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Geothermal potential of the Kochani basin

INTRODUCTION

sources (oil and coal). The high price of fossil fuels and more developed environmental awareness, led to in-
creased interest in the use of alternative types of energy (solar energy, wind energy, geothermal energy, energy
of small hydro powers, etc.).
The use of geothermal energy in the world is quite developed, particularly in countries with high temperature
fields, but also, in the countries with low temperature fields, such as Macedonia, the use of this energy is booming.

f I 1he rapid industrial development in the world in the last fifty years, basically, rested on the cheap energy re-
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Table 1. [nstalled thermal power capacities for direct use of geothermal energy in some countries in the world (Freeston,
1990)

Country Power MW Energy GWh
Year 1985 1990 1985 1990 1985 1990
Bulgaria 2647 293 770
China 3540 9534
Chech Republic 729 105 276
France 2340 2971 300 3317 188 3806
Hungary 9533 12155 1001 1276 2615 3354
[sland 4579 4595 889 774 5517 4290
[taly 1475 1520 388 529 1365 1937
Japan 26101 31311 2686 3321 6805 8730
New Zeland 559 252 215 258 1484 1763
Romania 1380 1380 251 251 987 987
Russia 2735 77122 402 1133 1056 2978
Turkey 1355 2012 166 246 423 625
USA 1971 3355 339 463 390 1420
Serbia 3570 Jab ]
Macedonia 1397 283

Purpose of the evaluation of geothermal resources is to give the overall performance of the geothermal po-
tential under certain territory in numerical form, which is necessary for long-term investment plans. This means
that the evaluation of geothermal resources must be made on the basis of existing data and research results before
determining the policy of the future research and investments. The assessment of geothermal resources is more like
forecast than proof of an existing geothermal energy.

The territory of the Republic of Macedonia is relatively well-explored region, from a regional geological as-
pect, and it has pretty much data about the geothermal potentials. The basic disadvantage is that the data are not
systematized into a computer database that will be easily accessible for future investors.

1.0. BASIC ELEMENTS OF THE GEOTHERMAL FIELD OF THE
REPUBLIC OF MACEDONIA

oeothermal energy. On this territory, until now, there has been conducted detailed exrplorations on many
locations in terms of geothermal features. In the vicinity of Kochani, Strumica and Gevgelija and other areas,
the detailed geothermal explorations defined geothermal sources with economic importance, that are still in ex-
ploitation. Lead by the economic interest, some regions are investigated in detail, however, there hasn't much been
done in terms of preparation of heat flux of Macedonia. The regional geothermal characteristics of the territory of
the Republic of Macedonia are expected and they are consistent with the data obtained by the recent geophysical
SUrveys.
In regional terms, it can be clearly seen that the undergroung temperature increases while moving from west
(the border with Albania) to the east, reaching the maximum in the part of the vardar zone and falls while moving
to the Macedonian-Bulgarian border (Picture 1). From the displayed typical geotherms in picture 1 for the Dinarides
for a depth H = 1000 m mastered temperature of around 20 ° C, for the same level for Vardar zone of around 60 ° C

¥ | 1he existence of numerous thermal springs on the territory of Macedonia, talk about an area with increased
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bpP3MOT MHZIYCTPUCKM Pa3Boj BO CBETOT BO II0OC/IEIHUTE TTeIeCeTUHA TOIIMHM BO OCHOBA Ce TeMeIele Ha eBTUHHUTE
eHepreTCK| CypoBUHK (HadTa U jarneH). Bucokara LieHa Ha (DOCHITHUTE TOpUBA M € MOpa3BMeHaTa eKoMoIKa CBECT,
NOBEZl0a JI0 3rOJieMeH MHTepec Ha MCKOPUCTYBAme Ha anTepHaTUBHWUTE BUJOBM €Hepruja (coHueBaTa, BeTepHaTa,
reoTepMasiHaTa, Majii XUJIpOLieHTPaJu UTH.).

ROpUCTeHETO Ha reoTepMajiHaTa eHeprija Bo CBETOT, MOCEOHO BO 3eMjUTe CO BUCOKM TEMIIePATyPHH MO,
e JI0CTa Pa3BUEHO, HO U BO 3eMJUTe CO HUCKM TeMIIepaTypHU MO/MHa, KaKo ITo e MakejoHnja, KOPUCTeHeTo Ha 0Baa
eHepruja e BO MoJIeM.

Tabena 1. Mncranmpann eHepreTcKyu TOIIMHCKA KAMALMTETH 3a UPEKTHO KOPHUCTeHe Ha reoTepMariia eHepruja BO HeKOU 3eMjy
BO cBeTOT (Freeston, 1990)

byrapuja B 770
K1Ha 5540

YexocnmoBauka 105 276
(OpaHiuja 2340 300 337 /88 886
YHrapuja 9533 1001 1276 2615 3354
Wenanp 45/9 889 174 5517 4290
Wranuja 1475 388 529 1365 1937
Jaronuja 26101 2686 3521 6305 8730
Hos 3enanp 559 215 258 1484 1763
PomaHuja 1380 251 251 987 987
CLCE 2735 402 1133 1056 2978
Typuuja 1355 166 246 423 625
CA/l 1971 539 463 390 1420
(pbuja 255,1

MakesioHuja 285

Llen Ha o1jeHKaTa Ha reoTepMaJiHUTe PECYPCH e J1a Ce JJaie CeBKYITHATA [IPeTCTaBa Ha reoTepMaTHUOT [TOTeHLM]al
[10/] OZipeZieHa TePUTOPHja BO HyMepHUuKa (popMa, Koja e HeorxoziHa 3a JJo/Ir0OPOUHM MHBECTUIIMOHM TTaHoBHM. Toa 3Haum
[IeKa, Ol€HKaTa Ha reoTepMasHATe pecypcu Mopa Jla ce MpaBK Ha OCHOBA Ha MOCTOJHUTE MOJATOLM U UCTPaKYBAUKK
PE3Y/ITaTH U TOA ITPEJL 1a Ce MPUCTAITK KOH OZIpelyBathe Ha MOMMTUKATA Ha MIHU MCTPaKyBakba M MHBecTurmu. OreHKara
Ha re0TCPMaAJTHUTE PeCypCH MPeTCTaByBa MOBEKe MPOrHO3a, OTKOJIKY ZOKaKyBambe Ha MOCTOjHA reoTepMaTHa eHepruja.

Tepuropujara na Penybnnka Makeionuja crara Bo peratuBHO 106p0 MCTpaKeHUTe [IPOCTOPH, 0] perMOHaIeH
[COZIONIKM dCIIeKT, a CO TOA MMa JI0CTa TMOJATOIM W 3a reoTepMaiHaTa rnoTteHiujaaHoct. OCHOBEH HEeJIOCTATOK € LITO
[0/IATOLIATE HE Ce CHCTEMAaTH3MPaHU BO eiHa KOMIT)yTepcKa basa Koja Ke bujie 1ecHO 1ocTamnHa 3a MIHUTE UHBECTUTOPH.

1.0. OCHOBHH ENEMEHTH HA TEOTEPMANTHOTO NONE HA
PENVBIIMKA MAREIOHHIA

[locToemseto Ha rojem 6Opoj TepMasHM M3BOPM HA TepuTOpMjaTa Ha MakeoHwja 300pyBaar 3a mnojpauije
CO 3roneMena reorepMmaaHa eHepruja. Ha oBaa teputopuja, jlocera, IeTanHo ce MUCTPayKyBaHU MOBEKe JIOKAIMM BO
O[HOC Ha TeOTEePMaIHATEe KapaKTePUCTUKK. Bo okomHata Ha Kouanu, Ctpymumiia u ['eBresja u pyru nokaiureTu
JAETATHATE TeOTePMAIHA UCTPaKyBatba JeQUHUpasie reoTepMarHi U3BOPH CO eKOHOMCKA BAKHOCT KOM U JIEHEC Ce
BO eKcruioaralija. BogieHu off eKOHOMCKUOT MHTepec, NMOeMHU PErMOHK Ce JIeTa/IHO UCTPAKYBAHM, MeryToa, He e
MHOTY HallpaBeHO Ha TIAHOT Ha M3TOTBYBae Ha TOIUIOTHUOT (PIVKC Ha MakefioHuja. PerdoHannuTe reotepMmasiim
KapaKTepPUCTUKM Ha TepuTopujaTa Ha Penybiinkara ce ouekyBaHu M ce BO CKJIag] co MOJATOLTe J06MEeHH CO HAJHOBUTE
reoO(U3UUKN UCTPAKYBakba.

Bo pernoHasHa cMucia, jacHO MOXKe [ja ce BUJM JIeKa [03eMHaTa TeMIieparypa ce 3rojieMyBa OJleJKU O
3arnag) (rpanuiata co AnbaHuja) KOH MCTOK, MOCTUIHYBA MAKCUMYM BO JIENOT Ha Bappapckara 30Ha ¥ obnaro ornara
OJI€JKM KOH MaKeJJoHCKO - Oyrapckara rpanutia (. 1). Of npukaskaHuTe THIAYHHA reorepMu Ha ci1. 1 3a JluHapuaure

D



Geothermal potential of the Kochani basin

and for the Serbo Macedonian Massif of around 70 ° C. From this view should be excluded local anomalies that close
their peaks in small regions.
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Picture 1. I - Korabides, 11 - West - Macedonian zone, 11] - Pelagonian massif, IV - Vardar zone,
V - Serbo-Macedonia Massif, VI - Kraishtidi. [ - Zone of maximal heat flux
lafter Ravnik, Kolbah, Mil iwojevik, Mioshik. Tonik)

[n the displayed map of the density of the heat flux for the territory of Macedonia (although there are many
approximations), the data for the temperature and the density of the heat flux, are corrected for temperature equi-
librium, but the thermal correction is left out.

Generally, on the territory of the Republic of Macedonia. the temperature zones can correlate with the follow-
Ing tectonic units:

lectonic unit

Lowtemperatures: |
<50 mW/m? Korabides.

Middle temperatures: West - Macedonian zone,
50 - 80 mW/m? Pelagonian massif.

High temperatures: Vardar zone,
>80 mW/m? Serbian - Macedonian Massif.

The boundaries of the areas of equal density of the heat flux are approximate. We can conclude that the
zones with maximal values of heat flux density in Serbian - Macedonian Massif and the Vardar zone, generally, co-
incides with reduced thickness of the earth's crust, while the low values of heat flux density obtained in the spaces
with increased thickness of the earth's crust (Korabides). From the ahove mentioned, asserts the conclusion that
the main but not sole cause of anomalous geothermal field, is the spread of the astenosphere i.e. the temperature
anomalous field is in reciprocal relationship with the thickness of the earth's crust. But these areas are also lahil
zones, subject to frequent breakage and formation of deep dislocation that intersect the earth's crust. Along these
deep faults, there is a deep penetration of magmats on the earth’s surface or in its vicinity, which is specifically
present in the Vardar zone and in the Serbian - Macedonian Massit, and it is clearly demonstrated by the results of
the magnetic research.

In this way, the deep fault lines whose length is hundreds of miles and more, could play a role (it seems that
it is likely) of leading channels of convective heat. This mode of heating of the geological formation is confirmed by
the fact that major natural resources in the territory of Macedonia is located in the regions with tertiary magmat
activity. The increased temperature of the granit mass in Serbian - Macedonian Massif and the Vardar zone. might
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3a JylabourHa H = 1000 m Bnagee temneparypa op okony 20°C, 3a uctoto HMUBO 3a Bapmapcka 3oHa of okomy 60°C
n 3a Cpricko-MakemoHckuoT MacuB of1 okony /0°C. Op oBa rieuiuTe Tpeda [ja ce UCKIYYaT TOKaTHUTe aHOMAJTMKA KoM
CBOMTE MAKCHMYMM ' 3aTBOpaaT Ha MaJId PerMoHM.
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(;1 J [ hf))ufiugu H Bauagno HEEhE’(jOH(,MI 30Hd, HI Hewaeawgu J\“’ B(fp(j(ip( Ka 30Hd,
V- Cpucko - Makegoncku macus,VI - Kpauwiiugu, 1 - 3oHa Ha MakcumaieH wouaouleH QaAyke
(o PasHuk, Koabax, Munusojesuk, Muowuk, ToHuk)

Ha rnpuKa)kaHaTa KapTa Ha I'yCTHHATa Ha TOIIOTHUOT (MJIVKC 3a TepuTopujaTa Ha Make[oHuM]a (Mako MMa J10CTa
allPOKCUMALIMK), IOJATOLUTeE 3a TeMIlepaTypara ¥ r'yCcTUHaTa Ha TOTUIOTHAOT (JIVKC ce KOPUTMPaHU 3a TeMIeparypHara
paMHOTeKa, fojeKa Toriorpadckara KOpeKkiuja e M30CTaBeHa.

Ha teputopujata Ha MakemoHuMja, OMIITO 3eMeHO, TeEMIepaTyPHUTE 30HM MOKAT fla KOpenupaaT co CJIeHUTe
TEKTOHCKY € UHULIA:

TeKTOHCKA enuHuIIA

Hucku remneparypu:
<50 mW/m’ Kopabugu

CpenHu TeMIiepaTypu: 3anaziHo - MakegoHcKa 30Ha,
50 - 80 mW/m? [TenaroHuay

Bapgapcka 30Ha,

Brcoku Temmeparypu:
pdlyp Cpricko - MakeJOHCKU MacuB

>80 mW/m?

['paHuIIMTe Ha MofipayjaTa co e[HaKBa I'YCTHHA Ha TOIJIOTHUOT (DJIYKC Ce allpOKCHMATHBHM.

Moske [1a ce KOHCTaTUpa IeKa 30HUTe CO MaKCMMAaJIHM BPeJHOCTH Ha I'YCTHHA Ha TOIUIOTHUOT (IVKC BO CPIICKO
- MakeioHCKMOT MacuB U Bappiapckara 30Ha ce IOKJIOIyBa IJIaBHO CO HaMasleHa Jiebe/iHa Ha 3eMjUHaTa Kopa, Jo/leKa
HUCKUTe BPEIHOCTU HA I'YCTMHATA Ha TOIUIOTHMOT (DIYKC ce JJOOMEeHW BO MPOCTOPUTE CO 3roieMeHa JiebelnHa Ha
3eMjuHara Kopa (Kopabupgure). Of gocera U3HeceHOTO ce HAMETHYBA 3aKJIYUOKOT JieKa ITIABHUOT HO He e[MHCTBEeH
[PUYMHUTE/T HA aHOMAJIHOTO Te0TepMasIHo ToJie e IMUPEemeTo Ha acTeHocdepara, 0JHOCHO TeMITePaTypHOTO aHOMAJIHO
[10/1e € BO peLUIIpoueH OiHOC co AebenrHarta Ha 3eMjMHaTa Kopa. Meryroa oB1e MpoCTOpH MPeTCTaByBaaT MCTOBPEMEHO
NaOWTHYA 30HM TIOZJIOKHM Ha 4YeCTH Kpliewa 1 (hopMuparbe Ha 1abOKM JUCIIOKALMKM KOM ja ceuar Ief1ata 3eMjuHa
Kopa. [1o jomkrHa oBre [JIaOMHCKKM paceiy Jjoara Jjo Ipojjop Ha MarMary Ha IOBpIUKMHATA Ha 3eMjaTa WK BO Hej3KHa
O/M3KHa WTo e nocebHo NpUCyTHO BO BappapckaTa 30Ha U Cpricko - MakeJOHCKMOT MAacKB U € JaCHO JIOKaKaHo €O
pesy/ITaTUTe Ha MarHeTCKUTe MCTpaKyBama. Ha To] HaumH, [1abMHCKKUTe pacegy uuja JO/KKHA U3HECYBa U NOBeKe
CTOTULIA KWJIOMeTPH, MOKeJsie, a [0 ce U3I7e/la [eKa Toa e HajBepojaTHo, [a OJUrpaar yaora Ha J0BOJHU KaHalau Ha
KOHBEKTHBHA TOIIMHA. OBO] HAUMH Ha 3arpeBatbe Ha reoiomKkuTe (hopMal[iy e OTBPAEH co PaKTOT JieKa HajroIeMUTe
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have a possible explanation related to the decay of radioactive elements in granite plutons. MpUpO;
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Picture 2. Structural map of Mohorovicik’s discontinuity

Moho - discontinuity with a depth of 48 km on the border with Albania. The depth is reduced in the Vard-
ar zone at about 30 km (Sveti Nikole 28 km), and then, while moving to the east, to the border with Bulgaria, it

increases up to 45 km.
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Picture 3. Three-dimenzional picture of Mohorovicik’s discontinuity

Modern hydrothermal expressions on the territory of the Republic of Macedonia are mostly common in the
Vardar zone and Serbo - Macedonian Massif, mainly along the deep fault structures and lowland areas. In Macedonia,
there are known about twenty sites with modern hydrothermal phenomena and more than fifty in the form of heat
sources or termomineral water. Bar
The temperatures of the termomineral water in Macedonia moves from 20°C to /9°C. HI
[1OF




[eoTepMarsieH noTeHLMjaa Ha KouaHckara KotinHa

[IPUPOIHM M3BOPU Ha TepuTopujaTa Ha Make[qoHHW|a ce HaoraaT BO PerMOHUTE CO TeplepHa MarmMarcka akTMBHOCT.
JrojieMeHara Temreparypa Ha rpaHutckute macu Bo Cpricko - MakemoHcKMOT MacuB M Bappapckara 30Ha, MOMKHO
objacHyBarbe, MOKe Jla MMa BpPCKa o pacrarameTo Ha paIMOaKTUBHUTE €1eMEeHTH BO IPaHUTHUTE TTYTOHH.
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Mox0 - AUCKOHTHHYUTETOT e co JylabounHa o 48 km Ha rpaHuuata co Anbanuja. JlnabounHara ce HamasyBa
Bo Bappapckara 30Ha Ha okony 30 km (CBetn Hukone 28 km), a moToa ofieJKu Ha UCTOK KOH I'paHuLiaTa co byrapuja ce
srofieMyBa o 45 km.
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lacedonia. (. 3. TpogumensuoHaHa cauka Ha Moxoposuyukesuow GuCKOHWUHYULLEW
'm of heat CoBpeMeHUTe XUIpOTEpMa/IHU [0jaBM Ha Teputopujata Ha Penyonuka Makezonuja ce Haj3acTarieHu BO
Bapmapckara 3oHa v Cpricko - Make[OHCKMOT MacuB, ITIaBHO I10 JIO/DKMHATA Ha JIabOKUTE paceiHi CTPYKTYPU U
HU3UHCKUTE Jle1oBU. Bo PenyOnukata ce 1o3HaTy IBaeCeTuHa JIOKAJIMTEeTH CO COBPEMEHM XMPOTepPMa/THU M0jaBu U
[I0BeKe off [efieceTHa BO BUJI HA U3BOPU CO TepMaJlHa WU TepMOMUHepaJIHa BOJIa.
Temneparypure Ha TepMmoMuHepaiHUTe Bogu BO Makenonuja ce aBuskar of 20° C o 7/9° C.




Geothermal potential of the Kochani basin

¥

Table 2. Physical characteristics of the modern hydrotermal expressions as sources and slots in the Serbian - Macedonian Tabena
Massif and the Vardar zone

Phenomenon Coordinates . Tempera

Oedinal e . uantity
=-=.O_Idmal'_ Source (s) - . - ture Quan E’._

Locality

NO . Boreholesth) X .z 'flff's_
1 Volkovo GTD-1(b) 4 654 971 7527 84 574 25 63 1
/ [BSKG-3 (b) 4 654 330 7528 150 517 22 22 2
3 Katlanovo bath D-1(b) 4 639 800 7557 650 287 54.2 10 3
4 B-1, B-2 (b) 4 638 990 7558 125 255 52 4 4 8
) Nervna v (s) 4 639 225 7558 100 250 28 ? 3
b Potkop 4 639 500 7557 850 265 38 . 6
] Fontana (s) 4 639 750 7557 000 270 28 0.2 /
8 [zvor (s) 4 639 260 7557 910 230 38 1 8
9 Proevci (b) 4 664 460 7562 100 310 31 2 9
10 Strnovec (b) 4 670 300 7570 050 280 40 17 10
11 Podlog EBMP-1 (h) 4 638 625 7613175 310 78 150 11
12 R-3 (b) 4 638 775 7613 095 310 /18 80 12
13 Krupiste K-1/83 (b) 4 634 000 7605 000 300 52 0.5 13
14 K-2/83 (b) 4 634 000 7605 100 295 40.6 6.9 14
15 Kochani field R-11 (b) 4 640 700 7 618 252 335 50.6 2.6 e
16 Kochani Ka-1 (bh) 4 641 750 7617 200 340 224 8 16
17 Podlog FB-3 (b) 4639 025 7613 070 310 /8 550 17
18 [stibanja [-5 (b) 4 643 000 7 624 350 350 06.4 12 18
19 [-3 (b) 4 643100 7624 350 350 67 5 19
20 [-4 (b) 4 643 025 7624 475 350 56.6 4.) 23
21 Trkanje EB-2 (b) 4 649 560 / 612 660 511 /1.3 50 21
22 R-9 (b) 4 639 375 7612 675 310 71.3 85 2!
23 Banja B-1(h) 4 641 550 7611225 350 63 8.3 23
24 B-2 (b) 4 641 525 7611205 548 63.2 55.3 24
25 R-1(b) 4 640 300 /615 840 547 63 50 25
26 R-6 (b) 4 639 925 7 611 600 550 40 ] 26
¥y Bansko B-1 (b) 4 583 900 7647 225 258 68 55 i
28 [zvor () 4 583 900 7 647 160 270 /3 6 28
29 Negorci NB-3 (b) 4 559 875 7 625 530 65.1 47.2 40 29
50 NB-4 (b) 4 559 750 7625 600 64.3 53.2 40 30
31 B-1 (b) 4 559 100 7625 410 65 52 5 31
52 Smokvica Seid 6 (b) 4 570 375 7624 812 56.9 45.1 /.2 52
33 Seid1 (b) 4 570 340 7624 800 575 56.7 60 33
54 Seid 2 (b) 4 569 650 7624 775 571 48.1 5.2 34
35 Seid 4 (b) 4 570 250 7 624 815 57 56.1 35 39—
36 Seid 5 (b) 4 570 400 7624 780 571 64 40 36
37 Seid 7 (b) 4 520 369 7624 725 5/1 68.5 60 31
38 Shtip L'dzi (s) 4 621 825 7598 552 500 59 ] 38 -
39 Kezovica (b) 4 621700 7598 360 280 57 ;. 39
40 B-4 (b) 4 621 850 7598 630 260 32 30 40
41 Kozuf Topli dol (s) 4 560 225 7583 760 740 28 0.5 4
42 Toplik(s) 4 558 275 /579 743 880 22 8 B
43 Mrezicko (s) 4 561 875 7583 450 720 21 0.2 ot
44 Gornicet (s) 4 558 425 7619 650 220 25 0.1 44
45 Kratovo Povisica (b) 4 659 035 7590 143 443 31 4 45
46 Dobrevo (b) 4654510 [ 7600300 [ 330 |28 5.5 46
47 Veles Sahota voda 4 620 025 7567 810 280 21 5 .1
48 Rakles Dupn (b) 4 609 287 7624 308 349 26 2 48
49 Dojran Toplec (s) 4 566 550 7642 530 161 25 ), T
50 | Deribash (b) 4 561 580 7643900 240) 20.5 10 50
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- Macedonian

Tabena 2. GU3MUKYM KapaKTePUCTHKY Ha COBPEMEHUTE XUIPOreoTepMaHH M0jaBy BO BUJL Ha M3BOPU M AVIHATAHM BO CPIICKO -
Make1oHCKMOT MacuB M BapaapckaTa 30Ha

[lojaBa RoopmnHaTtu Temrie-

RomuumHa
/c

Perr.
op.

JlokasiHocT M3BOP (M) parypa

IVIHATUHA (1)

X
4 654 971

T
V

574

] BonkoBo ['TI-1 (n) 7527 841 25 63
. UBCKI-3 (n) 4 654 330 7528 150 517 24 22
3 KatmaHoBcka bama [1-1 () 4 639 800 /557 650 287 54.2 10
4 b-1, b-2 (n) 4 638 990 7558 125 255 32 4

) HepBHa B (1) 4 639 225 7558 100 250 28 2
b [ToTkom 4 639 500 7557 850 205 38 2

/ DoHTaHa (1) 4 639 750 7557000 270 28 0.2
8 13Bop (1) 4 639 260 7557910 230 58 ]

9 [TpoeBiy (1) 4664460 | 7562100 | 310 31 2
10 CTpHOBell (m) 4 670 300 7570 050 280 40) 17
11 [Tommor EBMII-1 (m) 4 638 625 7613 175 310 /8 150
12 P-3 () 4638 775 7613 095 310 718 80
13 Kpynuuire K-1/83 (n 4634 000 7605 000 300 52 0.5
14 K-2/83 (n) 4 634 000 7605 100 295 40.6 6.9
15 Kouancko [lone P-11 (1) 4 640 700 /618 252 35 50.6 2.6
16 Kouanu Ka-1 (1) 4 641750 7 617 200 540 224 b
17 [Topnor EB-3 (m) 4 639 025 7613 070 310 /8 350
18 Uetubama -5 (n) 4 643 000 7 624 350 350 66.4 12
19 1-3 () 4 643 100 7 624 350 350 6/ 5
20 1-4 (n) 4 6435 025 7 624 475 350 56.6 4.2
21 TpKame Eb-2 (n) 4 649 560 7 612 660 311 71.3 50
22 P-9 (m) 4 639 375 7 612 675 310 71.3 85
23 bama b-1(n) 4 641 550 7611 225 350 63 8.3
24 b-2 (n) 4 641 525 7611 205 348 63.2 3.
25 P-1(m) 4 640 300 7 615 840 347 63 50
26 P-6 (n) 4 639 925 7611 600 350 40 1
2] baHCKko b-1(n) 4 583 900 7647 225 258 68 55
28 13Bop (u) 4 583 900 /647160 270 /3 b
29 Heropuu HB-3 (n) 4 559 875 7 625 530 65.1 472 40
30 Hb-4 () 4559 750 7625 600 64.3 532 40
31 b-1(n) 4 559 100 7625 410 65 52 3
32 CMOKBHIIA Ceup 6 (1) 4 570 375 7624 812 56.9 45.1 /.2
33 Ceun 1 (n) 4 570 340 7624 800 5715 56.7 60
54 Ceun 2 (n) 4 569 650 71624775 5/1 48.1 i
35 Ceun 4 (n) 4 570 250 7624 815 5/ 56.1 35
36 Ceun 5 (n) 4570 400 7624 780 5/.1 64 40
57 Cenp 7 (n) 4520 369 1624 725 571 68.5 60
58 [Tum JI'im (n) 4 621 825 7598 552 300 59 ]
59 KexoButia (x) 4 621700 7598 360 280 5/ i
40 b-4 (n) 4 621 850 7598 630 260 32 50
4] Koxyd Toru mon (1) 4560225 | 7583760 740 28 0.5
4) Tonnuk (1) 4 558 275 7579 743 880 22 8
43 Mpeskuuko (1) 4 561 875 7583 450 720 21 0.2
4 ['opHIyer (1) 4558425 | 7619650 220 | 23 0.1
45 KparoBo [ToBuiuuLa (1) 4 659 035 7590 143 443 31 4
46 [obpeso (1) 4 654 510 7600 300 330 28 5.5
47 Benec Cabora Bozia 4 620 025 /567 810 280 21 )
48 Pakse [lynH (7) 4 609 28/ 7624 308 349 26 2
49 HojpaH Tornern (n) 4 566 550 7 642 530 161 2 2
50 [lepubart (x) 4 561 580 7643900 240 20.5 10
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Table 3. Values of the geothermal potential in the Vardar zone and in the Serbian - macedonian Massif per depth interval Tabena

Vardar zone Serbian-Macedonian Massif

P = 8680 km* P = 4380 km?

104] 10" TH 102 1 10" TH

0-3 176 104 25.0 5.3 12.6

290 12.0 28.7 6.0 14.5

406 170 40.8 8.6 20.6

-10 580 569 88.4 18.6 44.6
TOTAL 76.3 182.9 38.5 92.3

Ordinal  Depth interval Forecast tem-

No. perature (°C)

1

2 5
5 D
4 /

1
2
5
4

2.0. ASSESSMENT OF THE HYDRO-GEOTHERMAL RESOURCES

20

he hydro-geothermal resources, compared to the total geothermal potential of the earth’s crust or just to some
of its depths, contain less accumulated energy, but, compared to all other types of geothermal resources, those x

are the most using ones, and have a great adventage compared to the other resources.
Above all, this is due to the simpler way of using the hydro-geothermal energy. Decyp
The hydro-geothermal resources are part of the geothermal resources and represent the part of the earth's
crust that despite conductivity mode of transmission of geothermal energy through rocks with insulating functions, Kopa |
there is also conducted convective transfer of energy through rocks with function of the hydrogeological collector ce BPI
and which are filled with hydro-geothermal fluid and can be rationally used as an energy source comparable to other HCTION
conventional energy sources. CIIope

12
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, 2.slot, 3.

)th interval

Massif

Ty

Bt

(1. ussop, 2.

GUUHALUUHQ, 3. UCUWPaxeH uowKkou)

Tabena 3. BpenmHocTH Ha reotepMa/HMOT NoTeHIMjan Bo Bapmapckara 3oHa u Cpricko - MakeIOHCKMOT MAacHB 10 JTa0OMHCKY
MHTEPBa

Cpricko - Make[JOHCKM MacHB
P = 4380 km’

Bapjapcka 30Ha

P = 8680 km*

Pen.  JlnabuHcku

| IporHo3Ha

just to some
urces, those

" the earth's
g functions,
al collector
ble to other

bp. uaTepBan (km)  Temm. (°C) 107 | 107 ] 1009 T

1 0-3 176 104 25.0 5 12.6

2 5=3 290 12.0 28.7 6.0 14.5

g 3] 406 170 40.8 8.6 20.6

4 /-10 580 36.9 884 18.6 446
BKYITHO /6.3 182.9 38.5 923

2.0. OUEHKA HA XHAPOTEOTEPMAINHHUTE PECYPCH

UIIporeoTepMasHUTE PecypcH, BO criopefiba co BKYIIHUOT reoTepMasieH MOTeHIUjal Ha 3eMjiHaTa Kopa M1 CaMo

110 OfipefieHa Hej3MHa [y1abouKHa, COIp)KAT MHOTY ITOMAJIKY akKyMyIMpaHa eHepruja, Ho BO criopenba co cure

IIPYTY BUZIOBM reoTepMaiHi Pecypcu, TUe JJocera ce HajUCKOPUCTYBAHM U ce BO rofieMa MpeHOCT TIpe]] IpyTuTe
pecypcu. OBa ce JO/KH, Mpe[ Cé, Ha MOoeqHOCTaBHUOT HAUMH Ha KOPUCTeHbe Ha XUApOoreoTepMaHaTa eHeprja.

XUJIporeoTepMajiH|Te pecypcu ce Jie off reoTepMaIHUTe Pecypey U o IpeTcTaByBaaT OHOj JIej1 0f] 3eMjUHaTa
KOpa BO KO [I0Kpaj KOHIYKTUBHUOT HAUMH Ha MPEHOC Ha reoTepMasiHa eHepruja Hu3 Kapiu co U30/1aTopcku (yHKLMHY,
Ce BPLUIM Y KOHBEKTHUBEH MPeHOC Ha eHepruja U Toa HU3 Kapiy co (DYHKLUja Ha XUPOTEONOIKU KOMEKTOP U KOU Ce
UCTIONTHETH CO XUZIPOreoTepMasTHU (PIYMIM M KOM MOKAT /1a OMaT paljMoHaIHO UCKOPUCTEHH KaKO eHEePreTCKU U3BOP
CTIOPE[TUB CO JIPYTUTEe KOHBEHIIMOHATHM M3BOPU Ha eHEePruja.

13




Geothermal potential of the Kochani basin

3.0. KOCHANI DEPRESSION .

ochani depression is located within the Serbian - Macedonian Massif, which is mainly built of Precambrian

and Riphean Cambrian complexes (Picture 5). In the south from the Kochani depression, there is the Mountain

Massif “Plackovica”. which is built of metamophic rocks, that, according to the intesity of the metamorphism
and the stratigraphic determination, belog to the early Precambrian (gneisses and micashist), while the rocks with
lower degree of methamorphism, belogn to the Riphean Cambrian.

Ascertained Paleozoic formations are represented by marbles and filiti.

The northern brim of the Kochani depression, which is represented by the southern and southwestern borders
of the mountain ,0sogovo*, partly built by piroclastical material (tuffs and tuffites).

Except for Precambrian and Paleozoic complexes represented in brim parts of Kochani depression, in its inte-
rior, there is a large distribution of new works of Quarternary - Holocene.

The Analysis of the gravimetrical map and the map of the vertical copmponent of the geomagnetic field, ap-
point to a complex internal built of the Kochani depression, both, from lithological as well as from structural point
of view.

From the gravimetrics map of Kochani depression (Picture 6), 3 minimums, within the depression, can be
clarly appointed. Their values of Ag, going from east to west are: Ag = - 3b - 10° ms?; Ag > - 32 - 10° ms? and Ag > - 40
- 10> ms=,

These points clearly define the deepest parts of the depression. From the aspect of gravimetrical data, the
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3.0. ROYAHCRA AENPECHIA

KouaHckara fierpecuja ce Haora BO paMkuTe Ha CpIricko - MaKeZOHCKMOT MacKB, KOj IJIABHO € W3TpalieH off
[pekamMopucKu U pude] - KaMOPUCKY KOMITIEKCH (c71. 5). JyskHo ox KouaHckaTa nenpecuja ce Haora MaHUHCKAOT MACHB
[ImauKoBULIa KOj e M3rpajieH oy MeTaMOP(HY KapIiy KOU, CIIOpe]] MHTeH3UTETOT Ha MeTaMOp(MU3MOT 1 cTpaTurpadekara
NleTepMUHaLY]a, ITPUMaraar Ha paH rnpekamOpuyM (THajceBM ¥ MMKAIIMCTH), TOJeKa KapuTe co MOHU30K CTeleH Ha

MeTaMop(u3am Tpuraraar Ha pudej - KamoOpuyM. KoHcTaTpaHu ce naneo3oucku hopMaLiiy MpeTCTaBeHn co MepMepH
1 (DUTUTH.

& R Whesessd TS RO =
GO AR e e T T
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B L i 55, e e W s |
¢ TRES Tl R
\ t o, TR Fa b
b X i =T D g =515
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% T Bk = : | = - " 2
1 Y e N -
X ‘_ il
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CeBepHuoT 0007 Ha KouaHckara fierpecHja, Koj e NpeTCTaBeH CO jy:KHUTE W jyro3arajHuTe IpaHMLy Ha
[1aHnHaTa OcoroBo, IeyMHO e U3rpajieH of] MUPOK/IacTUUeH MaTepujan (TyoBy 1 TYDUTH).

OcBeH MpekaMOPUCKHM M Male030MCKU KOMITIEKCH, 3acTareHu Bo 00oHuTe fieoBr Ha Kouarckara fierpecuja,
BO HEJ3MHATa BHATPEIIHOCT TO/IeMO PaclpoCTpaHyBare 3a3eMaaT MIaJuTe TBOPOM Ha KBapTep - XO/OLeH.

AHanmu3ara Ha TpaBMMeTpUCKaTa KapTa M KapTaTa Ha BepTMKaaHATa KOMIIOHEHTa Ha reoMarHeTHOTO II0Je,
yKa)KyBaaT Ha C/I0KeHa BHATpeliHa rpasba Ha KouaHckara fiernpecuja, Kako of] TMTONOLIKY, Taka U Of CTPYKTYPEH
aCIIeKT.

Op rpaBUMeTpycKaTa Kapta Ha KouaHckarta jenpecuja (c/1. 6), jacHo ce M37BOjyBaaT TP MUHUMYMM BO caMara
nenpecyja. HUBHUTe BpegHOCTH Ha Ag, 0[iejKM Off UCTOK KOH 3amaf, ce: Ag =-36-10°ms% Ag>-32-10°ms?u  Ag
> - 40 - 10° ms“ OBue TOUKM jacHO T lehpMHMpAAT Hajo1ab0KUTe IENIOBU Ha Jerpecujarta. [71eaHo off acreKT Ha
rpaBUMETPUCKKTE MOJIATOLIM, JIeTIpeckjaTa MoXe fia ce Mofie/iupa Bo TpH b11oKa. 3amagHuoT 610K co Ag = - 40 - 10° ms?

15
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depression can be modeled in three blocks. Western block Ag = - 40 - 10° ms~, it is the deepliest sunk in relation to e Haj
n Bloc, with Ag = - 36 - 105 ms? in principle, should be deeper than the central Tpeba

_________
e 00 M W R ey e R R

§
i

Map of the B

[n the northern part of the map stands out an extreme positive value of Ag> (.

This maximum is associated with . Kratovo* - »Zletovo* volcanic complex. The southern part has Ag> 0, which
Is associated with rocky complex of , Plackovica*

The geo-magnetic field of the vertical component AZ shown in Picture 7 has similar character with a large
number of maximums and minimums, The composite character of the gravimetrical as wel] as the magnetic field

of Kochani depression, compared to other depression, is due to the complex influence of the intensive patronizing
vulcanism, in ,Kratovo“ - , Zletovo* area.

Pict B
€ TIOBP3:
KapIiecT

[€
Opoj Ha
KouaHnck:
BY/IKQHU"

Yragobradta 44

Picture 7 jert

'1 d in o Tlen
Part of the depression is with A7 > 0, and part with AZ < 0. The values of AT varie within the frame of 1475[nT] 1600 [nT].

< AT <1600 [nT]. These values grow more intense in the north than the south part of the depression. The magnet-

BO OJJHOC H
ic field is more stable in the south compared to the north part of the depression.
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in relation to
in the central

Ag> 0, which

'with a large
nagnetic field
e patronizing

1e of 1475[nT]
The magnet-

¢ Haj;/1ab0KO [IOTOHAT BO OJIHOC HA CPETHUOT ¥ HCTOUHKOT 0/10K. McTounnoT 6710K, co Ag = - 36 - 10° ms?, Bo MpUHLIAI,

Bo ceBepHMOT fiesl Ha KapTaTta ce M3ZBOjyBa eKCTPeM O MO3UTHBHA BpenHocT Ha Ag > 0. OBoj MakcUMyM
e TI0Bp3aH O KpaTOBCKO - 371eTOBCKUOT BYNIKAHCKU Komiuieke. Ha jyskuuotr men uma Ag > 0, a Toa e MoBp3aHo co
KaprnecToT KOMIT/IeKC Ha | [imaukoBuia.

[eoMarHeTHOTO I1071e HAa BepTUKAJIHATa KOMIIOHEHTa AZ MpUKaKaHO Ha CJ. 7 MMa CIMUeH KapaKkTep O ronem
Opoj Ha MakcUMyMM ¥ MUHUMYMH. CIOMKEHMOT KapaKTep, KaKo Ha IPaBUMETPUCKOTO, TaKa M MArHeTHOTO ToJie Ha

RouaHcKaTa Jierpecuja, BO OJHOC Ha IPyTUTe JeNpPecki, e Mopajii CI0KEeHOTO B/IMjaHie Ha MHTEH3UBHO U3Pa3eHUOT
By/IKaHM3aM BO KpaToBcKo - 3neToBcKaTa 00/1acT.

fragobrastays

S

Ca. 7. kapwa Ha sepuiiukaiHatia KOMUOHeHWA Ha 2eomazHetiHowlo tose Ha Kouanckatia getpecuja

llen opy menpecujara e co AZ > 0, a men co AZ < 0. BpengHoctute Ha AT Bapupaar Bo rpanuumte 1475 [nT] < AT <

1600 [nT]. OBre BpeHOCTY MOMHTEH3UBHO PACTaT Ha ceBep, OTKOJIKY Ha jyr. MarHeTHOTO Mose e MOMUPHO BO jVKHHUOT
BO OJJHOC HA CeBEPHMOT JIeJ1 O JerpecujaTa.
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The next image shows a simplified structural model of Kochani depression (Fig. 8).
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Raised blocks built of neogen complexes:

[ - Plackovica block,

[I - South part of the Osogovo block,

[1I - Neogen - down cvarter vulcanic complex of ,Kratovo*, Zletovo*
vulcanic area:

Kochani depression - zone of sinking:

[V-1- area of depression with cvarter rising kvarterno

IV-2 - area of depression with continuous sinking in neogen and cvarter
[, 2, 3 - contrast faults expressed in the relief:

B, B2, B3 - blocks of rising and sinking

Picture 8. Structural model of Kochani depression

4.0. HYDRO-GEOTHERMAL SYSTEM OF KOCHANI BASIN

he establishment of a hydro-geothermal system in a part of the earth's crust. depends on a variety of specific
hydro-geological and geothermal conditions, called elements of hydro-geothermal system. These are:

1. Source of geothermal energy:

2. Tank storage of geothermal energy;

3. Hydrogeological barrier to retain accumulated geothermal energy:
4. Conductor of geothermal energy from the source to the tank:

). Nourishment of the hydro-geothermal system with transmission mass of geothermal energy, i.e. fluid;
0. Zone of the geothermal fluid leakage.

Source of heat in hydro-geotermal systems is the regional conductivity heat flow and non-cooled magmatic
Intrusions in shallow parts of the litosphere.

Role of tank within the hydro-geothermal systems, have the porous rocks with a function of hydro-geological
collectors. The largest spreadings have the tanks within the tertiary sediment basins, but the best reservoirs in
terms of water tight and water resistant characteristics, have the karstified limestone, then. the bursted sandstones,
bursted marbles, gneisses and quartzite.

From the magmatic rocks, more quality reservoir traits, have high acid and middle acid rocks. Most high-
temperature hydro-thermal systems have tanks of young andezites, rhyolites, ignimbrites, basalts and granitoides.

As barriers hidrogeotermalnite systems appear rocks hydrogeological and thermal insulating properties
which in terms of location can be povlatni either side. Barriers often appear geological formations represented by
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['eoTepmaries noteHiujan Ha KouaHckara KotimHa

4.0. XHAPOTEOTEPMAJIEH CHCTEI

Ha cieHara cyiMKa e puKa)kaH yIpocTeH CTPYKTYpeH Mojien Ha KodaHckata fienipecuja (ci1. 8).

T
AR i B e r—
TR PEARL 1§

;

TN
D= = —

Hsqguznauiu 610K0BU U3ZpageHu 0g HeoZeHU KOMUNCKCU:
[ - [haukosuuku 610K,
[T - jyen gea Ha Ocozoscku 010K,
[{] - HeoeeH - goJie KBapuiepeH BYAKAHCKU KOMUAEeKe Ha Rpauioscko
31eWO0BCKALIA BYAKAHCKa obaacu;
Kouancka geupecuja - 30Ha Ha wioHere:
IV-1 - uogpauje He geupecujaiia co KBapuepHo u3quiatse,
[V-2 - uogpauje Ha geupecujatia co KOHWUHYUPAHO WOHEHEe BO HEOZeH U KBapuiep.
[, 2, 5 - KoHWwpacwiHo uspaseHu pacequ Bo peijecholld;

bl, b2, b3 - baokosu Ha usgueare U WoHeHe

Ca. 8. Ciupykwiypen mogen Ha Kouanckawa geupecuja

i HA KOYAHCKATA KOTIHHA

OPMUPAWETO Ha €[eH XUJporeoTepmajieH CHCTEM BO OJpefleH e/l O]l 3eMJUHara Kopa 3aBUCH 0]] HU3a
CHeLM(MUUHI XMJIPOTeONONIK| M TeoTepMaIHM YC/I0BY HapeueH! eJIeMeHTH Ha XUIporeoTepMaen cucteM. Toa
Ce:

1. U3Bop Ha reotepmasiHa eHepruja;

2.Pe3epBoap 3a akyMynupame Ha reoTepMaiHa eHepruja;

5.Xuyiporeornonika bapuepa 3a 3aJ[pKyBame Ha aKyMyliupaHaTa reoTepMaiHa eHepruja;

4.[1poBo/THUK Ha reoTepMajiHa eHepruja off U3BOPOT JI0 Pe3ePBOapOT;

). [IpuxpanyBame Ha XUIpOreoTepMasHUOT CUCTEM CO TIPeHOCHA Maca Ha reoTepMasiHaTa eHepruja, T.e. dhyun;

6.30Ha 3a UCTEKyBake Ha reoTepMaTHAOT (Iyu.

M3Bop Ha TOIUIMHA BO XWMAPOreoTepMajHUTe CACTEMM € PErMOHAIIHMOT KOHAVKTUBEH TOTIMHCKU TOK W

HECU3/IdJEHUTE MAI'MATCKU UHTPY3UUW BO TUTUTKUTE [1€JI0OBA Ha nmocrbepaTa.

KOJeK"
HO Haj

Yjora Ha pe3epBoap BO XUZporeoTepMaIH|uTe CUCTeMU UMAaT MOPO3HUTE Kapmu co GYHKIIM]a Ha XMPOreonomKu
'opu. Hajronemu pacrmpocTpaHyBara MMaaT pe3epBoapuUTe BO COCTaB Ha TEPIMEPHUTE CEIMMEHTHHU DaceHwu,
100pK pe3epBoapy, BO CMMC/Ia Ha BOJOMPONYCHUATE W BOIOJPMKIMBUTE CBOjCTBA, UMAaT KapCTUhULMpaHUTe

BAPOB!
Kapmu

UL, TI0TOA MCIYKAHUTe [EeCOUYHWIM, UCIYKaHWTe MepMepH, THajceBU M KBapuuTW. OJf MarmaTcKure
, TIOKBAJINTETHU PE3epBOAPCKM OCOOMHM MMaaT KUCEJIUTe W CPelHO Kucenurte Kapnu. Hajromem 0Opoj Ha

BUCOKOTEMITEPATYPHU XUZPOreoTepMaIHU CUCTEMU MMAaT pe3epBoapu Off MIafy aH[ge3UTH, PUOTUTH, UTHUMODUTH,
0a3a1Th ¥ rPaHUTOUIH.

-

Kako 6apuepn BO XUIOPOreotTepMa/JiHuTe CUCTEeMU cCe HOiaBYBaaT RAPIIK CO XUPOTEOIOIKU W TOIUTAHCKHA
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Geothermal potential of the Kochani basin

The next image shows a simplified structural model of Kochani depression (Fig. 8).
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Raised blocks built of neogen complexes:

[ - Plackovica block,

[T - South part of the Osogovo block,

[T - Neogen - down cvarter vulcanic complex of , Kratovo™, Zletovo*
vulcanic area;

Kochani depression - zone of sinking:

IV-1- area of depression with cvarter rising kvarterno

[V-2 - area of depression with continuous sinking in neogen and cvarter

I, 2, 5 - contrast faults expressed in the relief:
Bl, B2, B3 - blocks of rising and sinking

Picture 8. Structural model of Kochani depression

4.0. HYDRO-GEOTHERMAL SYSTEM OF KOCHANI BASIN

he establishment of a hydro-geothermal system in a part of the earth's crust, depends on a variety of specific
Thydrogeologica] and geothermal conditions, called elements of hydro-geothermal system. These are:

I. Source of geothermal energy:

2. Tank storage of geothermal energy:

3. Hydrogeological barrier to retain accumulated geothermal energy;

4. Conductor of geothermal energy from the source to the tank:

>. Nourishment of the hydro-geothermal system with transmission mass of geothermal energy, i.e. fluid;

b. Zone of the geothermal fluid leakage.

source of heat in hydro-geotermal systems is the regional conductivity heat flow and non-cooled magmatic
intrusions in shallow parts of the litosphere.

Role of tank within the hydro-geothermal systems, have the porous rocks with a function of hydro-geological
collectors. The largest spreadings have the tanks within the tertiary sediment basins, but the best reservoirs in
terms of water tight and water resistant characteristics, have the karstified limestone, then. the bursted sandstones,
bursted marbles, gneisses and quartzite.

From the magmatic rocks, more quality reservoir traits, have high acid and middle acid rocks. Most high-
temperature hydro-thermal systems have tanks of young andezites, rhyolites, ignimbrites, basalts and granitoides.

As barriers hidrogeotermalnite systems appear rocks hydrogeological and thermal insulating properties
which in terms of location can be povlatni either side. Barriers often appear geological formations represented by
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Ha cniepHata cvka e npukakaH ypocTeH CTpyKTypeH Mogien Ha Kouarckara fenpecuija (ci1. 8).
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N3quenatiu 610K08U U3ZpageHu 0g HEOZEHU KOMUNEKCU:
| - [Traukosuuku 610K,
Il - jyxen gen Ha OcozoBcKu 610K,
[1] - Heozen - gone KsapuiepeH BYakaHcku Komuaekce Ha Kpawioscko
- 31ewoBCKaia BYakaHcka obaactu;
Kouancka geupecuja - 30Ha Ha wioHere:
IV-1 - uogpauje ne geupecujawia co KBapiiepHo usguearse,
[V-2 - uogpauje Ha geupecujatiia co KOHWUHYUPAHO WOHEHE BO HEOZeH U KBapuiep.
I, 2, 5 - KoHwipacwixo uspaseHu pacequ 8o peajehoiu;
bl, b2, b3 - baokoBu Ha usguéare u WOHEHe

Ca. 8. Cwpyktuypex mogen Ha Kovanckawia getpecuja

4.0. AHAPOTEOTEPMAJIEH CUCTEM HA KOYAHCKATA KOTNHHA

OPMHPAETO Ha efleH XUIporeoTepMasneH CUCTeM BO OfpefieH Jienl of 3eMjuHaTa Kopa 3aBUCH OJT HU3a
crieli(hMUHI XUJIPOTeOIONIKKM 1 reoTepMATHU YC/IOBY HapeueHn efleMeHTH Ha X|gporeotepManen cucrtem. Toa
ce:

[. U3Bop Ha reoTepMmaHa eHepruja;

2.PesepBoap 3a akymy/vpare Ha reoTepma/iHa eHepruja;

3. Xnpporeorionika bapuepa 3a 3a/pKyBarbe Ha aKyMyIMpaHaTa reoTepManta eHepruja;

4.1lpoBOfIHMK Ha reoTepmasHa eHepruja o U3BOPOT 10 Pe3epBOAPOT;

>.1IpuxpaHyBatbe Ha XMIporeoTepMaTHUOT CHCTEM CO NIPEHOCHA Maca Ha reoTepMajiHaTa eHepruja, T.e. ym;

b.30Ha 3a UCTeKyBamwe Ha reoTepMaTHUOT QIIyH]I,

M3B0Op Ha TOMIMHA BO XMZPOTeOTEPMATTHUTE CHCTEMH € PEerMOHAJHUOT KOHIVKTHBEH TOTIMHCKM TOK M
HEM3/1a/IeHUTe MarMaTCKU MHTPY3UK BO IJIUTKUTE JIe/IOBU Ha JIUTOCGepara.

Yjiora Ha pe3epBoap Bo XMZ[poreoTepMaHUTe CUCTEMH HMaart MOPO3HMTe Kapru co hyHKIM]a Ha XMPOreoyIoNKy
KONEKTOpU. HajronmemMu pacrpocTpaHyBama MMaaT pe3epBOAPUTE BO COCTAB HA TEPIMEPHUTE CeIMMEHTHH OACeHi.
H0 Hajzl00py pesepBoapy, BO CMUCTA HA BOJOMPOINYCHUTE ¥ BOLOLPAIMBUTE CBOJCTBA, MMAAT KapCTU(ULIMPAHUTE
BdPOBHULIM, TIOTOA HUCIYKAHWUTE TMEeCOYHMULM, WMCIYKAHWTe MepMepH, THajceBM M KBapuutd. On MarmaTckute
- Kapru, NOKBaJMTETHM De3epBOAPCKUM OCOOMHM MMaaT Kucelute M CpefiHoO Kuceiurte Kapru. Hajromem 6poj Ha
~ BUCOKOTEMIEDATYPHU XMIPOTeOTepMaIHA CHCTEMM MMAAT Pe3epBOApH O MIAJM aHe3UTH, PHOMUTH, UTHUMOPUTH,
- DasanTu M rpaHUTOMIN.
| Kako Dapuepd BO XMJpOreoTepMaJHUTe CUCTEMH Ce TI0jaByBaaT Kaphu CO XWIPOTEONOMKK M TOITMHCKI

S TE——
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Geothermal potential of the Kochani basin

flish, laporci, or massive glinci magmatski and metamorphic rocks.

As barriers in the hydro-geothermal systems appear rocks with hydrogeological and thermal insulating prop-
erties, which in terms of location, can be roof or marginal. As barriers often appear geological formations repre-
sented by flysch, marls, slates or massive magmatic and metamorphic rocks.

Within the hydro-geothermal systems can dominate water or water steam.

Weather in one system would create steam depends on the amount of the available geothermal energy, on one
hand, and the amount of mass transfer of geothermal energy, water, geothermal reservoir, on the other hand. When
the reservoir yield of geothermal energy will be greater than the one required for heating, the mass transmission ot
geothermal energy in the tank would create steam.

The hydro-geothermal system in Kochani Basin is particularly interesting and complex system. It is condi-
tioned by the geographical position of the valley, the boundary between the Vardar Zone and Serbo - Macedonian
Massif. Broadly speaking, the contact zone between these two geotectonic units is subduction zone during the alpic
orogenesis The Serbian - Macedonian Massif is a block with characteristics of continental crust, and the Vardar zone
block has features ol oceanic crust.

During the neogen, when there was a failure of the lateral pressures, in the part of the former subduction,
came to relaxing processes followed by fault dislocations, after that, came the active andesite volcanism and creation
of trench structures, among which is the Kochani basin.

The hydro-geothermal system of Kochani Basin drains through the exploitation wells and boreholes in three
fields as follows: “Banja”, “Dolni Podlog” village, and “Istibanja” village.

The hydro-geothermal expressions, within the first two fields, are located in direct hydraulic connection,
which means that they are located in the same fault dislocation, while the expressions in the village of [stibanja, do
not show hydraulic connection with the abovementioned expressions.

This suggests the possibility of the existence of two hydro-geothermal systems in Kochani Basin. The res-
ervoir of the System “Podlog” - “Banya”, belongs to the Paleozoic carbonate shales and marble, and rezervoir to the
[stibanja system, are gneisses and granites.

Feeding zones of these systems are marbles and shales in Plackovica near Polog - Bath and the gneisses and
micaschists in the eastern brim of the basin near the village of Istibanja.

According to the type, the system Podlog - Banja, belongs to the group of running karst - fissure systems, and
the system “Istibanja”, belongs to the group of semi-open systems.

In the Kochani Basin, within the hydrogeological studies to determine the possibilities for re-injection of the
wastewater from the field “Podlog”, into a borehole in the village of “Banja”, there have been several analysis of natu-
ral isotopes of thermal water, the local groundwater and local precipitation. It is appoiinted a process of grouping
of water according to the zones of nourishment, Picture 9, that is water that is fed by local rainfall in Kochani Field
(I group), then water that fed by waters that gravitate towards the valley of the lower altitudes of 1000 m (II group)
and thermal waters in the field Podlog - Banja, which are fed by rainfall infiltrated the higher altitudes of 1200 m (III

group).
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M30/IaTOPCKK CBOJCTBA KOM BO OJIHOC HA MECTOMOJIokKOara MoKar Jja OuzaT MoBJIaTHU WM cTpaHMuHi. Kako bapuepu
HAJUeCTo ce T10jaByBaaT reo/IoKM (opMaLy MPeTCTaBeHu co (DI, JAMOPLK, TTIMHUY WM MAaCUBHUA MarMaTcky u
METaMOP(MHU KapIu.

XUpOreoTepMaJHUTE CUCTEMU MOJKAT J1a OMIaT co JOMUHALM]a Ha BOJA WU TTaK JOMMHALM]jA Ha BOZIEHA Iapea.
llanu Bo efleH cucTeM Ke ce co3fiajie rmapea 3aBUCH Off KOMMUMHATA Ha MpUHeceHara reoTepMajiHa eHepruja, ofl eHa
CTpaHa, ¥ KOMMUMHATA Ha MPeHOCHA Maca Ha reoTepmasiHaTa eHepruja, Bojia Bo reoTepMaHUOT pe3epBoap, Off Ipyra
ctpaHa. Kora Bo pe3epBoapoT MPUHOCOT Ha reoTepMasiHa eHepruja ke Oujie morosneM off OHOj MOTpebeH 3a 3arpeBatbe
Ha MpeHocHaTa Maca Ha reoTepMasiHaTa eHepruja, Bo pe3epBoapor Ke ce co3fiajie BoJieHa rnapea.

XuziporeoTepMasiHMoT cuctem Bo KouaHckata KoTimHa npeTtctaByBa oceOHO MHTepeceH M cioxkeH cucteM. Toa e
YCJIOBEHO OJ] caMaTa reorpacpcka rojoKoa Ha KoTaMHara, rpaHuLia nomery Bapgapekara 3oHa 1 Cpricko - Make1oHCKHMOT
MacuB. TTOIMPOKO I71e[1aHO, KOHTAKTHATA 30HAa Mer'y OBHMe JIBe TeOTeKTOHCKM eAMHULIM NpeTcTaByBa CYOJYKIIMCKA
30Ha 3a Bpeme Ha aJinmuckara oporeHesa. Cpricko - MakeJOHCKMOT MacKB MPeTCTaByBa OI0K CO KapaKTepUCTUKU Ha
KOHTMHEeHTa/IHa Kopa, a Bapyapckara 30Ha 010K co 0c00OMHM Ha OKeaHCKa Kopa. Bo TeKoT Ha HeoreH, Kora ZoLuio o
[ONYLITae Ha CTPAHWUHUTE MIPUTUCOLIM BO JIeI0OT Ha HeKoralHara CyOayKLuja, JOIUIO 0 pe/lakCallMOHU MPOLIeCH
CJIeJleHH CO paceIHU IMCJIOKALIAM T10 KOM JIOIIJIO 10 aKTUBEH aHJe3UTCKH BYJIKAHU3aM U CO3/jaBabe Ha POBHU CTPYKTYPH
Mery Kou e u camara RouaHcka KotiuHa.

XUJIpOreoTepMaTHUOT cUCTeM Ha KouaHckarta KoTimHa ce jpeHupa rnpeky ekcrjioatalycky OyHapy U IyIHaTUHY
BO TPH MONUIbA M TOA: cento bama, ceno [lonuu [opnor u cenno Uctndbama.

XUIporeoTepMaHUTe 10jaBy BO IIPBUTE JIBE MO/IMbA Ce HAOI'aaT BO JUPEKTHA XUAPYIMYKA BPCKa, IITO 3HAUM
JleKa ce Haoraar Ha MCTa pacefiHa JUCIoKaLuja, JoJgeKa nojaBuTe Bo Victubama He oKa)KyBaaT XU/ Py/IMUKa [OBP3aHOCT
€O CIIOMEHATUTe 10jaBu. Toa YKaKyBa Ha MOJKHOCTA Of] TIOCTOEHe Ha JIBa XU POreoTepMaiHA CUCTeMU BO RouaHcKaTa
RornHa. PesepBoap Ha cucteMoT [lozyior - bama ce maneo3onckuTe KapboHaTHU NIKPUIIIA U MEPMEPH, a Ha CUCTEMOT
Mctnbarba ce rHajceBU M IPaHUTH.

30HU Ha XpaHewe Ha OBUE CUCTEMU ce MepMepuTe U KpuauTe Ha [1naykoBuila Kaj [Topior - bawa v rHajceBuTe
1 MUKAIIMCTUTE BO MCTOYHMOT pab Ha KoTauHaTa Kaj ctubama.

Criopep; turot, cuctemot [opior - bama crara Bo rpyrnara Ha IPOTOYHUTE KAPCTHO - ITYKHATUHCKA CUCTEMH, a
cuctemot Mctnbarba Bo rpyraTa Ha MoJyOTBOPEHUTE CUCTEMH.

Bo Rouanckata KoTiMHA, BO CKJIOI Ha XUIPOreOJIOLIKATE UCTPa)KyBarba 3a YTBPAYBale Ha MOXHOCTUTE 3a
PeHH|eKTUpabe Ha OTIAaZHaTa Bojia of rojieto Ilogyior Bo IynmHaTHHA BO ceno bama, HarpaBeHu ce HEKOJKY aHa/Iu3M Ha
[PUPOJIHUTE U30TOITU OJ] TePMaJTHUTE BOJIM, JIOKATHUTE MOA3eMHU BOAM U JIOKAJTHUTE BpHeKHU. | [py Toa e KoHCTaTHpaHo
Ipynuparme Ha BOJUTe CIIOpe]l 30HMTe Ha MpUXpaHyBame, c/l. 9, ¥ Toa Ha BOAM KOM ce MPUXpaHyBaaT of TOKaJHUTe
BpHe:ku Bo RouaHcko [lone (I rpyma), moToa Bojiu Kou ce puxpaHyBaaT of] BOJM KOM rpaBUTHpaarT rmpeMa KOTIMHATa o/
Hagmopcku BucourHu romanu of 1000 m (II rpyma) u Tepmantu Bogiu Bo noneto [lopior - batba Kou ce mpuxpaHyBaar
€O MH(DWITPUPAHU BPHEKU Ha HaMOpCKK BUcourHu rorosieMu oz 1200 m (I11 rpyma).
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Geothermal potential of the Kochani basin

e
]
\

i
/
'..n-l"
a—

A
~

LR

j. 7 \ \ \

A
G

| , ., : b = ;
A~ 0 ) 4
. .'-"'J"Jr / ;E \ \ =
/ ! v ‘
\ - .
\ / .
00 - ., L e

A =
i i { \ ! =
\ i \ = 5

B
-
L%
T
=
F-
S

St

Ll
+ - -
e s i T S T T

+

A

'__.-F
3
A . -

& -"; TS S

“““h

"
" %
LY

-

.5
~

-HH

S . R e D e
R e s R e R

D

-a--!::.:\'!-!

Mwmgﬁﬁﬁﬂg%%W%g‘ggﬂﬁmm?ﬁr,aiﬁ“’f*s{:ﬁ* — PR
Picture 10. Forecast model of hydro-geothermal system “Isti | mo
(1. Pt-gneiss: 2. Pz-shales; 3. granite; 4. Fault zone; 5. Border of I’;‘l_;dm—gf-’otI’J(—"r*nml reservoir; o. ;&i;qui*rufr Ffff"-{?(.ffff')_ﬂ 0f i:-':ow—

ment of thermal water; 7. Superior direction of movment of cold water; S. derived boreholes; 9. Thermal source)

.......
A

-----

i i

(AL AR

e

.". 2 ;!::.

g
."I : "ﬁ

:

l-; f

- i I:

Fy o y ;

N 3 I_-‘; /|

5 ! f | .

j* N i

; f

/1

' f f :

:.-- Fi _," i

W J fj_ ‘A :

- J 2
f. A NT= f '/

/ i, //
| INY / /! / Y B

F 4 - 1 i i /)‘

f ‘\' - ¥ § I ) -5:

/ - J / | i
..l-. 1 -IF- F E :::.-
/ J‘ i ;- / ; { .If : ;’_ f | x-
4 :':J (B .-';I F J‘I. ,// ;

.-' F ¥ I'—, .f"" (. _:‘ I.J .{} fiat!
-." ; F ' L] S _.' J ;
/ *; f : \ > % F / ‘,.-' f i
J F f A " - .; F 7 i’
.-f-j _x." F < 'r_:‘\ i ;r" y F ] _
| ik f e

! | JF “q it LT / y 4 d

‘I o

F F / 4

i i i A
: | E 11l | | | j z .-::

il B j ] . | 1 T+ i- ‘.4 | : r 1161 rﬂ' & E1E _I
/.i 1 ;f' .f”* 2 I . 3 I-::r-q- e k j 5 u l 11 F_"“"""_""iz 12 : o 5 13 i "' * ; 1h * % 15{ $¢ i "-f:ff:"{:"i[ . * "'":::'E":i:‘;" R ::-'::_-s:::.f:f T §~*£'

- i i | Wi e s AR il e EE T Fmiov o h;.“f.':.'J:'E—-:g:':E:"Efl eI R :___i"'f-.s:-‘\"__ 'i":':” _‘:;;_._ﬁ._._ Y E".:“\ s R e e e e e ey

S5y s R R w:r T s e R e BEectin SR & i
b e e e D e e e e e R s

Picture 11. Forecast model system of the hydro-geothermal system Podlog - Banja in Kochani basin
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(1. shales: 2. marble; 3. E. - limestone; 4. E. - flysch; 5. ignimbrites; b. M, . -marls; / [uff sandstones, 8. (u_}‘f, ). Irmd( site I_)r{.(_(‘m, 10,
andesite: 11. alluvium; 12. proluvium; 13. travertine; 14. Hydro-geothermal reservoir; 15. superior direction of movement of ther-
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mal water: 7. Superior direction of movment of cold water; 17. Der ived boreholes; 18. Thermal source)
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(1. gneiss; 2. sholes; 3. marbles; 4. E3-limestone; 5. E3 - flysch; 6. Tuff sandstones; 7. M2-3 - marls; 8. Andesite breccia; 9. tuff; 10. (1. iHa
alluvium; 12. Hydro-geothermal reservoir; 12. Border of the reservoir; 13. Superior direction of movement of thermal water; 14. Gpeut
Derived boreholes; 15. Thermal source)

An important parameter of hydro-geothermal systems is the volume of the tank B

Tabled. Estimation of the volume of the reservoir in the hydro-geothermal systems with conductive and convective transler of Tagena 4
seothermal energy

Forecast spa- Average Forecast volume (km’)

i g ,_ ciousness thickness
systen containts dge (km?) (m) rocks water total

1
|

Hydro-geothermal Lithological Geological

Conductivity system KoHJyk
Kochani basin tuff Pl 100 30 24 0.6 3 KouaHc

Convective transfer KoHBeK

Podlog marble shales | Pz 150 1000 142.5 75 150
[stibanja oneiss Pk 100 1000 95 5 100

[Tognor

Wctnba

Type of reservoirs in the valley are marble, carbonate shales and gneisses. The depth is 1000 m, type of wa

ter Na - HCO, with a predicted temperature of 120°C. T
| TUIT Ha E
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1a; 9. tuff; 10.
nal water: 14,

tive transfer of
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BajkeH mapameTap Ha XuiporeoTepMajiH|uTe CUCTEMHM € BOTYMEHOT Ha pe3epBoapoT.

[abena 4. OueHa Ha BoyMeHOT Ha pe3epBoapuTe BO XUPOreoTepMaHUTe CUCTEMH CO KOHZVKTMBEH M KOHBEKTMBEH [PeHOC Ha
reoTepMasiHa eHepruja

CUIIDC - e _ [IporHosHa [Tpoceuna  [IporHo3Ha 3acdatHuHA (km’)
XUJporeoTepmasieH JIUTONOUIKN ['eornonika ; |

CUCTEM COCTaB CTApOCT

[IPOCTPAHOCT nebennHa
(km?) (m)

RapIl BO/4 BRYITHO

KOHJIVKTUBEH CUCTEM
Kouancka KotniHa Ty Pl 100 30 24 0.6 3
KOHBEKTHBEH MpeHoc

MEPMEDHT b, 150 1000 1425 75 150
LIKPWILIK

ctubara rHajc Pk 100 1000 95 5 100

[lotor

Inn Ha pesepBoapu Bo KOT/IMHATA ce MepMepy, KapboHaTHU WKPUILM 1 rHajcer. [[nabounnara e no 1000 m,
i Ha Bofla Na - HCO, co mporno3sna Temmneparypa o 1200 C.
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Tabena 5.

Table 5. Retained heat energy in conductive and convective hydro-geothermal resources

Forecast volume

Hydro-geothermal Lithological Forecast tem- . —
system containts perature (o¢) ~ [nrocks  Inwater
0] 1w 08 10RTH

Conductivity system KonykT

Kochani basin tuff 50 26,4 0,3 0,6 0,1 27 6,4 KouaHck

Convective transter KoHBeKT

Podlog hales ules 3061|7346 |539 | 129 | 31149 | M475 Mopyror

Istibanja gneiss 20406 | 4897 |36 |86 | 20766 | 4983 Wcrubar
Table 6. Quantity of geothermal energy which is used in hydro-geothermal systems Tabena 6.

Locality

Quantity and power

Phenomenon Temperature °C)  Quantity (I/s)

107 ] Mwt
Podlog EBMP-1 /8 150 1306 41,1
R-3 /18 80 694,9 22
K-1 52 0,5 1,06
K-1 40,6 6,9 26,1 0,8
R-11 50,6 2,6 13,2 0,4
Ka-1 22,4 6 8,2 0,3
EB-1 8 550 50494 96,/
[stibanja [-5 66,4 12 86,2 2,7
[-3 6/ 5 36,3 1,8
[-4 56,6 4, 247 0,8
Trkanje EB-2 /1,5 50 3914 124
R-9 /1,5 85 66,5 2,1
Banja B-1 b3 8,3 55,9 1,8
B-2 63,2 55,3 573,8 11,8
R-1 b3 30 202 6,4
R-6 40 ] 3,/ 0,1

The energy equivalent of geothermal energy that exploits "Geoterma" - Kochani, annually, corresponding to 16

000 t oil.

9.0. GONCLUSION

- Kochani Basin is an area with a relatively high degree of research and rich collection of data;

- There is a necessity of defining the lithological composition and structure within the depression;
- Definition of the hydro-collectores and zones of hydro-isolators;

- Determination of the spatial layout of the geothermal field;

- Defining the hydraulical links in Kochani Basin and the internal connection of lithological complexes in the

basin;

- Determination of the maximum possible capacity of use of geothermal water;
- Using the re-inection system to increase the stability of the system,

Perform investigative borehole in the space of gravimetric minimum;
[mplementation of a new investigative series in the southern parts of the basin to detect the existence ol
petro-geothermal energy and its further expl()ltatlon

- The application of the system re-inection is the unique model for the protection of the environment, saving

geothermal system for a long period;

- Region of Eastern Macedonia and Vardar zone are space with high capacity of geothermal energy and as

such should be priorities in research to define the specific site of geothermal energy;

- Fstablishing a database of existing research and acquired knowledge. Availability of information to the

20

public, to attract investors for exploration and exploitation of geothermal energy;
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['eorepmarieH roreHuyjaa Ha Kouanckara KotimHa

Tabena 5. Jf'"}‘;li"_sf’!\;‘iy’Jllﬂ)HHH TOTUIMHCRA f:‘}'if;.‘.[}iﬂlfliﬁ BO KOHAYKTUBHUTE U KOHBEKTUBHUTE XHUPOTCOTePMaIHU pecypcH

[IporHosHa 3acaTHuHa
Bo Bozia

IIpornosHa
Temreparypa

XujporeorepMajieH  JluTonouiku e
| Bo kapnu BKyTIHO

CHCTEM | COCTaB L , _ | _
- : S0 %) iy 108] 10T 10%]

KOHJIVKTUBEH CUCTEM
4 Kouaricka Kormmma | Ty 50 26,4 6,3 0,6 0,1 27 6,4
KOHBEKTUBEH MPEHOC

Howtor E}f‘pﬁﬂ“&: B 306] 734.6 539 129 31149 | 7475
NUcetnbama FHAjC 2040,6 489,/ 36 8,0 2076,6 4983

JloKanHoCT

IlojaBa

Temneparypa (°C)

labena b. Komrunna Ha reotepmaiva eHeprija Koja ce KOpUCTH BO XMZpoOreore

Konuuuna (11/c)

‘F.

PMaTHATE CUCTEMH
KonnumHa U cHara

| e | Mwt
[lomor EbMII-1 /8 150 1306 411
5 /78 60 6949 22
K-1 32 0,5 1,06
K-1 40,6 6,9 20,1 0,8
P-11 50,6 2,6 15,2 04
Ka-1 224 b 3,2 0,3
Eb-1 /8 550 50494 96,/
Hetnbarba 1-5 66,4 12 86,2 27
n-3 b/ D 56,3 1,8
n-4 56,6 4,2 24,7 0,8
IpKare Eb-2 /1,3 50 591,4 12,4
P-9 Pa 85 60,5 2,1
bama b-1 b3 8,3 559 1,8
i b-2 63,2 55,3 373,8 118
P-1 63 50 202 6,4
P-6 40 1 5 0,1
ponding to 16 EHEPreTCKMOT eKBUBAJIeHT Ha reoTepMaHaTa eHepruja Iro ja ekcruioatipa ,[eotepma” - KouaHu, Ha roiuiiHo
HUBO, cooziBeTcTBYBaA Ha 16 000 t masyr.
- Kouanckara Kotmna nipercraByBa npocTop co penaTMBHO BMCOK CTENeH Ha UCTpakeHocT M borat dhoHT Ha
ion: [0/IaTOLIM;

- Ilorpebno e neduHmMparbe Ha TUTONOMKKOT COCTAB M CTPYKTYPEH CKJION Ha Jlerpecujara:

- JleuHnparme Ha XUIPOKONEKTOPUTE M 30HUTE Ha XUJPOU30NATOPY;

- OmpezienyBare Ha IPOCTOPHUOT pacriopes] Ha reoTepMaHOTO T1071e;

- Jledpmnmparbe Ha xuzpaynuukuTe Bpeku Bo KouaHckara Kotivna n BHaTpelHaTa moBp3aHOCT Ha IMTONOMKUTE
KOMITIEKCH BO caMara KOT/IUHA;

- OnpezienyBatbe Ha MAKCMMaTHO MOMKHMOT KallalUTeT Ha MCKOPUCTYBAKLE Ha re0TepMaiHaTa BOJIa;

- KopucTeme Ha CUCTeMOT 3a PeMHjeKTHpabe CO LeT 3TONeMyBabe Ha CTabUIHOCTA Ha CUCTEMOT:

- W3BeflyBare Ha MCTPAKHA JIYIIHATMHA BO MTPOCTOPOT Ha TPABUMETPUCKUOT MUHUMYM;

- CripoBefiyBame HOB MCTPaKeH LMKIYC BO jYKHWTE JIEJIOBM HA KOT/IMHATA 32 OTKPUBAE HA TMOCTOCHE
[leTporeoTepMasiHa eHepruja u Hej3suHO MOHATAMOIIHO UCKOPUCTYBAE;

- [lprmenara Ha CMCTEMOT 3a peHH]EKTHPatbe e eJIMHCTBEH MOJIE/ 3a 3allITHTa Ha OKOJTHATA CPEJIMHA, 3aUyBYBahe
Ha reoTepPMayHUOT CUCTEM 3a JIONT MepUoI;

- Pernonor Ha Mcrouna Makefonnja v Bappiapcka 30Ha TpeTcTaByBaaT [POCTOP CO BUCOK KamalUTeT Ha
reoTepmajiHa eHepruja v Kako TakBu Tpeda Jja peTcTaByBaat MpUOPUTET BO UCTPaKYBabata 3a JeuHuparbe
Ha KOHKPETHO HAOTa/IUIITe Ha re0TepMajiHa eHepruja;

- Bopmuparbe Oasza Ha MOZATONM Off [OCETAalIHUTe MCTPAKYBAba M CTEKHATU CO3HAHWja. JIoCTAamHOCT Ha

1plexes in the

 existence of
ment, saving
nergy and as

\ation to the

2/




Geothermal potential of the Kochani basin

- Development of geothermal technology systems with a combination of other alternative energies to make
full use of energy.

1. Blazev K., Arsovski M. - Tectonic position of the mineral springs in Kochani depression, Congress Budva, 1984

). Delipetrov M. - Geomagnetic field of the Republic of Macedonia, MA, 2007

3. Delipetrov T. - Relationship between crust and subrust structures on the territory of Macedonia and seis-
micity, PhD., 1991

4 Doneva B. - Correlation between real geological environment and the geo-electric model, MA, 2009

5. Gorgieva M. - Geothermal resources in Vardar zone and Serbian-Macedonian mass on the teritorry of Mac
edonia, PhD., 1995

6. Karakashev D. - Model of geothermal system of Kochani depression and possibilities for its use in the East-
Macedonian zone, PhD., 2007
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[eoTepmaried notexuujan Ha Kouanckara KotmHa

lergies to make

ss Budva, 1984
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,2009
ritorry of Mac-

se in the East-

[10[]aTOLIMTe [10 JABHOCTA CE CO LieJl [ja Ce MpPUBJIevaT MHBECTUTOPH 3a MCTPaKyBambe M eKcIioaTalmja Ha
reoTepMasiHa eHepruja;

- PasBuBambe Ha reoTepMaHi TEXHOMOWKM CUCTEMM CO KOMOMHALMja Ha pyry aaTepHATUBHU eHepruu 3a
[IETOCHO UCKOPUCTYBake Ha eHeprujara.

. bnaxes K., ApcoBckn M. - TektoHCKM 1010ka]j TepMOMUHepaHUX 13Bopa y Kouanckoj ferpecuju, Korpec
bynga, 1984

2. llemunerpes M. - ['eomarnetHo none Ha Penybnika Makegonuja, Maructepcku tpyz, 2007

5. llenunierpoB T. - Bpcka rnomery KopoBuTe U TOJKOPOBUTE CTPYKTYPH Ha TepUTOpHjaTa Ha MakenoHuja u
CEM3MUUHOCTA, IOKTOPCKA aucepranuja, 1991

4. [lonesa b. - Kopenariuja nomery peanHara reoyolika cpejiHa 1 re0eleKTPUIHIOT MOJIeNT, MarkCTePCKU TPV,
2009

5. Topruesa M. - Teorepmatu pecypcu Bo Bapzapckara 3o0Ha u Cpricko-MakejioHcKaTa Maca Ha TepuUTopijaTa
Ha Make/joHu]ja, OKTOpPCKa Jucepraiiuja, 1995

b. Kapakaues []. - Mozen Ha reotepMaeH cucrem Ha KouaHckara Jerpecija i MOKHOCTH 3@ HEroBa IPUMEHA BO HCTOUHO
MaKe/IOHCKaTa 30Ha, OKTopcKa gucepraiuja, 2007
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