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Ancrpakr. Oxpujcko u IIpecnancko jezepo crasajy y rpaHudHa MeljyIpikaBHa je3epa U Halase
ce Ha TEpUTOpUjU jyroucroune Erpome. OXpHICKO je3epo TEPHTOPHjalHO MpHUMaja JBeMa
JpxkaBama — busimoj Jyrocnosenckoj Pery6muny Makenonuju (y gabeM TekcTy Makenonuja) u
AnGanuju, 1ok je IlpecnaHcko jezepo cMeIITeHO Ha TpoMelj, OJHOCHO JieNe ra TPU JIpKaBe —
Maxkenonuja, Anbanuja u I'puka. Y OBOM pajJly ce IpeACTaB/bajy OCHOBHE I'COJOIIKE H
XHJIPOTEOJIONIKE KapaKTEPUCTHKE OBOI' IMOJpYyYja, YCIOBHM IpUXpabHBamba, LUPKyNaluje U
JpeHupama TojA3eMHUX Boja. Takohe ce mpukazaje u mnocrojeha yTBplleHa Besa Boja
Ilpecnanckor u OXpuACKOr je3epa, OJHOCHO Ha KOJH HauMH Boje IIpecmaHckor jesepa
Apenupajyhu ce HajBehuM JenoM npeko MoHopa 3aBHp, MyTeM OpOjHHUX MOA3EMHUX KaHaa
Jocresajy no0 OXpHACKOTr jesepa IJie C€ jaBibajy y BHIY MHOIOOPOJHHX HM3BOpa Of KOJHX CY
Haj3Hauajuuju CB. Haywm, Tymemuint u BiuibaHuHu U3BOPH.

Kipyune peun: kaper, nojzemue Bojie, Oxpucko jesepo, [Ipecnancko jesepo.

Abstract. Lake Ohrid and Lake Prespa are transboundary, tripoint lakes in southeast Europe.
Lake Ohrid is shared by two countries, the 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

! Yuusepsuret y beorpany, Pynapcko-reonomku dakynrer, JlemapTMaH 3a XUApPOTCOIOTH]Y,
Bymmuna 7, 11000 beorpan; University of Belgrade, Faculty of Mining and Geology, Deprtment
of Hydrogeology, Djusina 7, 11000 Belgrade

2 YuuBepsuter CHHTUAYHYM, - DakyTeT 3a IpIMemheHy ekonoryjy ,.DyTtypa®, Toxkemka 83a,
11000 Beorpay; Singidunum University - Faculty of Applied Ecology “Futura”, Pozeska 83a,
11000 Belgrade

KOHTaKT e-mail: marinacokorilo@gmail.com

197



conduits, reaches Lake Ohrid where it emerges at many springs, the most important being St.
Naum, Tushemisht and Biljana’s Springs.

Key words: karst, groundwater, Lake Ohrid, Lake Prespa.
YBOJ|

Oxpuzacko u [lpecmancko je3epo Cy JABa BEIHKAa TEKTOHCKA je3epa
cMmemnreHa y jyroucrounom aeny Espore. Bome Oxpuackor jesepa aene ase
napxkase: busmia Jyrocnosercka PenyOnuka Makenonuja u Andanuja JOK BOJE
Ilpecmanckor jesepa mpumagajy TpuMa ApkaBama: busma JyrocioBeHCKa
Peny6nika Maxenonuja, AnGannja u ['puka.

Oxpuacko jesepo ce Hana3zm Ha 693 MeTapa HaAMOPCKE BHCUHE U
3axsara noBpukHy 04 350 km®. Vkymsa ayxuna obase oBor jeepa ussocu 96
km ox uwera 60 km mpunaza tepuropuju busme Jyrocnmosencke PemyOmuke
Maxkenonuje a ocranux 36 km npunaga repuropuju AnGanuje. [lyxuna jesepa
je 30 km, nok je merosa mmpuHa o 15 km. HajayGspa m3mepena tauka y
OxpuackoM je3epy uma BpeaHocT ox 294 metpa.

Kana ce roopu o [Npecnanckom jesepy, mopen Bemuxor [Ipecnanckoj
jesepa Tpeba momeHyTH m Mamo [lpecmaHcko je3epo KOje TCPHUTOPHUjATHO
npunaga camo ['pukoj. Mao [pecnancko jesepo 3axBarta nospuHy of 47.35
km wu nHajayOspa Tauka y jesepy je 8 merapa. Ilo cBojuM reomomkum u
XHAPOTCOJIOMKNAM KAPAKTCPUCTHKAMA JAICKO 3aHUMJBUBH]EC H BAXHHU|C €
Bemuko Ipecmancko jesepo. YKyIHA MOBPIIHHA OBOT je3epa u3HOoCH 274 km?,
ox uera 186,3 km® npumama Teputopuju Makemonuje (68%), 49,3 km’
AnGannju (18%) 38,4 km®> mmu 14% ykynHe BOJEHE MOBPIIMHE MPHUIAIA
I'puxoj. Jesepo ce Hamasu Ha HAAMOPCKO] BUCHHHU of 853 MeTapa ca HajBehom
PETHCTPOBAHOM ,Ely6I/IHOM y H3HOCY 0x 55 MeTapa.

Cn. 1. T'eorpadcxu nonoxkaj Oxpuackor, Bemuxor u Manor IIpecnanckor jesepa
Fig. 1. Geographical locations of Lake Ohrid, the Great Prespa Lake and the Small
Prespa Lake
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XHUAPOI'EOJIOIIKE KAPAKTEPUCTHUKE HIUPEI IIOAPYYJA

Oxpuacko jesepo craga y pex Behux eBponcKux jesepa, 0K j& Ha Jyry
EBpone cBakako jeaHo on HajBehmx, a HCTOBPEMEHO M HAjayOJpHX je3epa.
CwmemrreHo je y ay6okoj u 3arBopeHoj koTnuau. Ca CBHX CTpaHa a moceGHO ca
3amaJHC W UCTOYHE OKPYXKYy]y ra Bucoke muanuHe. Ha mcroky je mmannHa
Tlanuunna (2255 muB) a Ha 3anmaxy Mokpa muannsa u Jabnanuna (1945 mHB).
Xuaponomku nocmarpaHo cimBy Oxpuackor jesepa mpumaza 40 pexa, ox
Kojux 23 ce Hanma3u Ha anbaHCKo] cTpanu a 17 Ha MakeIOHCKO] TEPUTOPH]H.

Ha 160 m xuncoMeTpHjcku BHIIOj KOTH @ Ha ceera 10 km ymamenoctu
y Tpaely jyroucToka Hamasu ce [IpecmaHcko je3epo CMELITEHO Ha jJYXKHOJ
crpanu Ilpecnancke kormmue w3mely mranuna [amuunne u bab6e. Ha camom
jesepy Hamase ce ABa HeHacesbeHa ocTpsa: ['onmem rpax wam 3MHJCKO OCTPBO Ha
MakeIOHCKO] ctpanu 1 Man I'pax va anbanckoj crpanu jesepa. Jesepo aoduja
BOJy Ha padyH OPOJHHX HU3BOPA M HCKOJIHUKO MAmbHX TOKOBA KOJU CE YIHBA]Y Y
jesepo. Ca Makenoncke crpane To cy I'onema, bpajunncka, Kpancka, Mcrouxka,
Bonucka u [Nperopcka pexa. Ca I'puke to je Ctapa pexa.

OBa 1aBa jesepa pas3aBajajy /[Ba HWHTCH3MBHO KapCTH(HKOBAHA
KpeumbavKa MAaCHBa, TPHjacke U jypcke crapoct, Mamu Tare (2287 m) na jyry
KOju TepuTOpHjaiIHo npunana Anbannju u [ammunna (2262 m) Ha ceBepy Koja
ce Hanmasu Ha Tepuropuju Maxkemonuje (ci. 2). Bome Ilpecmanckor jesepa
noBe3aHo je ca OXpUacKuM je3epoM OpOjHUM MOA3EMHHUM KaHATAMA KOJH CY
dopmupaHn y TOMEHYTHM KapcTHuM MacuBuMa. Ilpecmancko jesepo ce
HajBehuM 1en0M ApeHUpa MPEKO BEIUKOT MOHOPA 3aBHP M OBE BOAE CE KAaCHU]|E
H0jaBJbyjy Ha M3BOpUMA Koju mpuxpamwyjy Oxpuacko jesepo (ANOVSKI et al
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Cn. 2. [llemarcka XuApOTEOIONMKA KapTa
mmmpe oKoMHe OXPHACKOT H
Tpecmanckor jesepa (AMATAJ et al.
2005)

Fig. 2. Hydrogeological schematic Man
of the extended area of Lake Ohrid and
Lake Prespa (AMATAJ et al. 2005)
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Ca. 3. Xunporeononku npodui a-a° (AMATAJ el al. 2005)
Fig. 3. Hydrogeological cross-section a-a' (AMATATJ et al. 2005)

JenHa o MpBHX UCTpa’kKUBama HA OBOM TEPEHY BPHIMO je jom JOBAH
LBrUUR (1906) ca musbem moxasuBama Bede m3mely Boma Ilpecmanckor u
Oxpuackor jezepa. OBuM uctpakusamuMa je yTBpAuo aa ce OXpHICKO je3epo
NpHUXpambyje jeqHnM aenoM Ha padyH Boaa [Ipecnanckor je3epa Tako mTO BOAE
Ipecne moHupy v TOHOPY 3aBUP U KacHHje ce jaBibajy Ayx obane Oxpuackor
jesepa y Buay mampx wim Behux uzsopa (Bpeno Cserm Haym, Tymemmnnt,
Busbanunau u3Bopu) umy BpyJba. Mere roauune Lipujuh je noxaszao na Oxpuacko
jesepo nobumja y mpoceky oko 7-10 m*/s Boxe u3 INpecnanckor jesepa.

On Behnx m3BOpa 3HauajHO je momeHyTH Bpeno Csetu Haywm koje ce
jaBsba Ko mcromMeHOr MaHacTHpa mo KoMme je u Jo0mo mme — (cmuka 4 -
MakenoHcKka TepuTopHja, U Bpeiao Tymemuiut AnGaHcKa TEPHTOPHjA — CIIHKA
5). Hanase ce Ha camoj rpanuium Makenonuje ca Anbanujom Ha MelycoOHOM
pacrojamy ox oko 2 km, u ob6a cy pasdujeHor tuma. O6a Bpena dopmupajy
CBOjE KpaTKe TOKOBC M HAKOH CBera HeKoMMKo 10-THHA MeTapa ynmBajy ce y
Oxpuacko jesepo.

Cn. 5. Uzsopumsu feo Bpena TyneMumT

Cu. 4. U3sopumiau fco Bpena Ceetn

Haym Fig. 5. Discharge point of Tushemisht
Fig. 4. Discharge point of St. Naum Spring
Spring.

[pouemeHo je Ja YKyMHA KOJMMYHMHA BOJA KOJUMA OBa ABA H3BOPA
npuxpamyjy OXpracko jesepo m3nocu 255-10° m® mmu y mpoceky oko 8 m’/s.
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Ilopen oBa aBa M3BOpa JOKA3aHA j€ U BE3a MOHOPA 3aBUp ca Tpehum U3BOPOM Y
Oxpuackom jesepy oasocHo bussanuanm m3Bopuma (ci. 8), koje ce Hanasu 22
km cesepno ox Cs. Hayma, anu 3a pa3muky o MOMEHyTa MPETXOJHA IBA
H3BOpa OBAE HE IOCTOJH MHTCH3MBHO MpUXpamuBame. [[POCCUHO HCTHIAmE
oBor m3Bopa m3socH 0,5 m’/s.

1.: % fg« : V2 Y P S e -

Cn. 6. ®opmupanu Tok Bpena CeeTn Ca. 7. ®opmupanu Tok Bpena Tymemumr
HayMm HemocTeIHO Ipe yIUBaKBa ¥ HETIOCPEAHO Ipe ynBama y OXpHACKO
OXpuICKO je3epo jesepo

Fig. 6. Stream formed by St. Naum Fig. 7. Stream formed by Tushemisht
Spring, immediately before it empties into  Spring, immediately before it empties into
Lake Ohrid Lake Ohrid.

Onunrrma 0ojema U U30TOIICKUM aHAIN3aMa HOBHjET JaTyMa YTBpheHO
je ma 42% on yxynsor nopekia Boxa Bpena Cs. Haym norude uz Ilpecne mox
koJ Bpena Tyrmemurnt uze gak u 10 54% (AMATATJ et al. 2005). OBum omurom
je yrBheHO ma y MOMEHYTOM KapCTHOM MAacHBY MOCTOJH jaKO A00PO pasBHjEH
CHCTEM KApPCTHHX KaHAJIA KOJU CY CMELITCHH HA PEIATHBHO MAJIOM PacTOjamby .

Bpeno Ceern Haym (Cn. ¢) 3ajeano ca spemom Tymemumr (cin. 7)
cmarpajy ce ussopumuteM Llpror [lpuma. Hakon yiusama Boga Bpeia y jesepo,
Boze Llpuor Jlpmma Texy mpaBLEM jYTOMCTOK — ceBpo3ama] Ja Ou y MecTy
Crpyra ¢opmupane omer ¢BOj TOK U HACTABUIIC Ja TCKY JO CBOT Clajama ca
benmuv lpuvom y Anbanmju, dopmupajyulin [Ipum Koju ce yiauBa KacHHjE Y
Jagpancko mope (ci. 9). V mepwoamma kaga Hema BETpa, MOXKE CE jJacHO
BUJCTH M3 aBHOHA WM Ca BUINHX KOTa IuaHuHe [ammuuie mpasar KpeTama
Boga Llpuor Jlpmma xpo3 Oxpuacko jesepo. Boma Oxpmackor jesepa je
M3Y3€THO YHCTAa W MEPCHHMA j& JOKA3aHO Aa BUAJBMBOCT HAC U 10 22 m
ayoune. Ilompyuje mmpe oxomune Oxpunckor jesepa 1980. rommue je
samrulieHo o crpase UNESCO-a.
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Cn. 8. buspaHuHU H3BOPH Cx. 9. ®opmupame Toka L{pror JIpumay
Fig. 8. Biljana’s Springs Crpyru
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
southeast 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, the 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 STUDY 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
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west: Mt. Galidica (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 southemn 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, Brajcinska, Kranska, Istocka,
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 Galicica (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 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 as 54% of that delivered by
Tushemisht originate from Lake Prespa (AMATAIJ et al. 2005). The tests also
showed that the karst formation features a well-developed system of karst
conduits over a relatively small distance.
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St. Naum Spring (Fig. 6) and Tushemisht Spring (Fig. 7) are
considered to be the discharge point (area) of the Crni Drim River, which flows
in the SE-NW direction through Lake Ohrid, and at its end in the town of
Strugaforms the river flow. 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.
Galic¢ica. 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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