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Dear Dr. Moore, 

Since You left Turkey after finishing the geothermal 
seminar, we have worked at many geothermal fields in Turkey, 
so we are trying to find a very good geothermal potential area 
that contains high enthalpy fluids to produce electricity. 
As you know, for this purpose we have worked with UNOCAL as 
a joint venture participant, so we have some experiences about 
the geothermal exploration, but we need to have more experimental 
studies or applied works at a laboratory or at a university to 
develop our data interperatation of the geothermal works 
(geochemical exploration and reservoir geology and engineering), 
so that we can interprate our geothermal data more accuratly 
and solve our geothermal problems easily. 

When you were here, we had talked about this kind of 
training for our engineers at your institute and you had told 
us to help about the training for us. We are sure that you 
can help us for this matter, but we do not know about the training 
program and when it is going to be available for us. Also we 
are not sure about your institute policy about this kind of 
purpose. For sure, all expenses of the studens will be paid 
by the Turkish Petroleum Corporatino (TPAO). 

Could you please inform us about the advanced geothermal 
training for the data interpretation (geothermal exploratino and 
reservoir aspects) at your institute. If you help us for this 
purpose we will be very happy. From now, thank you very much 
for your considerations. 

Best regards. 

Sincerely yours, 

Haci SAVCI 

Geothermal Manager 
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Dear Mr. Bodvarsson, 

I am the geothermal manager of Turkish Petroleum Corporation. We 
had met at the geothermai seminar at Antalya, Turkey in 1987 and we had 
talked about some special advanced course or research program on the 
geothermal exploration and reservoir engineering subjects at your univer 
for our engineers as a training course that can be in a two months perio 

Since that time, we have worked at many geological, geophysical, 
geochemical and drilling data for every field of Turkey, so we are tryin 
to find a very good geothermal potential area that contains high enthalp 
fluids to produce electricity. For this purpose we have worked with UNOC 
as a joint venture participant, so that we have some experiences about 
the geothermal project, but we need to have more experimental studies or 
applied works at a laboratory or at a University to develop our 
interperatation on the geothermal data of the geothermal works (geochemi 
exploration, reservoir testing and engineering), so that we can interper 
our data more accurately and solve our geothermal problems easily. 

As I know your institute deals with that kind of experimental 
studies; for this purpose, would you like to help us, if some people 
from here come to your institute with their surface and sx;>bsurface data 
(geological, geophysical, geochemical and drilling) to train about the 
geothermal data interperatation. For sure, all expenses of students will 
be paid by Turkish Petroleum Corporation that is a major national oil an 
geothermal Company of Turkey. But we are not sure that you can accept ou 
request and we do not know your institute policy about this kind of matt 

Could you please inform us about this kind of training for us is 
available and what we need to have this training at your institute. 

./. 
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If you help us for this matter, we will be very happy. From 
now, thank you very much for your consideration. 

^ : . . 

TPAO 

Sincerely Yours, 

; C 

Haci Savci 
Geothermal Manager 
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2. Unutar podruCja sa pozitivnim anomalijama sile teie i geomagnet-
skog poija mote se ocekivati regionaini toploini tok vclike gustinc. 

3. Kontaktno mctamorfne zone otkrivenih i posebno pokrivenlh intru-
zija ki.selih niagmatiikih slena predstavljaju veoma potencijalna leliSta i 
izvoriSta hidrogeotemuilne energije. 

4. Podru£ja sa pojavatna tercijamog vulkanizma predstavljaju veoma 
perspektiviia podnifja za eksploataciju geotermalne energije. 

S. Podruije Avala — Kosmaj — Bubuija — Rudnik spada u najper-
spcktivnij.1 podruija u SR Srbiji, pa i. jednog od najperspektlvnijlh u 
SFRJ za intenzivno koriSifenje geotermalne energije. Procenjujemo da de se 
u njemu pronad taVva leliita i izvoriSta iz kojih de se geotermalna ener-
gija korisliti i za proizvodnju elektriCne energije. 
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S u m m a r y 

On Gcoihennal Resource Possibilities In Ihe Aval* — Kosmaj — 
— BukuIJa — Rudnik Area 

J. Ferid and M. Milivojevid, Hydrogeological Division of thc School of 
Mining and Geology, DuSina 7, Beograd, Yugoslavia 

The monogri^h Ls a presentation of the analysis and synthesis of all the 
data obtained by earlier regional and detailed Reological, hydrogeological and 
geophysical research iji the area emending from Beot^ad as far .south as Gornjl 
Milanovac. i. e. in the (nountain range AvaJa — Kosmai — Bukulia — Rudnik, 
covering about 3600 km'. The purpose of the analysis was to obiain an insisht 
into its general geothennal potential in order to assess the possibilities of this 
Jirea (o become a geothernial energy resource. The acra lies between 20" 8' and 
20» 45' east of Greenwich, and between 43" 55" and 44» 50" north ot Ihe Equator 
(Fig. I). Il comprises the southem peripheral part of the Pannonian ba.'iin and 
the northcnnmost part of the socalled Vardar zone, well-known in the geological 
literature. 

The area of study is characterized by numerous occurrences of Neoitene 
volcanics indicating the presence of slill hoi acid granitoid intnisions. They 
constitute the highest geoihermai potential in this area. Incidentally, mountain 
Rudnik consiilucs the youngest volcanic area in Ihc Socialist Republic of 
Serbia. 

As menlioned above, the mountain range Aval — Kosmaj — Bukulfa — 
— Rudnik represents the northernmost part of the Vardar zone. This zone and. 
therefore, also Ihe area of study borders wilh the Dinarides on ihc west and 
the Carpatho.Balkanides on the east. 

Prior to the development of the new gtoboJ tectonics and the plate too-
tonics, the geotectonics of the mountain range Avala — Kosmai — Bukulia — 
— Rudnik was generaly associated wilh the V.irdar zone. The origin of the 
Vardar zone and its relative |x>silion has been variously interpreted from tlie 
standpoint of the traditional geotectonic theory. From the standpoint of plate 
tectonics views likewise differ, but most researchers agree that the Vardar 
zone is a subduction zone and that it belongs in the Serbo-Macedonion Benioff 
system. 

The thickness of the Earlh's crust In Ihe mountain nmge Avala — Kosmaj 
— BukuIJa — Rudnik and its Importance as a factor in the development nf 
eeothermal eneiw — have not been studied In detail. A general statement can, 
however, be maae on the basis of earlier measurements of the Earth's crust 
in the neighboring areas. Thus, going soutwards of Beograd, i. e. from Avala 
to Rudnik, the thickness of the Earth's crust increases (I^g. 4); to be more 
precise, its thickness near Beograd is alxxit 25 fan, and reaches 36 km In the 
Rudnik area. 

TIK geological composition and structure of the area of study Is of b 
highly complex chiu^cter. This is reflected in a great stratigraphJo-facial tUver-
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.<:ity, and a large number of extrusions and intrusions of all leinds of igneous 
rocks, mostly of Neogene, perhaps, also of (Juartemary age. ns well as in 
very complicated tectonic rclaliuns (Fig. S). A.s mcniiuncd above, praniloid 
plutonics represent the main geothermal potential. These rocks fall into the 
zone which extends along Ihc easlern and northeaslern periphery of thc Inner 
Dinarides from Kopaonik in the south lu Avala in Ihc north. Thc characteristics 
uf the igneous activity in the area of study indicate that some granitoid pluto
nics are associated wirh the same magmatic melt. The plutonics are of Late 
Miocene age. 

The neoteclonics in the mountain range was rather active, as could be 
deduced from the occurrence of seizmic centers. Seismicity is most strongly 
manifested in the area of Rudnik mounlain which is at the same time the 
area wilh strongest seismic activity in the whole of Serbia, its intensity fal
ling in class IX of MCS. Another area of very strong seismic actiiily is that 
around Lazarevac, where earthquakes reach the same intensity: class IX of 
the Mercalli-Cancani Scale (Fig. 10). Hypocenters generally occur in the shallower 
parts of thc Earth's cmst (Fig. II). The epicenters cf thc most intensive and 
mteitsive earthquakes occur in Ihe areas in which Tertiaiy igneous rocks ore 
present; close to, or, along rather large discontinuities, "fhe efiicentral zones 
coincide with the zones of upward ncolectonic movements of the Earlh's 
crust, as recognized on the basis ot aocuralc surveying. 

Regional geophysical gravimetric and geomagnetic explorations made it 
possible to distinguish principal tectonic and geological units. Thc isogal map is 
very complex (Fig. 12). Most of the area between Avala and Kosmaj displays 
positive values of gravimetric anomalies (Fig. 12). The positive gravimetric 
maxima can be accounted for by ithc presence of basic rocks. The presence ot 
Tertiary and Creiaeeous Flysch sedimentary basins is manifeslcd in remarkably 
high negative anomalies. 
Numerous occurrences of Ihermal. mineral and thermo-mincral waters hav been esta-
bilishcd. in Iheareaof studv: Ihey arc found either as nalural springs, or in bore
holes (Fig. 22). The maximum temperature of natural springs' is 3P C. The 
comparatively Jow lemperature values can be attributed to unfavorable hydro-
geological features of the terrain in its shallower parts rather than lo the 
existing geoihermai condilions. 

Geothermal characteristics have not been studied in any great detail 
so that no data are available on the terrestrial heat flow. There is comparati
vely little evidence on geothermal gradients and/or temperature gradients, most 
measurements being tadcen in Neogene Sedimentary basins, the geoihermal 
gradients in these basins vary between 12 and 18 m/° C, which suggests that 
the heat flow values exceed IOO mW/m'. The highest geothermaJ anomalies 
recorded to date :«re those measured in the vicinrty of Mladenovac, i. c. in Ihc 
area of the granitoid plulxm of Kosmaj, and at the foot of Mauni Avala near 
Beograd, where Ihere is another granitoid pluton, most Kkcly linked with that 
in the Kosmaj area. Acoordinji lo these anomalies, the geothermal gradients 
Bvarage 5 m/° C. These anomaly values indicate that tne buried granitoid 
intrusions of Avala. Kosmaj, BukuJja and Rudnik constitute Ihe highest geo
ihermal, i. e. pelrogeothermal potentmls. In their vicinity the heat flow values 
should exceed 200 MW/m'. 

The significance of granitoid plutons as the most Importam resources of 

f;eothermal energy in the area of study is also indicated by numerous paleo-
lydrogeolhermal siliceous and carbonatic occurrences. These aire direct indicators 

ot the presence of young palchidiogeohtermal high-temperature systems, of 
whi<:h the paleohidrogeothermal system of AveJa has been studied in greatest 
detail. In this locality near Beograd, a temperature of 200—250° C can be expec
ted at a depth of I.S — 3 km. 

The analysis of result!: of ail explorations to date warrants the conclusion 
that the Avala — Kosmaj — BukuIja — 'Rudnik area is highly likely to contain 
geothermal energy resouces which can be utilized. The explorations should be 
concentraited around the Neoaene granitoid intrusions of Avala, Kosmaj. BukuIja 
and Rudnik, because they oner the possibility to utilize geothermal energy by 
applying the Hot Dry Rock (NDR) System. 

Tmtslated In 
nir Z. StojaffinovU. 
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GENERAL CONCLUSION 

On the basis of available information and Yugoslav and international 
experience in this sphere the thermal-mineral spa od Ilid2a seems to deserve 
an exceptional professional and scientific attention. 

The (participants in the Programme as well as other associate members 
have expressed great pleasure in the fact that favourable atmosphere has 
been created and an approval obtained for the commencement of utilisation 
of geoihermai power and thermal-mineral water of llidia for various purp
oses such as power supply, heating, agriculture, balneology, sports and 
recreation, chemical and chemical-technological purposes. 

Hereby we wish to acknowledge all those who have Incited a wider 
action of elaborating documents concerning the exploitation of this spa 
in economic purposes. Also, we would like to express our gratitude for the 
support obtained for this regional Programme. It is an exceptional pleasure 
to know that our social, scientific and professional Idea has blossomed and 
bom fruit enriched by the desire for this natural resource to be finally 
utilised and explored. 

However, It is a long-term assignment and provided there is a thorough 
overall Programme it will have to be constantly supplemented and gradually 
implemented. 

The ll idia spa yields at present approximately 240 llters/s of ther
mal-mineral water of 58°C awaiting its valorisation. The Incrustation prob
lem has already hepn siiccpssfully resolved ba the Yugoslav Bxn<>r|<; jn thi'i 
fieltJ. It was a problem which had been earlier solved by the experts In 
Wester Germany, the USSR, Hungary and other countries as well. The 
solution has opened enough space for substituting classical fuels which Is 
a great achievement from the social point of view. 

Utilisation of thermal-mineral water resources of Yugoslavia and 
llidia has certainly improved our esteem In European scientific circles since 
the pilot plant and the degassing system are an original solution designed by 
Yugoslav experts. 
^' The geo-thermal macro region of ll idia is an integral part of the macro 
area of the so-called Busova£a thermal zone which has a planetary character 
and where numerous indications exist concerning the presence of various 
natural resources of thermal, thermal-mineral, mineral, highly mineral water 
and CO2 93!i. Today, when we are compelled to turn to the geo-thermal 
energy we have to systematically and persistently investigate this inexha
ustible heat resource. 

It Is the right moment now and for this reason we are adv(x:ating a 
long-term prospecting in order to find out as best as possible all the facts 
concerning this resource and to begin its exploitation. 

It is necessary to continue with the geological and hydrogeological 
investigations as well as with the suplementary deep boreholes. Scientific 
research work and the most recent Intemational achievements in this field 
have to be Incorporated In this action since they will certainly be of great 
help in our resolution and persistence to attain this potential. 
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Activities concerning this subject conducted In Italy, France, the 
USSR, the USA and other countries should be closely followed In order to 
include all the pertinent information into this exceptionally responsible task 
of ours. 

In addition to the geological investigation work it is necessary to clo
sely follow the technoiogy of utilisation ofsuch waters In agricultural, heat-
-supply, balneological and chemical purposes as has been concluded by the 
specialists-associates in their valuable contributions. 

Our aim has been to apply multidisciplinary and scientific experience 
on a whole range of utilisation of thermal and thermal-mineral waters in 
order to keep up with the international attainment, regardless of the fact 
whether we might be able to exploit these resources to a wider extent. 

There are objective possibilities of obtalnintj new quantities of water 
of considerably hicjher temperature and pressure, as well as with a lower 
content of mineralisation. For this reason we have to conquer this particular 
matter step by step and achieve its realistic exploitation and utilisation. 

The structure of the terrain as well as all the acquired data from 
various parts of the world where intensive drilling works have been perfor
med indicate that here we can expect the temperature of the thermal-mine
ral water to be between 80 and 90°C which vvould satisfy our expectations 
to the full. 

The most significant manner of water enthalpy utilisation is generati
on of etectricity, heat supply intended for heating of residential quarters 
and hotels in the sense of the production of municipal hot water supply 
for which only the „EHOS" hotels at llidia have been spending considerable 
funds annually. 

Application of hot water in agriculture promises significant results 
particularly since there are still ample fields available at Butmir, llidia and 
Blaiuj which could be utilised for the production of food stock, mushroms 
and fisheries based on hot water supply. 

Water chemistry can serve fot the extraction of various macro and 
micro elements such as fot Instance 6, Na, Li, Sr, S, Ce, G and other on the 
basis of which a chemical industry could be started as is the case in Toscana 
baLardereloin Italy as well as in other places in the world. Even potable 
water can be produced as a by-product using the method of dry remnant 
condensation. 

New deep boreholes may reveal new types of water which would thus 
open up new domains of utilisation and application. Since this Is a renewable 
and Inexhaustible energy, it can be utilised In the region of ll idia and Sara
jevo for the conditions are ideal in the sense that they are economically 
feasible. For this reason the geo-thermal exploitation should commence at 
once. Experimental models which would provethepossibllitiesof hot water 
application in agriculture are justified indeed. Such an application would 
give a significant contribution in substituting imported fules for industrial 
purposes as well. 
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Activities concerning a wider usage of the geo-thermal energy from the 
aspect of the protection of the human environment should also be developed 
including them into the social planning in the Republic of Bosnia and 
Herregovinla. 

The present state at ll idia concerning the reserves of thermal-mineral 
water offers a significant onset of experimental investigations In energetics, 
agriculture and chemistry and for this reason we should not await new 
results but utilise the already existing ones as well as permanently searching 
for new ones. ), 

This Programme Is a consequence of many years of scientific research 
work concerning the possibilities of application of geo-thermal waters from 
llidia whose total hamdess Is 85°dHaccompanied by high release of carbo
nates and large quantities of erruptive gasses CO2 and HoS. Such and similar 
types of geo-thermal waters are to be found in Yugoslavia and a positive 
solution of the problem of heat transfer will certainly intensify the applica
tion of geothermie as an altemative heat source. The general-geo-tectonic 
relations indicate that llidia and Sarajevo are located within a wider region 
of exceptionally rich hydro-geo-thermal resources which has been confirmed 
by geological prospecting works executed during the past years and which 
are still In progress. 

The Interdisciplinary approach in the solution of a complex subject 
matter concerning the geo-thermal waters with a high hardness degree and 
large quantities of aggressive erruptive gases has attained a new technology 
which has yielded exceptional results such as the pilot plant for the heating 
of residential buildings. This plant has eliminated the Incrustation problem 
ahd the problem of erruptive shtxks creating favourable conditions for heat 
transfer while at the same time establishing suitable materials, effects of 
corrosion and testing of the structure. 

The Assemblies of the l l idia County and of the city of Sarajevo have 
engaged institutions and research workers in new contemporary technologies 
for the purpose of further investigations and provlson of funds Intended for 
future programmes of research and exploitation of geo-thermal and thermal 
mineral waters at this location. 

This has resulted in a scientific-research cooperation between designers 
institutions and work organisations, a s well as in an elaboration of a whole 
range of very profitable and attractive programmes conneaed with the 
application of geothermie as an altemative and replenlshable power resource. 

The cyty of Sarajevo having realised Its great chance in the economic-
development through the application of these programmes has chosen to 
implement the technology from a numt>er of fields using thermal water as 
its source of energy. 

Heating of residential and municiptal facilities of Ilidza, the highly 
productive industrial production of food In enclosed premises, the aquacul
ture for the produclion of fish spawn and consuntable fish, the sports recre
ation and balneology, as well as the production of gasses and minerals are 
only a part of the possibilities selected by the city of Sarajevo In the form of 
the pilot plant and its exploitation. 
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Such an activity of the Sarajevo experts, as well as of the economy 
and the Assembly, will certainly have an impact aimed at achieving a forse-
able introduction of geothermy as an alternative power resource in Yugosla
via which is exceptionally rich in this type of energy. This would certainly 
have a favourable effect on the economic power of Yugoalvia offering a 
higher grade of security by the production of food stock. A possibility has 
been created for the inclusion of this type of technology in the intemational 
market, particularly in the Third World Countries which are abundant In 
geo-therrrtal water resources. 

The present day as well as the future investigations ought to be acce
pted since the Programme has been favourably evaluated by experts of 
various profiles. It should be continuously supplemented taking into consi
deration all technical and scientific achievements from the surrounding 
countries of Europe in order to remain in the centre of all the events which 
might contribute to our prosperity. 

It is necessary to make a study visit to Larderelo where It is possible 
to see everything ranging from investigation work to the chemical exploi
tation, and in particular the application of geothermal power in the produ
ction of electric energy. The scientific work concerning the overall utilisa
tion of thermal-mineral waters for various economic purposes should be 
nurtured and supported. 
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F A O 
FOOD AND AGRICUI/TURE ORGANIZATION OF THE UNITED NATIONS 

COOPERATIVE NETWORK ON GEOTHERMAL ENERGY USE IN AGRICULTURE 

first CNRE workshop on the use of 
geothermal energy in agriculture 

Skopde 50.03. to 01.0^.1987 

GEOTHERMAL ENERGY RESOURCES EXPLORATION,DEVELOPMENT 
AND UTILIZATION IN SR MACEDONIA,YUGOSLAVIA 

ABSTRACT 

This paper gives a brief survey of the results obtained 

in almost a ten year period of geothermal energy resources 

exploration,development and utilization in SR Macedonia, 

Yugoslavia, The teritory of SR Macedonia is characterized 

by numerous thermal springs thus represents an area of 

potential sources for geothermal energy. The distribution of 

hot springs is shown in Fig, 1, In most cases the springs are 

located at the margins of fault-bounded valleys and it is 

possible that deep circulation of meteoric water in these 

fault zones is responsible for the elevated temperature of 

the springs. The heating effect of deep circulation is 

believed to be enhanced by an abnormally high regional heat 

flow from the earth*s crust. 

Although the hot springs of Macedonia have been used as 

spas since the Roman times, it has been only ten years that 

investigation has shown that the water flow rates can be 

augmented by drilling not only at the spring sites but also 

in sedimentary basins with which the springs are associated. 

The geothermal activity is found in more than 20 localities, 

10 of which have maximum temperature of 50 to 80 °C, 

The geothermal fields are mostly located in the south-east, 

east and north, including the western part of the Republic 

as well. Among geothermal fields, investigations of Kocani, 

Vinicai Gevgelia, Strumica, including Skopje valley are most 

advanced. 

Todor Novkovski, Fund for exploration and development of 
mineral and ener{?;y resources of SR Macedonia, SkopJr;,Yu;;o.'~.l.avia 
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1, Introduction 

The drilling exploration prograjnme which was 

initiated by the Fund for exploration and development of 

mineral and energy resources in SR Macedonia and prepared 

by the Institute of Geology, Skopje Eind the Institute of 

^eology, Ljubljana, started to be carried out in the second 

half of the 70s, in three main geothermal areas, such as: 

Kocani-Vinica valley, Gevgelia-Valandovo valley, Strumica 

valley, including Skopje valley as well. In addition, 

the exploration work on the regional scale, including 

FIG.ILOCATION OF THERMAL SPRINGS AND WiLLS 

, TKEKMAl SPRIHGS 

gr--?^ H«iM oeomtBMAi vA i iETS 

OIHEK GEOIHERMAI AREAS 

Q MAIN tOWMS 

drilling of gradient drillholes, was carried out 4̂6- in 

Stip geothermal area /Kezovica/, Kumanovo geothermal area 

/Strmos-Pcinja/, Debar geothermal area /Banjiste and Koso-

vrasti/,, Subotavoda, Tople-o-Gevgelia-Dojran and Kosel-
Ohrid* shown in the map above. 
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In this article, only the first four of them are considered. 
The necessary knowledge about their geological and 
geophysical nature is drawn from unpublished data as well 
as data published in Macedonia and Yugoslavia, given on the 
last page. 

2. The Present Status 

A successfull prospefcting,development and utiliza

tion for geothermal water has mostly been limited to known 

geothermal localities. The production wells in individual 

geothermal .qareas, however, are comonly sited by aid of 

geological,geochemical and geophyiical exploration methods, 

including gradient drillholes, at some distance from the 

natural hot springs. 

Around fortjiy shallow and deep exploratory and 

development wells with depths of 50 m to over lOOOra, have 

been completed in a 10* year^ period. The maximum temperatu

re encountered in drill holes is 85 °C. 15 wells are 

production with an average flow rate of over 1000 1/s by 

free flow and pumping. 

The chemical composition of the therraal water is 

much affected bythe rock tjpes through which the water 

flows, so the mineralization is relatively low in eastern 

and southem Macedonia, wheD̂ e the thermal water flows through 

the christaline basement rocks but very high where it flows 

through limestones as it is the case in northern and 

westem Macedonia, Therefore heat exchangers are needed in 

the limestones areas for any other use than bathing, where 

as the thermal water can in most cases be used directly 

in the christaline basement areas. Carbonate precipitation 

from the water is a big problem and the water is corrosive 

for steel as well, A chemical survey carried out in 

Smokvica geothermal field has shown that the well instala-

tions. and pipes are highly damaged in four years period of 

production only. 

Large scale utilization of geothermal water for 

heating green houses started only few years ago. '-t'he grear) 
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houses located in Gevgelia geothermal area-24 ha, Kocani 

20 ha. and Isti Banja-12 ha have been heated byoil, have 

gradually been converted to geothermal heating. In addition, 

Q ha of green houses located in Strumica geothermal area 
have been heating by geothermal energy foi? a long time now. 

So Macedonia has already become the largest user of 

geothermal energy for green houses in.the world. At present, 

over 50 ha of green houses are being heated by geothermal 

energy. In addition, tests have been performed for using 

the geothermal water for healting the hotels in Negorska 

^anja, Gevgelia, 

3. Geothermal Areas 

•5.1 Kocani Valley 

The Kocani valley is located in the eastern p^rt of the 

Republic.»see Fig, 2, on the contact of the two big geotecto

nic inits, the Serbo-Macedonian Massif and Vardar Zone. 

The Kocani Valley is tectonically a depression formed 

by subsidence during Neogene and Quarternary periods of 

blocks at the intersection of the two of Macedonians major 

geological zones,* The two major faults in the area are 

oriented E-W, but the subsidied blocks. Fig. 2, between them 

i,s thought to be subdivided by smaller faults into a mosaic 

of small blocks. Both of the major faults are seismically 

active. 

There are three main geothermal localities in the 

Kocani Valley, namely Podlog, Banja and Isti Banja. 

-Podlog is located in the middle of the Kocani valley. There 

are thick sediments of Neogen and Quarternary age in the 

valley underlain by schist. Pyrodastic sediments originat

ing in the adjacent volcenic area Kratovo-^letovo, are the 

cap rocks. 

Prior to drilling there 'were warm springs known in 

Podlog with a total discharge of about 0,5 I/s and tempera

ture of 30 - 40 OQ, The hot springs are thought to be 

associated with a N - S fault that intersects both Podlog 

and Banja. The first drill hole was drilled in 1967 to a 
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a depth of 70. m. It yielded 5 1/s free flow of 60 ° C, 

In 1980 a 320 m deep well, EBMP-1, was drilled close to 

old well. At a depth of 307 m an aquifer was cut yielding 

over 150 1/s free flow water in the begining, but after 

stabilization it.yields about 100 1/s of 79 °0 water. 

In the period 1980 - 1986, around 18 exploratory 

and production wells with a total metrage of 8 000 m have 

been drilled in this area. The temperature of the water 

varies from about 57 to 79 °C» while the total flow rate 

is estimated to be over 600 1/s, both free flow and 

pumping. 

F lg . -2koeAN l GEOtHERMAL FIELD 

lOCAIION OF IHE- W E l l S ANO fCCIONIC 
BLOCKS - K 0 6 A N I 0E01HCRHAL FIELDS 

In 1986 , the production well drilled to a depth of 

around 3^0 m, which intersected the K-W fault, yielded at 

the begining an estimated free flow rate of 400 1/s water, 

which later was stabilized to 200 1/s free flow rate. 

The water is of sodium bicarbonate type with variation in 

silica from 19 ppm to 48 ppm. The silica enthalpy mixing 

model indicates base temperature near 120 to I50 °C, 

A feasibility study on this geothermal field is prepared. 
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showing that a total of 460 1/s , both free flow and 

pumping rate can be obtained from the three v;ells 

/EMBP-l,P.-3 and P-a/ in the next 20 years ...without the nded 

of drilling other wells. 

In the Fig,^ are shown the temperature profile of all 

drill wells in the area Podlog-Banja. The hot water is mainly 

used for heating the nearby green houses for which a 3 km 

long pipe was constructed to suply about 120 1/s warm 

water for heating around 20 ha. 
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There are no problems with precipitation or cor

rosion from the.thermal water, so it is used directly, 

without using the exchangers. 

- Ban.ia is located on the E-W master fault on the northern 

rim of the Kocani graben about 5 km north of Podlog and 

about 14 km west of Isti Banja, the third geothermal field 

in this area. The flow rate of the Banja hot springs was 

reduced when the powerfull well EMBP-1 was drilled. Prior 

to drilling in Banja, the natural springs gave about 5 1/s 

of 60 °G water. The water has been used for treatment of 
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illness since ancient times, A small health spa has been 

operated since 1970, The thermal water is taken from a 

well .that gives about 50 1/s of 65 °0 water. Only a small 

amount of this water is used for the thermal baths and 

heating th^ the house of the health center, A new well was 

drilled in 1984 to 450 m depth, but was negative. 

- Isti Ban.ia is north of the main subsid/ed block, and the 

hot water comes out of basempnt rocks composed of gneisses 

and mica schists of Pre cambrien age. Several warm springs 

« p - i ; i i i i 

#F>-1ll l t l - ^ DRlllHOlE EKSPlOAlloNr 

( P - I SHAUOW ElPLOHAIOnr 
O'l l lHOlCS 

q . t o l / i i k 

F I G S V I N I C A CEOTMEPMAL FIELO LOCATION OF TME WELLS AUO EXPCflPATORY 

OPILLHOLES 

were found in the river , After electrical resistivity 

measurmen.ts, 12 shallow wells (30 m) were drilled to locate 

an upflow zone. All gave 30 to 40 C, A 180 m deep well gave 

2 l/s of 60 *̂C water, and a 1̂ 0. m deep well gave 6 l/s of 

60 C water. Few more drill wells have been drilled to a 

depth from 200 to 350 m , with a total flow rate of around 

60 l/s of 60 °C water, by pumping. 
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In 1983 an insulated steel pipe, was constructed to transfer 

the water from the geothermal wells, see Fig, , The water 

from the three production wells is collected in two open 

tanks and goes into the pipeline to heat the 6 ha green 

houses located 3 km away,•r&<2̂ '''̂ '̂  

According to the chemical analysis, the water is of 

sodium-bicarbonate type. The, silica concentration is in the 

range 47 - 82 ppm. The water is fluorite saturated and 

slightly supersaturated with calcite. Temperature in 

excess of 120 ̂ 'c might be expected according to the silica 

geothermometers, 

3.2 Gevgelia Valley. 

The three geothermal localities, Smokvica, Negorska Banja and 

Gornicet are located in this valley. Smokvica is about 10 

km north-west of Uevgelia, wliile Negorska Banja and Gornicet 

are only 3 lon west from the saime town. 

The Gevgelia valley is within the Vardar zone, which is 

considered to be- a subduction zone and extends from Tui-key , 

Bujuk Menderes graben, through Thessalonika, Macedonia and 

further near Belgrade into Hungarian Basin. Both , Smokvica 

and Negorska Banja are located near active faults, and it is 

an area of high seismic activity. Gornicet is the third 
geothermal locality associated with a N-S fault. 

The Smokvica geothermal field is exploited by the 

Vinojng Agricultural Complex, for heating 24 ha of green 

houses located 7 km south of Smokvica. 

Geothermal exploration started in 1979 and after an 

intensive period of exploration in which total 7 production 

wells, and more than 15 shalow drill holes and wells have 
of ' 

been drilled to a depth 30 m up to 850 m, with a total 

metrage of cca 4 000 m. All wells are drilled in a diabase 

intrusive'. The diabase is highly altered , clay minerals 

and epidote are common alteration products. The strongest 

aquifer with the highest temperature was found at 350 to 

400 m in a 500 m well. The total flow rate by pumping from 

4 production wells is about 200 1/s with an average 

temperature of 68 °C. Pumps are instaled in 4 wells. Fig, 
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with a total present capacity of 120 1/s, but new downhole 

pumps are purchased and are to be instaled with a total 

capacity of 200 1/s in 4 production wells. S^hort time 

and long time interference tests have been performed among 

wells spaced in an area of 2,5 ha, Figs^ . , 

L E 0 E H 0 

W t l l s w i t h p u m p j 

O W « l l j h o i u s t d 

a C i p l o t o l o i y e('ill h o l t J n t l l h t r 
cosed nor c t m e n l f d 

FIGbSMOKVICA GEOTHERMAL FIELO " r i g . j ^ l o c o l i o n ol I h i r m o l w t l l j S m o k v i c o 

g c o l h cr m o l f i e l d 

"They have given rather high permiability. The draw-down 

tests of this field suggests ,that the high permiability 

zones may be bounded by rather impermiable wells in one or 

more directions, and model studies have been made with this 

assumption. The short time interference tests are primary 

affected-by fractures in the vicinity of the wells within 

the spilites , but at depths below 5OO m, the aquifers 

are associated with near vertical faults and fractures, 

but there the primary fractures have largerly been filled 

with secondary minerals. 
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The draw-down of the water level during pumping is about 

50 m, but after several hours' of resting some of the wells 

become artesian again. 

Some cooling up to 10 G has been observed in wells at 

Smokvica geothermal field. It is belived to be caused by 

infiltration of colder water from the srroundings, or 

Vardar river. Figs, •?- t or by downflow of colder water 

in non-producing wells which are not cemented and sealed. 

Ground water seeps into the geothermal reservoir both through 

natural cracks and through old drill wells with faulty casing 

or not cased and cemented at all. 
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Due to the nature of geothermal system in this field shows 

evidence of recharge whose rate may even appoach that of the 

production itself. Tĵ e temperature of the recharging fluid 

is usually lower than that of the initial reservoir fluid. 

The recharge thus cools the reservoir and lowers the energy 

content of the fluid produced.The recharging water reaches 

the wells quickly, and this may couse the usual life of 

the reservoir to be shortened appreciably. This is especial

ly noticed in SIED-1 well. Fig, 7 , that shows considerable 

recharge and changes in chemistry of the produced fluid. 

The geothermal fluid composition hasn*t been monitored in all 

the wells, but the chemical composition of the water is of 

^atrium-calcium sulfite type, with a high corrosion to the 

steel. 

Negorska Ban.ia is located 5 km north-west of the town of 

Gevgelia. The water has been used for a long tirae in baths 

and from about 1950 a health spa has been operated using 

the therraal water., The geology is characterized by steeply 

diping diabases of Tertiary age and by numerous dykes and 

granite intrusions trending approximately E-W. Several 

shallow wells -20 tol30 m, have been drilled in 1983 to 

deliniate a fault that is considered to carry the hot water. 

During 1984-85, two 600 m each .wells have been drilled which 

yielded 40 1/s each hot water with temperature of 52 C of 

water, by pumping. A total £low rate of 80 1/s is expected 

to be pumped according to short time Jjumping tests. The 

production horizons seem to be associated with spilites at 

a very shallow depth, 100 to 150 m from the surface, and at 

intersections of faults. 

In 1986 , another gradient drillhole was sited, on the basis 

of the Head-On Resistivity profiling method, applied for the 

first time in Macedonia, The drillhole, which was drilled to 

500 m intersected a permiable fault at about 25O m, as a 

result of which the temperature has increased to 52 C, 

which an increase of 10 °C in this area. The water from the 

two wells will be used for Ideating the green houses located 

3 lon away in Gevgelia. 
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The water is-of podium .chlo;ride. type,. During 1986-87 

winter sezon, .tests, were peprfopmed, on using the warm water 

for heating the hotels, located at the spa. The tests were 

successfull, and .this, is for, the first time , where the warm 

water is used for heating the hotels. 
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Gornicet is the third location in ̂ evgelia geothermal area, 

•̂t is found 5 km west of Gevgelia, There are two springs, 

trith about 5 l/s free flow and a temperature of 25 °C of w 

water. The springs ara associated with N - S fault. The 

geothermometeres showed I50 C of water in the base. 

This geothermal field is still not explored. 

3.3 Strumica Valley 

This area has a thermal spring^ at Bajisko locality 

only, with a free flow rate of around 35 1/s and a 

maximum temperature of 72 °C, The springs are located on 

^ seismicly active faults with E-W and NW-SE orientations. 
^0 l/s of this water has been used for green houses hea

ting since long time, 5 1/s of hot water is used for.thp 

spa (tiiermal baths). 

The area has been explored for many years by applicati

on of geological, geophysical, hyirogeological methods in 

order to sellect a site for drilling the gradient drill

holes. On the basis of these surveys, a 5OO m deep drill-

well was sited, close to the natural springs. This well 
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however,, was drilled to. , a dept^ pf 254, due to the strong 

errupt.ion that hapened jat .this, .depth,., It entered in a 

very fractured zone., .which gave a free flow rate of 90 1/s 

during the errup.tion, but stabilized to a flow rate, of 

55 1/s with a temperature of. the water of 69,5 °C» 

The 838 m well was drilled at Saraj locality, but 

it was negative. Another drill hole was drilled to a depth 

of 425 ^ i also negative. The third deep drill hole to 
510 m was drilled at Banica locality , but without much 

success, this gradient well was negative as well. 

There are no problems with precipitation from the 

water, ̂ e green houses are about 3 ha. and there are other 
2 ha under plastic cover. The hot springs at Bansko were 

used for heating green houses on a large scale since 1950. 

t is the first locality to use the g eothermal water for 

heating the green houses in Macedonia, 

3.4 Skop.je Valley 

The Skopje'valley is a depression filled in with 

sediments of Neggen and Quarternary age including recent 

sediments as well. The basements rocks are of Precambrian 

to Mesozoic age. The Skopej valley tectonicly is an indivi

dual block that have been formed by subsidence during 

the ̂ "̂ eogen-Quarternary period. 

There are two geothermal localities, known as 

Katlanbvo and Volkovo, both associated with E-W faults, 

Katalnovo is located 25 km east of Skopje on the boundary 

"of the valley nnear the small occurences of ,̂  young vul

canic rocks, . The warm water at this locality issues on the 

top of the ridge and at different elevations down the 

slopes to the Pcinja river, Aquiferes ara associated with 

near ve.rtical faults in the limestones of Triassic and 

Cretatious age, underline by Paleozoic schists. 

On the basis of the electric resistivity measurments, 

two exploratory and production wells were drilled in 1981, 

to depths of 100 m and 250 m respectively. The 100 deep 

drill well gave around 3 1/s free flow water with tempera-
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ture. of 4O °C, while the second drill .well intersected a 

permiable fault and yielded 10 1/s of 52 C water. Tĵ is 

water from the drill ,well is used for the thermal baths 

in Katlanovo spa. The water is carried out in pplastisr 

pipes, and since the carbonite precipitation inside the 

peipe is high it must be mechanically cleaned every two 

to three weeks. ANother problem is the drill well itself, 

due to precipitation problems, it seals up in a very short 

time too. 

Due to this problems, another well was drilled to 

a depth of 120 m. The drill' hasn̂ -t intersected the expected 

permiable fault, which was located by electric resistivity 

survey. 

Volkovo Is found on the west side of the valley, about 

15 km west from Skopje. 

The natural warm springs at this locality are known 

for a long time. Warm water with about 20 °C issues along 

a fault in several places. The electric surveying started 

in 1976, applying resistivity survey. On the basis of 

this measurments, a 98 m gradient drill hole was drilled 

in 1976. The drill hole intersected a peramiable fault 

which gave 15 1/ s in free flow. 

In 1986, a detail;B project for exploration of 

Skopje valley was prepared, including Volkovo locality 

as well. On the basis of this project, a I7O m deep drill 

hole was drilled , which entered the aquifer at 168 m, 

and the water errupted. The free flow rate stabilized at 

70 1/s with temperature of 25 °C. 

At the end of last year anbther deep v;ell to 1000 

m has started to be drilled, at this locality. 

The deepest well to 1655 m was drilled in the 

central part of the valley, but unfortunately it hasn*t 

reached.'the bedrock, due to dificulties that were experien

ced during drilling. 
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Lfhited' States Government Department of Energy 

memorandum 
DATE: DEC 1 6 1987 

REPLY TO C E - 3 4 2 
ATTN OF: 

SUBJECT: Information Exchange with Yugoslavian Researchers in Geothermal 
Energy 

TO: Distribution 

I am writing to enlist your cooperation in providing information to 
geothermal researchers from Yugoslavia. 

In November 1987 I visited Yugoslavia under the auspices of the United 
States - Yugoslavia Joint Board on Scientific and Technological Cooperation. 
The Joint Board administers a fund whereby cooperative research grants are 
awarded. Cooperative research proposals are submitted by a Yugoslav 
organization (e.g., university, research institute) with a Yugoslav 
scientist designated as principal investigator and one or more US scientists 
named as co-principal investigators. The actual research may be carried out 
in either or both countries. In general, grants are limited to three years 
and annual budgets in dinar equivalents of $2,000 to $100,000. The Board 
sponsored my visit as an invitational trip to exchange information about 
geothermal energy in each country. 

I was impressed with the degree of geothermal development underway or 
planned in Yugoslavia. Thus far, the strategy has been to explore near 
known hot springs. Resources discovered thus far range in temperature from 
20°C to 96°C with flow rates up to 200 l/s. The wells are often artesian, 
and the water quality is usually quite good (100-2000 ppm TDS). The 
prospects of finding hotter resources appear favorable as exploration 
proceeds. 

During the course of my visit I received numerous papers and reprints which 
describe geothermal resources and development in three Yugoslav republics: 
Serbia, Bosnia-Hercegovina, and Macedonia. English language summaries of 
those publications are attached for your information. If need be, I can 
obtain selected translations of the papers from which the summaries are 
drawn. 

The Yugoslav researchers I spoke with were anxious to learn more about 
geothermal activities in the United States. Their interests, of course, 
parallel the problems they are currently facing. These include choosing 
appropriate exploration strategies, siting exploratory wells, conducting 
resource assessments, providing incentives for development, handling 
carbonate scale, designing efficient production facilities, and disposing of 
spent fluids. I am in the process of sending the Yugoslavs selected 
publications in these problem areas. 



In addition, I have taken the liberty of identifying you as a point of 
contact for additional information on certain topics (see attached list). 
Consequently, you may receive inquiries in the future from Yugoslav 
researchers. I ask that you respond directly to any requests for additional 
information; please provide them only with currently available publications 
in the public domain. If you are contacted to participate in a cooperative 
project under the Joint Board, refer the inquiry to me. Do not make any 
commitment to conduct cooperative research with the Yugoslavs. Any proposed 
project will need to be carefully considered by DOE. 

I appreciate your help in this matter. 

"^/ 
Allan Jel/acic 
Geoscience Team Leader 
Geotherual Technology Division 
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H. Murphy, LANL 
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U.S. Department of Energy 
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Dr. James C. Dunn 
Sandia National Laboratory 
P.O. Box 5800 
Albuquerque, New Mexico 87135 

telephone: 505-844-4715 

Dr. Susan Stiger 
Idaho National Engineering Laboratory 
P.O. Box 1625 
Idaho Falls, Idaho 83415 

telephone: 208-526-0457 

Dr. P. Michael Wright 
University of Utah Research Institute 
391 Chipeta Way, Suite C 
Salt Lake City, Utah 84108 

telephone: 801-524-3439 

Dr. Marcelo J. Lippmann 
Lawrence Berkeley Laboratory 
Earth Science Division, Building 50E 
Berkeley, California 94720 

telephone: 415-486-5035 

Dr. Paul Kasameyer 
Lawrence Livermore National Laboratory 
P.O. Box 808 
Livermore, California 94550 

telephone: 415-422-6487 

Dr. Roland N. Home 
Stanford University 
Department of Petroleum Engineering 
Room 360, Mitchell Building 
Stanford, Califomia 94305 

telephone: 415-723-9595 

Greg Mines 
Idaho National Engineering Laboratory 
P.O. Box 1625 
Idaho Falls, Idaho 83415 

telephone: 208-526-0260 

Research Topics 

Drilling Technology 
Instrumentation 
Magma Energy Extraction 
- Exploration techniques 
- High-temperature materials 

Fracture Flow 
Well Testing 
Reservoir Analysis 
Geopressured-Geothermal 

Tracer Development 
Geochemistry 
Exploration 

W-3il Testing 
Re -.ervoir Analysis 
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1: 
HIPratAUCALlTE HO V UO'l KKIVEKE TCKUALKE VODE U BOSNI 

Vo«ie imaju ftirok diapason primjene u balneologiji, terapeutid, zdravstve-
nom turizmu. rekreadji, regeneradji, sportu zbog svojeg sumporovitog ka-
raktera, niske mmeralizadje, visok« alkalnosti i blagog radioaktiviteta, a oentri 
ovakvog sadrlaja su potrebni naroHXo danas u zdravstvenoj prevaidji i reha-
bili tadji. 

S U M M A R Y 

HYPERALKAUC MEWLY DISCOVERED THERMAL WATERS D4 BOSNIA 

In 1985, by hydrogeological prospecting of a terrain, we discovered new 
springs of hyperalkalic therma] waters (pH>l l ) . simillar by theii- physical and 
chemioal features to already known waters of Kula£i spa and others in the 
surroundings. These are Banja Vlajid near TesUc, Vaioeva voda and Savina 
voda near GraSanica. Tbese springs are located in ultramafic rocks of Uzlomac 
and Ozren mountains of the central ophiolite zone of Bosnia. 

Characteristics of these waters are: high pH, low mineralization (]50~ 
—275 mg/l), nuld radioactivity, hypothermal charaster, N« gaseous composition 
and sulphur character. Such waters have not yet been discovered in the dher 
parts of Yugoslavia, while in the world they also represent a rarity. 

Hyperalkalic waters arc formed in almost dosed, hydrogeological stru
ctures in reduction horizons, tliey ore of slow drculation and exchange of 
water, representing old, -f>Te-«ud«ar« waters and being of atmosferic origin, 
while CH4 in them would be thermogenetic and hydrolitic As distinguished 
trom numerous thermomineral waters of the Sprees fault zone and ophiolites 
(Slatina, Teslid, Boljanid, Soikovac, Bokori6, ZiviniceV they don't contain CO«, 
from which one can condude, ex contrario, that in this area there are not 
carbonate deposits in deeper beds, that is there are not thermomineral waters 
with COt. This was ascertained in KulaSi by driUing as far as 200 m under 
the surface of the terrain. 

Accumulation of the waters widls out allon^ yuong tectoeiic fault lines in 
the quoted location. In these plaoes there exists constant conwection of waters 
out of deeper layers through, otherwise water impervious oap-rock barriers 
of ultramafic rocfcs. 

Investigation with the aim to discover waters of high temperature and 
greater yield, in comparison with springs, especially in onler to solve geolo
gical structure, structural composition and hydrogeological relations of ophio
lites, have their professional justification. 

The waters have wide application in health resorts, therapeutics, rehabili
tation, regeneration, recreation and sports. FadJittes with these purposes are 
scarce and needed in desease prevention and rehabilitation. 

2ei 
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govini, ved vi£c geotermalnlh rejona. uslovljenih razliiitim geoloSko-hidrogeo-
loikim faktorima. Cijeni se da se znaiajni geotermalni potendjali u Bomii i 
Hercegovini nalaze u geopresiranim letiMima — sistemimai. (^i mogu biti 
sljededi objekat istraiivanja, iemu moraju prethoditi obimna multidisdpUnama 
prouAavanja. 

Termoenergetski potendjal postojedih izvora 1 buiotina Iznosi 166 MW 
termalnih. i on se mote priwesti koriStenju bez ikakvih novih iatrainih radova. 
Energetski obnovljivi potendjal hldrogeotermabiib slsteraa, prorafunat raznim 
metodama, do dublne 3.000m iznosi 125X10*TJ. a od 3.000 do 6.000m oko 
150X10*TJ, u svih B hidrogeotemnalnih regiona. Ove procjene treba uzieti a 
rezervom iz vHe razloga I one mogu biti znatno vUih, ali 1 niiih vrijednoeti. 
Buiotine bi imale razlielte snage za raaie dufaine. Raspon snaga bl bio 3—l&-«k 
MW termalnh po butotini, uzimajudi u rabin dublne od 300 do 2.000 m. 

Pri5tup istraitivanju geotermalnlh resursa u Bosni 1 Hercegovini treba 
biti polJdi£dplinaran i induktivan kako fai se sa ito viSe postoje^ih podataka 
ukazalo na indikativne kriterije i zone istraiivanja. Budud da su isrtraiivanja' 
geotermalne energije dugotrajna i skupa, to ih ofaavezno treba sinhronizovatl 
sa istrs2ivanjem nafte i gasa, uglja, nukleamih sitovina, leSita metala'i ne-
nietala, narodto. 

Opravdonost istraiivanja i koriitenja geotermalne energije odreduje po-
stojanje geotermabiih eksploaitabilnih resursa u RepubUd, 1 dosta nizok stepen 
njihove istralouMti, zatim prednosti koriitenja ovog obnovljivog i ekoloiki 
pozitivnog energenta^ njihova konkuFentnost a« konvendonalnliii Uvorioui 
energije. moguda brza apUkacija rezultata 1 druge prednosti. 

Polivalentno i adekvatno kvalltativno i kvantitativno korijtenje ovih re
sursa. zahtijeva rjeiavanje brojnih institudonalnlh, legislativnih, kadrovskih, 
tehnieko-tehnoloikih i organizadono-finandjskih pitanja i problema. Istra^.l-
vanja trebaju obuhvatiti niz disdplina. jer su moida najkompleksnija od svih 
geoloSklh istrativanja, a uz to geotermika je mlada nauka sa joi nerijeAenim 
modelom istraiivanja, narotito u aloAenim geototkim sredmama kakva je ^ o r o 
djela terltorija Bosne I Hercegovine. Zato je nutan kontinualan tranafer zna-
nja i tehnologije iz drugih dijelova Jugoslavije i ivijeta, gdje su postignuti 
znaCajni rezultati u aliteim geotermalnlm aredinama, te koncentradja materia 
lalnog i kadrovskog potendjala u diju poUvalentnog Ub'aiivaaja 1 koriitenja 
geotermalnlh resursa. 

Bosna i Hercegovina ima centrabil geogratski prfoiaj u Jugoalaviji. Zbog 
toga, a posebno radi radonakrijcg korittenja raspokiilvog, veoma oskudnog 
kadra i opreme, treba inidrati zajednlEke programe la susjednim republikama, 
Qni bi daii znatno -vetu efektivnost uloienim sredstvima i doprinljeli brieni 
upoznavanju i kvalitetnijem rjefiavanju mnogih krupnih problema iz geologije 
i geotektonike ovog dijela Dinarida, tto bl se neposredno odraralo i na efika^ 
noat hidrogeotermalnih Ut r^van ja u na*. 

Sarajevo, jula 1S86. ^odine ° 
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SUMMABT 

' OBOTHEBHAL BNEBGY OP BOflNIA AND HBBZEOOVINA 

Vivid shortage ol the conventional enengy reoouroes, oonatant rise ot thedr 
prices, enormous oonsumpUon inereaae, dependence of our oaaatry and the repubUc 
on expensive Imported, espaclally liquid, primary, energy raw materials, as well ai 
aspects of environmental protection. Impose not only strict rationality In exploitation 
of existing conventianal reaouroes but actualize spedal investigation and utUization 
ot new renewable Bltematlve reiources of energy. One of the most Important new 
and renewable «iergy resource, that might he partially a supatituaUnn for conveor 
Uonal resources. Is geothermal energy. 

In order to Investigate and utilize these resouroes, an InterdlscipUnary approach 
In their programming, tnvestlgaUon, dntaklng, exploitaitlion and proteotion Is necce
ssary. Only by realieatlon ot long-term, expensive and complex Interdisciplinary in-
vesUgadons, cairied out by stages. It ds possdble to dlminteh rUks, as well as to 
extend spectrum of appUcaildon ot these potentials. Principal characteristios and ad
vantages ot thia resource are: It la ot enonnous total potential sppllcabtliity, it Is 
widespread over many regions in the world, in most cases lit is renewable and 
unexaustLble, there Is a posisibillty ot Ua polyvalent exploltatloD, U has permanent 
energetic level, as dlMbvgulxhed tram conventional hiels. high degree ot energetic 
uUllzatton and positive eaohi«lcal aspect, economically It Is effective and oompetltlve 
with convenilonal fuels. 

Some of 4he llmltaUons in utilization ot this energy are of technical and 
technological nature, such as expenslveness ol a drilling rig, oorrosion and Inoru- . 
station of fluids and accordingly, lasting ot dntake structure, then utiUzafian by 
heat exchangers and oomreiBion of energy. The other ones are lack at money end 
experts, unpreparedness ot oonsumers and Investors, and their distrust ol this new 
typ« ot energy. But one can readily conclude that all these open questions ace not an 
unbridgeable obstruction that could throw doubt upon JustdtlabtUty ot carrying 
out ot Vnvestigatloas and utiUzation of geothermal energy, both In the wortd and 
In our country. 

This work deals with general eeolc«ical and hydrogeological problems ot 
geothermal energy in the world, in Yugoslavia aotd Bosnia and Herzegovina. Scope 
tnd possibility ot utiUzation ot geathermai reaowoes In the Ught ot aotual nteetlnes. 
held trom 1971 to 1884, are presented, as well as many data i nm certain, published 
papers ot domestic and fcreign authors. Special attention is paid to 4he survey ot types 
ot geothermal energy geposits. then to resources and possibiUties ot utiUzation ot 
this energy potential at present and in future. Development ot utUizattoa tn some 
countries ad modern methods of Investigation ot geotheimalnl energy tra also 
worked out details, having In mind a great need for these inveatlgotlons to be 
established In our country, especially in Bosnia and Herzegorvlna. 

Geothermal energy, with regard to Investigated and oitlmated potentials, ia 
classed among ithe most Important resouroes of energy on our planet They come to 
IOW Joules. Ihls energy is 0«s<er for several thousands than any capsdty that cao 
be estimated sa a need ot maniclnd at present and In future. That quantity ot cstergy 
Is found to a depth oit 10 km which Is by drtUlng. even now approachotile and 
which ds found in various types ot deposUs: hydrogeothemM (Uquid ftukls, steams 
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and mixture waler - steam), dry geothermal depodb and geopressured depasits ot 
geothermal energy. 

Significant characteristic ot this type of energy la In its occurence In all parts 
ot the earth's crust, either on the surface or at differeni depths. Its supertidal ma
nifestations (mofettes, fumaroles, solfataras, geysers and the Hke) can be found only 
In younger volcanic areas. That Is proportionally small part of the earth's surface. In 
the region of Alpine orogeny, in western parts ot the northem and southem America, 
on the Islands In thc Pacltic, Atlantic and Indiaa Ocean. Considerably larger deposUs 
of geothermi energy are found In sedimentary basins in various parts of the world, 
In which, on ihe surface or beknv, there exist inserted, huge masses ot granite and 
its rock derlvativn. 

Development of applied geoihermal energy, especially during the last three 
decad», painted to extensive possibUities ot utUizatton of this energy resource. 
It began with hot springs utilization even several thousands of yearns ago, then 
with extraotion ot sulphur, alaun and other minerals (XVIII century) and prodtiotlon 
of electricity (1912, Larderello — lUlyl, to be expanded In our age, pracUcally to all 
spheres of hunun lite: centralized heating ot Oats, basins and different kinds of 
pubNc buildings, m ftehlng, stock - breeding, poultry farming, truiit and vegetables 
growing, flower growing, wlme - growing and various branches of toduslry. Every 
year, new areas of geothermal energy application are-discovered, ao that its appH--
cation in spas, which used to be primary end the only one, hardly occupies a amM 
part of tiiese resources. 

Total consunvtlon of geothermal energy in the world (1978) came to 8.600 MW. 
Of that, capacilles for production of electric power covered 11.498 MW while for 
centralized heating, agriculture and industry i t made 7.1S3 MW. In relaUon to 
praduction and consunxption ot conventional types ot energy (oU, coal, natural gas) 
and to hydroenergy too. these are really symbolic quantities. Only by realization 
ot ambitious programmes and projects, we dealt with In the above text, geoihermai 
energy is going to play a prominent par t in energy balamcea of many ooururies and 
fonsequonUy. become one of decisive factor in meeting future needs of msnicind. 

Within the former scientific snd exploratory efforts, e p e d ^ attention was paid 
to complex problems ot toUl utUization of this resource: water, steam and mineral 
components, that can be ooncentrated in hot solvenls even to 30%. In USA, Mexico, 
Italy and some other countries, remarkable successes iurve been attained, eepedaUy 
In the process of desalination ot hot watens. Adequate solutions of enUre utilization 
of all oompcnents, contained In hydrothermal end geopressu-sd depasits. tn coming 
decades. wlU essentially oontrifaute to valorization and further developmoit ot utUiza
tion of geothermal energy. 

Geological investigatian ot geotiiermai energy deposits become more intensive 
and extensive. Tliey have been carried <wt in over 00 countries of the world. Moa« 
than half of those projects have been realized in the tramework of the UN progra
mmes. ITids has bean lasted tor near two decades in (he form of financing of certain 
phases of Investigations and sending oonsultartts and experts. Outstanding suooBisea 
have been attained so tar in aeveral countries (Salvador, IXsiiey, Indonesia etc.). 
In UN there ts a standpoint that expeditious winning and extended uUHzalion 
ot geotiiennal energy resouroes give excellent chance to numerous undeveloped 
countries to ocnwensata tbe ahortaae ot oil and coal and so accelerate their de
velopment 

InvesUgatkm ot geothennal energy deposits appears as a complex scientific 
and technical - technologioal process. Methods of geological prospecting together 
with Infra-red and other remote sensing techniques are applied, then regional and 
detaUed geological, struotural, petrological. geochemioej and geophysical investiga
tions. In the first phases ot woric. shaUow drUlings are performed in order to define 
particular Uthostratigraphic. struotural. therjnometric and hydrageologicid para
meters, conditian and states and afterwards, exploratory drill holes of optimal depth 
v e designed. AivUcation el logical succession ot methods is insisted on. u weU as 
on specialty of geological — geochemdoal and geophysical works, in order to dimialsh 
the risk, tor geophyaks and drtiUng are the most expensive part of the reaeanob and 
ttisrefore bave to be designed on ths adequate documentation. 
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Deposits found at a depth of about 2.000 m sre currentiy being expkiitad in the 
world. Investigations were performed even to 6,5 km in dry geathermai and geo
pressured deposits. Wilhin this, special attention is paid to improving and enlarge
ment of effidency of drilling methods, better treatment and exploitation of different 
types of deposiis, Uieir complex utilization and environmental pratectioni Numerous 
technical and technoli^ical difficuliies are present on the way of Intaking of the 
most abundant resourcai of geothermal energy at great depths or under h i ^ 
pressure. But many of them have already been eliminated, so possitriiilles have tieen 
continuously irncreasiag. Rapid growth ot needs for energy in the whole world, 
then exhauslion of conventional energy resources and pennanent raise ot their 
prices, diminishing ot drinking waler resources, need for increase and improvement 
of food production and the lidie. will make the interest tor geothermal energy 
cunUnuously grows. 

Ciiuntries that realized the silualion eai^lier, have already a remarkable profit 
of it, for they substituted expensive unpoo-ted energy for much cheaper one, and that 
Is especially inKportant, for lasting domestic resouroes. 

Surveys dealing with origin, type, distribution, evaluation and possible appU-
cahlUty of geothermal potentials, ue well as attained resulta of investigations end 
exploltatiun of this resource in certain countries, point to ffreaX possibUUUes of lis 
present and long-term application in the world and our oountry as weU. In nume
rous countries, low level ot investigation, todmical and technological dlfticulUes 
In Uitaklng.of this energy, cause its very low and one-sided applicability, while on 
the other hand, significant resulls, ooncerning its application, have been attained in 
the countiies Uke: The USA. Mexioo. Salvador, Nicaragua, Chile, Iceland, Italy, 
Turkey, Hungary, the USSR. Chdna, Japan. Indonesia, New Zealand etc.. atthough 
mentioned resouroes are used In the said countries far less Ihan the real possi
bUities ellow. 

In the world, in numerous countries and also in some neighliourlng ones, 
significant results in diive&llgation and utilization of this resource have beoi attained, 
especially in l u l y which has a long 'tradition of inveaUgation and complex utiliza
tion of fluids, then in Hungary, Romania, and less in Austria and Bulgaria. This 
fact, among other things, has to be a stimulus for our engagement in Inveetigatlans 
and UtiUzation of geothermal resources. 

Geothermal energy Is a chance not only for developed, but also for numerous 
developing countries wlvich don't have sufficient, own oonventional energy re
sources. 

Estimations of presence of appUoable geothermal resources on the basis of 
various inquiries, studies and UN world oonferenoes. point to low level ot investi
gation on wide spaces and predict utiUzation as far as 2.020 year i a tar lets extent 
than the real possibilities allow. 

Great possibiUties of application of this resource are in agriculture, for heating 
of llalB, in industry, tor spas and recreational activities and in extraction of mineral 
raw materials from fluids. The most important appUcation is In production ot 
electricity. There are dala showing that 70<','i, of totaUy InstaUed capacities of geo
thermal resources with temperature below 180'C are used for spas and reoreatloo. 
This means that heart is not sufficienUy expioited and indicates Its possibility ot 
wide application. Tlie fundamental eienient witich expands ita «ppUcation la know
ledge that tile modem society uses, especially in the urban areas, approximately 
50% of total energy with the .temperaiture rising to lOO'C or that in general consum
ption. 80'/< of total energy Is used for low lemperature proceasetk These data mdicste 
that low enUvalpy fluids also have a large economic value, vhdch means that It la 
profitable to carry out researches even in the zones with the temperature much 
lower than iCTC. 

Existing programmts in numerous countries and estimatlan of utiliaation 
indicate that inten&ification of investiiiubions and intakings of this enengy In ooming 
to yoars wtU Inarease acoonding to Mlight exponential depenxlenoe on time. 

Even today, a half of ihe countries having geothermal resources and even 
those wilh enormous reserves of conventional fuels are carrying out programmes 
for extensive geothennal researches. In order to utilize higher energetic levels than 
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the existing ones, as well ss to expand the spectrum of application. It wlU be ne
cessary to solve a great many institutional, organlzsUanal and financial problems, 
to improve technotogy ot investigation, intaklnc. utUization and conversion of 
geothmnal energy. 

Speed of geothermal energy devdopment wiU depend on geological oonditlons, 
degree of investtgaUon and on the risk ot mvCBtigatlon. possibUity of ftnandng, on 
the price ot altemative resource, increase in cansumptksi of energy, institutional 
factoTB. as weU as on dmrestigated application. One should have in mUid that In-

' vestigation, Intaklng, production, plant maintenance and envtronmenta) protection 
reprasent a oontinuoua technological process. 

Fundamental, regional and syslematdc investigations of geothermal energy 
in Bosnia and Herzegovina were not carried out until edghttes. although, durOig 
various Koologlcol, geophysical, hydrogeolaglcal and oU investigations, certain ele
ment* that dmUcate geothennal potenUaUty were provided. 

During several last years complex dnvestlgations of mineral, thermal and 
thermomineral waters ct Bosnia and Heraegovlna have been intensified in numeroua 
occurences. Wilhin study of fiindamental geologioal and hydrogeological InvesU-
gatioo, we have oome to the certain oognltions al>out presence of positive geothermic 
anomalies and Justitlabllity ot their mvestigatUns on numerous localities and 
broader zones of Bosnian territory. So dn 1880, systematic regional Investigations ot 
geothermal energy have oonanenced in Bosnia and Herzegovina, that is, in the 
region of Bosansks krajina, as one of the most promising zxines In our repubUc. 
The wcrks have been canied out by -Geoinienjering-i — Sarajevo (investigator In 
charge was N. tiiatli) with RepubUc Commrlttoe tor Energy and Industry, as an 
Investor. By this investigation we shaU come to a relative geothennal valorization 
and zoning of the tenraln according to geothennal energy potentiaUty. Afterwards 
we are going to set oul with detailed Investigations m our zones, locating and 
performing deep lest holes and exploitatlonal Intake of higher temperature fluids. 

Even now we are able io ascertain that In Bosnia and Herzegovina there 
exist hlgh-^-ade potenlisds that can he exploited. They can be often found on 
numerous locations near greal oonsumen of energy and in that sense represent 
a new economic oategonzatian too. they condition a higher degree of development 
and effect on Induding indltterent natural eoods into eoonomlc cycle and give a 
diaoce to activities to be developed, which hasn't <been realisable eariier. 

In Socialist Republic of Bosnia and Herzegovina, the degree of geothermal 
Investigation ds on a low level, but it ds evident, on the basis ot termer geological 
data, geophysdcal, hyttnogeological, oJl tnvestl^lion. geothermal and other dnvesU-
gatdons. and on this book as well, that it ds Justifiable to cairy out complex Inve
stigations of geathermai potentials and Initiate programmes for their reaUzation. 
Therefore, the ibook Is not only a final statement but enoounagement tor deep consi
deration of the prablemme in order to set out with fundamental regional and de
tailed geothennal Investigations In Botsnls and Herzegovina, as soon as possible. 

tnveatigalicrns of geothennal energy, ^ready carried out, are of interdosd-
plinar and fundamental character and they define the most important geotherma] 
factons la order to assess perspective, priiisrity and Justifiabitity of further inve
stigations in Bosnia and Herzegovina. 

Por the first time we have made regional distiibution of geothermal zones 
forming, on the basis ot analysis and rednterpretaUon ot existing geological, geo
physical, geomortologicai, neotectonic. geocbemioal, petrogenetic, selamologlcsl and 
hydrogeological data, aU from the aspect of geothermad energy. By method ot 
elimination snd induction we have oome to direct manlfestatlona of geothermal 
potentiality end so sondng ot priority zoies tor geothennal inveottaatlona has been 
carried nut Relative values of geothermal and other parametere and potentials 
have been obtained but they also may be a reliable base tor reallzalUui of further 
Investigations with diminished risk. 

Owing to other performed investigation during the last 9—t years, new dala 
an treating geothermics, have been obtained. Starting trom this aapect, all relevant 
dau of different disciplines have been reinterpreted for the first time, then Isotope 
analyses of the racks, waters, gsies. have been made, Indicating geothermal poten-
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tiullty ot parUcuUu- environments and also heat conductivity of the rocks has been 
experimentally determined. On the basts at measured lemperalures and redioned 
gradient, as well as on experimentally determined heat conductivity, on aeveral 
locations thei« has been defined, tor the first Ume, the most important geathermai 
parameler-heat flow. The first maps ot the most Important geothermal parameters 
(geothemial gradient and heat flow) have also been elaborated and there has been 
registered Interdependence ot various geological, geopfiyalcal, seismological, neo
tectonic, hydrogeological and other parametere on the one, and geothennal taoton 
on the other hand. 

We have proved that there are sufficiently concentrated geofhermal resources 
lo be exploitable, that hydrothermal systems ore the most optimal type of a resource 
tor LnvusUgation and utilization und that a big regional positive geoihermai anomaly 
doe.«n't exist. There are only several independant hydrothermal zones. We have 
also proved that there is an ascendant convection and that the temperatures <A the 
resources wlU be higher than 'tiiose at springs, that about 99% ot waters are re
newable and of meteoric origin and that representative geothermal end other pa
rameters can be obtained arUy by deep drilling. Zone ot potential Investigations 
spreads northwanda of approximate line Bihaii — Bosansld Noul — SanskJ Most — 
Mrkonjie-Grad — Gornji Vakut — HadJad — Praia — Fo6a — Cajniie and In this 
region, on the present stage of Invesligalion there are 10 zones ranked according 
to ;;eothermal perspective and potentiaUty ^artesian basins ot Posavina, Sarajevo — 
Zenica basin, maasits of ophiolite zone, masait of the Ontral Bosnian sdiist moun
tains, Bihac — Kladuia basin, tluscb zone of Banja Luke — Sarajevo, masait ot the 
Una — Sana Paleozoic, ultramafic massit ot Vliegrad, Paleoeoic mseslt of S-E 
Bosnia and Paleozoic and Neogene maasif of Srebrenica). 

On the territory of thc republic, investigation inethods from the counti-y and 
thc world have been applied selectively, open questions arising trom the present 
stage ot wonk have been pointed to. Tbese questions have r»t yet been solved, 
neither in geothermics nor in fundamenlal scientific disciplines contiguous to It, and 
thereby function as a limiting factor in investigations of these resources. 

By thia monograph the objective ot the investigations ia lultUled. comprising 
deflniUon of indicative parameters, existence ot geothermal resources, positions, 
energy potentials and zoning of the terrain according to priority zones ot further ' 
investigations. We have pointed to db-ections ot further geothermal investigationa, 
approach to the researches and utiiization, then to concretely quoted measures in 
order to initiate and intensity expkaa.tions. intaking and polyvalent application 
ot geothermal resources. 

Applied method of the work is, by its nature, sufficlentiy comprising and 
may serve aa an Initiative model for further Investigationa of geothermal resources 
In Bosius and Herzegovina. 

Utilization of this resource bi the world, degree of its coalition and appUcation 
In our country. Imposes urgent iniitiation and intensification ot the pro0-Bsnme tor 
the research and universal application of geotiiermai potentials. Organized and syste
matic study of all aspects ot this problem, together with tranter ot knowledge and 
technology trom other oounlries, where significant results have already been 
obtained, and their application to our oontUtions, will make possible acoeicraited and 
pcdyvalent utihzation ot geothennal resources In near future. 

Sarajevo, 1068 
sirfet an t 

Neveo ta imi 
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GENEZA HIOROTERM. KONVEKTIVNIK BIS'TEMA HiO — C<h. . . 

SUMMARY 

GENESIS O F HYDROGEOTHERMAL CONVECmVE SYSTEMS OF HiO-COi 
IN SOME AREAS O F MINERAL AND THERMOMINERAL WATERS IN 

BOSNIA — TENTATIVE INTERPRETATION 

In the last ten years , a t complex investigations of mineral and thermomi
neral waters of Bosnia, n e w ilata have been achieved. These data give u s 
contemporary interpretaition of generation of hydrogeo>thermal oonvection sys
tems of HiO-COt together wi th appUcation of the results in t h e world. 

Following t h e data in this paper, it is tried to give t h e tool for tite preli
minary prospection of thermominera l waters and COi. 

COt in the cairbon acid waters of Bosnia is supposed to be from thermo-
melajmorphic origin from sedinvenlary carbonates. This gas is renewable a n d 
Ihcre have been the same conditions of C O forming nowadays. It oan be crea
ted in horizons of t h e different depths with water and it 's poesible to be found 
in very deep horizons wi thout water . T h e gradient content t rend value of 
COi wilh its depth remains open. 

There a r e occurences wi th common thermogenesis system of HiO and 
COi (Slatina, Tesliti, Soikovac, Bokori i , lUdia), but different generat ing uf 
COi and HiO (Soikovac — Kiseljak, Osivica, Ljubate) too, al though all waters 
a re of meteoric origin. 

However, we ran come to conclusion, that it 's difficult to separate diffe
rent ways of forming COi in Ni-CO< waiters, especially sa te evidences of a 
oommon generat ing system of HtO-COi. I t 's also necessary to solve thc n u 
merous open quustiuns. Thus , the invest igators should solve new tasks espe-
ci<illy in a predril l ing phase to confirm the indicative parameters ot fluid 
genesis. Only the complete knowledge of genesis system gives us possibilities 
finding the new accumulat ions of carbo a d d thermomineral waters and COt 
and determining t h e optimal regime of u t i l i a n g and enlargement of these re
sources application diapason. 

1. Gala — SB-1 
2. Tomuia II. SB-3 
3. Grujid 

Lakta&i Banja 
4. Lakta£i Banja 
9. Laklaii Bands 
e. Laku&l L-l 

Lahtatl L-S 
7. Sehei-
8. Domaljevac 
9. Dvorovl 

10. Dvorovl 
11. Ti i ld , buJ. lT-1 
12. - n u d , bu*. IT-a 
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23,8.81. 
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— 13,50 64,8 

13 
13 
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34 
12 
15,9 

34,0 
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29.9 
29,9 
29 
20 
SS 
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GEOTERMALNA POTENCIJALNOST MACVE, SEMBERIJE I SREMA 

1, UVOD. Od naCeg ot)crida geotermalne anomalije u maCvanslcom se-

lu Dublje u 1982. godini do pofietka 1986. godine izuCili smo re-

zultate regionalnih geoloSkih i geofiziSkih istraiivanja i pose

bno rezultate dubokog istraznog buSenja za potrebe istraiivanja 

nafte 1 prirodnog gasa na podruCjima Madve, Semberije 1 Srema.a 

u cilju izuCavanja njihovih regionalnih geotermalnih karakteri

stika. Rezultate do kojih smo doSli takvim izudavanjima smatra-

mo da su za SFR Jugoslaviju veoma interesantni sa gledigta obe-

tbedjivanja znatnih koliiina Ciste i obnovljive energije. Zato 

smo odluCili da rezultate geotermalnih izuSavanja terena Madve, 

Semberije i Srema prvo saopStimo geolozima Jugoslavije na 11. 

kongresu. Ovo Cinimo i zato Sto samo nauCni skup takvog ranga 

aoie najnepristrasnije da oceni vrednost i znaCaj po narodnu 

privredu geotermalnog potencijala MaCve, Semberije i Srema. 

Ukoliko uCesnici 11. geoloSkog kongresa Jugoslavije poziti-

vno ocene rezultate nagih geotermalnih izudavanja, onda odeku-

j«mo od Kongresa preporuku da geotermalna istraiivanja Ma£ve,Se-

moerije i Srema proglasi prioritetnim jugoslovenskim projektom 

geotermalnih istraiivanja i kori§(5enja geotermalne energije u 

toplifikacione svrhe gradskih i seoskih naselja, za proizvodnju 

hrane i za sportsko-rekreacione i balneoloSke svrhe. 

2. PRIKA2 I ANALIZA REZULTATA DOSADASNJIH ISTRAZIVANJA. Istraz-

no podruCje se prostire na teritoriji MaCve i Posavo-Tamnave 

(na podruCju 5 opStina), zatim na teritoriji Semberije (na pod-

ru5ju 4 opStine) i Srema (na podruSju 3 opgtine). Ukupna povr-

§lna Istrainog podruCja iznosi oko 6000 km . 

0 geoloSkom sastavu Terena MaCve, Posavo-Tamnave, Semberije 

• Jovan Perid S Mihailo Milivojevid, Rudarsko-geoloSki fakultet 
OOUR-Grupa za hidrogeologiju, Beograd, DjuSina 7 
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GEOTHERMAL POTENTIAL OF MACVA, SEMBERIA, AND SREM 

Summary 

The hydrogeothermal potentials of Ma&va, Semberia, and Srem, 

under a total surface area of about 6000 square kilometres, are 

preliminary assessed. The three districts are the part of the so

uthern Pannonian margin. Neogene sediments lie in most of the area 

over a Mesozoic sedimentary complex composed of Upper Cretaceous 

flysch and thick carbonate and karstified Triassic and Upper Cre

taceous deposits. The Earth a crust is thick between 24 and 26 

lometres in the region. Miocene inagmatic and volcanic activites 

are identified in the basin and its margin. These two factors are 

responssible for high values of the heat flow of 112 mWm . Ceon-

trolled by all the mentioned relations, an enormous hydrogeother

mal system has developed in the Mesozoic karstified carl>onate co

mplex, consisting of large thermal water reservoirs at depths from 

'Z 
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200 to 1500 metres. Water temperatures range from 50°C at 200 me

tres of depth to 130°C at 2500 metres. The mineral content in the 

thermal waters is very low, from 500 to 1000 ppm, and they may be 

used for drinking purpose after the thermal use. These data are 

collected from deep exploratory wells for oil and geothermal ene

rgy. The potential of hydrogeothermal resources within karstified 

carbonate deposits of Mesozoic age is assessed at some 7,6*10 

KJ, or a heat equivalent to about 146-10 ton of oil. 
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PALEOHYDROGEOTHERMAL 
OCCURRENCES OF 

AVALA 

INTRODUCTION 

Palaeohydrogeotermal o<xuiien(»s* of Avala, studied in period 1975-1979, are presen
tly considered. The direct reason for the investigation was a high hydrogeothermal 
anomaly noted in the Zavojru£ka Reka valley and palaeohydrogeothermal occurrences 
within their extent. 

GEOLOGICAL COMPOSITION AND FEATURE OF AVALA ENVIRONS 

Geological investigation and prospecting in Avala and its surrounding started a long 
time ago, mostly due to mercury, lead and zinc deposits, the mercury deposit being 
known about in prehistorical era, and later due to the vicinity of Belgrade (Fig. 1) and 
the fast development of geology in Serbia. 

* Palaeohydtogeothermal occunences are aU occunences of mineral deposition in past or recent geo
logical history from hytiiogeothennal fluids in places of theit otuflow on ground or under water 
and filli,ig rock cavities within the Earth's cmst; those occunences within the Earth's crust which 
were also formed in past or recent geobgical time by interaction of these fluidsand rock masses, 
aixl anomalous vahies of heat filed in domains of the once circulating hydrogeothsmal fluids. 
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PALEOHYDROGEOTHERMAL 
OCCURRENCES OF 

AVALA 

INTRODIXTION 

Pslaeohydrogeotemtal occuirences* of Avala, nudted in period 1975-1979, ue presen
tly considf red. The direct reason for the invettigation was a high hydrogeothermal 
anomaly noted in the Zavojniika Reka vaUey and palaeohydrogeothermal occurrences 
within their extent. 

GEOLOCICAL COMPOSITION AND FEATURE OF AVALA ENVIRONS 

Geological investigatk>n and prospecting in Avala and its sunounding started a long 
time ago, mostly due to meicuiy, lead and zinc deposits, the mercury deposit being 
known about in prehistorical era, and later due to the vicinity of Belgrade (Fig. 1) and 
the fast development of geology in Serbia. 

* PalaeohydiQgeothennml occuxieoces arc LD oocuirences of mincnl depotltbn in pait or fecenl geo-
logicil hiitory fiom hydirtgeolhemul Quids m pUcei of their otufiow on ground oi nndo wttet 
«nd fillLig rode c*vitie> within the Eirth'i oust; thoae oocunencct within thc Euth't a u n whjdi 
weie t i n fonned in pan or recent geologie*! time by intaaction of t ha t Quidttnd rock nusiei, 
and anonuloiu values of heal filed in domaini of the once circuliling hydrogeothermal fhiids. 
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Sedimentary Rocka 

These rocki compote mott of Avala and its sunoundingt (Fig. 4). The rocks ate Mesozo
ic (Jurassic and Cretaceous) Tertiary (Neogene) and Quaternary. 

The oldest )f ledimentary Mesozoic rocks are Jurassic and the most widespread are 
Cretaceous rocks. Jurassic, or rather Upper Jurassic, sediments are recognized west and 
southwest of Avals. Wilhin them three fades are separated: diabase-chert formation, 
fades of reef and subreef (brachiopod) limestones and faciei of aptychus beds. The 
largest coverage of the three fades has diabase-chert formations in which sandstone-
-chert and schistose—chert formations are distinguithed. Jurassic sediments also indude 
Malm (Tithonina)-Neooomian flysch, charactenzed by alternating sandstone and marl 
and thale. 

Cretaceous sediments are the most widespiead Mesozoic rocks near Avala. The Creta-
ceoiu is developed in all stages of the Lower and Middle Cretaceous. As for lithological 
composition, it is very diverse. Within the range of Cretaceous sediments the greatest 
distribution it that of Upper Cretaceous, the lo-called Avala flysch. which was depo
sited from Ihe Upper Turonian to the Middle Campanian. 

Tertiary sedimentary rocks near Avala are of Neogene age — the Middie and Upper 
Miocene and PUocene. Upper Miocene sediments haw the largest distribution. The 
oldest Miocene sediments ate Tortonian in age. They indude clay, sand and Umestone. 
Sarmatian sediments have a greater extent than the Tortonian and consist of clay, marl, 
Umestone and sand. Parmonian sediments are the most widespread of Neogene sedun-
ents in Avala surroundings. They consist of day, marl and sand. PUocene sediments 
have a tmall coverage and ate represented by sand, clay and gravel. 

Magmatic Rodu 

The most important magmatic rocks are of Teriary age. Occunences of Ihese rocks are 
frequent on Avala and its close proximity. They are eruptive and have the form of 
numerous wins varying int thickness (Fig. 4). These rocks were studied mott in detail 
by P. Dimitrqevi£. These are unaltered lamprophyre, andesite, quartz microdiorite, i.e. 
dadte, quartz latite, and microgranite. Volcanic rocks are grading from the mineralogi
cal aspect from one type to another indicating, according to B. Dimitrijevi£, their de
rivation from the same magma which loUdified at subvolcanic level (8). Lamprophyre 
occurrences and the most important, microgranite occurrences are the main evidence 
of granitoid pluton under Avala, equivalent to granodiorite (8), (14), (6). As for the 
age of the above mentioned magmatic rocks, the instrusion of Avala granitoid pluton is 
supposed to be an event from before the Tortonian, that volcanic rocks were formed 
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until the Middle of the Sarmatian, or that magmatic solution existed until then (46). 
This age is only relative and approximate, determined only in relation to the Avala mag
matism as a part of Tertiary magmatism of Sumadqa. 

Metamorphic Rocka 

Metamorphic rocki recognized on Avala and the lunounding area are serpentinite and 
thermometamorphic rocks, Ihe former prevailing and oompoalng the extreme north of 
the Sumadija ophioUte zone. M. Andelkovii wrote (I) that they were formed before the 
Upper Jurassic. Thermometamorphic rocks are distributed over Avala within the Upper 
Cretaceous flysch (fig. 4) and consist of ikam, calc-siUcate and quartz-feldspathic 
homfels, epidozoite, marble, contact-altered sandstone and shale, axinite and tour-
maUne veins (63), (8). These rocks nonambiguously indicate the presence of a shaUow 
mass of granodioritic pluton which accounted fot the oocunence of the mentioned 
rodu on ground surfiace. 

Stnictuial-Tectonic Featuict 

Avala and the sunounding country, litiuted on the periphery of Parmonian depretakin, 
belongs to the geouctonic .Vardar Zone". This peripheral position is responsible fot 
its complex structural-tectonic composition which is a consequence of a compUcated 
and yet unexplained and unknown evohition of the „Vardaf Zone" in the geological 
past. The main tectonic forms are varioua faults and the present stnicture of Avala can 
be considered a contequeooe of their relationship. 

METHODS OF INVESTIGATION 

Palaeohydrogeothermal occurrences are quite abundant in modem geotheimal regions. 
Where modem sources of hydrogeothennal fluids are not located but there are palaeo
hydrogeothermal occurrences, the Utter ate indicative of an actiw hydiogeothermal 
system in Ihe geological past. 

Palaeohydrogeothermal occurrences are recognized near Avala, where there ate not na
tural hydrogeothermal occurrences in the form of Ihermal water spririgs, but there is 
thermal water encountered by expk>ratory driUuig in the ZavojniCka Reka valley (Fig. 
3). This driUing revealed also palaeohydiogeothetmal occuneaoes within the aqui£er.of 
the mentioned thermal water. 

Palaeohydrogeothermal occurrences on ground surface were studied before the Second 
Wat by B. Dimitr^evii (8) and after this war during the expkxation of Suplja Stena 
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mercury depoait(17),(43),(50). 

Data, oonceriung the position and charactetisUcs of these palaeohydrogeothermal oc
currences were old, so that aU the described occurrences had to be reconstructed and 
located. UntU the present work, twelve occurrencet had been known. Some of them 
were itudied in detail, whUe tome were only marked on geological maps. Therefore, 
the first thing to be doi«e was a deiaU leconnaitsance, when four more palasohydro-
geotheimil occurrences were recognized. 

The area of each occuirence was mapped in detail and rock was sampled for mineralo
gical, petrological and palaeontological, and chemical analyses. Same analytei were 
made for palaeohydrogeothermal occurrences noted on rock samples from exploratory 
boreholes. Temperature of water was measured in each discharging weU using mercury 
thermometer during the weU tests. Some of wells were tempcralure logged through the 
fuU length of the weU. Samples of each occunence were also examined to detennine Ihe 
temperatiue of gas-fluid indusion homogenization. Berides the mentioned examina
tions, isotope analysis was made in the Jo2ef Stefan InsUtute, Ijubljana, on carbonate 
samples of palaeohydrogeothermal occurrences. 

INVESTIGATION RESULTS 

As mentioned before, I recognized sixteen palaeohydrogeothermal occurrencet on siu-
face, assembled in three zortes: the ZavojniCka RekavaUey, the vaUey side and vaUey 
of the TopCiderska Reka, and the hiU ridge dividing drainage areas of these two rivers 
(Fig.3). 

Mode of Occurrence and Appeatarux 
of PalaeohyikogBotheniial Oocunencea 

Deposits of an palaeohydrogeothermal occurrences are differentiated by the mode of 
occurrence and the appearance of rock masa surface, and separated into two groups. 
One group consists of quartzite type occurrences conspicuous outcropping in the relief. 
These occurrences look Uke hillocks 15-20 m high, mostly as nests in serpentinite and 
in its contact with Upper Cretaceous flysch. Rock mass of such occurrences is composed 
of large blocks up to 10 m in height or diameter. The blocks are fuU of cavities varying 
in size from a few centimetres lo one metre (Fig. 4). The largest caviUes look like smaU 
caves or cave channels. Cavities of whatever size have different shapes, mosUy irregular. 
GeneraUy, rock masses of these occurrences resemble very much tufa. This mode of 
quartzite occunence is a consequence of its origin and high resistance to erosion. The 
colour of rock is tlirty yeUow, gray-green ot diity white. It is greatly fractiued, Ihe 

cracks mostly separating blocks up to 10 cm apari. Some of fracture* or cracks are fUled 
with crystaUine quart2. 

The other group consists of carbonate occunences. Due to high carbonate content and 
poor resistivity to eroskin these occurrences are not rising above ground surface but can 
be recognized only by colour. Blocks are smaU, to one metre in diameter, and most of 
outcrops consist of detritus. Other morphologic characteristics distinguidiing quartzite 
occunences are not poiseised by carbonate ones for the same reason. 

The palaeohydrogeothermal occunences k>cated by drilling in the Zavqjnidca Reka 
vaUey consist of partly or fuUy fractured quartz or carbonate fdling in lerpentinite 
(Fig. 5), cement of Tertiary (Sarmatian) breccia and conglomerate, sUiceous Tdm on 
cavern or smaU cavity inside surface in Middle Sarmatian limestones or ciystalline 
pyrite in the above mentioned rock masses and in Parmonian sandstones (33). 

Mineral Composiiion of Palaeofaydrogeo-
tbesmal Occunenoes 

The mineral composition of deposits of palaeohydrogeothermal occunences is detemu-
ned by mkroscopy. This examination waa needed for study of chemical compo*itk>n of 
hydrothermal Quids from which deposits were fonned of palaeohydrogeothermal oc
cunences of Avala, and for tracing the chemistiy, physical conditions of circulaticm and 
temperature change of the fluids Ihrough the time. 

Microscopy fot mineral composition was used lo separate Ihree zones of palaeohydro
geothermal occunences. First zone comprises siUceous or quartzite (Kcurrences with 
quartz as main mineral and chalcedony. Second zone consists of carbonate occunences 
with calcite, dolomite and ankerite prevailing over quartz. Third zone comprises mixed 
occurrences in which microscopy could not reveal the domiiuting mineral. These are 
the mentioned newly discovered occurrences in the Zavojnifka Reka vaUey predominan-
tiy composed of quartz and calcite. The separated zones are shown in Fig. 4. 

The exploration of Suplja Stena mercury deposii revealed within Ihe quartzite palaeo
hydrogeothermal occunence of the same name, at its deep levels, according to D. Jad' 
ranin (17) the foUowing minerals: cinnabar, pyrrhotine, arsenopyrite, chalcopyrite 
sphalerite, pyrite, marcasite, miUerite, schwazite, polydymite, chloanthite, paramels 
bergite, calomel, natural metcury and gold, quartz, baryte, dolomite, and avsUte 

Chemical Compoiiiun of Rodt Masi Dcpositf 
of Palaeobydrogeotberma] OociutenoeB 

For an approximate reconstruction of the chemical composition of hydrogeothemu 
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fluids from which derived the palaeohydrogeothermal occurrences of Avala it was neces-
sery to study Iheir chemical composition. Results of the chemical aitalysii u e given in 
Tab. 1 and Fig. 6. The main characteristic of chemical composition of Avala palaeo
hydrogeothermal occurrences is the domination of one constituent. Such dominating 
constituents are siUca (SiOj) and Ca and Mg carbonates. SiUca was dominating consti
tuent in eight of Ihe analysed surface occunenoes, and Ca and Mg carbonates in Ave 
occurrences. 

Homogenization TempcnIurta 
of Gas-Fluid loctustons 

The homogenization method of gaseous and fluid indusions of the mentioned fluids 
in minerals was used to fmd apptoxinute temperalures of palaeohydrogeothermal 
fluids from which derived the presenl palaeohydrogeothermal occurrences of Avala. 
This method was used by N. Ble£ii for aU tests on samples from eight palaeohydrogeo
thermal occurrences with suitable indusions (4). 

From among Ihe surface occunences, the highest temperature of about 400° was that 
of palaeohydrogeothermal fluids from which originated the mUceous, ix. quartzite 
palaeohydrogeothermal occunences. Temperatures of secondary inclusions were lower 
by 25-50% ihan the primary ones and indicated the temperatures of palaeohydrogeo
thermal fluids which circulated subsequendy. Carbonate occunences on ground surface 
had lower homogenization temperature (100-1S0''C) than the quartz occiurencet. 
Homogenization temperatures of indusions in quartz from tiUdfled Sarmatian sedi
ments and serpentinite in the ZavtJjniCka Reka vaUey were very high, from 4O0''C in 
the begiiming lo about lOO^C. 

Isolopic Composition of Carbonates of 
Psbeohydtogeotbeiinal Oocuirenoe* 

Isotopic composition of carbonates in palaeohydrogeothermal occurrences was analysed 
for additional information on the genesis of these occunences. Six isotope analyses of 
cati>onate samples from five palaeohydrogeothermal occunences were made for 6 " C 
and 6 '* 0.(The resulu are given in Tab. 8). 

Newly Diaoowred Tbeimal Wales Occuifcncea in the Domain of 
Pakeohydtageotbetmal OocuncDcc* in the Zavojnidu Reka VaUcy 

During detaU hydrogeological prospecting in die Zavojnifka Reka vaUey in 1975 and 
1976, vety important occunences of tiiermal water were discovered within Ihe above 
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mentioned Sarmatian lediments and aerpentinites with palaeohydrogeothermal occur
rences (Figs. 2 and 7), (33). (34). The temperatuie of the Ihermal waler was relatively 
high for the depth of Its occurrence, i.e. in relation to the known geothermal contUtions 
in the region of Avala. and u such indicated the presence of geothennal. or hydrogeo
thermal, anomaly. 

The locaUzed thermal aquifer is formed in karstified and sUidfied Saimatian limesto
nes, SiUcified serpentinite conglomerates, and serpentinites (Fig. 7). 

INTERPRETATION AND DISCUSSION 

Main results of invettigation and exploration In palaeohydrogeothermal occunences so 
far recognized in Avala region are presented m the preceding text. The principal ques
tion that can be raised after the consideration of the leiults is: What is the importance 
of palaeohydrogeothermal occurrences of Avala and of thermal water occmrences 
within the zone of geothermal anomaly, or should these occurrences be considered an 
indication of concealed deposits and sources of geothermal energy? Before answering 
the question as the idtimate goal of the present paper, first, soiutions should be of-
fened of partial problems and Ihese solutions integrated for a sutgle answer to the above 
question. 

The first partial problem to be solved it: Are the palaeohydrogeolhetmal occurrences 
of Avala what we take them to be, i.e. are they a consequence of the once presenl and 
circidating hydrogeothermal fluids? The answer is affirmative, becaiise the palaeohydro
geothermal occurrences of Avala may certainly be taken lo had oiginated from hydriv 
geothermal fluids. It is best evinced by its texture and the appearance of deposiis of 
palaeohydrogeothermal occuirences, their mineral, chemical and isotopic composition. 
Namdy, primary minerals with the chemical elements derived from accumulations of 
palaeohydrogeothermal fluids were minerals of qiurtz group, carbonale minerals and 
sulphide minerals. They were deposited only by independent chemical reactions in the 
mentioned fluids. Minerals containing nickd and chromium resulted from Ihe reaction 
of palaeohydrogeothermal fluids and serpentinite through which they moved up to the 
surface. The order and mode of deposition of individual minerals mdicate a staged 
formation of palaeohydrogeothermal deposits. The occunence of quartzite lype was 
formed starting with fast deposition of a huge mass of fine-grained quartz composing 
most of the palaeohydtogeothermal deposit. The next deposition of mineral look 
place only in fltsuies and aacks, and in cavities of the piimaiily formed fine quartz 
mass imtH the end of fluid drculation. The situation with carbonate occuirences was 
the same (33). 

Some ore occurrences within the palaeohydrogeothermal deposits, depending on the 
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time of Iheir formation. i.e. Ihe geologic age. are exceUent indication of hidden ac
cumulations of hydiogeolhermsl fluids and of young palaeohydrogeothermal systems. 
This foremosUy refers to mineral occurrences and mercury deposits, as has been proved 
and used as one of important geochemical indications in modem geothermal areas. 
Mineralization occunences and mercury ore deposits are preaent in the scope of siUce
ous palaeohydrogeothermal occunences of Avala. The best known is the deposit and old 
mercury mine of Supfja Stena (17), (43). (50). 

The study of the origin and importance of palaeohydrogeothermal occturences of Avala, 
while objeaiw wu to decide on how justified the detail geothermal exploration in this 
area would be for search of geothermal energy deposits, required first a reconstructkin 
of aU palaeogeological conditions which weie responsible for the formation of present-
-day palaeohydrogeothermal and newly discovered hydrogeothermal occurrences in 
Ihe form of thermal water. 

It has been explained above that hydrogeothermal fluids were the source of derivation 
of palaeohydrogeothermal occunencea, from which could be inferred that two main 
conditiotu: (I) accumulation of hydiogeothermal fluids of certain chenucal composi
tion, temperature and pressure, and (2) transit paths or channels through which hydro
geothermal fluids oonununicated with surface or with tome other porous medium situ
ated between primary acciunuiation and Earth's surface, contrcdled the formation of 
palaeohydrogeothermal occunences. Hythogeological structure which included the 
environmenlt bearing hydrogeothermal fluids must have been confined or semiconfined 
forming, together with suitable (high) temperature, geothermodynamic conditions only 
for upward extrusion of fluids, to Earth's turface. Another condition was created by 
tectonic dislocation or intrusion of magma when faull or mylonite zones were formed in 
rocks lying owr Ihe formation bearing hydrothermal fluids. The porosity in these zones 
wu much greater than that of country locks which were impermeable for fluids from 
their underlying rocks and therefore fault zones were transit paths for hydrogeothennal 
fluidi. AU the above mentioned conditions were fulfiUed in Avala area (Figs. 9 and 10). 
An interesting question in this connection is: Why palaeohydtogeothermal occunences 
of Avala are formed only in serpentinites, ix. in interesections of faull zones in them 
and in their contact with Cretaceous flysch, and nol in flysch? The reason is Ihe physi
cal and mechanical characterittict of serpentirules and Iheir behaviour during the forma
tion of faull zones so luilike those of flytch ledimenu. 

Another important question is related to tbe depth of supply charmels. Mineral and 
chemical composition of palaeohydrogeothermal deposits showed that the mineral mass 
had letfl derived from serpentinites. It impUed ihe depth of palaeohydrogeoUiermal 
fluid supply chaiuiels at leut equal to lerpentinite thickneis, iz . to their floor or de
eper. 
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What could be infened from sU the above and from the itudy of palaeohydrogeother
mal occurrences is that an active hydrogeothermal conwctiw system existed In Avala 
region leveral mUlian yean ago. 

An accurate and detail reconstruction of aU components of the old hydrogeothermal 
system, or of present palaeohydrogeothermal system of Avala. Is not possible Ui absence 
of deep geothermal prospecting. Ordy Ihe most probatde model can be made of the old 
hydrothermal or present-day paUwohydrogeothetmal system of Avala. Thla Is one of 
the most important objectives of the study of palaeohiydrogeothertrul occurrences, 
the model is intended to help estimating the present geothermal potential of the palaeo
hydrogeothermal system of Avala. In fact. Ihis pietUction model should lerve u a data 
base for developing Ihe concept of geothennal exploration aimed at establishing the 
geotherroal potentiaUty of Avala. 

Basic elements of the prediction model of the old hydrogeothermal convective system 
of Avala u e shown in Fig. 63. Study results of the isotopic composition of caUite from 
carbonale palaeohydrogeothermal occurrences (Tab. 8) show the semblance of the 
hydrogeothermal system of Avala to the modem hydrogeothennal oonwctive system of 
LardereUo in Italy. 

The modem palaeohydtogeothermal system of Avala. u deduced from the study of 
palaeohydrogeothermal occuirences and above diicutsion. wu fonned in the period 
when hydrothermal fluids ceased to flow in a once active convective hydrogeothermal 
system, when the conditions changed. The changed conditims were temperatuie thro
ugh the depth of the syslem. and even more Ui the basin of hydrogeothermal fluids, and 
pressure. Since Ihe formation period of the palaeohydrogeothermal system to the pre
sent day. the cangei in it mainly consisted of ilow cotding, or the temperature decline. 
The pressure has not much changed, because the system pracUcally passed Into a static 
state. 

The greatest problems, which remaUi to be solved in future exploration, are: the depth 
of palaeohydrogeothermal occunenoes distribution, the depth to the basin of hydro
geothermal fluids, psesent temperature in the baidn, if il OiU exists, and the existence 
of hydrogeothermal fluids that could be exploited. Afl these, in addition to the dis
cussed in sectkm 4J6.1 , are parts covered by the inodel of the modem palaeohydiogeo-
therroal system of Avala. 

Tbe depth reached by palaeohydio^otheimal occunences wu discussed In section 
4.2.1. and it is moat probably the depth of the once existing basin with hydrogeother
mal fluids. This depth is not known and cannot be predicted in absence of enough 
reUaUe indications. U can be referred only in relative terroi u in section 4.6.1. 
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As lo the ./xmruied" hydrogeothermal fluids and Iheir tempeialuie, the hypotheses 
can be made based on the assumption about the origin and on the chemical composi
tion of Ihe discovered thennal water in the ZavogniCka Reka vaUey. The origin of this 
water is discussed in section 3.5. Based on the modern hydrogeological conditions and 
on the described palaeohydrogeothermal occurrences in Ihe Zavojnieka Reka valley 
where Uiermal water wu discovered, the most probable assumption is Ihat the linentio-
ned thermal water wu condensed vapour, or cooled thermal water which reached pre
sent aquifers through the fault zone in terpentinite and peridotite. This is partiy strg-
gested by the chemical compoation of this water, in which lotal mineral content is 
only 200 p^ijn. and dry residue 180 P4>jn. 

Hydrothermal thermometers, used to determine temperature in the old basin of hydro
geothermal fluids in relation to SiOi and Na-K-Ca content In fluid outcrops, caimot 
effidentiy be used because SiO] deposited in the form of the described palaeohydrogeo
thermal occunences. The same refers to Ca. Therefore, the supposed temperatures of 
hydrogeothennal fluids in their parent basin can be related only to Na/K geothenno-
meters (27). According to this geothermometer, waler temperature in the basin of the 
hydrogeothermal fluid origin should be about I5tf'C. For the geothermal gradient 
value of lOO'C/km the basin should be at a depth of about 1500 m. 

Other components of Ihe modem palaeohydrogeothermal system of Avala are same 
u when it wu an actiw hydrogeothermal system desaibed in section 5.6.1 (Fig. 64). 

The greatest importance of the modem palaeohydrogeothermal system of Avala, which 
U in transition to a pelrogeothermal HDR system, is the heat preserved in tJie granitoid 
inlrusion which caused the formation of the old hydrogeothermal system of Avala. A 
temperatuie of about 250^C can be expected al a depth of 3 km in its conUict zone. 

Translated by 
Danica M^ovi£-PiUi 
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GEOTHERMAL ENERGY IN AGRICULTURE 
IN YUGOSLAVIA 

KIRIL POPOVSKI 

UACMacedonia, Bul. Parlizanslciodredi 18, P.O. Box326, 91000Skopje, Yugoslavia 

Abstract—SFR Yugoslavia has natural hot water springs practically all over its territory, indicating the 
presence of geothermal reservoirs underground. There Is no final estimate of how much energy can be 
expected from this new resource, except for figures based on the results of studies and investigations. 

The first use ofgeothermal energy in Yugoslavia in numerous spas dates back to the 19th century. Some 
remarkable examples of central heating are known, bui the most widespread use is in agriculture (in 
greenhouse heating, farm heating and drying of agricultural products). 

GEOTHERMAL SETTING IN YUGOSLAVIA 

SFR Yugoslavia is situated in a belt richly endowed with geothermal resources. This belt starts 
in Hungary in the north and Italy in the west and stretches from Yugoslavia to Greece and 
Turkey. Four geothermal areas can be distinguished in Yugoslavia: Alpian, Dinarids, 
Pannonian and Bosnian-Serbian-Macedonian. 

The most investigated sector is the Pannonian area, situated in the southern part of the 
Pannonian basin. In this area the Moho discontinuity lies at a depth of about 20 km; thick 
sand-clay sediment of Tertiary age, and thick sediments of Mesozoic and Paleozoic age 
containing hot geothermal fluids can be found in the south-western part. 

The Dinarids and the Alpian areas are of less interest. 
The Bosnian-Serbian-Macedonian geothermal area is situated within the Inner Dinarids, 

Serbo-Macedonian massif and Carpathian-Balkan chain. The earth crust in this area reaches a 
thickness of 40 km and there are good prospects for geothermal resources. 

GEOTHERMAL ENERGY POTENTIAL OF YUGOSLAVIA 

Assessment of the geothermal energy potential of Yugoslavia is rather difficult, because it is 
one of the few European countries that has not investigated systematically its terrestrial heat 
flow. 

Assuming an average heat flow in Europe of about 60 mWm" ̂ , and considering the intense 
tectonic and magmatic activity during the Cenozoic, the average value in Yugoslavia should be 
in the range of 80-100 mWm"^. For an average heat conductivity of 2.1 Wm"' K~', the 
geothermal gradient can then be estimated at 50°C km"', in some parts of the country these 
values are much higher. 

The following estimates have been made of energy potential: for the Pannonian part of SR 
Croatia 6.57 x lO" kJ, SR Bosnia and Herzegovina 6 x 10" kJ, SR Serbia proper 5 x 10'̂  kJ 
and SAP Vojvodina 6 x 10'̂  kJ. 

GEOTHERMAL UTILIZATIONS 

Numerous hot springs have been known for centuries all over the country (Fig. 1). Tempera
tures of 25-85°C are very convenient for balneological uses. 
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Agricultural projects: 

1 Morovci 
2. Cotez 
3. Konjizo 
4. Srbobron 
5. Uijos 
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Fig. I. Geothermal manifestations in SFR Yugoslavia and their use in agriculture. 

There are several hotel heating installations using geothermal energy. Some very successful 
installations (one with a heat pump) are in operation and many others are under construction. 

The use ofgeothermal energy in agriculture started in Bansko, near the town of Strumica, in 
southernmost Yugoslavia (9 in Fig. 1). An old-fashioned glasshouse of 2.2 ha is heated by the 
fluid from a thermai spring with a flow rate of 48 1 s~' and temperature of 72°C. The svater is of 
low aggressivity and is used directly in the steel-pipe heating installation. Manual regulation of 
flow enables temperature to be regulated in the greenhouse. The annual utilization of energy is 
about 5000 MWh directly in the glasshouse, and about 6000 MWh in the older plastic 
constructions lying behind the glasshouses. 

The second agricultural project was in the town of Brezice, in the north (2 in Fig. 1), where a 
5 ha glasshouse produces flowers. The thermal spring (801 s"' at 59°C) produces a non-aggressive 
water that is used directly in the heating installations ofthe hotel and greenhouse. The annual 
utilization of energy is about 18,000 MWh. 

A third geothermal greenhouse was built in Vranjska Banja (7 in Fig. 1). This 6,03 ha 
glasshouse, producing mainly flowers, is heated by a thermal spring with 601 s"' of water at 72°C. 
The water is very aggressive so heat exchangers of chemically resistant steel are in use. The 
annual energy utilization is approx. 17.000 MWh. 

At Brezice and Vranjska Banja boiler plants of 6 and 12 MW respectively are used during peak 
periods. In llijas. near Bosanski Samac (5 in Fig. 1) a greenhouse of 2.5 ha is heated 
geothermally. The thermal spring (22 I s~' and teinperature of 85°C) produces very aggressive 
water. After exhaustive studies the system was put into operation with the addition of chemicals, 
but the problems have still not been satisfactorily solved. 
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In the region of Kotchany (8 in Fig. I) 18 ha of glasshouses have been heated geothermally 
since 1982, as well as a rice-drying plant. Non-aggressive water at 78°C permitted a simple 
technical design and successful results. 

In Gevgelija 22.5 ha of greenhouses have been using geothermal energy since 1983 (10 in 
Fig. 1). Unfortunately, the primitive design and unfinished project led to the destruction ofthe 
heating installation. Reconstruction is now under way. 

Finally, near the town of Srbobran (4 in Fig. 1) a greenhouse of 0.5 ha has been heated by 
geothermal energy since 1984, exploiting a geothermal well of 11.61 s"' and temperature of 60°C. 

All three complexes are provided with automatic temperature regulation, but without outlet 
temperature limitations. All of them use heavy-oil boiler plants during peak periods. A 
geothermal energy utilization of 85,000 MWh yr"' can be estimated for the last three greenhouse 
complexes. 

Apart from some small projects for farm heating, work is now under way to exploit 
geothermal energy in Gevgelija (5.2 ha of greenhouses and a laboratory, using a geothermat well 
of 80 I s~' and temperature of 56°C; 11 in Fig. 1), in Radenci (1 in Fig. 1) and Kursumlija (6 in 
Fig. 1). 

Altogether, about 70 ha of greenhouses are heated with geothermal energy in Yugoslavia, a 
rice-drying unit is in use and some farms are heated. As a consequence the average energy 
utilization can be estimated at about 150,000 MWh yr"'. 
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Rice drying unit in Kolchany (Fig. 2) 
Heating fluid: geothermal water of Dolni Podlog (Kotchany). Temperature 75-78°C, low 

mineral content, no scaling problems, no corrosion problems. Direct use in the heating pipes. 

Manufacturer: 
Type: 
Capacily: 
Healing power: 
Installed eleclric power: 
Moisture content of rice: 

CER-Tchatchak, Yugoslavia. 
VSP-10. 
10 t h"' rough or milled rice. 
1.36 MW. 
45 kW. 
— inlet, 20% 
— outlet, 14%. 

Dried rice 

Fig. 2. Rice-drying unit in ZIK "Kotchansko pole". Kotchany. 
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Temperature of the heating air: 35°C. 
Outdoor design conditions: — temperature, 15°C, 

— relative humidity, 60%. 
Drier: Crossflow continuous system. 

The rice moves downward at a constant velocity by gravity at all points ofthe cross-section. IM 
order to prevent the rice from cracking, the temperature of the warm air is kept to a maximui^ 
of 40°C. The heating fluid is geothermal water between 50 and 75°C. 

The drying unit is in use during the months of October, November and December duringl 
daytime, when the heat is not required in the greenhouse. The unit has been in use for fouryears 
and has proved satisfactory. 

•'0. 

Pig farm heating -| 
Heating fluid: geothermal water from a well in Mokrin with a temperature of 50°C. Direct use?^ 

in the heating pipes. ^ 
Deaerated geothermal water is passed from a tank at a temperature of 50°C to a pump and •' 

then on to a three-way mixing valve. In the mixing valve the geothermal water at 50°C is mixed 
with return water at 25°C, depending on the inside air temperature. The water yields heat to -
passing air through the heat exchanger in the air chamber. A fan pushes the warm air into the = 
distribution air channels and through vents into the pig-styes. 

Temperature in the heated rooms is regulated electronically. The signals from the outside and ? 
inside temperature sensors pass to the regulator, which controls the servomotor ofthe three-way [̂  
valve and the electromotor of the air chamber. f 

Total capacity of the installation is 372 kW; 186 kW is used in the piglet sector and 186kWin 
the breeding sector. 

Geothermal healing ofO. 5 ha of greenhouses .i 
Heating fluid: geothermal water at a fiow-rate of 11.61 s"' and60°C. Direct use in the heating | 

pipes. f 
The heating installation is for a commercial greenhouse of 0.5 ha covered with filon. A total | 

capacity of 1.23 MW is designed to cover a temperature difference between inside and outside 
air of 30°C. The system operates with two temperature regimes plus heating of the irrigation 
water by the return water after soil heating. The temperature regimes are as follows: 

— 60-30°C: aluminium heating pipes plus "fan-jet" air heating installation; 900 kW. 
— 35-25''C: polypropylene on-the-ground heating and soil heating installation; 330 kW. 
— 25-20°C: heat exchanger for irrigation water; 70 kW. 
Automatic regulation of the heating installations takes place through: 
— Sensor for outside air temperature. 
— Sensor for inside air temperature. 
— Sensor for heating water temperature. 
— Electronic regulator. 
— Servomotor of the three-way mixing valve. 
This system is a good example of how a good idea can be ruined by bad design. Mistakes were 

made in the allocation of the aluminium heating pipes, the vents ofthe "fan-jet" air heating 
installation were badly designed. Regulation of inside air temperature is difficult because of an 
inappropriate combination of the various elements of the installation. 

In addition the geothermal vvater is aggressive and destroys the iron circulation pipes and the 
steel pipes of the heat distribution station. 

Horticultural results are positive in the case of lettuce, but negative as regards paprika and 
tomatoes. 
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Geothermal heating of 12 + 6 ha of greenhouses (Fig. 3) 
Heating fluid: geothermal water of variable flow-rate 285-0 Is"', variable pressure 65 x 10''-0 

Pa, both depending on the discharge period; non-aggressive water of pH = 6.8; temperature of 
78°C. 

Two greenhouse complexes are heated by the same borehole: "Kotchansko pole" of 12 ha and 
"Mosa Pijade" of 6 ha. The complexes consist of separate blocks of 1.5 ha with independent 
climates. The greenhouses are 3.2 m Venio constructions with automatic regulation of tempera
ture and humidity (Fig. 4). 

1. Geoihermal bore EBMP -1 
2. Sedimentation basin 
3. Compensator 

Circulation pump 
One-way volves 
Distribution pipeline 
to "Kotchansko pole" 
Distribution pipeline 
to ""Mosa Pijade"" 

Fig. 3. Connection of Ihe heating systems oflhe greenhouses to the geothermal bore. 

•76°C 

i-t--°---A= 
-32°C 

Fig. 4. Scheme ofthe temperature regulation in "Kotchansko pole". 

"Kotchansko pole" greenhouse complex is connected to well EBMP-1 by pipeline No. 300 of 
3600 m length, insulated by 70 mm of glasswool. The heating installation consists of 2 in. steel 
pipes in groups of four. Originally, the installation was designed for heat supply from the 
heavy-oil boiler plant only. 

The boiler plant is now used to meet peak heat demand. Thus 85% of the total heat demand 
of an average climatic year is met by geothermal energy. The installed capacity is 42 MW. 

On the whole this complex has given good results during the five years it has been in use. A 
lack of uniformity in temperature distribution, however, is a consequence of mistakes in the 
design of the greenhouse. The Tichelman distribution system is the wrong size and the location 
of the heating element is not convenient for high plants. The outlet temperature of the heating 
geothermal water is another problem. Because the geothermal water is not pressurized, the user 
tends to meet higher heat demands with an increase in water flow-rate (higher mean temperature 
in the installation); thus the outlet temperature is high and, because it is still not used in other 
applications, this energy is wasted. 

I: 
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"Mosa Pijade" greenhouse complex (6 ha) is connected to the same borehole EBMP-1 by a j 
150 m long pipeline (Fig. 5). 

Compared with the heating installation in "Kotchansko pole", the heating surface is 43% J 
larger, so that the entire heat demand for a temperature difference up to 25°C can be met by I 
geothermal water alone. This complex was built when fuel costs were very high, justifying higher . | 
investment costs. 

This installation provides a much better horizontal temperature distribution, but the same 
observations about high plants can be made. Complete automatic regulation of ventilation, 
inside air temperature and humidity creates reasonable cultivation conditions in the protected 
space. The results of four years of exploitation are good. This is one ofthe rare greenhouses that 
wastes no energy. With some improvement to the technology of cultivation, it should be possible 
to achieve much higher profits. 

Geothermal healing of 22.5 ha of greenhouses in Gevgelija (Fig. 6) 
Heating medium: geothermal water from borehole Smokvica near the town of Gevgelija; 

flow-rate about 120 1 s"' and temperature of 65°C. The water is rich in free O2 and sulphur, and 
so it is very aggressive. 

Orginally this complex was operated with four heavy oil boilers. When fuel costs increased 
dramatically, an attempt was made to exploit the fluid from a new borehole about 7 km away. 
The success of the Kotchany geothermal project encouraged a rapid development of this 
project, even though the borehole had still to be completed. A pipeline was built to carry the 
expected 350 discharge and the water was temporarily used directly in the heating 
installations and boiler plants. Unfortunately, the funds ran out very fast, the borehole did not 
produce the expected flow of hot water and aggressive water destroyed the heating installation. 
Optimization studies are now under way. 

The existing heating system, originally designed for a temperature regime of 90-110°C, is 
capable of meeting only 19% of the heat demand when geothermal fluids are utilized. Direct 
circulation of the water through the heating installation and boiler plants caused rust, scale 
deposits and disturbances to the circulalion. due to the presence of gases. The system is out of 
order at the moment. 

To increase the contribution ofgeothermal heat to meeting the total heat demand of 22.5 ha 
of the greenhouse complex, and to avoid scale deposits and the destruction ofthe steel elements 
of the installation, reconstruction of the entire heating system is recommended with the 
following modifications: 

— Introduction ofa closed-loop heating circuit with a heating regime of 30-60°C. 
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— Introduction of an additional system of steel heating pipes (existing system =2,884 m̂  
1.5 ha"' -f 1 X 436mM.5ha"'. 

f — Introductionof an additional air-heating installation. 
— Redesignof the boiler plant for a regime of 90-100°C. 
This reconstruction and creation of several closed-loop heating circuits should permit optimal 

utilization ofthe available geothermal heat (Fig. 7). 

t , - V 9 0 - 7 0 ° C 
0̂ = 51.6 MW 
E =67.200 MWh s' 

&5°C 
V, = 1201s-' 
0 = I5MW 
Eg = (5.600 MWh s" 

GH - greenhouse complex 
8 - boiler plant 

GS - geothermol source 
P - pump 

Fig. 6. Simplified schemeof thc existing heating system of greenhouse complex "Gradina"" in Gevgelija. 

GH- l 

t„-t„=IOO-90°C 
0j=54MW 
E = 22.870 MWh s" 

t,= 65"'C 
V, = I201 s'' 
0 = 18 MW 
E =59.930 MWh s'' 

0-=̂  

GH - greenhouse complex 
BH - bose pipe heater 
PH - top heater 
A H - air heater 

B - boiler 
68 °C GS - geothermal source 

P — pump 
GS-I ' 

Fig. 7. Simplified scheme ofthe proposed reconstruction ofthe heating system of greenhouse complex "Gradina"'. 

When all circuits are in use with geothermal water, a total capacity of 17.79 MW can be 
achieved, which means about 72% ofthe total heat demand of an average climatic year. The rest 
should be met by the heavy-oil boiler plants. 

Detailed analysis of local climatic data and the 1201s"' continuous flow of geothermal water, 
together with the solar energy available during the day have suggested that, by installingdaytime 
hot water accumulators, it should be possible to increase the real geothermal flow to 200 I s"' 
during the night (Fig. 8). 

The cost ofthis project is justified by the high fuel costs in Yugoslavia nowadays. 
This solution could also solve the problem of primary degassing of geothermal water. The 
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: geothermal wat^w 
system could be further improved by insta "<iicr.'in« 
15°C(Fig.9). " m 

Further studies and drillings are under way to increase the flow rate to 1801 s"', which sh j^ i 
make it easier to optimize the geothermal heating system in the "Gradina" greenhouse com^fi 
in Gevgelija. **"' 

t o - t b H 0 0 - 9 0 ° C 
0^=54 MWh 
Ê = 17620 MWh s'' 

2J>°:: 
t,= 65°C 
M = 120 (200) I s"' 
0,= 15(25) MW 

65180 MWh s'' 

GH - greenhouse complex 
B-boi ler plont 

GS - geothermal source 
RA - accumulator 
P - pump i DG - degasser 

Fig. 8. Simplified scheme of the heating syslem with additional daily heat accumulators. 

to-t6=IOO-90' 'C 
0k=54MW 
E =̂ 2.079 MWh s 

t"-t""=60-30«C 

0,0= 27.5 (35) MW 

E,o" S0.72I MWh $•' 

11.484 MWh s"' 

, ; , - , i l l i i ' r " " 
,.„nicd in 

tj=35°C 

t , = 65°C 
M = 120(200) I s - ' 
0 , = 15(22.5) MW 
E,= 69.237 MWh S-' 

GH - greenhouse complex 
HE — heat exchanger 
HP - heot pump 

B - boiler plant 
GS -geothermal source 
RA — occumulotor 
DG - degosser/ P - pump 
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GEOTHERMAL SITUATION IN GREECE 

MICHAEL FYTIKAS 

Insliluie ofGeology and Mineral Exploration, 70 Messoglieion St., Alliens, Greece 

Abstract—Exploration for geoihermai resources in Greece started in 1970, 
The Institute of Geology and Mineral Exploration (IGME) was responsible for implementing the 

exploration programme. Initially the programme covered areas considered to conlain high enthalpy 
resources, and was financed by the State and Public Power Corporation (PPC). During the last eight years, 
following on the energy crisis, the programme has been extended to thc medium and mainly low enthalpy 
fields. 

Al the same time as PPC launched an exploitation and power-station programme, the Banks for 
Industrial and Agriculture Development, as well as national and local authorities and private enterprise 
started a programme for exploitation of low enthalpy resources. 

INTRODUCTION 

Greece has, on the whole, geological conditions that are very favourable for geothermal 
resources, especially the active volcanic arc of the South Aegean. Due to active distensive 
iccionics that facilitated the rise of deeper hotter fluids to the surface, there are numerous areas 
with positive anomalies. The combination of adequate geological structures has created 
icservoirsof hot fluids at relatively small depths, that are commercially exploitable (Fig. 1). 

GEOTHERMAL EXPLORATION 

Known high enthalpy geothermal fields exist on Milos and Nisyros, with other potential fields 
on Santorini, Lesbos and Kos islands. Of minor priority are Sousaki and Methana areas on 
mainland Greece (Fig. 2). 

Milos 
On Milos island (Cyclades) there are five productive boreholes about 1000-1400 m deep, four 

drilled in Zephyria plain, into reservoirs in the crystalline basement, and one in Adamas area, 
in a reservoir of lava and Neogenic limestone and crystalline rocks. The temperature in the 
reservoir is 300-325°C (200-220°C at the well head) and total flow is 350 t h"'. The fluids are a 
steam-water mixture, at a ratio 1:1, and can generate 20-25 MW^. 

There are also some interesting shallow hot acquifers on Milos (i.e. 40-100°C at 20-100 m) and 
some "hot grounds" too (100°C at 1 m depth) with more than 500 kcal h"' m"-. 

.Nisyros 
At Nisyros (Dodecanese) there are two deep boreholes at 1500 m that produce high enthalpy 

geothermal fluids from limestones or volcanic formations. The produced fluids, a mixture of 
sleam and water, could feed a 5 MW power-plant and be utilized for other purposes, such as 
space-heating, etc. 

549 

i 
4, 

;., 
.}-•' 

V ' 

• t 

«0 

i ' 

bi 

'- r^^^ 

il 
•t^ i 
:. t l | 
I- fM 
ii- El 
< 9 

IS 
i|ll 

-'K 
t iB|H 



Scale: I: 3 .500000 

Fig. I. Sketch map of Greece showing areas of geoihermai intere.st. 
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Lesbos, Santprini and Sousaki 
Exploration conducted so far gives encouraging results fpr medium and high enthal 

exploitation. 
No deep wells exis'tyet in theseareas, but some decisions should be taken very soon. 
On Lesbos island, near Polichnitos, there are five production weils 150 m deep 

encountered reservoirs of hot water at70-95°C and tettal flows of more than 1001 s ' ' . The enti , 
potential of this area is. much higher. Hot water of iip to 7p°C is produced by wells'^" 
Stipsi-Kallbni area, while.sprihgs of up to86°Cexist on the northern coast (Argehnosarea) T^ 
island of Santorini with active volcanism has an interesting area in the central-southern pan̂ , 
with temperatures up;to70°C recorded in shallbw exploration boreholes. 

Sperchios valley and nonhern Euboea grabens 
This areasof central Greece is rich in thernial waters that flow to the surface through natu^^ 

springs and artificial wells (Thermopylae, Ypati, Platystomon, Kamena Vourla, Aedips^; 
Yaltraetc). The temperature bf these waters reaches 78°C. 

Other areas 
Good possibilities of recovering low enthalpy geothermal resources exist in many other a r e ^ 

Exploration of Ibw enthalpy resources has so far beendirected at some very favourable areas^! 
northern and central mainland Gre'eee, in agricultural and sometimes industrial and urb^, 
zones. _ ; p 

Interesting thermal acquifers and cbnsid(?rable quantities of hot waters have.been recpgnizwJ,; 
or will probably be recognized in the areas of Traiarioupolis, Nea Kessani, Mangana, The^ni^^ 
(Thrace), Delta Nestos, Nigfita, Iraklia,"Sidirolcastron, Langadas, Nea Apollonia, Eleochoriap-
Almopia (Macedonia), Sofades (Thessaly),-Ahdravida (P'eloponnese). "fe; 

In these/areiis, the temperaturespf the waters reach SffC atretatively shallpw depths {lOO-SWj 

'")"- . 1 
Preliminary data fpr many other areas, have already been cqllected. To facilitate thef 

development bf low enthalpy utilizations, systematicresearch has tiegun onhbt water reseryoiT|l 
at small depths (100-500 m) that are easilyand ecbnomically accessible. Some-exploration wellsj 
have also been drilled to 50-2Q0 m, M, 

EXISTING USES OF GEOTHERMAL ENERGY :y 

% 
High enthalpy '§, 

©n Milos isiand a 2 MW^ pilpt plant was installed and began operating at the end of 1986. $i 
This pilot plant utilizes about 15 t h " ' of steam from borehole M-2 and the separated brine isi 

pressured and reinjected into well M-1, 1 km away. % 
Varipus technical problems arose during preliminary tests mainly caused by scaling at| 

wellhead anclreinjection pf brine-with high SiOi contents. The.PPC plansin the near future tOfg 
install some larger power units (30 MW) by utilizing steam from existing or future wells. I 

The PFCsaiso plans to install a pilpt plant on Nisyros island for erectricity generation, utilizing;! 
the steam (about 23 t i r ' ) from an e.xisting well. S 

Lo.w enthalpy 
Interest has, been concenirated mainly in northern Greece and the islands of Lesbos and^ 

Milos. So far the main use .pf low enthalpy geotheimal resources has been in heating^, 
greenhouses. The-breedingpf fish in a small experimentarplant;is:aisogiving encouraging results.; 
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The quality of the geothermal water differs'considerably from place to place. Technical 
iolutions must be adapted to each specific area, to prevent scaling (in the borehples) or the 
iirecipitation of saltsfand corrosion in the heating equipment. 

The diversity of technical solutions has delayed progress iri greenhouse heating.with geo
lhernial energy: Thus, the.area pf geothermal greenhouses in operation in northern Greece is 
cstinKited to be 6.65 haf2.3 haare glasshouses), while 1.1 ha will be instaile'd in the near ifuture. 
On Lesbos and Milos islands 0.56 ha are installed (Table 1). 

The chemical composition of the"fluids changes from place to place. In northern Greece we 
liave mainly carbonatic waters, with relatively low salinity. Corrosion is negligible and some 
•icaling problems art: avoided by utilizing adequate inhibitors. Expe/imentat use of these 
t-hcmicals in N. Kessani has been successful. The operational cost of using these chemicals is 
c.aimated at abbut U.S. SlOOOyr"'. 

in the case of Lesbos, Milos, etc. where corrosion is impbrfaint, plastic materials are used in 
Ihc main equipment. When the temperature of the gepthermal fluid is above 70°C, the thermal 
Iliad fpr the greenhouses is usually totally met,, even in northern Greece. In other eases the 
iliermai load is either partially met or geotherma] energy is use.d in antifreeze systems. If the 
tlimatic conditions are mild (e.g. Milos island) water, at 40'Ccan completely meet Ehe thermal 
needs of the greenhouse units. 

As can be seen from Table 1 the tptal energy savings are estimated at abo.ut 2500 OET per year. 
The technical sblutipns, applied so far, in order to exploit geathermai energy for agricultural 

uscsin Greece, are described below. 
Severe precipitation in the heating systems can be avoided by the use of heat-exchangers. 
The biggest geothermal greenhouse unit operatingon a commercial basis (at Nigrita) uses a 

iicothermal water-water heat exchanger with inox plates. It has been reported ihat, due to 
[irccipitation onthe heat exchanger plates, cleaning once or twice a mpnth has been necessary. 

The investment cost for the abpve-mentioned application is considered highfor agricultural 
uses, mainly because the heat exchangers are imported. 

Another type of heat-exchanger is in operation In N. Kessani, A gepthermal water-air heat 
exchanger has been constructed specifically for this project. In the heat exchanger the hpt fluid 
i.s conveyed through a sy.stem of finned pipes (18 mmdjam.). Air is forced between the pipes, is 
heated and then transported by fans through plastic ehannejs in the greenhouses. An additiphal 
>;ystem of spiral PE pipelines is placed on the soil ofthe greenhouse. The geothermiil water ori 
leaving the heat exchanger is circulated through the above-mentioned system. Chemical 
treatment Gbnsists of injecting inhibitors into the well. Double protection agajnst predpitation 
nf-salts has been considered necessary for the safe operation of the unit. The system can later be 
simplified if sevijral safety featiires^are proved unnecessary. Investment cost for this type pf heat 
exchanger is also high for the moment. Industria) production of the equipment cGuldJower the 
cost. 

Where salt concentratioris are low and severe precipitation avoided, the direct circulation of 
the gepthermal fluids through the heating system'could be achieved. Chemical treatment ofthe 
iicpthermal fluid is strongly recommended in this case. 

ThefoHowing heatingsystems-are in operatibh in several greenhpuse.units. 
(i) Galvanized finned pipes, placed bn the ground bf the greenhouse. This method'has a 

rather low efficiency when tbe geothermal fluid temperature is b.elow 70°C (N. 
Apollonia}. 

(ii) Speciafly' constructed aerptherms to avoid oxidaiion an'd facihtate cleaning 
("Polichnitos, Lesbos). 

(iii) Polyethylene br polypropylene spiral pipes placed on the ground. This sysiem is used 
when the temperature ofthe geothermal water is Ipwer. than,50°C. 
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Tahle 1, Geothermal direct uses'in Greece, as on 31 December 1986 (prepared by G. SommarugA in V9S6) 
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Startingl iistv and dryers 
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Anti-freeze 

Well mass flow: 
3(X^i500m?h-' 

"Well mass flow 
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?7:-..6 23.: 15.0 nm 8 sites; 14 operations" 

* G = glass cover; P = plastic; T = auxiliary fuel-fired tKermal plant; O = operating; C = underconstructton; Pl = planned; E = experitiiental. 
t l OET = S.Cto.OOO kcal (efficiency 0,8). 
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(iv) Polypropylene or polyethylene transparent pipes buried in the. ground near the rbot 
system of the plants. This method is used with geothermal water of less than 35^ , 

{v) Trainsparent PE'tubes of large diameter, placed between the lines of plants. This system 
also "exploits solar energy during d.aytime. 

(vi) A plasiic geothermal water-air heat exchanger has been tested in Eleoehoria, 
(vii) Anpther typCrOf heat exchanger has.been used to exploit the heat content of the ground 

pn Milos island (ground temperature of approx. 100°C), The heat exchanger consists of 
a system of iron pipes (2 in. diam.) buried at a depth of 1 m. It has been calculated that 
35 m'' of hpt ground are capable ofWeeting the thermal needs of a 350 trî  greenhouse 
unit. 

A special type of greenhouse construction is also used in tiorthern Greece. It consists of a 
double ̂ arch-shaped gatvariized steel-frame. The greenhouse is covered by twp PE films placed 
dn each of the two frames. Ttte distance; between the two films is 20-30 ern. Tfie gepthermal 
water is sprayed between ihe twb'films. 

A small experimental unit for intensive,breeding of eels (Langadas) uses 10 rĥ  of water at a; 
temperature of 37-38°C frpm 3-50 m well. The water has a low salt concenfratipn. The unit 
breeds about 10,000 eel\per year. 
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FUTURE DEVELOPMENTS 

The fpliowing Ipw enthalpy gebthermal wells are scheduled fbr drilling, rnainly in northern 
Greece, in 198.7. 

(i) IGME intends drilling seven explofatbry and productipn wells to depths of 100-220 m 
in the gepthermal fields of Langadas, Nyriiphopetra, Nea Apollonia and Nea Kessani. 

(ii) Local aiithorities plan tp drill twp boreholes to depths of 150 m in the Sousaki area. 
Greenhbuses will use the gepthermal fluids fbr heating, 

(iii) The Public Petroleum Enterprise.{DEP), in cooperation with IGME, plans to drill to a 
depthof 800^1000matD. Nestos. 

(iv) A joint project IGME-ETVA to drill a series of 500-600 m boles around the area of N. 
K'essani-Xanthi should begin at theend of 1987. 

(v) In.the Langada-Vqlvi area, a series bf"wells will be drilled for agricultural uses 
(greenhouse heating), 

(vi) iOri Milps island five wells will be drilled by IGME for irrigation, greenhpuse heatingand 
aquacurture(ETVA prpject). 

The abpve-mentiohed projects (except fpr the first) receive financial suppprt frpm the EEC. 
Several wells will also be>driiled in 1987 by private individuals for greenhouse applications. 

Exploitation wells are expected"to be drille'd in the near future by the PPG on Milos', Nisyrps.aiid 
Lesbos islands fpr high enthalpy fliiid recovery. There are also some proposals to install binary 
cycle.units,on islands (e.g. Lesbos) for electricity generation. 

CONCLUSIONS 

The new Gebthermal Law (1475/84), promulgated iri Greece three years ago, stipulates that 
geothermal energy belongs to the State, while the rights of exploration and exploitation can bê  
transferred, by priority toiocaKauthorities and cooperatives. 

Application pf this Law has not sufficed to prpmote either the. devetopmeht of geological 
research, pr the implementation of many applications, mainly because of the lack of incentives, 
appropriate enterprises and the means pf covei'ing the miningrisks. 

R 
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The organizatipns dealing withthe exploitation ofgeothermal energy resources in Greece are-i 
(1) The institute of Geological and Mineral Exploratibn (IGME), m'ainly in research and 

shallpw productive drillings. S 
(2) The Public Power Corporation (PPC), for exploitation of high enthalpy geothernial--' 

resources. l̂ _ 
(3) Industrial Development Bank (ETVA) plays an important role, conducting fcasibiUtjfV 

studies on the explGitation of geothermal resources; '•'M 
(4) Local authorities, cooperatives atid private companies are actively involved in tl^ 

develppment of commercial applications in agriculture, 'm 
Technical and financial support for the:Se enterprises is given by ETVA, the Agricultural Baii^' 

and the Ministry of Finance thrpugh the law promoting development investments. S 
Technica! studies are. carried out by different research institutes and universities, especially, 

the Agricultural University of Athens and Thessalonika and the.,Research,Institute of northeim 
Greece. Future-applications will be, promoted by the EEC which will provide partial financial̂  
assistance. * ' 
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