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ORIGINAL ARTICLE

Tracer methods used to verify the hypothesis
of Cvijic about the underground connection
between Prespa and Ohrid Lake

Abstract Prespa Lake and Ohrid
Lake constitute a hydraulic system
shared between Albania, FYR of
Macedonia and Greece. Karst
rocks separate both lakes. The ele-
vation of Prespa Lake is about
150 m higher than that of Ohrid
Lake. Considering these facts,
Cvijic formulated in 1906 the
hypothesis that Prespa Lake
recharges the St. Naum and
Tushemisht springs at Ohrid lake-
side. Environmental isotopes dem-
onstrated that Prespa Lake
recharges about 37-42 and 52-54%
of water emerging in St. Naum,
and Tushemisht springs, respec-
tively. An artificial tracer experi-
ment carried out in 2002 physically
demonstrated the underground
connection between both lakes.
This experiment confirmed the
supposed underground connection
and brought important information
about the groundwater velocity,
transit time, and karst water
conduits development.

Keywords Environmental isotopes -
Artificial tracer experiment -

Karst groundwater velocity -
transit time - Karst water conduits -
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Geological and hydrogeological characteristics
of study area

The small and big Prespa Lake and the Ohrid Lake
share their water with Albania, FYR of Macedonia and
Greece, and constitute a common hydraulic system
(Figs. 1, 2). The elevation of the Prespa Lake is 850 m
asl and that of the Ohrid Lake is 695 m asl. The
respective surfaces are 274 and 348 km?. High moun-
tains such as the Mali Thate (2,287 m) in the south and

the Galichica (2,262 m) in the north separate them.
Geologically these mountains represent a horst con-
structed mainly of the Upper Triassic-Lower Jurassic
massive limestone (AHS 1975). Big graben structures
that of Prespa Lake on the east and Ohrid Lake on the
west, delimit both sides of the horst. The Pliocene
deposits such as clay, sandstone, and conglomerate fill
most of the bottom of both lakes. At Ohrid lakeside, in
the Albanian-FYROM borderland, are the big karst
springs of St. Naum and Tushemisht, which in total
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Fig. 1 Underground karst
water connection between the
Prespa Lake and the springs at
the Ohrid lakeside

Fig. 2 Cross-section a in the OVEST

Prespa—Ohrid karst massif

Galicica

discharge about 255 x 10° m?®/year. Additional quanti-
ties of water drain into the lake as sub-lacustrine springs.

The Biljana spring (mean discharge about 0.5 m?/s),
which is about 22 km north of St. Naum spring, is
another important karst spring of the area. Cvijic (1906)
formulated the hypothesis that Prespa Lake recharges
St. Naum and Tushemisht springs at Ohrid lakeside. By
means of water balance calculations hydrologists were
the first to demonstrate that Ohrid Lake receives about
7-10 m?/s of water from Prespa Lake.

Environmental tracer approach

The altitude effect of stable isotopes of the meteoric
waters (Bradley et al. 1972) was used to identify waters
coming from different potential groundwater recharge
sources of the study area. Figure 3 shows the correlation
between mean '%0 and dD values based on the results
of isotope analyses from sampling points on the territory
of FYR of Macedonia (Anovski et al. 1991) and Albania
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(Eftimi and Zoto 1997). The slope of the Local Meteoric
Water Line (LMWL) is 8, which is the same as that of
the World Meteoric Water Line (WMWL), but the
deuterium excess d is 14 instead of 10 of the WMWL.
Such ‘anomalous’ values of intercept are characteristic
for Eastern Mediterranean countries (Gat and Dansg-
aard 1970; Leontiadis et al. 1997). The slope of LMWL
of the investigated lakes and springs is 5.4, which indi-
cates that the water of sampled points has been influ-
enced by excessive evaporation relative to the input.
Environmentally stable isotopes “H and '*0O demon-
strate that the Prespa Lake recharges St. Naum and
Tushemisht springs, but the percentage of the lake water
is not equal at different springs; it is bigger in Tushe-
misht spring than in St. Naum spring (Table 1).

Artificial tracer experiment

After the satisfactory results obtained with environ-
mental stable isotopes, IAEA supported an artificial
tracer experiment for additional physical confirmation
of the connections between both lakes. This experiment
also enabled the determination of some karst flow
characteristics such as flow velocity, transit time, and
character of underground flowpaths. Twenty kilograms
of Sulphorhodamine G extra were injected on 18th of
September 2002 into Zaveri swallow hole, in the Prespa
Lake at 850 m asl. The sampling campaign at Tushe-
misht spring started on the same day, as well as at
Biljana, St. Zaum (about 5 km north of St. Naum
spring), and St. Naum springs one day later. The sam-
pling campaign lasted until 10th December 2002. Two
types of water sampling were applied, direct manual
water sampling and sampling with charcoal bags (filled
with activated carbon). Figure 4 shows the most signif-
icant tracer events at selected sampling points. The tra-
cer appeared 6 h after the injection in the outlets of the

Table 1 The contribution of Prespa Lake to the recharge of karst
springs at Ohrid lakeside (PL Prespa Lake water, /P Infiltrated
precipitation in the karst massif)

Spring Anovski Eftimi and IAEA
et al. (1991) Zoto (1997) regional
project
RER/
8/008, 2003
PL 1P PL 1P PL 1P
(%) (%) (%) (%) (%) (%)
St. Naum 42 58 37 63
Tushemisht 52 48 54 46

Tushemisht spring and after 24 h in two sampled outlets
of the St. Naum spring. The delayed appearance of the
tracer in the St. Naum spring is related probably to the
delay of one day of sampling at this spring. The con-
centration peaks at the other sampling points varied
within a wide range.

The flow velocity (maximum velocity) toward the
sampled points was calculated from air distance and
flow time for first arrival of the trace at a particular
point. Real velocities thus might be higher. Table 2
presents the measured and calculated values for flow
time and flow velocity. The fastest water flow, which
essentially differed among the outlets of the same
spring, could be observed in Tushemisht and St. Naum
springs. The maximum value of the flow velocity
toward Tushemisht spring was 81 cm/s, which is much
larger than the dominant velocities reported for Croa-
tia (Garasic 1997) and China (Kogovsek and Petric
1997). The lowest flow velocity was calculated for
Biljana and St. Zaum springs. Within the observation
period of 83 days, the tracer did not appear at two
other sampling points of the Tushemisht spring (village
and Zagorchan), even though the environmental
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Tracer Events in Biliana Spring (BS)|
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Fig. 4 Tracer events at selected sampling points
Conclusions

isotope study has demonstrated their connection with
the Prespa Lake. The karst groundwater connection

from Prespa Lake to Ohrid Lake seems

complicated. Most groundwater recharging the Tushe-
misht and St. Naum springs circulates obviously in
well-developed bigger conduits, but also differently
developed underground water passageways are present

within short distances.

Tracer Events in Saint Zaum Spring (WT)I
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Environmental tracer methods (stable isotopes, hydro-
chemistry) confirmed the hypothesis of Cviji¢ about the

to be very underground connection between Prespa Lake and

Ohrid Lake. Environmental isotopes demonstrated that
St. Naum spring is recharged to 37-42% from Prespa
Lake and Tushemisht spring is recharged to 52-54%,
respectively. The results of the artificial tracer experi-

ment showed a very complex groundwater circulation

Table 2 Air distance (d),

mean hydraulic slope (I), tracer Spring Sampling point d (m) I 1 (h) v
travel time for first arrival (7)
and maximum velocity (v) (m/h) (cm/s)
of tracer between observed .
points Biljana 27.000 0.0056 408 66 1.8
St. Zaum 15.400 0.0099 144 107 3.0
St. Naum Outlet (right side) 16.300 0.0094 24 (7 679 18.9
Outlet (left side) 16.000 0.0094 24 (7) 679 18.9
Tushemisht Tunnel 17.500 0.0087 314 55.7 1.5
Fish pond 17.500 0.0087 29 603 16.8
Main channel 17.500 0.0087 6 2917 81.0
Village 17.700 0.0086 No appearance -
Voloreka 18.300 0.0084 80 229 6.4
Zagorchan 18.300 0.0083 No appearance - -
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system in the Galichica-Mali Thate karst massif. Big
differences of measured maximum flow velocities indi-
cate the presence of differently developed karst conduits
at small-scale distances. Further investigations are nec-

Techniques’.

essary to quantify better the connection between Prespa

Lake and Ohrid Lake.

Acknowledgments The authors wish to express their gratitude to
the IAEA, Vienna, and in particular to the Isotope Hydrology
Section for continuous care and financial support of the project
RER/8/008 ‘Study of Prespa Lake Using Nuclear and Related

References

Anovski T, Andonovski B, Minceva, B
(1991) Study of the hydrologic rela-
tionship between Ohrid and Prespa
Lakes. In: Proceedings of an IAEA
international symposium, 319:62,
IAEA-SM-Vienna, pp. 11-15 March
1991,

Bradley M, Brown R M, Gonfiantini R,
Payne BR, Prezewlocki K, Sauzay G,
Yen CK, Yurtsever Y (1972) Nuclear

techniques in groundwater hydrology.

In: Groundwater studies. Chapter 10,
UNESCO, Paris

Cvijic J (1906) Fundamentals of Geography
and Geology of Macedonia and Serbia
(in Serbian), special edn. VIII, Belgrade,

pp 680

Eftimi R, Tafilaj I, Bisha G (1975) Hydro-
geological map of Albania, scale
1:200.000 Albanian Hydrogeological
Service Tirana

Eftimi R, Zoto J (1997) Isotope study of the
connection of Ohrid and Prespa lakes.
In: Towards integrated conservation
and sustainable development of trans-
boundary macro and micro Prespa
Lakes. International symposium,
Korcha, Albania, pp 32-37

Gat JR, Dansgaard W (1970) Isotope
hydrology of Arava Valley: an isotope
study of the origin and interrelation-
ship. Isr J Earth Sci 31:25-38

Garasic M (1997) Karst water tracing in
some of the speleological features (caves
and pits) in Dinaric karst area in
Croatia. In: Kranjc A (ed) Tracer
hydrology, Balkema, Rotterdam,
pp 229-236

Kogovsek J, Petric M (1997) Properties of

underground water flow in karst area
near Lunan in Yunan Province, China.
In: Kranjc A (ed) Tracer hydrology,
Balkema, Rotterdam, pp 255-261

Leontiadis IL, Smyrniotis CH, Nikolaou E,

Georgidis P (1997) Isotope hydrology
study of the major areas of Paramythia
and Koroni, Epirus, Greece. In: Proce-
dings of fifth international symposium
and field seminar on karst, waters and
environmental impact, Anatalya,
Turkey, 10-20 September 1995,
Balkema, Rotterdam, pp 239-247



	Tracer methods used to verify the hypothesis of Cviji cacute  about the underground connection between Prespa and Ohrid Lake 
	Abstract
	Geological and hydrogeological characteristics �of study area 
	Environmental tracer approach 
	Fig1
	Fig2
	Artificial tracer experiment 
	Fig3
	Tab1
	Conclusions 
	Fig4
	Tab2
	Acknowledgments
	References 
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


