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AEOHHHCAIfcE PE3KHMA I KCII. IOATAIIMJE BYHAPA M ()\l() ! .y  
XHflPOrEOJIOIHKOr MOJU JIA H3AAHH

°fl

M H x a j j i a  C H M H h a  , M n x a H J i a  M H J i H B o j e B H h a  ,
* * *

M n h e  M a p T H H O B H h a  , C H M e o n a  T a B p H J i o B a  , B j i a j j a H a* * *
K o u j n h a  , C B e T 0 3 a p a  A H K H h a  h  I l e T p a  I l a n H h a

y  o b o m  pa;iy nope^  npHKa3a h  aHajiH3e pe3yjiTaTa jiocajjamH)HX HCTpa»CHBaH.a, aHajiH3Hpajy ce ycjioBH 
eKcnjioaTaL(Hje 6yHapa H E B K o c-1  3a noTpeđe pa/ja ojiHMnnjcKor njiHBa^Kor 6a3eHa y K ocjepnhy.

K jty iH e  p e ra : KapcT, pe>KHM eKcnjioaTaL(Hje, 30Ha HCTHijaH>a, XHflporeojioniKH Mojieji.

Y B 0 3

y  n o jF p v 'i jv  K o c j e p n h a  ( c j i . 1 . )  CBe jio  1 9 8 5 . r o j(H iie  H H cy H S B o tje n a  ocH O B H a X H ijp o - 

r e o j i o u i K a  n a  h h  r e o J io iH K a  H C T pa*H B aH > a o c h m  p a jjO B a  H a  H s p a jiH  ocH O B H e r e o j i o u iK e  

K a p T e  1 :1 0 0 .0 0 0 .  O j(  p a / jo B a  n a  H 3B oijeH >y j j e rra jb iiH X  re o j io u iK H X  HCTpa»CHBaH>a T p e 6 a  

noM eH yTH : HCTpa3CHBaKbe n e M e H 'ra iK  j i a n o p a n ,a ,  y rji> cB a , y K p a c H o r  K aM eH a, M arH e3 H T a h  jip .

O jj 1 9 8 5 . r o j jH iie  s a i i o ' i e T a  c y  o c n o B H a  X H jjp o r e o j io n iK a  h  r e o T e p M a J iH a  H C TpajK H - 

B a n ,a ,  K o ja  Tpajy h  j j a n a c .  J l o c a j i a m t t H  p e 3 y jiT a T H  c y  n o T B p jjH jm  h c rrp a > k h b a TiK y  X H n o rr e -  

3 y  o  i i ( )C T o ja n ,y  B H in e  aK y M y jia ii;H ja  K BajiH TeTHHX T epM ajiH H X  B o jia  K o je  M o r y  j j a  c e  k o - 

p n c T e  3 a  r,o jto c i i a 6 j j e b a11>e cT aH O B H H m T B a, y  C H 0 p T C K 0 -p e K p e a ii;H 0 H e  C B p x e , T o iu m c j jn -  

Kan;HOHe h  i r o jB o n p n B p e j jn e  c B p x e  ( S i m i ć ,  1 9 9 0 ) .

B P C T E  H  O B H M  H 3 B E f t E H H X  H C T P A 3 K H H X  P A f l O B A

y  n e p H o j( y  o j j  1 9 8 5 .  r o j j n n e  3 0  j ( a n a c  n s B e j i e im  c y  c j ie r je h H  p a jiO B ii:

-  I I p o j e K a T  x n j ( p o r e o j io m K H x  n c T p a a c H B a m a ;

*
PynapcKo-reojiouiKH (})aKyjiTeT YHHBep3HTeTa y E eorpajiy , JlaSopaTopnja 3a reoTepMajiHy eH eprnjy, 

■ByuiHHa 7, B eorpajj.

Oa6pHKa ijeMeHTa Kocjepnh.
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Cji. 1. IIoflpyqje o6yxBaheHo xnnporeoJiouiKHM HCTpa>KHBaH>HMa (cjihb peKe rofljBeBaMe). 1 -  KapcTHH a e o  
cjiHBa, 2 -  neKapcTHH neo  cjiHBa.

Fig . 1. A rea  covered  by hydrogeo log ical investigations (G odljevača R iver basin). 1. K arst area o f the basin; 
2. N o n -k a rs t area o f the basin.

Cji. 2. KapTa n o jio x a ja  HCTpa*HHX paROBa Ha nojipyMjy K ocjepnha. 1 -  Hcrpa>KHe XHHporeojiouiKe 6ymoTHHe, 
2 -  HCTpajKno-eKcnjioaTaipoHH 6yHapn, 3 -  TepMajiHH H3Bop, 4 -  np0CTpaHCTB0 H3H3HH " J^ecnoTOBHhH". 

F ig . 2. L ocation  raap  o f  exp loration  w orks in  K osjerić area. 1. H yđrogeo log ical borehole; 2. E xploratory  
vvells; 3. T herm al spring; 4 . D espotov ići aquifer area.
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2
-  X H f lp o re o J io m K :o  K a p - rn p a ir .e  T e p e n a  n o B p n iH H e  o k o  2 0  k m  (A nkić , 1 9 9 0 ) ;

-  F’e o (} ) iir! i iTiK a  HcnHTHBaaa m c t o / io m  reoeJieK TpH 'inor conjinpaiLa h  r e o M a r a e T -  

CKHM MeTOflOM;

-  M 'ip a / i a  HCTpa>KHe 6ymoTHHe B K - 1 ,  ;iy6 nne 2 0 0  m , HCTpa>KHe 6ymoTHiie B K - 2 ,  

3yđHne 2 0 8  m  h  H c ip a> K H e 6ymoTHHe B K - 4  ,h v6 h iic  4 5 2  m ;

-  M a p a a a  h  T e c T i ip a iL e  HCTpa^KHO—eK cnjioaT an ,H O H H X  6 y n a p a  H E B K o c - 1 ,  jiy 6 H H e  

3 6 7  m  h  H E B K o c - 2 ,  f ly 6 H H e 1 2 0  m ;

-  I ’oK H M C K a o c M a T p a i i ,a  i i p o T im a ja ,  T e M n e p a T y p e  h  npH T H C K a n a  H C T p a x H O -e K C -  

njioaT aii;H O H H M  6 y H a p H M a  h  jm e p /n a  M e p e i t a  k o jih h h h c  n a j ia i iH i ia ;

-  Xn/ipOXCMHjCKa HCnHTHBafta H3aaHCKHX H peH H H X  BO/ja;
H a  c jih h ;h  2 . i ip i iK a s a i i c  cy JioK an ;H je  H 3B ejieiiH X  pa/iona, a Ha cjiHKaMa 3 . h  4 . KapaK- 

TepncTHHHH X H /ip o rc o jio ii iK H  npeceii;H T e p e H a .

PE3YJITATH XHHPOrEOJIOfflKHX HCTPA2KHBAH.A 

n p O C T paH C T B O  H 3JiailH

IIpB e HH/jHKanHje o MoryheM npHcycTBy oBe H 'i/ia iiH  /io6 njeiie cy h sk o h  HHTepnpe- 
T a n H je  p e 3yjiTaTa reo e jieK T p H H H H X  H c i i i r n n ia i i .a  h  HaKOH X H /i;p o re o J io m K o r  KapTiipaii.a 
T e p e H a . T y  H iijiH K ai/iijy  i ip e j /C T a iu i .a j io  je  oTKpnhe X H j/p o r e o j io u iK e  6 ap n jep e  i i h s b o j / i i o  

o / j  H 3 B o p a  " P ja n .H ija "  Ha pacTojaH,y o ii  oko  1 0 0  m . XH/jporeo;ioriiKy Hii/iHKanHjv n p i i -  

cycTBa 3ace6He H3/iaHH npe/jcTaBJba nojaBa CTajiHor xjia//Hor KapcTHor H 3 B o p a  Ha jjec- 
H oj c T p a m i  /Iy 6 )H H i/e  Ha k o t h  4 4 7  m .h .b . ca  H3j/a in iion ihy  o/i 2 - 1 0  1/s. H 3 B o p  ce n a j ia 3 H  

H a K O H TaK Ty ro p ii,O K p e /jiiH X  KpeHH.aKa h  H eo reH H X  c e /jH M e iia rr a .  XnncoMeTpHjcKa p a 3 -  

JiH K a 0 B0 r  H 3 B o p a  h H3Bopa "BaH.Hii;a" o/j 1 0  m  n a  6jihckom  p acrro jan ,y  HejrBOCMHCJicHo 
je  yKa3HBajia n a  i ip n c v c T B O  H 3 /ia in i ",Il,ecn0T0 BHliH". C B e  O Be H ii/iH K a ijn je  h  n p e T n o c T a B -  

K e cy KacHHje /lOKasane H 3 p a /io M  ncTpaacHe 6ymoTHiie B K - 2  h  H'ipai/OM h  T ecT H paH »eM  

HCTpa>KH0 - e K c n j i 0 aT au;H 0 H0 r  6 y H a p a  H E B K o c - 1 .
2

n p 0CTpaHCTB0 H3/jaini HHje T a n n o  v'nipijeno, ajiH c e  npou;eH,yje / ia  je  MHHHMajiHo 4  k m , 
2 2 o/i n e ra  0 ,8  k m  T p e 6 a  /ja h h iih  jjeo H 3/jaH H  ca c jio 6 o /j h h m  h h b o o m , a  3 ,2  k m  jjeo H 3 jja im

ea  apTecKHM h  cy6 apTecKHM hhboom.
^ e 6 jLHHa H3/J3HH yTBpi)eHa j e  H3pajiOM 6yHapa H E B K o c - 1  h  O H a h 3 h o c h  H a jM a i te  

2 1 7  m ,  Tj. o/i 1 5 0 - 3 6 7  m  jjy6HHe.
n n e s o M C T a p c K H  h h b o  i r i / ia i iH  H a jia 3 H  ce H 3 iia /i KOTe 4 4 7  m .h .b ., T j. H 3H a/i K O Te n o -  

M e n v T o r  c T a j iH o r  H 3 B o p a .

CJIHB H 3/iaiIH

C j ih b  KapcTHe i r ; / ja H i i  " /Ic c r iO T O B H h n "  je/iHaK j e  n p 0 CTpaHCTBy jiejia H 3/ja iiH  c a  c jio - 

6 o j (i io m  b o i /c h o m  n o B p m H H O M  h  h 3 h o c h  o k o  0 ,8  k m  .

H a  ocH Q B y p e 3 y j iT a T a  i i a m n x  n c rr p a » c i iB a i i .a  h  n p e M a  r e o j io m K O M  c a c T a B y  T e p e n a ,  

H 3 B ecH e KOJiHHHHe B o jje  M o r a e  6 h  j i a  //o t h h v  y  H 3/iaH  caM O  H3 p e K e  C .K paiie>K  H 3H a/i 

K O Te 4 5 0  m .h .b . TaKO j j a  y  c j i y n a j y  / i a  c e  j(O K a» :e  o B a  n p e T n o c T a B K a , c jih b  ii3 /jaH H  6 h  

Tp e 6 a j i o  yBehaTH.
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C j i .  3, IIojiy}KHH XHflporeojiomKH npeceK TepeHa 1 -jianopn , necKOBH H t j i h h o b h t h  JianopH HeoreHa (xHflpo- 
reojiouiKH K O M n JieK c), 2 -M a c H B H H  h  SaHKOBHTH Kpe>ntami Kpene (xHflporeojioiiiKH KOJieKTop), 3 -cep - 
neHTHHHTH jype (xHHporeOJIOIUKH H30JiaT0p), 4-6aHKOBHTH H M3CHBHH KpHCTajiaCTH KpeMHbailH CpeffHber 
TpHjaca (XHHporeOJIOIHKH KOJieKTOp), 5-naJie030jCKH IHKpHJBL(H HJIH KpejIHH (JlJIHHI? (xHHp0re0JI0IIIKH 
H30JiaT0p), 6-naJieo3ojcKH hikphjblih  (xHAporeoJiouiKH H30JiaT0p).

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. IIonpe'iHH xHnporeojiouiKH npo(J)HJi. 1 -jianopn , necKOBH h  tjih h o b o th  Jianopn neoreH a (xHjjporeojiouiKH 
KOMnJieKc), 2-MacHBHH H 6aHKOBHTH KpeMH>aL(H Kpe^e (xHjiporeoJiouiKH K0JieKT0p, 3-cepneHTHHHTH jype 
(xHjiporeoJiomKH H30JiaT0p), 4-mKpHJi>qH naJieo3ojHKa 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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IlpiixpaH>iiBai{>e nsjjann

3 a  cajia je cnrypHO v'nipfjeiio jja ce ii'jjjan "/I,ecnoToi5Hhn"npHxpaFi)yje caMO bojiom oji 
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 rx0jiH0 noMeHyr naHHii, 'rj. iioiinpa-ii,eM peTnmx 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.

IIocToje ycjioBH jia ce npHxpaibHBaH)e H3ji;aHH Bpirni h noHHpaH>eM najiaBHiia y jie- 
jroBHMa TepeHa rjje je  jicojbiiiia HeoreHHx Hacjiara Mao>a ojj 10 m.

Ilpa>KH»cii»c iiajiami

M sjjaii "^ecnoTOBHhH" ce y npnpojjHHM ycJioBHMa npa3HH npeKO noMeHyTor H3BO- 
p a  y 3aceoKy CTaHHinHhH Ha k o th  447 m.h.b. Ha ijeciioj jjojiiiHCKoj cTpaHH JIy6nHije y ko- 
jihhhhh oji 2 -1 0  1/s h j(Hf})y3iiiiM HCTHii;aH>eM y peKy K jiajiopo6y y 3ohh rjje ro p a o -  
KpejjHH KpenitaiiH Tiinie jjho h o6ajie pe<mor KopHTa. KoTe OBe 30He y jjojihiih Knajjo- 
po6e cy ojj 337-440 m.h.b. KojiHMinie n3raaiicKiix p.ojja Koje hc'iiijiv y KopHTy K jiajjopo6e 
HHCy T3HHO no3iiaTe.

Xnjiporeo.ioiiiKH napaM erpn iBjiann

XiijjporeojioiiiKH napaMeTpn KapcTHe H'ijjaiiH "/leciio'roiiiihH" ojjpeljene cy tc c th -  
paH>eM 6ymoTHHe B K -2 h iicTpa>KHo~eKciiJioaTaniionoi:’ 6yHapa HEBK oc-1 iipn caMo- 
H3JiHBy h  npo6HHM npiien>eM.

y  rroKy 6ymeH>a 6ymoTHHe BK-2  hciioji HeoreHHX cejjHMenaTa Ha jjy6nim ojj 151 m 
ymno ce y KapcTHy najjaii y i'opii.oKpejjiiHM KpcTni>aijHMa. BymeH>e je 3aBpmeHO Ha jjy-6iiim 
ojj 212 m 36or BejiHKor iipiDiiiiia ii3jjaHCKiix uojja. IIo 3aBpmency 6ymen>a apTecKH npHTHcaK 
Ha "rjiaBH " 6ymoTHHe H3HOCHO je 1,6 bar-a. KojiiPiiina caMona.irnna H3HOCHJia je 101/s.

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

TccTiipaiheM 6yHapa HEBKoc-1 npH caMOH3JiHBy h npo6HHM npiien>eM ;(o6iijeiie 
cy cjiejiche BpejiHOCTH:
Ta6ejia 1. Pe3yjiTaTH TecTHpaH>a 6ynapa HEBKoc-1 n p o 6 H H M  iipneaeM  
Table 1. IEBKos-1 well pumping test results

03HaKa
o6jeKTa
Intake

structure

Bpoj
cmi>KeH>a

D raw dow n
N um ber

KanaiiHTeT
iip n e ita

P um ping
capacity

(1/s)

CHKSceite
D raw dow n

(m)

Cneiin4)H>iHH
KanaiiHTeT

Specific
capacity

(l/s/m')

CneiiH(|)HqHO
CHH>KeH>e
S pecific

draw dow n
(m '/l/s)

ByHap HEBKoc-1 1 25-19.5 23.08 0.95 1.05
W ell IE B K o s-1 2 39.5-27 35.30 0.85 1.18

3 32 40.74 0.79 1.27
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I l o c j i e  3 a B p iu e H o r  T e c T H p a i t a  6 y n a p  j e  3 a T B o p e H  h o c M a T p a H  j e  n o B p a h a j  H H B oa 

T epM ajiH H X  B o ija  H a  6 y H a p y  H E B K o c - 1  h  6 y u io T H H H  B K - 2  jjo  CTaH>a n p e  n o n e T K a  H 3- 

p a j j e  6 y m o T H H e  B K - 2 ,  t j . jjo  M O M eH Ta noH O B H e n o ja B e  C T a jiH o r  H 3 B o p a  " C T a H H iim h H " 
Ha KOTH 4 4 7  M.H.B.

H a  o c n o B y  p e 3 y j iT a T a  T C C T iip a iL a  6yHapa H E B K o c - 2  H 3 B p m e H a  j e  x im p o j(H iiaM H H - 

K a  a H a J iH 3 a  h j j o f i n j e n e  c y  B p e jiiio c T H  B o j jo i ip o i iy c i io c T H  y  rp aH H i);a M a  2 ,5 6 -7 ,l l x l 0 “3 m 2/s 

( S i m i ć  i  d r . ,  1 9 9 4 ) .

KBAJIHTET H3TAIICKHX BO/JA

Y  TOKy H s i i o J j e i t a  iiC T pa> K H B aiba y 3 H M a im  c y  y 3 o p i jn  h  B p m e H e  KOM HJieTHe xeM H j- 

CKe aHajiH3e K O M noH eiiT H  x e M H jc K o r  c a c T a B a  c b h x  n o j a B a  H 3jjancK H X  B O jja h  p e n e  I ' o jj- 
J b e B a n c .

y  H sjia iiH  pa3BHjeHoj y  T p n ja cK H M  h  K p e jiin iM  K p e l iii>aijH M a KOHCTaTOBaH a j e  B p e jj-  

i i o c t  p H  o f l 7 , 1 - 7 , 6 ,  p o K  y  pen ,H  T o jjJL eB aH H  H3HOCH 8 ,0 .

n o  KaTjoHCKOM  c a c T a B y  BO jje c y  K ajm ;H jcK e h  K a J iH H jc K o -M a n ie s H jc K e , a  n o  aH jo H - 

c k o m  cacTaBy O Be n o j ie  c y  X H jip o K a p 6 o H a T iie .

M H H e p a J iH 3 a H n ja  B o jja  o 6 e  i is j ja i iH  j e  M a jia  ( h c iio ij  0 ,5  g /1 ).

I I I to  c e  TH H e r a c H o r  c a c T a B a  rJiaB H H  cacTojaK j e  C 0 2 h  h 3 h o c h  o jj 2 0 - 6 0  m g /1 . n o -  

pejj H > era  n p n c y T a H  j e  h  0 2 y  k o j ih h h iih  y  npoceKy o jj  o k o  5  m g /1 .

C B e  H cnH T H B aH e b o jjc  n o  n o c T o je h H M  3 3 k o h c k h m  iipo iiH C H M a H c n y H ,a B a jy  H o p M e  3 a  
i m j a h y  B o jjy .

nPEJIHMHHAPHH XHHPOrEOJIOfflKH MO/JEJI 
KAPCTHE H3flAHH "flECnOTOBHRH"

r i p e / jM e 'r  xH j*po jjH H aM H H K or M o j je jm p a iB a  j e  caM O  H3ji;aH " / le c n o T O B H h n "  K o ja  c e  y  

n o c jie jjH > e  jjB e  r o j iH i ie  e K c n j io a T H m e  3 a  n o T p e 6 e  n jiH B a H K o r 6 a 3 e H a  y  K o c j e p n h y .

OcHOBHe nocTaBKe Mojjejia
2

XHJJpOJJHHaMHHKH M ojje jl K apC TIie HSJjailH "//eCIIO TO B H hll" nO K pH B a nOBpiHH Hy OJJ 4 k m . 

C e B e p H a , jy x c n a ,  H CTOHiia h  jjc o  s a n a j j n e  r p a i i m j e  M o jje j ia  n p e j j c T a B J b e n e  c y  K a o  

B O j jo i i e i ip o n y c n e  ( T = 0 ,  Y = c o n s t ) .  K p o 3  j j e o  's a n a j j i i e  r p a i m i j e  n o c T o jH  o j j p e l j e i r a  jjO T m ja j 

H3jjaHCKHX B o jja  n p o M e H Jb H B e  K O JiH 'iim e  K o ja  h e  6 h t h  j je c jH iim c a i ia  x iijjp o jra iiaM H H K H M  
M o jre jio M  ( c j i . 7 ) .

1 1 a jja B H iia M a  j e  H 3 J io x e H a  n o B p m H H a  M a 'iC M aT H H K or M o jje J ia  o j j  0 ,8  k m  (cji. 5 ) .  

f l e o  n a j ja B H iia  K o jn  c e  H iic J jiu iT p H p a  y  H 'ij ja ii  n p o i j e i i e H a  j e  H a  2 0 % .

I I o Tie T H e  B p e jjn o c T H  3a BojjonpoBOjjHOCT h  cneijH c}jH H H y H3jjamnocT j je c jjH H H c a n e  cy 
np0 6 H0 -eKcnji0 aTaii,H0 HHM i jp i ie i i ,H M a  H3BpmeHHM y nepnojjv 1988-89. rojj.

l apHpaibe M o jie j ia  B p m eH O  je Ha 0C H 0B y n o j j a r a K a  T e c T a  caM O H 3JiH B a h noBpahaja 
n H e 3 0 M e T a p c K 0 r  HHBoa Ha 6yHapy H E B K o c - 1  3 a  n e p n o j j  1 9 9 2 - 9 3 .  r o j j .  (cji. 5 . h 6 .) .  

O B a j  nepHOjj je H 3 a 6 p a H  j e p  h e  e K c iu io a 'r a i jH ja  6 y H a p a  H E B K o c - 1  3 a  noTpe6e n j in -  

B a H K o r 6 a 3 e H a  6 h t h  caM OH3JiHBOM , rraKO jja cy n o j j a m i  M e p e ib a  H3 1 9 9 2 - 9 3 .  y se T H  K a o  

penpe3eHTaTHBHH 3a jiaTH h 3 h h h  e K c iu io a 'r a i jH je .
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C ji . 5. MepeH>a caMOH3JiHBa h  HH(J>HJiTpaL(Hje 3a nepnoji neil£M6ap-M apT 1 9 9 1 -1 9 9 2 .

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

3 a  noTpeSe GiuiancnpaiLa nsnami "J[ecn0T0BHhii" h  ;(ef|)HHHcaiLa yjia3a y H3jjaii 
HH(J)HJiTpai(HjoM najiaBHiia KopHinheHH cy no/jami MeTeopojiouiKe crairane Kocjepnh 3a 
nepno/j 1946-1993. ro//. IIoceGiio cy aHajiH3HpaHe na//ai5iine 3a nepno/j //eneM6ap-jyn 
1992-93. ro/i. Koje y3 h c t h riepno//1990-91 npejjcTaBJbajy rtajMaiLe H3MepeHe najjaBHHe 
3a nocjiejjibHX 50 10/jHiia (Ta6ejia 2).

Ta6ejia 2. Mece'iHe naflaBHHe 3a nepnofl neijeM 6ap-jyH 1992-93. (MeTeopojiouiKa craHHLta KocjepHh)
Table 2. Monthly precipitations for December-June 1992/93 (Meteorological station Kosjerić).

Mecen;
(Month)

FlajjaBHiie (Precipitation) 
(mm)

JJoTHijaj y H3j/air (1/s) 
(20% o/j najjaBHHa) 

Inflow to aquifer (1/s) 
(20% of precipitations)

J],eii;eM6ap
(Deeember)

32.0 1.91

Janyap
(January)

28.7 1.71

<J)e6pyap
(February)

27.8 1.66

MapT
(March)

57.1 3.4

Anpnji
(April)

36.8 2.2

Maj
(May)

49.5 2.96

JyH
(June)

39.5 2.36

npoceK
(Average)

38.8 2.32

AHajiH30M KOJiHHHHa najjaBHHa h nojjseMiror jjorniijaja y iisjjan ca CHrypHomhy mo- 
>kcmo tbp jjh th  jia H3MepeHe KOJiii'iHiie caMOH3JiHBa npejjcTaBJbajy nejjeceTorojjHiHH>H 
MHHHMyM.

CaM0 H3JiHB Ha caMOM 6yHapy HEBK oc-1 y jjarriiM ycjioBHMa h3hoch 6,5 1/s h Ta je 
KOJiHHHHa y3eTa y o63Hp hphjihkom nspa/je MarreMaTHTiKor' Mojjejia.

Pe3yjiTaTH npopaiiyna

BpejjHocTH 3a BojjonpoBojjrrocT, cneijHfliiuniv H3jjaniHocT, KOJirurarrv H ir f J j iu n p a i jH je  

o jj na/jaBHiia Kao h nojjseMirn jjo 'i 'H ija j y nsjjair j j o 6 i i j e n e  cy HaKOH Tapnpaita MOjjcjia Tj. 
ycai'jiamaBaii>a H 3M epeH H X  Bpe/jiiociH i iH e 3 0 M e T a p c K iix  HHBoa h BpejjH O CTH  / io 6 n je i iH X  

MaTeMaTHHKHM MOJJCJIOM.
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M c'rapiipaHa B pe/jH O C T 3a B0 H0 r ip 0 B0 HH0 CT h3hoch 4,2 x 10 3 m 2/s  h jeniiHC'rBCHa je  
3a ije jio  no jipv 'ije  MOjjejia. B pejinocT  c i ie n H c jjH 'm e  H3nam nocTH je  4 x 10”4 h K a p a K T e -  

pncTHHHa je  3a nsjjanH iioji iiphthckom . McrrapiipaH a BpejjiiocT cnennc})ii'iiie H3jjamiioc~ 
t h  npejjcriaBJi>a H>eHy K p ajifcy  BpejmocT 3 a  nocMaTpaHH n e p n o j j  h iiaqiiH eKciuioaTaijHje. 
Y kojihko ce eK ciiJioa'raiinone K O Jiiii i iH e  n o B e h a jy  Tj. yi[itjiH>oM nyMne h H,pneH>eM 
6 y H a p a  M E B K o c -1 , cncnncfjn 'iiia irsjjam iiocT he HMaTii T p e n ji; n o p a c T a  ycjiejj ecjjCKTa 
j^B ojH e n 0 p 0 3 H 0 C T H  h  3 a K a c n e j io r  npHxpaH>HBaH>a.

noj^3eMHH J(OTIIIiaj Jtođlljeil MaTeMa'IH'IKHM MOfleJIOM BapHpa y 3aBHCHOCTH ojl oc- 
TBapeHor cHHacema tokom eKciuioaranHje HsjjaiiH h jjocrra>Ke MaKCHMajmy Bpe/jHocT oji 
2 .1 1/s Ha Kpajy nocMaTpaHor nepnojja caMOH3JiHBa.

Kojiirmiia najjaBHiia Koja ce HiicjjHJiTpHpa y HSjjaii je HemTO Man>a ojj iio'ie'rae 
BpefliiocTH h  h 3 h o c h  2 ,1 1 1/s, m T o  yKa3yje jia je imcJjiuripanHja MaH>a o j j  20 % .

C ji. 7. XnnporeoJioiiiKH, MaTeMaTmKH Mojjeji H3jiaHH " JHecnoTOBHhH"
Fig. 7. Hydrogeological, mathematical model of "Despotovići" aquifer

McTapnpaHH MojjeJi je nocjiy*H o 3a nporH03y ecJjeKaTa e K c n J io a T a ijH je  caM O H 3- 

j ih b o m  y k o j i h h h h ii  o jj  10 1/s, 12 HacoBa jmeiiiio 3a n e p n o j j  o/i 90 jiana T j. n e p n o / i  Kopnm- 
h e ita  iiJiHBaHKor 6a3eHa y Kocjepnhy.
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H 3 p a q y H a T O  c H H a c e a e  H a  6 y H a p y  HEBK oc-1 H3HOCH 15$ m , n p a  rie M y  h  f la jb e  

H M aM O a p T e c K H  n p H 'iu c a K  H a " r jia B ii"  6 y H a p a  oji 0,41 bar h j i h  4,1 m  B o j je n o r  c i y 6 a  (cjt . 8).

Cji. 8. H30JiHHHje CHHxeHja nHe30MeTapcKor HHBoa nocjie nepnona eKcnJioaTaiinje ojj 90 flaHa 
F ig . 8. Iso lines o f  draw dow n for a p eriod  o f  90 days.

H c T p a x H 0 - e K c n j r 0 aTari,H 0 HH 6 y H a p  H E B K o c - 1 ,  c B o jo M  K O H C Tp yK n ;H jom , 0 M 0 r y -  

h a B a  yrp aflH > y  n y 6 n n c K e  n y M n e  h  o c T B a p n B a n .e  B e h i ix  j ie n p e c H ja  n p n  n e M y  6 h  M o r jr o  jja  

c e  ijp n n  2 0  1/s. J I o j ia T iie  k o j ih ' ih i i c  H 3 ija n cK H X  BO jja j jo fin jre  6 h  c e  rra p a Tiy n  n p a a c iL e rb a  

c a M e  H SjjariH  " / .(e cH O T O B H h n " K a o  h  n n j jH ijH p a iio r  n o j j s e M iio r  jjO T H ija ja  H3 c y c e jjH iix  

K a p c T H H X  H 3 jja iii i h  n p e T a K a i t a  H3 n jin h H X  x o p H 3 0 H a T a .

3AKJBYHAK

P e 3 y j iT a T H  nspajje XHjjporeojiouiKor M0ji;ejia KapcTHe HsjjaiiH "flecnoTOBHhH" on- 
paBjjaBajy rr>eroBy npHMeHy y  rjHJLy jje c J jn iiH ca ih a  6yjjyher peacHMa e K c n jro a T a n ,H je . Ha 
HCTapnpaHOM MOjjejiy, Kojn cHMyjinpa i io i ia n ia r B e  Kapcrnie nsjjaiiH y  npnpojjH, Moryhe je 
jjefjjHHiicaiBe p a 3 J iH 'iH T H X  peacHMa eKcnJioaTaHHje h  ojjpei)HBarr> e 6yjjyhnx cH H * :e rb a  y 
e K cn jio a T a ri,H O H H M  o 6 je K T H M a , K a o  h  n iie 3 0 M e 'ra p c K H X  H H B o a  y  H 3 jja iii i a  ca M H M  t h m  h  

npojeKTOBaiLe a jje K B a T H iix  B o jjo 3 a x B a 'n n ix  o 6 je K a T a  y  ijiiJby 3axBaTaH>a H3jjaiicKHX 
B o jja .
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DEFINING WELL PUMPING REGIME USING 
HYDROGEOLOGIC AL MODEL OF AQUIFER

by

M ih a jlo  S im ić*, M ihailo  M iliv o jev ić* , M ića M artin o v ić  , S im eon 
G av rilo v  , V ladan  K ocić , S v e to zar A nk ić  , and P e ta r  P ap ić

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

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

INTRODUCTION

Kosjerić 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 (S im ić , 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, Djušina 7, 
Belgrade.

Cement factory, Kosjerić.
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2-  Hydrogeological mapping of about 20 km (A nkić, 1990);
-  Geophysical prospecting by geoelectrical sounding and geomagnetic methods;
-  Drilling holes BK-1, B K -2 and B K -4 to respective depths of 200 m, 208 m, and 

452 m;
-  Drilling and testing exploratory-production wells IEBKos-1 and IEBKos-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 3 and 4 characteristic 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 of 10 m between this and
Banjica springs at a short distance was a certain indication of the presence of Despotovići
aquifer. Each indication and the assumptions were later corroborated by exploratory hole BK-2 
and testing exploratory-production well IEBKos-1.

The extent of the aquifer has been only estimated under an area of no less than 4 km , of 
2 2 

which 0.8 km unconfined and 3.2 km confined (artesian and subartesian).
Its thickness established by drilling well I 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 Despotovići karst aquifer is equal to the extent of the
2

watertable aquifer, about 0.8 km .
As indicated by our investigation results and the local geology, some water may be 

inflowing only from the Skrapež River above the altitude of 450 m; if so, the catchment 
area is somewhat larger.

Ground water recharge

It has been proved that Despotovići aquifer is recharged only by precipitations over2
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 Skrapež River, at a rate of 4 -7  1/s. The percolation takes place on the left valley 
side of the Skrapež 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 vvater drainage

The Despotovići aquifer is naturally draining through the mentioned spring in 
Stanišići hamlet at the altitude of 447 m. on the right side of the Dubnica valley, at a 
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 Despotovići aquifer were determined at hole 
B K -2 and well IEBKos-1 for natural outflow and by pumping tests.

Borehole B K -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 I E B Kos-1 and B K -2 to the level before B K -2 was drilled, i.e. to the re- 
covery of the Stanišići constant springflow at al. 447 m.

The IEBKos-2 pumping test results were used in a hydrodynamic analysis, which
—3 2gave permeability values between 2.56 and 7.11x10 m /s  (S im ić et al . ,  1994).

GROUND WATER QUALITY

Samples of ground water were taken from all occurrences and from the Godljevača 
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 
DESPOTOVIĆI KARST AQUIFER

Only Despotovići aquifer, abstracted in the last two years for use in a swimming 
pool at Kosjerić, was modeled.

Model principles

The hydrodynamic model of Despotovići 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 Despotovići Reservoir

For Despotovići ground water accounting and defming inflow from rainfall infiltra- 
tion, records were used from Kosjerić 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.

—3 2Calibrated value for permeability is 4.2x10 m /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/s, 
than the initial value, or less than 20%.

The calibrated model served to predict the effects of water withdrawal by natural 
đischarge 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 Kosjerić 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 Despotovići reservoir itself and 
the indicated subsurface inflow from adjoining karst aquifers and shallow horizons.

CONCLUSION

Results of the hydrogeological model of Despotovići 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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