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HYDROGEOLOGICAL CHARACTERISTICS OF THE AREA IN THE VICINITY 

OF THE SPRINGS FOR WATER SUPPLY OF THE MUNICIPALITY OF KAVADARCI 


WITH REGARD TO THE DETERMINATION OF PROTECTION ZONES 
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Faculty ofMining and Geology, "Ss. Cyril and Melhodius" University, 
ul. Goce Deleev 89, MK-2000 Slip, Republic ofMacedonia 

A b s t rae t: Several protection zones have been distinguished in the vicinity of the Lukar I, Lukar 2, Kos­
matec karst springs and the surface intake of the Stara River: closest, wide as well as wider protection zones around 
each spring. The zones were distinguished based on results obtained from the hydrogeological investigations and 
studies carried out consistent with the legal requirements in the Republic of Macedonia. 
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INTRODUCTION 

The municipalities of Kavadarci and Negoti­ Investigations carried out in order to find out 
no and the villages connected with the regional the quality and cleanliness of the drinking water 
water supply Lukar-Kavadarci-Negotino with the indicated that the water from these intakes was 
population of 60 000 receive the drinking water bacteriologically and physico-chemically good for 
from Lukar 1, Lukar 2, Kosmatec and the surface use. In order to protect the quality of water in these 
intake of the Stara River which drains the water of sources it is necessary to establish hydrogeological 
the karst aquifer. The water supply of Lukar 1 criteria, which will determine protection zones 
ranges from 253 to 105 Us, of Lukar 2 from 51 to (belts), around the springs and prevent the area 
22 and that of Kosmatec from 72 to 40 Us. The sup­ from possible contaminants. 
ply of the Stara River intake is within 208 - 200 Us. 

GEOGRAPHIC, HYDROGRAPHIC AND GEOMORPHOLOGIC CHARACTERISTICS 

MAP OF THe SOUTH PART OF 'fHI:: REPliBLlC OF MAClillU~I...l,The area under investigation is located in the 
south part of the Republic of Macedonia and occu­

pies the central parts of Mount Kozuf (Fig. 1). It 

stretches from the estuary of the Zarnica River to 

the Stara River downstream to the Macedonian­

Greek border. The area is a mountainous relief with 

numerous high and steep peaks and deep canyons 

separated by rivers and streams the most striking be­

ing those along the Stara River valley. The highest 

peak in the area is Dudica at an altitude of 2138 

meters, then Porta at 2104 meters, Papas at 1999 

meters as well as some at lower altitudes amount­

ing to 1545 meters. Strong epirogenetic move­

ments that took place over the history and the ero­

sion processes in some parts of the terrain had an ~
AREA UNDER INVE:'iIGATIOS 

impact on the geomorphology of the terrain. Fig. 1. Location of the area 
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The Stara River is the major artery and to­ of the Bosava River. 
gether with the Zarnica River comprises the spring 

GEOLOGY 

The geological compositIOn of the area is 
shown using the data of: PaKH'-IeBHI(, I1eHI,Iep­
KOBCKH, 1963; CTOjaHoB, I1eTpoBHK, 1957; Boev, 
1982, 1990a, 1990b, 199Oc; Boev, Lepitkova, 1994; 
l1BaHoB, 1962. It consists of: Old Paleozoic present 
as phyllites, argiloschists and sandstones, marbe­
lized limestones interbedded with phyllites as well 
as metamorphozed quartzporphyries. The Upper 
Cretaceous is present as massive grey-white lime­
stones. 

Neogene is present as volcanic rocks such as 
propillitized hydrothermally altered andesites, am-

HYDROGEOLOGICAL CHARACTERISTICS 


The hydrogeological characteristics in the 
area have been explored by a number of investiga­
tors: KeKHK, 1973, 1974; Kekic, 1976; KOTeBcKH 
et ai., 1968; KOTeBcKH, 1971; CTapoBa, KH­
pOBcKH,1973. 

Three types of aquifers were determined 
based on the porosity of rocks boundary (Phreatic), 
fracture and karst types. 

Boundary type ofaquifers 

This type is separated from the Stara River 
valley and extends downstream the estuary of the 
Zarnica River to the mouth of the canyon in Upper 
Cretaceous sediments. It is located in large-grained 
gravel alluvial sediments characterized by good 
water permeability. The water source is quite 
abundant. It receives the water from natural pre­
cipitations and mostly by penetration of water from 
the rivers Stara and Lukar. 

Fractllre type ofaquifers 

This type is formed within phyllites, argilo­
schists, metasandstones, marbelized limestones, 
propilitized and hydrothermaly altered andesites, 
metamorphozed quartz porphyries, amphibole an­
desites as well as agglomeratic breccia tuffs. They 
are the most widespread in the area. However, the 
rocks there are water impermeable because they are 
new geological formations in which tectonic proc­
esses were not intense. Nevertheless, the deeper and 

phibolite andesines as well as agglomerative and 
brecciated tuffs. Alluvial river sediments can also 
be found. 

The area is part of the Vardar zone in which 
tectonic processes were fairly intense (ApCOBCKH, 
1997). Block tectonics is very common and folded 
structures, particularly in Paleozoic schists, are 
also present. The structures are of NE-SW exten­
sion dipping towards NW. 

wider fractures of the type owe their porosity to 
tectonic processes. Shallower fractures, developed 
due to exogene factors, are confined to shallow 
layers and are also filled with eroded material de­
veloped through weathering processes. The oldest 
geological formations in which tectonic processes 
had great effect are more porous. This can also be 
said of the younger rocks such as propillitized and 
hydrothermally altered andesites. 

Based on the permeability the rocks of this 
type can be divided into: 

- rocks of good permeability, 
- poorly permeable rocks, 
- impermeable rocks. 

Rocks ofgood permeability 

These rocks include phyllites, argiloschists, 
sandstones; marbelized limestones interbedded by 
phyllites and other schists, propillitized and hydro­
thermall y al tered andesi tes. 

The permeability of phyllites, argiloschists 
and sandstones is due to the presence of numerous 
fractures. They are short and oriented to schistosity 
in the surface parts but seldom transverse to it. 
They are very common but occur rarely when 
wider than 1 cm in size. They can be found in the 
right sleeve of the Stara River. In marbelized lime­
stones interbedded with phyllites and other schists 
permeability is more pronounced due to hard lime­
stone masses in which fractures are longer, wider 
in size and karstified. This is also similar to propil­
litized and hydrothermally altered andesites except 
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that fractures in them are very rare since they are 
younger rocks and tectonically less disturbed. 

Poorly permeable rocks 

The type is present as metamorphosed quartz­
porphyries and amphibolite andesites. System of 
fractures in them is poorly pronounced, particu­
larly in andesites which results in their poor per­
meability and the small number of springs found. 

Water impermeable rocks 

Water impermeable rocks are present as agg­
lomerative breccia tuffs in which fractures are very 
rare because they are young geologic formations in 
which tectonic processes are poorly developed. 

Water abundance in rocks offracture spring 

Rocks of fracture porosity are poor in water, 
particularly agglomerative breccia tuffs, metamor­
phosed quartzporphyry inclusive of amphibolite 
andesites. Springs in these rocks are very rare and 
their abundance rarely exceeds 0.050 lis. Only in 
the uppermost course of the Stara River in the 
slopes of Dudica and Porta a number of springs of 
some 0.1 - 1 lis have been found. The part of the 
terrain is made up mainly of Paleozoic phillites, 
argiloschists and sandstones, propilitized and hy­
drothermally altered andesites, in part, amphiboli­
tic andesites as well. 

Physical properties ofthe water offracture 
aquifers 

The water of fracture aquifers is clean, trans­
parent and good for drinking. It is mountainous 
water with temperatures amounting from 6 to 8 °C 
during the summer time. In some springs the water 
temperature amounts to 3.5 - 4°C. Water tempera­
ture in all springs does not exceed lO°C. Fracture 
springs are fairly shallow, so the outside tempera­
tures have an effect on the temperature of under­
ground water. Seasonal changes of temperatures 
are higher than changes of temperatures between 
day and night. 

Karst type ofaquifers 

Karts type of aquifers formed in karstified 
Upper Cretaceous limestones that are characterized 
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by fracture cavernous porosity and rarely sponge 
porosity. The type is characterized by their signifi­
cant quantity of underground water. The Lukar 1, 
Lukar 2, Kosmatec karst springs and the Stara 
River are drained from these underground waters. 
Cretaceous limestones in the upper course of the 
Bosava River were separated into smaller or larger 
masses by tectonic processes and eruption intru­
sions and covered by agglomerative breccia tuffs 
and andesite outflows. The largest limestone mass 
can be found in the middle part of the terrain near 
Stara River and Cardak - Gladnica. 

Three caves and 4 waterwheels also occur in 
the limestones as surface karst forms. In the slopes 
of the Stara River occurrences of clints as parallel 
and deep furrows with openings from 10 to 20 cm 
wide can be found. The occurrence of karst shapes 
and limestone fissures and the lack of surface 
flows in the upper parts of the terrain during the 
whole year are indicators of good water permeabil­
ity of the rocks. This is also true of the flows that 
sink in the left sleeve of the Stara River right after 
penetration into the Upper Cretaceous limestones or 
partial sinking of the Zarnica River when part of the 
flow enters karstified Upper Cretaceous limestones. 

This made it possible to classify the rocks as 
very permeable with the coefficient >1>1 cm/s. The 
karstification process in the Upper Cretaceous 
limestones towards the impermeable foundation 
has not been completed. It can be clearly seen from 
the springs occurring at heights from 1 to 15 me­
ters in the riverbed of Stara River- . 

Regional setting ofkarst aquifers according 
to water abundance 

The regional setting was carried out based on 
water abundance of springs found in various parts 
of the Upper Cretaceous karst. Since abundance is 
within 10 lis, the karts aquifer was classified as 
very abundant, except for the spring in the vicinity 
of Gladnica whose water abundance amounts to 
3.5 lis. The terrain surrounding the spring was 
classified as very abundant, the most abundant be­
ing Lukar 1. Based on the data obtained by the 
Hydrometeorological Institute in Skopje the water 
abundance ranges from 166 to 253 lis (1972) and 
105 lis (2000). The abundance of Lukar 2 during 
the same time period amounted from 33 to 51 lis 
and 22 lis. It can be concluded that the system of 
water supply is not the same although they belong 
to the same karst aquifer although they are located 
250 m from one another. 
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Regional setting ofkarst aquifers according to 
depth 

Based on the depth of the karts the following 
zones have been distinguished: a zone of shallow 
aquifer confined to a narrow zone along the valley 
of the rivers Stara and Zarnica, a zone in the area 
of the springs of Lukar 1 and 2 along the valley of 
Lukarska River and a zone in the immediate sur­
rounding of the spring at Gladnica. Deep karts aq­
uifer can also be found in the other parts. 

Physical properties of the water of the karst 
aquifer 

The water obtained from these aquifers is 
clean and transparent. They are fairly shallow 
mountainous springs with temperatures that do not 
exceed 10°C during the summer. The water tem­
perature at Gladnica is 4°C, and that along the 
Zarnica River does not exceed 6°C. 

CHEMICAL COMPOSITION OF UNDERGROUND AND SURFACE WATERS 


Examinations carried out on the chemical 
composition show that the lithological composition 
of the terrain in which underground waters are 
formed and the time period they remain under­
ground had a great effect on the chemical composi­
tion of underground waters. The hydrochemical 
characteristics of Lukar 1, Lukar 2 and the surface 
waters of the Stara River are shown in the hydro­
chemical map as a cyclogram indicating water 
types according to anions and cations, total miner­
alization, hardness and pH values (Fig. 2). 

They are classified as a group of hydrocar­
bonate-calcic waters (KeKHK, 1974), because of 
the chemical composition the waters of the Stara 
River and Lukar 2. The spring of Lukar 1 is of a 

Table 1 

more complex composition since it belongs to hy­
drocarbonate-sulphate-chloride type (KeKHK, 1974). 
This chemical composition indicates that the wa­
ters of this spring mixed with underground and 
surface waters of non-karst terrain prior to their 
entry into the limestone rocks. 

Micro- and macro-components of 9 analyses 
were carried out on samples taken from Lukar 1, 
Lukar 2, Kosmatec and Stara River in order to de­
termine the quality of the water. The results ob­
tained are given in Tables 1, 2, 3 and 4. It can be 
seen that no analyses yielded high concentration of 
harmful components. This is an indicator that these 
are good quality waters that can be used for sanita­
tion and technological purposes. 

Chemical composition of waters from Lukar 1 (ppm) 

2 3 4 5 6 7 8 9 

Ca 34.92 36.94 34.28 34.97 34.66 34.83 34.67 34.88 34.91 

Mg 1.567 1.461 1.155 1.145 1.686 1.705 1.656 1.359 1.739 

K 1.089 1.197 1.064 1.190 1.423 1.355 1.342 1.373 1.356 

Na 1.690 1.460 1.518 1.599 1.578 1.624 1.586 1.761 1.710 

AI 0.023 0.022 0.031 0.020 0.010 0.012 0.002 0.015 0.030 

P 0.065 0.081 0.062 0.064 0.061 0.079 0.039 0.072 0.077 

As < 0.01 <0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 

Pb 0.018 0.042 0.026 0.022 0.043 0.027 0.074 0.016 0.013 

Cd < 0.010 0.002 0.003 0.001 0.001 0.003 0.001 0.001 0.001 

Zn 0.008 0.001 0.001 0.000 0.001 0.001 0.001 0.000 0.002 

Co 0.002 0.004 0.004 0.008 0.001 0.001 0.067 0.006 0.014 

Ni 0.001 0.012 0.001 0.001 0.007 0.001 0.005 0.001 0.001 

Cr 0.001 0.001 0.001 0.002 0.001 0.000 0.003 0.000 0.000 

Ag 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Fe 0.002 0.000 0.000 0.048 0.000 0.005 0.001 0.001 0.001 

Mn 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.000 0.000 

ICP method 

Geologica Macedonica. 15-16,51-59 (2001-2002) 
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Table 2 
Chemical composition ofwaters from Lukar 2 (ppm) 

2 3 4 5 6 7 8 9 

Ca 36.90 34.22 37.37 35.12 36.66 39.03 37.23 37.34 39.14 

Mg 1.640 1.517 1.673 1.370 1.712 1.713 1.671 1.400 1.430 

K 1.057 1.086 1.030 1.095 1.657 1.590 1.052 1,324 1.232 

Na 1.550 1.618 1.430 1.630 1.440 1.451 1.445 1.731 1.600 

AI 0.023 0.020 0.027 0.020 0.031 0.035 0.016 0,031 0,016 

P 0.081 0.032 0.060 0.087 0.057 0.057 0.060 0.069 0.070 

As < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 < 0.01 <0.01 

Pb 0.019 0.021 0.044 0.043 0.053 0.041 0.017 0,010 0,013 

Cd < 0.001 0.002 0.001 0.002 0.004 0.003 0,001 0.001 0,001 

Zn 0.000 0.001 0.001 0.000 0.001 0.001 0,001 0,002 0,002 

Co 0.001 0.004 0.008 0.007 0.001 0.001 0,001 0,004 0.003 

Ni 0.001 0.001 0.002 0.003 0.003 0.001 0,001 0,001 0,001 

Cr 0.001 0.001 0.001 0.001 0.001 0.000 0,001 0,000 0.000 

Ag 0.001 0.001 0.001 0.001 0.001 0.001 0,001 0,001 0,001 

Fe 0.001 0.000 0.001 0.050 0.076 0.003 0,002 0,001 0,001 

Mn 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0,000 0,000 

ICPmethod 

Table 3 
Chemical composition ofwaters from Kosmatec (ppm) 

2 3 4 5 6 7 8 9 

Ca 30,90 30,80 31.62 31.33 31.94 32.05 32.14 31.73 32,60 

Mg 1,867 1.648 1.962 1.714 1.789 1.944 1.998 1.709 1.641 

K 0.789 0,819 0,988 1.064 0.978 0,811 0,955 1,032 0,978 

Na 1.740 1,690 1.650 1.270 1.650 1.651 1,667 1.955 1,875 

AI 0,016 0,010 0,029 0,036 0,031 0,001 0,002 0,027 0,043 

P 0,026 0,053 0,073 0,072 0.100 0,055 0,086 0.066 0,067 

As <0,01 < 0.01 < 0,01 < 0.01 <0.01 < 0.01 < 0.01 < 0.01 <0.01 

Pb 0,019 0,043 0,045 0,060 0.035 0,061 0.020 0,013 0,021 

Cd 0,002 0,004 0,002 0,002 0,001 0,000 0,001 0,001 0,001 

Zn 0.002 0,001 0,000 0,027 0,002 0,001 0.001 0.000 0.001 

Co 0,003 0,002 0,003 0,004 0.001 0,001 0,005 0,010 0,006 

Ni 0.001 0,001 0,000 0,004 0,009 0.028 0.001 0.002 0,002 

Cr 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001 0,001 

Ag 0,001 0,001 0.001 0,001 0,001 0,001 0.001 0.001 0,001 

Fe 0,002 0,004 0.005 0,005 0,002 0,012 0,000 0,001 0.001 

Mn 0,000 0,000 0.000 0,031 0,000 0,000 0.000 0,000 0,000 

ICP method 
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Table 4 

ChemicaL composition of waters from Stam River (ppm) 

2 3 4 5 6 7 8 9 

Ca 45.63 45.83 44.83 43.88 47.15 42.81 44.12 47.37 46.94 

Mg 1.610 1.619 1.772 2.035 1.745 1.546 2.150 1.850 1.818 

K 1.066 0.038 1.008 1.190 1.117 1.491 1.356 1.458 1.360 

Na 1.318 1.090 1.140 1.050 0.996 1.085 1.134 1.517 1.375 

Al 0.058 0.051 0.058 0.057 0.053 0.049 0.051 0.037 0.045 

P 0.034 0.068 0.098 0.099 0.083 0.077 0.065 0.085 0.064 

As < 0.01 < 0.01 <0.01 < 0.01 < 0.01 <0.01 < om <0.01 < 0.01 

Ph 0.033 0.046 0.056 0.024 0.030 0.020 0.020 0.020 0.010 

Cd 0.000 0.062 0.001 0.001 0.000 0.001 0.003 0.001 0.001 

Zn 0.010 0.001 0.001 0.012 0.001 0.001 0.001 0.014 0.001 

Co 0.001 0.002 0.006 0.007 0.001 0.008 0.001 0.001 0.001 

Ni 0.001 0.001 0.000 0.004 0.009 0.028 0.001 0.002 0.002 

Cr 0.001 0.001 0.001 0.001 0.001 0.011 0.001 0.001 0.001 

Ag 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Fe 0.024 0.009 0.009 0.021 0.017 0.012 0.017 0.014 0.020 

Mn 0.003 0.002 0.002 0.000 0.001 0.002 0.001 0.005 0.002 

ICP method 
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Fig. 2. Hydrochemical map of Lukar 1, Lukar 2, Kosmatec and the Stara River 
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PROTECTION ZONES OF THE KARST SPRINGS 

LUKAR 1, LUKAR 2, KOSMATEC AND STARA RIVER 


The essential criteria in the determination of 
the protection zones, their number, dimensions and 
types were the total area, the supply, the type of 
spring (karts, boundary and fracture) and the haz­
ard of contamination. Special attention was paid to 
the following criteria: occurrences of turbid water, 
afforistration of the area (also wood cutting), the 
state of erosion processes, the size and type of 
plants that cover the area, and data regarding hu­
man activities and potential sources of diseases in 
the surrounding area. The river basin round the 
springs and the places from which they receive the 
water were taken as factors in the determination of 
the protection zones around Lukar 1, Lukar 2, 
Kosmatec and the intake of the Stara River. 

Three types of protection zones were deter­
mined based on legislation in the Republic of Ma­

cedonia, the results obtained from hydrogeological 
investigations and those of water abundance of the 
springs, the origin and water quality, the direction 
and speed of underground waters in the karts of 
Kofuf as wen as the structural, hydrological, hy­
drogeological factors, the manner of intake and 
distribution: 

- close protection zone or zone of strict con­
tamination observation, 

- wide protection zone or zone of sanitation 
limitation, 

- wider protection zone or zone of hygiene­
epidemiological observation. 

Protection zones have been shown in the map 
(Fig. 3). 

G ~ E E C E 

Fig. 3. Map of Lukar 1. Lukar 2. Kosmatec and the Stara River protection zones 
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Close protection zone around 

Lukar 1, Lukar 2 and Kosmatec 


Based on the norm for determination and ma­
intenance of the protection zones around the 
springs for water supply and taking in considera­
tion their karst nature the following should be done 
for each spring: 

The zone should extend 50 meters upstream 
from the spring, laterally up to 25 meters because 
of the steep slopes, and 15 meters downstream. 
The zone should be fenced in barbed wire and net. 
Unauthorized persons and the presence of animals 
should not be allowed in the zone. 

Wide protection zone around 

Lukar 1, Lukar 2 and Kosmatec karst springs 


This zone should include the whole area of 
karst layers in the Lukar and Kosmatec sites. It is 
an irregular polyangle area, which overlies water­
bearing karst layers that supply the three springs 
representing also underground water reserves. The 
area amounts to several hectares of mountainous 
terrain overgrown by wood and rare valleys. 
Sheepfolds or stalls must not be built there and 
cutting of wood must be controlled and according 
to plan. 

Wider protection zone around 

Lukar 1, Lukar 2 and Kosmatec 


This is a zone of hygiene-epidemiological ob­
servation. It includes the three springs and the ba­

sins of the rivers Zarnica and Stara as far as the 
Macedonian-Greek border. Tourist, industrial, rec­
reational, sports and agricultural or industrial fa­
cilities are not allowed in the zone. Human activi­
ties that may have a negative effect on the quality, 
cleanliness and water resources should not be al­
lowed. 

Close protection zone around the surface 
intake of the Stara River 

Since the area of the surface intake of the 
Stara River is located in an inaccessible and afor­
ested place the following boundaries are suggested 
for the zone: 500 meters opposite the intake, 100 
meters along both banks laterally towards the hills 
and 20 meters downstream. The zone should be 
fenced in a barbed wire and a net should be placed 
in the lower part. 

Wide and wider protection zone for the intake 
of the Stara River 

Since Stara River is a rapid mountainous wa­
ter current that increases during torrent, the sur­
faces of the wide and wider protection zones of the 
intake overlap. As a matter of fact, the two zones 
comprise the basin of the Stara River as far as the 
top of Dudica and mt. Sarena and part of mt. Kozuf 
massif. Woodcutting in the two zones must be con­
trolled and planned, construction of roads brought 
to a minimum. Sheepfolds or country houses must 
not be built in the zone. 
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Pe3HMe 

Xll~POrEOJIOmKlI KAPAKTEPlICfllKlI HA nO~PAQJETO OKOJIY lI3BOPlITE 

3A BO~OCHA1iWBAILE HA rpA~OT KABA~APU:lI BO cJ)YHKUlIJA HA lI3~BOJYBAILE 


3AmTlITHlI 30HlI OKOJIY HlIB 


Bojo MHP'IOBCKH, NJI8lKO NoeB 

PyoapcKo-ieOll01UKU paKYllilleill, YHUBep3uilleill "CB. KupU/l U Meilloouj" 
yll. rOl{e /l,ell'teB 89, MK-2000 llIilluu, Peiiy611uKa MaKeooHuja 

KJIY'IHH 36opOBH: 3alllTHTHH 30HH; H3BOPH JIYKap 1, JIYKap 2, KocMaTe~; CTapa PeKa 

Bp3 OCHOBa Ha A06HeHHTe pe3YJITaTH OA xHAporeo­ lllHHCKHOT 3a<j:laT Ha CTapa PeKa ce H3ABoeHH: nOTeCHa 
JIOlllKHTe HCTpalKYBalba, KaKO H BO COrJIaCHOCT co nocToj­ 3alllTHTHa 30Ha, lllHpoKa 3alllTHTHa 30Ha H nOlllHpoKa 3a­
HHTe 3aKOHCKH nponHcH BO Peny6JIHKa MaKeAoHHja, 3a lllTHTHa 30Ha OKOJIY ceKoe H3BopHlllTe. 
KapcHHTe H3BOPH JlYKap 1, JIYKap 2, KocMaTe~ H nOBp-
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