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Ancrpakr. Oxpuzacko u [Ipecnancko jesepo crmagajy y rpaHudHa melhyapikaBHa jesepa U Halasze ce
Ha TepUTOpHjU jyrouctoune EBpome. OXpUACKO je3epo TepUTOPHUjalIHO MPUIaa ABEMa Ap:KaBaMa —
busmoj Jyrocnosenckoj Peryommn Makenonnju (y najseM TekcTy Makenonuja) n AnOaHHju, TOK je
[Ipecnancko je3epo cMelTeHo Ha TpoMelu, OTHOCHO Jiesie Ta TpH JpkaBe —MakenoHuja, Andanuja u
I'puka. Y oBoM pamy he OuTH mprnka3saHe OCHOBHE I'€OJIOIIKE U XUPOTEOJIOMKE KapaKTePUCTHKE OBOT
noJpydyja, ycJIOBU MPHUXpambHBamka, HUPKYJIalje U IpeHHpama MoA3eMHUX Bona. Takohe he Outm
npukazaHa nocrojeha yrephena Beza Boma IIpecmanckor m OXpuICKOT je3epa, OJHOCHO Ha KOjU
HauuH Boje [IpecmaHckor jesepa apeHupajyhu ce HajehuM JenoM mpeko MOHOpa 3aBHp, MyTeM
OpojHMX MOA3EMHHUX KaHalla ocreBajy 10 OXpHACKOr je3epa rie ce jaBibajy y BHUAY MHOTOOPOjHHUX
M3BOpa 0J1 Kojux cy Haj3Havyajuuju CB. Haym, TymemumT u busbannau u3Bopu.

Kibyune peun: xapcr, noazemue Boje, Oxpujcko jesepo, [Ipecmancko jesepo.

Abstract. Lake Ohrid and Lake Prespa are transboundary, tripoint lakes in South-East Europe. Lake
Ohrid is shared by two countries—Former Yugoslav Republic of Macedonia (hereafter: Macedonia)
and Albania, while Lake Prespa is shared by three countries—Macedonia, Albania and Greece. The
main geological and hydrogeological characteristics of the lake area and the groundwater recharge,
circulation and drainage conditions are presented in the paper. The confirmed contact between Lake
Prespa and Lake Ohrid is discussed in detail, showing how the water drained from Lake Prespa,
mostly via the Zavir Ponor and numerous underground conduits, reaches Lake Ohrid where it emerges
at many springs, the most important being St. Naum, Tushemisht and Biljana’s Springs.
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YBOJ

Oxpuncko u Ilpecmancko jesepo cy JBa BelUKa TEKTOHCKa je3epa CMEIITeHa Yy
jyrouctrouHoMm jgeny Espome. Bome Oxpuuckor jesepa pgene J1Be apxkaBe: busiia
JyrocnoBencka PenyOnmka Makenonuja u Anbanuja nok Bojae Ilpecmanckor jesepa
npunanajy Tpuma apkaBama: busma JyrocnoBencka PemyOmuka Makenonuja, Anbanuja u
I'puxka.

OxpHICKO je3epo ce Hanma3u Ha 693 MeTapa HaIMOPCKE BUCHHE U 3aXBaTa IMOBPUIMHY
ox 350 km®. YkymHa myxunHa obane oBor jesepa msHocu 96 km ox gera 60 km npumana
teputopuju busmie JyrocnoBencke PemyOnuke Makemonmje a octanux 36 km mpumnaga
teputopuju AnbGanuje. Jyxwuna jesepa je 30 km, mok je meroBa mupumHa go 15 km.
Hajny6spa n3mepena Tauka y OXpHIICKOM je3epy uMa BpeJHOCT o] 294 meTpa.

Kana ce rosopu o Ilpecnanckom jezepy, nopen Benukor Ilpecnanckoj jezepa tpeda
noMeHyTd U Mano [Ipecniancko je3epo Koje TepUTOpHjaHO Mpumnaga camo I'pukoj. Mamo
IIpecmancko je3epo 3axBara moBpmuHY 01 47.35 km u HajayOsba Tauka y jesepy je 8 merapa.
[To cBOjUM TEOJIOMIKUM M XHIPOTEOJOUIKUM KapaKTepUCTHKaMa JaleKo 3aHUMJbUBHUjE H
Baxkruje je Bemuko Ipecnancko jesepo. YKyIHa MOBPIINHA OBOT je3epa u3HocH 274 km?, ox
gera 186,3 km’ npunana teputopuju Makenonuje (68%), 49,3 km’ AnbGanuju (18%) 38,4
km? mwu 14% YKyIIHe BOJieHe MoBpunHe npunajaa [ pukoj. Jesepo ce Hanasu Ha HAAMOPCKO]
BUCHHU 0] 853 MeTapa ca HajsehoMm perncTpoBaHoM JIyOMHOM y U3HOCY OJ1 55 meTapa.

Ca. 1. I'eorpadcku nmonoxaj Oxpunckor, Bexukor u Manor Ilpecnianckor jesepa
Fig. 1. Geographical locations of Lake Ohrid, the Great Prespa Lake and the Small Prespa Lake



XUAPOTI'EOJOWKE KAPAKTEPUCTHUKE HIUPE® INOJAPYYJA

Oxpujacko jesepo crmana y pen Behux eBporckux jesepa, JOK je Ha jyry Esporie
CBaKako jenHo ox HajBehux, a mcToBpeMeHO M HajayOsbux jesepa. CmemTeHo je y 1y0okoj u
3aTBOpeHOj KoTiIMHU. Ca CBUX CTpaHa a MOCe0HO ca 3amajHe M UCTOYHE OKPYKY]jy Ta BUCOKE
wiannHe. Ha wcroky je muanmHa [ammumma (2255MHB) a Ha 3amagy Mokpa IUIaHWHA H
Jabmannna (1945 muB). Xuaponomku nocMmarpaHo cnuBy Oxpuickor jezepa mpumnana 40
peka, o1 kojux 23 ce Hana3u Ha anbaHcKoj cTpaHu a 17 Ha MakenoHCKOj TEPUTOPH]H.

Ha 160 m xumncomeTpujcku BUIIOj KOTH a Ha cera 10 km ynamenoctu y mpaBily
jyroucroka Hanasu ce IIpecmaHcko jesepo cMmemTeHO Ha jykHOj cTpanu Ilpecmancke
koTnuHe n3Mehy mmanuHa [annunne n babe. Ha camom jesepy Hamase ce /Ba HeHacesbeHa
octpra: ['onem rpax niv 3MHjCKO OCTPBO HAa MaKeJIOHCKO] cTpanu U Man ['paj Ha anbaHckoj
CTpaHH je3epa. Jezepo m00Mja BOAY Ha padyH OpOjHHX M3BOpA M HEKOJIMKO MamUX TOKOBA
Koju ce ynuBajy y jezepo. Ca Makenoncke ctpane 1o cy ['omema, Bpajumncka, Kpancka,
Hcrouka, bomHcka u [Ipetopcka peka. Ca I'puke To je Crapa peka.

OBa aBa je3epa pasaBajajy JBa MHTEH3UBHO KapcTH(UMKOBaHA KpedmadyKka MacuBa,
TpHjacke " jypcke ctapoctd, Manu Tarte (2287 m) Ha jyry Koju TEpUTOpHjaTHO MpHUMaaa
AnGanuju u [anmuuna (2262 m) Ha ceBepy Koja ce Hala3u Ha Teputopuju Makenonuje (ci.
2). Bone Ilpecnanckor jesepa moBe3aHo je ca OXpUACKHM je3epoM OpOjHUM MOI3EMHHM
KaHaJIMMa KOju cy (OpMHpaHM y MMOMEHYTUM KapcTHUM MacuBuMa. [Ipecmancko jesepo ce
HajBehuM n1esiom JpeHupa MpeKo BEIMKOT MOHOpa 3aBUp U OBE BOJIE C€ KaCHHj€ M0jaBJbyjy Ha
M3BOpHUMa KOjU ipuxpamyjy Oxpuicko jesepo (ANOVSKI et .2wucm 3).
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Ca. 2. lllemarcka Xuaporeosomka kapra mupe okonuHe Oxpuackor u [Ipecnanckor jesepa (AMATAJ
et al. 2005)
Fig. 2. Hydrogeological schematic mam of the extended area of Lake Ohrid and Lake Prespa (AMATAJ
et al. 2005)
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Cu. 3. Xunporeosouku npodui a-a* (AMATAJ et al. 2005)
Fig. 3. Hydrogeological cross-section a-a’ (AMATAJ et al. 2005)

Jenna on mpBUX MCTpakMBamka HA OBOM TepeHy BpIIKO je jour JOBAH LIBUIWR (1906)
ca nuJbeM JokazuBama Be3e usMmel)y Boma Ilpecmanckor u Oxpuzackor jesepa. Oum
UCTpaXUBambUMa je YTBpAHo fa ce OXpHUACKO je3epo MpUXparmyje jeTHUM JeJIOM Ha padyH
Boaa [Ipecrnanckor jesepa tako mTo Bojae Ilpecre moHupy y moHOpy 3aBUp M KacHUje ce
jaBipajy nyxk oGame OXpuackor jesepa y BHAy Mamux win Behux msBopa (Bpemo Csern
Haywm, Tymemumt, busbanuau n3Bopu) winu Bpysba. Mcre rogune LBujuh je noxazao ma
OXpHJICKO je3epo m1o6uja y mpoceky oko 7-10 m’/s Boge u3 [IpecmaHckor jesepa.

On Behux um3Bopa 3HadajHO je momeHyTH Bpeno Cern Haym koje ce jaBiba Kof
UCTOMMEHOT MaHacTupa 1o Kome je u 1o0uo ume — (ciuka 4 - MakenoHcKka TepuTopHja, u
Bpeno Tymemumt AnbaHcka TepuTopuja — ciumka 5). Hamase ce Ha camoj rpanunu
Makenonuje ca Andanujom Ha Mel)ycoOHOM pactojamy ox oko 2 km, u 06a cy pa3OujeHor
tuna. O6a Bpena GpopMupajy cBoje KpaTKe TOKOBE W HaKOH cBera Hekonuko 10-TuHa MeTapa
ynuBajy ce y OXpHacko jesepo.

Ca. 4. U3Bopuinau aeo Bpena Ceetu Haym Ca. 5. U3Bopunu aeo Bpena Tymemumr
Fig. 4. Discharge point of St. Naum Spring. Fig. 5. Discharge point of Tushemisht Spring

[TponieweHo je ma ykynmHa KOJMYMHA BOJAa KOjUMa OBa JBa M3BOpa IMPHUXPABY]y
OXpHICKO je3epo M3HOCH 255-10° m® wm y MIPOCEKY OKO 8 m’/s. [lopen oBa nBa u3BOpa
JIOKa3aHa je W Be3a MoHopa 3aBup ca Tpehum m3BopoM y OXpHACKOM je3epy OJHOCHO
bussannanm m3BopuMa (ci. 8), koje ce Hanazu 22 km ceBepro ox Cs. Hayma, anu 3a pa3nuxy
Ol TIOMEHyTa TPETXOJHA JBa HW3BOpa OBAEC HE NOCTOjU HMHTCH3MBHO IPHXPABHUBAE.
IIpOCEUHO HCTHIARe OBOT H3BOPa H3HOCH 0,5 m’/s,
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Ca. 6. ©opmupanu Tok Bpena Cseru Haym Ca. 7. ®opmupanu Tok Bpena TymeMuIr
HETIOCTETHO TIpe ynuBama y OXpHACKO je3epo HETIOCTETHO Tpe ynuBama y OXpHACKO je3epo
Fig. 6. Stream formed by St. Naum Spring, Fig. 7. Stream formed by Tushemisht Spring,
immediately before it empties into Lake Ohrid immediately before it empties into Lake Ohrid.

OnutuMa 0ojema 1 U30TOTNICKMM aHallu3aMa HOBHjer Jaryma yTepheHo je na 42% on
yKyIHor nopekia Boja Bpena CB. Haym notuue u3 Ilpecne nok xox Bpena Tymemumr nae
qyak u 10 54% (AMATAJ et al. 2005). OBum onuToM je yTBhHEHO Aa y MOMEHYTOM KapCTHOM
MacuBy TOCTOjH jaKO J00pO Pa3BUjeH CHCTEM KapCTHUX KaHaja KOjU Cy CMEIITEHH Ha
peNaTHBHO MAJIOM PacTojamy.

Bpeno Ceern Haym (Ca. c) 3ajemno ca Bpenom Tymemumr (ci. 7) cmarpajy ce
n3BopumreM Llpror [Ipuma. Hakon yiuBama Bozia Bpena y jesepo, Boae LipHor [Ipuma Texy
NpaBlEeM jyrOMCTOK — ceBpo3aman na om y mecry Crpyra ¢opmupaiie omner CBOj TOK H
HACTaBWJIE Jia TEKY JIO CBOT cmajama ca benmum pumom y Anbanuju, hopmupajynhu Jpum
KOjU ce ynuBa KacHHje y Jagpancko mope (ci. 9). ¥V nmepuoanma kaja HeMa BETpa, MOXe ce
JaCHO BHJETH M3 aBHOHA WJIM Ca BHIIMX KOTa IUIaHMHE [ anuuuiie mpasail KpeTama BoJa
Hpuor [puma kpo3 Oxpuucko jeszepo. Boma Oxpuickor jesepa je HM3y3€THO UYUCTa H
MepemHUMa je I0OKa3aHo Ja BHJJLUBOCT Uie U 10 22 m ayOune. [lompydje mmpe okojIvHE
Oxpunckor jesepa 1980. ronune je 3amruheno ox crpane UNESCO-a.
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Ca. 8. busbaHuHM U3BOpU C1. 9. ®opmupame Toka LipHor [Ipuma y Ctpyru
Fig. 8. Biljana’s Springs Fig. 9. Formation of the Black Drim River at Struga



TRIPOINT LAKES OHRID AND PRESPA
INTRODUCTION

Lake Ohrid and Lake Prespa are two large tectonic lakes situated in South-East
Europe. Lake Ohrid is shared by two countries: the Former Yugoslav Republic of Macedonia
(hereafter: Macedonia) and Albania, and Lake Prespa by three countries: Macedonia, Albania
and Greece.

Lake Ohrid is located at an altitude of 693 meters above sea level and has a surface
area of 350 km”. The total length of the lakeshore is 96 km, of which 60 km is in Macedonia
and the remaining 36 km in Albania. The lake is 30 km long and 15 km wide. The deepest
registered point of Lake Ohrid is at 294 meters.

With regard to Lake Prespa, it should be noted that there are the Great Prespa Lake
and the Small Prespa Lake. Territorially, Small Prespa Lake belongs only to Greece. The
Small Prespa Lake has a surface area of 47.35 km and its deepest point is at 8 meters.
However, the geological and hydrogeological characteristics of the Great Prespa Lake are far
more interesting and more significant. The total surface area of this lake is 274 km?, of which
186.3 km” (68%) belongs to Macedonia, 49.3 km? (18%) to Albania and 38.4 km* (14%) to
Greece. The lake is situated at an altitude of 853 meters and its deepest registered point is at
55 meters.

HYDROGEOLOGICAL CHARACTERISTICS OF THE GENERAL AREA

Lake Ohrid is one of Europe’s major lakes, and certainly one of the largest and
deepest in South-East Europe. It is situated in a deep and closed gorge, surrounded by high
mountains on all sides, especially in the east and west: Mt. Galiica (alt. 2255 m) to the east
and Mts. Mokra Planina and Jablanica (alt. 1945 m) to the west. In hydrologic terms, more
than 40 rivers belong to the Lake Ohrid Basin, of which 23 are in Albania and 17 in
Macedonia.

Lake Prespa is situated at a 160 m hypsometrically higher altitude, at a distance of
only 10 km from Lake Ohrid, on the southern side of the Prespa Gorge, between Mt. Galicica
and Mt. Baba. There are two uninhabited islands on this lake: Golem Grad (or Zmijsko
Ostrvo) on the Macedonian side and Mal Grad on the Albanian side of the lake. The lake
receives water from numerous springs and several small streams—the Golema, Braj¢inska,
Kranska, Isto¢ka, Bolnska and Pretorska in Macedonia and the Stara in Greece.

The lakes are separated by two intensely karstified limestone massifs, Triassic and
Jurassic: Mali Thate (2287 m) in the south, on Albanian territory, and Gali¢ica (2262 m) in
the north, in Macedonia (Fig. 2). The waters of Lake Prespa and Lake Ohrid are connected
via numerous underground conduits formed in the karst massifs. Lake Prespa is largely
drained via the large Zavir Ponor; the water later emerges at the springs that recharge Lake
Ohrid (Fig. 2 and Fig. 3).

One of the first research projects in this area was undertaken by Jovan Cviji¢ back in
1906, to prove that there was a link between Lake Prespa and Lake Ohrid. This research
showed that Lake Ohrid was partly recharged from Lake Prespa; the water of Lake Prespa
sinks at the Zavir Ponor and later emerges along the shore of Lake Ohrid, at a number of
lakeside springs of various sizes (the major being St. Naum, Tushemisht and Biljana’s
Springs) or vrulja (sublake) springs. That same year Cviji¢ proved that Lake Ohrid receives
7-10 m’/s of water, on average, from Lake Prespa.

Among large springs, the most significant are St. Naum, located near a monastery in
Macedonia after which it was named (Fig. 4), and Tushemisht in Albania (Fig. 5). They are



situated on the very border between Macedonia and Albania and the distance between them is
only 2 km. Both are comprised of clusters of springs and both form short streams that empty
into Lake Ohrid after only several tens of meters.

The total rate at which these two springs recharge Lake Ohrid has been estimated at
255-10° m’, or some 8 m’/s on average. Additionally, a link has been confirmed between the
Zavir Ponor and the third major spring at Lake Ohrid—Biljana’s Springs (Fig. 8), located 22
km north of St. Naum. Unlike to the other two springs, the rate of recharge of this spring is
not high, amounting to 0.5 m*/s on average.

Recent tracer tests and isotopic analyses have revealed that 42% of the water
contributed by St. Naum and as much 54% of that delivered by Tushemisht originate from
Lake Prespa (AMATAJ et al., 2005). The tests also showed that the karst formation features a
well-developed system of karst conduits over a relatively small distance.

St. Naum Spring (Fig. 6) and Tushemisht Spring (Fig. 7) are considered to be the
discharge point (area) of the Crni Drim River, which in the SE-NW direction flows through
Lake Ohrid, and at the end in Town of Struga, river flow is formed. It runs to the confluence
with the Beli Drim in Albania, creating the Drim River which later empties into the Adriatic
Sea (Fig. 9). When there is no wind, the direction of the flow of the Black Drim through Lake
Ohrid can be clearly seen from an aircraft or from high elevations of Mt. Galicica. The water
of Lake Ohrid is extremely clean and clear; tests have indicated a water transparency up to a
depth of as much as 22 m. The extended area of Lake Ohrid became a UNESCO protected
area in 1980.
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