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Caxerak: Ha ocHOBY mojiaTaka 0 eKCTPEMHHM BOJOCTajUMa ypaljeHa je MeToJoM cepHja mporso3a obe3dehema
BOJIC y PELH, OJHOCHO M3padyHATH Cy BEpOBATHH MakcHMaiHH Bojoctaju berume xox Illenrossa. Obpalhene cy
BeJlKe Bozie 3a BepoBaTtHohy mojaBa 0,01% mo 99,9%. OBe BepoBaTHOhe yka3syjy Ha IOjaBy BENHKHX BOJA
onpehennx BpenHoctu jearom y 10 000, 1 000, 100, 33, 20 uta. roxuna. [I[puMEHOM XHAPOJIOMIKKX ITPOTHO3a MOTY
ce carnenatu MoryhHocTr uckopumhaBama BOJHUX pecypca y Hajpa3IHuuTHje CBpXE, KAao U 3allITHTa MPOCTOpa U
JbYZU O[] IUIaBJbeHa. Y pafy je mat u nperien Hajsehux nomnasa y ciuBy HeTube y MOCIemUX CTO TOINHA.

KibyuHe peun: BoJoCTaj, XHAPOJIOLIKE IPOrHO3E, NOMIaBe, Heruma
YBoa

CnuB DBerume Hanma3u ce y 3amagHoMm aerny CpOuje, m3mehy 44°08' u 43°42' N n
19°27" u 20°06' E. Tospumna cimBa je 1187,03 km”. I'maBHe mputoke aomase ca JieBe
CTpaHe M Tako je 00pa30oBaH acHMETpPHUYaH CIUB — JieBa cTpaHa 3axBara 71,4% merose
1enokynHe nospimmae. [yxuna ciuBa bBerumwe je 49,6 km, a cpenma mupuna 23,9 km
(Munujamesuh [I., 2008). Pexa Detuma HacTaje y ceBepHOM jaeny KpeMaHCke KOTIHMHE
cnajameM bparuimbe peke, Komcke peke, Vkuukor u Tomwmha motoka Ha 712 m
HazMopcke BucHHE. OBe cacTaBHUIC M3BHPY Ha HMCTOYHMM M jYTOMCTOYHUM NaJHaMa
rranuHe Tape. Y HajHmxkeM ey [Toxemnke koTiauHe mpuma npuToKy CKparex, a HEemTo
Hu3BOAHMje ca ["onmjckomM Mopasunom rpanu 3amaany MopaBy, 3HadajHy BOJCHY apTepHjy
Cp6wuje. Jyxwuna peke usHocu 75,25 km.

On ¢usmuko — reorpadckux OJUIMKA CIMBa Koje cy OWTaH (akTop OTHIAja,
obOpahlera cy reoMopQoomKa, TEOJIOIMIKa, KIMMATONOIIKA W BEreTalHjcka CBOjCTBA.
Tunryaa KapakTepucTHKa pejbeda oBor moapydja cy IuraHuHe. Lleo yxwukm kpaj je
MPETEeXHO BHCOPABaH MCIIPECEIaHa KIHCYpacTUM M KarbOHCKUM AOJIMHaMa. Y CIUBY HHCY
3aCTyIUbEHE MOBPIIMHE Ca HAIMOPCKOM BHCHMHOM 10 200 m, na HeMa HU HU3Mja Y MPaBOM
cMmucity peud. AHanuza ocHoBHe reosonike kapre 1:100 000 ykasyje na ciuB Hertume y
Te0JIOIIKOM IIOIVISNy CaulibaBajy CTEHE pasiM4YMTe CTapOCTH, Ol Majeo30jcke epe, Ia o
Hajmiahe reomomke emoxe. TepeH je wusrpalleH ox MarMaTckux, METaMOpPQHUX H
cenmMMEHTHUX cTeHa. CrneuuduyaH MOPQONOMIKK CKION OBOT IPOCTOpa MOCIEAWNa je
crparurpadckor pasBoja, CTPYKType W HMHTEH3MBHOI [IejCTBa €r30T€HHX areHaca.
CeBeponcTOUHO 011 Y)KHUIIa, Ka0 M HA TEPEHY Ha KOME JISKH CaMo Y KHIE paclpoCTpambeHe
Cy TBOpPEBHHE NepMo — KapOoHa. O 30He Kpedmaka OIBOjeHU Cy JIMHUjOM Koja HJe jy)KHO
ox CeBojHa, npexo Kpuarosa u Yxuna no ymha Bonyjua y Berumy. OBa nunuja nasse ujie
neBoM obanoM Bomyjiia 10 meroBor u3BOpHUINHOT fena. TBopeBuHE Mialer nanseo3onka y

«
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OKOJIMHM Y KWIa JIe)Ke YIIaBHOM Ha JieBUM obamama Berume u Bomyjma. Ha mopmm
I[lomnkBe n Cramapm HajBehe pacmpocTpamelme HMajy Kpedmalll CPEeler U TOpHEr
Tpujaca. JaBipajy ce y BHIYy IIOKpHMBadya HejegHake JIcOJpMHE, a Ha jyrOMCTOYHUM
eckaprMannMa Cramapa nebssune cy on 50 — 260 m. Ckopo umraB macuB 3matmbopa
u3rpal)eH je o] ceprieHTUHUTA, Kao U jyxHa naauHa Tape.

3a BpeMe Tepuyjapa, y JempecHjaMa HAcTaiuM TEKTOHCKHMM IIOKpeTHMa Ha
3natnbopy, kon Maukarta, Ha Bpanemkom moiby, y okonmuHu KpemHe, cTBOpeHH cy
M30JI0BaHN OaceHW y KOjUMa Cy TaJO0)KEHH CIIATKOBOJHH, j€3€pCKU CEIUMEHTH, IECKOBH,
TJIMHE, ca TojaBaMa CHJIMIMJCKO — JIATOPOBHUTHX CTEHA KOj€ Cy TalloKeHe Yy Iy0inoj,
MupHHjo] cpeauun (Munosanosuh /1., 2006). [To nHy peyHnx nonuHa Hanase ce Hajmiabe
TBOPEBHHE: alyBUjaJJHU HAHOCH IIE€CKa, IJbYHKA M IiIMHE. MeTaMop(dUTH ce y OJHOCY Ha
OTHIIa] MOHANIAjy Ka0 KOMIIAKTHE CTEHE IITO YTHYEC M HAa FYCTUHY peyHe Mpexe. Kpeumaun
JOBOJIe /0 cTaOWIHWjer MpOTHIAja, HOK CEPHCHTHHHUTH W AWjabda3dl y CIHBY W3a3WBajy
10jaBy epo3Hje, AeHyaammje U OyjuIHIX TOKOBA.

Bereramuonn mokpuBad mpeicTaBiba mocpenyjyhu gaxtop m3Mely atMocdepcrux
BOJIa U YKyNHOI oTuuama. O Bereranuje M 3eMJBUINTA 3aBHCH KOJHKO he ce yTpomuTu
aTMoc(epcke BOJIE Ha CJIOXKEHE IMpOoIece XHIPOJOUIKOT IHKIyca U TO: MHQUITpALHjy,
NOHHpame, aKyMyJanujy, CTBapambe IOA3EMHHX BOJa, HCIIapaBame, TPAaHCIHPaLjy,
ylujambe BOJE MPEKO KOPEHOBOI CHUCTEMa, IOBPHIMHCKO, MOJIOBPHIMHCKO M IOJ3E€MHO
OoTHIahe. DWbHM eJeMEHTH U T1I0JIOKaj CIMBa yKasyjy Ja oBa o0iacT cmaga y
cpemmeeBporick OusbHE apean. O OWJBHOT MOKpHBAaua 3HAYAjHE TOBPIIUHE CIIMBA PEKE
‘Derume 3ay3umajy myme u nammand. Y W3BOPHIIHOM JIENy PeKe JOMHHUPA]y Mallbali 1
IIyMe MEUIOBUTOT TuNa Juihapa 1 YeTHHapa.

[Mpouenar myma y cinuBy no npoduna Cramapu msHocu 42,6 %, a 1o mpodmuia
[Henrosm 48 %. ITomyMsBEHOCT je penaTHBHO HUCKA y TOPHEM CIHMBY DeTnibe. 3amaxa ce
MHTEpECaHTHA YUEGCHHUIIA Ja je MPOLCHAT IIyMe Y TOPHHM JICIOBUMa CIHBOBa DeTnme n
Ckpanexxa MambH y OJHOCY Ha JOKE AeNoBe NpeMma ymihy jeqHe Wi Apyre peke, a To je,
MIOpEJT OCTAJIOT, TTOCIIEANIIA YTHIIaja TeoomKuX nourora repena (Hukomuh J., 2004).

Cnue ‘DBerume mpumnana 30HH yMEpEeHO — KOHTHHEHTANHE KIHME M CyOaJIICKOj
BapyjaHTH. [lajaBuHe M IUTYBHOMETPHjCKH PEKHM Cy Y3 T'€OJOLIKH CAacTaB M BereTauujy
Haj3HaYajHUjU (PakTopu Koju oapelyjy pexum pexe. Cpearba roauiimba BUCHHA MaJlaBHHA
MEepeHa Ha KHUIIIOMEPHUM cTaHulama y ciauBy kpehe ce ox 739 mm go 1051 mm. ¥V Toky
TOAMHE Da3IMKyjy ce JBa MakCMMyMa M JIBa MHHMMyMa IaJaBHHa. [JIaBHM MaKCUMyM
jaBJba ce y jyHY, Kao MOCIeauIa YeCTUX OapHuKuX JempecHja Koje ce y To 100a jaBibajy y
oBMM KpajeBuma. O jyHa BHCHHA BOJICHOTI Tajora MOCTEIICHO OMaja CBe A0 OKTOOpa, Kajaa
JIOCTHXKE CEKYHIApHH MHHUMYM, a8 Y HOBEMOpY M CBOj CEKYHIApHH MaKCHUMYM, KOjH HacTaje
II0J] yTHIajeM HajBehnx majaBHHA KOje Ce C JECCHH jaBJbajy Iy>K MCTO4HE obaie JampaHa.
On nememOpa mo (ebpyapa BHUCHHA TaJaBUHA OIMana, Kaga AOCTHXKY M CBOj TJIABHU
MUHUMYM, J1a Ou moToM 10 jyHa OmBaire cBe Behe. [Ipema oBakBOM pacmopery IajaBHHA
ciuB ‘berume npunaga KOHTHHEHTATHOM ILTYBHOMETPHjCKOM pexuMmy. [LiryBromerpujcke
crarntie 10 500 m H.B. mpumajy ox 739 - 820 mm mamaBuHa. Cpeama TOAMIIHA BHCHHA
najiaBMHa 3a 11e0 CIIMB DeTHme n3padyHara METOJOM H30XHjera u3HocH 865,6 mm, a
METOZIOM apuTMeTHuKe cpeauHe 844 mm, mTo 3Ha4M Ja je pasnuka 21,6 mm
(Munujamesuh /1., 2008).

Xuaposomika ocMaTpama Ha penr Detumu 3amnodena cy 1922. roguHe OCHUBAaHEM
BojioMepHe craHuie [opodusbe. Cranuiia je um3mernreHa 1976. roauHe Ha JIOKAIHjy
[llenrosms u ynabena je 8,2 km oz ymrha. Cranura Cranapu je JoIppaHa Ha JIeBOj o0aiu
peke Berume, 36,6 km y3BomHo on ymha. Cranuiy je ocHOBao ,,EHeprompojekt 1958.
rIuHe, a npeyseo PemyOmmuxu xuapomereoponomku 3asox CpOuje 01. 1 1961. roamne.
Cranmuna je npecrana ca pagom 2003. roqune.



Ilpornma BCJIMKHUX BOJa

[Iporao3e pexmMa peke MMajy BeNWKH 3HA4aj 3a MpUBpeny (PeUHH TPaHCIIOPT,
XHAPOCHEPTeTHKY, TIpallby XUAPOTEXHWYKHX pajgoBa HTAH.). I[lotpebe 3a OBaKkBUM
MPOTHO3UPAbEM jaBHIIE CY C€ KOJ BOJONPUBPEIHUX MPOJEKTAaHTCKUX OpraHHU3alfja KojuMa
je Omio Hy)XKHO Ja 3Hajy OHE BEJIMYMHE elleMEeHAaTa XUAPOJIOIIKOI PEeXHMa Koje HHCY
3a0enexeHe 10 Taaa Ha olpel)eHoj cTaHuIM, ajlk 10 pauyHy BepoBaTHONe MOTy Ja ce 1ojaBe
jemom y 10, 50, 100, 500, 1000 u BuIIie TOAWHA WIX JIa jé TOJMKA HBAXOBA YYECTAIOCT
(TaBpunosuh Jb., 1988, JIyumesa A., 1976). 3a npensulhame nojaBe BEINKUX BOJla KOPUCTE
ce METOJIM KOj! C€ MOTY CBPCTAaTH y TPH IpyIie: CTaTUCTHUYKH (3aCHMBA CE HA CTAaTHCTHYKO)]
o0pamu momaTaka W padyHy BepoBaTHOhe), eMmHUpHjcKH (ITocMaTpa BEIUKE BOJEC Kao
(YHKIMjy TOBpUIIMHE CIIMBa) W IUTyBHOMETpHjckM (0asupaH je Ha oppehuBamy
MakcuMmanHux Moryhux nazgasuna)(I"opomikoB @.,1979, Munanosuh A., 2006,Yporuies M.,
2007).

Ta6ena 1.- MUHHMAJIHU M1 MAKCHMAJIHU IOJULIBH BoocTaju Berume
koj Illenrosba y cm (1984-2008.rox.)

Toguna MHHHMalIHa aTyM MaKCHMaJHa JaTyM
1984. 22 10.VIII 144 11.V
1985. 21 19.VIII 156 18.IV
1986. 23 26.XI1 193 19.11
1987. 23 10.1 250 26.X1
1988. 32 31.VII 98 17.111
1989. 32 2.11 153 28.VIL
1990. 33 8.Vl 96 11.XI1I
1991. 34 1.1 113 12.11
1992. 31 26.1X 131 26.VI
1993. 28 2.VIII 79 6.1V
1994. 30 171X 105 14.1v
1995. 34 6.X 126 4.1V
1996. 31 30.VIL 144 18.IV
1997. 33 29.1X 82 221
1998. 32 10.VIII 108 7.X1
1999. 31 15.X 134 28.X11
2000. 29 18.X 106 3.11
2001. 33 21.1 117 24.1V
2002. 38 30.VI 145 18.IV
2003. 33 9.X1I 90 15.111
2004. 38 23.VII 102 2110
2005. 38 11.11 139 20.111
2006. 32 11.X1I 151 24.111
2007. 39 5.VIIL 127 26.X1
2008. 38 21.X1 98 5.X1I
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[To3HaTo je Ja ce OCMOTPEHH XUIPOJIOMIKH ITOJAlH O BEIUKHM BOJaMa MOABPraBajy
padyHy BepoBaTHOhe, MpUMEHOM Heke ox pacmnozena, Hrup. [Tupcon III, Jlor-ITupcon III,
Kpunkun-Menkesp, koje cy neduHHCAaHE ca TpH OCHOBHA mapamerpa, Qmax — cpenme
Bemuka Boma, Cv — KoedpummjeHaT Bapwjamyje BeNHKUX Bonma, Cs — KoeduiwjeHat
acuMmeTtpuje kpuBHx pacronena (Ouokossrh M., 1992, DeBarry P., 2004, Davie T., 2008).

Y oBoM pany ypalieHa je mporHoza oOe30Oeljema Boje y peru MPUMEHOM MeToja
cepHja KOjH je MorojaH 3a ojpeluBame mojaBbuBama oapeheHOr XUAPOJIONIKOT eJICMEHTa
(Bomocraja, mMpoTHIaja U CIl.), 0K j€ 3a U3paay KpHBE YECTHHE MaKCHMAJIHHX BOJOCTaja
kopuithena ITupconona 111 pacrionena.

Jla Ou ce KOHCTpyHcana KpuBa BepoBaTHohe OMJIO je moTpeOHO oxapenaut cienche
BEJIMYHHE:

IIpoceunn makcumanau Bomoctaj (Hsr.max) Berume xon llleHrosra kao cpemmy
ApUTMETHYKY BEIWYHHY 3a mocMaTtpanu nepuoa. On nznocu 127,48 cm.

[TpoceyHnn MakCHMaJHH BOJAOCTAj HaM je HEONXOAaH 3a M3PadyHABarbe MOIYJIHOT
Koe(pHUIHjeHTa, KOjH IMPEeTCTaB/hba OTHOC OWIO KOje BPEOHOCTH MaKCHUMAaJHOT BOJOCTaja
npeMa MPOCeYHOM MaKCHMAaHOM BOJOCTAjy 3a oApeleHu mepuo.

Ha ocHoBY MomynHOT Koe(HUIlHjeHTa U3payyHaT je KOoe(HUIHjeHT BapHjallije mpemMa
cnenehioj popmyiu C, =VY (k-1)%/n-1, koju mokasyje koneGarme (IIPOMEHIBUBOCT) TOAMILELET
otunaja. 3a berumy kox lllenrospa xoepunnjent Bapujanuje usnocu 0,29, mwTo ykasyje Ha
3HATHY MPOMEHJBMBOCT MaKCUMAITHUX TOJUINEBUX BOJOCTaja y mepuoay ox 1984 — 2008.
TOJ.

Tab6ena 2.- U3pauyHaBame koepuumjenTa Bapujanmje (Cv) MaKCHMATHHX
roaummbux Bogocrajaberume koa llenrosba 3a nepuon 1984-2008. roa.

Hmax Hma_x 1o ) 3
n Ton. omanajyhem k k-1 (k-1) (k-1)

(cm)

HH3Y (cm)

1. 1984. 144 250 1,97 0,97 0,940 0,912
2. 1985. 156 193 1,52 0,52 0,270 0,140
3. 1986. 193 156 1,23 0,23 0,052 0,012
4. 1987. 250 153 1,20 0,20 0,040 0,008
S. 1988. 98 151 1,19 0,19 0,036 0,007
6. 1989. 153 145 1,14 0,14 0,019 0,003
7. 1990. 96 144 1,13 0,13 0,017 0,002
8. 1991. 113 144 1,13 0,13 0,017 0,002
9. 1992. 131 139 1,09 0,09 0,008 0,000
10. | 1993. 79 134 1,05 0,05 0,002 0,000
11. | 1994. 105 131 1,03 0,03 0,001 0,000
12. | 1995. 126 127 1,00 0,00 0,000 -0,000
13. | 1996. 144 126 0,99 -0,01 0,000 -0,000
14. | 1997. 82 117 0,92 -0,08 0,006 -0,000
15. | 1998. 108 113 0,89 -0,11 0,012 -0,001
16. | 1999. 134 108 0,85 -0,15 0,022 -0,003
17. | 2000. 106 106 0,83 -0,17 0,029 -0,005
18. | 2001. 117 105 0,82 -0,18 0,032 -0,006
19. [ 2002. 145 102 0,80 -0,20 0,040 -0,008
20. | 2003. 90 98 0,77 -0,23 0,053 -0,012
21. | 2004. 102 98 0,77 -0,23 0,053 -0,012
22. | 2005. 139 96 0,75 -0,25 0,062 -0,015
23. | 2006. 151 90 0,71 -0,29 0,084 -0,024
24. | 2007. 127 82 0,64 -0,36 0,129 -0,046
25. | 2008. 98 79 0,62 -0,38 0,144 -0,054




Koeduuujent acumerpuje (Cs=Y.(k-1)’/n‘Cv’), koju mnokasyje HeCHMETPHUHOCT
KpHBE pacrojiefie TOAUIIBIX U JPYTUX OTHIAja MpeMa HHXOBOj CPElihOj BPEIHOCTH, 32
Berumy (Illenross) nznocu 1,5.

Ha ocHoBy m3pauyHaTux napamerapa MPUCTYIHIO CE€ U3pavyyHaBamy MoJaraka 3a
uspany came kpue (tabena 3). Kpupa yuecranoctu 1pra ce Ha MOJTyJIOrapuTaMCKOj MPEKHU
BepoBaTHoONe (amcIyca je 1aTa y JorapuTaMcKoj, & OpAMHATa Y apUTMETHYKO] PasMepH).

Ta6ena 3. - [ITapamerpu 3a u3pauyHaBame KpuBe o0e30eherba MaKCHMAIHUX TOAUIIBUX BOAOCTAja |
H3pavyyHaTH BePOBAaTHH MAKCHMaJIHH BogocTaju Bernme kox lllenro/sa

Bepose:moha y BeposarHoha y @ @ Cy Ks= @-Cv+1 Hmax
% TOJ1. (cm)
0,01 10 000 7,09 2,056 3,056 389,5
0,1 1000 5,23 1,516 2,516 320,7
1 100 3,33 0,965 1,965 250,5
3 333 2,39 0,693 1,693 215,8

5 20 1,95 0,565 1,565 199,5
10 10 1,33 0,385 1,385 176,5
20 5 0,69 0,200 1,200 152,9
25 4 0,47 0,136 1,136 144,8
30 33 0,30 0,087 1,087 138,5
50 2 -0,24 -0,069 0,931 118,7
60 1,6 -0,45 -0,130 0,870 110,9
70 1,42 -0,64 -0,185 0,815 103,9
75 1,33 -0,73 -0,211 0,789 100,6
80 1,25 -0,82 -0,237 0,763 97,2
90 1,11 -1,02 -0,295 0,705 89,8
95 1,05 -1,13 -0,327 0,673 85,8
99 1,01 -1,26 -0,365 0,635 80,9
99,9 1,00 -1,33 -0,385 0,615 78,4

Ha ocHoBy kpuBe BepoBaTHONE MOjaBJ/bHBabha MAKCHMATHHX BOJOCTaja HAa peLu
Berumu kon Illenrospa (ckuia 1) 3ak/bydyje ce Ja Ce CBaKe TOJUHE MOXKE OUCKUBATH
MaKCHUMaJTHH BOJOCTaj ca BepoBatHohoM ox 99,9 % ox 78,4 cm, a jemnom y 10 000 roxuua
MaKCHUMaJTHH BOAOCTa] Moke na gocturae 389,5 cm, jeauom y 100 roauua 250,5 cm utx.
AnconryTHO MakcUManHu Bojxocta] Dernme kon Illenrossa 3a mepmon 1978-2008. ron.
3abenexeH je 26. XI 1987. roa. u nznocuo je 250 cm, 1 o 0BOj BepoBaTHOhHM OH ce jaBiba
jemsom y 100 ronuHa.
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Ckuua 1. — KpuBa BepoaTHohe nojase Beinkux Bojaa pexe Berume (Lllenross)
Iperaen najpehux nmonjasa y ciuBy Berume

Bucoku Bogoctaju Ha DBetnmu y nMponniocTu ¢y M3a3uBaIM YecTe IMoruiaBe. Bemmka
IUTaBJbea 3a0enexeHa cy y jyny 1926. u 1959., majy 1965., anpuny, jyny u jymy 1967.,
neuemopy 1968., jyny, jyny u HoBemOpy 1975. rogune, HoBemOpy 2009. rogune. [Tonnase
Cy HacTajaje ycie/l BeIMKUX KUllla U oTanama cHera. Hajsehe mrere on norasa tpnenu cy
rpanoBu [loxera n Yxuue u OKoJHa cena.

Jyncke xume 1926. roaumHe 3axBaTuie Cy Iieo ciauB 3amagHe Mopase, Te cy ce
[OIJIaBE jaBWJIE HE CaMoO y JOJMHY IJIAaBHOT TOKa HETrO M HEroBHX HpHUToka. [Ipoceuna
jyHCKa cyma najiaBuHa m3Hocuna je 150 mm, a cneneher mecena Beh noBosbHO 3acuheHo
3eMJBHUIITE TIPUMIIIO je HOBHUX 220 mm MmajaBuHA, IITO j& OJPXKaJ0 BUCOKE BOJC JIO TPE
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Kpaj jyna. Hohy m3mely 5. u 6. jynma m3munmu cy ce u Hamouumd Mopasuia, Detnma u
Ckpariex y CBOjUM J0bKUM TokoBUMa. HajBuiie je crpagano ceno ['opobube y HENMOCpeIHOj
Om3MHY cacTaBKa OBHX peka. Bomocraj Berume je Hajupe mopacrao Ha 270 cm (7. jyna), a
moToM mocie mer naHa omao o 50 cm. Hemespy mana xachuje, 14. jynma, MHTEH3WBHE
najaBuHe JOBeJie Cy J0 HOBOT MOpacTa BOAOCTaja. DeTHma je moruaBuia Jeo Ykuna, a
Ckpanex 1ieno [Toxemniko mosbe (I"aBpunosuh Jb., 1980).

Y wmajy 1965. roguHe moIiaBe Cy 3axXBaTHJIC CBE OIIITHHE Y JOJMHH 3amamHe
Mopage. Detuma ce uzmmwia Ha 400 ha Yxuuke koTiamHe U yrpo3mia Jeo rpana. Ckpamnex
je momnasuo Kocjepuh u [Toxery u 400 ha Ha TepUTOPHjH OBHX OIIITHHA.

Jenna on HajBehimx 3abenexeHux mormiara jgoroawia ce 18. u 19. HoBeMOpa 1975.
roxune. [loriase Koje cy 3amecuiie Y KUIIE U YUTABO HOAPYYje OMIITHHE [0 CBOM 00UMY H
TEXHHU mocieanna Hajsehe cy y npyroj monoBuad XX Beka. [Ipon3BoHe M HE IPUBPEAHE
JIETaTHOCTH TIPETPIIEIIC CYy OTPOMHY MaTepHjajHy IITETY U TyOUTKe. 300T BEMNKUX KUITHIX
NaJaBUHa JIOIDIO je O HarjIor mopacTta BojocTaja peke berume m JlyxHuIe M Ipyrux
BOJHMX TOKOBa Ha MOApydYjy ommrTuHe Yxwuue. Bomocrtaj Berume y omuocy Ha 1965.
TOJIMHY, Kaja Cy Takolje 3a0eiexeHe BeJluKe moriase, ouo je pumu 3a 50 cm y Typuim, a
3a 90 cm y Benukowm mapky. MHore cram0OeHe 3rpajie ¥ MpUBPEIHU 00jeKTH Y TPpajy HalLIH
cy ce nox BogoMm. Y Typuuu je 610 MoIuIaBJbeH I'paJCKH BOIOBOJ, I1a je Ipaj ocTao 0e3
BOJIE, a y TOjeAMHUM JICIIOBHMA Tpaja JOUUIo je N0 mpekuaa crpyje. Ilossonpuspena je
Takolhje mpeTprena BelMKe MITETE jep je mopen koputa, Hu3BoaHO of CeBojHa a0 Iloxere
MOIJIABECHO CTOTUHY XEKTapa HajmioaHuje 3emibe (Jakorsbeuh [1., 2004).

Y noBeMOpy 2009. roaune, mocie BUILIE OJ] JBaJeCET T'OJUHA BEJIHMKE IOIIABE CYy
3aJiecuiie ONILITHHE Y TopmheM ciuBy 3anagne Mopase. Y Hohu nsmel)y 6. u 7. HoBemOpa Ha
rpaa Yikue cpyunia ce npasa Oyjuia Boje, IpeMa IpoleHama o oko 130 m?/s, momro je
IPETXOJHO BHIIE O J[BaJeceT CaTH HENPEeKUAHO y OBOM Kpajy Majana Kuila jakor
uHTeH3uTeTa. OBa IOIUIaBa je M3a3BaHa BEIMKOM KHUIIOM (IIpeMa MpeIMMUHApPHUM
noxamuMa 56 1/m’ y y:KuukoM Kpajy), jaAKOr MHTEH3HTETa, U IPOY3POKOBAIA OP3 MPONA3aK
BpXa MOIUIABHOT Tayiaca. Y Yikuily je mornyHo yHuinteHa Yiuna 1300. karmapa, Boaa je
omuena acanr. Omreheno je maBamecerak kKyha u pectopana Ha o0e ctpaHe Perume. Y
Hacesby Typuila noma 30Ha je mpeTBOpeHa y je3epo. [1oTombeH je CTaTuoH, a BUCHHA BOJC
je omna 1,5 m. V Ioxemkom Kpajy Hajrope Cy Mpolna ceocka HOApyYja TAe je JeCeTHHE
XeKTapa IUIOJHUX opaHulia owie moj BojxoM. Ilopen Vikuna, nomnasa je 6mro u'y Mokpoj
TOpH, KOCjepuNKOM W apHJbCKOM Kpajy. TpeHyTHO mojamy O U3MEPEeHHM MaKCHMAaJIHHM
NpOTHIAjUMa M BogocTajuMa Ha Deruwmn U Benukom P3aBy HHCY NOCTYIHH, Tako Ja He
MokeMo cama pehm koje cy BepoBarHOhe ToOjaBe OBe MOIUIaBE, TO jeCT Ja JIU Cy TO
XUIBAIyTOMIILE, CTOTOJHUIILE, ITEECETOTOMIILE BOAE, UT.

3akpydak

Ha ocHoBy mojataka 0 eKCTpeMHHM BOjOCTajuMa ypaljeHa je mporuosa obe3oehema
Bojae y peur DBerumu. [IpuMemeH je METOIOM CepHja Ha OCHOBY BHIICTOIMIIELET HH3a
roJlaTaka o BOJIOCTajy Ha XUPOJIOMIKOj ctanuiu [1IeHrosm.

AHanu3oM KpuBe BepoBaTHOhe NOjaBJbHMBaba MaKCHMAIHHX BOJOCTaja Ha pelu
Berumu xox IlleHrosba 3akspydyje ce a ce CBaKe roJMHE MOXKE OYEKHBATH MaKCHMAallHH
BOJIOCTa] ca BepoBaTHohoM ox 99,9 % on 78,4 cm, a jexnoM y 100 romunHa MakcHMaiHH
BOJIOCTa] MOxe aa pocturHe 250,5 cm, jexnom y 1000 roxuna 320,7 cm uta. ANcoiyTHO
MaKCUMalTHU BojocTa] Berume kon lllenrospa 3a mepuon 1978-2005. ron. 3abenexeH je 26.
X1 1987. ron. u uzHOCHO je 250 cm.

Hajsehn BomocTaju Ha penu u moruraBe 3abenexene cy 1926., 1959., 1965., 1967.,
1968. u 1975. romune. la 6u ce cpednie katacTpodaiHe mocaeauIle MoriaBa, HanpaBJbeH
je cpenmopounn wiaH 1981-1985. rox. 3a 6opOy mpotuB momnaBa. OH je moapasymeBao
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3aIUTHTY OJ IIOIUIaBa OHMOJIOIIKMM M HPEBEHTUBHUM TEXHHYKHM paJOBHMA Y CIUBY H
npojekar peryJanuje betume ca npuTokama.

Axkymynanyja ,,BpyTiu® 3HagajHO JONIPHHOCH 3AIUTUTH Tpajia Of IMOIUIABa, jep je Y
0] pe3epBHCaH MPOCTOP KOjU MOXe MPUXBATHUTH IMOIUIABHH Tanac 0e3 IpennBama MpeKo
OpaHe BepoBaTHOhe mojaBe jemHOM y menmeceT roauHa. Ca OJaroBpeMEHHM OTBapameM
UCIlycTa Ha OpaHM NP HAWJIACKy BEJIMKUX BOJa oBa ce 0e30eqHocT 3HaTHO noBehasa.
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FLOOD FREQUENCY ANALYSIS OF THE PETINJA RIVER"

DRAGANA MILIJASEVIC
Geographical Institute “Jovan Cviji¢” Serbian Academy of Sciences and Arts, Pure Jaksica 9/3, Belgrade, Serbia

Abstract: Based on extreme water levels data, using the method of series, a forecast for protection of river has
been accomplished, i.e. probable water level maximums of the Detinja river at Sengolj were measured. High flows
were analyzed with a probability from 0.01% to 99.9%. These probabilities indicate the occurrence of high flows of
certain values once in 10000, 1000, 100, 33, 20 etc years. Applying a hydrological forecast, one can perceive the
possibility for using water resources for various purposes, as well as protection of areas and people from flooding.
A review of the greatest floods in the Petinja drainage basin in the last hundred years is given in this paper.

Key words: water level, hydrologic forecast, floods, Petinja river
Introduction

The Petinja drainage basin is situated in the west part of Serbia, between 44°08' and
43°42' N and between 19°27' and 20°06' E. Area of the drainage basin area is 1187.03 km®.
The main tributaries come from the left and form an asymmetrical drainage basin — the left
bank covers 71.4% of the overall area of the drainage basin. The length of the Detinja
drainage basin is 49.6 km and the average width is 23.9 km (Milijasevi¢ D., 2008). The
Detinja river is formed in the northern part of Kremna basin by the confluence of the rivers:
BratiSina Reka, Konjska Reka, Uzi¢ki Potok and Tomiéa Potok, at 712 m altitude. These
tributaries arise on east and southeast slopes of Tara Mountain. At the lowest part of Pozega
basin, it joins its tributary Skrapez, and downstream, with Golijska Moravica, it forms
Zapadna Morava river, an important water flow of Serbia. Its length is 75.25 km.

Physical-geographical features of the drainage basin, an important factor of runoff,
which have been analyzed, are geomorphologic, geological, climatological and vegetation
features. Common characteristic of the terrain in this region are mountains. The entire
Uzice region is mostly a plateau crossed by gorges and canyons. The drainage area exceed
200 m of altitude, thus, there are no true types of plains. The analysis of basic geological
map 1:100000 indicates that the Petinja drainage basin, geologically, consists of rocks of
different ages, from the Palacozoic to the youngest geological epoch. Terrain is built
of metamorphic, igneous and sedimentary rocks. A specific morphology of this area is a
consequence of stratigraphical development, structure and intense influence of exogenic
agents. Permian — Carboniferous formations are frequently found northeast of Uzice, as well
as on terrain upon which Uzice is located. These formations are separated from the
limestone zone with the line that starts from Sevojno, through Kréagovo and UZice to the
confluence of the Volujac and Petinja. This line continues along the Volujac riverbank to its
source area. The young Palacozoic formations around Uzice lie mostly on left banks of
DPetinja and Volujac. The area around Ponikva and Stapari mostly consists of limestones
from the middle and late Triassic. They occur as a layer of varying depth, and on south-
eastern escarpment of Stapari, their thickness ranges from 50 to 260 m. Almost entire
Zlatibor massif is made of serpentinite, as well as south slope of Mt Tara.

In the depressions created by tectonic movements on Mt Zlatibor, near Mackat, on
Branesko field and around Kremna, isolated basins were created during the Tertiary period,

" This paper represents research results of the 146011 project, financed by the Ministry of science and technological
development of the Republic of Serbia
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in which freshwater and lake sediments, sands, clays were deposited, with the occurrence of
silicon — marl stones deposited in deeper, steadier environment (Milovanovi¢ D., 2006).
Bottoms of river valleys are made of youngest formations: alluvial deposits of sand, gravel
and clay. In relation to the runoff, metamorphic rocks act as compact rocks, which affect the
density of river network. Limestones bring to more stable flow, while serpentinites and
diabase in the drainage basin bring to erosion, denudation and flash floods.

Vegetation represents intermediary factor between atmospheric water and overall
runoff. How much atmospheric water shall be involved in complex hydrological processes,
such as infiltration, plunge, accumulation, ground water generation, transpiration, absorption
of water by plant roots, surface, subsurface and groundwater runoffs, is dependant on
vegetation and soil. Vegetation and drainage basin position show that this area is a central
European vegetation area. Significant vegetation areas of the Petinja drainage basin are
forests and pasture. Pastures and mixed conifer and deciduous forests type prevail in the
source area.

The tree percentage in the drainage basin to the Stapari profile is 42.6%, and to the
Sengolj profile, it is 48%. Tree abundance is relatively low in the lower Detinja drainage
basin. One can see an interested fact that the tree percentage in the parts of upper Petinja
drainage basin and SkrapeZz is smaller, in regards to the parts of the lower drainage basin
towards the confluence of the former or the latter river, and the its cause is, inter alia,
geological composition of the terrain (Nikoli¢ J., 2004).

Precipitation and pluviometric regime, as well as geological composition and
vegetation, are the most significant factors that determine the river regime. Average annual
precipitation is measured by pluviometers and its value varies from 739 mm to 1051 mm.
During one year, two maximums and two minimums can be seen. The major maximum can
be observed in June, as a result of frequent depressions that occur in these areas. From June,
the amount of liquid precipitation is dropping till October, when it reaches its secondary
minimum, and in November the secondary maximum is achieved, as the result of the highest
precipitation level that occur during autumn, on the east side of Adriatic sea. From
December to February, the precipitation level is dropping to its major minimum, and until
June, it is constantly increasing. According to this precipitation schedule, Petinja drainage
basin belongs to continental European pluviometric regime. Pluviometric stations below 500
m altitude detect 739 to 820 mm of precipitation. Average annual precipitation level for the
entire Petinja drainage basin is 865.6 mm, calculated by using the isohyetal method, while
the arithmetic mean is 844 mm; therefore, the difference is 21.6 mm (Milijasevi¢ D., 2008).

Hydrological observations on Petinja river started when the water gauge station
Gorobilje was founded in 1922. The station was moved to location Sengolj, which is 8.2 m
from the confluence. The Stapari station is on the left bank of Petinja river, 36.6 km
upstream from the confluence. “Energoprojekt” founded the station in 1958, and on January
1* 1961, Republic hydro-meteorological service of Serbia took it over. The station was
closed down in 2003.

Flood frequency analysis

The river regime forecast is of a great significance for the economy (navigation,
hydroenergetic, hydrotechnical works etc.). The water power project organisations required
this kind of forecast, given the necessity to know the values of the elements of hydrological
regime which haven’t been recorded on a certain station till then, but they may occur once in
10, 50, 100, 1000 or more years, or their frequency may be in this extent (Gavrilovi¢ Lj.,
1988, Lucseva A., 1976). The methods used for high flows forecast can be classified into
three groups: statistical (based on statistical data analysis and probability calculus),
empirical (high flows are observed as a function of drainage basin area) and pluviometric
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(based on maximum possible precipitation level determination) (Goroskov F., 1979,
Milanovié¢ A., 2006, Urosev M., 2007).

Table 1 — Annual water level maximums and minimums of Petinja river
near Sengolj measured in cm (1984 - 2008)

Year maximum date minimum date

1984. 22 10.VIII 144 1.V
1985. 21 19.VIII 156 18.IV
1986. 23 26.X11 193 19.11
1987. 23 10.1 250 26.X1
1988. 32 31.VII 98 17.111
1989. 32 2.11 153 28.VIL
1990. 33 8.Vl 96 11.X1I
1991. 34 1.10 113 12.11
1992. 31 26.1X 131 26.VI
1993. 28 2.VIIL 79 6.1V

1994. 30 17.1X 105 14.1v
1995. 34 6.X 126 4.1V

1996. 31 30.VIL 144 18.1V
1997. 33 29.1X 82 22.1

1998. 32 10.VIII 108 7.X1

1999. 31 15.X 134 28.XI1
2000. 29 18.X 106 3.11

2001. 33 21.1 117 241V
2002. 38 30.VI 145 18.1IV
2003. 33 9.X1I 90 15.111
2004. 38 23.VIl 102 2.110

2005. 38 11.1I 139 20.111
2006. 32 11.X11 151 24.111
2007. 39 5.VIIL 127 26.X1
2008. 38 21.XI1 98 5.X01

It is well known that the measured hydrological data on high flows are subjected to
probability calculus, by using any adequate distribution, e.g. Pearson III distribution, Log-
Pearson III distribution, Kricki-Menkel distribution, defined by three basic parameters:
Qumax — mean maximum water discharge, Cy —coefficient of variation, Cg — coefficient of
skewness (Ocokolji¢ M., 1992, DeBarry P., 2004, Davie T., 2008).

In this paper, the water protection in the river forecast has been accomplished; the
method of series, suitable for a certain hydrological element occurrence determination
(water level, discharge, etc.) have been applied, while Pearson III distribution have been
used for the distribution curve plotting.

To plot the distribution curve, it is necessary to determine certain values:

Average water level maximum (Hsr.max) of Detinja river near Sengolj as an
arithmetic mean for the following period, and it is 127.48 cm.

Average water level maximum is necessary for module coefficient determination. It
represents any water level maximum/average water level maximum ratio for a certain
period.
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According to the following formula, Cy = VY (k-1)’n-1, based on module
coefficient, the coefficient of variation has been determined; it shows variability of annual
discharge. The coefficient of variation for Petinja river near Sengolj is 0.29; that indicates a
significant variability of annual water level maximums within the period between 1984 and
2008.

Table 2 — Determination coefficient of variation (Cy) of annual water level maximums
of Petinja river near Sengolj within the period between 1984 and 2008

Hmax Hmax by 2 3
n Year descending k k-1 (k-1) (k-1)
(cm)
order (cm)

1. 1984. 144 250 1,97 0,97 0,940 0,912
2. 1985. 156 193 1,52 0,52 0,270 0,140
3. 1986. 193 156 1,23 0,23 0,052 0,012
4. 1987. 250 153 1,20 0,20 0,040 0,008
5. 1988. 98 151 1,19 0,19 0,036 0,007
6. 1989. 153 145 1,14 0,14 0,019 0,003
7. 1990. 96 144 1,13 0,13 0,017 0,002
8. 1991. 113 144 1,13 0,13 0,017 0,002
9. 1992. 131 139 1,09 0,09 0,008 0,000
10. 1993. 79 134 1,05 0,05 0,002 0,000
11. | 1994. 105 131 1,03 0,03 0,001 0,000
12. | 1995. 126 127 1,00 0,00 0,000 -0,000
13. | 1996. 144 126 0,99 -0,01 0,000 -0,000
14. | 1997. 82 117 0,92 -0,08 0,006 -0,000
15. 1998. 108 113 0,89 -0,11 0,012 -0,001
16. | 1999. 134 108 0,85 -0,15 0,022 -0,003
17. | 2000. 106 106 0,83 -0,17 0,029 -0,005
18. | 2001. 117 105 0,82 -0,18 0,032 -0,006
19. | 2002. 145 102 0,80 -0,20 0,040 -0,008
20. | 2003. 90 98 0,77 -0,23 0,053 -0,012
21. | 2004. 102 98 0,77 -0,23 0,053 -0,012
22. | 2005. 139 96 0,75 -0,25 0,062 -0,015
23. | 2006. 151 90 0,71 -0,29 0,084 -0,024
24. | 2007. 127 82 0,64 -0,36 0,129 -0,046
25. | 2008. 98 79 0,62 -0,38 0,144 -0,054

Coefficient of skewness (Cs =Y (k-1)*/n-Cy?) for Petinja river near Sengolj is 1.5; it
shows asymmetry of distribution curve of annual and other discharges with regards to its
average value.

Based on the calculated parameters, the data for plotting of the curve have been
calculated. The frequency curve should be drawn on a semi-log probability graph (x-axis
has a logarithmic scale, while y-axis has arithmetic scale).

The curve of maximum water levels occurrence probability on Detinja river near
Sengolj brings to conclusion that once a year 72.4 cm of water level maximum can be
expected with a probability 99.9%, while 389.5 cm of water level maximum can be achieved
once in 10000 years, 250.5 cm once in 100 years etc. The greatest water level maximum of
Petinja river near Sengolj was registered on November 26™ 1987 and it was 250 cm, and
according to this probability calculus it occurs once in 100 years.
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Table 3. — Parameters for calculating the curve of maximum annual water levels occurence and calculated
probable annual water level maximums of Petinja river near Sengolj

ProbaobAl)llty in Prob;:;ilsty in @ @-Cy Ke= @-Cytl IL(Iérrlrell)x
0,01 10 000 7,09 2,056 3,056 389,5
0,1 1 000 5,23 1,516 2,516 320,7
1 100 3,33 0,965 1,965 250,5
3 333 2,39 0,693 1,693 215,8
5 20 1,95 0,565 1,565 199,5
10 10 1,33 0,385 1,385 176,5
20 5 0,69 0,200 1,200 152,9
25 4 0,47 0,136 1,136 144,8
30 33 0,30 0,087 1,087 138,5
50 2 -0,24 -0,069 0,931 118,7
60 1,6 -0,45 -0,130 0,870 110,9
70 1,42 -0,64 -0,185 0,815 103,9
75 1,33 -0,73 -0,211 0,789 100,6
80 1,25 -0,82 -0,237 0,763 97,2
90 1,11 -1,02 -0,295 0,705 89,8
95 1,05 -1,13 -0,327 0,673 85,8
99 1,01 -1,26 -0,365 0,635 80,9
99,9 1,00 -1,33 -0,385 0,615 78,4

Figure 1. Flood frequency curve of Detinja river near Sengolj
Review of the greatest floods in the Detinja drainage basin

In the past, high water levels on Detinja River caused frequent floods. Great floods
were recorded in June 1926, June 1959, May 1965, April, June and July 1969, December
1968, June, July and November 1975, November 2009. Floods were caused by frequent rain
and melting of snow. Pozega and Uzice suffered the biggest damage from floods.

In 1926, rain in July caused the flooding of the entire Zapadna Morava drainage
basin; therefore the floods did not occur only in the main stream of the drainage basin, but
also in the valleys of its tributaries. Average precipitation level during June was 150 mm,
and already saturated soil received another 220 mm next month, which maintained high
flow level till the end of July. In the night of 5™ and 6" of July, Moravica, Petinja river and
Skrapez were flooded in their upper streams. Gorobilje, a village close to the confluence of
these rivers, suffered the most. At first, water level of Detinja river increased to 270 cm
(July, 7™), and five days later it decreased to 50 cm. A week later, on July the 24", intensive
precipitation led to new rise of water level. Detinja river flooded part of Uzice and Skrapez
flooded the whole Pozega field (Gavrilovié¢ Lj., 1980).

On May 1965 all municipalities in the valley of Zapadna Morava were flooded.
Petinja river flooded 400 ha of Uzice basin and the part of the city was endangered. Skrapez
flooded Kosjeri¢ and Pozega and 400 ha of area on these municipalities.

One of the greatest floods recorded happened on 18" and 19™ November 1975. By its
extent and weight of its effects, the flood that occurred in Uzice is the greatest in second half
of the 20™ century. Production and non-production businesses suffered a severe material
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damage and losses. Intensive precipitations caused sudden water level increase on rivers
Detinja and LuZnica and other water flows in the area around Uzice municipality. With
regards to 1965, water level of Petinja was 50 ¢cm higher in Turica and 90 cm higher in
Veliki park. Many residential and commercial buildings were flooded. Municipal water
supply in Turica was flooded, thus the town suffered lack of water and, in some parts of the
town, power outage (Jakovljevi¢ D., 2004).

After more then twenty years, in November 2009, great floods occurred in
municipalities in the upper drainage basin of Zapadna Morava. In the night between 6™ and
7™ November a true flash flood was released on UZice (130 m’/s est.), after a constant
intensive twenty-day rainfall in this area. This flood was caused by intensive rainfall that
lasted for a long time (according to preliminary data 56 1/m’ in the area of UZice) and
rapidly reached a wave peak. 1300 kaplara Street in Uzice was completely destroyed; water
carried away the asphalt. Around twenty houses and restaurants on both sides of Petinja
were damaged. In Turica, lower zone was turned to lake. The stadium was also flooded and
the water level was 1.5 m. Rural areas around Pozega suffered a major damage, where
dozens of hectares of fertile soil were flooded. Besides UZice, Mokra gora and areas around
Kosjeri¢ and Arilje were also flooded. Data on measured maximum water level and
discharge values on Detinja river and Veliki Rzav are not available at the moment, and one
can’t tell anything about a flood occurrence probability, e.g. do these high waters occur once
in thousand, hundred or fifty years.

Conclusion

Based on data about extreme water levels, flood frequency analysis of Petinja river
has been accomplished. The method of series was applied, by using multi-year series of data
on water level on hydrological station Sengolj.

Analysis of the flood frequency curve for Petinja river near Sengolj, brings to
conclusion that, with 99.9% probability, each year water level maximum of 78.4 cm can be
expected, once in 100 years maximum water level can reach 250.5 cm, once in 1000 years
320.7 cm etc. For a period from 1978 to 2005, the highest water level maximum of Petinja
near Sengolj of 250 cm was recorded on 26" November 1987.

The highest water levels and floods were recorded on 1926, 1959, 1965, 1967, 1968
and 1975. To prevent catastrophic events, a mid-term plan for a period from 1981 to1985 for
flood prevention was constructed. This plan implies application of biological and preventive
technical works on Petinja drainage basin for protection from flooding and project for
regulation of Petinja and its tributaries.

Reservoir “Vrutci” significantly benefits protection of the town from flooding,
because it can receive the flood wave without an overflow over the dam, with a probability
of once in fifty years. By well-timed opening of outlets on the dam with a run of high
waters, this protection is significantly increased.
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