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Preface

The water sector is one of the key areas of assistance in bilateral cooperation between 
the German and Macedonian Government. In 2006 the Macedonian Government issued 
request for technical cooperation in implementation of the new Water Law, for which 
the responsibility has been recently transferred from the Ministry of Agriculture, 
Forestry and Water Economy to the Ministry of Environment and Physical Planning. 
The process of transformation has to be closed by the end of 2010. In order to make the 
new authority functional and operative according to the new Law, the Ministry of 
Environment and Physical Planning (MEPP) needs assistance both in drafting 
secondary legislation acts and in capacity development of the new water management 
institution/division.

In June 2007 a fact finding mission was performed in order to identify the needs of 
assistance and to define the areas where the German assistance could be focused. There 

This survey will be basic information for the decision makers of the department of 
waters of MEPP aiming to fulfill the requirements of the EU Water Framework 
Directive.

This report is actually support to the newest assignment of MEPP in preparation the 
s German Development 

Cooperation GTZ Coordination Office Macedonia, and the main tasks of the Consultant 
are:

Description of hydrogeological regions in Macedonia
Subdivision into partial hydrogeological regions
Presentations of the hydrogeological regions on maps

Detailed description and mapping of hydrogeological regions in the river sub-
basin Crn Drim:
Identification of the most important groundwater abstractions in the sub-basin 
Crn Drim:
Presentation of the survey within the working group meeting.

This report is prepared on the basis of existing national documents, strategies, and 
recently developed projects and authors projects. The assessments and problems related 
to the discussed tasks for different water sectors in the country, are manly of the authors 
and do not necessarily reflect the opinions of Macedonian authorities and GTZ.
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Chapter 1

1 Introduction

The region of Republic of Macedonia is situated in the central part of Balkan Peninsula
(Figure 1). The relation with basic tectonic units, which indirectly has an influence on 
geological and hydrogeological conditions in the Balkan Peninsula, is given on a Figure 
2. 

Figure 1 Key map, position of 
R.Macedonia in a Balkan Peninsula 
and Europe

This is a mountainous country with many lowlands. The average altitude of the whole 
territory is 850 meters. According to the Spatial Plan of the Country, 1.9% of the 
territory is covered by water (lakes), 19.1% are plains and valleys, and the biggest parts 
of 79% are hills and mountains. Plains and valleys in Macedonia occupy a total area of 
4,900 km2 throughout the country (see table 1). 

Table 1-1 Main data about the range of elevations in R.Macedonia

Level of elevation Area (km2) Percentage (%)

Up to 200 m 744,10 2,89

200-500 m 5769,10 22,44

500-1000 m 11317,32 44,01

1000-1500 m 1786,54 22,33

1500-2000 m 354,26 6,95

Over 2000 m 354,26 1,38

Total from 44-2764 25713,00 100
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Figure 2 Place of R.Macedonia in a relation of main tectonic units in Balkan Peninsula:
Simplified tectonic map of Eastern Mediterranean region showing Southern Balkan Extensional Region 
(SBER; horizontal lines) in relation to selected tectonic features. Retreating subduction zones (blue) and 
related areas of back arc extension (dotted pattern) and advancing subduction zones (red) are highlighted. 
In Balkan region, position of the volcanic arcs of Eocene-Oligocene age (Eo-Olig: yellow), Miocene 
(Mio: pink), and Pliocene to Recent (Active: red-brown) are shown. The location of Macedonia is 
outlined. KF Kefalonia fault zone; NAF North Anatolian fault zone (Dumurdzanov ett all, 2005).

The nature of occurrence, quantity and quality of groundwaters depends on topographic, 
geological and morphological characteristics of the relief, connected with the runoff and 
infiltration of surface waters from one side, as well as on the type of porosity and other 
geological characteristics of the area. Beside other important aspects, we will add that 
some areas in Republic of Macedonia have unique geological and hydrogeological 
characteristics.
Having this in mind, in the Report most important elements of the Groundwater systems 
are briefly explained for all country. More details are given for the catchments area of 
river Crn Drim.

All documentation that was collected during the working on this project is used in the 
analyses, especially data connected with hydrogeology of the territory of the country.
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1.1 Scope of the report

The activities performed in the framework of this study are in correspondence with the 
overall objective of the project. Namely, the main objective is to collect data about 
hydrogeological characteristics of the Crn Drim area, and to use them as a basis for 
future optimisation of ecological, economic and social benefits. As an important part in 
this main objective is the analysis of the hydrological and hydro-geological 
determinants affecting the named area, in relation with other properties of natural 
environment.

The given data are some kind of compilation, which can serve for future stages of the 
Project, especially for a phase of preparing of water balance model. All the works are 
also according to Terms of References (ToR). The following aspects are analysed:

Collecting of geological and hydrogeological maps at different scale

Analyses of  available geological and hydrogeological studies 

- Analyses and synthesis of collected data

In a frame of the study, some digital synoptic geological and hydrogeological maps are 
prepared. The analog layout for digital preparation, are the existing maps at a scale         
1: 500 000. 
Some typical geological and hydrogeological sections are given on some maps. Also, 
some representative diagrams are given for some hydrogeological complexes in the Crn 
Drim area, in order to have better understanding of the complex geological and 
hydrogeological conditions. We believe that all results are given in an adequate way in 
order to serve for future analyses

1.2 Used geological, hydrogeological and other documents 

Different geological, hydrogeological and geotechnical studies are used during 
preparation of this document. Some of the previous investigations are done in a phases 
of regional geological and hydrogeological investigations for all country, while some of 
them are prepared for some specific Projects. 
Unfortunately, all data from previous studies are not collected and archived in an 
electronically way (some kind of GIS system, or State Data Bank), so we used all 

We would like to thank to all persons that helped us in collecting of data from their own 
archives. Especially, we would like to thank to the company Civil Engineering Institute 
"Macedonia" from Skopje, GDR "GEOTEHNIKA-PELAGONIJA, from Skopje, 
HYDROENGINEERING DOO from Biota, GEOHYDROENGINEERING form 
Skopje and Public Enterprise for Electricity "ELEKTROSTOPANSTVO" from Skopje
and Geomap DOO, Skopje.
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Namely, the following studies are used in the preparation of the Report:

1) Report for drilling of the well for water supply of village Strbovo, Hydro engineering, 

Bitola, 2004 (in Macedonian)

2) Report from the geomechanical and hydrogeological investigations on the location for 

construction of the children tourist centre "GP.Pelagonija" at tourist centre Pretor, 

"GDR. Geotehnika-Pelagonija", Skopje, 1990(in Macedonian)

3) Report from the geomechanical investigations for the regulation of the river Istochka at 

Carev Dvor from km 3+245 to km 4+080, "GDR. Geotehnika-Pelagonija", Skopje, 

1986 (in Macedonian)

4) Report from the geomechanical investigations on the location for wastewater treatment 

station in a frame of wastewater treatment collector Resen-Ezerani in village Ezerani, 

"GDR. Geotehnika-Pelagonija", Skopje, 1988 (in Macedonian)

5) Report for construction of the observation well for water supply system for village 

Ljubojno, Municipality Resen,"DGR. Geotehnika-Pelagonija", Skopje, 2003 (in 

Macedonian)

6) Hydro geological Report about the results from testing of the well B1 near village 

Stenje, Civil Engineering Institute "Makedonija", Skopje, 1992 (in Macedonian)

7) Technical Report about the results from technical intervention on the well B-1, near 

village Stenje, Civil Engineering Institute "Makedonija", Skopje, 1996 (in Macedonian)

8) Hydrogeological Report about the results from testing of the well at the area of Pretor, 

Civil Engineering Institute "Makedonija", Skopje, 1995 (in Macedonian)

9) Report from the geomechanical investigations along the route for waste water collector 

system Resen-Ezerani,  "Geotehnika-Pelagonija", Skopje, 1988(in Macedonian)

10) Report from the geomechanical investigations for the facilities in the area of factory 

"PRESPATEKS" in Resen,  "Geotehnika-Pelagonija", Skopje, 1991 (in Macedonian)

11) Project for investigation of the coal deposit "Lavci", Mining Institute, Skopje, 1985 (in 

Macedonian)

12) Report from the geomechanical investigations for the building at the street "Josif 

Josifovski" at Resen  "GDR. Geotehnika-Pelagonija", Skopje, 1989 (in Macedonian)

Beside this Reports, some scientific papers from Symposiums, books and existing maps 
are used. They used articles are listed in the References.
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1.3 Existing maps

The following maps related to the hydrogeological analyses exist for catchments area of 
Crn Drim and wider country region:

Basic Geological map of the country at a scale 1:500 000

Basic Geological maps for all topographical sections for the country at the scale  
1:200 000 and 1: 100 000

Hydrogeological map 1:200 000 

Engineering-geological map 1: 200 000

Basic Hydrogeological map for the Kichevo area at a scale 1 : 100 000

Numerous maps that are related to some specific projects

It should be mentioned, that all maps, depending on the scale and the time of 

preparation, are prepared with different methodology of working. Most of the maps are 

prepared according to the standards from Former Yugoslavia (maps at a scale 1: 500 
000 to 1:200 000).

At this moment, the campaign for more detailed mapping is in progress in the country. This 
means that some sections from 1:200 000 with new regional investigations are transformed 
to the scale 1: 100 000. The field mapping is done at the scale 1:25 000, and later, the data 
are incorporated to the scale 1:100 000. An example is given for the area of Kichevo region 
(appendix 4). The newly created maps are prepared both in analogue and digital versions.

Used maps in the analyses are given in the appendices, and based on them; further 
classification of the hydrogeological regions is explained in the text. 

1.4 Responsible institutions  

About the hydrogeological observations and monitoring, there is no any specific 
organisation, which is directly responsible for this matter. On the other side, there are 
several responsible institutions for hydro-meteorological and hydrological observation 
and monitoring. One is Hydrometeorological Institute (HI) in Skopje, under the 
Ministry of Forestry, Agriculture and Water Economy. Hydrological observation 
includes process of monitoring, collecting, and processing and analysing water quantity. 
Ministry of Environment and Physical Planning of the Republic of Macedonia is 
partially responsible for the ecological problems with waters. 

On the other side, fundamental investigations about the ground waters are under 
responsibility of the Ministry for Economy (part which deals with geological and hydro 
geological investigations, mainly connected with regional geological and 
hydrogeological mapping procedures).
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In a view of water quality pollution, chemical and physical characteristics, a system of 
observation have been established since 1964, while monitoring network on air quality 
dates from 1974. 
Hydrogeological observations in the country can be assessed as unsatisfactory when we 
talk about the efficiency of data collection, data processing, data validation and access 
to data.

Data archives exist in relevant governmental institutions and research centres, such as: 
Ministry of Environment and Physical Planning; Ministry of Agriculture, Forestry and 
Water Economy; Ministry of Economy, Hydro meteorological Institute in Skopje, 
Hydrobiological Institute in Ohrid and others.
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Chapter 2

Description of hydrogeological regions in Macedonia  

Having in mind that the hydrogeological and groundwater conditions are related mainly 
to the geological characteristics from one side, and hydrology on the other side, some 
necessary data are given from both aspects. 

2.1 Geological background

Macedonian pre-Cenozoic basement consists of five major tectonic units from west to east (Fig.
2.1): (1) the Chukali-Krasta zone, (2) the Western Macedonian zone, (3) the Pelagonian massif,
(4) the Vardar zone, and (5) the Serbo-Macedonian massif. 

Figure 2.1 Tectonic basement (pre-Cenozoic) units of Macedonia. I Chukali-Krasta unit;
II Western Macedonian unit; III Pelagonian massif; IV Vardar zone; and V Serbo-
Macedonian massif. Lakes: DL Dorjan Lake, OL Ohrid Lake, and PL Prespa Lake.
Major rivers of Macedonia are also shown.

The Chukali-Krasta zone consists of sheared very low-grade metamorphosed 
sedimentary rocks of Late Cretaceous and early Tertiary age that are part of the much 
more extensive N-S trending belt of rocks in Albania that were thrust eastward below 
Mesozoic ophiolites and Mesozoic and older metamorphic rocks. These low-grade 
rocks in Macedonia form a narrow half window around the town of Debar where they 
are tectonically overlain by rocks of the Western Macedonian zone. The structural 
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evolution and position of these metasedimentary rocks is controversial. Some authors 
suggested these rocks were part of a narrow oceanic belt that was closed in early 
Tertiary time by subduction from both the west and east, whereas others suggested they 
were subducted only to the east. In either hypothesis, however, rocks of the Western 
Macedonian zone lie tectonic above the Chukali-Krasta metasediments. 

The Western Macedonian zone consists of low-grade to locally medium-grade 
metamorphosed Paleozoic sedimentary and igneous rocks and Mesozoic, mostly 
Triassic with some Jurassic, sedimentary rocks. These rocks were deformed in 
Paleozoic, Mesozoic, and Cenozoic time. Paleozoic deformation produced a well-
developed regional foliation; Mesozoic deformation produced folds and thrust faults; 
and older Cenozoic deformation produced strong deformation, but younger Cenozoic 
deformation was characterized by normal and strike-slip faults. 

The Pelagonian massif forms the high-grade metamorphic core of a large NW-
trending, NW- -grade rocks of the 

consists of amphibolites grade gneiss, augen gneiss, and schist formed from protoliths 
of Precambrian metasedimentary rocks, characterized by a thick  section of marble in 

The east side of th -trending Vardar zone that 
consists of narrow belts of schist and gneiss, Paleozoic and Mesozoic metasedimentary
rocks, and numerous belts of ophiolitic rocks. Some of the Mesozoic rocks in the 
Vardar zone are of deepwater origin. 

The Vardar zone represents a Triassic to early Cretaceous ocean that had a long and 
complicated history of subduction. It began to close in the Late Jurassic and the earliest 
deformation is of Late Jurassic Early Cretaceous age. The upper part  of the Vardar 
Mesozoic succession consists of  Aptian to Turonian flysch, parts of which are
wildflysch, deformed in late Turonian to early  Senonian time (Subhercynian phase in 
the European  literature), and unconformably overlain  by Senonian and Maastrichtian 
fine-grained  flysch with rare wildflysch and limestone units in its upper part. The 
Cretaceous sequences are more than 4000 m thick. Rocks within the Vardar zone were 
strongly deformed into narrow NNW-trending belts of different rock types bounded by 
faults that developed in the latest Cretaceous to Paleocene time (Laramide phase of 
European authors). Latest Cretaceous or earliest Cenozoic strata are absent in the 
Vardar zone in Macedonia, but are present in Serbia to the north. The deformed 
subduction-related complexes in the Vardar zone are unconformable overlain by the 
oldest Cenozoic sediments of Priabonian age, and perhaps older, that consist of 
freshwater lacustrine strata which grade upward into marine strata. 

The Serbo-Macedonian massif consists of Riphean / Cambrian mafic plutonic and 
volcanic rocks and early Paleozoic schist and phyllite all intruded by large bodies of 
Paleozoic granite.  With the exception of the north-plunging nose of the Pelagonian 

in the pre-Cenozoic basement rocks are dominated by 
NW-trending foliation, folds and faults that form an important crustal anisotropy that 
controlled many of the basin.
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The presentation of main geological units is given in an appendix 1 and Figure 2.2. The 
data are given in a form of Synoptic Geological Map of R. Macedonia. The map is 
prepared in a digital form using analog Geological Map of Macedonia at a scale 1: 500 
000.

Figure 2.2 Synoptic Geological Map of Macedonia (legend is given in appendix 1)

Here, we will note that the greatest influence on the hydrogeological conditions has the 
Cenozoic basin development. So, this aspect is explained in a necessary form bellow, 
mainly after Dumurdzanov 2005. 

Within Macedonia, above the basement tectonic units, there are two main groups of 
sedimentary basins that formed in late Eocene to Recent time. Most of the basins are 
related to extensional faulting and some are clearly grabens, but others are more 
complex and there is a wide range of basin types. The location of the basins is given on 
a Figure 2.3.
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Figure 2.3 Location of Cenozoic sedimentary basins and major river systems of Macedonia 
(Dumurdzanov ett all, 2005).

Most of the Paleogene deposits lie in eastern Macedonia and are half grabens with faults 
on their east sides and basin sediments that dip to the northeast (Figure 2.4). The 
interconnected Tikvesh and Ovchepole basins in central Macedonia are an exception 
and contain both marine and non-marine strata that inter-finger with volcanic rocks to 
the east. 
These strata lie in a fore arc  position relative to a coeval volcanic arc to the  east and a 
convergence zone to the west in central Albania where the Apulia plate moved east 
relative to Macedonia. 

are formed in five (5) cycles, and several different types can be 
divided. The extension of the basins for each cycle is given in Figures 2.5 to 2.8. Many 
are true grabens with more or less parallel faults on both sides. These include the 
Skopje, Polog, Ohrid, Prespa, Lakavica, Delcevo-Pehcevo, and Pelagonian (with its 
smaller northwest branching grabens in the southwest) grabens and possibly the 
Kumanovo graben. Some basins contain faults, with normal and strike-slip components, 
on only one side and are tilted half grabens, such as Kriva Palanka, Kocani, Valandovo, 
and the southern part of the Strumica graben in eastern Macedonia. 



Hydrogeological Survey on Groundwater in Macedonia GTZ Project

15

Figure 2.4. Distribution of Paleogene sedimentary and magmatic rocks of Macedonia. 

Figure 2.5. Distribution of sedimentary and magmatic rocks of cycle I Badenian to Sarmatian 
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Figure 2.6 Distribution of sedimentary and magmatic rocks of cycles II and III late Miocene 

Figure 2.7 Distribution of sedimentary and volcanic rocks of cycle IV Pliocene
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Figure 2.8 Distribution of sedimentary and volcanic rocks of cycle V Pleistocene of 
Macedonia

Evidence from topography surrounding the basins and the sediments filling the basins 
suggest that that all of these EW trending half grabens are bounded by faults on the 
south side and are tilted to the south. The Kocani and Strumica grabens have faults on 
the north side, but they have smaller displacements than those on the south side. In 
western Macedonia, the Debar and Piskupstina grabens are bounded by the same fault 
zone, but are tilted to the east and west, respectively. 

Other basins are bounded by faults mainly on one side, but the basin sediments are 
either horizontal or only slightly tilted.  These basins are fault controlled, but the faults 
formed sills that blocked sediments that filled topographic relief. Deposits in the 
Mariovo and Raec basins are approximately horizontal and fill negative topographic 
relief, such as river valleys, but the sediment was trapped by fault-controlled sills on 
their east sides. The Porecje, Debarca, and Kicevo contain horizontal  sediments that fill 
negative topographic relief, locally river valleys, and are bounded by  faults whose up 
thrown side is on the west side of the basin. Deposits in the Demir Hisar basin filled 
valleys, which locally may be faulted, but the basin is not controlled by faulting, and the 
pattern of sediment distribution is clearly dendritic. Some basins are bounded by faults 
that form complex patterns. The Tikves basin is bounded by NE-trending faults on the 
north and south sides and NW-trending faults on the west side, but it has no obvious 
fault on the northeast side. The Dojran basin has a rhombic outline, internal drainage, 
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and appears to be bounded by faults on all sides. Part of the Veles basin is a NW-
trending graben, but sediments of the basin extend beyond the faults, particularly on the 
west side where sediments fill preexisting valleys that drained into the graben from the 
west. The Berovo basin is bounded by faults on three sides, but does not have a fault on 
the west side.
The Mavrovo basin lies along the regional ENE-trending Elbasan-Debar-Skopje-
Kustendil fault zone and appears to be a graben of pull-apart origin along this left-lateral 
fault zone (Figure 2.9).

Figure 2.9 Active and young (late Pleistocene) faults of Macedonia

Without going into details, from this short description of the geological conditions and 
from figures, it is evident that the geology of the country is very complex.
At relatively short distances, there is a great heterogeneity in a stratigraphic and 
lithological development. This has certainly high influence on the hydrogeological 
characteristics of the regions in the country. 
The active faults has some kind of correlation with thermal and mineral groundwater 
occurrences, while some of the named sedimentary basins are areas with significant 
static and dynamic groundwater reserves.
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2.2 Hydrological  background

Beside geological preconditions, the climate and hydrological elements has an 
important influence on the groundwater conditions. The quantity and quality of 

on precipitation, snowmelt and porosity type of the aquifer zones.

The hydrographic territory of the Republic of Macedonia is divided into four river 
basins: Vardar, Strumica, Crn Drim and Juzna Morava. Vardar river basin is the largest 
(20.546 km2 or 79, 9%) and gravitates towards Aegean Sea. Strumica river basin is on 
south-east part of the country (1.520 km2 or 5,9%), is a tributary of Struma River in 
Bulgaria, and gravitates also towards Aegean Sea. Crn Drim river basin is on west part 
of the country (3.3355 km2 or 13%) and gravitates towards Adriatic Sea. Juzna Morava 
river basin is on north part of the country, is the smallest one (44 km2 or 0,2%) and 
gravitates towards Black Sea. Watershed areas of the major and minor river basins are 
presented in Figure 2.10. Somehow, these classification of the catchments areas of the 
main river basins, can serve for criteria of classification for groundwat

Figure 2.10 Major river basins in the Republic of Macedonia 

Three natural lakes (Ohrid, Prespa and Dojran) have also great significance for the 
hydrographic characteristics of Macedonia. The Ohrid and Prespa lakes are naturally 
connected by underground karsts channel and their waters flow through the Crn Drim 
river basin. The smallest natural lake is Dojran Lake. It is located in southeast part of 
the country at an average altitude 148 m.
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The range of annual precipitations is presented in Figure 2.11, while the Figure 2.12, 
gives data about regions where calculated evaporation (Ep) is higher than the rainfall 
rate (R). 

.

Figure 2.11 Range of average annual precipitations in the Republic of Macedonia 
Sourcee: Climate in Macedonia (1993), Angel Lazarevski, Kultura, Skopje

Figure 2.12 Presentation of the areas where precipitations (R) is lower than evapotranspiration 
(Ep),Source: Climate in Macedonia (1993), Angel Lazarevski, Kultura, Skopje
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Key Climatic Indicators at Major Meteorological Stations are given in a table 2.1.

Table 2.1 Key Climatic Indicators at Major Meteorological Stations

River Basin /Station Rainfall Temp.           Wind Sunshine Cloudiness Humidity
(mm/year) (°C)            (m/sec) (hours/day) (0-10)

Vardar/Gevgelija 667 14.0 1.8 6.5 4.4 70.8
Treska/Sol.Glava 640 -0.9 5.6 5.6 5.6 83.3
Pchinja/K.Palanka 617 10.0 2.3 6.3 5.3 68.2
BregalnicaShtip 467 12.6 2.1 6.4 5.0 66.9
Crna/Prilep 535 11.1 1.6        6.3 5.0 67.5
Crn Drim/Ohrid 694 11.1 1.8               6.2 5.0 70.4
Strumica/Strumica 547 12.7 1.1 6.2 4.2 74.3

Note: Rainfalls is based on annual total, and other parameters on annual average, except sunshine, 
which is presented by hours/day.
Source: The study on integrated water resources development and management master plan (final report -
volume II, May 1999) 

Analysing the Figures 2.11 and 2.12, it is evident that hydrological conditions differs a 
lot from western to eastern direction in the country. Somehow, this statement is valid 
also for the hydrogeological conditions, which is explained further in the text. 

2.3 Criteria for subdivision of the hydrogeological regions in the country

In the practice and literature, from the hydrogeological aspect usually the region of 
Macedonia is divided according two connected criteria.
First one is according to the main geotectonic zones, where the following 
hydrogeological provinces are classified (Kotevski G., 1987; D.Gjuzelkovski, 1997), 

-Western Macedonian Hydrogeological province

-Vardar zone hydrogeological Province

- Pelagonian massive Hydrogeological Province

- Serbo-Macedonian Hydrogeological province

On the other side, the subdivision according to main river catchments areas is also used 
in practice. Especially for calculations of the groundwater reserves, the following 
classification is used:

- Hydrogeological subdivisions in the catchments area of river Vardar, 

- Hydrogeological subdivisions in the catchments areas of river  Crn Drim

- Hydrogeological subdivisions in catchments area of river Strumica 

Beside previously mentioned criteria, different hydrogeological subdivisions are classified 
according to transmissivity of the aquifer zones, which is in direct or indirect correlation 
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with structural type of porosity. There, separate zones are divided at so-called classes. The 
criteria are defined in a Manual for preparation of Basic Hydrogeological maps as follows:  

Table 2.2 Criteria for classification of hydrogeological classes for permeable rocks with 
intergranular porosity 

Description 
of permeability

Transmissivity
coefficient

(m2/day)

Specific yield 
(capacity)

q
(1/s/m)

Maximal yield
(capacity)

Qv
(1/s)

Class mark on 
the map

Low 15-50 0,1-0,3 0,5-2 11

Middle 50-300 0,3-2 2-10 12

High 300-1500 2-10 10-50 13

Extremely high 1500 10 50 14

When there are no quantitatively measured data, the rocks  with intergranular and 
fissured type of porosity can be divided in classes with low transmissivity (classes 21 
and 41) to middle transmissivity (classes 22 and 42), according to the measured spring 
yield (Qn) as follows:

-Low slQn /505.0 classes (21) and (41)

-Middle slQn /5 classes (22) and (42)

Carbonate rocks with karsts phenomenon, are divided in 3 (three) main classes 
according to the degree of karstification, as follows:

Class 31 with low degree of karstification with karsts occurrences 
approximately 1 occurrence/1 2) 
Class 32 with middle degree of karstification with karsts occurrences mainly 
on a surface, approximately 10 occurrence/1 2) 
Class 33, High degree of karstification at surface and underground (>10 
occurrence/1 2)

Practically impermeable formations (aquiclude) with intergranular porosity are
classified in type 2.1.1, while fissured type of porosity in type (2.1.2). 
The example of prepared Basic Hydrogeological map at a scale 1: 100 000 is given in 
an appendix 4, for topographic section of Kichevo area. 

Unfortunately, not all sections in the country are prepared at this scale. For an instance, 
the area of Ohrid, Gostivar and Tetovo, that surrounding of Kichevo area and part of 
Crn Drim catchments area, are in a phase of detailed hydrogeological investigations, 
which are not finished yet.

So, further in the text, we will use data from hydrogeological maps at a scale 1:200 000 
and 1: 500 000 (Appendices 2 and 3).
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2.4 Main data about springs in Macedonia

The data about the spring characteristics are given according to existing data from JICA study, 
prepared in 1999. There, the data about spring yield, media where the spring is formed, 
temperature and other aspects are given in a form of spring and well inventory.
More than 4.400 springs with total yield of 991, 9 million m3/year have been registered, of 
which 58 have a capacity of over 100 l/s. 
Only 3 out of these springs are located in the central part of Vardar plain, and all others are in 
the western region. 
More significant springs are connected with Western Macedonian Hydrogeological province as 
follows: 

-Izvor (yield over 3 m3/s), Studenchica (0, 4-4, 3 m3/s), Pitran, Peshnica and Belica 
(yield over 6 m3/s) in the Treska river basin, 
- St. Naum (yield over 10 m3/s), Biljana, Duvlo, Vevcani (yield over 1, 5 m3/s) and 
Rosoki (yield over 2, 5 m3/s) in the Crn Drim river basin. 
-In the Crna river basin four springs exist and the largest one is Izvor 
(yield over 1 m3/s). 

Figure 2.13
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Figure 2.14 Yield data about St.Naum spring from 1991 to 2004

In the Vardar river basin, without Treska, 19 springs exist and Rashche (Figure 2.15) is the 
largest one (yield over 6 m3/s). 

Figure 2.15 A view on the area of Rashche spring

Eastern part of Macedonia is poor with water and only seven springs with very small yields 
have been registered there. The number of free flowing tapped and captured springs with data 
yield is presented in Table 2.3.
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Tapped springs are located along roads and are used for micro-scale water supply because of 
their low yield. Captured springs are used for large-scale water supply of cities and villages. The 
total number of tapped and captured springs is 1.918 with yield of 195, 2 million m3/year.

Table 2.3 Main data about number of free flowing, tapped and captured springs with data yield 
is presented 

Present usage
Total 

number of 
springs

Springs with yield 
data

Total yield

number (%) (m3/year)106 (%)
1 Free flowing 2.389 2.347 55 434,8 69
2 Tapped 1.645 1.630 38 22,1 3,5
3 Captured 380 288 7 173,1 27,5

Subtotal: 2+3 2.025 1.918 45 195,2 31

Total: 1 to 3 4.414 4.265 100 630 100
Source: JICA, (1999)

The number of springs and yields by river basin is presented in Table 2.4.

Table 2.4 Data for springs by river basin
River basin/ 

Valley
Number Average

(m3/year)106

Total

(m3/year)106

Free 
flowing

(m3/year)106

Tapped
Captured

(m3/year)106

Polog 180 0,467 84,06 51,45 32,62
Treska 183 0,390 71,38 67,92 3,46
Kichevo 220 0,478 105,10 98,20 6,90
Skopje (upper) 132 0,918 121,15 11,77 109,38
Skopje (lower) 273 0,034 9,23 8,45 0,79
Veles 147 0,025 3,68 2,64 1,04
Pchinja 379 0,010 3,76 2,64 1,12
Kriva Reka 221 0,009 2,04 0,93 1,11
Ovche Pole 83 0,010 0,84 0,06 0,78
Kriva Lakavica 129 0,009 1,18 0,79 0,39
Zletovo 81 0,009 0,70 0,45 0,25
Shtip-Kochani 240 0,026 6,22 4,11 2,11
Delchevo 168 0,014 2,43 1,82 0,61
Crna (upper) 645 0,094 60,64 54,98 5,66
Crna (lower) 183 0,025 4,54 3,39 1,15
Gevgelija 319 0,078 24,80 19,19 5,61
Radovish 80 0,008 0,61 0,47 0,14
Strumica 145 0,039 5,59 4,16 1,43
Dojran 18 0,013 0,23 0,08 0,15
Cironska 12 0,002 0,03 0,01 0,02
Crn Drim1 427 0,285 121,78 101,30 20,48

Total: 4.265 630,01 434,81 195,20

The springs plays important role for water supply of some towns in Macedonia. For an 
instance, the following main springs are used for water supply:

-
-
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-
Prilep 

Having in mind the density of population in the named regions, it is evident that this is 
very valuable source for drinking water. All named springs have catchments area in 
karsts regions.

2.5 Main characteristic of Hydrogeological provinces

Schematic presentation of the main hydrogeological provinces is given in Figure 2.13 
(Source:Kotevski G., 1987). 

Figure 2.13 Presentation of the main Hydrogeological provinces in Macedonia
Source: Kotevski G., (1987): I- Serbo-Macedonian Hydrogeological province; II-Vardar zone 
hydrogeological Province; III- Pelagonian massive Hydrogeological Province; IV-Western Macedonian 

Hydrogeological province; a-
very often artesian basins

All of them has specific geological, tectonically, lithological, and connected with them, 
hydrogeological conditions.  
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2.5.1 Western Macedonian Hydrogeological province 

This province occupies the large part of the country.  From the hydrogeological point of
view, it can be described as a most interesting zone, with some unique occurrences. In 
this zone, the large area is covered with carbonate rocks, susceptible to karstification. 

The karstification is also a reason for specific groundwater flow directions. Here, the 
groundwater connection between Prespa and Ohrid Lake should be mentioned. Also, the
groundwater connection between Polog and Skopje valley is trough karsts area of Zeden 
Mountain, which is very important for the yield of spring Rasche (see appendix 6).

Zones with free water table are also known for this province in the area of Bitola, 
Resen, Ohrid and Struga valley, Piskupstina basin, Debar basin, Polog valley and 
Kichevo basin. They are usually present in alluvial deposits around main river zones 
with a larger extent. 

Artesian aquifer zones in an intergranular media are present in Bitola, Resen, Ohrid and 
Struga valley, as well as Polog valley. 

The thermal and mineral waters are also present around Debar valley. The most known 
are thermal springs Kosovrasti and Debar, thermal-mineral waters at the Polog area and 
others.  Briefly, the following aspects will be underlined for this province:

- Aquifer zones with middle to high transmissivity formed in intergranular porosity 
rocks, and phreatic water surface are present in Bitola, Resen, Ohrid, Struga, 
Piskupstina, Debar and Polog valleys. Most of the aquifer artesian zones are with higher 
degree of mineralization and presence of groundwater gasses.

-Artesian aquifer zones are present in Bitola, Resen, Ohrid, Struga and Polog valleys

-Zones with karsts-fracture type of porosity are the areas of Korab, Bistra, Stogovo, 
Karaorman, Shara Mountain Zeden and others

-Practically impermeable zones can be found in almost all mountain regions

The area of Crn Drim lies in this province, so, more details about the regions of Resen, 
Ohrid, Struga, Debar and Polog are given in a chapter 4. 

2.5.2 Pelagonian Massive Hydrogeological province 

This province has smaller extent. The main characteristics are that the larger area is 
covered with metamorphic rocks.

The karstification is present at the areas of mountains Jakupica, Karadzica, Dautica and 
some areas around town Prilep.  

Zones with free water table are mainly present at the Pripep valley. The thermal and 
mineral waters are not typical for this province, and they are rarely present. 

Briefly, the following aspects will be underlined for this province:

- Aquifer zones with middle to high transmissivity formed in intergranular porosity 
rocks, and phreatic water surface are present in Prilep valley
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- Artesian aquifer zones are present in Prilep valley

-Zones with karsts-fracture type of porosity are the areas of Suva Planina, Jakupica, 
Karadzica, Dautica and some areas around town Prilep. 

-Practically impermeable zones can be found in almost all mountain regions, and they 
are built up of gneisses, mica schist and granitoides. 

-The spring with higher yield are the spring of river Babuna (Qmin=80 l/s to 
Qmax=3180 l/s), which is formed at the zone of contact of karstified marbles and 
gneisses as a barrier.   

Some data about groundwater reserves are given in a chapter 5.

2.5.3 Vardar Zone Hydrogeological province 

This province has the most complex tectonical composition. The main characteristic is 
that the larger area is covered with practically impermeable rocks of so-called Eocene 
flysch complex, and with masses of low transmissivity at the areas of volcanogenic rock 
complex.

The carbonate rocks are present, but with smaller extent.   

Zones with free water table are mainly present along Vardar, Bregalnica and Pcinja 
Rivers.

The Ovcepole, Skopje, Tikvesh, Veles, Kochani, Valandovo and Kumanovo are the 
main basins in this province, but with a large extent of impermeable basements.

The thermal and mineral water occurrences are present around region of Katlanovo, 
Kumanovo, around town Stip (thermal spring -
Negorci. The geothermal occurrences are mainly connected for the Kochani valley, at 
the deeper valleys.  

2.5.4 Serbo-Macedonian Hydrogeological province 

This province is placed on the eastern part of territory in Macedonia. The main 
characteristics are that the larger area is covered with practically impermeable or lowly 
permeable rocks, built up of gneisses, mica-schist, or magmatic rocks placed on 
mountains Belasica, Ograzden, Osogovo and Plackovica. The carbonate rocks are 
present only in Triassic complexes, but without important practical influence.

Zones with free water table are mainly present in Radovish-Strumica basin, Delchevo-
Pehcevo-Berovo basin and Kriva Palanka-Slaviski basin area along river flows 
Strumica, Kriva reka, Stara reka, Bregalnica and other smaller rivers.

The thermal basins are connected with and area of village Istibanja-Kochani and village 
Bansko-Strumica.

The extent of the named hydrogeological sub zones are given in appendices, as well as 
on the digital maps in a chapter 3. 
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Chapter 3

Presentation of hydrogeological regions in a map

For the necessity of this Project, some digital forms of the maps are prepared. Namely, 
the existing Hydrogeological map prepared earlier at an analog form at the scale               
1: 500 000 are digitized. 
The prepared maps can be treated as simplified or synoptic maps, but they present well 
the main hydrogeological units and their extent in the territory of the country.

3.1. Presentation of overall hydrogeological units in map

The overall presentation is given in a figure 3.1. On the other side, more details are 
shown in adequate maps (Appendices from 2 to 6).

Figure 3.1.Synoptic Hydrogeological Map of Republic of Macedonia digitized from original 
map at a scale 1:500 000 (Legend in appendix 3)
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From the Figure, it is obvious that the area of the country presents very interesting 
hydrogeological complex, because the area in a relatively short distances has a lot of 
provinces as well as hydrogeological subdivisions. 

3.2. Presentation of different layers of hydrogeological units in maps

In the legend of the appendix 3, authors divide 5 (five) main hydrogeological units, defined 
as according to the permeability and porosity properties. Those are the following units:

-Aquifer zones with middle to high transmissivity formed in intergranular porosity type of 
rocks
-Aquifer zones with low transmissivity formed in intergranular porosity rocks,
-Aquifer zones with karst-fracture type of porosity,
- Areas with only local presence of aquifer zones, 
-Areas with practically impermeable zones, 

For better presentation, all main units from the legend are given in separate layers in 
Figures 3.2 to 3.6. 

Figure 3.2 Presentation of aquifer zones with middle to high transmissivity formed in 
intergranular porosity rocks (zones are with solid blue color)
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Figure 3.3 Presentation of aquifer zones with low transmissivity formed in intergranular 
porosity rocks (zones are with solid grey color)

Figure 3.4 Presentation of aquifer zones with karts-fissured type of porosity
(Zones are with solid green color)
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Figure 3.5 Presentation of zones with only local presence of aquifer zones 
(zones are with solid light-green color)

Figure 3.6 Ppresentation of practically impermeable zones
(zones are with light-reddish color)
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According to this presentation, it is obvious that the zones with low to middle 
transmissivity, and practically impermeable zones exists in the eastern regions, while the 
karts-fracture type of aquifers are more present in the western region. 

This is certainly effect of structural type of porosity, or geological preconditions for 
forming of aquifer zones. The interrelations between main geological units has a high role 
in an adequate understanding of the hydrogeological conditions, and finally on the 
interrelations between surface and ground waters.

All these facts are not important only from the aspect of the phenomenology, but also from 
the practical aspect, and presence of static and dynamical groundwater reserves.
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Chapter 4

Description of hydrogeological regions in the river sub-basin Crn Drim 

One of the goals at this stage of the project was to analyze the hydrogeological 
conditions of the sub-basin Crn Drim. This is a very interesting area from hydrological, 
geological and hydrogeological aspect.
The important fact is that the surface water divide here is not always groundwater 
divide. For an example, the Prespa Lake is in an underground hydraulic connection with 
Ohrid Lake. This is the reason why the Prespa lake area is also included in the Crn Drim 
sub-basin. 
The catchments area of river Radika is also included in analyses, because of indirect 
connection with artificial Mavrovo Lake. Having in kind that the river Crn Drim flows 
toward Albania near town Debar, this basin is some-how trans-boundary area.
This means that the groundwater conditions in this sub-basin is affected with areas of 
Resen, Ohrid and Struga, Piskupstina, and Debar basins, as well as mountain areas of 
Calichica mountain, Stogovo, Ilinska planina, Karaorman and others. 

4.1. Presentation of main geological data about the affected areas

The geological development of the investigation area has an influence on the 
hydrogeological conditions, so, some most important facts about the geological 
conditions are given. The investigated area is located in West-Macedonian zone.  About 
the geological conditions of the Western-Macedonian zone we will note the following 
facts:

- The area is covered with Palaeozoic, Triassic, Neogene and Quaternary 
geological units

- The Palaeozoic consist of metamorphic schist's complex with Cambrian, 
Ordovician and Devonian age from one, and Permian magmatic complex 
from the other side

- The schist complex is mainly built up of different kind of phylitic schist's 
(Sqse, Sco), metasandstones, metaconglomerates (Sq) and rarely with 
marbled limestone's (M)

- Granitoides ( ) are present mainly for a zone Pelister mountain (Baba 

mountain)  

- Triassic complex (T212) lies transgresively over schist's, and its mainly 
composed of limestone's and conglomerates (T21) at the bottom level  

- On some zones (especially from the Ohrid lake side), there are occurrences 
of intrusions or diapiric magmatic bodies of diabases ), gabbros ) 

and peridotites ( Se) 

- The upper zones of the field are covered with thick overlay of Pliocene and 
Quarterian sediments
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According to the regional tectonically data, the mountain areas are in a phase of relative 
uprising, while the morphological depression are zones of relative sinking. The 
boundaries between them are usually connected with active faulting tectonic. The "flat" 
part between the mountain has elevations between ca. 900 m near Resen and 800 m, 
approx. (lake bottom) and contains a fill of young sediments of Pliocene (Pl) to 
Quaternary age. The Pliocene sediments are composed of  gravel and sand whereas the 
Quaternary consists of moraines, glacial fluvial formations, widespread organic-marsh 
sediments, river terraces, wash, piedmont and alluvial deposits. 
Following the uplift of the carbonate rocks they underwent processes of karstification in 
several stages.
One of the most important aspects is the thickness of the Pliocene lake sediments. 
According to the results from boreholes the metamorphic bedrock at a depth of over 150 
m and the thickness of the Pliocene, Pleistocene, and Alluvial sediments may still 
increase towards the lake1.  After the given data by Kotevski2, the thickness at the 
central part close to Resen and Ohrid, on some zones  is more than 200 meters.
In Debar area, the thickness of Pliocene deposits is estimated about 350 meters.
Another aspect of prime interest is the contact between the Palaeozoic schist formations
and Triassic carbonate complex, especially for the zone of the Albanian side of the Big 
Prespa Lake and development of karsts relief forms. 

4.2. Presentation of main hydrogeological units in Crn Drim Area

The hydrogeological units are classified according to the structural type of porosity, as 
well as possibility of forming of aquifer media, as follows: 

-Joint Type Aquifers and Aquicludes: Metamorphic and Intrusive Rocks

The Palaeozoic schist's and intrusive rocks primarily act as aquicludes. Groundwater 
circulates only along joints and in fractured zones and chances for groundwater 
exploitation is poor. The schist's and the intrusive rocks form the practically impervious 

Mountain Range). 
One well that has been drilled near tourist centre Oteshevo, probably with the biggest 

about this well during the time of preparing of the study. The well is not in operation, 
and the possible reason for that is the low discharge or absence of important quantity of 
water. 

1 Lj. Gligorievitch,1972,  Engineering-

2 Kotevski Gj., Hydrogeology of thermal and mineral waters on the territory of SRM, Samopupravna praktika, 
Skopje, 1987 (In Macedonian)
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-Karstic  Aquifers

The kartstic aquifers are present in Triassic and The Mesozoic Triassic limestone massif of 
the Galichitsa, Jakupica, Stogovo, Bistra and other mountains in this region. The limestone 
massive is a classical karsts aquifer system, characterized by intensely jointed rocks with 
pronounced solution phenomena. This unit plays a special role because it is the only 
element of drainage for the Prespa and Ohrid catchments areas. Tectonically and geological 
relations between the hydrogeological units indicates that from the Macedonia part of the 
lake, there are minor chance to have ground water connection between Prespa and Ohrid 
lakes.  So, according to the available references, the surface waters from Prespa Lake water 
flows into the karst mainly on the south-western Albanian part of the shore and reappears in 
the springs of St. Naum and Tushemiste on the Ohrid Lake shore.
Attempts to exploit limestone aquifers by well drilling were only made at a few locations.
At the Macedonian side, limestone foothills south of village Stenje are investigated with 
borehole SH1, while the well with depth of 155 m deep is prepared and penetrated fractured 
and massive karstic limestone.  The "Civil Engineering Institute-Makedonija" from Skopje 
drills the well during the 1992.  After that, during 1996, some interventions are prepared on 
the same well, in order to improve the capacity, because of the problems during the 
exploitation. The details about discharge-draw down diagram (Q=f S)) for a first phase of 
drilling (1992) is also given. From the data of the Report and fig.2, we can note that the 
maximal well production is at the range Q=4.2 l/s (15 m3/h) at a draw down of 28.1 m. 
The example from this well is very indicati
rocks is only successful if a borehole is either drilled in a fracture zone with open joints or if 
an active karsts channel is hit by chance. Also, the whole mass media at the area of 
Galitchica is area has relatively low coefficient of permeability and transmissivity. 
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Figure 4.1 Diagram Q=f (S) for well in limestone's in Stenje
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Usually, for all main basins ate Crn Drim cathement area, thick Pliocene sediments 
underlie the 10-30 m thick Pleistocene and Holocene deposits.
Several privately drilled wells had little success and exploitation of Pliocene deposits is 
insignificant, so far. The Pliocene deposits have not been systematically explored from 
the hydrogeological aspect. 
Only, we will note the data given by D.Gjuzelkovski 3, Kotevski 1997, as well as by 
Vukelich 1997. There are not well documented data that during the period from 1930-
32 several artesian drill holes are prepared, while in 1954, on the location for apple 

of the borehole is in Pliocene lake deposits, still. 
The maximal capacity of this artesian well was about Q=2 l/sec. The water was 
mineralised with content of CO2. Such level of discharge indicates the low permeability 
in general for Pliocene lake sediments. The level of mineralization also indicates that 
the artesian aquifer zone is not favourable for irrigation.
We will also note the drillings for lignite exploration on the north-western border of the 
plain near village Dupeni. 

as a hydrogeological complex, with dominant aquiclude properties. The aquifer zones, 
which are preconditions for artesian affects, are connected with thinner sandy or gravel 
like zones. 
On the other side, Pleistocene and Quaternary sedimentary deposits form important 
porous aquifers in the plain between Resen, Ohrid and Struga valleys.
The aquifers properties will vary, depending upon the local composition and thickness 

investigated area from aspect of possible irrigation from the wells.
The young deposits along the western shore of Macro Prespa Lake have poor aquifer 
qualities because of their low permeability and are used for domestic water supply and 
for garden irrigation by shaft wells. Here, the possibilities for forming of perched 
aquifer zones are possible. Indication for this is the ground water level, measured at the 
private well located at the higher point of the local hill at village Stenje. 
Recent sandy and gravely deposits form the river fans and the plains on the eastern 
shore of Macro Prespa Lake around villages Nakolec, Strbovo Dupeni etc. The sands 
and gravels are weathering products of granites and schist's rocks of the eastern 
surroundings of the lake. Deeply weathered rocks subject to easy erosion can be seen on 
the slopes above the main road.
The thickness of these deposits has not been defined exactly until now. Close to the lake 
shore is a well for water supply of Nakolec. According to the information's by the 

There is no any borehole to confirm this situation. 
The gravely and sandy deposits are believed to have an important potential as aquifers, 
at least in certain areas, but the recharge area at this eastern part is from the upper zone 

3 Gjuzelkovski D., Using of the groundwater's into the water supply in R.Macedonia and its protection, Skopje, 
1997 
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from the mountains and from fluvial-glacial deposits. The ground water flow is from the 
zone of higher elevations to the lake zones. 
A contact of karstic limestone with the lake water is the precondition for major water 
losses to the underground. Another precondition is that the ancient morphology of the 
impermeable substratum (Palaeozoic schist's below the limestones) within the 
mountains does not impede the groundwater flow. 
The quasi-impervious substratum below the limestone occupies not only most part of 
the Makro Prespa Lake shore but also the shore of Ohrid Lake between Velestovo and 
Pestani and it is likely that the pre-Triassic schist morphology rises above the Prespa 
Lake level. On some zones, the intrusions of diabases and occurrences of serpentinities 
are also present at the Ohrid lake side.

The yield of springs is a result of mutual influences of atmospheric and complex of 
geological preconditions. The data are from the Ministry of the environments and 
Hydrometeorological Institute. Some of them are related on the Ohrid side of the 
Galitsitsa mountain, while the other for  Prespa lake. In general, most of the springs 
with higher yield are concentred along the Ohrid side, while the Prespa side is poor with 
springs with higher capacity, and their occurrences are connected along the fault lines, 
or contacts permeable-impermeable media.  Some most important facts are given 
bellow. 

-The springs that are occurred in the soil debris (deluvial) aquifer zones are usually with 
small yield (Q<1 l/s)
-The springs that are occurred in the fractured aquifer zones (granites and schist's) are 
usually also with small yield (Q=0.5-3 l/s)
-The karstic springs at the Krusje area from the limestone's that are used for water Supply of 
the Resen has a changeable regime with capacity from 40-200 l/s (depending on the rainfall 
conditions)
-The St.Naum spring has relatively constant high capacity with minimal value of Q=4,4 
m^3/sec, and max Q=8,69 m^3/sec

The measured yield (beside the big gap of measurements), indicates that on the Prespa 
side, only several springs are important for water supply. Up to our knowing, the 
springs are used from locality Krusje, springs Baltan for water supply of Ljubojno, 
several springs at the upper zones of village Gorno Dupeni etc. 

In a Table 4.1 and Figures 4.2 and 4.3, discharges, draw down, and specific capacities 
of the municipality water supply wells at Çarev Dvor for Resen area is given.

Table 4.1. Well Production Data, Çarev Dvor
Well  n° Depth

(m)
Discharge
Q  (m3/h)

Drawdown
s  (m)

Specific Capacity 
Q/s  (m3/h/m)

B-2 41.5 75.6 4.3 17.6

B-3 32 72 7 10.3

B-4 35 54 10.5-11.5 5.1-4.7
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Well B-2 (Carev dvor)
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Figure 4.2 Discharge-Draw dawn data about well B-2 at Carev dvor-Resen

Figure 4.3 Discharge-Draw dawn data about well B-3 at Carev dvor

In Figure 4.4 and 4.5, similar data are given for Ohrid-Struga area.
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Figure 4.4 Discharge-Draw dawn data about well at area of Ohrid-Struga 
(village Orovnik))

Well Toza Dragovic-Ohrid
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Figure 4.4 Discharge-Draw dawn data about well at area of Ohrid-Struga (village 
Orovnik)

For the area of Debar basin, the quantity (yield) from the wells in Quarterian and 
Pliocene complex is in a range from Qw=4 l/sec, up to Q=24 l/sec.
The upper zones of the field at Piskupshtina basin have low transmissivity and low 
quantity in phreatic aquifer zone.
The artesian aquifer zone at Piskupstina area, has capacity about Q=10-15 l/sec.
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As a conclusion from this aspect, it can be underlined that the measurements are not 
done in systematic way, but this short explanation gives an indirect view for the 
conductivity parameters of the media where the springs are present. 

4.3. Presentation of main hydrogeological units in Polog area

The Polog valley is closely spaced to the Crn Drim area. It was sunk between the Shara 
Mountain in NW and Suva Gora and Zeden in SE in Pliocene. The upper Pliocene 
gravelly-sandy and clay sediments fill the area of valley. Of the Quaternary ones are: 
fluvioglacial, proluvial, deluvial and alivial deposits. The depth of sediments is about 
300m in Gorni Polog and about 600m in Dolni Polog.

Major characteristics of the Polog lacustrine basin are rather distinct and very often 
lithological changes in the sediments composition, especially in the middle section of 
the valley towards the Suva Gora and Zeden mountains. 

Sedimentation of finer granulations with distinctly differentiated gravelly-sandy and 
clayey sediments takes place in the valley centre somewhere and extents to the foots of 
the Suva Gora and Zeden mountains. In Dolni Polog such sediments composition is 
extending from the bottom to the valley up to a height of 410m above the sea level, 
except in the profile Pirok-Radovice where these sediments end with the elevation of 
357m. It is obviously that it is about a transversal graben and sinking of the terrain that 
took place in this valley at the end of the lacustrine phase.

In the vicinity of Gostivar the sedimentation was more uniform and had a finer 
composition in upper Pliocene. There are represented clayey sediments with rare gravel 
stripes, and in the final lacustrine phase the gravely-sandy deposits, mainly clayey have 
been deposited.

In the Vrutok fosse the Upper Pliocene sediments have also a gravely-sandy 
composition with clay and larger pebbles. These sediments end the cycle if 
sedimentation in general in this section of the terrain also through the whole 
Quaternary. Just the same case in with the Banjica Vrapchishte platform in the 
environs of Gostivar.

crystalline abd by cataclazed granites are situated in the NW and SW ridges of the 
Polog Valley.

marbles. From there toward the Skopje valley, the ultrabasite of the Radusha massif 
represented by peridotes and serpentines of the Jurassic age, are extending.

The Suva Gora Mountain at the SE ridge of the Polog valley is built of old Paleozoic 
marbles and dolomites and the Zeden Mountain of marbles. The saddle of Grupchin, 
represented by 
Palaeozoic age too separate these karsts type mountains and as such one it builds a 
typical hydrogeological barrier. Therefore, the Polog valley is a tectonic graben 
subsided into the old Palaeozoic formations which means that the basic terrain i.e. the 
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paleo-relief of this valley is constituted of old Palaeozoic rocks having a geological 
composition similar to the composition of the ridge.

Hydrogeological studies given in this paper are based upon numerous and various kinds 
of investigations especially of the region of the Polog valley and adjacent solution 
springs. In the hydrogeological sense the Polog valley itself is represented by:

-Very permeable, at the same time very water-abounding sediments of intergranular 
porosity with filtration coefficient Kf>1 x 10-1 cm3/s and with Q>10 l/s. These sediments 
are represented by proluvial deposits at the foothills deposits of the river courses 
upstream Gostivar and downwards in the Derven gorge in the Vardar river valley.
-A complex of permeable and impervious sediments on the largest section of the terrain. 
Immediately at the surface that are the upper Pliocene sediments in Dolni Polog and the 
alluvial deposits of the lowest Vardar river terrace covering the major part of the valley. 
The sediments are represented by well granulated gravel and sand, stripped by clays or 
more clayey gravel sediments. According to the water abounding they correspond to the 
terrain with strong water discharge, with Q=1-10 l/s each project. The upper Pliocene 
sediments near village D. Banjica and upstream the village Raven toward the Retain 
village belongs also to that category of water discharge.

The artesian spring in Dolni Polog was also formed in a complex of permeable and 
impervious upper Pliocene sediments with a discharge of 1-10 l/s each bore hole of 2 

The underground water courses in the Polog valley are flowing from the Shara 
mountain foothills toward the Vardar river but generally taking they flow from Gorni 
Polog that is to the Zeden mountain karst massif.

The groundwater depth in the Polog valley is mainly about 2 m and is limited on the 
Vardar river banks and in the middle part of the valley, especially in Gorni Polog where 
a constant or temporary swamping of the terrain takes place at a larger distance. Going 
to the Shara mountain ridge the depth of the Polog underwater is increasing so that in 
the village Pirok it goes over 20m. Certainly, there are some exceptions in this section 
of the terrain as it is the case in Rechica and Kamenjani villages, where the depth of 
groundwater is less than 2m. In any case, it is about the local phenomena only because 
the observation wells are situated in the immediate vicinity of the river courses.

A dense system of observation piezometres and wells set in the village Raotince has 
unambiguously shown that the depth of underground water decreasing evidently in this 
section of the Polog valley going towards its ridge. Such a tendency of groundwater 
level decreasing is also a case for the 
the villages Polatica and Zelino.

Considering the depth of the artesian water body, first artesian horizons from the terrain 
surface, is situated in the area of the villages Janchiste Kopanica, and the deepest one 
in the area of the village Jegunovce. 

The rock masses distributed at the ridge of the Polog valley are differing essentially 
relating their hydrogeology what is of a great importance for the groundwater regime in 
the valley. For example the Shara Mountain slopes consisted of poorly permeable and 
impervious rocks of fissures porosity. From these areas, the Polog valley is supplied 
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with groundwater. Therefore the importance of the Shara Mountain in supplying the 
Polog groundwaters is not significant. The main zone for infiltration of surface waters is 
the zones of the river basins and flows in the Polog valley. The Shara Mountain area is 
distinguished by significant precipitations so that the surface water from its slopes and 
even at its foothills flows to the Polog valley, and here the infiltration into zone of 
groundwater bodies is mainly from permeable alluvial deposits.

South of Gostivar, the rock masses are very different by their composition and 
hydrogeological properties. They has important role in supplying the Polog 
groundwater, because surface and groundwaters flowing toward Gorni Polog. The rocks 
of fissure porosity (metamorphosed diabases and various kinds of sc
largest extending, while the rocks of karsts porosity although with smaller extension 
play a more important role in supplying the Polog valley in this section of the terrain. 
The springs with rather higher discharge are placed in the karsts massif Bukovik, then 
the springs in the village Banjica at Gostivar and particularly the Vardar river source 
that has a discharge of 1m3/sec.

The mountain Suva Gora although takes an active part with its smaller section only in 
the water balance of the Polog valley. That is at its southwest ridge from the village 
Forino to the village Volkovija where the draining out of groundwater is taking part 
superficially and diffusively through of a several springs. The other part of the Suva 
Gora solution spring is tending toward the Treska river bed where several springs with 
high yield are situated on its right bank.

From Volkovija toward Grupchin and Skopje valley, a formation of metamorphosed 
-tectonic position this formation 

represents a typical hydrogeological barrier separating the Suva Gora solution spring 
from the Zeden massif solution spring, representing also a hydrogeological barrier in 
sense of the flowing off the water from the Suva Gora karsts against the Polog valley, at 
the Volkovija Zelino line.

The Zeden Mountain represents a relatively small karsts mass constituted of marble 
rocks. It is characterized by a very developed karstification and that deeper from the 
elevation of 300 which corresponds to the draining out zone through the Rasche large 
spring. This karsts massif is bound by imperviou
on the Grupchin saddle toward SE, and by the Radusha ultrabasites (periodotites and 
serpentinites) in the NW direction. 

In the NW is the Polog valley represented by a complex of permeable and impervious 
sediments of intergranular porosity which from the groundwaters are flowing into the 

-100m. On the 
opposite SE side the 

the Zeden karsts is weakly expressed. Otherwise the Zeden solution system is 
distinguished by very expressive mixing of waters which are formed of the direct 
precipitations in the Z in the Polog 
valley and from the waters flowing from the Vardar river into the Derven gorge, or they 
flow out directly over the abyss into the ridge karsts in time of flooding, what the case is 
in the village Raotince in Dolni Polog.
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The depth of the karstification development and other hydrogeological characteristics, 
are prerequisite that the Zeden area represents a collector-reservoir below the elevation 
of 300. 

The position of the level is influenced by as a 
media with lower lateral filtration. Flowing out water from this zone takes mainly place 
through the Rasche large spring at the elevation of 300.

Anyway, such hydrogeological system is very complex to understand, a still there are some 
different opinions for the groundwater regime in the Polog area. 

This area is in a phase of detailed hydrogeological investigations for the necessity of 
preparing of Basic Hydrogeological map of the Polog at a scale 1: 100 000.  Some details 
are given in an appendix 6.
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Chapter 5

Identification of the most important groundwater abstractions in the 
sub-basin Crn Drim 

Analysing the data from the previous chapters, it is evident that Palaeozoic schist's and 
intrusive rocks rocks play a minor role in groundwater exploitation in the analysed area.
This statement is also valid for all area of the country. 
In order to define the reserves of the
water supply, the collected data are given in tables 5.6 to 5.11 for all country. After that, 
a short comment is given for the area of Crn Drim sub-basin. 

5.1. Main data about irrigation and drinking water demands in area of sub-basin Crn 
Drim

The irrigated areas in major river basins in Macedonia are presented in Figure 5-1. At present 
Agricultural water consists of irrigation water and livestock water. The consumption of 
agricultural water, however, has not been recorded in Macedonia like that of municipal water, 
and consequently has to be assessed by analyzing the existing irrigation systems, climate 
conditions, and cropping pattern.

Irrigated areas

Vardar River basin

Crn Drim River basin

Strumica River basin

Juzna Morava River basin

Figure 5.1. Major irrigation schemes
The requirement of the livestock water demand is calculated of 0,768 m3/s that is 
66.355 m3/day or 24,2 million m3/year, which is 1,8% of the irrigation water 
requirement of 1.368 million m3/year.
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Table 5.1 Irrigation water demands (current condition)

River basin
Area
(ha)

Irrigation water demands
(m3/year)

Vardar 99.918 731.732.000
Strumica 18.432 117.941.000
Crn Drim 8.267 49.662.000

Total: 126.617 899.335.000
Source: ERWRM

For drinking water supply springs, groundwater and surface water (or combined 
resource) are used. Larger cities are supplied with spring water: Skopje, Prilep, 
Kichevo, Makedonski Brod, Krushevo, Struga, Debar, Gostivar, Tetovo and Kriva 
Palanka. Groundwater is used for supplying the following cities: Skopje, Shtip (with 
pre-treatment), Veles, Kochani, Probishtip, Gevgelija, Ohrid, Demir Hisar, Delchevo, 
and Radovish. Combined water supply with spring and surface water is used for Ohrid, 
Kavadarci and Negotino, while groundwater and surface water is used for Delchevo and 
Vinica. Rural water supply systems are mainly supplied from springs and groundwater, 
but lately, very often they use surface water. Intake and consumed water in water supply 
is presented in Table 5.2.

Table 5.2 Data about intake and consumed water in water supply 
Intake water

(l/s)
Groundwater Spring 5.491

Aquifer 2.645
Surface water Water course 1.050

Reservoir 1.455

Total: 10.641

Consumed water
qmax/day

(l/s)
Q

(m3/year)
Population 8.815,0 97.318.000
Tourists 565,4 6.258.300
Industry 14.983,3 274.147.000

Total: 24.363,7 377.723.300

Water losses: 10-65%
Source: Spatial Plan of RM, (1998)

Generally, there is no database on national level, where all different types of information are 
collected regarding water supply. This is also very evident for the rural water supply systems 
where no data or data are very limited on the water use quantities, water quality, use 
efficiency, problems in operation etc. Total drinking water demands/year is defined 
upon the number of population according the Census 1994 and water supply norms in 
NEAP 1. The norms for the cities were taken 0,300-0,400 m3/capita/day, while for the 
rural water supply norm was 0,25 m3/capita/day.
In the Table 5.3 drinking water supply demands/year on river basin Crn Drim are given.
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Table 5.3 Drinking water demands

River basin
Drinking water 

demands
(NEAP 1)
(m3/year)

Drinking water 
demands

(ERWRM)
(m3/year)

Drinking water 
demands
(NEAP 2)
(m3/year)

Crn Drim 19.031.912 15.220.600 17.094.739

Drinking water demands for tourists is also estimated by the number of tourists and water 
supply norm.  It is obvious that in the Crn Drim river basin, where are the two largest natural 
lakes Ohrid and Prespa (the major tourist locations), the water demands for tourists are the 
highest. 

Table 5.4 Water demands for tourists

River basin
Water demands for 

tourists
(m3/year)

Vardar 2.041.000
Strumica 162.000
Crn Drim 4.055.300

Total: 6.258.300

5.2 Groundwater reserves in Macedonia

Lithological and hydrogeological data on the maps and tables indicates that the main 
groundwater quantity is connected with karsts zones and intergranular porosity 
sediment with super-capillary porosity. 

The karsts springs are the important source for water supply. On the other side, gravel 

sediments, serves as a media for irrigation and water supply purposes.
A general problem in the entire country area is the lack of complete and precise 
borehole and well data, and the small number of deeper boreholes and wells. 

Lithological data are available from limited number of boreholes, while the well defined 
and analysed data from pumping test data are available for smaller number of wells. 

From privately drilled wells known to exist, there are no technical and lithological data 
except verbal information on the depth and approximate discharges of a few.

Estimates of the number of shallow wells for domestic water supply and for the 
irrigation are very heavy to be given, becose there are no precise archive giving 
information on well numbers, locations, ownership, scharges, water extracted. This can 
be a point of further analyses in a next step of Project..
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The maps with so-called static reserves are given on Figures 5.2 to 5.5.

Figure 5.2 Map with static groundwater reserves (Source: Stavric, 2004)

Figure 5.3 Map with static groundwater reserves in artesian aquifers (Source: Stavric, 2004)
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Figure 5.4 Map with static groundwater reserves in karstic aquifers (Source: Stavric, 2004)

Figure 5.5 Map with groundwater thermal and thermal-mineral reserves (Source: Stavric, 
2004)
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5.3 Comparison of the water demand and groundwater reserves in sub-basin 
Crn Drim

In order to have roughly overview of possibility for use of groundwaters in the table 5.12 and 
5.13, some data are given. Only the so-called dynamic reserves are taken into the account at 
this stage of the study. 

Table 5.12 Irrigation and drinking water demands (data from tables 5.1, 5.3 and 5.4 for Crn 
Drim Area)

River basin

Drinking water 
demands
(NEAP 2)
(m3/year)

Irrigation water 
demands
(m3/year)

Water demands for 
tourists

(m3/year)

Crn Drim 17.094.739 49.662.000 4.055.300

Total demands
70.812.039

Table 5.13: Available groundwater dynamical reserves (data from tables 5.5 and 5.6)

River basin
Reserves of groundwater

(m3/year)

Crn Drim 4.420.000+
33.420.000

Total reserves
37.840.000

water demands 
in Crn Drim area. The given numbers are only indicative, and detailed further analyses 
are needed for all area, because, from several practical, ecological and technical reasons, 
it is not possible to use all reserves of groundwaters in satisfying of the demands.   

Detailed studies are necessary; in order to define what percentage from groundwater 
reserves can be used for such purposes. 

This is very important, because, the existing systems is far from the modern water 
management approach. Furthermore, the institutional arrangement till now, does not 
aloud realization of coherent and integrated water resource management regarding the 
decision-making process, planning, coordination, implementation of acts on a national 
or local level, etc. This weakness also results with inadequate protection of waters as 
resources and as environmental media as well.
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Chapter 6

Conclusions and recommendations

According to the data given in the Report, some conclusions and recommendations 
can be underlined. They should be considered for future stages of the Project and 
treatment of groundwaters in general. 

At a first place, we will note that the present state of knowledge on geological and 
hydrogeological information allows a general description of the aquifers and ground 
water potentials, but is insufficient to exactly describe underground conditions and 
hydrogeological properties for all areas in the country. 

Some of the given data are from older origin, and preparation of ground water 
balances is not enough precise. 

It is known that irrigation and water supply sector is facing many problems of 
technical, institutional and financial aspects. Part of these problems should be solved 
with the new organizational set up by forming of the new Water Economies and 
Water Communities. 

Referring to the technical problems there are several projects, which rehabilitate and 
reconstruct large part of the irrigation schemes. Regarding the financial problems, 
state budget would cover some of the cost, but new Water Economies should be self-
financing and self-sustainable legal entities.

In order to define the problems about quantity or quality of the it is 
necessary to establish database on national level by consumed water, pollution and 
impact. 

It is convenient to merge this database with Cadastre of polluters also for 
, so in one database to have all necessary information. Currently, there 

is no precise data on quality of the used 

At the National level, it is necessary to complete all Hydrogeological maps for all 
topographical  sections based on same methodology, in order to have more reliable 
data  as a basis for all other steps in water managements.

An assessment of the geological and hydrogeological situation and of the ground 
water potential requires the following information:

Creation of a unit for the planning, supervision, data collection and data 

processing for all geological and hydrogeological activities, because the 
former Geolog
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Borehole register and borehole location map, introduction of a well numbering 

system is necessary

Exploration boreholes penetrating potential aquifers

Precise sampling and geological borehole logs

Properly constructed, equipped, developed, and tested wells and satellite 

piezometers, presentation of corresponding data 

Observation well network for the respective aquifers

Survey for measuring borehole and well head elevations 

Regular measurements and recording of groundwater levels (depths and levels 
a.s.l.) in observation wells

Regular processing of data to keep up with ground water reactions on 
meteorological conditions and ground water exploitation: 

Water level histograms 

Ground water level contour maps

Ground water sampling, physical, chemical, and bacteriological analyses, 

construction of ground water chemistry maps

Survey of existing shallow wells. Numbering, information on location, owner, 

approximate yield, duration of pumping, static water levels

It is evident that the above prerequisites cannot be implemented immediately, 
especially because of the investments involved.  It should be endeavoured, however, 
to start with the execution of the most urgently required, and relatively easy to 
execute, works.
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