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XUJAPOJIOIIKE IMPOTI'HO3E BEJIMKUX U MAJINX BOJJIA PEKE PACUHE
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Caikerak: Pexa Pacuna nacraje Ha magunama ['oua u JKespuHa on m3BopHIIHHX KpakoBa Bemmke n Bypmancke
peke. ITocne Toka ox 92,3 km ynuBa ce y 3anagny Mopasy 5 km uuzsoano on Kpymiesua, Ha 134 m HagMopcke
BHCHHE. Y OBOM pady he OWTH aHanuM3MpaHa YeCTHHA [10jaBa BEJMKUX M MAJMX BOJA, KA0 U HUXOB YTHIA] Ha
pexuM Pacune u Bononpuspente npodiaemMe y leHOM CIIHBY.

Kibyune peun: pexa Pacuna, Benmke BoJe, I0IUIaBE, Maje BOJE
YBoa

Pexa Pacuna Hactaje Ha HCTOYHMM M jyroMCTOYHHMM maanHama [oua, XKespuna u
Hpuor Bpxa, omakie W3BHPY HeHe cacTaBHHIE Benmka pexa mwiu Bpamyma (LpHuU Bpx —
1340 m) u Bypmancka pekxa (Byuje O6pmo — 1360 m). CnajameM oBa aBa TOKa KOZ
Porasunne Hactaje peka Pacuna, koja ce, mocie Toka ox 92,3 km ynusa y 3amagny MopaBy
Kao0 IeHa MOCIIe/Iha 3HaUajHHja JeCHA TIPUTOKA.

Benuku 3Havaj y XMIPOJIOIIKMM MNpoydYaBamUMa MMajy BEJIMKE M Maie Boje. 3a
BUXOBY aHalInM3y KopuuiheHe Cy BPEJHOCTH CPEABUX MAaKCHMAIHHX W MHHUMAIHUX
MpOTHIIaja ca BOJOMEPHE CTaHMLIE Ca Hajay>KUM NIEpHOIOM ocMaTpama y bruBosbe 3a nepron
ox 1950 mo 2006. ronuHe, Kao CPeIHE U EKCTPEMHE BPETHOCTH MIPOTHIIAja ca cTaHuia bpyc
u PaBHn, o1 1961, 1j. 1985. 10 2006. roaune.

Pesxum BeJIMKHX M MaJIMX BOjJA Yy ciIuBy Pacune

Maxkcumansae Boze y nepuoay ox 1950 — 2006. roguse Ha pern Pacuan jaBipaie
Cy ce y ampuily, a MHHHMAallHe y aBr'yCcTy W cenTeMOpy. Bemuke Bonme Tokom mponehHux
Mecenu mocienuna cy, y Hajsehoj Mepu oramama cHera y OpACKO — IUIAHMHCKOM JIey
ciuBa. MuHHMMajJHe BOJE KpajeM JieTa W IOYeTKOM jeCeHH IOCIeIHIa Cy CMambeHOT
MHTEH3UTETa [1alaBUHA U BUCOKHX TeMIIepaTypa Ba3/lyXa, Tj. HHTCH3UBHU]ET HcIlapaBama.

Ta6esa 1 - AMmnTyae nporunaja Pacuue ( m®/s )

Ilepuon Cranuna AMILIMTYI2 Cranuna AMILIMTY2 Cranuna AMIIMTY 12

1961 —1985. Bpyc 16,73 BrBobe 59,67

1985—2006. bpyc 15,95 PaBuu 24,30 busosse 48,16
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Ca. 1 - Besquke, cpeame u Maje Boje Pacune y nepuoay 1950 —2006.

VY Tabenmu 1 cy mpukazaHe aMIUIUTYIE CPEABUX TOOMIIBMX MAKCHUMalHUX H
MHUHHUMAIHHUX npotunaja. Y nepuony o 1961 — 1985. ronune amrmuutyzae cy Oune Behe y
buBosby Hero y bpycy, a 0AHOC MakCUMaJIHUX U MUHMMAIIHUX BOJia TOTOBO yjeJJHAa4eH - 1:
32,99 y bpycy u 1: 32,77 y buBosby. Y nepuony o 1985 — 2006. roguHe HajHSTIOBOJHHU)U
OJTHOC MaKCHMAalIHUX ¥ MUHHMAJIHUX MPOTHUIlaja 3a0enexeH je y buBospy — 1: 39,90, 3atum
y Bpycy 1: 29,08 u 'y PaBauma 1: 19,58.

Ta6ena 2 - OgHoc cpeamnbUX MAKCHMAJIHMX 1 MUHMMAJHUX NPoTULAja peke Pacune

I'opuna 1961. 1962. 1963. 1964. 1965. 1966. 1967. 1968. 1969. 1970.

Bpyc 6.58 4.31 4.78 7.75 9.51 5.81 7.59 4.42 7.74 5.8

busosbe 8.45 9.11 8.69 8.49 10.98 11.61 14.89 4.98 13.40 11.63

I'oguna 1971. 1972. 1973. 1974. 1975. 1976. 19717. 1978. 1979. 1980.

bpyc 7.97 11.49 11.71 7.89 79 8.56 8.45 5.53 9.32 443

buBosbe 1241 6.29 591 7.50 13.57 11.47 9.82 12.10 15.90 12.91

I'oguna 1981. 1982. 1983. 1984. 1985. 1986. 1987. 1988. 1989. 1990.

bpyc 6.48 4.45 9.62 5.25 5.91 6.52 7.46 4.03 6.06 3.55

Papuu 8.48 4.80 5.56 6.20 9.07 4.34

busoJbe 5.53 9.87 5.54 3.69 7.38 6.80 15.36 4.85 11.57 8.43

T'opuna 1991. 1992. 1993. 1994. 1995. 1996. 1997. 1998. 1999. 2000.

Bpyc 5.21 4.9 4.8 6.89 4.92 5.74 4.75 4.76 8.02 2.93

PaBun 8.91 7.00 5.57 11.47 8.41 7.67 8.66 7.44 8.67 3.23

busosbe 9.25 6.13 6.60 5.54 6.40 5.09 5.34 3.77 11.52 3.11

TI'oguna 2001. 2002. 2003. 2004. 2005. 2006.

bpyc 9.49 6.77 4.02 6.59 10.06 4.63

PaBHu 7.76 8.03 3.74 5.15 9.80 5.49

busosse 6.54 4.44 3.26 4.73 12.35 6.56

VY tabenu 2 cy npukazaHu ogHOCH n3Mel)y cpenmux MakCHMalTHUX 1 MHHHUMAJTHUX
BPETHOCTH MPOTHIAja 3a0€IeKECHUX Y 1aToj TOMUHU. Taj oMHOC Ha craHulM y bpycy je 6uo
HajuspakeHuju 1973. ronuHe, kaja je 3abenexeH CpeAmd MaKCUMAalHU MpoTulaj ox 9,37
m’/s, a MurnManay ox 0,8 m’/s, y Pasunuma 1994. ronmue, kajga je y 3a0enesxeH cpelmbi
MakKCHMaIHH npotunaj ox 11,76 m’/s, a munnmanuu ox 1,025 m’/s, a y busosmy 1987.
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TOIMHE , KaJia je Cpedhd MaKCHUMAaJIHH NPOTHIj w3HOCcHO 31,64 m3/s, a MuHMMaNHH 2,06
m’/s.

Hajmame pa3znuke 3a0enexxeHe ¢y Ha cBUM BojomepHuM cranunama 2000. roauue,
KOja je y KaTeropu3alyju roJIMHa 1o BOJHOCTH oJipel)eHa kao cyiHa rouHa.

ATICOITyTHO MaKCUMaJlHM TPOTHIAj Ha peny PacuHM y mocMaTpaHoM MHepHOay,
3abenexen je y HoBemOpy 1979. m m3mocmo je 291 m’/s. Hcror nana 3aenesxeH je
MaKCHUMaJTHH MPOTHIIA] U HA Hajy3BOIHH]Oj cTanuim y bpycy. IIpBor aBrycra 1985. peuno
koputo Pacune je ocrano cyBo, 0e3 mpoTHnaja. AKO M3y3MEMO OBaj I0AaTaK, KOPUTOM
Pacune je Hajmame Boae mpotekio 15.7.1968. rommne, 200 1/s. Omgnoc amcomyTHO
MaKCHMaJTHUX W MUHMMaJIHHUX npTunaja Ha Penu Pacunm kpehe ce on 1:397,4 y PaBHuma,
1:991,8 y Bpycy no 1: 1455 y buBospy. AnicoiryTHO MaKCHMAJTHU TIPOTHIIAj Ha peru Pacuau
m3MepeH je y buosby 30.04.1958. romume m m3HOCHO je 342 m’/s, WTO y OAHOCY Ha
HajMmamu nportunaj ox 200 1/s naje ognoc 1: 1710.

Ta6ena 3. AICOTyTHO MAKCHMATHH M MUHHMAJIHH NPoTHHAju Ha Pacunu (m’ / s) y nepoxy 1961 — 2006.

BoaomepHa AnCoJIyTHO Jatym nojase AICOJIyTHO Jatym nojase Onnoc
cTaHUIA MHHHMAJTHA MaKCHMAJTHH
NpoTHIAj NMpOTHLIAJ
bpyc 0,122 30.9.2006. 121 19.11.1979. 1: 991,8
PaBHn 0,420 15.8.1998. 166,9 7.5.2005. 1:397,4
busosme 0,200 15.7.1968. 291 19.11.1979. 1: 1455
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Ca. 2 - YnopeaHu NpuKa3 0JHOCAa MAKCMMAJHUX U MUHUMAJIHUX npoTuuaja Pacune y nepuoay 1961 — 2006.

IIporno3a Bequkux Boaa

Ha ocHOBY mojaTaka o arncoJdyTHO MHHUMATHMM M MAKCHMAaJIHUM MPOTHUIajUMa
Moryhe je ypaauTi mporHose mojaBa OBHX BOJA y pel. Y OBOM paay KopucTHheMO METOox
cepyja, Koju je moromaH 3a onpehuame BepoBaTHohe mojaBe OjpeljeHOr XUAPOIOMIKOT
eneMeHTa (BOJIOCTaj, MPOTHILA]j). 32 U3paay KpUBE YECTUHE, MAKCHMAIHUX Tj. MUHUMATHUX
mpoTunaja kopumhena je [Tupconosa gyukiuja 11 Trma.
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3a mporHo3y npotuiiaja peke Pacine mpeo je n3padyHaT IpoceYaH BHUINETOTUIIEHN
MaKCHMaJIHH NMPOTHLR] (SrQ max ) Ha craHuuM buBosbe 3a nepuox ox 1950 — 2006. roaune,
anja je Bpeamoct 1158 m’/s. 3aTuM je m3pauyHaT MOXYNHH KOG(HIMEHT HA OCHOBY

. gmax .
jennmaumae k= ngqu_mr . Ha ocmoBy MmomymHOr koedpunmjeHTa wH3padyHaBa cCe

koeduupjent Bapujauuje (Cv), KOju MoKa3yje MPOMEHJBUBOCT TOMUILIELEr MPOTHUIAja, Tj.
CTENeH INPOMEHJBUBOCTH OpojeBa y HH3Y OCMaTpaHMX BENUYMHA, HOpeMa oOpaciy

(x=17=
Cv=\/):'1cn7' (T'aBpunoBuh Jb., 1988). 3a pexy PacuHy koeduuujeHT Bapujauuje U3HOCH

0,64, mTo HaMm yKa3yje Ha 3HaTHY ITPOMEHJBHBOCT OIMIIBIX MaKCUMaJIHHUX MpoTHuaja. la
0u ce u3beriie HeraTUBHE BPEIHOCTH, KoeUIjeHT acuMmeTpuje je uspauyHat kao Cs= 2Cyv,
mro naje BpegHoct ox 1,28. OBaj koehuIMjeHT MOKa3yje aCUMETPUYHOCT KPUBE pacIoese
TOAMIIBUX MPOTHIAja IPEeMa IbUXO0BO] CPENIEH0] BPEIHOCTH.

Kopumrhemem oBux napamerapa, a momohy Tabmuue C Y. PuOukuna uspauynare
cy BepoBaTHOhe IMojaBe MHHHMAITHUX BOJOCTaja Ha HAjHU3BOAHHW]O] BOJOMEPHO) CTAHHITU
buBosbe 1 puKa3ane cy MOMONY KpHBE YIECTAJIOCTH BEIMKHUX BOJA HA CIIHIH 3.

Ta6ena 4. BepoBaTHM MakcMMAaJIHU npoTuLaju Pacune

BepoBatnoha (%) Beposatnoha y Q max.
roHHAMA
0,01 10000 607.9
0,1 1000 482.7
1 100 3537
3 333 289.3
5 20 258.1
10 10 215.2
20 5 169.2
25 4 153.6
30 33 140.2
40 2,5 118.8
50 2 100.3
60 1,6 83.9
70 1,42 69.1
75 1,33 60.9
80 1,25 53.5
90 1,11 373
95 1,05 26.9
97 1,03 20.9
99 1,01 13.5
99,9 1 6.1
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Ha ocHOBYy noOMjeHMX pe3yiraTa MOXEMO 3aKJbyYHTH Ja CE CBake TOJHHE MOXKe
OUEKMBATH MAKCHMAJHH TPOTHIA]j ca BepoBatHohom mojaBe 99,9 %, ox 6,1 m’/s, a ca
BeposatHohom o1 99%, mpotuuaj ox 13,5 m’/s. Makcumainuu npoTuiaj ox 342 m’/s, koju
ce y buBosby jaBuo 30.4.1958. roamHe, MOXxe ce OUYEKHBATH jeHOM y 75 roauHa, Tj.
BepoBarHoha ja he ce necutu je 1,33%.

MaxkcumanHu 3abeliexKeHd IpoTuiiaj y nepuoay ox 1961 mo 2006 roauue o 291
m’/s MoXe ce O4eKHBaTH jemHoM y 40 ToauHa.

Honagae y caiuBy Pacune

AHanm3a BENMKHX BOJa M FUXOBA XHAPOJIOIIKA IPOTHO3a 3HA4ajHa je 300r
MoryhHocTH mpenBub)ama morriaBa W cIpoBohema oaroBapajyhmx mepa 3a CMameme
FbXOBOT HITETHOT yTHIAja. Y CcIuBY peke PacuHe mommaBama je HajyrposkKeHHjU CPENbU A0
cnuBa. Y TopmeM ey cinBa PacwHa n meHe Behe mpuToke uMajy Iy0Jbe yceueHO pedHo
KOpHTO, IIa BEIUKE BOAE IUIaBe caMO Manu IpuobamHu neo. Ha nmemy Toka HH3BOTHO OX
Pa3bojue, rae cy MamM MajJioBH peyHOr Koputa U rae ce oceha ycmop mportunaja 360r
akymyiauuje ‘“Renuje”, Benuke BoJe yrpokaBajy HewmTo Behu mpocTop, MnoceOHO
MOJHOPHUBPEIHE TMOBPIIMHE M yceBe Ha muMa. HHU3BOAHO O] akyMmylalMje IMOIUiaBe ce
jaBJbajy pebe, jep akymyaija 3apkaBa BEJIUKY KOJIMYMHY BOJIC, KOJY PEYHO KOPHUTO HE OU
MOTJIO J1a TIPHMH.

Behe moruiaBe y cnuBy Pacune 3abenexene cy y jyny 1975. romune. Tana je,
ycien oOMIHMX MamaBuHa y cnuBy KoOwibcke peke, necHe HpHTOKe PacuHe, uuje ce
W3BOpUINTE Hanma3W Ha Jactpemiy, mpotuuaj yBehaH Hekomuko myTa. To je moBeno no
W3JIMBaka pPEYHE BOJAE, KOja je 3ajellHO ca HOIICHHM MaTepujajioM HalpaBWia IMpaBy
mycrom y cenmuma Cranmm, Koomse u Benmko ['omoBoge. Boga Tana Huje yHHAIITIA cCaMO
3acaljeHe MOJFONIPUBpENHE NOBPIIMHE, Beh je OJHENa W CHUTHY CTOKY, Trpal)eBUHCKHU
MaTepHjai, ceHo, mossonpuBpenan anat (I'aBpumosuh Jb., 1981). OBe unmeHure HajoOIBE
MIOKa3yjy KOJIMKa je OMia cHara u INTEeTHO JejCTBO IOIIaBHOT Tajlaca.

Mame normaBe y cimuBy Pacunae 3abenexene cy y mapry 2006. roguse, Kajga je
Behu meo CpOuje Omo 3axBaheH momuaBaMa M KIM3HWINITHMA. Tajga Cy MOIUIaBe 3axBaTHIIC
YIJIaBHOM 10 JOJIMHE HU3BOAHO oA je3epa henuje, 300r Benuke KOJHUKUHE BOJE Koja je y
KpaTKOM BpeMeHy Mopaia ja Oy/e UCITyIITeHa U3 akyMyJaiuje, 1a Ou ce 3aiTuTuia OpaHa.
Behy mrery nprobassy Pacune Tana cy noHena kinusuiita, Hajeeher uHTeH3uTera Ha Opny
barpana y Kpymesiy u Ha ceockoM rpo0spy y MyapakoBity.

N3pauyHaBameM HHICKCA MTOBOA Ha perw Pacuau mobujamo BpeaHocty ox 7,86
y cpeameM Jieny ciuBa, 10 9,40 y nomeM neny ciuBa. Cpeba BpeIHOCT HHACKCA TIOBOIHba
3a 11e0 CJIMB M3HOCH 8,52, mTO yKa3yje Ha yMEpeHy 110jaBy NOBOAA, Ka0 U Ha BehnHHU peke
y Cpbuju.

Tabena 5 - Unaekc pelaTHBHE BeJIHYHHE I0BOAa peke Pacune

Peka Cranuna F (km?) Q(m¥s) A Asr.
Bpyc 213 121 8.29

Pacuna Pasuu 451 166,9 7.86 8.52
BuBosse 958 291 9.4

A = QAF (TaBpurosuti Jb., 1981)
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Cauka 4. Ilonnape pexke Pacune Hu3BoaHo o1 busosba 25.03.2006. roaune
(¢oro Jb. Iumutpujeuh)

[lpe m3rpagme OpaHe TIOIUIABHHM YTHIA] BEJIHMKUX BOJA LIMPUO C€ Y IOJMHHU
Pacune Ha nopmmny on 4100 ha. M3rpagmom akymynamnuje ,, henuje’ oBe MOBPIIMHE CY y
BEJIMKO] MepH 3aiuTrheHe oJl Jajber miaBibeHa. Hacumu 3a onOpany oJf moruiaBa Ay TOKa
peke Pacune Hanase ce Ha JieBoj obanu of yurha y 3anagHy MopaBy 110 )KeIe3HUYKOT MOCTa
Ha qyxunu ox 3900 m u xon Kpymiesua Ha nyxunu ox 2000 m (Byjosuh P., 1995). O6a
HacHIla 33710BOJbaBajy MOTpeOHe KpUTEpHjyMe 3a 0A0paHy O IOIUIaBa Ha TSPUTOPHjH Ipaja
Kpymema.

[ToBOJBHY OKOJIHOCT Ca aclieKTa 3allTUTe Of IoIUIaBa y ciluBy PacuHe mpencraBiba
IOy0Jbe yCeUeHO KOPHUTO peKe M HheHHX BehHX MPHUTOKA, TAKO Jia Ce BEJHUKE BOJC YIIaBHOM
JIOKAITU3yjy Ha YCKOj aJTyBHjaJTHOj PaBHU.

Hporﬂo3a MaJIuxX BoJaa

Mane Bose ce Hajuemrhe jaBibajy y JIeTHEeM IepuoAy roauHe. Tama ponasu 110
CITyLITarkha HUBOA MOA3EMHUX BOJA, CMambeHha KOJMYMHE BOAE y aKyMyJalfjamMa, CMamberbha
W3JAITHOCTH U3BOPA U BpeJla M BIAKHOCTH 3eMJBHIIITA.

Maste Boje WMajy BENHKM 3HAYa] Y BOJOIPHUBPEIN, jep TMO3HABAKE HHIXOBHUX
KapakTepucTuka omoryhyje aJeKBaTHO IUIaHUpake W yIpaBbamke Yy 00JacTH
BOJOCHA0eBaka CTAaHOBHUIITBA M MHAYCTpHUje, HABOAMaBamba, 3aITHTE BOJA, IOCEOHO Y
PELIeCOHOM MEPUOAY FOANHE

[IpopauyH nojaBe Manux BoJa M3BPIIEH j€ HA HCTH HAUYWH M 332 UCTH TIEPHOJ Kao U
3a BeIMKE BOJC. BHINErOMIIBM NPOCEUHH MHUHHMANHK TpoTHIaj] m3Hoch 1,15 m/s.
Koedumujent Bapujannje je 0,49, mTo HaMm ykasyje Ha 3HaTHY NPOMEHJBMBOCT TOJIUIIEBUX
MUHUMaTHUX npoTunaja. Ja Om ce wusberie HeraTuBHE BPETHOCTH, KOS(QUIIM]CHT
acumerpuje je uzpauynat kao Cs= 2Cv, mro aaje BpexHoct of 0,98.
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Ha ocHoBy moOmjeHHMX pe3ysiTaTa, MOXEMO 3aKJbYYUTH Ia Ce CBaKe TOAWHE
MOe OUeKHBATH MHHMMAJTHH MPOTHIA] ca BepoBaTHOhoM mojae 99,9 %, ox 0,141 m’/s, a
ca BepoBatHOhoM o 99%, mpotunaj ox 0,254 m>/s. MakcuManHn MUHIMATHI MPOTHUIIA] O]
2,6 m’/s 3abeeKeH y OBOM MEPHOTY MOXKEMO OYEKHBATH jeAHOM y 50 romHa.

[ojaBa MamuMx BOJAa uYMja je BPEAHOCT Mama O jeAHOr M’ je decTa, ca
BepoBaTHohoM nojase o1 60 — 99,9%, mro Moxe Ja AoBele 10 3HAUYajHUX BOJOIPUBPEAHUX
npobsiema. OBo ce moceOHO OJHOCH Ha JIETH:¢ Mecelle, KaJia Cy najgaBuHe pehe, noTuname
BOJC W3 MOJ3EMHUX HM3BOpa Majo, a MoTpebe 3a BOJOM CTAHOBHHMINTBA M HHIYCTpPHje
BEJTHKE.

Tabesa 6. BepoBaTHM MUHMMAJIHU poTULaju Pacune

BepoBaTHoha BepoBaTHoha y Q min.
(%) roguHamMa
0,01 10000 4,508
0,1 1000 3,701
1 100 2,852
3 333 2,418
5 20 2,209
10 10 1.906
20 5 1.578
25 4 1.461
30 3,3 1.364
40 2,5 1.201
50 2 1.06
60 1,6 0.93
70 1,42 0.8
75 1,33 0.738
80 1,25 0.67
90 1,11 0.513
95 1,05 0.406
97 1,03 0.35
99 1,01 0.254
99,9 1 0.141
3akibydak

AHanm3a BENMKHX M MajJHX BOJla yKa3yje Ha TO Ja CaJalllibi HUBO pEryJaiuje
TOKOBa y ciuBy Pacune Huje Ha 3a0BoJbaBajyhem HuBoy. Jleo Toka Hu3BoaHO of Pa3bojue,
r7ie Cy MamH IaJJOBH PEYHOT KOpHUTa U Tne ce oceha ycmop mpotuiaja 300 akymysanuje
“henuje”, BenuMke BOJE YrpoXkapajy HemTo BehH MPOCTOp, MOCEOHO MOJHOPHUBPEIHE
NOBpIIMHE U yceBe Ha mUMa. HajoOumHHMje pamoBe Ou Tpebaio Ipemy3eTH Ha peryianuju
TOKOBa Behux IIpUTOKa paCI/IHe, OTKJIakbamlby OTHaAda U3 IbUXOBUX KOPpUTA U NMOUIYMJbaBamby
CITUBA.

Masie BOJe NpPENCTaBJbajy jelaH OJi Haj3HAYAJHUjUX eJIEMEHAaTa BOJOIPHUBPEIE.
HbuxoBo nerasbHO NpoydaBame U IMO3HABaWkE O/l BEJIMKOT j€ 3Hayaja 3a 3a YIPaBJbambe
BOJOIIPUBPEAHIM CHUCTEMHUMa HAMCHCHHM IIpe CBera BOAOCHAOICBAlbY CTAHOBHHUILTBA
(akymynanuja ,, henuje®), HaBoAmaBamy 00paJIuBUX MOBpIIMHA Y KpylIeBaukoj KOTJIMHA 1
OYyBamy MPHUPOIHE CPEANHE, IIPE CBEra y BOA03aXBaTHOM ey aKyMyJlalluje.
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HYDROLOGICAL PROGNOSIS FOR HIGH AND LOW WATERS
OF THE RIVER OF RASINA

LJILJANA DIMITRIJEVIC ! , ALEKSANDAR RADIVOJEVIC, IVAN FILIPOVIC

Faculty of Science and Mathematics, Department of Geography, Nis,Visegradska 33

Abstract: The river of Rasina arises on the slopes of the mountains of Go& and Zeljin, from spring arms of the
Velika and Burmanska river. After the flow of 92.3 km, it flows into the river of Zapadna Morava 5 km
downstream Krusevac, 134 meters above sea level. This work analyzes the frequency of occurrences of high and
low waters, as well as their influence on the regime of Rasina and water management problems in its basin

Key words: the river of Rasina, high waters, flood, low waters
Introduction

The river of Rasina arises on the East and South-East slopes of the mountains of
Go¢, Zeljin and Crni Vrh, where its tributaries Velika river or Vranjusa (Crni Vrh — 1340 m)
and Burmanska river (Vuc¢je brdo — 1360 m) spring up. The river of Rasina develops when
these two courses conjoin at Rogavc¢ina. After its course of 92.3 km, Rasina flows into the
river of Zapadna Morava as its last significant right confluent.

High and low waters are of a great importance in hydrological research. To analyze
them, we used values of average maximum and minimum flows from water meter station
with the longest period of observation in Bivolje for the period from 1950 to 2006, as well
as average and extreme values of flow from the stations of Brus and Ravni since 1961, that
is, 1985 up to 2006.

Regime of high and low waters in the basin of Rasina

Maximum waters in the period from 1950 — 2006 on the river of Rasina, occurred
in April, whereas minimal waters occurred in August and September. High waters during
spring months are mostly the consequence of snow melting in highland part of the basin.
Minimum waters by the end of summer and at the beginning of autumn are the consequence
of decreased precipitation intensity and high air temperatures, that is, more intensive
vaporization.

Table 1. Amplitudes of discharge of Rasina river( m*/s )

Period Station Amplitude Station Amplitude Station Amplitude
1961 —1985 Brus 16.73 Bivolje 59.67
1985- 2006 Brus 15.95 Ravni 24.30 Bivolje 48.16

1
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Figure 1. High, medium and low waters of Rasina in the period from 1950 — 2006

Table 1 shows the amplitudes of average annual maximum and minimum
discharge. In the period from 1961 — 1985 the amplitudes were higher in Bivolje than in
Brus, while the ratio of maximum and minimum waters was almost even - 1: 32.99 in Brus
and 1: 32.77 in Bivolje. The most unfavorable ratio of maximum and minimum discharge in
the period from 1985 — 2006, was recorded in Bivolje — 1: 39.90, then in Brus - 1: 29.08,
and in Ravni - 1: 19.58.

Table 2 shows proportions between average maximum and minimum discharge
values recorded in the given year. That proportion was the most pronounced in 1973 in Brus
station, when average maximum discharge of 9.37 m’/s was recorded, whereas minimum
discharge of 0.8 m*/s; in Ravni in 1994, when average maximum discharge of 11.76 m’/s,
and minimum discharge of 1.025 m’/s were recorded; and in 1987 in Bivolje, when average
m3aximum discharge amounted to 31.64 m®/s, whereas minimum discharge amounted to 2.06
m’/s.

Table 2. The ratio of average maximum and minimum discharge of the river of Rasina

Year 1961 1962 1963 1964 1965 1966 1967 1968 1969 1970

Brus 6.58 431 4.78 7.75 9.51 5.81 7.59 4.42 7.74 5.8

Bivolje 8.45 9.11 8.69 8.49 10.98 11.61 14.89 4.98 13.40 11.63

Year 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980

Brus 7.97 11.49 11.71 7.89 7.9 8.56 8.45 5.53 9.32 4.43

Bivolje 12.41 6.29 5.91 7.50 13.57 11.47 9.82 12.10 15.90 12.91

Year 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

Brus 6.48 4.45 9.62 5.25 591 6.52 7.46 4.03 6.06 3.55

Ravni 8.48 4.80 5.56 6.20 9.07 4.34

Bivolje 5.53 9.87 5.54 3.69 7.38 6.80 15.36 4.85 11.57 8.43

Year 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000

Brus 5.21 4.9 4.8 6.89 4.92 5.74 4.75 4.76 8.02 2.93

Ravni 8.91 7.00 5.57 1147 8.41 7.67 8.66 7.44 8.67 3.23

Bivolje 9.25 6.13 6.60 5.54 6.40 5.09 5.34 3.77 11.52 3.11

Year 2001 2002 2003 2004 2005 2006

Brus 9.49 6.77 4.02 6.59 10.06 4.63

Ravni 7.76 8.03 3.74 5.15 9.80 5.49

Bivolje 6.54 4.44 3.26 4.73 12.35 6.56




The smallest differences were recorded in all water meter stations in 2000. This
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year is specified as drought year in year categorization by water quantity.

Table 3. Absolute minimum and maximum discharge on Rasina (m/s) in the period 1961 — 2006

Water meter Absolute Date of Absolute Date of Ratio
station minimum flow occurrence maximum flow occurrence
Brus 0.122 30/9/2006 121 19/11/1979 1:991.8
Ravni 0.420 15/8/1998 166.9 7/5/2005 1:397.4
Bivolje 0.200 15/7/1968 291 19/11/1979 1: 1455

Absolute maximum discharge on the river of Rasina in the observed period was
recorded in November of 1979, and it amounted to 291 m®/s. Maximum discharge was
recorded in the most upstream station in Brus on the same day. On the first of August in
1985, the river-bed of Rasina was dry, without any discharge. If we leave this data out, the
least water in the river-bed of Rasina flew on 15/7/1968, in the amount of 200 1/s. The ratio
of absolute maximum and minimum discharge on the river of Rasina goes from 1:397.4 in
Ravni, 1:991.8 in Brus, up to 1: 1455 in Bivolje. Absolute maximum discharge on Rasina
was recorded in Bivolje on 30/04/1958, and it amounted to 342 m?/s, which, when compared
to the lowest discharge of 200 1/s presents a ratio of 1: 1710.

18 -
va:NQ
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Figure 2. Comparative overview of the ratio of maximum and minimum Rasina discharges
in the period from 1961 — 2006.

Prognosis of high waters

On the basis of the data on absolute minimum and maximum discharge, it is
possible to make a prognosis of occurrence of these waters in the river. In this work we are
going to use a method of series, which is suitable for determination of probability of
occurrence of a certain hydrological element (water level, flow). We used Pearson type III
distribution to produce frequency curve of maximum, that is, minimum discharge.

To prognosticate the flow of Rasina, we first calculated average perennial
maximum discharge (SrQ max ) on Bivolje station for the period from 1950 — 2006, the
value of which amounted to 115.8 m’/s. Then we calculated modular quotient on the basis of
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. max Lo . . C e
equation kzzb_fq—m“ . We calculated variation quotient (Cv), which shows variability of
annual discharge, that is, the degree of variability of numbers in the series of values

Eim=1)8
observed, on the basis of modular quotient, according to the model Cv=N=—"——

(Gavrilovi¢ Lj., 1988). Variation quotient for the river of Rasina is 0.64, which shows
considerable variability in annual maximum flows. To avoid negative values, asymmetry
quotient is calculated as Cs= 2Cv, which amounts to 1.28. This quotient shows the
asymmetry of the curve of annual discharge distribution according to their average value.

By using these parameters, with the help of S. I. Ribikin tables, we calculated
probabilities of the occurrence of minimum water levels on the most downstream water
meter station Bivolje. These are shown by high waters frequency curve on Picture 3.

Table 4. Probable maximum discharges in Rasina river

Probability (%) Probability in years Q max.
0.01 10000 607.9
0.1 1000 482.7
1 100 353.7
3 333 289.3
5 20 258.1
10 10 215.2
20 5 169.2
25 4 153.6
30 33 140.2
40 2.5 118.8
50 2 100.3
60 1.6 83.9
70 1.42 69.1
75 1.33 60.9
80 1.25 53.5
90 1.11 37.3
95 1.05 26.9
97 1.03 20.9
99 1.01 13.5
99.9 1 6.1

On the basis of results obtained we can come to a conclusion that minimum
discharge of 0.141 m’/s with 99.9 %, probability of occurrence can be expected each year,
whereas the discharge of 13.5 m’/s can be expected with 99% probability. Maximum
discharge of 342 m’/s recorded in Bivolje on 30/4/1958 can be expected once in 75 years,
that is, the probability of its happening is 1.33%.

Maximum recorded discharge of 291 m?/s in the period from 1961 to 2006 can be
expected once in 40 years.
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Floods in Rasina basin

Analysis of high waters and their hydrological prognosis is significant because of
the possibility of flood prediction, as well as the implementation of appropriate measures to
reduce their harmful influence. In the basin of Rasina, floods endanger the middle part of the
basin the most. In the upper part of the basin, Rasina and its bigger confluents have deeper
river-bed, so that high waters flood only a small bank area. On the part of the course
downstream Razbojna, where river-bed is shallower, and where course is slower because of
“Celije” accumulation, high waters endanger somewhat bigger space, especially agricultural
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areas and crops on them. Downstream accumulation floods occur less frequently, because
accumulation retains big quantity of water, which river-bed could not hold.

Greater floods in Rasina basin were recorded in June 1975. The flow was then
amplified by several times, due to ample precipitation in the basin of Kobiljska river, right
confluent of Rasina, the spring of which is situated on the mountain of Jastrebac. It resulted
in outflow of river water, which, together with all the things it carried, devastated the
villages of Stanci, Kobilje and Veliko Golovode. The water not only ruined crops, but it also
carried away small animals, hay and agricultural tools (Gavrilovi¢ Lj., 1981). These facts
best show the power and harmful effects of the flood wave.

Minor floods in Rasina basin were recorded in March 2006, when larger part of
Serbia was affected by floods and landslides. Floods mostly affected the part of the valley
downstream Celije, because of the big amount of water which had to be released from
accumulation in a short time, so as to protect the dam. Landslides did significant damage to
the banks of Rasina, mostly on Bagdala hill in KruSevac, and village cemetery in
Mudrakovac.

When we calculate flood index on the river of Rasina, we get the values of 7.86 in
the medium part of the basin, up to 9.40 in the lower part of the basin. Mean of flood index
for the whole basin amounts to 8.52, which indicates moderate occurrence of floods, as for
the most Serbian rivers.

Table 5. High water relative values index for Rasina river

River Station F (km?) Q (mds) A Asr.
Brus 213 121 8.29

Rasina Ravni 451 166.9 7.86 8.52
Bivolje 958 291 9.4

A = Q/VF (Gavrilovié Lj., 1981)

Before the dam was built, flood influence of high waters spread to the valley of
Rasina, on the surface of 4100 ha. When “Celije” accumulation was built, these surfaces
were mostly protected from further flooding. Embankments for protection from floods along
the course of Rasina can be found on the left bank from the delta into Zapadna Morava up to
Railway bridge, 3900 meters long, and near Krusevac, 2000 meters long (Vujovi¢ R.,
1995). Both embankments satisfy the necessary criteria for protection from floods on the
territory of the town of KruSevac.

Figure 4 — Floods of the river of Rasina downstream Bivolje on 25/03/2006
(photo: Lj. Dimitrijevic)

Deep river-bed of Rasina and its bigger confluents represents a favorable
circumstance from the aspect of flood protection in Rasina basin, so that high waters are
mostly localized on a narrow alluvial plane.

Low waters prognosis

Low waters most often occur in summer period of the year, because then the level
of underground waters drops, there is less water in accumulation, profusion of springs and
wells is scarce, as well as soil humidity.

Low waters are of a big significance for water management, because the
knowledge of their characteristics enables adequate planning and management in the area of
water supply of population and industry, irrigation, and water protection, especially in
recessional period of the year.
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Calculation of the occurrence of low waters was done in the same way, as well as
for the same period as for high waters. Perennial average minimum flow amounts to 1.15
m’/s. Variation quotient is 0.49, which shows considerable variability in annual minimum
flows. To avoid negative values, we calculated asymmetry quotient as Cs= 2Cv, which
amounts to 0.98.

Table 6 — Probable minimum discharges in Rasina river

Probability Probability in years Q min.
(%)
0.01 10000 4.508
0.1 1000 3.701
1 100 2.852
3 333 2418
5 20 2.209
10 10 1.906
20 5 1.578
25 4 1.461
30 33 1.364
40 2.5 1.201
50 2 1.06
60 1.6 0.93
70 1.42 0.8
75 1.33 0.738
80 1.25 0.67
90 1.11 0.513
95 1.05 0.406
97 1.03 0.35
99 1.01 0.254
99.9 1 0.141

On the basis of the results obtained, we can come to a conclusion that minimum
discharge with 99.9 %, of 0.141 m?/s probability of occurrence can be expected each year,
whereas the discharge of 0.254 m’/s can be expected with 99% probability. Maximum
minimum discharge of 2.6 m*/s recorded in this period can be expected once in 50 years.

Occurrence of low waters, value of which is lower than one m’ is often, the
probability of occurrence is 60 — 99.9%, which can lead to significant problems in water
management. This goes particularly for summer months, when precipitation is scarce, water
flow from underground springs insufficient, and the population’s and industrial need for
water significant.

Conclusion

Analysis of high and low waters shows that the present level of course regulation in
Rasina basin is not on a satisfactory level. A part of the course downstream Razbojna where
river-bed is shallower, and where course is slower because of “Celije” accumulation, high
waters endanger somewhat bigger space, especially agricultural areas and crops on them.
The most extensive works should be done on the regulation of courses of bigger Rasina’s
confluents, removing waste out of their river-beds, and forestation of the basin.

Low waters represent one of the most significant elements of water management.
Detailed research and knowledge of low waters is of a high importance for operating water
management systems principally designated for water supply of population (“Celije”
accumulation), irrigation of cultivated areas in KruSevac basin and preservation of natural
environment, principally in the part of accumulation where the water is used.
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