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y,IJK 624.131.4:624.138:627.8 OpnrHHaJiHH HayqHH paji

HH*EH.EPCKOrEOJIOniKE OCOEEHOCTH OEE3EET.EH>A 
BOAO^PiKHBOCTH nO^JIOrA EPAHA y  TEOJIOUIKH 

PA3JIHHHTHM CPEflHHAMA

o«

C o i t e  I l , B e T K O B H h - M p K H h *  h  J l , e j a H a  T 3 y p a H O B H h a *

AHajiH30M 6pojHHX HcnHTHBaH.a Bo;(oiiponyciiocTM. HcnynajiocTH, pe3yjiTaTa npo6HHX HJbcKunoHUK nojba 
H H3BegeHHX hhiCkhhohhx 3aBeca 3a 6paHe H3i pal)ciic y reojiouiKH pa3Jin>iHTHM cpejimia.Ma, Mory ce carnejiaTH 
Ba>KHe onuiTe oflJiHKe mi.eKTHfinJiHOCTH pa3JiH'jHTHX B pcra cTeHCKHX Maca h HH*eH>epcKoreojiouiKHX ycjioBa 
o6e36et)en.a bo3ojip>khbocth Kaxo cy HibeKHHOHe 3aBece 6HTaH ejieMeHaT 6 e 3 6 e ;m o c T H  6paHa, Kao h  o6hmhh, 
nyroTpajHH h  cKynH panoiiH, cTe'iena HCKycTBa HMajy noce6aH  'iiia'iaj, Aorivna cy Hcrpa*HBaH>HMa 3a K O H K peT H e 

o6jeicre h  jjo6pa ocHOBa 3a npaheae (jjyHKqH0HajiH0CTH h onp*:aBaH.e. Y  pajiy  je aHajiH3HpaHo h cko jihko  B pcra 
creHCKHX Maca; KpemtauH, (})jihiiihh cejHMeHTH, ByjiK3HHTH h cjia6nje MeTaMoptfiHcaiie cTeHe h  n p H K a 3 a H H  

HajocHOBHHjn nojiaiin o pe3yjiTaTHMa HCTpa*HBaH>a h  hiIiCKHhoiihm 3aBecaMa Ha KOHKpeTHHM o6jeKTHMa.

K jty i« e  pt'nn HcnynajiocT. Bojionponvciiocr. 15/1,11, HH>eKTH6HJiHOCT, nyKOTHHCKe ncnyHe, xeTeporeHOCT. 
aHH3QTponHja, XHjipayjiH'iKa H enocrojaH ocr. ((iHJiTpanHona CTa6HJiHOCT. HH>eKHHOHa 3aBeca

y B o a

J e / ia n  o f l  Ba*HHjnx npo6jieM a, KojH npn H cipa>K H B aH ,y y c j io B a  H 3rpaflH >e 6 p a H a  a 
cf io p M n p a ib a  aK yM yjia ijH ja  T p e 6 a  peuiHTH, j e c T e  M 0ryh H 0C T  r y 6 j b e H ,a  BO fle K p o 3  i io / i j io -  

r e  h  6 0 K0 B e 6 p a H a , o j j h o c h o  n o  o 6 o / i y  a K V M y jia n iije . OniHTH H H a c e ifc e p c K o r e o jio u iK H  h  

xnj(poreojiouiK H  ycjioBH, Kao h  B o /io i ip o n y c H o c T  caMHX CTeHCKHX M aca, y  npBO M  pejiv  cy  
ctiVHKnnja r e o J io u iK e  r p a l j e  m n p e r  n p o c T o p a  h  0 C0 6 eH 0 CTH H 3paaceH H X  Ha caM OM  n p e r -  

p aju ioM  M ecTy. KaKO cy ycn o B H  H 3ipaflH >e 6 p a H a  h  r jio p M iip a ih a  aK yM yjiaHH ja, y  o b o m  
CMHCJiy, n o ce6 H O  Ba>KHH, h  KaKO hm  c e  M op a  y;iOBOJbiri'H H3BoljeH>eM , necT O  o 6 h m h h x , 3 a n -  

t h b h h x  HibeKHHoniLX p a /jo B a , onpaB /iaH O  h m  T p e 6 a  rioK JiaibaTii i h t o  B e h y  na>K ii,y, o / i  npBHX 
H CTpaacH Baita, / /o  H en p ecT a H o r  o c M a 'ip a ii,a  c jjiijn p a n H je  t o k o m  K o p n m h e n .a  o 6 jeK a T a .

EKCTpeMHO cjio>K eH e y c j io B e  3 a  c})opM H paH ,e B c iiiT a 'iK iix  aK yM yJian,nja n p y a c a jy  KapcTH- 

cjiHKOBaiiii TepeH H , y  KojHMa j e  / io 6 p a  H 3yieH O CT K apcT a u n ip e r  n p o c T o p a  ocH O Ba npHCTy- 
n aH .y  HeorDco/jHHM 3anTHBHHM pa/iOBHMa. y  H cnyiiajiH M  CTeHCKHM M acaM a o b h  ycjioB H  c y  

je /iiio c T a B iin jn , ajiH  j e  h  y  o b o m  c j iy ria jy  n 0 T p e 6 H 0  j /o b o j i ,h o  n c ripa>KHTH cBe acneicre cp iu i-  

Tpau,Hje K po3 n o j u io i e  6 p a H a  h  M 0ryhH0CTH H>eHor CBot)eH,a y  /io n y u r r e H e  rp aH H iie  y  norjie- 
/iy  cHrypHOCTH o 6 je K a T a  h  K ourrau>a H 3 r y 6 j i ,e i ie  b o /jc . K a K o  y  oB o j o 6 jia cT H  j o iu  yB eK  HMa 
/locTa Heno3HaTor, TaKO h  aHaJiH3a h  yonurraBaH>e /ioca/iauiH >H X  n cK ycT aB a  HMa o jip e fjeH v

PvflapcKo-reojioniKH tJ)aKyjiTeT YHHBep3HTeTa y Hcorpajiv. 'Bviitmia 7, Eeorpafl.
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Te*HHy y H3Hajia*eH>y noTpe6HHX napaMeTapa h mi>KeH.cpcKorec)JioiirKnx Kpn'repnjvMa. 
M 3y'taBan»e onnrrax ycjioBa o 6e36e^eH>a bohojip/Khbocth je oji BaacHocTH 3a cBa 6yjiyha  
npojeKTOBaH.a h oflp>KaBa[i.e nocTojehHX o 6jeKaTa.

OCHOBHE nOCTABKE

O cH O By o n e n e  H H >Keii,epcKoreojioLiiKHX y c j io B a  o 6 e 3 6 e F )e ii ,a  r o /io ; ip > k h b o c th  j e / in o r  

r ip c r p a j in o r  M ecT a 'nrnrr Bcjrir'nriia h  n p o c T o p H a  p a c n o ^ e j ia  B o f lo i ip o iiv c i io c 'n i  h  HH.eKTH6 HJi- 
h o c t h  cTeHCKHX M aca, n p ir ’ieM y c y  0 6 a  n apaM C 'ipa H en ocp e^ H O  ycjioB Jb eH a 6 h th h m  cB o j-  
CTBHMa H cnyn,ajiocT H , K ao  h  reojiOHiKOM  rpatjOM . ,n ,oiiyiriT eH a B0 fl0 n p 0 iiy cH 0 CT h  j(H M eii3nje  

HH.eKHHOHHX 3 a B e c a  3aB H ce h  ojj j(pyrrrx n a p a M e T a p a  Mef>y K o jrm a  cy: o n n r o i  x H jip o r c o jr o in -  

k h  ycjioB H , THn h  BHCHHa 6p a H e , K oiirraH >e aK yM yjinp arie B o j/e  rrrji.
H a TepH TopnjH Cp6rrje je H3ipaF)eiio BHiue ojj 40 bhcokhx 6paHa, y rcojioiiiKti pa3JiH- 

'ih thm  TepeHHMa y  OKBHpy cbhx KpyiiHHjiix re o T6KTOHCKiix jejiiiHHna (cji. 1 , T a 6 ejia 1).
CBaKO nperpajjHO MecTO hms oj(pel)eiie nn>Ken,epcKoreoji()iiiKe cneniirpH'iiiocTH 

ycjioBJi,ene, y npBOM pejjy, reojiouiKOM rpat)O M  um per h yacer npocTopa, aJiH nocTojn h 
ojipe^ena onniTa caraacHOCT obhx CBojcTaBa y JiHToreHeTCKH hcthm hjih jjoBOjbHO 
cjih’ihhm cpejimiaMa. T a H im je ,  ojipetjena mi>Keii.epcKoreojioiiiKa cBojcTBa ce reHepaJiHO 
THnHHiio MaHHc})ecTyjy y iiojejinmiM BpcTaMa cTeHCKHX Maca, HaKO je CBaKO iioj(pyijc  
o6ejie>KeHO yTHHajHMa JioKaJiHe reojiouiKe r p a t )e .  Y  n p H J io r  OBOMe njiy h ca3Hau.a jio 
Kojnx ce jiouuio aHajiH30M ycJioBa bojioaP>khbocth h cBojcTaBa oji Kojnx OHa 3aBHCH y 
HeKOJiHKo jihtojiouikh pa3JiH ’iH T iix  cp c jH iita :  y Kpe'iii.auiiMa, cJjjihuihhm cejuiMeirniMa, 
epynTHBHMa h KpHcrajiacTHM niKpHJi.nriMa. y  obom npKa3y HajBeha na>KH.a je nocBe- 
h eH a  OniUTHM CBojcTBHMa H3,[(eJbeHOCTH, B0J10rip0HyCII0CTH H HH.eKTH6HJIHOCTH, npH 
hcmv j e  3a CBaKy ojj ojia6paim x cpejuura npHKa3aH no jcjiaii npHMep ca ochobhhm en e-  
MeHTHMa 3anTHBIIHX HIbeKi;HOHHX paflOBa.

O nillT H  HH»:EH.EPCKOrEO.IIOmKH yCJIOBH BOJXOaP*HBOCTH

KpeMH>auH. H e K o jiH K o  HauiHX 6 paHa je  H3rp a h e n o  Ha KpeHH.aHHMa, h jih  ce o h h  
ja iu i.a jv Kao jjo M iinairra ii 'u ian  re o jio u iK e  rp a i)e  (T a 6 ejia 1) .  M ei>y n.iiM a cy h: "JIa 3H - 
h n —KaibOH", " B p y ,m H n, ” K p y u iH H ija " Hj^p.

K p e 'iii.a 'iK e  cTeHCKe Mace cy n o ce 6 He ^ to jih k o  iu t o  HMajy pejiaTHBHo pa3H0 JiHK0 
nojaBJbHBaibe, Tiecrro Bapnpan.e cacTaBa h  p a sju i'iH T  CTeneH H3j(e ji,e iiocri'H h  iu t o  cy , y  
BehHHH cjiy'ia jeB a, 3axBaheHe nponecoM  KapcTHcfiHKan,Hje. T o Moace, 3aBHCHO ojj y K y n -  
hhx xiijipo reojiouiK H X  ycjio Ba h  CTajjnjyM a p a 3Boja 0 B0 r  n poneca, npy>KHTH Jio cra  c jio - 
aceHe, h jih  'iaK eKCTpeM Ho Teu iK e , ycjio Be o 6 e36ef)eii,a bojjojip>khbocth. A k o  ce ca p a 3- 
jio ro M  3a/ip>KHMO Ha cjiv'iajeBHM a jiejiHMH'iHO p a 3BH jeH or K apcTa, 'ic c to  Ha3HBaHHM n y -  
k o th h c k h m  KapcTOM , 'iH ja 6 a3a Hiije cn yu rre H a  ncnoji noBpuiHHCKe eposnoH e 6 a3e, m o- 
ryh e  je  ycTaHOBHTH H3BecHe 3aKOHOMepHOCTH y  n p o cTo p H o j pacnojjejiH , jiHM eirnijaM a h 
pa3BHjeHOCTH KapcTHHK o 6jiHKa Kojn HMajy n o M iin a irrn o  3iia 'ie ii,e  y  yKynHHM  ycjiOBHMa  
o 6 e36ef)eiba B0 fl0 jjp»CHB0 CTH. y  cyuiTH H H , OBaj ra n  yM e p e H o r KapcTa no*iHBa Ha p a c- 
TBapaiby cTeHCKe Mace no nocTojehH M  jincKoiiTiiiiV H TeTH M a, na  je  yTOJiHKO H3pa>KeHHjn 
Vkojihko je  cTeHCKa Maca H3jie ji.e iuija , u it o  m a 'irr  n o ce 6 HO y  30HaMa HHTeH3HBHHje M e- 
xaHH,iKe onrreheHOCTH. HcTO BpeM erro, 'iH TaBn jiejioBii o b h x, n o  npaBHJiy 6 jio k o b c k h  
H3flejBCHtrx cTeHCKHX Maca, M o ry  o c Ta TH  ca o'tyBarioM  iicirynćuioiiihy, cK opo 6 e3 Tp a ro B a  

KapcTHcfiHKauHje.
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Cji. 1. Ilojio>Kaj 6paHa h  aKVMyjiauHja y cKJiony reoTeKTOHCKHX jejiHHHiia 
Fig. 1. Locations of dams and storage lakes and geotectonic units.
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Ta6c.ua 1 . O riiH T H  n o / ja n H  o S p a n a M a .  

Table 1. General information on dams.

P. 6p. 
No.

E p atia
Dam

T n n
T ype

BncHHn (m) 
l l i g h  ( m )  

rpal). x»/ip. 
const. hydr.

Peica - cjihb 
R iver - main river

reo jio u iK a rp a tja  
G eologic  featurc

1. Lazići kanjon E 135,5 125 B. Rzav - Drina
KpeHH,ai<H (K ), Kpnjio cHHr}>opMe 
L lm estones (K ), flank  sinform

2. Kru.šćica L 41.5 40 B. Rzav - Diina
KpeMH*auH (K ), KpHjio c.HHffcopMe 
Lim estones (K ), flank sinform

3. Sjenica l£ 110 105 Uvac Drina
Kpemt>anH (J), (J) . vfipaHo 
Lim estones (J), D R F (J) , folded

4 V nitci V 75 64.5 Đecinja - Z . Morava
JIo ji. KpeMH>auH (T ), MOHOKJiHHa cepMja 
D olom itic  lim esrtoncs (T ), m onocline  series

5. G azivodc E 107,5 102,5 lbar - Z. Morava
4>jihui (K ), h3okji. aHTH$opM a, paceAHVTa 
Flysch (K ), isocline an tifo rm , fau lted

6. CiTOŠnica P 50 36 GroSnica - V. Morava
4>jihui (K ), MOHOKjiHHa c ep n ja , pace;jHy*ia 
Flysch (K ), m unoclinc  scricN, fuullcd

7. Zavoj h 101 86 Visočica - J . Morava
»PjlHLU (T ), MOHOKJlHHa ccpHja 
Flysch (T ), m onocline  series

K. Batlava K 46,5 42 Batlava - ibar
tpjiHiu (K ), aHTH(fcopMa p accfln y ra  
R v sc h  (K ), an tiform  faulted

9. G ruža C 5 U 48 Gruža - Z . Morava
ByjiKaHHTH (M ), uiMpoica p accn n a  iOHa 
V olcanic rocks (M ), w idc fau lt zone

10. Radonjić E 61 57 Pruc - Drim
CcpneHTHHHTH, IiepHflOTHTH (Pz) 
Scrpcntin itcs. pcrido titcs (Pz)

11. Ribnica C 32,5 24,5 Ribnica - Z . Morava
CepnCHTHHHTH, IiepHflOTHTH (J) 
Serpentin itcs. p crido titcs (J)

12. Gračanka E 52 45 Gračanka - Ibar
CepnenTHHHTH ca  npođojHM a r a č p a  
Serpentin itcs w ith gabbro  in trouted

13. Ćclijc T 51,5 48 Rasina - Z. Morava
KpHCT. UlKp.. MHKaUlHCTH (P z), aHTHC^OpMa 
C rystaline schists, m ica (P z), an tifo rm

14. Bajina Bašta F 90 74 Drina
AprHJioiUHCTHT, uiKp. n e u i , rjiHHUH, M ejia$ . (Pz) 
A rgiloceous, sch ists sandstone, m elaphyre

15. Rastovnica E 29,25 22 Rastovnica - J. Moravn
rH ajcem i (Pz) 
G neiss (Pz)

16. VLasina T 31.5 26,5 Vlasina - J. Morava
MHKaUIHCTH, aMC|)H6oJlMTH (Pz) 
M ica, am phibolite  (Pz)

17. Bovan E 52 46 Moravica - J. Morava
KpMCT. UIKpH/l.llH (P z), M O H O K / IM H a  C C p n ja

C rystaline schists (P z). m onoclinc  scrics

18 Lisina E 53 42 Božica
K p n cr. uiKpHjLUH (P z ), aHTH^opMa. pace»HyTa 
C rysta line schists (P'/.), an tiform , faulted

19. Barje E 75 65 Vctemica - J. Morava
rHajccBH (Pz) 
G neiss (Pz)

20. Bresnica E 39,1 33,5 Bresnica - J. Morava
3 c jic h h  uiKpHJbUM (P z), H a6opH , paceB H  
G rccnsch ists  (P z), fo u ld s , fau lts

21. Prilepnica E 50 36,8 Prilcpnica - J. M orava
KpHCT. uiKpHJLLtH (P z), pace/iH. na6opH 
C rysta line schists (P z ), fau lts, foulds

22. O včar Banja P.T 27 20 Z. M orava - V . Morava
AprHJiouiHCTH, n e u m a p H  (C , P) 
A rgiloceous, sandstones (C , P)

23. K okin Brod E 82 79,5 Uvac - Drina
K p e 'n tau H  (T ), flP<l> (J). jianopH (Tc) 
L im cstoncs (T ), D R F (J) , c laystone  (Tc)

24. R adojna E 42 33 Uvac - Drina
f lP O , MaCHUHH Kpe4H,aqH (T)
D R F, m assive lirnestoncs (T)

25. Laziđi - prcvoj R 55 43 B. Rzav - Drina
D ih h u h , nanopuH , Kpe'i. (K ), aHTHctiopMa 
Shalcs, c la y s to n e s ,  l im e s lo n e s  (K ), a n lifo rm

26. Vrla II E 26 21 Vrla * J. Mcrava
3e/ieHH uiKpnji>uH, n p o 6 o jn  Aau,HTa (Pz) 
G reeosch ists , dacite  in tronded (Pz)

27. Podpeć P 46 44 Lirn - Drina
A m(J)h6ojiht , aM(J)H6. uiKp., neu j'iapH  (J) 
Am phibolite, amphibolitc schibts. sandstones (J)

28. Zvom ik P 42 3 6 4 Drina
KpHCT. UIKpllJbUH (P z), KpCMIbaUH (T) 
C rystaline  schisl (Pz.), lin iestones (T)

E -  KaMem Hacyra;T -  3eMJbaHa Hacyra;B -  Jiy>ina; n  -  6er«icKa rpaB.; D, - 1fMBifraiifv)iio Jiy«la; <!> -  oJiaiaiiaHa rpaB. 
E -  RockfiU dara; T  -  Earth dam; B -  Ardi dam; concrete gravity dam; C -  Gravity arch; F -  Hollow gravity dam.
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O B e  CTeHCKe M a c e , y  H a jB eh eM  6 p o j y  c j iy r a j e B a ,  K a p a K T e p n in e  SjiOKOBCKa n _ij ic j i ,e -  

h o c t  h  n p n cy cT B O  n o  iia jM a n ,e  rr p n  ctiaM H Jiiije nyKOTHHa oj[ K o jh x  j e  j e j ( i ia  p a3 B H jeH a  n o  

s s  n o B p u iH M a , a  ; ip y r e  j ib c  c y ,  c a  M aihiiM  h j ih  BehH M  JioKajiHHM  o,ncTynaH >H M a, M ef)v-  

c o 6 h o  y n p a B H e  h  y n p a B H e  Ha cjio jeB H T O cT . Y 3  t o ,  ja B J b a jy  c e  h  rpaBH T an,H O H e nyKOTHHe 
y  6 0 K0 BHMa / ( o j ih h c k h x  cT p a H a , K a o  h  K a p a K T e p n c T H 'in e  nyK O T irae y  30 H a M a  p a c e /ja n > a . 
O H e  c y  H a j 'ie n ih e  n yT eB H  H H T en iiip .H or K p e i'a ib a  n o r tsc M iie  B o jje  n a  c y  h  y  B e h o j  M ep n  

3 a x B a h e H e  K a p c th c |)h K a n h jo m .
reiiepajnio, jaBJi>ajy ce /(bc BpcTe nyKOTHHCKHx HcnyHa. M iiH ep a J iH e, KaJiu;HTCKe H cnyH e  

M ory  HcnyH>aBaTH MHTaBe KapcTHe m ynji>H H e d m  jiiiMen3Hja hjih caMO npeKpHBaTH shjjobc 
nyKOTHHa y  BH/iy KpHnTOKpHCTaJiacTHX hjih npauiKacTHx cKpaMa /io /io6po pa3BHjeHiix 
KpncTajiHHX c})opMH. lIccto j e  yoxiJbHBO bhiuc cj)a3a H3Jiy'iHBaiba HcnyHa, iuto je pe3yjiTaT 
npoMeHa y  o imrreM 'ipen/(y p a 3 B o ja  KapcTHcjiiiKannje ycjiOBJbeHHX reoTeKTOHCKHM npon;e- 
cHMa, KJiHMaTCKHM npoMeHaMa ht/(. TpouiHe, iipc'i'OKHO rJiHHOBHTe HcnyHe, pe3yjiTaT noT- 
n y H o r  pacTBapaiba o c n o B iie  CTeHCKe Mace, KapaKTepnc'i'H'ine, npBeHCTBeHO, 3 a  riJinhe jiejio- 
Be TepeHa, M o ry  HMaTH pa3JiHiHT CTeneH  KoiicojiH/iannje, Ma/ia cy reHepajiHO nofljioacne 
cJ)HJiTpaHHOHOM p a 3 a p a u ,y  h pa3Jior cy xn/ipayjiH'iKe HenocTojaHocTH obhx cTeiicKiix Maca. Y  
H3BecHHM cjiyiajeBHMa, iunpe paccjiHe 30He M o ry  6 hth n0TnyH0 3anTHBeHe /io6po kohco- 
jiH/joBaHHM rjiHHOBHTHM H cnyH aM a cejiiiMeirnior TH na, c'iapnjHM o/( HcnyHa y  /ipvniM jicjio- 
BHMa cTencKe Mace.

C a raacH O  KapaKTepncTHKaMa HcnynaJioc'ni CTeHCKHX Maca h  cTeneHy pa3BH jeHOCTH 
KapcTHcj)HKai],Hje, T ep eH  j e  n o  B O /io iip o iiyc iioc 'i'H , He p e n c o ,  H3pa3HTO xeTeporeH h  3a noT- 
nyno cai Jie//aB aii>e M oryhH ocT H  r y 6 jbeu>a b o /tc  h  ycJiOBa o r p a iiH 'ia B a ib a  ry6HTaKa je n o ip e-  
6 aH b h c o k  h h b o  HCTpa>KeHOCTH. / I,Ba 6 nTH a C B o jd ’Ba B O /io iip o n v c H o c r ii o b h x  CTeHCKHX Maca 
cy: iu n p o K  p a c n o H  B p e /iiio c 'iu  B J U I - a ,  o /(  He3HaTHHX j/o  HeM epjbHBO BejiHKHX y n p ocT op H M a  

c a  pa3BHjeHOM Kapcrac})HKaH,njo m, h  x n /(p a y jiii'iK a  H en 0 CTOjaH0 CT ycjiO BJbeH a n p n c y c tb o m  

TpouiHiK, c})Hjripau,HOH() HecTa6HJiHiix ncnyHa. ToM e, CBaKaKO, Tpe6a /lo/iaTii h  pa3iiojiHKocT 
o 6 jiHKa nojaBJbHBaiba o b h x  c t c h c k i k  Maca o/( Koje 3aB H ce reo M e'ip H jcK e KapaKTepncTHKe 
nyKOTHHa, y n e c T a jio c T , p a n a B o c T  3HflOBa, c T e n e n  0 TB0 p eH 0 CTH h  /ipvrn napaMc'ipn 0 3  Bax- 
h o c t h  3a BejiHHHHy h  cB ojcT B a B o /io iip o iiv c iio c 'i' i i .  K j ia c ii ' in a  HcnHTHBarba B j j r i - a ,  o c M a i-  

p a ib a  pe>KHMa H S/iam i, h h b o  ec[)HKacHOCTH h 3 b c /(c iih x  h ii> c k h h o iih x  3aBeca h  ocMaTpaiba h>h- 
xoB or cj)yiiKHHOHHcaiba, noKa3yjy 3HaTHy xeTeporeHOCT n o  lio /io iip o n v c iio c 'r H  h  BejiHKe Teiu- 
K o h e y caBJiaj(aBan>y u>eHHX oco6eH ocrH  KJiacii'iiiHM  HH>eKTHpaH>eM. TaiH H je, HH>eKTH6HJi- 
h o c t  o b h x  cTeHCKHX Maca Moace 6 h t h  o ip a iiii'ien a  nojaBO M  JioKajiHO eKCTpeMHHX B p e /in o c 'n i  
BJII I -a , ct)iui'ipau,H0H0M HecTa6iuiHomhy HcnyHa, na 'iaK h  H3pa3HTOM aHH30TponHjom ncny- 
najioc'i'H  h  B O /(o iip o iiyc iiocT H . O rry/ia THncKa, yHHc})opMHa pemeu>a c a  jc/n iiicT B C iu iM  ejieM eH -  
THMa HH>eKTHpaH>a cKopo /ja HeM ajy Hsrjie/ia Ha ycneuiH O C T  h h  011/ia K a/ia c y  /iH M eiriiije  

HH>eKHHOHe 3aBece npiuiaroI/eHe H>eHoj HaMeHH.
J e ^ a H  o h  T e p e H a  c a  t h h h h h o  H 3paaceH H M  n p o 6 jieM H M a o 6 e 3 6 e i) e H > a  b o /(o a p > k h b o c -  

t h  o  K ojHM a j e  6 h j io  r o B o p a ,  j e  iip erp a /(H O  M ecTO  6 p a H e  " J la 'u ih H - K a ir o i i" , y  cK J io n y  

ropH > e aK y M y jia n H je  PXE "BajHHa Baurra". l ’p a / ie  r a  c c / ( h m c h t h  c e H o n c K e  ro caB C K e  

c})ai],Hje: cjio jeB H T H  / /o  lu io 'ia c T H  jia n o p o B H T H  K p e TiH>au;H c a  i ip o c j io jm iM a  J ia n o p a n a ,  
CJIojeBHTH K pe'IIbaH H , K BpraBH  CHBH CJIojeBHTH /IO 6 aHKOBHTH KpCIII.aUH H 6 aHKOBHTH 
KpeHH>ai^H, c a  n ocT yn H H M  n p eJ ia3H M a. T m i e  j y r o 3 a n a / | i i o  K p r a o  cu H c})op M e /in iia p c K O i  

n p y x a H > a , a  Ha caMOM n p erp aflH O M  M ecT y  H M ajy o 6 j ih k  m o h o k j ih h c  c})opM e n c n p e c e i^ a H e  
/m ja r o iia jn iH M  h n o iip e 'iiiH M  pace/iHMa (cji. 2).

Jlan op oB H T H  K p c'4 ii,an n  j ie B o r  6oK a c y  H 3/je jb e ira  s s  noB pnraH aM a h  BehHM 6pojeM  jinj a- 
roHaJiHHX nyKOTHHa, i ip e  re>Kiio m m  3eBOBa. C B e cy OHe 3 a iiy ib c H c  t p o u ih h m  H cnyH aM a n o /i-  

jio>khhm  HcnHpaH>y, a  T p a r o B a  K apcrnic})HKaiiHje HMa caMO y  noBpuiHHCKOM /je jiy . B o /( o n p o -  

nycHOCT OBe c p e /( iu ie  j e  /(o  /(y 6 iu ic  o / i  o k o  7 0  m  yrjiaBHOM  B e h a  0 3 1 0  lu , a  y  / iy 6)Ji,HM Mau>a o /(
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3 lu. Y T p o iim H  HH>eKii;HOHe Mace Ha penepH H M  6ymoTHHaMa n o K a 3 y jy  ;ia cy oBe cTCHCKe 
Mace c a  BJ]J1-om ffo 5 lu jejjBa HH>eicra6HJiHe, c a  y ip o in n H M a  ojj oko 35 kg/m’, a BpejiirocTH- 
Ma MaiiiHM o;i 3 lu oj(rc)Bapajy yrrpoiiinn jjo 25 kg/m'.

K B p raB H  6aHKOBHTH K p eTni>anH , y  JieBOM 6 o K y  h  jrny iipoffnuia, cy jjocTa npaBHJiHo 
H3j êjfceHH ca Tpn cjiaMHJiHje nyKOTHHa, 3eBOBa h jjo 10 mm, panaBHX 3Hj^oBa, ca Tparo- 
BHMa KapcTiicf)HKaHHje y HajnojiancKoj 30HH h HciinpjbHBHM rpaHyjiapHHM HcnyHaMa. 
njiHhn jjcjiobh TepeHa HMajy BJ],I J Behn ojj 10 lu, a jty6jhH MaH>H oji 3 lu h noKa3yjy 
3HaTHy x0M0reH0CT. H OBa BpcTa Kpe'tii>aKa HMa MaJiy hh>ckth6hjihoct 3a 13/UI j^o 5 lu, 
HapoHHTo yKQJiHKo je Beha panaBocT 3HjtoBa nyKOTHHa.

C j i .  2 .  EpaHa "JIa3HhH": a) HH*eH>epcKoreojiouiKH npeceK TepeHa; 6 )  HHJKerbepcKoreojiouiKH m o ,jc j i  

Fig. 2. Lazići dam site: a) engineering-geological section; b) engineering-geological niodel

BaHKOBHTii KpeTiit>anH h  h>hxob nocTynHH npejia3 y MacHBHe, y  jjeciioM 60Ky iip o c [)iu ia  

c y , nonyT n p e T x o ^ H iix , p o c T a  npaBHJiHO H3jtejt>eHH y KpynHe 6 j i0 K0 B e, ca T p n  reHepajiHO 
M ef)y co6HO ynpaBHe cj)aMHJiHjc nyKOTHHa, ojt K ojnx  j e  je jtn a  pa3B H jeH a n o  ss n oB p n iH M a (c ji. 
2). y HajiH3jiaHCKoj 30HH HMa HeuiTO HHTeH3HBHHjiix T p a ro B a  KapcTH cjiitK anH je, a  nyKOTHHe 

c b h x  cfiaMHJitija c y  jto  3HaTHiix jty6 tHia HcnyH>eHe HciiHpjbiiBitM H cnyH aM a. JI,ocTa j e  inpa>Keita 
xeT eporeH O C T  n o  BJJH-y, i u t o  o ^ p a a ca B a  K apaK T ep HsjjejbenocTH cTeHCKHX Maca. 3a 
BpejjHocm BJI,n-a 3 0  5 lu, oBe cTeHCKe Mace c y  cKopo HeHH>eKTii6HJiHe. y rtpouui;H HH>eK- 
HHOHe Mace Ha penepmiM 6ymoniHaMa c y  MacoBHo MaH>H 0 3  20 kg/m'.

Ob3kbh ycjioBH cy 3axTeBaJiH o6hmho 3anTHBHo HH>eKTHpaH>e (cji. 2). yKymia jjy- 
*HHa HH>eKH,HOHHX 6ymoTHHa, pacnope^eHHX Ha pacTojan.HMa 2 h 2,5 m , y ip ti pejja,
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H3HOCHJia j e  28780 m '. Jej(H H H 'iiin  y T p om i],H  Mace cy j io c 'r a  y M ep eH H  jio He3HaTHH. Ha 
3H anajH O M  6 p o j y  e T a a c a  y T p o iu u ,H  c y  6 h jih  M a n ,n  o /(  10 kg/m’. P 'K C 'ipeM iui y T p o u iH H , oji 
HeKOJiHKO CTOTHHa na j(o  n peK O  x iu h a j (y  kg/m', 6 h jih  c y  B esaH H  3 a  i io j j p v ' i ja  3 a x B a h e H a  
KapcTHcJ)HKax^HjoM, a  jiejiH M H 'iiio  c y  i io c j ie j m n a  h i i e i ip i iJ ia r o ^ c i io i  pe>KHMa nibCKrnpa- 
H>a. O cT a jiH  eJieM eH T apH H  i io j ia n it  o  n ih e K H iio n o j  3 a B e c n  c y  jiaTH y  T a 6 eJ iH  2.

Ta6ena 2. O chobhh nojtann o 6paHaMa H aKVMVJianHja.Ma. 
Table 2. Basic information on grout curtains.

6paHa
dam

Pb
(m2)

P2
(m2)

Pb/Pz Hu
(m’)

d 2
(m )

Dz/Hu VDPd.
(lu) R dbu

(m’)
Zib
,

0™
(kg/m')

JIa3HhH K. (K[)C'IH>aHH) 
Lazići k. (Limestone)

16200 51760 031 125 60
145

0,48 2 3 2
24

28780 54

PasHBojie (<fi:iHm) 
Gazivode (flysch)

33440 41870 0,80 102,5 60
103

0,66 2 1 24
5

16608 51

Tpy>Ka (ByjiKaHHTH) 
Gruža (volc. rocks)

9955 17790 0.56 48 48.5
59.5

1,15 1 1 2,5
5

8198 33

TieJIHje (uiKpHJbUH) 
Ćelije (schists)

7150 8040 0,89 48 30
39

0.62 1 1 2
4

1589 142

Pb -  noB puiH a 6paH e; P2 -  noBpniHHa HH>eKqnoHe 3aBece; Hu -  BHCHHa y c n o p a ; Dz -  ay6HHa 3aBece, pacnoH; 
VDPd. ~H03B0JBeHH B/in; R -  pejiHOCT 3aB ece; dbu -  p a c T o ja i te  HH>eKqHOHHX 6ymoTHHa; Eib -  yKynHa ffy*HHa 
HH>eKTHpaH>a; Q,m -  VTpomnH cyBe M ace.

Pb -  dam surface area; Pz -  Grout curtain surface area; Hu -  backwater level; Dz -  curtain depth, span; 
VDPd -  permissible permeability; R -  curtain rows; dbu -  space between grouting holes; Eib -  total 
grouting length; Qsm -  dry mass concentration.

O j ih h ih h  ceflH M eH TH . 3 a x B a J b y jy h H  je j iH iic ' iB e n o j  reHe3H, o b h  c e jiH M eirrn  ce  o j ij ih -  
K yjy  n 0 T n y H 0 M  x e T e p o r e H o u ih y  h  aH H 30T p on H joM  y  n o i  J ie jiv  c b h x  6H TH H jnx nn>K eii>ep-  

cKoreojiouiKHX C B ojcT aB a. 06 h , i i i o  h x  h h h h  Man>e h j ih  BHiue npaBHJiHO CMeii>Hi;aii>e 

ceKBeHi^H H3rpat)eHiix oj( r j in n a u a ,  aJieBpojiHTa, n e n i ' i a p a ,  jian op a i;a  h KpeHUbaKa, y k o -  

jHMa j ie 6 ji> iu ia  cjiojeB a, KojoM je  n p e j in c iio H H p a ii  K a p a K T ep  HSjjeJbeHocTH, Moace B a p n -  

paTH ofl j ih c k h  j(o  m jiH M eH 3iija. O j ih u ih h  TepeHH c y ,  n o  n p aB H Jiy  6 h j ih  H 3Jio>K cnii m r r e i i -  

3HBHHM BHiuecf)a3HHM  y 6 H p a itH M a  h  pacej(aH >H M a, u i t o  j io j ia r n o  n o B e h a B a  v r n n a j  y K y n -  

He reojiou iK e r p a i j e  Ha H H »ceitepcK oreojiouiK a cB o jcT B a .
M3jieJi>eHOCT obhx cTeHCKHX Maca h CBojcTBa nyKOTHHa cy  ycjioBJbciin jie6jbiinoM  

CJIojeBa, MCXaiIH'IKHM CBOJCTBHMa JIHTOJIOUIKHX 'IJiailOBa H IipOIieCHMa KojHMa je  c|)()p- 
MHpaHa Koiia'ina CTpyKTypa TepeHa. KaKO je  iiajH3pa>KCHHja cj)aMHJinja nyKOTHHa no  no- 
BpuiHHaMa cjiojeBHTOCTH, to c e  h y  cKJiony jej(iie  ceKBeHu;e M ory cpecTH 'iiia 'iajiic  pa3- 
jiHKe yiecT aJioc'iH  nyKOTHHa h cbhx jipyi nx cBojcTaBa. nyKOTHHe Koje npaT e H a6ope, 
p acejie  h pacej^He 3 0 iie , HMajy ojjpeheH y npaBHJiHOCT nojaBJbHBaita, a CBojcTBa hm y 
HajBehoj MepH 3aBHce oji JiOKajiHor jiHTOJiouiKor cacTaBa h nojio>Kaja y  cKJiony TepeHa. 
Y  iia 'iejiy , B ehe 3eBOBe HMajy nyKOTHHe y  KpyhHM, Maibe jjec})opMa6HJiHHM 'iJiaiioBHMa, 
a Hcnyn,ajiocT M exann'iKii cjia6njn x  ojiJiiiKyjc xnj(payjiH'iKa nenocT ojaH ocT .

B ojionpoiiyciiocT  cj)jininiHix cejiiiMenaTa je  reHepaJiHO Majia, jio h ckojih ko lu, ochm y 
30HaMa pacejia h  H3pa3HTHjHX CTpyKTypa. PernoHaJiHo, c})J[hiiihh cejiHMeii'ni cy, no  npaBHJiy, 
XHjiporeojioiiiKH H30jiaT0pn. Ochm Majmx BpejniocTH BojioiipoiiyciiocTH, h>hx KapaKTepHiue 
H XHjipayjiHHKa Hen0CT0jaH0CT, 6hjio ycjiOBibeHa nciinpaH.eM HcnyHa y MexaiiH'iKH oTTiop- 
HHjM 'iJiaiioBHMa, 6hjio noBpaTHHM hjih TpajHHM OTBapaibeM nyKOTHHa y j(ejioBHMa Koje 
rpajje rJiHiinn h aJieBpojiHTH. BcjiH'imia npHTHCKa "oTBapaiba c})opManHje" MO>Ke Bapiiparn  
oji HeKOjiHKO jjo npeKO 0,5 MPa, 3aBHCHO ojj jioKajiHHX ycjioBa h  nojioacaja y cKJiony TepeHa.
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Y n p K O c r e H e p a j in o  M ajioj i ! o ; (o i ip o i iy c n o c rn i ,  h  y  o b h m  CTeiicKHM M acaM a j e  i ie o i ix o j in o  

H3BO^HTH 3 a ir n iB iio  iiih eK ’r a p a ii .e  p a n n  CMan,eii,a ry6H T aK a B o /je  h  o 6 e ' i6 e ^ e i i ,a  c } ) iu n p a -  

HHOIle CTa6lUIHOCTH. 06 3 H p O M  Iia  CBOjcTBa HCIiynaJIOCrm  H BOJIOIipOIIVCIIOCTH, HH>eKTH6HJI- 
h o c t  mo>kc BapHpaTH y unipoK H M  rpaimu;aMa h  Ha 6 j iiic k h m  p a c rro jan ,iiM a . I lajBehn npo6jie- 
m h c e  jaBJbajy y  XHjipayJiH'iKH H enocTojaH H M  j(CJioBHMa K oje npaTe n o B e h a iiH  yTponiH;H H 3a3- 

BaHH XHjipayjiH'iKHM O TiiapaiLeM  110jejihhaHHHX nyKOTHiia, im a 'ie  M ajiiK  3eB O B a, h  o jiB o })e -  

H>eM M ace H3B3H K o p n c iio i  nojipyMja. C)riy j ia  h c c t c  u p h b h j ih c  K O H TpajiiiK TopiiocTH  jia  3 0H e  
M ajnix B o jio iip o n y cH o cT H  npaTe noB eham i VTpoiniui M a ce h  o6pHyTO, i i i t o  ca M o  noTBpi)yje 
o6aBe3y n p iiJ ia r o f)a B a ii,a  ejieM eH aT a H H ,eK 'n ip an ,a , He caMO B 0ji0n p 0nycH 0C T O , B e h  h HH>eK- 
rra6HJIIIOCTH.

K o/j Hac je  h ck o jih k o  6paHa H srpa^ eiio  Ha cJ)jihhihhm TBopeBHHaMa, MaxoM r o p it o -  
KpejiHe cTapocTH. M ei)y  H>HMa cy "rp o m m m ;a ", "BaTJiaBa" h "Fa3HBOjie'' Koja c})opMHpa 

. HajBehy aKyMyjiannjy y Cp6njH.
O jih iii n o j iJ io r e  6 p a H e  'T a 3 iiB o j ie "  TiHHe rJiHHHH, Jiaiiopu,n h n e a i ' i a p i i  koJh n p e o B J i-  

a l)y jy  caMO y  c p e j iH m m e M  j ie j iy  j ie c H o r  6 o K a , K a o  n J io n a cT H , 6aHKOBHTH, p e l ) e  MacHBHH. 
y  ocTajiHM jiejioB H M a j io M iim ip a jy  rJiHHU,H h J ia n o p iiH  k o jn c e  n o ja B J i,y jy  y  3 a ce6H H M  
naK eTH M a hjih y  cm chii c a  iiciii'iapiiM a. T e p e H  j e  n p ejic T a B J b eH  cT iicH yT O M  acH M eT - 

pH'iHOM, hojiv>kiio n o  T eM eH y p a cejin y T O M  aiiTH cjiopM O M , j(y>K K o je  j e  M 6 a p  y c e K a o  

j!OJiHHy (cji. 3 a  h 3 6 ) .  Y  CK Jiony n p e r p a j iH o r  M ecT a , CTeHCKe M a c e  c y  H 3jieJi>eH e y  K p y n H e  
6 ji0 K 0 B e  p a ce jiH M a  h  pacejim iM  3 0H aM a jiH H ap cK or h j n i j a r o i ia j m o i  !ipy>Kan>a. ! 4 3 j ie j i ,e -  

n e  c y  cjiaMiiJinjoM nyKOTHHa n o  noBpmHHaMa cjio jeBHTOc t h  h  jiB eM a cjiaMHJiHjaMa y n p a B -  

hhm h jinjaroH ajiH H M  y  o j iH o c y  Ha cjiojeBH TO C T. V 'ie c ' i  a j io c T  nyK O TH H a, jiy>KHHe h bcjih - 
HHHe 3eB O B a 3aBHce oji J io K a jiH o r  J iH T O jiom K or c a c r a B a ,  o jih o ch o , Jie6ji>iiiie c j io j e B a  h  
MexaHHHKHX c B o jc T a B a  HHTOjiomKHX 'u ia i io B a . y ' i e c ' r a j io c T  nyKOTHHa j e  B e h a  y  J ia n o p -  
HHMa h rjiHHiiHMa, ajiH  c y  oHe Kpahe h cK opo 6 e 3  3eBOBa.

3 6 o r  B eh er y 'ien ih a  n en i'ia p a , y  jicciiom  6oK y, j(o jiy6)Hiie ojj o k o  40  m , jiOMninipajv 
BpejiHOCTH B()jioiipoiiycHocTH B ehe oji 10 lu , ca TeiijieiinHjoM CMaii,cH,a ca  jiy6nHOM na  
BpejjHOCTH Mame o/i 2  lu. Y  JieBOM 6oK y, BpeflHOCTH n peK O  10 lu  ce  jaBJfcajy caM O y  
pacejiHHM 30HaMa h naKeTHMa iien i'iap a . McnHTHBaibHMa B f l l l - a  je  yTBpl)eHa XHjipa- 
yjiHHKa HenocTojaHocT, Kao nocjiejm na "oTBapaita" c|)opMaii;Hje, h  t o  n oji npHTHcmiMa 
pejia Bejni'iHiie 0 ,2 - 0 ,4  M Pa, npBeHCTBeHO y  JianopiiHMa h rJiHHH,HMa. 3 6 o r  H3pa3HTe 
xeTeporeHOCTH n o  BejiiiTHHH 3eBOBa h  0BaKB0r Tinia XH/[payJiH'iKC HenocTojaHOCTH, 
HH,eKTH6HJiHOCT B apnpa y  uiiipoKHM i paiiHiiaMa, on  /io 6 p e  n p a h en e  peryjiapm iM  ocTBa- 
peiteM  3aBpm Hor KpnTepnjyMa, jro H3a3HBaH>a XH/ipayjni'iKHX jioMOBa no/i bhiithm  
HH>eKiiHOHHM npHTHCii;HMa, npaheHHX o6hm hhm  ry6jbeibeM  HibeKiiHOHe M ace H3BaH 
uo/ipyTja npe/iB iil)euor 3a HH>eKTiipaH>e.

MsBe/ieiia je  je/iiiope/iHa HH>eKH,HOHa 3 a B e c a , riy6nnc 2 5 -1 0 3  m, ca ochobhhm  p acroja -  
H>eM 6ymoTHHa o/i 2 ,5  m , h nporymheH>eM Ha 1,6 m  y jicboj 6o'iiioj 3aBecn (cji. 36). 
HaKHa/iHO cy HajBeheM nejiy 3aBece /lo/ja'ra jo m  ,Ti>,a pe/ia  kochx 6yiiioTH!ia. ca  h cth m  ochob- 
hhm pacrojaibeM . KoirrpojiHa ncmiTHBaiba B ^ l l - a  cy noKa3ajia /ia je , ochm  ua nojejpi- 
na'iHHM H'iojioBamiM eT'a>KaMa, ocTBapeHO npe/iBiifjeiio cMan>cii,e B0/i0iip0iiycH0C'ra Ha 2  lu.

ByjiKaHHTii. PeJiaTHBHO Majin 6poj opana ko/i Hac je H'ii paSjeii na ByjiKaHCKHM CTeHaMa, 
hito  je h pa3yMJbHBo o63iipoM Ha KapaKTcpiicTHKe iiaiiiHX ByJiKaHCKiix MaciiBa. ! [aj'ieiuhe ce 
pa/iH o cjia6nje TeKTOHCKH nopeMeheHHM MJia/uiM MacHBHMa, pa3opeHiix epo3HjoM no iiepn- 
cf)cpiuiM no/ipy'ijiiMa. PeHe3a ByjiKaHCKiix CTeHa, nonyT Biuuecj^asHor yTHCKHBaiba h iruiiiBa- 
H>a, MHHepanHH cacraB h iiaKiia/uin npoii,ecH, ycJioBJL,ai’,ajy cneu,HcJ)HHaii o6jihk n i,Tcji,enocrrn 
h cBojcTaBa Koja H3 H>e npoH3HJia3e. npaBHJiHocT npocTopHe pacno/iejie nvKorHiia Jiy'ien,a 
HHje yBeK v o 'U B H B a  y pa3Mepn no/ipv'ija nperpa/iHor MecTa r/ie cy TeKTOHCKH npon;ecH,
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n a j'ie u r f ic , 6 h j ih  i ip c c v j ii in  3 a  c T B a p a ite  y c j io B a  3 a  p a 3 B o j c p o s n j e  h  HacTaHaK peHHHX n o -  

JiHHa. O r y j ia , HHje p ejiaK  c j iv 'ia j  fla  c a  n o B e h a ib e M  j iy 6 m ie  HeM a npaBHJiHocTH y CMaiiHBaiby 
V 'iecT a jio c 'm  h  BejiH 'iH iia 3eBOBa nyKOTHHa. F j ih h o b h t h x  H cnyH a, iip o jiy K a T a  p a c n a j ia n ,a  

ocHOBHe cT eH e, c K o p o  p ejioB H d  HMa y noBpniHHCKHM jjejioBH M a T e p e H a , h  OHe c y  i ia j ' ie n ih e  
nojjj»»K H e f{iH jnpaii,H oiioM  p a3ap an > y .

CarjiacHO CBojcTBHM a HcnvnaJiocTii, B o j ( o n p o n y c n o c T  m o >kc  B a p iip a T H  y  ih h p o k h m  

rp aH H i;aM a, c a  necT H M  n o ja B a M a  n o B e h a iiH X  B p ejp io cT H  Ha BehH M  jiy6H H aM a. T a K B a  

x e T e p o r e H o c T  n o  B o j ( o i ip o i iy c H o c rrH, y  H3BecHOM CMHCJiy, O TO K aBa ycB ajaH > e j iH M ein H ja  
HH>eKE(HOHHX 3 a B e c a  h  3 a x T e B a  b h u ih  h h b o  HCTpa>KeH0CTH. C j jp v r e  c T p a H e , OBe cT eH C K e  

M a ce  c e  M o r y  C M a T p a r a  h h >c k t h 6 h jih h m  3 a  B p ejjn o c T H  B J U l-a  B e h e  o f l 1 lu, h  6e3  
n o ce6 H H X  TeuiK oha c e  m o >k c  j io cT H h n  CM an>eii>e B o j io n p o n v c i io c T H  jjo  T e  B e jiH 'in iie .

J e j j i io  ojj n p c r p a jiiiH X  M ecT a  y OBaKBHM ctbhckhm  M acaM a c e  H aJia3H  y C K Jiony K o t - 

JieHHHKor ByjiKaHCKor K O M njieK ca, Ha p em i Tpy>KH, rjje j e  H 3 r p a t )e i ia  HCTOHMeHa J i y m o -  
-rpaBHTaiiHOHa 6 p a H a . H a c T a H a K  0 B 0 r  K O M njieK ca j e  B e3aH  3a p a 3 j ; o 6 j b e  o f l o j u ir o -M H -  

on;eH a jjo M Jia ljer  H e o r e H a , h  t o  T aK o iu t o  c y  y n p B o j ( |)a3H  H acT ajiH  a iij ie sn T H  h  j ia n ir n i ,  
y j (p y r o j  K B ap n J iaT irrn  h  j ia n ir r ii ,  a y T p e h o j  J ia 6 p a j(o p cK H  aHfle3HTH h  •ipaxHTOiijiii, c a  

y n o p e ju iH M  c})opM H paibeM  H H poK JiacTH Ta, 6 p e n a  h Tyc})HTa. C p ejjH u iib H  f le o  n p e r p a j^ H o r  

M ecT a ' im ie  npiieiiH jio T aM iio  HpBciiH a im esH T H . Y  noBpuiHHCKOM  J iejiy  o h h  c y  H 3jie -  

JbeHH y cHTHe 6 j io k o b c , a  y  jiy6ji>HM jjeJiOBHM a, y  cBe>Koj cTeH CK oj M a cn , ja B J b a jy  c e  
nyKOTHHe J iy ie n > a , B e h n x  3eB O B a, ca  t j ih h o b h t h m  H cn yH aM a, h  TeKTOHCKe nyK O TH H e 6 e 3  

H cn yH a. B o ' i n e ,  B H iu e  j j e j io i ie  TepeHa r p a j je  H enpaB H JiH H je H3j[eji>ene ByjiK aH C K e 6 p c i e  

K o je  HHHe KOMajjH aH jje3H T a h  j^ a ip T a  y K J io n jb eH e  y H e x o M o r e H y  rp y cn 4 )H ii;H p a H y  
i^eMeHTHy M a cy . P e n i a  j jo j in n a  j e  p a3 B H jeH a  n o  u in p o K o j  p a c e j jn o j  3 o h h  y K ojoj j e  

ocHOBHa CTeHa n 0 T n y H 0  M exa iiH 'iK ii o u r r e h e H a  ( c ji. 4).

Cn. 4. BpaHa " Tpy*a": a) HH>KeH>epcKoreojiomKH npeceK TepeHa; 6) HH>KeH>epcKoreojiomKH Moneji 
Fig. 4. Gruža d a m  site: a) engineermg-geological section; b) engineering-geological m o d e l

McnHTHBaiba B /U I-a cy noKa3aJia pacnoH oji hckojihko, jjo npeKo 20 lu, y p acej(H 0 j  

30 HH h  npeKo 30 lu, 6 e 3  CMaii>HBaii,a Bpejinoc'm c a  jjy6mioM. XH jipayjiHM Ka H en0C T0jaH 0C T je  

iripa>Kena caMO y iu m h n M  jie jio iiiiM a  v c jie jj  npH cycT B a c fm jn p a n H o n o  H ecT a6H JiH iix H cnyH a.
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063iipoM Ha KOHCTpyKTHBHH n in  S p a H e , 3a peraeH > e in t,e K u n o H e  3 a B e c e  j e  0 3  Hocefnior 
s n a ' ia ja  6m ia H>eHa yjiora y  cM aH ,en>y y3roHa. EymoTHHe cy paciiopetpeHc y je /n io M  p e j(y , y 
o6jiH K y sa K p n B J b en o i’ y 3 B o ;in o  n a rH y T o r  eK paH a h npoM enjbH B H X  c y  a3HMyTa h iia/(inix 
y r jio B a . PacTojaH>a H3Mef)y 6ymoTHHa cy o/( 1 ,5 m  y pace/inoj 3 0 HH, jjo 2 ,5 -4 ,5  m  y ocTaJioM 
Hcjiv 3 a B e c e . 3 y 6 n n a  3 a B e c e  j e  3H aT iia , h /(o 55 m  y  / ie j iy  K op iiT a  p e K e , a  yK ynH a n o B p iin ii ia  

17790 m . Y  ojjiiocv Ha n pojeK T O B aim  o6hm, 3 a B e c a  j e  y j[ejiy paceji;He 30He jionyn,eHa ca 20 
6ym oT H H a, paciiopehjeniK y  j(o j(aT in i y 3 B o ju iii h hhsbojihii pe/i. H a p en ep H H M  6ymoniHaMa 
i ip o c e ' ia n  y T p o m a K  n cM eiT m e M ace je H3HOCHO 35 kg/m', a K p eT a o  c e  o j i  HeKJiHKO, 3 0  npeKO  

120 k g /m '. O inuan y T p o m a K  je ocT B ap eH  h Ha hii,ckhiiohhm 6ymoTHHaMa h H3Hocko je 33 
kg/m', a  caMO Ha jionyiicKHM je 6110  Bchn, 104 kg/m'. K oH T p ojiH a  HciiirriiBaii.a B J],n -a  cy jiajia 
c p e j i ib v  B p ejin o cT  o j i 0,97 lu, h i t o  n o T B p ^ y je  oii;eHy o  H H ,eK T H 6iu iH 0cn i o b h x  c t c h c k h x  M aca.

K p u c T a jia c T H  lU K p H .b iiii. y  cK J io n y  OBe B p c T e , n o c e 6 H y  ria>Kiby iip iiB J ia 'ie  c j ia 6 n j e  
M eT aM opc|)H caH e cT e H e  j e p  c y  jioBOjbHO B o j io n p o n y c H e  jja j e  11 y  ibHMa n 0 T p e 6 H 0  H3BO- 
H h th  3anTHBHO HibeKTHpaibe, a K a p a K T ep  n c iiy u a J io c T t i ,  B 0 ji0 n p 0 n y c H 0 C T H  h  M ex a n ii'iK a  
cB o jcT B a  oT e>K aB ajy o c T B a p e ib e  n oT p e6H H X  no6ojbm aiba.

TepeHH Koje r p a ^ e  OBe B p cT e c 'r e iic K iix  Maca cy, no n p aB H Jiy , c j i o * e n o r  J iH T oreH eT -  
CK or c a c T a B a  h  cT pyK T ypH O —t c k t o h c k h x  o j j n o c a ,  K a o  i io c j ie / in u a  B H in e  (j)a3a MeTaMop- 
cj>H3Ma h  C T p y K T y p u o r  0 6 jiHK0 BaH>a. M c iiv n a J io c T  K a p a K T e p m iie  H3pa3HTa aHH30Tpomija 
H xeTeporeHOCT, 3Haraa v ' ie c 'r a j io c T  nyKOTHHa iipeTe>KHO B p jio  M a jin x  3eB O B a, K ao 11 
npH cycT B O  n p o j(y K a -ra  p a c iia /ia ii> a  y  ib iiM a . O b o  c y  npeTe>KHO cJia6o Bojionponvcne c tc h -  
CKe Mace, i i a j ' i e n ih e  j(o  3 lu. B eh e B 0 /i0 n p 0 iiy c H 0 C 'in  H M ajy iiJinhn j ic j io b h  h  TeKTOHCKH 

o m T e h e H e  3 0 H e . 3 a  h>hx j e  KapaKTepncTii'iiia h  X H /ipayJiH 'iK a H e n o c T o ja H o c T  y3poKo- 
BaH a O T B ap aib eM  nyKOTHHa, a ca M o  H 3y3eTH O  K Jiacii'iH tiM  x n /ip a y J iii'iK iiM  j io m o b h m 3  
n p ejjH cn o m ip a H H M  JiaTeHTHHM j|H CK oiiTHnyH TeTH M a h  n c im p a ib e M  HcnyHa. H a o b o  cugj- 
c t b o  yTH H e 3H aTH a M e x a n ii'iK a  0C Jia6jbeH 0C T  H 3a3B aH a HHTeH3HBHHM noBpuiH H C K iiM  
p a c n a / ia ib e M , h  j io  h c k o j i h k o  j ie c e T im a  M eT a p a  / iy f in i ie .

MaJie B 0 jj0 n p 0 n y cH 0 C T H  h  B ejiH H im e 3eBOBa nyKOTHHa 6 h tiio  o rp a H H H a B a jy  HibeK- 
t h 6 h j i h o c t .  K jia c n 'iiiH M  M acaM a c e  T eniK O  o c T B a p y jy  p a ju ijv c n  j io i in p a ib a  M a ce  B ehH  oji 
o k o  1 m , na y 3  onacH O C T  r y 6 j b e ib a  M a ce  y c j ie / j  x i i / ip a y j i i i ' iK c  HenocTojaHocTH, ocraje  
HeH3BeCHOCT y  K0HTHHyHpaH0CT 33HH>eKTHpaHOCTH II n p i l  MaJIHM paCTOjaibHMa HlbeK- 
H h o h h x  6 y m o T H H a . 0 6 3 H p o M  11a  cBojcTBa HcnynaJiocTH 11 BOjionporivcnocTn, Kao h  M a jie  

yK y n H e ry 6 H T K e b o /jc , n e n o T p e 6 n o  j e ,  y  BehHHH cjiyiajeB a iih ch cth p aTH na jienivmTenoj 
B 0 fl0 n p 0 n y c H 0 C T H  M aib oj o ji 3 lu.

Je/iHa oji 6paHa irirpat/eiia Ha 0B0j BpcTH cTeHCKHX Maca je 11 6paHa "TiejiHje" Ha 
pei;H PacHHH. TepeH rpajte najieo3ojcKH MHKaiiincTH, H3pa3HTo mKpiui,ap,n. 'ic c to  ch th o  
njiHCHpaHH h H3yBHjaHH. Cajip>Ke HenpaBHJiHe >Kime h co'iiiBa KBapna, MecTHMii'mo 
npejia3e y ciijiiic})HKOBaiie HiKpHJbu;e, na 'iaK h y KBapu,HTe. y  Macn MiiKaniHCTa ce 
jaBJbajy Tan,e KoiiKopjiairnie >khuc h co'iiiBa aMc[)ti6ojiHTCKHX iUKpnjt,aua. Y  cTeHCKoj 
MacH HMa BHme c{)aMHJiHja nyKOTHHa pa3Jiii'iii'rnx upy>KaH>a h ca 3HaTHHM pacnoHHMa 
na^OBa. y  MHKamncTHMa cy nyKOTHHe /(ejiiiMii'mo 3anyibeHe HcnyHaMa 6oraTHM JiHCKy- 
HHMa, a y cnjiHc|)HKOBaHHM nejioBHMa cy, o6hhho, OTBopeHe h 6e3 TpomHHX HcnyHa. 
06HMHa HcnHTHBaiba y iicTpa>KiiHM h penepHHM 6ymoTHHaMa HH>eKU,HOHe 3aBece cy 
noKa3ajia /(a je Bo/jonpoiiycnocT y HajBeheM j(CJiy Maiba o/j 1 lu, a caMO H3y3eTHO Beha 
ofl 10 lu, ca y0HJbHB0M TeHjieHHHjom CMaibHBaiba ca ny6niioM (cji. 5). M3Be;ieHa je 
jenHopenHa HH>eKU,HOHa 3aBeca, pejiaTHBHO jej(HOCTaBHe KOHTrype, Koja npaTH TepeH, 
Hy6HHe 30 m. Ochobho pacTojaibe 6ymoTHHa je 4,0 m, a Ha jjecHOM 6oKy cy H3BejjeHe h 
jtonyHCKe 6ymoTHHe Ha 2 m pacTojaiba. MibeKTiipaibCM HHje y n0TnyH0CTH ocTBapeHO 
CMatt,eH>e BJlM-a Ha jionyiirreiiy Bpe/uiocT 0/1 1 lu, noce6HO Ha npBe jibc c rra>Kc oji no-
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BpniHHe TepeHa, Met)yTHM, yicynHH pa'iyncKH jjofiHjeiiH ry6HH,H Bojje cy MaitH o j i  5 1 /s e c ,  
i h t o  TeuiKO o n p a B ju iB a  h  H SB ejieiiH  o 6 h m  pajiO B a. I lo c e 6 H y  3aHHMJbHBOCT npejicTaBJi.ajy  
p ejiaT H B H o BejiHKH ripoce'iHH yripomnH Mace oj( 142 kg/m' Ha npo6HOM nojby, h  173 kg/m' 
Ha cpejjiteM  flejiy jiy6HHCKe 3aB ece. O h h  cy , H ajB ep oB aT H H je, nocjiejiHHa a H H 3 0 ip o n n j e  

BojioiiponycHocTH h  XHjjpayjiH'iKe H en0C T 0jaH 0C T H , o j ih o c h o  ry6jben>a Mace H 3B an  k o -  

pncH or npocT opa.

Ol. 5. EpaHa "Tie.'injc": a) HH*eH>epcKoreojiomKH npeceK TepeHa; 6) mmeibepcKoreoJiouiKH MogeJi 

Fig. 5. "Ćelije" dam site: a) engineering-geological section; b) engineering- geological model

yMECTO 3AKJbYHAKA

M 3 y 'ia B a ib e  onuiTHX HH>KeH>epcKoreojiouiKHX y c j io B a  o 6 e 3 6 e ^ e H > a  b o j j o j i p > k h b o c t h  

c e  3acH H Ba Ha n o 3 H a B a ib y  C B ojcT aB a H c iiy n a jio c T H , B o j jo iip o iiv c iio c T H  h  Hii>eKTH6)HJi- 
h o c t h ,  K ao  n o c j ie jH in e  o j j p e l j e i i e  r e o J io iH K e  r p a t ) e  iu n p e r  npocTopa h  H>eHHX JioKajiHHX  

0 C0 6 eH 0 CTH. Y  peK anH T yjiau ,H jH  o b h x  p a 3 M a T p a ib a , o 6 3 H p o M  Ha n o j ia s H e  n o c T a B K e  o  t h -  

nHHHOM H c n o jb a B a ib y  6 h t h h x  C B ojcT aB a y nojejiHHHM jiHToreH eTC KH M  B p cT a M a  c t c h c k h x  

M a ca , y T a6 ejiH  2. c y  jiaTH n a j 6 HTHHjH n a p a M e T p n  h i i .c k h h o i ih ^  3 a B e c a  3 a  o j (a 6 p a n e  0 6 - 

jeK T e h  B p cT e  cTeHCKHX M aca .
y i i o p e j ( n a  aH ajiH 3a o b h x  n ojja -raK a , H3M el>y o c T a j io r ,  n o K a 3 y je  j(a  c y  p e j ia r a B H o  

H ajo6H M H H ja H ib eK T H p a ib a  y K pncTaJiacT H M  niK pnJbH H M a K o jn , m i a ' i e ,  n c n o jb a B a jy  
H ajM an>y B o j io i ip o n v c i io c T  h  iia jn p o 6 jieM a T H 'iH H jy  HibeKTH6HJiHOCT, y c j io B J b e H y  n p e o B -  

J ia ljv jv h o M  B ejiH 'im io M  3eB O B a nyKOTHHa h  cn en H f})H 'in oM  xH jtpayjiH 'iK O M  H e n o c T o ja -  

H o m h y . To O T B apa n H T a ib a  H 3 6 o p a  j io n v n iT e n e  B o /jo n p o iiv c ir o c T H  h  ycK Jiab riB an > a e j i e -  

M eH aT a HH>eKTHpaiba c a  CBojcTBHM a HH>eKTH6HJiHOCTH, /(a jv h ir  h m  3 H a 'ie ii> e  H e 3 a o -  

6HJia3Hor H C TpascH BaH K or sa jia T K a  y  pyTHHCKHM ric ip a > K h B a ib h m a , K ao h  Ba>Kiio M ecTO  y 
H H a ce ib ep cK o reo jio m K H M  H 3y'iaB ari,H M a oninTHX K p H T ep iijyM a 3anTHBHor H H > eK T H p aib a .



re o ji .  aH. BajiK. noji. 
Ann. Geol. Penins. Balk.

60 505-523
B eo rp a fl, AeneM 6ap 1996 
B elgrade, D ecem bre 1996

UDC 624.131.4:624.138:627.8 Original scientific paper

ENG INEER IN G -G EO LO G IC AL PROPERTIES RELATIVE TO DAM  
FOUNDATION W A T E R -H O LD IN G  IN DIFFERENT GEOLOGIC

ENVIRONM ENTS

by

S onja  C v e tk o v ić -M rk ić  and  D e jan  Đ u ran o v ić

The engineering-geological properties and the general groutability of different rock masses for the 
water-holding purpose can be deduced from the numerosity of numerosity of analysed permeabilities, fis- 
suring, experimental and completed grouting works for dams in different geologic environments. This ex- 
perience is significant and useful extension of prospectings for specific structures and a good basis for 
;monitoring and maintenance of completed works, particularly in view of the long and costly construction 
of grout curtain as important safety components any dam. This work considers several types of rock 
masses: limestones, flysch deposists, volcanic rocks, and low metamorphic rocks, and summarizes investi- 
gaton results arid grout curtain information for some case examples.

Key worđs: fissuring, water permeability, WPP, groutabilty, fissure filling, heterogeneity, anisotropv, hy- 
draulic inconsistency, filtration consistsency, grout curtain.

INTRODUCTION

One of major problems of the dam and storage lake projects is the possible water 
loss under and beside the dam body and through the sides of the lake. The general engi- 
neering-geological and hydrogeological situation and permeability of rocks are primarily 
controlled by the regional and specific situation in the dam site. As the conditions of dam 
construction and storage lake formation are particularly important in this respect, and be- 
cause must be satisfied often by voluminous grouting vvorks, they should be given utmost 
consideration fromthe preliminary prospecting to the continuous observation of filtration 
upon the completion of the projtct.

Extremely complex conditions for artificial reservoirs are found in karst areas, where 
good study of the general area is inevitable for planning the grouting works. It is a sim- 
pler task where rock masses are fissured, but, still, all aspects of filtration under the dam 
must be investigated and the likely filtration reduced to a limit permissible for the safety 
of the structure and the cost of the water loss. In view of many uncertainties in this field,

University of Belgrade, Faculty of Mining and Geology, Đušina 7, Belgrade.
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the analysis and generalisation of the practises have some vveight in the search of 
parameters and engineering-geological criteria. The study of general provision of w ater- 
-holding capacity is important for any prospective design and maintenance of existing 
structures.

GENERAL STATEMENTS

An assessment of the engineering-geological situation for safe impounding is based 
on the extent and distribution of permeability and groutability of rocks, with both parame- 
ters directly related to the rock mass fissuring and local geology. The permissible water 
permeability and the size of groul curtains also depend on some other parameters, includ- 
ing: general hydrogeology, type and height of dam, cost of stored water, etc.

More than forty high dams have been constructed in Serbia in various terrains of all 
the geologic units (Fig. 1, Tab. 1).

Each dam site is specific from the engineering-geological aspect, primarily in the 
local and regional geology, but there is certain general congruity of these characters in 
lithologically similar or almost similar environments. More specifically, certain engineer- 
ing-geological characters are generally typical for some types of rocks, though each site 
also has local geological characteristics. This has been verified through an analysis of the 
water-holding properties in several different lithologic environments: limestones, flysch 
deposits, eruptive rocks, crystalline schists. This work is mainly concemed with the ge- 
neral properties of water permeability and groutability, illustrated by a case example of 
grouting works for each of the selected environments.

GENERAL ENGINEERING-GEOLOGICAL 
CONDITIONS OF WATER-HOLDING

Limestones. Several dams in this country are constructed on limestones or on dominantly 
limestone rocks (Tab. 1). Some of them are: Lazići-canyon, Vrutci, Kruševica, etc.

Limestones are specific in different modes of occurrence, variability in composition 
and fissuring, and in being affected by karstification in most cases. This, depending on 
the general hydrogeologic situtation and intensity of the process, can offer complicated, or 
even very difficult, conditions for assurance of the water-holding capacity. If  we, for a 
good reason, dwell on the examples of partly karstified areas, often referred to as fracture 
karst. where the process penetrated below the base level of surface erosion, certain regu- 
larity could be noted in the distribution, dimensions and extent of karst forms which are 
of great importance for the general provision of water-holding. Basically, this type of 
moderate karst is dissolution of rocks along the existing discontinuities, more advanced 
where rocks are mechanically heavily damaged. At the same time, entire units, blocks or 
fissured rocks, can remain fissured without signs of karstification.

These rock masses, in majority of cases, are broken into blocks, each bearing at 
least three systems of fissures, one at the surface and two, with minor local deviations, 
perpendicular to one another and to the bedding plane. There are also gravity fractures in 
abutment valley walls and typical fractures in the fault zones. These fractures are com- 
mon ground water paths and consequently more affected by karstification.
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Generally, there are two types of fissure fillings. Mineral, calcite may completely fill 
karst dm-size cavities or cover fissure walls with cryptocrystalline or tloury crusts to 
well developed crystal forms. Often, several phases of fissure fillings are observed, a 
consequence of changes in the general trend of karstification controlled by geotectonic 
processes, climatic modifications, etc. Friable, prevailingly clay fillings, a result of com- 
plete dissolution of rock, characteristic foremostly of subsurface ground, may be consoli- 
dated to different degrees, thouth generally are susceptible to decomposition and as such 
are a factor or hydraulic inconsistency of rocks. In some instances, broad fault zones can 
be completely sealed with well consolidated sedimentary clay fillings, older than the fill- 
ings in other rocks.

Congruous with the fissured rocks and the karstification intensity, the terrain is often 
heterogeneous in permeability, calling fo a high level of investigation in its water loss 
capacity and for adequate steps in limiting it. There are two principal properties of the 
rock mass permeability: a wide range of WPP, from negligible to immeasurably high in 
karst areas, and hydraulic inconsistency from friable, unconsolidated fillings. Additionally, 
the modes of rock occurences are diverse and control the geometry of fissures, frequency, 
wall roughness, openings, and other parameters of significance for the level and character 
of permeability. Conventional WPP, ground water regimen observation, efficiency of, 
grout curtains and observation of their behaviour are much heterogeneous in permeability 
and very difficult to overcome by conventional grouting. More specifically, the groutabil- 
ity of these rocks can be limited by extremely high WPP values, instability of fillings, 
and even by notable anisotropy of fissuring and permeability. Consequently, standard, uni- 
form designs of unified grouting elements are hardly promising in efficiency even where 
the grout curtain dimensions are proportioned to its purpose.

One of terrains characteristic for the problems of sealing the rock mass is the 
Lazići-canyon dam site, in the Bajina Bašta power plant system. It is made up of the 
Senonian Gosau sedimentary facies: stratified to flaglike marly limestones interbedded 
with marlstone, stratified limestones, grey nodular bedded to thick-bedded limestones and 
thick limestones in gradual transitions. These rocks form the southwestem limb of a syn- 
form of Dinaric strike, shaped in a monocline at the dam site, intersected by diagonal and 
transverse faults (Fig. 2).

Marly limestones in the left abutment wall are paited by ss-planes and a number of dia- 
gonal fissures of dominantly mm-openings filled with fiiable material susceptible to washing 
out, karstified only at the surface. The permeability of these rocks to the depth of about seven- 
ty metres exceeds 10 lu, and is less than 3 lu at greater depths. The grouting rates at reference 
boreholes indicate that rocks of WWP up to 5 lu are barely groutable (rate about 35 kg/m) and 
those of less than 3 lu received up to 25 kg/m of grout.

Thick nodular limestones, in the left abutment wall, are quite regularly intersected by 
three systems of fissures up to 10 mm wide, rough-walled, showing signs of karstifica- 
tion above the water table, and filled with loose granular material. Rocks in shallow areas 
are more homogeneous, with permeabilities of 10 lu or higher, and deeper rocks of 3 lu 
or less. This type of limestones has low groutability for WPP to 5 lu, especially where 
fissures walls are very rough.

Thick and transitional to massive limestones in the right abutment wall, like preced- 
ing ones, are quite regularly divided into large blocks intersected by three systems of fis-
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sures perpendicular to each other, one of which on ss pianes (Fig. 2). Above the water 
table. karstification is slightly more intensive and fissures of all systems are deeply filled 
with loose material. Heterogeneity om WPP is notable, which is natural for the fractured 
rocks. Where up to 5 lu. these rocks are almost ungroutable. Grout loss in reference 
boreholes is always less than 20 kg/m.

The grouting works in the given situation were voluminous (Fig. 2). The total length 
of grouting holes, spaced 2 m or 2.5 m apart in three rows, was 28.780 m. The unit rate 
of grouting was moderate to negligent; it was less than 10 kg/m in a number of benches. 
The grouting rates were extremely high, from hundreds to over a thousand kg/m, inkarsti- 
fied rocks, and partly due to the unadjusted grouting regime. Other salient data for the 
grout curtains are given in Tab. 2.

Flysch deposits. These deposits are characterized by complete heterogeneity and ani- 
sotropy in all principal engineering-geological properties. Flysch deposits commonly form 
more or less regular cusession of shale, siltstone, sandstone, marlstone and limestone se- 
quences of the thickness varying from laminae to 1 m. Flysch terrains have been repeatedly 
folded and faulted, thus increasing in the geologic influence on the engineering -geological 
properties.

The fissuring of these rocks and the nature of fissures depend on the bed thickness, 
mechanical properties of lithologic units, developed system of fissures at bedding surfa- 
ces, one sequence may greatlly vary in their frequency and other properties. Fissures 
which conform with folds, faults or fault zones are regular in occurrence and their charac- 
ter is greatly dependent on the local lithology and position. Principally, fissures in brittle, 
less deformed rocks are more open. and in mechanically ductile units are characterized by 
hydraulic inconsistency.

Permeability of flysch deposits is generally low, a few lu, excluding fault zones and 
notable structures; regionally, they are always aquifuges. Besides low permeability, flysch 
deposits are hydraulically inconsistent, because either the filling is washed out in stronger 
units or fissures are open in the unit parts composed of shale and siltstone. The pressure 
of opening may vary from a few to over 0.5 Mpa, depending on local conditions and the 
rock position.

Even these rocks of low permeability must be grouted to reduce water losses and 
provide safety against filtration. The required volume of grouting may widely vary even 
at small distances. Greatest problems in grouting arise vvith the hydraulic opening of nar- 
row fissures which swallow grout beyond the grouted space. Hence the frequent apparent 
contradiction that low permeability zones swallow more grout and vice versa, which only 
supports the statement on the necessary adjustment of grouting to the permeability and 
groutability of the given rocks.

Several dams, including Grošnica, Batlava, and Gazivode forming the largst storage 
reservoir, have been constructed in Serbia on flysch deposits dominantly of Upper Creta- 
ceous age.

The Gazivode dam is constructed on flysch deposits composed of shale, marlstone 
and laminated, thick or rarely massive sandstones prevailing only in the central areas of 
the right abutment wall. Elsewhere in the dam site, shale and marlstones are dominating 
in sets of beds or altemating with sandstones. The terrain is represented by a compressed 
asymmetrical, antiform faulted along the crestline, where the Ibar river ineised its valley
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(Fig. 3a and 3b). Rock masses in the dam site are dissected into blocks by faults and 
fault zones of Dinaric and diagonal trends. The blocks bear a system of fissures on bed- 
ding planes and two systems perpendicular and diagonal to bedding. The frequency. 
lengths and openings of fissures depend on the local lithology, i.e. bed thickness and me- 
chanical properties of rock units. The fissures are more frequent in marlstones and shales, 
but are shorter and almost closed.

Permeabilities of 10 lu or more are prevailing in the dominantly sandstone right side. 
to a depth of about 40 m, with a decreasing trend to less than 2 lu with the increasing 
depth. In the left side, permeabilities over 10 lu prevail only in fault zones and sand- 
stones. The WPP tests revealed hydraulic inconsistency as a result of fissure opening un- 
der the pressures of 0.2-0.4 MPa order, primarily in marlstones and shales. The 
groutability is variable within a wide range, from good. completely satisfactory, to caus- 
ing hydraulic fissuring under high injection pressures and loss of grout beyond the 
grouted space, all due to the heterogeneity in fissure opening and this type of hydraulic 
inconsistency.

An one-row grout curtain was constructed 25-103 m deep with hole spacing of 2.5 
m and additional ones at 1.6 m in the left lateral curtain (Fig. 3b). Most of the curtain 
was additionally strengthened by two more rows of inclined holes equally spaced. Exclud- 
ing discrete isolated levels, the permeability was reduced to the designed 2 lu, as verified 
by the WPP test.

Volcanic rocks. A comparatively small number of dams was construeted on volcanic 
rocks, which is only reasonable in respect of their nature in Serbia. Where constructed, it 
is on slightly defomed young massifs, affected by erosion on the periphery. The genesis 
of volcanic rocks, such as staged intrusion or extrusion. mineral composition. and subse- 
quent proeesses have controlled the specific fissuring and relative properties of rocks. The 
regularity of the joint pattem is not always notable on the dam -site scale, where tectonic 
processes, mainly were responsible for development of erosion and formation of river val- 
leys. Hence the common irregularity indecreasing frequency and opening of fissures with 
the depth. Clay fillings, as products of country rock wathering, are always found on the 
surface wherefrom they have been washed out.

Depending on fissures, pemieability may vary within wide limits, often increasing at 
depth. This heterogeneity in pcrmeabi!ily in a way increases the difficulty of dimension- 
ing grout curtains and requires a high level of investigation. On the other hand, these 
rocks may be considered groutable for WPP higher than 1 lu, or their permeability rela- 
tively simply reduced to this value.

One of impoundments in similar rocks is located in Kotlenik volcanic rock complex, 
in the Gruža river, where a arch-gravity dam was completed. The complex of rocks was 
formed between the Oligo-Miocene and the late Neogene, first andesite and dacite, then 
quartz latite and dacite, and finally Labrador andesite and trachytoids, parallelled with the 
formation of pyroclastics, breccias and tuffites. Central part of the dam site is made up of 
red to dark red andesites, broken at the surface into small blocks, and joint fissures with 
the clay-filled openings, and empty tectonic fractures in depth. Lateral, ’nigher areas of 
the terrain are of less regularly fissured volcanic breccias of andesite and dacite fragments 
in a nonhomogeneous grussified cement. The river valley developed in a wide fault zone 
on mechanically completely damaged groundrock (Fig. 4).
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Permeabilities vary from a fevv to a20 lu or more. exceeding 30 lu in the fault zone, 
which is not decreasing with the depth. Hydraulic inconsistency is notable only in shal- 
low places owing to the presence of fissure fillings unstable to filtration.

The type of the dam required a grout curtain designed to reduce the uplift. Holes were 
drilled in one raw to follow the curvature of the upstream inclined dam face, and had varied 
azimuth and dip angles. Hole spacing was 1.5 m in the fault zone to 2.5-4.5 m in the rest of
the cuitain. The curtain depth was considerabler, to 55 m in the river bed, and its total surface2
area was 17.790 m . Compared with the designed volume, the curtain was strengthened with 
20 more grout holes in the fault zone, arranged in additional upstream and downstream rows. 
Average grouting rate was 35 kg/m in reference boreholes, and ranged from a few to over 
120 kg/m. Similarly high rate of 33 kg/m was recorded for injected grout, and was higher, 
104 kg/m, only in the additional holes. Control WPP tests gave an average value of 0.97 lu, 
which verified the expected groutability of these rocks.

Schists. Particular consideration is given to low metamorphosed rocks, which are 
sufficiently pemeable to need sealing by grouting, and have fissures, permeability and 
mechanical properties which increase the difficulty of accomplishing the improvement.

Terrains of this type of rocks are almost invariably complex in lithology and in tex- 
tural-structural relations, a consequence of progressive metamorphism and structural shap- 
ing. Fissures are characterized by marked anisotropy and heterogeneity, frequency and 
narrow openings filled with weathering products. Schists are mostly low permeable rocks 
to 3 lu. More permeable are shallow rocks and deformation zones, which are characteriz- 
ed by hydraulic inconsistency from fissure oopening, and only rarely by hydraulic fissur- 
ing along the latent discontinuities and removal of fillings. The latter property is enhanced 
by the lessened mechanical strength from intensive weathering even tens of metres deep.

Low permeabilities and fissure openings significantly limit the groutability. Standard 
grouts can hardly penetrate more than one metre deep; this and the threatening loss of 
grout provided by hydraulic inconsistency raise a doubt in the grouting continuity even 
where grout holes are closely spaced. In respect of fissuring and permeability, and small 
total water losses, it is superfluous in most cases to insist on the permissable permeability 
of less than 3 lu.

One of the dams constructed on this type of rock mass is Ćelije dam across the 
Rasina river. The dam site is made up of Paleozoic mica schist, highly schistose, often 
fmely pleated and distrorted, bearing irregular quartz veins and lenses, locally passing into 
silicified schist or even quartzite. The mica schist mass also bears occurrences of concor- 
dant veins and lenses of amphibolite schist. Fissures in mica schist form several systems 
different instrike and widely varying in dips, partly filled with m ica-high material. In sili- 
cified rocks, fissures are usually open, without friable fillings. Voluminous tests in test 
and reference boreholes of the grout curtain indicated the prevailing water permeability of less 
than 1 lu, only exceptionally over 10 lu, and its decreasing trend with the depth (Fig. 5).

An one-row grout curtain is constructed, relatively simple in contour following the 
surface line, 30 m deep. Holes are spaced 4 m apart, with additional ones at 2 m  in the 
right abutment wall. Grouting has not reduced the WWP to the permitted 1 lu, especially 
in the first two benches from the surface. However, the total calculated water loss is less 
tha 5 1/s, which hardly justifies the volume of the completed work. A peculiarity is the 
relatively high average grouting rate of 142 kg/m in the pilot field, and 173 kg/m in the
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middle of the deep curtain. These rates are a likely consequence of permeability anisotro- 
py and hydraulic inconsistency, i.e. of the grout loss beyond the useful space.

INSTEAD OF CONCLUSION

A study of the general engineering-geological situation for provision of water hold- 
ing is based on the knowledge of fissure, water permeability and groutability properties, 
as resultants of the regional geology and its specific local character. In summarizing the 
above considerations, proceding from the initial statement on typical expression of basic 
properties in some lithogenetic rock species, Table 2 gives principal parameters of grout 
curtains for the selected dams and rock species.

A comparative analysis of data indicates, inter alia, that grouting is relatively most 
voluminous in schists which manifest least permeability and most problematic groutabil- 
ity, controlled by the prevailing open fissures and specific hydraulic inconsistency. This 
raises the question of the selection of permissable permeability and adjustment of grouting 
elements to the groutability, giving them the importance Of an unavoidable research task 
in routine investigations, and a prominent place in the engineering-geological studies of 
the general sealing grouting criteria.
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