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Y JIK 553.332.46:556.332.2(497.11-15) OpHriiHanHH HayHHH pajj

AEOHHHCAIfcE PESKHMA | KCII. IOATAIIMJE BYHAPA M(O\I() !y
XHfIPOrEOJIOIHKOr MOJU JIA H3AAHH

°fl

M H xajjia CHMHh*a , MnxaHJia MHJiHBoje*g(Hha ,
M nhe MapTHHOBHha , CHMeona TaBpHJioBa , BjiajjagHa
Koujnha , CBeT03apa AHKHha h IleTpa IlanHha

Y obom pa;iy nope” npHKa3a n aHajiH3e pe3yjiTaTa jiocajjamH)HX HCTpa»CHBaH.a, aHajiH3Hpajy ce ycjioBH
eKcnjioaTaL(Hje 6yHapa HEBKoc-1 3a noTpede pal/ja ojiHMnnjcKor njiHBa*Kor 6a3eHa y Kocjepnhy.

KjtyiHe pera: KapcT, pe>KHM eKcnjioaTaL(Hje, 30Ha HCTHijaH>a, XHflporeojioniKH Mojieji.
YBO3

y nojFpv'ijv Kocjepnha (cji.1.) CBe jio 1985. roj(Hiie HHcy HSBotjena ocHOBHa XHijpo-
reojiouiKa na hh reolJioiHKa HCTpa*HBaH>a ochm pajjOBa Ha HspajiH ocHOBHe reojiouiKe
KapTe 1:100.000. Oj( pa/joBa na H3BoijeH>y jjerajbiiHX reojiouiKHX HCTpa»CHBaH>a Tpe6a
noMeHyTH: HCTpa3CHBaKbe neMeH 'raiK jianopan,a, yrji>cBa, yKpacHor KaMeHa, MarHe3HTa h jip.

O jj 1985. rojjHiie saiio'ieTa cy ocnoBHa XHjjporeojioniKa h reoTepMaliHa HCTpajKH-
Ban,a, Koja Tpajy h jjanac. Jlocajiam ttH pe3yjiTaTH cy noTBpjjHjm hcrpa>khbaTiKy XHnonme-
3y o ii()CTojan,y BHine aKyMyjiaii;Hja KBajiHTeTHHX TepMajiHHX Bojia Koje Mory jja ce ko-
pncTe 3a rojtociia6jjeball> cTaHOBHHmMTBa, y CHOpTCKO0-peKpeaii;HOHe CBpxe, Toiumcjjn-
Kan;HOHe h irojBonpnBpejjne cBpxe (Simi¢, 1990).

BPCTE H OBHM H3BEftEHHX HCTPA3KHHX PAfIOBA

y nepHoj(y ojj 1985. rojjnne 30 j(anac nsBejieim cy cjierjehH pajiOBii:
- llpojeKaT xnj(poreojiomKHX ncTpaacHBama,;

*
PynapcKo-reojiouiKH (})aKyjiTeT YHHBep3HTeTa y Eeorpajiy, JlaSopaTopnja 3a reoTepMajiHy eHeprnjy,
mByuiHHa 7, Beorpajj.
Oa6pHKa ijeMeHTa Kocjepnh.
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Cji. 1. lloflpygje o6yxBaheHo xnnporeoJiouiKHM HCTpa>KHBaH>HMa (cjihb peKe rofljBeBaMe). 1- KapcTHH aeo
cjiHBa, 2- neKapcTHH neo cjiHBa.

Fig. 1. Area covered by hydrogeological investigations (Godljevaca River basin). 1. Karst area of the basin;
2. Non-karst area of the basin.

Cji. 2. KapTa nojioxaja HCTpa*HHX paROBa Ha nojipyMjy Kocjepnha. 1- Hcrpa>KHe XHHporeojiouiKe 6ymoTHHe,
2- HCTpajKno-eKcnjioaTaipoHH 6yHapn, 3- TepMajiHH H3Bop, 4 - np0CTpaHCTBO0 H3H3HH "J*ecnoTOBHhH".

Fig. 2. Location raap of exploration works in Kosjeri¢ area. 1. Hydrogeological borehole; 2. Exploratory
vvells; 3. Thermal spring; 4. Despotovi¢i aquifer area.
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- XHflporeoJiomK:0o Kap-rnpair.e Tepena noBpniHHe oko 20 km2 (Ankié, 1990);

- Feo(})iitiiika HcnHTHBaaa mcto/iom reoelJieKTpH'inor conjinpaila h reoMaraeT-
CKHM MeTOfIOM;

- M'ipa/ia HCTpa>KHe 6ymoTHHe B K -1, ;iy6nne 200 m, HCTpa>KHe 6ymoTHiie BK -2,
3ydHne 208 m h Hcipa>KHe 6ymoTHHe B K -4 hv6hiic 452 m;

- Mapaaa h TecTiipaiLe HCTpa®KHO—eKcnjioaTan,HOHHX 6ynapa HEB K oc-1, jiy6HHe
367 mh HEBKoc-2, flyHHe 120 m;

- I'oOKHMCKa ocMaTpaii,a iipoTimaja, TeMnepaType h npHTHCKa na HCTpaxHO-eKC-
njioaTaii;HOHHM 6yHapHMa h jmep/na M epeita kojihhhhc najiaiiHiia;

- Xn/ipOXCMHjCKa HCnHTHBafta H3aaHCKHX H peHHHX BO/ja;

Ha cjihhh 2. iipiiKasaiic CY JioKan;Hje H3BejieiiHX pa/iona, a Ha cjiHKaMa 3. n 4. KapaK-

PE3YJITATH XHHPOreEOJIOffIKHX HCTPA2KHBAH.A
npOCTpaHCTBO H3lJiailH

IlpBe HH/jHKanHje o MoryheM npHcycTBy oBe H'i/iaiiH /io6njeiie cy hskoh HHTepnpe-
TanHje pe3yjiTaTa reoejieKTpHHHHX Hciiirnniaii.a h HaKOH X H/i;poreoJiomKor KapTiipaii.a
TepeHa. Ty HiijiHKai/iijy iipej/CTaiui.ajio je oTKpnhe XHj/poreojiouike 6apnjepe iihsboj/iio
o/j H3Bopa "Pjan.Hija" Ha pacTojaH,y oii oko 100 m. XH/jporeo;ioriiKy Hii/iHKanHjv npii-
cycTBa 3ace6He H3/iaHH npe/jcTaBJba nojaBa CTajiHor xjia//Hor KapcTHor H3Bopa Ha jjec-
Hoj cTpami /ly6)HHi/e Ha koth 447 m.h.b. ca H3j/ainiionihy o/i 2-10 1/s. H3Bop ce najia3H
Ha KOHTaKTy ropii,0Kpe/jiiHX KpeHH.aKa h HeoreHHX ce/jHMeiiara. XnncoMeTpHjcKa pa3-
JiHKa 0BOr H3Bopa h H3Bopa "BaH.Hii;a" o/j 10 m na 6jihckom pacrojan,y HejrBOCMHCJicHo
je yKa3HBajia na iipncveTBO H3/iaini ",I,ecnOTOBHIIH". CBe OBe Hii/iHKaijnje h npeTnocTaB-
Ke cy KacHHje /IOKasane H3pa/ioM ncTpaacHe 6ymoTHiie B K -2 h H'ipai/lOM h TecTHpaH»eM
HCTpa>KHO-eK cnjiOaTau;HOHOr 6yHapa HEBKoc-1.

n p 0CTpaHCTBO H3/jaini HHje Tanno v'nipijeno, ajiH ce npou;eH,yje /ia je MHHHMajiHo 4 km2,
ol/inera 0,8 km > Tpe6a /ja hhiih jjeo H3/jaHH Ca cjio6o/jhhm hhboom, a 3,2 km > jjeo H3jjaim
ea apTecKHM h cy6apTecKkHM hhboom.

" e 6jLHHa H3/J3HH yTBpi)eHa je H3pajiOM 6yHapa HEB Koc-1 h OHa h3hoch HajM aite
217 m, Tj. 0/i 150-367 m jjy6HHe.

nnesoM CTapcKH hhbo iri/iaiiH Hajia3H ce H3iia/i KOTe 447 m.n.b., Tj. H3Ha/i KOTe no-
MenvTor cTajiHor H3Bopa.

CJIHB H3/iailH

Cjihb KapcTHe ir;/jaHii "/lccrioTOBHIhn" je/iHaK je np0CTpaHCTBY jiejia H3/jaiiH ca cjio-
6o0j(iiom boi/chom noBpmHHOM h h3hoch oko 0,8 km

Ha ocHQBY pe3yjiTaTa ilamnx ncrpa»ciiBaii.a h npeMa reojiomKOM cacTaBy Tepena,
H3BecHe KOJiHHHHe Bojje Morae 6h jia /lothhv y H3/iaH caMO H3 peKe C.Kpaiie>K H3Ha/i
KOTe 450 m.h.b. TaKO jja y cjiynajy /ia ce j(OKa»:e oBa npeTnocTaBKa, cjihb ii3/jaHH 6h
Tpe6ajio yBehaTH.
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cji. 3, llojiy}KHH XHflporeojiomKH npeceK TepeHa 1-jianopn, necKOBH H tjihhobhth JianopH HeoreHa (xHflpo-

neHTHHHTH jype (xHHporeOJIOIUKH H30JiaTOp), 4-6aHKOBHTH H M3CHBHH KpHCTajiaCTH KpeMHbailH CpeffHber
TpHjaca (XHHporeOJIOIHKH KOJieKTOp), 5-nalie030jCKH IHKpHIBL(H HIIH KpejlHH (JIIHHI? (xHHpOre0JIONIKH
H30JiaTOp), 6-naJieo30jcKH hikphjblih (xHAporeoJiouiKH H30JiaTOp).

Fig. 3. Hydrogeological cross-section. 1. Neogene marl, sand and clay marl (hydrogeological complex);
2. Cretaceous massive or thick-bedded limestone (aquifer); 3. Jurassic serpentinite (aquitard);
4. Middle Triassic thick-bedded or massive crystalline limestone (aquifer); 5. Paleozoic schist or
Cretaceous flysch (aquitard); 6. Paleozoic schist (aquitard).

Cji. 4. llonpe'iHH xHnporeojiouiKH npo(J)HJi. 1-jianopn, necKOBH h tjihhoboth Jianopn neoreHa (xHjjporeojiouikKH
KOMnJieKc), 2-MacHBHH H 6aHKOBHTH KpeMH>aL(H Kpe”e (xHjiporeoJiouikKH K0JieKTOp, 3-cepneHTHHHTH jype
(xHjiporeoJiomKH H30JiaTO0p), 4-mKpHJi>gH nalieo3ojHKa hjih KpejiHH t})jiHM? (xHjiporeojiomKH H30JiaT0p).

Fig. 4. Hydrogeological cross-section. 1 Neogene marl, sand, and clay marl (hydrogeological complex);
2. Cretaceous massive or thick-bedded limestone (aquifer); 3. Jurassic serpentinite (aquitard);
4. Paleozoic schist or Cretaceous flysch (aquitard).
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llpiixpaH>iiBai{>e nsjjann

najiaiiHHa hito najjHy Ha ;jeo KOJieKTOpa ojj Kpe;jHHX KpeHEbaKa y KOMe ce Hajia3H jjeo Hajjaini
ca cjioGojjiihm hhboom npocTpaHCTBa oko 0,8 km . nopejj Tor iiaMHiia npHxpa-H>HBaH>a oho
ce, BeoMa BepoBarao, Bpmii h Ha npe rx0jiHO noMeHyr naHHii, 'rj. iioiinpa-ii,eM peThmx Bojja
CKpaneaca y kojihhhhh ojj oko 4-7 1/s. rioHHpaH>e ce Bpuni Ha JieBoj jjojihhcko] cTpaHH
KJiHcype CKpaneaca rjje ce ropii>oKpejjiiH Kpeiibann Hajia3e y pe’iiioM KopHTy.

llocToje ycjioBH jia ce npHxpaibHBaH)e Hg3ji;aHH Bpirni h noHHpaH>eM najiaBHiia y jie-

llpa>KH»cii»c iiajiami

M sjjaii "~ecnoTOBHhH" ce y npnpojjHHM yclioBHMa npa3HH npeKO noMeHyTor H3BO-
pay 3aceoKy CTaHHinHhH Ha koth 447 m.h.b. Ha ijeciioj jjojiiiHCKoj cTpaHH Jly6nHije y ko-
jihhhhh oji 2-10 s h j(Hf}y3iiiiM HCTHii;aH>eM y peKy Kjiajiopo6y y 3ohh rjje ropao-
KpejjHH KpenitaiiH Tinie jjho h o6ajie pe<mor KopHTa. KoTe OBe 30He vy jjojihiih Knajjo-

HHcy T3HHO nog3iiaTe.

Xnjiporeo.ioiiiKH napaMerpn iBjiann

paH>eM 6ymoTHHe BK-2 h iicTpa>KHo~eKciiJioaTaniionoi:’ 6yHapa HEBKoc-1 iipn caMo-
H3JiHBy h npo6HHM npiien>eM.

y roKy 6ymeH>a 6ymoTHHe BK-2 hciioji HeoreHHX cejjHMenaTa Ha jjy6nim ojj 151 m
ymno ce y KapcTHy najjaii y i'opii.oKpejjiiHM KpcThi>aijHMa. BymeH>e je 3aBpmeHO Ha jjy-6iiim
0jj 212 m 360r BejiHKor iipiDiiiiia ii3jjaHCKiix uojja. 110 3aBpmency 6ymen>a apTecKH npHTHcaK

Y TOKy 6ymeH>a 6yHapa HEBKoc-1 Ha jjy6HHH ojj 183 m jjomno je jjo npoBajie
TepMajiHHX Bojia y kojihhhhh oji 12 1/s. Ilpn jiyf)miH 6yHapa o/j 300 m H3Bejieiio je He-
tobo oTBapan.e npn hcmv je ijomjio jjo caMOH3JiHBarr>a TepMajiHHX Bojja y kojihhhhh oji
45-50 1/s ca TeMnepaTypoM ojj 20,6 °C.

cy cjiejiche BpejiHOCTH:
Tabejia 1 Pe3yjiTaTH TecTHpaH>a 6ynapa HEBKo0C-1 npo6HHM iipneaeM
Table 1 IEBKos-1 well pumping test results

03HaKa Bpoj KanaiiHTeT Cneiin4)H>iHH CneiiH(])HqHO
06jeKTa cmi>KeH>a iipneita CHKSceite KanaiiHTeT CHH>KeHe
Intake Drawdown Pumping Drawdown Specific Specific
structure Number capacity (m) capacity drawdown
(1/s) (/sfm’) (m'1/s)
ByHap HEBKoc-1 1 25-19.5 23.08 0.95 1.05
Well IEBKos-1 2 39.5-27 35.30 0.85 1.18

32 40.74 0.79 1.27
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llocjie 3aBpiueHor TecTHpaita 6ynap je 3aTBopeH h ocMaTpaH je noBpahaj HHBoa
TepMajiHHX Boija Ha 6yHapy HEBK oc-1 h 6yuioTHHH B K -2 jjo CTaH>a npe noneTKa H3-
pajje 6ymoTHHe BK -2, tj. jjo MOMeHTa noHOBHe nojaBe CTajiHor H3Bopa "CTaHHiimhH"
Ha KOTH 447 M.H.B.

Ha ocnoBy pe3yjiTaTa TCCTiipaiLa 6yHapa HEB Koc-2 H3BpmeHa je ximpoj(HiiaMHH-
Ka aHalJiH3a h jjofinjene cy BpejiiiocTH BojjoiipoiiyciiocTH y rpaHHi);aMa 2,56-7,11x10“3 m2s
(Simi¢ i dr., 1994).

KBAJIHTET H3TAIICKHX BO/JA

Y TOKy HsiiolJjeita iiCTpa>KHBaiba y3HMaim cy y3opijn h BpmeHe KOMHJieTHe xeMHj-
CKe aHajiH3e KOMnoHeiiTH xeMHjcKor cacTaBa cbhx nojaBa H3jjancKkHX BOjja h pene 1'ojj-
JbeBanc.

Y HsjiaiiH pa3BHjeHoj y TpnjacKkHM h KpejiiniM Kpeliii>aijHMa KOHCTaTOBaHa je Bpejj-
iioct pH ofl 7,1-7,6, poK y pen,H TojjlJLeBaHH H3HOCH 8,0.

NO KaTjoHCKOM cacTaBy BOjje cy Kajm;HjcKe h KaJiHHjcKo-ManiesHjcKe, a no aHjoH-
ckom cacTaBy OBe nojie cy XHjipoKap6oHaTiie.

MHHepaliH3aHnja Bojja 06e iisjjaiiH je Majia (hciioij 0,5 g/1).

I11to ce THHe racH or cacTaBa rJiaBHH cacTojaK je C02h h3hoch 0jj 20-60 mg/l. no -
pejj H>era npncyTaH je h 0 2y kojihhhiih y NPOCEKY ojj oko 5 mg/1.

CBe HcnHTHBaHe bojjc no nocTojehHM 33kohckhm iipoiiHCHMa HcnyH,aBajy HopMe 3a
imjahy Bojjy.

NPEJIHMHHAPHH XHHPOrEOJIOffIKH MO/JEJI
KAPCTHE H3fIAHH "fIEChOTOBHRH"

ripe/jM e'r xHj*pojjHHaMHHKor MojjejmpaiBa je caMO H3ji;aH "/lecnoTOBHhn" Koja ce y
nocjiejjH>e jjBe rojiH iie eKcnjioaTHme 3a noTpe6e njiHBaHKor 6a3eHay Kocjepnhy.

OcHOBHe nocTaBKe Mojjejia

XHJJpOJJHHaMHHKH Mojjejl KapCTlie HSJjailH "//eCIIOTOBHhIII" nOKpHBa nOBpiHHHyY 0JJ 4 km2.
CeBepHa, jyxcna, HCTOHiia h jjco sanajjne rpaiimje Mojjejia npejjcTaBlbene cy Kao
B Ojjoiieiiponycne (T=0, Y=const). Kpo3 jjeo 'sanajjiie rpaimije nocTojH ojjpeljeira jjOTmjaj
H3jjaHCKHX Bojja npoMeHJbHBe KOJiH'iime Koja he 6hth jjecjHiimcaiia xiijjpojraiiaMHHKHM
MojrejioM (cji. 7).

llajjaBHiiaMa je H3JioxeHa noBpmHHa Ma'iCMaTHHKor Mojjelia ojj 0,8 km (cji.- 5).

IloTieTHe BpejjnocTH 3a BojjonpoBOjjHOCT h cneijHc}jHHHY H3jjamnocT jjecjjHHHcane cy
np06HO -eKcnjiOaTaii,HOHHM ijpiieii,HMa H3BpmeHHM y nepnojjv 1988-89. rujj.

lapHpaibe Mojiejia BpmeHO je Ha 0CHOBy nojjaraKa TecTa caMOH3JiHBa h noBpahaja
nHe30MeTapckK0r HHBoa Ha 6yHapy HEBKoc-1 3a nepnojj 1992-93. rojj. (cji- 5. h 6.).
OBaj nepHOjj je H3a6paH jep he eKciuioa'raijHja 6yHapa HEBKoc-1 3a noTpe6e njin-
BaHKor 6a3eHa 6hth caMOH3JiIHBOM, rakKO jjacy nojjami Mepeiba H3 1992-93. yseTH Kao
penpe3eHTaTHBHH 3a jiaTH h3hhh eKciuioa'raijH je.
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Cji. 5. MepeH>a caMOH3JiHBa h HH(I>HJiTpaL(Hje 3a nepnoji neilEM6ap-MapT 1991-1992.

Fig. 5. Measurements of natural discharge and infiltration from period December-March 1991/92.

Cji. 6. MepeH>a apTecKor npHTHCKa (HEBKoc-2) h naaaBHHa 3a nepHoji MapT-jyH 1992

447

Fig. 6. Measurements of artesian pressure (IEBKos-2) and infiltration for period March-June 1992.
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BHJiaHc H3AaHH **JlecnoroBnhii™

3a noTpeSe GiuiancnpaiLa nsnami "J[ecnOTOBHhii" n ;(ef)HHHcaiLa yjia3a y H3jjaii
HH(J)HJiTpai(HjoM najiaBHiia KopHinheHH cy no/jami MeTeopojiouiKe crairane Kocjepnh 3a
nepno/j 1946-1993. ro//. lloceGiio cy aHajiH3HpaHe na//ai5iine 3a nepnol/j //eneM6ap-jyn
1992-93. rofi. Koje y3 hcth riepno//1990-91 npejjcTaBJbajy rtajMaiLe H3MepeHe najjaBHHe

Ta6ejia 2. Mece'iHe naflaBHHe 3a nepnofl neijeM6ap-jyH 1992-93. (MeTeopojiouiKa craHHLta KocjepHh)
Table 2. Monthly precipitations for December-June 1992/93 (Meteorological station Kosjeric).

JJoTHijaj y H3j/air (1/s)

Mecen; FlajjaBHiie (Precipitation) (20% o/j najjaBHHa)
(Month) (mm) Inflow to aquifer (1/s)
(20% of precipitations)

I eli;eM6ap 32.0 1.91
(Deeember)
Janyap 28.7 171
(January)
<J)e6pyap 27.8 1.66
(February)
MapT

57.1 34
(March)
Anpnji 36.8 2.2
(April)
Maj

49.5 2.96
(May)
JyH

39. 2.3
(June) 95 ®
npoceK 38.8 2.32
(Average)

AHajiH30M KQUiHHHHa najjaBHHa h nojjseMiror jjomiijaja y iisjjan ca CHrypHomhy mo-
>kemo tbpjjhth jia H3MepeHe KOliii'iHiie caMOH3JiHBa npejjcTaBJbajy nejjeceTorojjHiIHH>H
MHHHWM

CaMOH3JiHB Ha caMOM 6yHapy HEBKoc-1 y jjariiM ycjioBHMa h3hoch 6,5 1/s h Ta je
KOJiHHHHa y3eTay 063Hp hphjihkom nspa/je MawreMaTHTiKor" Mojjejia-

Pe3yjiTaTH npopaiiyna

BpejjHocTH 3a BojjonpoBojjrrocT, cneijHfliiuniv H3jjaniHocT, KOJirurarrv HirfljiunpaijH je
ojj na/jaBHiia Kao h nojjseMirn jjo'i'Hijaj Y nsjjair jjosiijene cy HAKOH Tapnpaita MQjjcjia Tj.
ycai'jiamaBaii>a H3MepeHHX Bpe/jiioCiH iiHe30MeTapcKiix HHBoa h BpejjHOCTH /io6njeiiH X
MaTeMaTHHKHM moudiciiom.
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Mc'rapiipaHa Bpe/jHOCT 3a BOHOripOBOHHOCT h3hoch 4,2 x 10 3m 2s h jeniiHC'rBCHa je
3a ijejio nojipv'ije MOjjejia. BpejinocT ciienHcjjH'me H3namnocTH je 4 x 10”4 h KapaKTe-

6yHapa MEBKoc-1, cncnncfjn'iiia irsjjamiiocT he HMaTii Tpenji; nopacTa ycjiejj ecjjCKTa
j*BojHe n0p03HOCTH h 3aKacnejior npHxpaH>HBaH>a.

noj”~3eMHH J(OTIlliaj Jtodlljeil MaTeMa®™ IH" IKHM MOfleJIOM BapHpa y 3aBHCHOCTH ojl oc-
TBapeHor cHHacema tokom eKciuioaranHje HsjjaiiH h jjocra>Ke MaKCHMajmy Bpe/jHocT oji
2.1 1/sHa Kpajy nocMaTpaHor nepnojja caMOH3JiHBa.

Kojiirmiia najjaBHiia Koja ce HiicjjHJiTpHpa y HSjjaii je HemTO Man>a ojj iio"ie"rae
BpefliiocTHh h3hoch 2,111/s, mTo yKa3yje jiaje imcJjiuripanHja MaH>a o0jj 20 % .

Cji. 7. XnnporeoJioiiiKH, MaTeMaTmKH Mojjeji H3jiaHH "JHecnoTOBHhH"
Fig. 7. Hydrogeological, mathematical model of "Despotovi¢i" aquifer

McTapnpaHH Mojjedi je nocjiy*Ho 3a nporHO03y ecljeKaTa eKcnlioaTaijHje caMOH3-
jihbom Y kojihhhhii ojj 10 1/s, 12 HacoBa jmeiiiio 3a nepnojj 0/i 90 jiana Tj. nepno/i Kopnm-
heita iiJiHBaHKor 6a3eHay Kocjepnhy.
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H3paqyHaTO cHHaceae Ha 6yHapy HEBKOC-1 H3HoCH 15$ m, npa rieMy h flajbe

HMaMO apTecKH npH'iucaK Ha "rjiaBii" 6yHapa oji 0,41 bar hjih 4,1 m Bojjenor ciy6a (cjt. 8).

Cji. 8. H30JiHHHje CHHxeHja nHe30MeTapcKor HHBoa nocjie nepnona eKcnlioaTaiinje ojj 90 flaHa
Fig. 8. Isolines of drawdown for a period of 90 days.

HcTpaxHO-eKcnjrOaTari,HOHH 6yHap HEBKoc-1, cBojoM KOHCTpyKn;Hjom, OMOry-
haBa yrpafl[H>y nyénncKe nyMne h ocTBapnBan.e Behiix jienpecHja npn neMy 6h Morjro jja
ce ijpnn 20 1/s. JlojiaTiie kojih'ihiic H3ijancKHX BOjja jjofinjre 6h ce rra paTiyn npaaciLerba
caMe HSjjariH "/.(ecHOTOBHhn" Kao h nnjjHijHpaiior nojjseMiior jjOTHijaja H3 cycejjHiix
KapcTHHX H3jjaiiii h npeTaKaita H3 njinhHX xopH30HaTa.

3AKJIBYHAK

pesyjiTaTH NSpajje XHjjporeojiouikor Mjiejia KapcTHe HsjjaiiH "flecnoTOBHhH" on-
paBjjaBajy rr>eroBy npHMeHy y rjHILY jjecajniiHcaina 6Yjjyher peacHMa excnjroatan,nje. Ha
HCTapnpaHOM MQjjejiy, Kojn cHMyjinpa iiciianiarse Kapcmie nsjjaiiH y npnpojjH, Moryhe je
JiefjjHHiicaiBe pasain-inTHx peacHMa eKcndioaTaHHje n ojjpeiyHBarr>e BYjjyhnX cHH=*:erba Y
eKcnjioaTari,HOHHM o06jeKTHMa, Kao h niie30Me‘'rapcKHX HHBoa y H3jjaiiii a caMHM thm h
npOjeKTOBaiLe ajjeKBaTHiix Bojjo3axBa'nnix o6jeKaTa vy |J||\]by 3axBaTaH>a FB]]allCKHX

Bojja.
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DEFINING WELL PUMPING REGIME USING
HYDROGEOLOGICAL MODEL OF AQUIFER

by

Mihajlo Simi¢*, Mihailo Milivojevi¢*, Miéa Martinovi¢ , Simeon
Gavrilov , Vladan Koci¢ , Svetozar Anki¢ , and Petar Papic

This work gives the background information about earlier investigations and their results and analy-
ses production conditions for well | E B Kos-1 which supplies water to the olympic swimming pool in
Kosjeric.

Key words: karst, withdrawal regime, discharge area, hydrogeological model.
INTRODUCTION

Kosjeri¢ area (Fig. 1) was not prospected for hydrogeology or even geology until
1985, except for the base geological map on scale 1:100,000. Of detailed geological in-
vestigations, those for marlstone, coal, decorative stone, magnesite, etc. should be men-
tioned.

Basic hydrogeological and geothermal explorations have been carried out from 1985.
The results so far confirmed the explorers hypothesis on a number of good-quality ther-
mal water reservoirs that can be used in supply to houses, sport and recreation facilities,
for heating homes and in agriculture (Simi¢, 1990).

TYPE AND VOLUME OF INVESTIGATION ACTIVITIES

The activities from 1985 to the present day are the following:
- Hydrogeological investigation design;

Univeristy of Belgrade, Faculty of Mining and Geology, Laboratory of Geothermal Energy, Djusina 7,
Belgrade.
Cement factory, Kosjeri¢.
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- Hydrogeological mapping of about 20 km® (Anki¢, 1990);

- Geophysical prospecting by geoelectrical sounding and geomagnetic methods;

- Drilling holes BK-1, BK-2 and BK-4 to respective depths of 200 m, 208 m, and
452 m;

- Drilling and testing exploratory-production wells IEBKos-1 and IEBKo0s-2, 367 m
and 120 m deep respectively;

- Observation of discharge, temperature, pressure at the exploratory-production wells
and daily measurement of precipitation depth;

- Hydrochemical analysis of ground and river waters.

Figure 2 shows locations of the above sites, and Figures 3and 4characteristic hy-
drogeological sections.

HYDROGEOLOGICAL INVESTIGATION RESULTS

Aquifer extent

Interpretation of geoelectrical prospecting data and hydrogeological field mapping gave
first indications of the possible presence of an aquifer. It was the identification of a hydro-
geological barrier some 100 metres downstream of the Banjica spring. The occurrence of a
constant cold karst spring, of 2-10 1/s flow rate, on the right side of the Dubnica, altitude 447 m,
was an indication of the aquifer. The spring is located at the contact of Upper Cretaceous
limestones and Neogene sediments. The hypsometric difference of10 m between this and
Banjica springs at a short distance was a certain indication of thepresence of Despotovici
aquifer. Each indication and the assumptions were later corroborated by exploratory hole BK-2
and testing exploratory-production well IEBKos-1.

The extept of the aquifer has beep only estimated under an area of no less than 4 km , of
which 0.8 km unconfined and 3.2 km~ confined (artesian and subartesian).

Its thickness established by drilling well | E B Kos-1 is minimum 217 m in the depth
between 150 m and 367 m.

The piezometric level is above the altitude 447 m of the mentioned constant spring.

Aquifer drainage area

The catchment area of the Despotovici karst aquifer is equal to the extent of the
watertable aquifer, about 0.8 km”.

As indicated by our investigation results and the local geology, some water may be
inflowing only from the Skrapez River above the altitude of 450 m; if so, the catchment
area is somewhat larger.

Ground water recharge

It has been proved that Despotovi¢i aquifer i52 recharged only by precipitations over
the part of the catchment area of about 0.8 km composed of Cretaceous limestones
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which contain the water-table aquifer. It is probably also recharged by percolation from
the SkrapeZz River, at a rate of 4-7 1/s. The percolation takes place on the left valley
side of the SkrapeZz canyon where Upper Cretaceous limestones form the river bed.

Another source of recharge may be infiltration of rains where Neogene deposits are
10 metres thick or less.

Ground wvater drainage

The Despotoviéi aquifer is naturally draining through the mentioned spring in
rate of 2-10 1/s, and by effluent seepage into the Kladoroba River where Upper Creta-
ceous limestones build up the river channel. Altitudes of this seepage zone in the Kla-
doroba valley are within the range 337-440 m. The amounts of seepage are not known.

Hydrogeological parameters

The hydrogeological parameters of the Despotoviéi aquifer were determined at hole
BK-2 and well IEBKos-1 for natural outflow and by pumping tests.

Borehole BK-2 penetrated Neogene sediments and at 151 m entered Upper Creta-
ceous aquiferous limestones. The drilling ended at the depth of 212 m, because inflow of
water was high. Artesian pressure at wellhead, after the drilling, was 1.6 bars. The natu-
ral outflow was 10 1/s.

Well IEBKos-1 entered thermal aquifer at the depth of 183 m, where the natural
discharge was 121/s. At 300 m, the reservoir opened and the discharge amounted to
45-50 1/s; water temperature was 20.6 °C.

The outflow and pumping discharge rates for IEBKos-1 were the following:

Upon the test completion, the well was closed and the thermal water recovery was
observed at | E B Kos-1 and BK-2 to the level before BK-2 was drilled, i.e. to the re-
covery of the StaniSi¢i constant springflow at al. 447 m.

The IEBKo0s-2 pumping test results were used in a hydrodynamic analysis, which
gave permeability values between 2.56 and 7.11x10_3m%s (Simic¢ et al., 1994).

GROUND WATER QUALITY

Samples of ground water were taken from all occurrences and from the Godljevaca
River for chemical analysis.

The pH value of ground water in Triassic and Cretaceous limestone was 7.1 to 7.6,
and of river water 8.0.

The analysed waters are calcium or calcium-magnesium in cationic and hydrocar-
bonate in anionic compositions.

Mineralization rate of water is low (0.5 g/1 or lower).

Principal gaseous constituent is C02 amounting to 20-60 mg/1, and 02 is contained
by about 5 mg/1 on average.

All analysed waters are drinkable by the respective legal standards.
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PRELIMINARY HYDROGEOLOGICAL MODEL OF
DESPOTOVICI KARST AQUIFER

Only Despotovici aquifer, abstracted in the last two years for use in a swimming
pool at Kosjeri¢, was modeled.

Model principles

The hydrodynamic model of Despotovi¢i aquifer covers an area of 4 km2. Its north-
em, souther, eastem, and a part of westem limits are represented as impermeable (T=0,
cp=const.). A part of the westem boundary is permitting a variable ground water flow
which will be defined by the hydrodynamic model (Fig. 7).

The surface area of the mathematical model exposed to rainfalls is 0.8 km (Fig. 5).
The amount of precipitations infiltrating under ground is estimated at 20%.

Initial values for permeability and specific storage are defined on test-production
pumpings of 1988/89.

For model calibration, natural outflow and piezometric level recovery data were used
from IEBKos-1 for period 1992/93 (Figs. 5 and 6). This period was selected because
well IEBKos-1 natural flow is to be used for the swimming pool; thus, the flows
measured in 1992/93 were taken as representative.

Mass Balance of Despotoviéi Reservoir

For Despotoviéi ground water accounting and defming inflow from rainfall infiltra-
tion, records were used from Kosjeri¢ meteorological station for period 1946-1993. Pre-
cipitations are particularly considered for December-June 1992/93 which, also in the
same period of 1990/91, were the lowest measured in the last fifty years (Tab.2).

The amounts of precipitation and subsurface inflow to the aquifer permit the state-
ment that the measured natural discharges were the 50-year minimal.

Natural flow from well IEBKos-1 under the given conditions is 6.5 1/s, the rate
used in the mathematical model.

Accounting Results

The values for permeability, specific storage, amount of infiltration, and subsurface
inflow were obtained firom the calibrated model, i.e. measured piezometric levels and va-
lues on the mathematical model were matched.

Calibrated value for permeability is 4.2x10_3 m2/s and is uniform for the whole mo-
del area. Specific storage is 4x10 characteristic of confined aquifers. The calculated spe-
cific storage is its finite value for the observation period and the abstraction method.
Should the abstraction increased by pumping well IEBKos-1, specific storage would have
an increasing trend as a result of double porosity and retarded recharge effect.
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Subsurface inflow, obtained on the mathematical model, varies depending on draw-
down during the abstraction and reaches the maximum value of 2.1 1/s by the end of the
observed natural flow period.

The amount of precipitation infiltrating into the aquifer is slightly lower, 2.11 1/
than the initial value, or less than 20%.

The calibrated model served to predict the effects of water withdrawal by natural
discharge at the rate of 10 1/s, 12 hours a day for a period of 90 days, that is the period
when the swimming pool in Kosjeri¢ is open for use.

The calculated drawdown at well IEBKos-1 is 15.9 m, with continuos artesian pres-
sure at wellhead of 0.41 bar or 4.1 m of water column (Fig. 8).

The exploratory-production well IEBKos-1 allows installation of a deep-seated
pump for an abstraction rate of 20 1/s and consequent larger depression cone. Additional
amount of ground water would be at the account of the Despotovici reservoir itself and
the indicated subsurface inflow from adjoining karst aquifers and shallow horizons.

CONCLUSION

Results of the hydrogeological model of Despotoviéi karst aquifer justify its use in
planning the future withdrawal. The calibrated model, which simulates natural behaviour
of the karst aquifer can be used to plan different withdrawal schedules, and to estimate
future drawdowns at each well and piezometric level variations in the aquifer; and
thereby to design adequate water-intake structures.
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