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NMCTPAXWMBAHKE N KOPUTITBEWE XUWAPOITEOTEPMAJTHE
EHEPIT'MJE HA ONMMNTHOM MNMONMNTOHY "AEBPLU"(MOCABUVHA)

oA

Muxajna Cumuha*, MeTpa Manunha*,
BnagaHa Kouwha* n MnageHa Bugosuha*

Y nogpyujy [ebpua, nssoherem reonowKnx n XnaporeonowKnx ncTpaxnsara y nepnogy og 1987. rog.

[0 flaHac, yTBpheHo je nocTojake fena KapcTHe U3faHuM ca TepManHoOM BOAOM TemnepaTtype 55 °C, Koja ce MOXe
BULUIEHAMEHCKMN KOPUCTUTK, Npe CBera y no/bonpuBpeAHe cBpxe. Pe3yntaTu focafallbux UCTPaXuBara yKasyjy

fa cey [eGpuy MOXe fa U3rpagu M3BOPULLTE TepManHMX BoAa KanauuTeTa npeko 250 1/3, a y ycnoBnma peuH-
jekTupara u oko 500 1/8. TepmanHe Bode ce Beh 5 roguHa KOpuUcTe 3a 3arpeBatbe MOCMOBHOI MpocTopa MnoBp-

WwinHe 2 600 T 2 npu yemy je fo cag ywTeheHo 400 kma3yTa, Y TOKY je peanusalmja BuLle pa3BojHUX npojekaTta u
thopmMupare HaCTaBHO-HAaY4YHOT NOMUTOHa 3a UCTPaxXuBamwe 1 Kopuwhewe reoTepManHe eHepruje y nobonpums-
pefHe cBpXxe.

K/byuHe peun: XugporeotepmManHa eHepruja, KapcTHa usgaH, ekcnnoatayuja, Ae6py. MocasuHa.
YBO/[,

Hacesbe [ebp ce Hanasn y anyBujasHoj paBHM peke CaBe Ha beHOj AecHoj 0bann. OHo
je yaarbeHo oko 60 K T 3anagHo of beorpafia v oko 10 KT of NO3HATOr NPUPOAHOr pesepBaTa
punba n ntnua "Obeacka 6apa” (cn. 1). OkonunHa Oebpua je NO3HATO arpuKyNTYpHO nogpydje
y Cpbuju 3601 Beoma KBanMTeTHOr 06pajMBOr 3eM/bUNITa 1 BOAHOr 60raTtcTea of Bofja peke
CaBe 1 NOA3eMHUX BOAA Y HeHUM anyBujaTHUM CEAMMEHTUMA.

Y TOKy 1987. roamHe y [lebpuy Cy OTKpUBEHE BUCOKOKBANNTETHE Nujahe TepMasniHe Boje
Y KOJIEKTOPY Of KapCTUPUKOBAHUX KPeUauyKUX CTEHCKMX Maca Tpujacke ctapoctu. Kpeu-
Hauwy ce Hanase Ha gybuHama og 200 go 500 T wcnof HeoreHMx cegmmeHarta. 360r Tora je
nogpyyje Oebpua noctano BeoMa aTpakTMBHO 3a Pa3BOj BUCOKO BpeAHe arpukyntype Ha
6a3un reotepmanHe eHepruje. Mopep Tora, ocTanu NPUPOAHU KBaNUTETU YnHe Jebpu norog-
HUM 3a U3rpagky Hay4yHux, 06pa3oBHUX, CMOPTCKUX, 3abaBHUX U Apyrux objekaTa Ha 6as3u
Kopuwherwa XuaporeotTepmasHe eHepruje.

Y 0BOM pafly ce npukasyjy pe3yntatum XuaporeotepmanHux uUcTpaxunsamwa y [e-
6puy, Koja cy 3anoyeTa 3a notpebe nosehawa No/LONPUBPEHE NPOU3BOAHE Y arpoviH-

*WMIHCTUTYT 3a xugporeonorunjy Pygapcko-reonowkor gakynteta YHusepsutetay beorpagy, hywwnHa 7,
11 000 Beorpag.



LyCTpUjcKOM KOMOUHaTy "7 Jynm", 0AMOCHO 3a carnegaBake MOryhHOCTM U3rpagHe jes-
HOT HOBOT arpuKynTYpHOr KOMM/eKca Ha 6a3u BULWEHAMEHCKOT UHTEH3UBHOT KopuLwhe-
Ha XUAPOreoTepMasHe eHepruje.

Cn. 1. Feorpadckn nonoxaj noapyyja nCTpaxmnsara.
pll5- 1. Phy8lcal 6eKw;? ol" Oehrc area.

OlMNWTE NEONOWKE KAPAKTEPUCIUKE

[e6py ce Hanasm y MocaBnHKM, Ha jy>kKHOM 0604y NaHoHCKor 6aceHa (cn. 2). OCHOB-
HM nojaum wupe okonmke ebpua Hanase ce, namehy octanor, y pagosuma PLLUpoY:1C
<. (1973), KajceYic (1983) m hokosuh un gp. (1988). HajcTtapuje cTeHe, Koje UmHe
nognory MaHoHcKor 6aceHa y oKonnHu [ebpua cy 4eBOH-KapOOHCKN WKpWUbLM. OHKM cy
OTKPNBEHU y NoApy4jy O0KO 12 KT jy>XHO of wera (cn. 2). NpeKo wbux TPaHCTPECUBHO CYy
HaTanoXeHe CTEHe TpMUjacke CTApOCTU YrnaBHOM Kpeuraun U JONOMUTUYHU Kpeytbalm
cpearer u ropwer Tpujaca. Jeb/buHa Kpedtbaka cpefrer Tpujaca je Hajseha v M3HOCK
0Ko 500 T. MecrMMmunyHo, jy>KHO 1 3anagHo o [ebpua, Npeko Kpeykaka Tpujacke CTa-
poOCTM Yy BUAy Mawux unm Behux oasa nexe KpefHu kpedwauu gebrume go 120 w. Heo-
reHn CeVMEHTU CauukbeHW Cy YraBHOM Of rNuHa u nanopa. tbuxosa Aeb/bnHa y OKO-
NuHKU febpua je makcumanHo go 650 T (cn. 3).

OVWITE XNAPOIMEOJ/IOWWKE KAPAKTEPUCTNKE

XugporeotepMmanHum ucTpaxueawuma y [ebpuy, Koja cy nodena 1987. roguHe,
[,0Ka3aHo je NMPMCYCTBO KapCTHe M34aHu TepMa/iHMX BOJa. Y CTBapu HMje OTKPMBEH HOBA,
3acebHa, KapCcTHa u3gaH, Beh je MHAMLMPAHO MOCTOjake jeMHCTBEHE KAPCTHE M3L4aHun y
nogpy4jy Cpema, Cembepnje, Mause n NMocaBo-TamHaee (cn. 2 u 3). TauaH NoOIOXaj
OBe M3JaHu HWje No3HaT, anun ce keHOo NPOCTPaHCTBO Npouekyje Ha 0ko 2 000 K T2

KapcTHa n3gaH hopMumpaHa je y Tpmjackum Kpedkauuma gebmuHe Behe og 500 1. Mop-
Ha rpaHnLa KonekTopa Hanasu ce Ha gyouHu of 500-1 000 T. HberoBo NpocTpaHCTBO je OT-
KpuBEHO ByLuereM y [ebpuy Ha ayouHu o 465 T, y KynuHosy Ha ay6uHu of 460 T, y Bojku
Ha fybuHn og 1037 T, y Fony6buHumMa Ha 938 T ny VIHRnju Ha fy6uHm og 558 T.
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Cn. 2. Teonowka KapTa nogpy4ja nctpaxuBarwa. /lereHga: 1. KBapTapHu cegumeHTu, 2. MNauno-kBapTapHu
ceanmeHTu, 3. TepuunjapHe ramHe n nanopuwu, 4. Llepcku rpaHutong, 5. Kpeuwaun kpege. 6. Kpeuwaun
Tpujaca, 7. Maneo3ojcku WKpumbLKM, 8. Xnaporeonowke 6ywoTuHe.

p18. 2. Oeolo8lcal Tap o" Behrc area. Ne§encl: 1. Oualetary Aepo6/b, 2. PHocene-Ouna(etary paepoBKa®,
3. Ter/bry clays anc! Tarl6lone6, 4. Cer 8rarlol(l, 5. Crelaceom6 HTte8lone6, 6. Tna66ic HTteb(:one6,
7. Paleo2olc 6chi1616, 8. Hyclro8eoloJucal horehole.
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Cn. 3. WemaTckn xnuaporeonowknnpecektepeHa Liep-Aebpy. lereHg a: 1. TepuujapHe rAMHe n nanopu - no-
BNaTHW XWAPOreonowkn nsonarop, 2. Llepcku rpaHntons, 3. Kpedwauu Kpege u Tpujaca - XuAporeo-
NOWKKU KonekTop, 4. Mewyapyu n rAMHUM Aok er Tpujaca - MOAWHCKM XUAPOreonolwku nsonatop, 5. Ma-
Ne030jCKM WKpnbLKM, 6. Xngporeonowke 6ywoTuHe, 7. Pacegu.

p18. 3. 6¢chetallc Cer-Behrc hy/boSeolo{ucal cro66-8eclon. Pe§encl: 1. TerHary clay ang Tarl - wpper
conMwn” clepobk6, 2. Cer {rrannoM, 3. Crelaceonb anc! Tna66ic Hteszlone6-a*w5er, 4 Polyer Tna66ic
6anc!6lone6 anc! shale6 - a“wler, 4 Polyer Tnas61C Gancl6l:one8 anc! 6hales - l1olyer conWwn” Jbpo6W6,
5. Paleorolc 6chi313, 6. Hy/bo8eolo§lcal horehole6, 7. Panh6.



MoBnaTra XmaporeosoWKN U30/1aTopP, KOjU.AUPEKTHO NIEXMN MPEKO TPUjaCKUX Kpeyraka,
NpeACTaB/bajy HeoreHe riHHE U nanopu, MakcumaHe febmsuHe Ha nogpydjy Cpema o 1000 L.

MOANHCKN XMAPOreonoLWwKN M301aTOP NpeacTaB/bajy CTEHE AOHOTPUjacke W naneo-
30jCKe CTapocTu.

MpuxpawunBarbe KONEKTOPA EHEPrMjoM BPLUM TEPECTPUYHM TOMIOTHM TOK YCOB-
JbEH HeoreHoMm WHTpys3ujom Llepckor rpaHuTomga (cn. 3). MpuxpawuBare XUAPOreo-
NOLIKOr KO/leKTopa BOAOM BpLIK ce no obofy 6aceHa AWPEKTHOM U MHAWPEKTHOM WH-
huntpaumnjom Boja of nafaBuHa v peuyHux Boga (cn. 2 un 3).

PE3YNTATU XNAPOMEOTEPMATHUX NCTPAXKUBAHA
Y NOAPYUJY JEBPLA

Y [ebpuy je npsa uctpaxHa éywotuHa 11llc-1 n3byuweHa 1987. roguHe fo oy6uHe
of, 670 T. HbeH reonowkmn npodun je cnegehn: 0-473 T HeoreHw cefmmeHTu, og 473-670 T
Cpefte Tpujacky Kpedwaun. MNpedyHuk Gywera Kpo3 Kpedwake je m3Hocuo 0 86 Trn.
M3 bywoTnHe 1BBc-1 nobujeHa je M3LalHOCT camMou3nuea y KonuumHu og 5 1/8 ca tem-
nepatypom og 49 °C.

[Be rofuHe KacHuje, Tj. y ToKy 1989. roguHe Ha pacTtojawy of 150 T of 6ywioTaHe
1BOc-1 n3bylLleH je UCTpaXKHO-ekcnaoaTaumMoHm 6yHap 1E1Llc-1 ay6buxe 1 002 T. eonoww-
Kn npogun osor 6yHapa je cnegehu: 0-483 T HeoreHu cegumeHTw, of 483-925 T cpegmo-
Tpujackm Kpeuwauu, u of 925-1 002 T [0NOMUTUYHU Kpeurbauun cpefwer Tpujaca (cn. 4).
MakcumanHo nsmepeHa TemrnepaTypay 6yHapy Ha ay6uHun of 850 T u3Hocu 57 °C.

TecTupamwe 6yHapa [HB1)c-1 BpLlIeHO je y Tpajakby O fBe roguHe npu caMousnumey
v upnerem. Mpu ToMe cy yTBpheTre cnegehe KapakTePUCTUKE WU3[aHN:

- apTecku npuTtucak y oxnaheHom cTyby 6yHapa, 0,76 6apa (anconyTHa KoTa nuje-
3omeTapckor Hueoa 92,05 M.H.B.),

- apTecKu nNpuTucak y 3arpejaHom cTyby 6yHapa, 1,08 6apa (anconyTHa KoTa nuje-
3omeTapckor HuBoa 95,25 M.H.B.),

- e(bekat Tepmo-nugpTa 3,2 T,

- Temnepartypa Bofe Ha rnasu oxnaheHe 6ywoTtuHe 19 °C,

- TemuepaTypa BOfe Ha rnasu 3arpejaHe 6yuwotuHe 53 °C,

- TeMmnepaTtypa usmepeHa TepMOKapoTaXoM Ha ayouHu of 850 T nsHocu 57 °C,

- npoceyHu npoTtuuaj 6yHapa 1EBOc-1, npu camonsnusy, 13,5 18,

- MaKCMMasIHO JOCTUTHYTO CHWKEHe NujesomMeTapcKor HMBoa 2,1 T Ha nujesomert-
py 1EBOc-1.

- Koe(mumjeHT BogonposogHocTM T = 1 X 10 271 26.

MpenvMyHapHa oueHa pe3epBM TepMaIHUX BOAA, OLHOCHO reoTepMasnHe eHepruje
M3BPLUEHA je Ha XMAPOrenoWKOM MOAEeNY, YNjyu Cy YNa3HW napaMeTpy NprKasaHu Ha ch.
5. Cumynaumja ekcnnoartaunje TepMasHMX Boda Ha MOAeNy je U3BefeHa YKOMMUMHU Of
250 1/8 n 50 1/6 npy HecTaLMOHapHMUM YCnoBMMa y TOKY of 12 meceun. Ha KpajyTor nepu-
ofa fobujeHa je NPOrHo3Ha fdenpecuja NpUTUCKa TepMasHUX BOAA Y M3JAHW Y OKOMUHMU
NpojekToBaHMUX eKkcnoaTaunoHux 6yHapa (y npedyHunky oko 400 T oko 6yHapa 1EBOc-1)
of oko 45 1. OBa ucnuTMBarwa Cy nokasana fga je y Oebpuy peanHo moryha ekcnoa-
Taluja TepMasHUX BOAA ca TemnepaTypom of 55 °C y KonnumHu of 250 1/8 upnewem ca
TepMasiHoOM cHarom of 47 M\\'( (AT = 45 °C).



TepmanHe BOfe M3 U3JaHW y TPMUjacKUM Kpeurwauuma numajy Beoma rnoBosbaH XeMuj-
CKM cacTaB. YKynHa MUHepanunsaumnja nsHocu camo 2425 18/1, a cagpxaj rnaBHuMX Kowm-
noHeHTU je cnegehn: HCO03(396 1/1), C1 (20 T8/1), 604 (92 18/1), Ne (75 T8/1), K (8 T8/1),
Ca (31 78/1), M8 (27 18/1). NcnnTBarkeM KOPO3UBHOCTU U MHKpPYCTabunHocTu yTephe-
HO je fa je Tepma/iHa BOJa YMEPEHO KOpPO3MBHa M BeoOMa Mano MHKpycTabunHa. Boga je
norofHa u 3a 6anHeoTepanujy 1 TO: 3a 3ana/bMBW peymaTn3am, LereHepaTuBHU peyma-
TU3aM, eKCTpaapTUKynapHW peymatusam, fiederbe nocnegnua Tpayma v pamwabawa, rm-
HeKonoLWwKa 060/betba u ap.

Temnepatypa (letperallre) °C

01

500-

100041

Cn. 4. NnTonowkn Npodun, KOHCTPYKLUMja U TepmoKapoTax 6ywoTtuHe 1E1LWc-1. 1. FAnHe 1 nanopu HeoreHa,
2. Kpeutwauu Tpujaca.

p18. 4. Oeolo8lc anc! \yell aeclon ancl letperalure 10§ lor LI BBc-1. 1. Noo§ene clayk ang Tarl6, 2. Tna6-
81C Te8lone8.

YCNOBW N3TPALHE VI3BOPULLTA TEPMA/THUX BOJA
Y MOAPYUJIY LEBPLIA

Ca mn3pagom uctpaxxHor 6yHapa 1EBOc-1 npakTuU4HO je 3anoyeTa usrpagwa uM3Bo-
puwTa TepMasHMX BoAa y NMoApyyjy cunoca n mavHa y febpuy.

TecTupakweM ncTpaxHor 6yHapa 1EBBc-1, Koje je joll yBeK y TOKY, je yTBpheHo fa
Ce 13 era, Npu caMousnuBY MOXe fa ekcrnoaTuwle 15 1/8 TepmasHMX Boga Temnepary-
pe 53 °C, a ypnetem 501/8 KOHTUHYANHO Y TOKY Liefie roauHe.



Ycnosu msrpaghe m3sopuwita y nogpydjy Aebpua aHanusvpaHu cy Ha Xuaporeo-
NOLWKOM MOAeNy KapCTHe U3faHu, Mpu Y4emy ce Mowino of crnefehnx unbeHuua n HpeT-
MOCTaBKMU:

a) yCBOjeHa je T3B. "MecUMUCTUYKA" BapujaHTa MPOCTPaAHCTBA KapCTHE U3JaHu, of
LWanua Ha 3anagy fo O6peHOBLA Ha UCTOKY. Jy>XHe rpaHuLie Cy NMPUPOAHE W OAroBapajy
XUAPOreosnoWKNM YCNOBMMA, [OK je ceBepHa rpaHuua takohe ckpaheHa fo cena Luma-
HOBaLa;

6) YCBOjeHO je fa je KapCTHa M3JaH XOMOreHa M U30TPOMHa, WTO He ofrosapa npu-
pogHuM ycnosuma. Takofe je ycBojeHa, Kao penpe3eHTaTWBHa, BPeAHOCT BOLONPOBOA-
HocTu (T) 3a KapCTHY M3gaH JobujeHa Ha OCHOBY pe3ynTaTta TecTupara OywoTmHa y [e-
6puy, KynuHoBy 1 Ha nogpydjy Mause.

Cn. 5. KapTa ynasHux u usnasHmx enemeHata 6unaHca Bofja KapcTHe u3gaHu. Slerenpga: 1. MpocTpaHCcTBO W3-
faHu ucnof mnafux Hacnara, 2. 30He nNpaxtwewa nsgaHu, 3. 30He nNpuxparuBamwa n3gaHu, 4. BogoHe-
nponycTHa rpaHuua.

p!§. 5. Map o!' wnpur ann oulpu( kareC Jroung \yaler balance eletenl6. Ee§encl: 1. AguMer exlenl mun/br
youn”er clepoml8, 2. Orownc! \yaler cl6char§e areab, 3. Orounc! \yaler rechar™e areas, 4 .1Tperteahle borcJer.

Ha cn. 5 npnkasaHa je kapTa ynasHWX U U3nasHuUX efnieMeHaTa 6unaHca Boja KapcT-
He U3JaHu, a Ha cfl. 6 KapTa NoYeTHUX NMje3oMeTapCKMX H1BOA KApCTHe M3faHu.

lMpopayyH je cnpoBefeH 3a HecTalMoOHapHe ycnoBe 3a nepuof of 12 mMeceuy 3a ekc-
nnoataymjy Boja U3 u3BopuLiTa y KonnmuuHu of 50 18 (cn. 7) n 250 18 (cn. 8).

3a nokaumnjy n3sopuilTa ofabpaHo je cafalltbe U3BOPULITE KOA CUIOCa U MIIUHA, Y
npeyHuKy of 400 1.

3a ekcnnoatauujy TepMasHUX Boda Yy KonmuuHu of 250 1/8 tpeba m3pagutu jow 4
6yHapa y npeyHuky o 400 T. CHuXewa HMBOA Boda y ByHapuma ocTaje y rpaHuuaMa of
45-50 T, OOK CHWXKetba HMBOA TepMasiHMX BOAA Y 30HM M3BopuwiTa n3Hoce og 16-17 7.

W nopef cBMX pe3epBu KOje 0BakaB NpopayyH cafpXu HeoCrnopHo je fa 'y noapyujy
[Jebpua nocToje ycnosu 3a n3rpagky M3BOpULLTA OCUTYpaHOr KanauuteTa u npeko 250 1/,
nocebHO Moj YC/I0BOM [a ce ekcnjoatauuja TepmanHMX Bofa BpLiM T3B. "ay6n" cucTte-
MOM, Y3 MHjeKTUparme UckopuwheHnx TepmanHuX Boja, jep 3a TO NOCTOje YC/0BM.



Cn. 6. KapTa no4eTHUX nujesomeTapcknx Hueoa (y T).
p18. 6. 11(;1al polenlwTeCnc-8wrace conlour Tap (T T).

Cn. 7. KapTa nujesomeTapCckmMx HMBoa TepManHUX Bofa HaKOH 12 Mmeceun ekcnnoaTtaumje y KOnmunHu og 5018.
p18. 7. PolenlwTelnc-8urlace conlour Tap ol Jbenna! \yaler af:er 1toelye-ton/b \yUb(1l'alyal al 50 1/8.

Cn. 8. KapTa nujesoMmeTapCKknx HMBOa TepMasHNX BOAa HaKoH 12 meceun ekcnnoartaymje y KonnunHu og 25078.
p18. 8. PolrenVoTeEnc-3urTace conlour Tap ol Jberta! \yaler aller 1\yelye-tonlh \yLlhclralyal a[ 250 v8.



YKynHa TepmanHa CHara npu camMousnuBy TepManHuX Bofga u3 6yHapa 1EELLc-1 y
KonnuunHn of, 15 Uk, Temnepatype 53 °C n3Hocu 2,57 M\*/, nok npu upnewy of 50 1/8,
Temnepartype 57 °C usHocu 6,7 MLLL

3a ycnose ekcnnoarayuje TepMasHUX BOAa y KOMunHM of 250 18, TepMasiHa cHara
N3BOpULLITA XMAPOTEPManHe eHepruje n3Hocu ykynHo 47,02 M\\'.

MNPEANOI PASBOJHUNX NMPOJEKATA 3A KOPULLHREWE TEPMANTHUX
BOAA N3 N3BOPULUTA OEBPL,

3a peanusayujy pasBojHUX npojekaTa no/bonpmMepeaHn KomouHat y [ebpuy pacno-
naxe ca cnegehuM noteHuujasom:

a) OTKPMBEHUM M3BOPULUTEM XMAPOreoTepManHe eHepruje ca cnegehum KapakTte-
pucTMKama:

- pocaja yTepheH kanauuTeT nssopuwta of 50 1/8 Tonne Boge, temnepartype 57 °C,
TepMasiHe cHare 6,7 M\Y TonnoTHe eHepruje;

- MOTeHUMjanHW KanaumTeT 06HOB/LMBOI M3BOPULLITA XMAPOTEOTEPMASIHE EHEpPruje
of, oko 250 1/8 npoceuHe TemnepaTtype 50 - 60 °C, TonnoTHe cHare 47 M\Y\

6) 3emM/bULITEM NOJ CUCTEMOM 38 HaBOfHaBawe, nospwnHe 300 ha.

1) O6jekTuma cunoca KanayuteTta 30 000 BaroHa roguLle.

L) MnnHom kanauuteTta 10 000 BaroHa rofuiime.

e) ®abpnKoM CTOYHE XpaHe.

) MawmnHCKOM pasMoHMLOM 1 YNpaBHOM 3rpagom nospLunHe 6 000 T 2

r) dapmMom 3a TOB jyHagu.

X) Koonepauujom ca cefiaM MeCcHUX 3ajegHuLa.

Mporpam pasBoja 3acHMBA Ce HAa BULIEHAMEHCKOM W BULLECTENeHOM Kopuliherwy
XngporeoTepmasiHe eHepruje y no/bONpUBpeHe CBPXe, a berosa peanusaunja npessu-
heHa je y aBe ¢hase.

Y 1dasn, y nepuogy of 3 roguHe, nporpamMom ce npegsuha peanusaunja cnegehux
npojekara:

1. N3paga jow 3 reoTepmanHe OyloTuHe pagn noeehaka KanayuTeTa U3BOpULLTA
TepMasHUX BOAa.

2. Mpakbe n cylewe xuTapuua nomohy TepmanHe Bofe y noctojehum cuiocmma,
yrMe ce MoCTUXKe ywTeaa 'y eHepruju og 40% roguwme (oko 1200 000 avH/roaniltbe).

3. N3rpagmwy cTak/eHuKa nospLinHe 2 ha, 3a Npou3soAkwy paHor nospha u useha.

4. 3a HaBOJbaBake y nnacTeHMUMma ca TepManHoOM BOLOM, nocne nckopuwhasamwa
HEeHEe eHepruje y CTakieHnymuma.

[JaHac ce TepmanHa Bofa y KonuuuHu of 15 18 temnepaType 53 °C Ha NOBPLUMHK
TepeHa, KOPMCTY 3a 3arpeBarbe MallMHCKe PafuoHULIE U yYNpaBHe 3rpaje NoBpLUHHe 2 600 T 2
yMMe ce NOCTWXKe FoOAWLLHba YHrreda o4 oko 80 ( MasyTa.

Y Il thasn, 3a nepuog of 5 rogunHa, npefsuha ce peanunsaunja cnegehnx pasBojHUX
npojekara:

1 WN3rpagmwa GanHeoTepaneyTCKOr W CMOPTCKO-PeKpeaTUBHOr LeHTpa Ha obanm Case.
Jocagaliba nctpaxmsarba Cy NOTBPAWIA a je TepManHa Boga NPUMeH/bUBa 3a 6anHeoTepanujy.

2. 3a hnawwupare Kao 3gpasa CTOHa Boga 3a nuhe. Havme, nNo ogy3vmawy TOnao-
Te, BOJa je U3Y3eTHOr KBanuTeTa U MOXe ce ynoTpebuTun 3a nuhe ¢ 063mpom fda je 6ak-
TEPUONOLLKY CTepuUsiHa 1 da je "cTapa™ npeko 50 roauHa.



3. 3a noBehatbe KanauuTeTa cuaoca U MaMHa.

4. MNMosehatbe NOBPLUMHE NOJ CTaKNeHULMMa 1 nnacTeHuuuma Ha 20 ha.

5. U3rpagmwy rpaga-xotesa BMCOKE KaTeropuje y CTuy Hekajallker fBopua Kpa-
/ba CrtepaHa OparytuHa (1282-1316), ca yMETHUUYKOM pafvOHULOM, rasiepnmjom, eTHo-
rpagcKum My3ejom, pU3HULLOM U Ap., KOju 6u1 ce 3arpesao TOMJ0M BOZLOM.

BpegHo je uctahu ga cy MUK "7 Jynn" n MHCTUTYT 3a Xugporeonorujy, Pynapcko-
-reofloWKor akynrteta 3ajefHO ca APXUTEKTOHCKWUM, MMo/bonpuBpesHUM U EKOHOM-
CKUM (haKynTeTOM Y HuBep3uTeTa y beorpagy hopmupann HacTaBHU MOAUIOH 3a UCTpa-
XuBamwe 1 Kopuwhewe reoTepmasiHe eHepruje y no/bonpuBpeHe CBpXe.

3a noTpebe HOBOHACTANOr MOJINFOHA, HAMEHEHOT CTYEHTUMA U CTPYYUHaLMMa Ko-
jn ce 6aBe unm he ce 6aBUTM NCTPaXKMBawMMa U KOpuwheweM XMAPOreoTepManHe eHep-
ruje, uspaheHa je ctyauja pasBojHuX MOryhHocTu OBOr Mofpyyja v NocTaB/beHa CTanHa
n3noxoba nog pagHUM HacnosoM: CarnacHo NpUpoau - rae cy No NpBu NyT KOA Hac U3no-
XeHe MoryhHocTu pasBoja Ha 6a3u kopuwhewa 34paBe M eKONIOWKM YUCTe U 0O6HOB-
/bMBE eHepruje 3a NPoM3BOAbY 34paBe XpaHe W Apyre BUAOBE €KOOLWKN BUCOKO Bpef-
HUX nporpama.

3AK/bYYAK

Jocagawibyn pesyntat XMaporeoTepManHuX uctpaxusama y Aebpuy, nokasyjy ga
OTKPUBEHA W3[aH TepManHWX BoJa Y TPUjacKUM Kpedwauuma omoryhyje MHTEH3MBHO U
KOMM/IEKCHO Kopulherwe XuaporeoTepMasiHe eHepruje U3 BUCOKOKBANUTETHUX nujahux
TepManHuX BOAa, Npe CBera 3a arpuKynTypHE CBPXE.

YTBpheHo je fa je TepmanHa BOAa YMEPEHO KOPO3MBHA M BeOMa Mano WHKpYCTa-
6unHa. YKynHa MuHepanusaumja Bofe u3Hocu 242,5 T18/1 1 moxe ce no ofy3umary TO-
naoTe KOpUCTUTK 3a nuhe.

M3yuaBaweM 6anHEONOWKNX KapaKTepucTnuka yTepheHo je fa je sofa norogHa u 3a
6anHeoTepanunjy u TO: 3a 3ana/bMBU peymaTun3aM, [JereHepaTvBHU peymaTusam, ekcTpa-
apTUKy/napHW peymaTun3am, jiedere nocregula tpayma v pawasatba, FTMHEKo10WwKa 060-
/bewa u ap. TepmanHa soga u3 [ebpua MoXe ce KOPUCTUTU U 3a MUjere KO MUKPO-
yponuTujase, rge ce Moxke ysumaru y Behum KonnuvmHama, ¢ 063MpoM Ha Many MuHepa-
M3aunjy v LWTO je NOCeOHO BaXKHO HE CaAp XKW HATPUjyM 1 XJ1op.
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EXPLORATION AND UTILIZATION OF HYDROGEOTHERMAL ENERGY
IN DEBRC EXPERIMENTAL FIELD, POSAVINA

by

Mihajlo Simic*, Petar Papic*,
Vladan Kocic’ and Mladen Vidovic*

Geological and hydrogeological reconnaissance in Debrc region since 1987 revealed the presence of a
part of a karst aquifer with theimal water of 55°C in temperature, which can be used for more than one
purpose, primarily in agriculture. Hie estimated capacity of the thermal water reservoir is 250 1/s, or about
500 Vs if used water would be injected. Thermal water has been used for five years now to heat offices, of
a total area of 2600 m2, which has saved 400 tons of crude oil. A number of development projects are un-
der the way and an experimental field for exploration and utilization of geothermal energy in agriculture.

Key words: hydrogeothermal energy, karst aquifer, withdrawal, Debrc, Posavina.
INTRODUCTION

The town of Debrc is located in the Sava alluvial plain, on its right bank, about 60 km
west of Belgrade and about 10 km from the Obedska Bara, a natural fish and bird reserva-
tion (Fig. 1). Debrc area is an agricultural region of good soil and abundant water from the
Sava river and ground water in its alluvial deposits.

Very good drinking thermal water was found at Debrc in 1987 in karstified lime-
stones of Triassic age. The limestones lie from 200 to 500 metres deep under Neogene
deposits. Debrc area has become attractive for geothermal energy-based agriculture.
Other natural amenities make Debrc suitable for development of scientific, educational,
sport, entertainment and similar facilities on the basis of hydrothermal energy.

This work presents results of hydrogeothermal explorations in Debrc area, whose
initial purpose was to increase agricultural production in the Seventh luly Agro-Industry,
or rather to develop a new agricultural and good-processing complex which would use
hydrogeothermal energy.

University of Belgrade, Faculty of Mining and Geology, Institute of Hydrogeology, Djusina 7, 11000
Belgrade.



GENERAL GEOLOGIC FEATURES

Debrc is located in Posavina (the Sava valley) on the Pannonian southern margin (Fig.
2). Basic information about the geology of Debrc region is given by Filipovic et al
(1973). Rajcevic (1983), Djokovic et al. (1988), and some others. The oldest rocks,
forming the basement of the Pannonian basin at Debrc, are Devonian-Carboniferous schists
which are uncovered some 12 km south of the town (Fig. 2). Schists are transgressively over-
lain by Triassic rocks, predominantly Middle and Upper Triassic limestones and dolomitic
limestones. Middle Triassic limestones are the thickest, about 500 metres. South and west of
Debrc, Triassic limestones are sporadically overlain by larger or smaller islands of Cretaceous
limestones up to 120 metres in thickness. Neogene deposits are mostly clays and marls in a
maximum thickness, near Debrc, of 650 metres (Fig. 3).

GENERAL HYDROGEOLOGIC FEATURES

Hydrogeothermal explorations at Debrc, which began in 1987, proved the presence
of a thermal karst aquifer. It is not a new, single karst aquifer that was found, but a uni-
fied aquifer was indicated under the regions of Srem, Semberija, Macva, and Posava-
-Tamnava (Figs. 2 and 3). Its accurate contour is not known, only its extent is estimated
to about 2000 km2.

A Karst reservoir is formed in Triassic limestones which exceed 500 metres in
thickness. Its upper boundary is from 500 to 100 metres below the surface, and the ex-
tent has been deduced from boreholes at depths of 465 m in Debrc, 460 m at Kupinovo,
1037 m at Vojka. 938 m at Golubinci and 558 m in Indjija.

The upper confining deposits, directly over Triassic limestones, are Neogene clays
and marls, which are the thickest, to 1000 metres, in Srem region.

The lower confining strata are of Lower Triassic and Paleozoic rocks.

Terrestrial heat flow recharges the reservoir, controlled by the Neogene intrusion of
Cer granitoid (Fig. 3). Ground water is recharged by direct or indirect percolation and in-
filtration from the river on the basin's margin (Figs. 2 and 3).

HYDROGEOTHERMAL EXPLORATION IN DEBRC AREA

The first exploratory hole, IBDc-1, in Debrc was drilled to the depth of 670 m in
1987. Its geologic section is the following: 0-473 m Neogene deposits, 473-670 m Mid-
dle Triassic limestones. The drilling diameter through limestones was 86 mm. The wa-
ter-flow rate from IBDc-1 was 5 1/s and water temperature was 49°C.

Two years later, in 1989, another exploratory/production well was drilled (IEBDc-1)
1002 m deep, some 150 m away from the former well. Its geologic section is the following:
0-483 m Neogene deposits, 483-929 m Middle Triassic limestones, and 925-1002 m Middle
Triassic dolomitic limestones (Fig. 4). The highest measured water temperature at the depth
of 850 m was 57°C.

Well IEBDc-1, both flowing and pumped, was tested for two years. The established
characteristics of the aquifer are the following:



- artesian pressure in cooled well shaft 0.76 bar (altitude of piezometric surface
92.05 m);

- artesian pressure in heated well shaft 1.08 bar (altitude of piezometric surface
95.25 m);

- thermolift effect 3.2 m;

- water temperature in cooled wellhead 19°C;

- water temperature in heated wellhead 53°C;

- thermal log temperature at 850 m 57°C;

- average flow from IEBDc-1 13.5 1fs;

- maximum lowering of piezometric surface at IEBDc-1 2.1 m;

- transmissibility coefficient T=I1X10"2 m2s.

A preliminary estimate of thermal water, or geothermal energy, reserve was made
on a hydrogeological model with the input parameters shown in Fig. 5. The withdrawal
of thermal water was simulated on the model at the rate of 250 1/s or 50 1/s for non-
steady flow during twelve months. At the end of this period, the predicted depression in
potentiometric surface of the thermal reservoir around (he designed production wells (in a
diameter of 400 m around well IEBDc-1) was about 45 m. Experimental results demon-
strated that thermal water of 55°C temperature in Debrc can be withdrawn at the rate of
250 1/s using thermal power of 47 MWt (AT=45°C).

Chemical composition of thermal water from Triassic limestones is very good. Total
mineralization rate is only 242.5 mg/1, the contents of essential components being: HCO.
(396 mg/1). ClI (20 mg/1), S04 (92 mg/l), Na (75 mg/l), K (8 mg/l). Ca (31 mg/l), Mg
(27 mg/l). Tested on corrosion and incrustation, thermal water demonstrated moderate
erosive and low incrusting properties. It is suitable for use in balneotherapy: for inflam-
matory rheumatism, degeneralive rheumatism, extraarticular rhumatism. post-traumatic
treatment, gynecological diseases, etc.

DEVELOPMENT OF THERMAL WATER SOURCE IN DEBRC AREA

The completion of exploratory well IEBDc-1 was the beginning of the actual ther-
mal water source development near the silos and mill at Debrc.

Well IEBDc-1 testing, still carried out. indicates the respective flowing and pump-
ing yields of 15 1/s and 50 1/s of warm water (53°C) over the year.

The development of the source was studied on the hydrogeological model of the
karst aquifer, based on the following assumptions:

(&) The "pesimistic" alternative of the karst aquifer extent was assumed, from Sabac
in the west to Obrenovac to the east. Its southern border is naturally consistent with the
hydrogeological situation, and the northern border is set only as far as Simanovci:

(b) The karst aquifer is taken to be homogeneous and isotropic, unlike the natural
conditions. Also transmissibility (T) value based on well tests in Debrc. Kupinovo and in
Macva region was adopted as representative for the karst aquifer.

Figure 5 shows input and output balance elements for karst ground water, and Fig.
6 the map of initial piezometric surfaces in the karst aquifer.



Computations are made for nonsteady conditions over twelve months of water with-
drawal at 50 Is (Fig. 7) and 250 1/s (Fig. 8).

The sile selected for the source is the actual source at the silo and the mill, an area
of 400 m in diameter.

For thermal water withdrawal at 250 1/s, four more wells will be drilled within the
distance of 400 m. The drawdown will remain within the range of 45-50 m. whereas the
thermal water drawdown in the source area will be 16-17 m.

With all allowances for the calculations, there is no doubt that a source can be de-
veloped in Debrc area of over 250 1/s safe yield, particularly if the double-utilization
system is provided: withdrawal and injecting of used thermal water.

Total thermal power for flowing thermal well IEBDc-1, at the rate of 15 1/s and
wellhead temperature of 53°C. is 2.57 MW, and that for pumping well, at 50 1/s and
temperature of 57°C, is 6.7 MW.

For withdrawal of 250 1/s. thermal power of the hydrothermal energy source would
be a total of 47.02 MW.

A PROPOSAL OF DEBRC THERMAL WATER DEVELOPMENT PROJECTS

For development projects, the agricultural and food-processing estate of Debrc has
available the following:

a. Uncovered source of hydrogeothermal energy of the following characteristics:

- established yield of 50 1/s warm water of 57°C temperature thermal power 6.7 MW
heat energy;

- potential yield of replenishable hydrogeothermal energy of about 250 1/s, 50-60°C
average temperature, heat power 47 MW.

b. Land under the irrigation system, surface area 300 hectares.

c. Silos of 30,000 wagons annual capacity.

d. Mill of 10.000 wagons annual capacity.

e. Cattle fodder plant.

f. Mechanical shop and administration building, surface area 6000 m\

g. Calf-fattening farm.

h. Cooperation with seven local communities.

The programme of development is based on multi-purpose and progressive utiliza-
tion of hydrogeothermal energy in agriculture, and its implementation will be carried out
in two stages.

The first stage of three years will include:

1 Three more geothermal wells, to increase the yield from the thermal water source.

2. Washing and drying cereals in the existing silos using thermal water, which will
save yearly 40% of power (about 1.200,000 Din/year).

3. Greenhouses over 2 ha, for early vegetables and flowers.

4. lrrigation in plastic greenhouses with thermal water used in glass greenhouses.

Thermal water of 53°C wellhead temperature at the rate of 15 1/s is used at present
to heat mechanical shop and the administration building of 2600 m2 total surface area,
thus saving about 80 tons of crude oil per year.



The second stage, in five years, will include development projects:

1. Balneotherapeutic and recreation centre at the Savabank. Thermal water was
tested and proved suitable for the purpose.

2. Bottling water for table use. When cooled, this water is very good in quality,
being sterile of bacteria and over fifty years "old".

3. Expansion of silo and mill capacities.

4. Expansion of greenhouse area to 20 ha.

5. A high-category hotel, styled after the ancient King Stefan Dragutin castle
(1282-1316), which will include a studio, gallery, etnographic museum, treasury, etc. to
be heated with warm water.

The experimental field for exploration and utilization of geothermal energy in agri-
culture was established by the Seventh July agricultural estate and the Faculty of Mining
and Geology Institute of Hydrogeology, in collaboration with the Faculties of Architec-
ture. Agriculture, and Economics of the University of Belgrade.

For the experimental field, intended for undergraduates and professionals who will
or are engaged in exploration and utilization of hydrothermal energy, a feasibility study
was prepared and a permanent exhibition opened under the working title: Compatible
with Nature, which for the first time in this country presents the feasible development
on the basis of healthy, clean and replenishable energy for production of healthy food
and for other kinds of valuable programmes.

CONCLUSION

According to hydrogeothermal explorations in Debrc, the uncovered thermal water
reservoir in Triassic limestones can be utilized for intensive and multi-purpose applicati-
on. primarily in agriculture.

The thermal water is moderately corrosive and low incrusting. Its total mineralization
rate is 242.5 mg/1l and when cooled can be used for drinking. This water is also suitable for
use in balneology for its curative effect: inflammatory rheumatism, degenerative Rheumatism,
extra-articular rheumatism, post-traumatic treatment, gynecological diseases, etc. Thermal
water from Debrc source can also be drunk in large quantities by microurolithiasis patients,
because its mineral contents are low, particularly, sodium and chlorine.

Translated by D. Mijovic-Pilic
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