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PASMEIITAJ U MOI'YRHOCTH KOPUIIREA TEPMAJIHUX 1
TEPMOMMHEPAJIHUX BOJA Y MAYBHU

Cagp:kaj: ITo cBOjUM KapaKTepHCTHKaMa Hala3HINTe TEPMaIHHX Boja y MauBH je cBeTcKoOr 3Hadaja. PezepBoap
YHHE KapcTHU()UKOBAHM TPHjaCKH KpPEeUmalld M JOJIOMUTH Y KOjUMa Ce O4eKyje Temieparypa Bojae ox oko 100°C.
Osge nojase peructposane cy y y0spy, boratuhy, Mausanckom IIpuunnoBuhy, benotuhy, Merkosuhy un Kiewy.
Tocroje peanHn mpemycioBn na MauBa MOCTaHE XHAPOreOTepMaiHa PErija ca MHTCH3MBHOM EKCILIOATALN]OM
Boaa. Kopumhemem enepruje TepMOMUHEpaIHIX Boja Moryha je HHTEH3MBHA arpd M akBa KyJITypHa IIPOH3BOIKbA
Ha TEPUTOPHjH 4MTaBe MayBe, HAPOUYUTO OPraHCKE XPAHE MO CBETCKUM EKOJIOLIKUM KPUTEPUjyMHMa, Kao U
tommu¢ukanyja boraruha, lanma, Jlozaune u Cpemcke Mutposuiie.

KibyuHe peun: MauBa, TepmainHa BoJia, OpraHcKa XpaHa, TOIIM(UKaLHja, IPUPOIHH PECype

YBoa

Kopunihemy reorepmaiine eHepruje y CBETY ce naje cBe Behu 3Hauaj. Y OKBHPY
eneprerckor Owmranca CpOuje, reoTepManHoj €HEpruju a0 cajga Huje Owia nocehena
naxma. Ha To je m3Mely ocrasor yTHIAo M HH3aK HUBO HCTPAKEHOCTH TE€OTEPMATIHUX
pecypca CpbOuje, unme je oHemoryhieHa He camo oaroBapajyha eHeprercka BaJopH3allHja
reoTepMalHUX pecypca, Beh U lbHXOBa MPaKTHYHA TPUMEHa.

Y pagy je aHamuM3upaH MPOCTOPHH pa3MemTaj W MoryhHoctH kopumhema
TepMaJHUX W TEPMOMHUHEpalIHHX Boga Mause. Pesynrati nocamamimHX IeOTEPMATHHX
UCTpaxxuBama y MauBu cy no3uTuBHU. Ha OCHOBY THX HCTpaXknBarmba MOXKE CE 3aKJbYUUTH
Jla Cy TeoTepMallHi pecypcd y MauBi BUCOKO €KOHOMUYHH U €KOJIOLIKH U J1a ITPECTaBIbajy
eneprujy Oynyhnocru.

Y wmopdomomkom morneny, MauBa 3ajemHo ca CpeMoM, 4YHjU je HACTaBak,
npencrassba jaeo aHa IlaHoHckor Gacena. Kao m3pasura mopdoromka neianHa, Madsa ce
npoctupe u3Mmely monumHe J[puHe Ha 3amagy, MayBaHCKO-IIOLEPCKOT OJCEKa Ha jyry U
nmonmee peke Cae, Koja je JIy9HO OKpYXKyje ca ceBepa M HCTOKa. To je Bemuka adyBHjalHa
paBuuia nospumHe 860 km?. Hajsehu neo paBuuue nexu uzmely 78 u 90 m Haamopcke
BUcHMHE. MauBa je makporuraBuHa [[pune. Hacnare nupynka ko J[peHoBma ykasyjy na je
npBobutHo yirhe Jlpune Owno kox Illamma. MayBancka akyMyJjaTHBHA IIOBPII je
BPEMEHOM, TMOJ YTHLAjeM epo3Hje W JeHyJalMje, NPETBOPEHA Yy EepO3HBHY IOBPII
pamrwiamkeHy pedHHMM JOoNMHaMa MamuX TokoBa: berne pexe, Jepesa, butrse m 3acaBuue,
n3mel)y xojux cy 3apasuu u rpeaune (Mapkosuh, J.1970).

Mp Mupjana I'ajuh, acucrenr, I'eorpadcku dakynrer, Crynenrcku tpr 3/3, beorpan.
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Paxg mupencraBba pesynrate UCTpaxkuBama mpojekra 146015 koje ¢unancupa MuHHCTapCTBO Hayke H
TEXHOJIOLIKOT pa3Boja Penyoiuke Cpouje.
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I'eonomxka rpaha u TekToHcka obese:kja Maupe

Mausa ce Hamaszu Ha genmosuMa JuHapuma u [laHoHCKOT OaceHa. I'eoTekTOHCKH
rnocMarpaHo, MauBa ce NpocTHpe YHyTap JBe jeinHHIe-TepaHa: ,,Jajapckor Oioka” Ha jyry
u ,,Bapaapcke 30ue” Ha ceBepy (Kapamara, C. 1996). Obnact oyiuKyje cloKeHa TeKTOHHKA
Koja ce MaHH(ecTyje TOMepameM BEeIUKOr Opoja Mamux Omokoma. [lopex myOuHCKHMX
pasjioma, KOju Ipecelajy KOMIUICTHO 3eMJbUHY KOPY M MPEACTaBJbajy M3PA3UTE IPAHHIIC
TCOTEKTOHCKHUX jeJMHMIA, HAa TepeHy je reopHu3MYKHMM HCTpakuBamuma notBphen sehu
O6poj mamux pacena (['ajuh, M., Byjamunouh, C. 2005). PexoHcTpykuuja 3HayajHUX
TEKTOHCKHMX Tmponeca Moryha je Ha OCHOBY KapaKTePUCTHYHUX JHTOCTPATUTPA(CKUX
YJIAHOBA U MO3HABamka TJI00ATHUX TEKTOHCKUX MOKpera. HajMiuahin TeKTOHCKH TOKpPETH Cy
TepLUjapHe CTAPOCTU U TPajy J0 JaHac. 3a M0jaBy TEPMAIHUX U TEPMOMUHEPAIHUX BOJAA Y
MauBn, 0 BENMKOr 3HAaYaja Cy YIOpaBo IyOMHCKH pa3iOMH W IOCTOjarbe MIIaauX
MarmMaTCcKuX, Ipe cBera IUTyTOHCKHX Teia. OHa Cy YCIOBHJIA HACTaHAK IE€OTePMAITHHUX
aHoManvja ¥ Haj3HAYajHHjUX Hamasumra TepMoMuHepanmnux Boxa (IIporwh, /1.,
Amnhenxosuh, M. 1998). Ox 3Hadaja 3a TeoTepMaiHy MOTEHIMjATHOCT OBOT MPOCTOpa je
Maa aebjprHa 3eMJbHHE KOPEe U BUCOKE BPEIHOCTH I'YCTHHE TEPECTHYKOT TOIIOTHOT TOKA.

I'pahy crapor xomna Mause, Ipe HEro INTO je HOHOBO IOCTAJIO0 MOPCKO OHO Y
HEOreHy, YNHWIN Cy HajBehMM [1e/IOM TpHjacKu Kpeurballd U JOJOMUTH, a MamUM JEIOM
TOPHOKPEIHH JIATIOPOBUTH U KPEUmhayky ceAUMeHTH. C 003UpOM 1a CTEHE jypCKe CTapOCTH
y MauBu HHCY OTKpHBEHE, KapcTH(UKAIHja TPHjaCKUX Kpeurhaka U JOJOMHTA OJBHjasia ce
y JyrOM BPEMEHCKOM pa3a00Jby, TOKOM IIeJI€ jype, JOme Kpele U najicoreHa. 3axsasbyjyhn
TaKBUM Majieoreorpa)CKuM yClIOBHMa, KOjH Cy Tpajaau oko 70 MHIJIHOHA TOAMHA, TPUjaCKU
KpeUmaly U JOJOMUTH MOCTANH CY IIOPO3HH, M KA0 TAKBH, U3BAHPEIHH PE3ePBOAPH, HAJIIPe
XJIaJHUX a ToToM TepManHux Boaa (I"ajuh, M. 1999).

[ToueTkoM TepuHjapa, Kao pe3yaTaT BEIUKHX TEKTOHCKHX MOKPETa, JOULIO je A0
¢dopmupama [laHOHCKOT Mopa. Y IpaHHIIaMa TakO BEJIHKE ACIpecHje, CMEIITeHe u3Mely
naHanwux JuHapuna, Anna u Kapnara, ersucToBajo je HeKOIUKO MambHX. JeqHa o1 BhuX je
W Ma4YBaHCKO-CPEMCKa JieTpecuja y K0joj CeAUMEHTallHja MOYHbe y MUOLIeHY. Pa3HOBpCcTaH
TEOJIOMIKH cacTaB 0007a oMOTyhHo je yHOIIEHE pa3NuIuTor MaTeprjana y IHUTKO MOpe U
TaNoXeme creHa. ToMme je morozosao u pasyheH pesped OuBIIETr MOPCKOT THA.

'maBHO y3BHIIEEEe HA MOPCKOM [HY Ma4yBaHCKO-CpPEMCKe JAerpecuje Omo je
kapctHu 1iato mmpuHe n0 20 km. Ilnarto, msrpaljen om TpHjacKux W MarmHM JIEIOM
KpPEeIHHUX Kpeumaka, Ipyxao ce o naHammer [llanua ka Boraruhy. CeBepHo u jyKHO off
MOJIBOHOT TpeOeHa, KOjU Cce Hajga3ho Ha MPOCEYHOj AyOmHu on oko 250 m, myOuHa
MoOpcKor JHa 6una je mHoro Beha. [leOspuHa cenumenara y wuma je ox 1.000 mo 1.500 m.
Hajsehm neo Tux cemuMeHaTa HaTalokeH je y muahem Heoreny. To 3Haum &a je mocie
Tpancrpecuje [TaHoHCKOr Mopa (Kpaj MHOLECHA - IOYETaK IUIMOLIEHA), MPEKO JAHA Of
TPUjaCKUX Kpeurhaka H JOJOMHTA, II0YeNI0 TAJIOKECHE pa3sIHIUTHX IUIMTKOBOIHHX
cenruMeHara (TJIMHE W JIAOPLOM ca MpociojiuMa Iecka). 3axBajbyjyhw TIiMHama W
JarnopunMa, Kao HajOoJbHM XUAPO M TEPMOM30IATOPHUMA, OMOTYNEHO je Tociie perpecuje
MOpa 3arpeBarme II0J3eMHHUX BOJA Y TPUjaCKUM KpedrhalliiMa 1 JOJIOMUTHMA Y TIOAWHH.

Hakon moBmadema [laHOHCKOT MOpa KpajeM MHOIEHA, 3a0CTaia Cy MHOTOOpOjHa
jesepa W MouBape, y KOjUMa c€ TOKOM IUIMOLIEHa ¥ KBapTrapa BpIIWIAa Pa3HOBPCHA
IUINTKOBOJHA ceauMeHTanuja. Vcrmoq MohHMX anyBHjalHHX Hacjara oJl IUUbYHKa M IecKa
(60-150 m), y MauBu ce Hayja3u cepuja IAPEHHMX IJIMHA M IECKOBAa ca MPOCIOjIrMa
IIJbYHKA TUIMOLIEHE CTAPOCTH. Y TI0jeIMHUM HHBOMMA jaBJbajy CE YIJbEBHUTE IJIMHE U TAHKU
cnojeBn yriba. lIJbyHKOBUTO - TNECKOBUTH MaTepHjal 3Ha4ajaH je 3a QopMupame
HaJla3MIITa TEePMOMUHEPATIHUX BOJA Y HEOTEHY.

VY nmocTIulencToLeHy, peYHa epo3rja CTBOPHJIA je TIaBHE IPTE CaBpeMEHOT pesbeda
MavuBe 1 BakaH XHUIPOTEOJIOIIKH KoMILIeke. [1o ¢hopmupamy gonune peke puHe, moveno
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j€ 3acumame IUTUTKOBOJHUX je3epa M MouBapa (IIyBHO-TJIANHjATHUM HAaHOCOM, KOjH je
HOPEKJIOM OJ CTEHa W3 ropmer jaena ciamBa [lpune. Ha Taj HaumH cy crBapane nebene
Hacjare [IJbyHKa Y KOjUMa je J1aHac Belinka (ppearcka n3jiaH ca OrpOMHHUM pe3depama nujahe
BoJie. Ca OBUM CEIMMEHTHMA CMEEbY]y Ce JIeCOMIHE CYTIIMHE U TIIMHE U Ha Kpajy KBapTapHH
niec (opMHUpaH 3a BpeMe MOCICAET JSISHOT J00a.

IlojaBe TepMaJIHUX ¥ TEPMOMUHEPAJTHHUX BoAa Yy MauBu

Y MauBHu je 10 caja W3BEAEHO JECEeTaK UCTPAKHUX IeOTepMAIHUX OyIIOTHHA U
jenan ekcrutoaranuonu OyHap y Jyossy (IEDB-1). [Toderak reoTepMaaHuX UCTPaKUBAbHA Y
Mauswu Besyje ce 3a 1981. roquny, kana je OTKpuBeHa reotrepMmaina anomanuja y Jlyospy, 6
km jyxno ox borarmha. Hcrpaxunm Oymemem (D-1) y HeoreHMM ceauMeHTHMMa, Ha
nybunu on 178 m, KOHCTaHTOBaHa je Temmeparypa Boge on 44°C, a u3 OyIIOTUHE je
nobujen camomsnuB o 1,7 I/s (Munusojesuh, M., u np. 1982). Pagu yrBphuBama y3poka
reoTepMaiHe aHOMaidjeé W MOTYNHOCTH eKcIuIoaTaldje TepMalHUX BOjAa, y ONM3WHU
npeTxojiHe OymoTHHe u3BeneHa je 1982. rogune uctpaxkHa Oymoruna DB-1. [lo Tpujackux
Kpeumaka om0 ce Ha ayounu ox 207m. Tom npuiukoMm yTBpHEHO je MOCTOjarse
aKyMyJaluje TepMaJIHUX BOJa Y CPEABOTPUjaCKUM Kpedmanuma, Ha nyounu on 400 m. Iz
OymoTrHe je nobujen camomsus o 15 1/s Boge, temneparype 50,5°C (Musmsojesuh, M.,
Iepuh , J. 1984).

Haj3nauajuuje xuaporeosiomke IojaBe y MauBH OTKpUBEHE Cy OylIemeM Yy
Boraruhy. Toxom 1986. rommue wmcrpaxkHom OymotnHOM BB-1 mobujene cy Boxe
temmneparype 75°C y camoMm Hacesby, ca BpemHomnhy camomsmmBa 371/s. OTkpuBeHe
TepMaJHe BOJIE OBe OymioTHHEe Tpedane Cy Ja ce KOpHUCTe 3a TOIUTM(UKAIUjy Haceba
ommTuHe borartuh, amm ce og Te HaMeHe oxycrano ycien (hUHAHCHjCKUX Mpobiema
HE3aHHTEPECOBAHOCTH JIOKATHE BIACTH.

Hajbospn pe3ynraTé Ha IOJbY HCTPaXKHMBama TEPMAJHUX BOAA MOCTUTHYTH CY
1989. rogune, kana je va 1,5 km cesepro ox Boraruha no6ujena Boga temmeparype 78°C,
ca camomznuBoM 60 1/s. [Ty6una Oymorude BB-2 usnocuia je 618 m. Cmarpa ce za je oBo
jeaHa o] Haju3ANIHUjUX UCTpaXHUX OymoTtnHa y EBporn. Pesynrtatun momenyTte ucrpaxHe
OymoTrHe MOTBPhyjy O0raTcTBO reoTepMaiiHOT pecypca MaduBe Kao HajIepCeKTUBHHjET Y
Cp6uju. Toxom 2005. romamue OymotnHa BB-2 je cammpana u mpumpemsbeHa 3a
eKCIUIOoaTaIujy.

VY ceny benoruhy, 7 km ynameHom on bBoraruha, u3BeneHa je wuCTpaxkHa
oymoruaa BeB-1 ayoune 450 m. [Jo nyoune 350 m 3acTyI/beHH CY HEOTCHH CETUMCHTH a
3aTUM C€ Y MOJAWHU jaBJbajy TPUjaCKU JOJIOMHUTHYHH Kpeumanu. JJoOHjeH je caMOu3JIHB O]
25 1/s ca remmeparypom Boze o1 35°C (MmwmBojesuh, M. 1990). BymoruHa ce jomr yBek He
KOPHCTH.

VY ceny MetkoBuhy, necerak kuiomerapa yaakeHoMm on borarmha, msrpalena je
1987. ronune O6ymotuaa BMe-1, no myoune 630 m. BogoHocHH cioj ce Hana3u Ha TyOWHI
on 560 m mo 630 m. Temnepatypa Boje n3Hocuna je 62,8°C. Jlobujen je camonzue ox 11
1/s TepmanHe Bofe, anu ce OymiemeM HHje W3allio U3 HEOTeHNX ceanMeHaTa (MmimBojeBuh,
M. 1990). BymoTrHa ce nmpunpema 3a eKcIrioaTanujy.

O 3HaTHOj MONHOCTH HEOTEHHWX CeIMMEHaTa Ha TOjeAMHUM JeloBuMa Mause
ykazyje oymotuna DB-2 y J/lyospy, ypahena 2002. ronune. bymoTtnna ykynae nyomae 502
m HHje yIIa Y HEOreHy MOJUHY | mope Tora mro je 2,5km jyxuo ox Oymorune DB-1, rae
Cy ce TpUjacKd Kpeumald MMojaBwin Ha AyomHun om 207 m. OBHM momaiy ykasyjy Ha
MOCTOjambe TyOJbaHCKE JICTIPECH]e.
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Ta6ena 1. [Togauu n3BeaeHUX XUApoTepMaJIHUX OymoTuHa y Maupu

Bymoruna Jlokanuja Jybuna INoauna W3pamHocT Temneparypa
Oymrotune TepIHjepHUX caMOoHU3/IMBa °0O)
(m) ceMeHaTa (Us)
D-1 Hy6ibe 178 - 1,2 44
DB-1 Hy6ibe 400 Cp. TpHjac 10 50,5
IEDB-1 Hdy6ibe 335 Cp. TpHjac 15 50,5
BB-1 Boraruh 470 Cp. Tpujac 37,5 75,5
BB-2 Boraruh 618 Tpujac 60 78
BeB-1 Bbenoruh 450 Cp. Tpujac 20 35
MeB-1 MertkoBuh 627 - 10 62,8
BZ-1 3MHBaK 520 - 3 40
BZ-2 3MHBaK 1500 -
BSt-1 IHTurap I'. kpena - -
DB-2 Jy6ibe 502 -

Hcrouno ox Oymormne y borarmhy (BB-2) Hanasu ce HajHOBHMja HCTpakHa
oymoruna BT-1 (Cseto nosbe), kojoM ce ponuro ao ayouHe on 70 m. Ilnannpana xyOuna
HCTpaXHUX pajioBa je 1o 750 m. [Ipernocrasiba ce ga cy xo ayoune ox 700 m 3acTyrmibeHU
KBapTapHU W HEOI'€HH CEJMMEHTH, HAKOH KOjUX CY CJIOjeBH TPHjaCKUX Kpedumaka y Kojuma
ce Hajasu TJIaBHH XHAPOTeOTepMalHM pe3epBoap. Ha ocHOBY pesynrara paHHMjuUX
HCTPaXUBakha, PeasHo je ouekuaru temmeparype 1o 80 °C ca moryhHouthy camou3iuBa o
20-25 1/s. 3aBpureTkoM oBe OyIIOTHHE, Yy IUIaHy je u3pana HoBor OyHapa BT-2 no 850 m
nyouHe (ceBepHO of moctojehe OyIIOTHHE) Ha JIOKATUTETY Pakut.

Amnanusza pesynTara JOOMjEHMX HCTPaXHUM OyIIemeM Ha Tepuropuju Mause
yKa3yje Ha MPHUCYTHY JIMTOJIOIIKY XETEPOreHOCT y MOJMHN HEOTEHNX CeJMMEHara M TO Ha
penaTuBHO ManuM pactojambuMa. Ca XHAPOTEOJIOMIKOT CTaHOBWINTA, Haj3HAYajHHjH Cy
KapcTU(QHUKOBaHM TPHjaCKM Kpeumalll KOjHu MpPEACTaB/bajy TIJIABHE pe3epBoape
TepMOMHHEpanHux Boaa. To je mokazano Oymorunama y /1yosey (DB-1) u boraruhy (BB-1,
BB-2).

Hctpaxna Oymema cy INOKazajla Ja TpPUjaCKd Kpeumalud HMajy BEJIHKO
PacpoOCTpamEkhe Atk U pa3nuuuty MohHocT. Y [Iy0iby je peructpoBaHa HajMama JeOJbuHa
kpeumaka o1 200 m. [IpenusHa nedsbuHa pe3epBoapa (TpUjacKu Kpeumalln) HUje yTBpheHa
aJI TIpeMa T'eoJIOIKMM U Treor3nuKkuM nojanMa oHa Moxke uzHocuty oz 500 go 1000 m.
JleGiprHa moBnaTHOT M301aTOpa (HEOTeHH CeTUMEHTH) M3HaJ pe3epBoapa je pasziuduTa
Bapupa ox 200 m y Jlyosey mo 620 m y boratuhy. MakcumaiHe TemmepaTrype Bojae y
pe3epBoapuma Tpebaiie 6u usnocutr oko 100°C, ¢ 063upom [a je TeMIiepaTypa TepMaIHuX
BOJIa Ha BpXY pe3epBoapa o 35 mo 80°C.

Xpameme pesepBoapa TEPMOMHUHEPATHUX BoJa Y MadBH BpLIM ce Ha HEKOJMKO
HayMHa:

e  MPEKTHOM MHOWITPALMjOM NaJaBHUHA IO ceBepHOj moxropunu Llepa, rae cy

OTKPUBEHH Kpeumallil TpHjacKe 1 KpeAHe CTapOCTH;

e  HWHIWPEKTHO, KPO3 IMOBIATY, TJe je MONHOCT Mama,

e noHMpameM Bona peke JIpune kox bamwe KoBusbaue;

e OTOKOM TEpPMaJHMX Boma u3 ny0/pux menmoBa Mause u  CembOepuje

(Munmsojesuh, M., Maprunosuh, M. 1996).
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Kapra 1. Jlokanuje ucrpaxuux 6ymornna y Mausn '

W3orornckum nctpaxkupamiMa yTBpljeHo je ia Boge u3 OymoruHa BB-1 1 BeB-1, 3a
pasnmuky oj OymoruHe DB-1, He caapke m3oron Tpuuujyma. To ykasyje ga je Bona M3
Jy)XHOT jaera pesepBoapa miaha ox 30 roguHa U 1a moTude o1 HH(GUATpaIMje MaJaBuHa U
o]l peuHux Bojaa. Boxme y ceBepHOM gmemy pesepBoapa, oqHOCHO Mause, cTapuje cy on 50
roavHa u potudy ca Behe naseune, u3 Cpema u CemOepuje. Y XUAPOTEPMAIHOM CHCTEMY
MauBe monazu A0 Mellama XJaJHUX W TOIUIMX, OJHOCHO Milahux M cTapHjux BoJa W3
pa3IMuUTHX 00JIaCTH MpUXpamuBama. [IpoToK TepMaHuX BoJa KpO3 pe3epBoap je aKTHBaH
n Op3, Ha INTa yKaszyje Maja MuHepanm3auja Boma. C mpyre cTpaHe, 3arpeBame BOZA je
BEJIMKO jep je NpHUTHHAkE XJIQJAHUX BOJA HENPECTaHO. 30HA NPHPOIHOT HCTHUIAma je
nonrHaMa peka JloOpase u lymaue.

VY tepmanHux Bogama MauBe, 0]l KaTjoHa Haj3acTyIUbCHHjU Cy jOHHM HaTpHjyMa
(Na"), unju campskaj Bapupa ox 144,0 1o 256,1 mg/l. Bucok caapiaj HaTpUjyMa CBOjCTBEH
j€ CBHM HCTpa)X€HHM TepMalHUM Bojgama Mause. C 003upoM Ja cajipxaj joHa HaTpHjyMa
npenasn MJIK, TepMasHe Bome ce MOTYy KOPHUCTHTH 3a Nuhe W Apyre HaMmeHe Iocie
eKCTpaKInje TeoTepMaHe €HEpruje u3 HmHX. PYru 1Mo KOHIEHTPAaUHWjH je jOH KaJllujyma
(Ca™) unju campxkaj uzHocu ox 30,6 mg/l 1o 50,0 mg/l. Camprkaj joHa Maruesujyma je on
6,5 mg/l no 10,6 mg/l.

Tabesa 2. XeMHjCKHX cacTaB TepPMOMHUHEPATHHX BOAA

! W3Bop: OcHosxa reosouika kapra 1:100.000. Jluct bujessuna, PI'®, Beorpan, 1984
OcHoBHa reosoika kapra 1:100.000. JIuct Ila6an, PI'®, Beorpan, 1982
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Bymomsa ;2-1 IEDB-1 BB-1 BB-2 BBe-1 BM-1
yoise Hy6ibe Boraruh Boratuh Benoruh MertkoBuh
T"Mn(fge)”ypa 50.5 515 65.9 77.8 35.0 59.8
CyBu ocraTtak 597 600 535 530 610 780
pH 7.1 6.95 6.90 6.85 7.15 6.95
Na 158.5 163.0 144.0 146.0 158.0 251.6
Ca 50.0 46.3 335 30.6 47.7 347
K 13.0 13.9 13.0 13.4 13.9 19.8
Mg 7.3 7.2 6.6 6.5 10.6 7.8
HCO; 574.0 578.0 361.6 346.0 470.0 640.0
Cl 42.6 42.7 103.4 104.1 106.8 112.7
Fe 1.2 1.03 0.17 0.43 0.57 0.21
Sr 1.06 1.02 0.95 0.85 1.58 1.10
Li 0.15 0.14 0.15 0.15 0.14 0.33
Rb 0.36 0.07 0.06 0.07 0.04 0.10
Ba 0.17 0.16 0.18 0.35 0.67
Zn 0.01 0.005 0.002 0.002 4.00 0.002
SiO, 24 22.1 39 43 25.0 25.0
B 1.1 2.5 2.5 2.4 3.0
F 2.3 1.2 1.1 1.2 1.9
N(NH4) 4.20 1.80 1.70 2.46 4.92
CO, 45 44.0 50.5 0 13.2 96.8
0O, 7.02 1.5 0.5 0.5 0.5 2.5
H,S 0.10 0.4 25 1.8 0.6 0.8

H3Bop noparaka: IIporuh, [I. (1995). Munepanue u tepmanne Boge Cpbuje. beorpan: I'eounctutyT (ITocebna
unamwa, Kb, 17, crp. 35); Munusojeuh, M. (1990). M3Bemraj 0 pe3ynratuma JOcaJalllbuX XHIPOTEOIOMIKUX
uctpaxupamwa y Mausu. @oug PI'D, beorpan.

Kon anjona najsehe ywemhe mma xuapoxapbonatau jon (HCO') ca HajMamom
koHueHtpauujom y boratuhy (346,0 mg/l) u makcumanuaum y MetkoBuhy (640,0 mg/l).
MHoro Mamy 3acTyrbeHOCT uMajy xsopuaau joH (Cl) koju Bapupa on 42,6 mg/l no 112,7
mg/l, a norom cyndaruu jou (SO47) ox 2 mg/l no 6 mg/l. Kox cBUX aHanm3upaHux yzopaka
TepMaiiHuX Boja BpeaHoct pH dakropa je mpubnmkHo ucTta u u3HocH on 6.85 do 7.15.

HcnutuBaHe TepMmanHe BOAE CBHX OyIIOTMHa y MauBu  mpunanajy
xugpokapbonarnoM tuny Na-HCOj; u Hatpujymckoj rpynu. MuHepanu3zanudja Boja je majia
u Bapupa ox 807,0 do 1082,5 mg/l. CyBu ocratak u3nocu ox 0,6 no 0,8 g/l. Tepmanue
BOJE, NpeMa KOJIWYMHU IOjeAMHUX MAaKpPOKOMIIOHEHTH, OJrOBapajy KBAaJIUTETy BOJE 3a
nhe.

Ha ocHOBY KonM4MHE, TEMIIEpaType U XeMH]CKUX 0COOMHA TEPMAJIHUX BOJA, MOXKE
ce KOHCTAaHTOBaTH @ MOCTOje MOBOJFHH YCJIOBH 3a IHXOBO Kopwiiheme. ['eoTepmanna
aHoManuja y Mausu ([lyospe-boratuh) mobmia O 1yHH 3Ha4Yaj MPOHATACKOM
XUJIPOTEOJIOIIKUX KOJIEKTOPa ca TepMaHOM BojoM Temmeparype ox 90 °C no 100°C.

Pesynratn ucrpaxuBama y jyroucrounoMm Cpemy, ITocaBunum n CemOepuju
yKa3yjy Ja y TOJUHU HEOTCHHX CEIMMEHATa, Y TPUjaCKHMM KpCUAllUMa, JIeKEe IJIaBHH
KOJICKTOpH TepMalnHuX Boaa. C 003MpPOM Ja TOCTOjU CIMYHOCT Y IOTJIEHY XEMMjCKOT
cacTaBa, TEMIIEpaType W BPEIHOCTH T'COTEPMAIIHOT CTEICHA, MOXE C€ TOBOPUTH O
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MOCTOjaby jEOUHCTBEHE aKyMyJaldje TepMalHUX BoJa Ha MOBpIIMHU o7 oko 4.000km?.
MauBa mpezacTaBiba JI€O TOT BEIMKOT XHAPOTE€OTEPMAIHOT CHCTEMa 4Hje Cy MOIYNHOCTH
Kopumhema BENKE U HEHCIPITHE.

JlyGoKMM TeoeNeKTpHYHHM COHIUpameM Yy MauBn je yTBpheHa nebspuHA
TEpLHUjapHUX U KBapTapHUX ceauMeHara. HajMama neOsbiHA celMMeHaTa je y IEHTPATHUM
JenoBuMa pasHulle, oko [lyospa u boraruha, rue nznocu 220 go 300 m. Ka jyry u npema
Cpemy ne6spuHa cenuMmenata ce nosehara 1o 1.500 m, oxHocHo 2.000 m (MwunuBojeBuh,
M., u ap. 1982). Y MauBu je yTBpheHO HEKOIMKO apTeCKUX Xopu3oHara 10 350 m qyOune.
Hanasumra Boza jaBibajy ce y MECKOBHTHM M IUUbYHKOBHTHM Haciarama. Vcmon mux cy
[JIMHOBHUTO-JIAIIOPOBUTH ceauMenTd. Bome temmeparype 20-60°C u camomsimBa 1-5 1/s,
jaBJpajy ce y BehnHU Hacepa.

Tabena 3. Hanasuiura TepMaJIHUX BOAA Y HEOTEHUM CeIMMEHTHMA

Jlokanuja Jybuna Temneparypa Camowusnus
OyHapa (m) soze (°C) (I/s)
Mausancku [TpuunHoBuh 200 19 0,5
benoruhi 200 23 0,5
Jpenosaig 250 20 -
Hohaj 300 29 1,7
PaBme 280 20,8 -
Kres 170 18 0,2

HajBumy Temneparypy umajy Boge y Hohajy. M3Benena Oymiotuna ayooka je 300
m a u3 we je godujena Boxa temneparype 29°C y xonuuunu ox 1,7 1/s. TepmoMunepaite
Bojie y boraruhy, y Heorenum ceumenTiuMa, umajy temmeparypy oko 27 °C. Camousnus u3
apreckux OyHapa je oko 2 1/s. ¥V Illanmy ce Hana3u Hekosmko OyHapa. HajayOseu Oynap
(230 m) je ca Bomom Temmneparype 24,5 °C 1 caMOU3IUBOM 0J1 0KO 5 1/s.

Bojge y HEoreHMM ceIMMEHTHMA, Ha OCHOBY XEMHjCKOT CacTaBa, OJroBapajy
nujahiuM. Bucoke Temmeparype Boja mocienuna Cy neO/bHHE HEOreHHMX Haciara u3mely
Kpeumaka y TOJWHM M alyBHjalHMX LUbYHKOBa y moBiaTH. Ha OCHOBY yTBpheHmx
pa3IHYNTUX TMPUTHCAKA Y TUTUTKUM M JTyOOKHUM OyIIOTHHAMa, YTBpHEeHO je Ia He MOCTOjU
OJIMCKO TpeTaKamke TEPMOMHHEPATHUX BOJIA U3 TPHUjACKUX KPEUhaKa ! I0JOMUTa Y HEOreHe
Haciare y nosjiaTu. Iloajora HeoreHa, ca BogoM Temmeparype 50°C, menyje Kao rpejHo
TEJIO KOje 3arpeBa cTeHe u Bojie u3Ha we (MunuBojesuh, M., [lepuh, J. 1984).

Kopuuihewe TepMaJIHUX M1 TEPMOMUHEPAJTHUX BOJA

Cpbuja pacronake 3HAYajHUM pecypcrMa TEePMOMHHEpalHMX BoIa Koje ce
orenajy y pasmuuuTEM MoryhHoctuMa kopummhema. OrpanndaBajyhu (akTop HBHUXOBOT
kopuiihiela je HeZOBOJbHA HCTpakEHOCT mpocTopa. Ilopen mmpoke mpuMeHe y CBETy, Y
HAIIIO] 3eMJbM TEepPMajlHE BOJE C€ M JaHac HajBehuMm nemom Kopucrte y OGalHEeoJoTHjH, 3a
ciopT u pekpeandjy. VcuprubeHocT (OCHIHMX TOpHMBa M HapylIaBame EKOJOLIKE
paBHOTEXKE HarjaiiaBa cBe Behy moTpeOy pa3Boja YHCTHX TEXHOJIOTHja, KOje Cy ¥y
NPEJHOCTH, jep Cy 3a pas3iuKy O JPYyTrMX MHHEpPAIHMX CHPOBUHA, OOHOBJBUBE H
EKOHOMHUYHH]E.

[Ipocrop MauBe mpencraB/ba U3y3e€TaH XHUAPOT€OTEPMATHH  MOTEHIHjall.
XuporeorepMaiHa eHEpruja MoXKe c€ KOPUCTHTH JUPEKTHO KA0 TOIUIOTHA M WHIUPEKTHO
Kao MEXaHWYKa WM eJleKTpu4Ha. TepMasHe BOJEe Ce MOTy KOPHCTHTH 3a MoTpede
OanHeonoryje, crnopra M pekpeanyje, 3a 3arpeBambe MPOCTOPHUja, Y MOJBOIPHBPEAU H
AKBaKyITypH, HHIYCTPHjH, TEXHOJOTHjU U IPOU3BOIEGHU CICKTPHYHE CHEPIHjE.
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Cuanka 1. Tepmomunepasna Boaa u3s oymorune BB-2 y bBoratuhy (besbuuire)

Otkpuhem reorepmaiiHe anHomaiuje y Jyosby ctBopuiie cy ce mupoke MmoryhHocTn
kopuinhema TEpMalHUX BOJA Yy Oa1He0n0WiKe ¥ CHOPMCKO-PEKpeamuene cepxe.
3axBasbyjyhu BHCOKMM TemmepaTypama, ankanHe Boje JlyOspa MOry ce KOpUCTHUTH 3a
Kyname, a pacxiahene 3a nuhe. TepmanHe Bosje OM Halule NPUMEHY KOJ JieUerha
XpOHHYHHX PEYMaTCKUX OO0OJbCHa JIOKOMOTHBHOI CHCTEMa M XPOHHYHHX KOXHHUX
oboseema. Y JlyOspy cy 3a Ty cBpXy m3rpaljeHa qBa OaszeHa ca mpatehom ormpemom, Koja ou
u3 Oynapa DB-1 kopuctwia TepMmoMmuHepandy Bomy Ttemmeparype 50,5°C. Vemen
HeJocTaTka (MHAHCHjCKUX cpencTaBa, 90-THX TOJWHA IPOLUIOr BeKa IPEKHHYTH CY
HCTPaXUBAYKH PaJIOBH, U3rpalitba H ypeherme MOMEHYTOT JIOKAIUTETa.

[Motennujanny Oamwy [lyOsbe, OCHUM JICUHIHINTA, MOTPEOHO je adupMucaTH Kao
CBOjEBPCHY MHJYCTPHjy 3a onopaBak u Hery Tena. OcuM TO ¢y y (YHKIMjU MOOOJbIIAbA
31paBJba, Oame MOpajy OMTH U (akTop OXMBJbaBamka IOjEMHHUX JEIaTHOCTH: 3IpaBCTBa,
Typusma, TprosuHe u ap. (I'ajuh, M. 2003). Bpojuum wellness nentpu y Espomm
MIpeCTaBIbajy 1o0pe MpuMepe MoJUPYHKINOHATHOT KopHuithema TepMOMIHEPAIHUX BOJIA.
[Ipema eBunentmju @panirycke TypucTHUKe opraHusanuje wellness mporpamMu HaMemeHH
3IpaBUM Oco0aMa MOTHCKYjy KJIacHYHEe TpeTMaHe HaMemeHe OOJEeCHHM ocobama, IITO
noteplyje KOMIZIEMEHTAPHOCT 3/PAaBCTBEHO-ICUWINIIHE M TYPUCTHYKO-PEKPEaTHBHE
¢ynknuje 6amckux nenrapa (Jopuawuh, 1. 2008).

ITopen pa3Boja bamckor Typu3ma, 6nu3nHa mannHe Llep ca cBojuM mpupoOAHUM U
aHTPOIIOTEHUM pecypcruMa OTBapa MOTrYNHOCTH pa3Boja KOMILIEMEHTapHOT TypHu3Ma Koju he
outn y (YHKOWjU TIPUBPEAHOT HANpeTKa YHUTAaBOT Kpaja. AJEKBAaTHOM TYPHUCTHIKOM
CTpaTerujoM U MPUMEHOM KOHILIETITa OAPKHUBOT pa3Boja nmpoctop Mause u [lonepune mory
MOCTATH JECTHHAIIM]jE €KO M OCTAIMX alTepHATHBHUX oOimka Typusma (I'puuh, M., ['punh,
Jb. 2003).

Hanasumra TepMmajiHuX BOJa, TMOBOJPHA KJIMMa W IUIOAHO 3EMJBHIITE IPYXKajy
MoOryhHOCTH 32 MHTEH3MBHY NPOM3BOJY EKOJIOIIKM BpenHe W mnpoduradbuiHe xpaHe. Y
npakcu ynorpeba TEpMOMHHEPAJIHMX BOJa M TeoTepMallHe €HEpruje 3a nompeode
nomonpuepede je jouml yBek y noderHoj ¢aszu. Kopumhemem TepMOMHHEpaHMX BoJa Y
MOJBOIIPUBPEAN TIOCTHKY C€:

e KBaIMTaTUBHH edekTn (oboraheHoCT MOJFONPUBPEAHMX MNPOU3BOJA
MHHEPATHUM MaTepHjama)
€KOJIOIIKH (37paBa XpaHa)
€KOHOMCKH (HIDKU TPOIIKOBH MPOU3BOIE-E, BehH MPHUHOC)



123

VY mpou3BoAKU XpaHEe KOja MMa BHCOKE €HEpreTCKe 3aXTeBe, CBE je NMPHCYTHHjE
3aJIMBamke yceBa TEPMOMHUHEPATIHOM BoioM. OOpainBO 3eMIBHIIITE je Hajuelhe CHPOMAIIIHO
€CCeHIIMjaTHUM MHKpPOEJIEeMEHTIMa W JAPYIMM MHHEpaJHUM MaTeprjamMa KOjuX Hema y
HOBPIIMHCKUM W IUIMTKUM IIOJ3€MHHM BoJaMa. Y IyOJbHMM TEPMOMHHEpPAJHHM BOAaMa
MHUHEpaJHEe MaTepuje ce Haja3e y pacCTBOPEHOM U joHCKOM o0nuKy. MckycTBa cy nokasana
Jla TSPMOMHHEPAIHA BO/Ia IIOBOJHHO YTHYE Ha PACT U Pa3BOj OMJbaka.

XunporeorepMaiHa eHEpruja, Kao HajjepTUHHjU SHEPreHT, MOKE C€ MHTEH3HBHO
KOPUCTUTH 3a OWbHY mpou3Boamy (moBphe, mBehe, pacaie, OalITHHCKE CaaHUIE) Y
crakineHnnuMa. Ca Behum cTakieHuIMMa cMambyjy ce TPOIIKOBH NPOU3BOIkbe. CTaKICHUIH
Cy HapOYMTO IOTOJHU 3a Tajeme KyJITypa KOje 3aXTeBajy BHIIE CBETIOCTU (ONTHMalHa
TeMIleparypa 3a rajeme Kpacrasua je 25-30°C, mapamajza 20°C a 3enene camare 15°C).
CrakieHHYKa IPOHM3BOIA j€ 3HUMH, YCIEA BEIUKE NOTPOIIkhe (OCHIHUX TOpUBa,
HepeHTa0MIIHA M CKyIa. YIOTpeOOM XHIIpOoTepMallHe CHEPrHje CMambMIN OM ce TPOIIKOBH
npou3Boamke U oMoryhmo nenoroammmu pan craknenuka (I'ajuh, M., Byjagunosuh, C.
2005). XumaporeoTepManHa €HEpPIHja je TOTOIHA 3a Tajerhe CTOKe, JKUBHHE Kao |
CJIATKOBOJHMX OpraHm3aMa y oarosapajyhoj cpemunu (pubmarnu). Pasauuute Bpcte pruba
3aXTEBajy pa3M4uTy TEMIIEpaTypy BoOJe, YMjOM pErylialljoM ce OcTBapyje najeko Beha
NPOU3BOMba y OMHOCY Ha TPaTUIMOHATHY. XHAPOMHUHEpalTHa arpoHoMHja Mause, y3
JI0ZIaTHAa WCTpakKWBamba M WHBECTHLMOHA ylarama, Moria OM MMaTu cjajHy MEpCHEeKTUBY
Op30r 1 pa3rpaHaTor ycroHa.

Jenna ox wmoryhHocT Kopumihiema TepMamHHX pecypca je monaudurauuja
Hacema. XUIporeoTepMaHa eHEpruja He KOPUCTH Ce 3a 3arpeBarmbe Hacesba, U MOpe Tora
mro MauBa TpeAcTaB/ba  HAJIPECHEKTHBHHMjy  TeorepMmanHy  perujy  CpoOwuje.
Exkcrioaranmjom TepMomuHepanHux Boga Temmeparype ox 80°C (100°C) moryha je
torndukanuja boratuha, [llanua, Cpemcke Mutposutie u Jlo3uuie.

KoMyHanHu cucteM rpejama 3axTeBa BeJMKa WHBECTHLMOHA yjarama, Koja y
JaHAIIFUM OTEeXaHMM YyCIOBMMa IpHBpehuBama ¥ HeJdocTaTka OOPTHHUX CpencTaBa,
npe/cTaBibajy orpannyaBajyhu ¢akrop kopuinhema. 3a morpede AMPEKTHOr 3arpeBarba
HEONXOIHa je HajMama Temreparypa Boge on 70°C. YnorpeGoM TOIIIOTHHX MyMIH 3a
JorpeBame Moryhe je nckopunthaBame TepMaaHUX BOAA HWKUX Temmeparypa. Mckycrsa y
JIpYTHM 3eMJbaMa, Koja UMajy Ayry Tpaaulujy Kopumhema OBHX pecypca, IoKasyjy Ja ce
yJIOKEHE MHBECTHIIHj€ MOTY aMOPTH30BaTH OJ1 LIECT 10 OCaM I'O/IMHA, KPO3 YIUTELY y LEHH
motpeOHMX TopmBa. Ha 0a3m moctojehimx pecypca, y Mausu je moryha wusrpaama
reotepmaiHe Torurane cHare 500 MW. Ha taj HaunH OM ce CTBOPWIIM YCIOBH MHTEH3UBHOT
BUIICHAMEHCKOT-KAaCKaIHOT KOopHIIhiekha TOIUIOTe TePMATHHX BOAA.

Bpojue cy wmoryhHocTH Kopumihema TeOTEpPMANTHHX BOIA y UHOyCmpuju, y
3aBHCHOCTH OJ THUIIa PacIlOJIOKUBE IeoTepMaiHe Bojae M IMoTpeOHe Temmeparype. OHe ce
MOTYy KOPHCTHTH 3a: CyLIeH-e, HCIapaBame, ACCTWIanjy, Xiaheme, nedeme, Npame H
0ojere, MPOLECHO 3arpeBame M Ipejalbe MHAYCTPUjCKUX oOjekara. Hapouwurto mmpoky
NPUMEHY y UHIYCTPHUjH UMa CylIeHhe NOMONy TOoIie BoJe. 3arpejaHuM Ba3lyXOM MOTY ce
CYUIHUTH MOJHOIIPUBPEIHU IPON3BOIH (HOBphe, )KUTAPHIIE, CEMEHbE), IEKOBUTO OUIbE, peUHH
U MOpPCKH NPOIYKTH, IpBO M 1p. [Ipame u Oojeme ce HajBUIIE NPUMEHY]y Y TEKCTUIIHO]
UHIyCTpUju (ByHa M ByHEHe TkaHuHe). [Ipepajga koxke W Kp3Ha Takohe ce ocTBapyje
KopulhemeM reoTepMaIHuX BoJa.

Hajehn exoHOMCKM eQeKTH TIOCTIKY c€ KacKaonum  Kopuuthemwem
reoTepMalHUX pecypca. Ilox THM ce moapasymMeBa BHIIECTPYKO KOpHIINEHmE HCTOT
reoTepManHor (ayuaa pagd  TOCTH3aka MaKCHMajlHE KOPHCTH, e(QHKAaCHOCTH U
peHTabmiHOCTH. Ha OCHOBY M3pajie CMMYJITaHOT T'€OTEPMAIIHOT MOJENa MPOLEHEHO je aa
ce ca u3Bopuiura y boraruhy moxe nooutu 2.000 1/s TepMoMuHepaHUX BOJia TEMIIEpaType
on 75°C no 80°C. TomnoTHa cHara reotepmaine tomiane boraruh (500 MW) 6u ce Hajupe
KOPHCTHJIA 33 3arPeBamke MPOCTOPHja Y TpejHOj ce30nu ca 250 MW. 3a npou3Bomky XpaHe,
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WHIYCTPHUjY M CIIOPTCKO-PEKPEATUBHE CBPXE KOPUCTHIM OM Ce KamaluTeTH ocTtamux 250
MW (Munusojesuh, M., u ap. 1996).

TepMmoMuHepaiHe Boje ca HajBuioM Temneparypom (1o 100°C) tpeba ouexuBaTu
ceBepHo o/ boraruha. CrepuiHOCT BO/ia YCIIOBJbEHA j€ HHUXOBOM crapoinhy, Koja U3HOCH
on 15.000 no 26.000 roguna. McrnimtrBane OymotuHe Yy MauBu MMajy YKYITHY M3JAIIHOCT
on 145 1/s, ogrocuo 4.575.000.000 1 rogumime. CBakOAHEBHO, TepMalHE BOJAE H3HOCE
SHEpPrujy Koja OJroBapa CHEPruju MOOHjCHO] caropeBameM 63 TOHE TEYHOT T'OPHBA,
MeceuHo oko 2.000 t a roqumse oko 24. 000 t (MunuBojesuh, M., u ap. 1996).

3akpyuak

MauBa je jeIHO OJ HAjUPECHEKTUBHHJUX XHAPOr€OTEPMAHHUX HAJa3UIITa Y
EBporiu. ['maBHU pe3epBoap TEPMOMHHEPAJIHHMX BOJAa HHCKE MHUHEpalu3alldje 4HHE
KapCTH()MKOBAaHU TPHjaCKH Kpeumalld M JOJOMHUTH. MakcuMallHa TeMIIepatypa BOZAC je
80°C. Ha oBom mpocTopy peaiHo je odekmBatu TeMiepaTtype Boxa m1o 100°C koje ce mMory
BUIICHAMCHCKH KOPHUCTHUTH. prHITBeHO-eKOHOMCKe, TEXHUYKO-TCXHOJIOIIKE M CKOJIOLIKE
MPEIHOCTH Cy OpOjHE y OHOCY Ha APYre U3BOPE CHEPTH]E.

[Ipou3Boama XpaHe Ha IJIOAHOM MPOJYKTHBHOM TNy, NMPBEHCTBEHO MOBpha y
3aTBOPCHUM TPOCTOPHUMA, CTAKJICHHUIIMMA U IUTACTCHUIMMA, Ha 6a3u Kopulnhema eHeprije
TEepPMaJHHUX BOJa, Tpeba aa Oyae NpUOPHUTET pa3Boja OBOTra Kpaja.

VY ycnoBuMa caBpeMeHE EHEereTcKe Kpu3e NpUpoJHa OoraTcrBa 3acHOBaHA Ha
XHAAPOreOTePMAIHOM MOTEHLHjaly MPEICTaBIbajy HENPOUCHHBY BPEAHOCT. Y TOM LHJBY
HEOMXOJHO je BPLIMTH JeTaJbHa XHUAPOreoNIOlIKa HCTpaKHBama. EKciuioaranuja
TEpMOMHHEPAITHHUX BOJa MpeacTaBibalic OCHOBHY CTpaTerujy perdoHanHor passoja. Kako y
MauBu HeMa 3Ha4ajHUjUX (POCUITHHX TOPUBA, NHUTakY KOpHIlhemka reoTepMaTHUX pecypca
MOpa ce MOCBeTUTH cBe Beha maxiba.
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DISTRIBUTION AND POSSIBILITIES OF USE OF THERMAL
AND THERMO-MINERAL WATERS IN MACVA

Abstract: According to its characteristics the deposit of thermal waters in Macva is of world significance. The
reservoir consists of the karstified Triassic limestone and dolomites where the water temperature of about 100°C is
expected. These phenomena were registered in Dubalj, Bogati¢, Mac¢vanski Pri¢inovi¢, Beloti¢, Metkovi¢ and
Klenj. There are real prerequisites for Macva to become “the hydro-geothermal region” with intensive exploitation
of water.

Present assessment shows that geothermal energy from thermal waters, exploited near Bogatic, could
utiliyed in intesive agri and aqva cultural production ot whole Macva, especially organic food according to restri
word ecologic standards, as well as heating of Bogatic, Sabac, Loznica and Sremska Mitrovica.

Key words: Macva, thermal waters, organic food, heating, natural resource

Introduction

The use of geothermal energy has become more and more significant in the world.
Until now it has not called attention within the energetic balance of Serbia. That was
influenced, among others, by low level of exploration of geothermal resources in Serbia, by
which not only the corresponding energetic valorisation of geothermal resources is disabled,
but also their practical use.

Spatial distribution and possibilities of the use of thermal and thermo-mineral
waters of Macva are analysed in the paper. The results of the previous geothermal studies
are positive. Based on those researches, it can be concluded that geothermal resources of
Macva are highly economical and ecological and represent energy of the future.

Morphologically, together with Srem, Macva as its extension represents a part of
the bottom of the Pannonian basin. As extremely morphological whole, Macva extends
between the Drina valley in the west, the Macva-Pocerina scarp in the south and the Sava
river valley which circles it from the north and east. It is large alluvial plain of the total area
of 860 km”. The largest part of the plain is between 78 m and 90 m above the sea level.
Macva is macro flood plain of the Drina River. Gravel deposits near Drenovac signified that
the original mouth of the Drina River was near Sabac. By the time, the accumulation surface
of Macva, influenced by erosion and denudation, was turned into erosive surface, dissected
by river valleys of the smaller flows of the Bela reka, the Jereza, the Bitva and the Zasavica,
with plateaus and isthmuses between them (Markovic, J. 1970).

Geological Structure and Tectonic Characteristics of Macva

Macva lies on the parts of the Dinarides and Pannonian basin. Geo-tectonically,
Macva extends within two units (terranes): the “Jadar block™ in the south and the “Vardar
zone” in the north (Karamata, S. 1996). The region is characterised by complex tectonics,
manifested by moving of the large number of smaller blocks. Besides deep fissures, which
completely cut the Earth’s crust and represent expressive boundaries of geo-tectonic units, a
larger number of smaller faults is ascertained on the terrain by geophysical researches
(Gajic, M., Vujadinovic, S. 2005). The reconstruction of more significant tectonic processes
is possible on the basis of the characteristic lithostratigraphical members and knowledge of
global tectonic movements. The youngest tectonic movements are of Tertiary age and they
have lasted until today. Deep fissures and young magmatic and plutonic bodies are of great
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significance for the phenomenon of thermal and thermo-mineral waters in Macva. They are
the cause of the origin of geothermal anomalies and the most significant deposits of thermo-
mineral waters (Protic, D., Andjelkovic, M. 1998). Small depth of the Earth’s crust and high
values of density of terrestrial thermal course are of the significance for geothermal
potentiality of this area.

The structure of old land of Macva had mostly been characterised by Triassic
limestone and dolomites and partly by Upper Cretaceous marls and limestone sediments
before it again became the sea bottom in Neogene. Considering that rocks of Jurassic age
were not discovered in Macva, the karstification of Triassic limestone and dolomites took
place throughout the whole Jurassic, Lower Cretaceous and Palacogene time period. Owing
to such palaeogeographic conditions, which lasted for about 70 million years, Triassic
limestone and dolomites became porous and, as such, they were excellent reservoirs of
primarily cold water and then thermal waters (Gajic, M. 1999).

By the beginning of Tertiary, the formation of the Pannonian Sea had occurred as
the result of large tectonic movements. Within the borders of such a large depression,
located between the present Dinarides, Alps and Carpathians, several smaller ones had
existed. The Macva-Srem depression was one of them in which the sedimentation had begun
in Miocene. Diverse geological structure of the ridge enabled the carrying in of different
material into the shallow sea and the deposition of rocks. Dissected relief of the former sea
bottom also contributed to it.

The karst plateau up to 20 m wide had been the main elevation at the sea bottom of
the Macva-Srem depression. The plateau, built of Triassic and partly Cretaceous limestone,
had extended up to the present Sabac towards Bogatic. North and south of the sub-aqueous
ridge, which was situated at average depth of about 250 m, the depth of the sea bottom was
much larger. The thickness of sediments in them ranged from 1 000 to 1 500 m. The largest
part of those sediments was deposited in younger Neogene. That means that after the
transgression of the Pannonian Sea (the end of Miocene-the beginning of Pliocene), the
deposition of different shallow-water sediments had begun (clay and marls with
intercalations of sand) over the bottom of Triassic limestone and dolomites. Owing to clay
and marls, as best hydro- and thermo-isolators, the warming up of underground waters in
Triassic limestone and dolomites at the underlying layer was enabled after the regression of
the sea.

After the regression of the Pannonian Sea at the end of Miocene, many lakes and
swamps were left, in which diverse shallow-water sedimentation was carried out throughout
Pliocene and Quaternary. Beneath alluvial deposits of gravel and sand (60-150 m), a series
of colourful clay and sands with intercalations of gravel of Pliocene age was found in
Macva. In some levels, coal clay and thin layers of coal appeared. The gravel-sandy material
is significant for the formation of deposits of thermo-mineral waters in Neogene.

In Post-Pleistocene, river erosion created the main centres of the contemporary
relief of Macva and significant hydro-geological complex. After the formation of the Drina
river valley, the filling in of shallow-water lakes and swamps had began by fluvial-glacial
deposits that originated from the rocks of the upper part of the Drina river basin. Thus, thick
deposits of gravel were being formed in which there has been a large phreatic water-table of
significant reserves of drinking water today. With these sediments, the loess sub-clay and
clay changed and finally there was Quaternary loess which was formed throughout the last
ice age.

Phenomena of Thermal and Thermo Mineral Waters in Macva

A group of around ten investigating geothermal bore-holes in Macva and one
exploitive well in Dublje (IEDB-1) have been carried out until now. The beginning of
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geothermal researches in Macva is connected with 1981 when geothermal anomaly was
discovered in Dublje, 6 km south of Bogatic. By investigating boring (D-1) in Neogene
sediments, at depth of 178 m, the water temperature of 44°C was ascertained, whereas
discharge of 1.7 1/s was obtained (Milivojevic, M. et al, 1982). In order to establish the
causes of geothermal anomaly and the possibility of exploitation of thermal waters, the
investigating bore-hole DB-1 was carried out near the previous one in 1982. Triassic
limestone was found at a depth of 207 m. Existence of accumulation of thermal waters in
Middle Triassic limestone was established at a depth of 400 m. The discharge of 15 1/s was
obtained from the bore-hole, with temperature of 50.5°C (Milivojevic, M., Peric, J., 1984).

The most significant hydro-geological phenomena in Macva were discovered by
boring in Bogatic. Throughout 1986, waters of 75°C were obtained by investigating bore-
hole BB-1 in the very settlement, with a value of discharge of 37 I/s. These thermal waters
should have been used for the heating of settlements of Bogatic municipality, but it was
given up due to financial problems and disinterest of the local government.

The best results in the field of the research of thermal waters were achieved in
1989, when 1.5 km north of Bogatic, the water of the temperature of 78 °C and an amount
of outflow of 60 1/s were ascertained. The depth of the bore-hole BB-2 was 618 m. This is
considered to be one of the most abundant investigating bore-holes in Europe. The results of
the mentioned investigating bore-hole have confirmed the wealth of the geothermal resource
of Macva as the most perspective one in Serbia. The bore-hole BB-2 was repaired and
prepared for exploitation during 2005.

In Belotic village, 7 km away from Bogatic, the investigating bore-hole BeB-1 was
carried out at a depth of 450 m. Neogene sediments existed up to a depth of 350 m, and then
Triassic dolomite limestone appeared at the underlying layer. The discharge of 25 1/s with
the temperature of water of 35°C was obtained (Milivojevic, M. 1990). The bore-hole has
not been used yet.

In 1987, the bore-hole BMe-1 was built at a depth of 630 m in Metkovic village,
around ten kilometres away from Bogatic. The layer full of water was at a depth from 560 m
to 630 m. The temperature of water was 62.8 °C. The outflow of thermal water of 11 1/s was
obtained, but it was not come out of Neogene sediments by boring (Milivojevic, M. 1990).
The bore-hole is being prepared for exploitation.

The bore-hole DB-2, made in 2002 in Dublje, pointed out to considerable strength
of Neogene sediments at some parts of Macva. The bore-hole of the total depth of 502 m did
not come into the Neogene underlying layer, even though it was 2.5 km south of the bore-
hole DB-1, where Triassic limestone appeared at a depth of 207 m. These data have pointed
to the existence of the Dublje depression.

The most recent investigating bore-hole BT-1 (Sveto polje) is situated east of the
bore-hole in Bogatic (BB-2), by which it was come to a depth of 70 m. The planned depth of
investigating works has been up to 750 m. It is supposed that Quaternary and Neogene
sediments exist up to depth of 700 m, after which there are layers of Triassic limestone with
the main hydro-geothermal reservoir. Based on the results of the previous researches, the
expected temperatures are up to 80°C with a possibility of discharge up to 20-25 1/s. By the
finishing of this bore-hole, the making of the new one BT-2 is being planned up to a depth
of 850 m (north of the existing bore-hole) on the Rakit locality.
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Table 1 Data on hydrothermal bore-holes, carried out in Macva

Bore-hole Location Depth of Underlying layer Discharge (I/s) Temperature
bore-hole of Tertiary (°0O)
(m) sediments
D-1 Dublje 178 - 1,2 44
DB-1 Dublje 400 Mid. Triassic 10 50,5
IEDB-1 Dublje 335 Mid. Triassic 15 50,5
BB-1 Bogatic 470 Mid. Triassic 37,5 75,5
BB-2 Bogatic 618 Triassic 60 78
BeB-1 Belotic 450 Mid. Triassic 20 35
MeB-1 Metkovic 627 - 10 62,8
BZ-1 Zminjak 520 - 3 40
BZ-2 Zminjak 1500 -
BSt-1 Stitar Upper Cretaceous - -
DB-2 Dublje 502 -

The analysis of the results, obtained by the investigating boring on the territory of
Macva, pointed to the present lithologic heterogeneity at the underlying layer of Neogene
sediments, especially at relatively small distances. From the hydro-geological point of view,
the karstified Triassic limestone is the most significant, representing the main reservoirs of
thermo-mineral waters. That was proved by the bore-holes in Dublje (DB-1) and Bogatic
(BB-1, BB-2).

Map 1 Locations of investigating bore-holes in Macva®

The investigating borings have shown that Triassic limestone has wide dispersal,
but also different possibility. In Dublje, the least thickness of limestone of 200 m was
registered. The precise thickness of reservoir (Triassic limestone) was not established, but
according to geological and geophysical data it might range from 500 to 1 000 m. The
thickness of the overlying layer isolator (Neogene sediments) above the reservoir is different
and varies from 200 m in Dublje to 620 m in Bogatic. The maximum temperatures of water
in reservoirs should be around 100°C, considering that the temperature of thermal waters
ranges from 35 to 80°C on the top of the reservoir.

The feeding of the reservoir of thermo-mineral waters in Macva is obtained in several
ways:
e Dby direct infiltration of precipitation at northern piedmont area of Cer Mt., where
limestone of Triassic and Cretaceous age were discovered;
e indirectly, through the overlying layer, where the possibility is smaller;
e by the sinking of waters of the Drina River near Banja Koviljaca;
e Dby the flow of thermal waters from deeper parts of Macva and Semberija
(Milivojevic, M., Martinovic, M. 1996).

It was established by isotopic research that waters from BB-1 and BeB-1 bore-holes, in
contrast to the bore-hole DB-1, do not contain the isotope of trititum. That means that water
from the southern part of the reservoir is younger than 30 years and originates from the
infiltration of precipitation and river waters. Waters in the northern part of the reservoir

! Source: Basic Geological Map at scale of 1:100 000. Bijeljina Paper, Faculty of Mining and Geology, Belgrade,
1984.
Basic Geological Map at scale of 1:100 000. Sabac Paper, Faculty of Mining and Geology, Belgrade, 1982.
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(Macva) are older than 50 years and they are flowing from larger distance, from Srem and
Semberija. In hydrothermal system of Macva, it comes to the mixing of cold and warm, i.e.
younger and elderly waters from different areas of feeding. The discharge of thermal waters
is active and fast through the reservoir, to which the small mineralization of waters point to.
On the other side, the warming up of waters is large, because the flowing of cold waters is a
constant one. The zone of the natural flowing out is along the valleys of the Dobrava and the

Dumaca rivers.

Table 2 Chemical structure of thermo-mineral waters

Bore-hole DB-1 IEDB-1 BB-1 BB-2 BBe-1 BM-1
Dublje Dublje Bogatic Bogatic Belotic Metkovic
Temgf’cr;‘mre 50.5 515 65.9 77.8 35.0 59.8
Dry rest 597 600 535 530 610 780
pH 7.1 6.95 6.90 6.85 7.15 6.95
Na 158.5 163.0 144.0 146.0 158.0 251.6
Ca 50.0 46.3 33.5 30.6 47.7 34.7
K 13.0 13.9 13.0 13.4 13.9 19.8
Mg 73 72 6.6 6.5 10.6 7.8
HCO; 574.0 578.0 361.6 346.0 470.0 640.0
Cl 42.6 42.7 103.4 104.1 106.8 112.7
Fe 12 1.03 0.17 0.43 0.57 0.21
Sr 1.06 1.02 0.95 0.85 1.58 1.10
Li 0.15 0.14 0.15 0.15 0.14 0.33
Rb 0.36 0.07 0.06 0.07 0.04 0.10
Ba 0.17 0.16 0.18 0.35 0.67
Zn 0.01 0.005 0.002 0.002 4.00 0.002
Si0, 24 22.1 39 43 25.0 25.0
B 1.1 2.5 2.5 2.4 3.0
F 2.3 12 1.1 12 1.9
N(NH4) 4.20 1.80 1.70 2.46 492
CO, 45 44.0 50.5 0 132 96.8
0, 7.02 1.5 0.5 0.5 0.5 2.5
H,S 0.10 0.4 2.5 1.8 0.6 0.8

Data source: Protic, D. (1995). Mineral and Thermal Waters of Serbia, Belgrade: Geo Institute (Special editions,
book 17, p. 35); Milivojevic, M. (1990). Report on the results of the previous hydro-geological researches in
Macva. Fund of the Faculty of Mining and Geology, Belgrade.

In thermal waters of Macva, ions of sodium (Na') are the most prevailing the
content of which varies from 144.0 to 256.1 mg/l. High content of sodium is characteristic
for all explored thermal waters of Macva. Considering that the content of ions of sodium
exceeds Maximum Acceptable Concentration (MAC), thermal waters can be used for
drinking and other purposes after the extraction of geothermal energy out of them. Ion of
calcium (Ca'") is the second one by the concentration, the content of which ranges from
30.6 mg/1 to 50.0 mg/l. The content of ion of magnesium ranges from 6.5 mg/I to 10.6 mg/1.

The least concentration of hydro-carbonated ion (HCO") is in Bogatic (346.0 mg/l),
whereas the maximum one is in Metkovic (640.0 mg/l). The concentration of ion of chloride
(CI"), which varies from 42.6 mg/l to 112.7 mg/l, is less prevailing, as well as the
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concentration of sulphate ion (SO, ), which ranges from 2 mg/l to 6 mg/l. The pH value
factor is approximately the same at all analysed samples and ranges from 6.85 to 7.15.

Examined thermal waters of all hole-bores in Macva belong to hydro-carbonated
type of Na-HCOj; and sodium group. The mineralization of waters is small and varies from
807.0 to 1082.5 mg/l. Dry rest ranges from 0.6 to 0.8 mg/l. According to the quantity of
some macro-components, the quality of thermal waters corresponds to the quality of
drinking water.

On the basis of quantity, temperature and chemical characteristics of thermal
waters, it can be concluded that the conditions for their use are favourable. Geothermal
anomaly in Macva (Dublje-Bogatic) would gain its full significance by the discovery of
hydro-geological collectors with thermal water of the temperature from 90 °C to 100 °C.

The results of the research in south-eastern Srem, Posavina and Semberija have
pointed that the main collectors of thermal waters lie at the underlying layer of Neogene
sediments, in Triassic limestone. Considering that there is similarity in regard of the
chemical structure, temperature and value of geothermal degree, it can be spoken on the
existence of the unique accumulation of thermal waters on the area of about 4 000 km®.
Macva represents the part of that large hydro-geothermal system, the possibility of the use
of which is large and inexhaustible.

By deep geo-clectrical sounding, the depth of Tertiary and Quaternary sediments
was established in Macva. The least depth of sediments is in the central parts of the plain,
around Dublje and Bogatic, being from 220 to 300 m. The depth of sediments increases
towards south and Srem up to 1 500 m, i.e. 2 000 m (Milivojevic, M., et al, 1982). Several
artesian horizons up to 350 m in depth were ascertained in Macva. Waters appear both in
sandy and gravel deposits. Sediments of clay and marl are beneath them. Waters of the
temperature from 20 to 60°C and discharge from 1 to 5 I/s appear in most of the settlements.

Table 3 Thermal water deposits in Neogene sediments

Location Depth of well (m) Temperature of Discharge
water (°C) (IUs)
Macvanski Pricinovic 200 19 0,5
Belotic 200 23 0,5
Drenovac 250 20 -
Nocaj 300 29 1,7
Ravnje 280 20,8 -
Klenj 170 18 0,2

The temperature of waters in Nocaj is the highest. The bore-hole is 300 m deep,
and the temperature of obtained water is 29°C in amount of 1.7 1/s. The temperature of
thermo-mineral waters is around 27°C in Bogatic, in Neogene sediments. The discharge of
artesian wells is around 2 I/s. There are several wells in Sabac. The temperature of the water
of the deepest well (230 m) is 24.5°C and the amount of outflow is around 5 1/s.

Waters in Neogene sediments, based on chemical structure, correspond to drinking
ones. High temperatures of waters are the consequence of the depth of Neogene deposits
between limestone at the underlying layer and alluvial gravel at the overlying layer. On the
basis of different pressures in shallow and deep bore-holes, it was established that close
transformation of thermo-mineral waters from Triassic limestone and dolomites into
Neogene deposits did not exist at the overlying layer. The base of Neogene, with the
temperature of water of 50°C, works as heating body which warms up rocks and waters
above it (Milivojevic, M., Peric, J. 1984)
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Use of Thermal and Thermo-Mineral Waters

Serbia possesses significant resources of thermo mineral waters, characterised by
different possibilities of use. The insufficient research of the area has been the limiting
factor of their use. Besides wide-spread use in the world, in our country thermal waters have
mainly been used in balneology, for sports and recreation. The exhaustion of fossil fuels and
disturbance of ecological balance emphasize the need for developing pure technologies,
because they are restorable and more economical in contrast to other mineral row materials.

The area of Macva represents an extraordinary hydrothermal potential. Hydro-
geothermal energy can directly be used as heating energy and indirectly as mechanical or
electrical energy. Thermal waters can be used for the needs of balneology, sports and
recreation, heating. Moreover it can be used in agriculture and aquaculture, industry,
technology and power production.

Picture 1 Thermo-mineral water from BB-2 bore-hole in Bogatic (Beljiste)

By discovering geothermal anomaly in Dublje, the possibilities are made for using
the thermal waters in balneology and for sports and recreation purposes. Owing to high
temperatures, alkaline waters of Dublje can be used for bathing, while cool ones for
drinking. Moreover, thermal waters could be used for medicinal purposes, in treatment of
chronic rheumatic diseases of locomotive system and chronic skin diseases. For that
purpose, two pools were built in Dublje for which the thermo-mineral water of 50.3 °C
would have been used from DB-1 well. In the 1990s, the research works stopped, as well as
the construction and organisation of the mentioned locality due to the lack of the financial
means.

The potential spa of Dublje, except sanatorium, is necessary to be affirmed as the
unique industry for recovery and body care. Except their function in the improvement of
health, spas have to be the factor in the reviving of some activities: health care, tourism,
trade, etc. (Gajic, M 2003). Many wellness centres in Europe represent good examples of
semi functional use of thermo mineral waters. According to evidence of the French Tourist
Organisation, the wellness programmes aimed for healthy persons are holding back the
classical treatments aimed for ill persons, which confirms the complement of health-
treatment and tourist-recreation function of spa centres (Jovicic, D. 2008).

Besides the development of spa tourism, the closeness of Cer Mountain, with its
natural and anthropogenic resources, opens the possibilities for the development of
complementary tourism that will be in the function of the economic progress of the whole
region. By adequate tourist strategy and the use of the concept of the sustainable
development, the area of Macva and Posavina may become the destinations of eco and other
alternative forms of tourism (Grcic, M., Greic, Lj. 2003)

Thermal water deposits, favourable climate and fertile soil represent possibilities for
intensive production of ecologically valuable and profitable food. In practice, the use of
thermo-mineral waters and geothermal energy for the needs of agriculture has still been in
the initial phase. By using thermo-mineral waters in agriculture, the following can be
achieved:

e qualitative effects (enrichment of agricultural products with mineral materials),

e ccological (healthy food),

e cconomic (lower costs of production, higher returns).

In food production, which has its energetic demands, the watering of the crops by
thermo-mineral water is more and more present. Cultivable soil most often lacks essential
microelements and other mineral substances which cannot be found in surface and shallow
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underground waters. In deeper thermo-mineral waters, the mineral substances can be found
in dissolved and ionic form. Experience showed that thermo-mineral water influences
favourably the growth and development of plants.

Hydro-geothermal energy, as the cheapest energy, can be intensively used for plant
production in greenhouses (vegetables, flowers, nursery plants, garden seedlings). The costs
of production reduce with larger greenhouses. Greenhouses are especially suitable for
growing cultures which demand more light (optimal temperature for cucumber growing is
25 to 30°C, tomato 20°C, while 15°C for lettuce). Greenhouse production is unprofitable
and expensive in winter, due to large consumption of fossil fuels. By the use of hydro-
geothermal energy, the costs of production would be reduced and the function of
greenhouses would be enabled throughout the whole year (Gajic, M., Vujadinovic, S. 2005).
Hydro-geothermal energy is suitable for cattle and poultry breeding, as well as for
freshwater organisms in corresponding milieu (fish ponds). Different temperature of water is
needed for different sorts of fish, by the regulation of which a far larger production could be
realised in relation to the traditional one. Hydro-mineral agronomy of Macva, along with
additional researches and investments, could have great perspective on fast and involved
rise.

Heating of settlements is one of the possibilities of the use of thermal resources.
Hydro-geothermal energy is not used for the heating of settlements, even above the fact that
Macva represents the most perspective geothermal region of Serbia. By the exploitation of
thermo-mineral waters of the temperature of 80°C (100°C), heat could be supplied to
Bogatic, Sabac, Sramska Mitrovica and Loznica.

The communal heating system demands large investments which, at difficult present-
day conditions of economy and the lack of the working capital, represent the limiting factor
of use. For the needs of direct heating, the least temperature of water of 70°C is necessary.
By the use of heating pumps for additional heating, the use of thermal waters of lower
temperatures is possible. Experience from other countries, which have long tradition of
using these resources, showed that the investments can be amortized from six to eight years,
through the saving of the price of necessary fuels. On the basis of the existing resources, the
construction of geothermal heating plant of 500 MW is possible in Macva. Thus, the
conditions would be created for intensive multi-restricted and cascading use of the heat of
thermal waters.

The possibilities of use of geothermal waters are numerous in industry, depending on
the type of available geothermal water and necessary temperature. They can be used for
drying, evaporation, distillation, cooling, broiling, washing and dyeing, processed warming
and heating of industrial structures. Drying by warm water has especially been widely used
in industry. Agricultural products can be dried by warmed air (vegetables, grains, seeds), as
well as medicinal herbs, river and sea products, lumber, etc. Washing and dyeing is mostly
applied in textile industry (wool and woollen fabrics). Processing of leather and fur could
also be realized by using geothermal waters.

The largest economic effects can be achieved by the cascading use of geothermal
resources. It is meant on multiple use of the same geothermal fluid for achieving the
maximum benefit, efficiency and profitability. On the basis of making the simultaneous
geothermal model, it is estimated that 2 000 I/s of thermo-mineral water with temperature
from 75°C to 80°C can be obtained from the source in Bogatic. The heating power of
geothermal heating plant of Bogatic (500 MW) would primarily be used for heating the
rooms throughout the heating season with 250 MW. The capacities of other 250 MW would
be used for food production, industry and sports-recreation purposes (Milivojevic, M., et al,
1996).

Thermo-mineral waters of the highest temperature (100°C) should be expected north of
Bogatic. The sterility of waters is caused by their age, which ranges from 15 000 to 26 000
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years. Total discharge of the examined bore-holes in Macva is 145 /s, i.e. 4 575 000000
litres per year. Every day, thermal waters take out energy which corresponds to the one
obtained by combustion of 63 tonnes of liquid fuel, which is around 2 000 t per month and
around 24 000 t per year (Milivojevic, M., et al, 1996).

Conclusion

Macva is one of the most perspective hydro-geothermal deposits in Europe. The
main reservoir of thermo-mineral waters of low mineralization includes karstified Triassic
limestone and dolomites. The maximum temperature of water is 80°C. It is realistic to
expect the water temperatures up to 100°C in this area, which can be multiply used. Socio-
economic, technical-technological and ecological advantages are numerous in relation to
other sources of energy.

Food production on fertile, productive land, primarily the production of vegetables
in closed areas and greenhouses, based on the use of energy of thermal waters, should be the
priority in the development of this region.

Based on hydro-geothermal potential, the natural wealth represents the priceless
value in conditions of the contemporary energetic crisis. Therefore, the detailed hydro-
geological researches are necessary to be made. The exploitation of thermo-mineral waters
will represent the basic strategy for regional development. Since there are not more
significant fossil fuels in Macva, the question of the use of geothermal resources has to be
the primary one.

References

See References on page 124



	ГЛАСНИК       СРПСКОГ       ГЕОГРАФСKОГ     ДРУШТВА



