIcTepHa — pesepBoap KMIIHMIIE HA ITAHVHN
Bojunk, nsmely Hukmnha u [llaBruxa (Ipua Topa)

Considering the above, where is the evidence of the water richness of karst
aquifers in SE Europe?

Table 2 shows some statistical data of water budget elements and the avail-
ability for 12 countries of SE Europe in which karst terrains and aquifers are widely
distributed. Most of these data are available from the FAO - Aquastat database
(http://www.fao.org/nr/water/aquastat/data/query/index.html?lang=en). The
presented data mostly refer to the year 2014. Some are missing from the database,
and therefore data used for Serbia, Montenegro and North Macedonia came from
their current Water Master Plans and some other available references (Prohaska
et al., 2000; Radulovié, 2000; Hrvacevié, 2004).

Additional sources of information on karst aquifers and their waters — shown
in Table 3 - were the WOKAM database and the article of Goldscheider et al.
(2020). The project World Karst Aquifer Map (WOKAM) was completed in 2017,
after five years of work of an international team of experts (Scientific Advisory
Board) and many national consultants. Along with the displayed map (https://www.
mags-projekt.de/whymap/EN/Maps_Data/Wokam/wokam_node_en.html), the
distribution of karst aquifers in each of the European countries was evaluated, and
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selected data for SEE region elaborated by Stevanovic et al. (2016) were included
in Table 3. The assessment of the current contribution of karst water use in the
total potable water supply of the SEE countries is the result of the project ‘COST
65, the article by Hartmann et al. (2014) and of the analysis of global karst water
use by Stevanovi¢ (2019).

Regarding the average volume of water resulting from precipitation, the
leaders are countries of former Yugoslavia from the Dinaric region, plus Austria
and Albania (Table 2). These countries, with the exception of Austria, also happen
to be the richest in contribution of groundwater to the total internally renewable
water resources. Along with them, Italy and Bulgaria also have a contribution of
groundwater that is larger than 20%. Countries that impact the withdrawal of
water resources the most are Italy and Greece, where each inhabitant uses more
than 800 m’ per year.

Data depicting water availability per capita (Table 3) are more illustrative.
In an average hydrological year, each inhabitant of Montenegro has 21,395 m® of
water available, but utilises just 1.18% of this volume. In Bosnia and Herzegovina
the utilisation rate is even lower, below 1%. Citizens of Croatia and Albania use
less than 5% of water that is available to them per capita.

The above figures are closely linked to the distribution of karst terrains, high
permeability of karst aquifer systems, and highly effective infiltration of rainfall
into the ground. On one side, there are countries with less than 20% of territory
covered by karst rocks, where also generally less than 20% of population consumes
karst water (Romania, Serbia, North Macedonia). In contrast, even though more
than 30% of the territory of Bulgaria is karst, less than 10% of population uses
karst water. Bulgaria is also the only country in SEE where the percentage of karst
territory is significantly higher than the percentage of population that uses karst
water for drinking purposes (Fig. 5). On the other side are the countries with wide
distribution of karst and intensive water balance that enable their citizens to have
large contribution of karst waters in their potable water supply. The leader of this
group is once again Montenegro, where 85% of the population is drinking karst
groundwater, while more than 50% of the citizens of Bosnia and Herzegovina,
Albania, Slovenia and Austria also meet their daily demands using this water
resource. Figure 5 shows good correlation between the distribution of karst and
utilisation of karst waters at the country level.

Finally, Table 3 shows six countries that have more than 25% of their terri-
tories covered by karst, but utilise less than 10% of their internal renewable water
resources. In these countries (Montenegro, Bosnia and Herzegovina, Albania,
Slovenia, Croatia and Austria), each citizen has more than 5,000 m?of water avail-
able annually. This amount is ten times higher than the level which in certain UN
documents is indicated as limit for “water stressed countries”. It is clear that the
Dinaric region of “classic karst” - further extended to the Alps (Austria) and the
“Albanian Alps” - is by far the richest in karst water resources.
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Karst distribution and karst waters use
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Figure 5. Relation between the percentage of area covered by karst and the actual karst
water use for water supply in the countries of SE Europe (1 — Austria, 2 — Albania,
3 - Bosnia and Herzegovina, 4 — Bulgaria, 5 - Croatia, 6 — Greece, 7 - Italy,

8 — Montenegro, 9 - Serbia, 10 — Slovenia, 11 — Romania, 12 - North Macedonia)
Ciuxka 5. OngHoc y4emha IOKpUBEHOCTY KapCTOM 1 Kopuihera KapCTHUX BOTHIX
pecypca (y %) y jaBHOM BofocHabieBatby CTaHOBHUIITBA y 3eM/bama JVI EBporie
(1 - Aycrpuja, 2 - Anbanuja, 3 — bocna u Xeprierosuna, 4 — Byrapcka, 5 - XpBatcka,
6 — Ipuka, 7 — Vtanuja, 8 - Lipna Iopa, 9 - Cpbuja, 10 - Cnosennja, 11 - Pymynnja,
12 - CeBepua MakepnoHja)

The above statement was confirmed by the results of two important com-
pleted projects.

In the WOKAM project, the author of this paper was responsible for the
evaluation of data for 47 countries, including Alpine karstic systems. The prelimi-
nary list that was created for the WOKAM database consists of 124 major springs
and 52 caves located in these countries, at least 53 of which were proposed to be
shown on the printed map (Stevanovi¢ et al., 2016).

By far, the largest number of springs shown on the WOKAM map is from Dinaric
karst (Fig. 6). For instance, four countries which were part of former Yugoslavia are
the leaders concerning the density of springs: the distribution of large karstic springs
that meet the discharge criterion vs. territory covered by karst in Croatia, Slovenia,
Montenegro and Bosnia and Herzegovina is equal to or larger than 1 spring/2,000 km?.
A considerable number of springs is also characteristic of other countries that con-
tribute in part to the Dinaric system: in the Albanian part of the Dinarides, there
are 2 large springs (Eftimi, 2010), in the Dinarides of western Serbia - 4, in North
Macedonia - 4. In the Southern extensions of Alpides, Pindus and Hellenides, four
Albanian and two Greek springs are included in the WOKAM database. However,
additional restriction has been applied due to the scale of the map and the criteria
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of global proportion, so the final WOKAM map displays 30 springs (BGR website —
https://www.mags-projekt.de/whymap/EN/Maps_Data/Wokam/wokam_node_en.html).
This is 58% of all springs shown on the map for the entire Europe, or 18.5% of all the
world’s springs shown. Considering that SE Europe represents just 0.86% of the entire
ice-free land of the Earth, the level of contribution of its water resources, especially
karst aquifers, to the global water budget is quite clear.

Within the DIKTAS project (Dinaric Karst Transboundary Aquifer System), the
evaluation of water budget and actual water use comprise eight main transboundary
karst aquifers (TBA): Una (Fig. 7), Krka, Cetina, Neretva, Trebi$njica (all shared by
Croatia and Bosnia and Herzegovina), Bilecko Lake, Piva (B&H and Montenegro) and
Cijevna/Cemi (Montenegro and Albania). The analysis indicates that water extraction
is still far below the aquifer’s replenishment potential, and there is no evidence of sig-
nificant over-exploitation in the studied TBAs (Stevanovi¢ et al., 2016). For instance,
in the case of Cetina and Neretva TBAs, the average extraction of groundwater is ten
times lower than the total minimal discharge of the local springs (dynamic reserves).
However, shortage of water is evident locally during summer and early autumn
months, coinciding with increased demands caused by the tourist season.

Figure 6. Dense distribution

of karstic springs in the Dinaric
part of the SE Europe on

one of draft WOKAM maps
(from Stevanovi¢ et al., 2016)

Cnuxka 6. Jlokanyje KapcTHUX
usBopa y JJuHapckoMm KapcTy
JVI EBpomne Ha jeHOj Off pajHuX
kapara WOKAM mpojexTa
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Similarly, the analysis of actual water use versus the total available dynamic
groundwater reserves for tested karst aquifers, conducted on the territory of the
entity of the Federation of Bosnia and Herzegovina in the Sava River basin, confirms
that with most of the aquifers just a small portion of the available waters is actually
used (Stevanovic et al., 2015). For instance, in karst groundwater body “Upper Una”
- only 10%, and in “Upper Sana” - less than 5% of renewable (dynamic) reserves
is currently utilised.

Figure. 7. Klokot spring, which supplies the city of Biha¢, is the main source
of the Una transboundary karst aquifer (Croatia — Bosnia & Herzegovina)
Crrka 7. Kiokor, KapcTHO Bperio Koje cHabzieBa BogoM buxah, Hajsehe je

usBopniute Mebhyrpannane xapcrae usganu Yua (Xpsarcka — buX)
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CONCLUSIONS

The karst aquifers of the Alpine orogenic belt and its branches of SE Europe
are the essential water resource for potable water supply. Due to wide karst rocks
distribution, intensive water balance and the effective infiltration of rainfall, this
region is among the richest in the world concerning total water resources and their
availability to consumers. The six countries of SE Europe, namely Montenegro, Bosnia
and Herzegovina, Albania, Slovenia, Croatia and Austria, are actual leaders when
it comes to water resources availability. In all of them more than 25% of territory
is covered by karst, less than 10% of their internal renewable water resources is
utilised, and each citizen has more than 5,000 m’ available annually.

Although they are faced with many challenges in ensuring a stable water sup-
ply and preventing the deterioration of these aquifers from over-extraction during
critical summer-autumn months and improper local waste management, water
managers and hydrogeologists estimate that, in most of the region, karstic aquifers
will certainly remain the main source of water supply for a long time. However,
there are still many steps that must be taken towards more rational utilisation and
sustainable development of karstic aquifers. The three essential steps are:

1. Further evaluation of karstic water resources, especially the part that can
be used for sustainable extraction;

2. Reducing the anthropogenic pressures on aquifer systems; and

3. Systematic monitoring of these resources.

REFERENCES / JINTEPATYPA

Boni C., Bono P,, 1984: Essai de bilan hidrogéologique dans une région karstique de I'ltalie
centrale. In: Burger A. & Dubertret L. (eds.): Hydrogeology of karstic terrains: Case
histories. Intern. Contrib. to Hydrogeology, Vol 1, IAH, Heise, pp. 27-31.

COST 65 (Cooperation in Science and Technology), 1995: Hydrogeological aspects of
groundwater protection in karstic areas, Final report (COST action 65), Brussels,
Luxemburg, p. 446.

Cvijic J., 1895: Karst, a geographic monograph (Serbian version of ,,Das Karstphanomen,
1893). Reprinted In: Stevanovi¢ Z. & Mijatovi¢ B. (eds.): Cviji¢ and karst / Cviji¢ et
karst, Spec. ed. of Serb. Acad. Sci. and Arts (2005), Belgrade, pp. 57-146.

Cici¢ S., Skopljak F., 2004: Geological and hydrogeological conditions of Vrelo Bosne
catchment area (in Bosnian). Voda, Sarajevo, 37: 4-10.

Drennig A., 1973: Die I. Wiener Hochquellenwasserleitung. Magistrat der Stadt Wien,
Abteilung 31 - Wasserwerke, Wien, p. 303.

Eftimi R., 2010: Hydrogeological characteristics of Albania, AQUA-mundi, AM01012,
vol. 1: 79-92.



66 Zoran Stevanovi¢

FAO, 2016: AQUASTAT website. Food and Agriculture Organization of the United
Nations (FAO). www.fao.org/nr/aquastat/water_use/index.stm Website accessed
on [2016/10/21; 2017/11/17].

Fiorillo E, Guadagno E M., 2012: Long karst spring discharge time series and drought
occurrences in southern Italy. Environ. Earth Sci., 65(8): 2273-2283.

Goldscheider N., Chen Z., Auler A. S., Bakalowicz M., Broda S., Drew D., Hartmann J.,
Jiang G., Moosdorf N., Stevanovi¢ Z., Veni G., 2020: Global distribution of carbonate
rocks and karst water resources, Hydrogeology Journal, 28(5): 1661-1677.

Hartmann A., Goldscheider N., Wagener T., Lange J., Weiler M., 2014: Karst water re-
sources in a changing world: Review of hydrological modeling approaches, Review
of Geophysics, v. 52, no. 3: 218-242.

Hrvacevi¢ S., 2004: Resursi povrsinskih voda Crne Gore. Elektroprivreda CG A.D., Niksi¢,
p. 331.

Kallioras A., Marinos P, 2015: Water resources assessment and management of karst aquifer
systems in Greece. Environ. Earth Sci., Them. issue - Fiorillo F. & Stevanovi¢ Z.
(eds.): Mediterranean Karst Hydrogeology, 74: 83-100.

Keki¢ A., 1982: About groundwater in karstic terrains (in Serbian). Proceedings of VII
Yugoslav. Symp. of hydrogeol. and eng. geol. vol. 1, Novi Sad, pp. 123-133.
Lombardi L., Corazza A., 2008: Lacqua e la citta in epoca antica. In: La Geologia di Roma,
dal centro storico alla periferia, Part I, Memoire Serv. Geol. d’'Ttalia, Vol LXXX,

S.E.L.C.A, Firenze, pp. 189-219.

Milanovi¢ P, 2005: Water potential in southeastern Dinarides. In: Stevanovi¢, Z. & Milanovi¢,
P. (eds.): Water resources and environmental problems in karst, Proceedings of
IAH International conference KARST 2005, Belgrade-Kotor, Fac. Min. & Geol,,
Belgrade, pp. 249-257.

Petitta M., 2009: Hydrogeology of the middle valley of the Velino River and of the S.
Vittorino Plain (Rieti, Central Italy). Italian Journal of Engineering Geology and
Environment, 1: 157-181.

Plan L., Kushnig G., Stadler H., 2010: Klaffer spring — The major spring of the Vienna
water supply. In: Kresic N. & Stevanovi¢ Z. (eds.): Groundwater Hydrology of
Springs: Engineering, Theory, Management, and Sustainability, Elsevier Inc.,
pp. 411-427.

Prohaska S., Risti¢ V., Srna P., Petkovi¢ T., Marcetic¢ 1., 2000: Water Resources of Serbia.
In: Stevanovi¢ Z. & Polom¢i¢ D. (eds.): Hydrogeological Research of Lithosphere
of Serbia, Inst. Hydrogeol. Fac. Min. & Geol. Belgrade, pp. 5-11. (Reprinted from:
Proceedings of the XVIII Conference of Danube countries “Hydrological Forecasting
and Hydrological Bases for Water Management”, Graz).

Radulovi¢ M., 2000: Hidrogeologija karsta Crne Gore. Pos. izd. Rep. Zavoda za geol. istraz.
CG, vol. XVIII, Podgorica, p. 271.

Stevanovic Z., Filipovi¢ B. (eds), 1994: Ground waters in carbonate rocks of the Carpathian-
-Balkan mountain range. Spec. ed. of CBGA, Allston, Jersey, p. 237.

Stevanovi¢ Z., Radulovi¢ M., Puri S., Radulovi¢ MM., 2008: Karstno izvoriste ,,Bolje sestre®
- optimalno reSenje regionalnog vodosnabdevanja Crnogorskog primorja, Zbornik
Odbora za kras i speleologiju SANU, Beograd, IX: 33-64.



Karst Aquifers of Southeast Europe - Essential and Rich Resource of Potable Water 67

Stevanovi¢ Z., 2010: Major springs of southeastern Europe and their utilization. In: Kresic
N. & Stevanovi¢ Z. (eds.): Groundwater Hydrology of Springs: Engineering, Theory,
Management, and Sustainability, Elsevier Inc., pp. 389-410.

Stevanovi¢ Z., Eftimi R., 2010: Karstic sources of water supply for large consumers in
southeastern Europe - sustainability, disputes and advantages, Geologica Croatica,
63/2:179-186.

Stevanovi¢ Z., 2015: Tapping of Karst Groundwater. In: Stevanovi¢ Z. (ed.): Karst Aquifers
- Characterization and Engineering, Series: Professional Practice in Earth Science.
Springer Intern. Publ. Switzerland, pp. 299-334.

Stevanovi¢ Z., Marinovi¢ V., Merdan S., Skopljak E., Jolovi¢ B., 2015: Koncept izrade
hidrogeoloskih podloga za planove upravljanja re¢nim slivovima, Zbornik radova
I Kongresa geologa BiH sa medunarodnim uces¢em, Udr. geologa BiH, Tuzla, pp.
150-151.

Stevanovi¢ Z., Goldscheider N., Chen Z. and the WOKAM Team, 2016: WOKAM - The
world karst aquifer mapping project, examples from South East Europe, Near and
Middle East and Eastern Africa, In: Stevanovic¢ Z., Kre$i¢ N. and Kukuri¢ N. (eds.):
Karst Without Boundaries, CRC Press/Balkema, EH Leiden; Taylor & Francis Group,
London, pp. 39-51.

Stevanovi¢ Z., 2019: Karst waters in potable water supply: a global scale overview. Environmental
Earth Science. Springer, 78: 662; https://doi.org/10.1007/s12665-019-8670-9

VOS CG, 2001: Vodoprivredna osnova Crne Gore, Inst. za vodoprivredu ,,Jaroslav Cerni‘
Beograd.

WOKAM map displayed at the BGR web site: https://www.mags-projekt.de/whymap/EN/
Maps_Data/Wokam/wokam_node_en.html

3opan Ciniesarosuh

KAPCTHE M3OAHU JYTOVMICTOYHE EBPOIIE
- ECEHIVMJAJIHM 1 BOTATV PECYPC BOJIE 3A IIN'RE

Pesume

IToppyuyje ]V EBporne 0dutyje mofgseMHMM BofaMa aKyMy/TMPAHUM Y KAPCTHNM
U3/JaHMMa IVTAHMHCKIX MacuBa AJITIICKOT OpOTeHa U MHTeprpaHy/TapHUM U3[jaHIMa
IIMPOKNX JonHa 1 daceHa popMupanux y MehynmanuuckuM fenpecujama. VM ose
BOJIe HYDKMX IIpefieia y BEJIMKOj MEPU Cy IeHepucaHe IO/[3eMHUM IOTULIAjeM 13
kapcra. [Iporenar ydenrha Boga KapCTHMX M3JJaHN Y jaBHOM CHadJieBamy Bapupa
Off Ip>kaBe Jo fip>KaBe; Hajsehu je y LlpHoj Topu, y kojoj mpenasu 80%. MHuora
BeJIMKa Hacesba, YK/bY4yjyhul 1 6 IIaBHUX IpafioBa OBe 0d/1acTi, CBOje BOZOCHA0-
fieBambe das3npajy Ha IOfI3eMHVIM BojlaMa KallTMPAHNX KapCTHUX n3Bopa. Behnna
rpajoBa fy>x odase JagpaHckor, Jouckor n Erejckor Mopa, Kao 1 Hacesba Ha OCTp-
BIUMA, IOLMPAHY CY ¥ Pa3BUjajii Cy ce IOpeJ] KapCTHUX u3Bopa. Of M3JalHOCTH,
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CTadMTHOCTY peXKMMa Y M30/I0BAaHOCTY OBUX M3BOPA Off MOPCKIX BOJIA, 3aBUCHO je
U YKYIIHM pa3Boj OBMX IpajioBa. Tako cy ynpaso 3axBasbyjyhu jakum mmu dpojHum
usBopuMa Pujeka, Crumut, JydpoBHuk, KoTop MOIIM ocTaTyt Ba>KHY IIOMOPCKI
U TPrOBayKM LIEHTPIU.

[IpuMemeHa TeXHMYKA pelllerba 3aXBaTa BOJla KAPCTHUX M3JlaHM Omia cy
4eCcTO peBOJIyLIMOHAPHA 32 BpeMe y KOMe Cy HacTajala, a HeKa I JJaHac MOTy Jja
IIOCTy>Ke Kao M3BaHPEeNHN MHXKemepcKy npumepn. ViMnepujanuu Pum y Bpeme
BPXYHIIa CBOje MOhM KOPYCTHO je BOJie IIPETEeXHO U3 KapCTa, U TO Y KOMMYUHMA O
13 m*/c. Bopia je monpemana mpexo 11 nsrpahennx akBamykra, o Kojux je Hajsehm
MMao Ny>XMHY off mpeko 90 km. Crim4Ho n ganac, nsBop Ilecknjepa 3afjoBorpaba ca
0k0 60% ykymHe moTpede y Boagu rpasia PuMa. Pernonamay BogoBoau Koju mosnase
Off 3BOPA KOjU IpEeHNPA]jy jy>kKHe 0OpOHKe ATIEHMHCKOT KapCTa CIIPOBOJie BOJIE 10
Kamname (3a Hamysp u dpojHe Mame rpasose) u Ilyme (bapu, Tapanro u spyrn).
Kanraxe Ha nspopnuma Kajsepdpyn u Knaden Beh ckopo unrtas jeman u 1o Bex
HIOY3/IaHO ¥ BOJIOM BIICOKOT KBa/nTeTa cHadaeBajy rpabhane beua mako cy off mux
ynaenu npeko 150 km. Kantupame Bpyme borbe cectpe y CkasapckoM daceHy
faHac oMoryhyje moysgaHo cHadneBame BOLOM LieloKyIHor Ll pHOropckor mpu-
MOpja ¥l UHTEH3MBYPalbe IeroBOT TYPUCTUYKOL 1 YKYIIHOT IIPUBPEIHOT Pa3Boja.

[IecT gp>xaBa ce mocedHO M3[Baja Y MOITIENYy BOZOOOMIHOCTH, LITO je pe-
3y/ITaT 3HATHOT PACIpOCTpambeha KApCTHNX TePeHa U BOIOM dOTraTiX KapCTHUX
M3JaHNU. Y BbyMa KapCT IOKpMBa BuIIe off 25% TepuTopuje, KOPUCTU Ce Marbe Off
10% yKyInHO pacIonoXUBMUX BOAHUX pecypca U PacIlONOXKNBO je Ha TOAUIIHEM
HuBoYy BuiIe o7 5000 m’ 110 CTAaHOBHMKY, IITO je Buiue of 10 myTa o yodudajene
HOpPMe 3a ITpOI/Iallle e Ap>KaBe [ja ce Ha/masy 1of, ,BogHuM ctpecoM . To cy LlpHa
Topa, bocna n Xepuerosuna, Andannja, CrnoBennja, Xparcka u Aycrpuja. C gpyre
CTpaHe, II0CTOje IPOd/IeM HeCTadVTHOT peXKMMa 1 PambUBOCTY KapCTHE V3JIaHN
KOj¥ 3aXTeBajy MOCedHy MaXKiby 1 MoTpedy 3a IpUMeHOM Mepa Koje 81 oMorTIe ia
ce aMOPTH3Yjy HeTaTVBHY aHTPOIIOTeHN YTUIIAj| Ha IIPOCTOPY KapcTa n odeadenn
lajbe Ofp>KMBO Kopuirhemwe pacronoXuBUX BOGHUX pecypca. [Ipennoxene Tpu
OCHOBHe Mepe 0dyxBarajy: 1. a/by, leTa/bHILjy OLleHy BOJHMX pecypca y KapcTy,
1oCeSHO JieTa PAcIIoNIOKMBYX BOJIA 32 OAP>KMBO KOpHIIhebe; 2. CMambeke aHTPOIIO-
TeHJX YTHIIaja Ha KApCTHE U3IaHN; 3. CUCTeMATCKI MOHUTOPUHT BOJHNUX pecypca.

Kmwyune peuu: usganm, xpac, jyroucroyna Eppora, Bofia, pecypcu



