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OJJHOC XEMHNJCKE U MEXAHWYKE BOJHE EPO3UJE Y CJIMBY MJIABE

[IPEAPAT MAHOLIOBUR! ", CABbA MYCTA®UR', BEH MJIAJIEHOBUR’

! Vuusepsumem y Beozpady — leoepaghcxu dpaxynmem, Cmydenmexu mpe 3/3, Beoepad, Cpbuja
? Bucoka mexuuuxa wiona cmpykognux cmyouja, Hemaruna 2, Ioocapesay, Cp6uja

Caxerak: Y xuaposnomikoj 2001/2002. roauHu aHaIU3HpaHU CY Y30pLHM BOJAE Y CIMBY MIaBe Ha XHAPOJIOIIKOM
npoduny Bparunan, Ha meHOM HajHU3BOAHHjEM XHIPOJIOIIKOM mpoduiy, 1o npoduna bparunan, y3opuu Bozne
y3UMaHH Cy Ha CBakMX 5 JaHa 3a yTBphHBame pPACTBOPEHHUX MHHEPATHHX MaTepHja M CaBaKOJHEBHO 3a
yTBpAhUBaEke KOHIEHTpauuje ciauta. YTBphHEHO je Ja je TOKOM aHaJM3HPAaHOT MEepHOJa IMPOHOC XEMH]jCKH
pacTBOpeHHX MaTepHja Ouo 2 myTta Behu o1 IpoHOca CHIITA.

K/by4yHe peun: XeMHjCKH pacTBOPEH HAHOC, CyCIIEHI0OBaHUH HaHOC, MiaBa, crouna Cpbuja.
YBoa

XeMHjCKH, CYCIIEH/I0OBaHH, HAHOC U BYYEHHM HAHOC IPEJCTaBJbajy TPH MHTETpaHA
THIIa pEYHOr HaHoca. Y CcaBpeMEHHM TeoMOp(OJIOMIKMM, a TIOCeOHO Yy JpyruMm
HCTPaKMBAYKKM OOJIaCTUMA KOJH TPETHUPajy PEYHHM HaHOC (XHUAPOJOTHja, TIeoJIoryja,
3eMJBUINTE, HHKEHEPCKE CTpyKe), HajBeha makmka mocBehieHa je CyclieHAOBaHOM HAHOCY.
PenatuBHo Mano pamoBa y cBety u CpOuWju TpeTHpa HCTOBPEMEHO CBE TPH KOMIIOHEHTE
peuHor HaHoca. [IpBa ucTpakiBama Koja Cy 3a LWJb UMayia YTBphHUBame onHOCA M3Menly
MIPOHOCA XEMH)CKU PAcCTBOPEHOT M CYCHEHIOBAHOT HaHOca Ha mpoctopy CpOuje BpiieHa cy
y cnuBoBrMa Tumoka u Lpaurie (Manojnosuh I1., )Kuskosuh Jb., 1991, Manojnosuh I1.,
1993), motom y cimBoBuMa Komy6ape (dparuhesuh C., 2002, 2009), MnaBe (Mnagenosuh
b., 2006) u Temmrruiie (Myctaduh C., 2006), a jenuHa UCTpakuBama Koja cy 00yxBaTHIIa
KOMIIapaTHBHY aHajM3y CBa TPU TUIIA PEYHOr HaHOca BplleHa cy y ciuBy KomybGape
(dparuhesuh C., 2002).

Koju he o HaBeneHnX TUIOBa HAHOCA JOMHUHUPATH 3aBUCH OJ1 JIOKAIHUX (haKTopa
cpenune. I[Ipema Chakrapani G.J. (Chakrlpani G.J 2005, Chakrapani, G.J., Subramanian V.,
1990) cdaktopu koju y HajBehoj Mepu KOHTPOJMIIY MPOHOC CYCIIEHIOBAHOI HaHOCA CY
MaJlaBuHE, OTHIAj W JINTOJOMIKK cacTaB. Ha mHTEH3MTEeT Xemujcke epo3uje 89 % yrmue
BOJIHOCT, QJI C€ Kao 3HayajHU (HaKTOpu WIM MOANGHUKATOPH UCTHUY THII CTEHA, 3eMJBHILTE
u xmmMa (Manojnosuh I1., 1992). MehytuMm, u apyru daxropu uMajy Mamu win Behn
3Ha4aj Ha HHTCH3UTET IIPOHOCA PEYHOT HAHOCA, YKIbYUyjyhul ToKamHy Tororpadujy TepeHa,
BEreTallMOHM ITIOKpHBay4, HAYMH KOpHIIliemha 3eMJBUILTA, KIMMaTCKe IpoMeHe U cil. HoBuja
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HCTpaXWBama YKa3yjy Ha cBe Behm yTumaj 4oBeka. YTHIA] JbYACKHX AaKTHBHOCTH,
yKJbydyjyhn cedy nryma, mpoMeHe y HauuHy Kopluhema 3eMJBUINTA, IPaBJbEHE 3eMIbaHUX
Tepaca | CII., OCTAaBHO j€ CHA)XHE IOCJIeINIEe Ha PeYHE CUCTEME Y MEIUTEPAHCKOM PETHOHY
EBpone (Hooke J.M., 2005). Takoahe, kpueme npupoaHE BETETALMje U TPOMEHA Y HAYMHY
Kopuinhema 3eMJBHIITA WM KOHBEpallyja 3eMJbUINTA YTUIAJe Cy Ha MPOMEHE U MPOHOCY
cenuMeHTHOr HaHoca mupoM ceeta (Walling D.E., Fang D., 2003). Walling (Walling D.E.,
2006) yka3yje Ha CMamCHEe MPOHOCA HAHOCA Y HEKMM peKaMma Koja je JUPEKTHA MOCIeaulia
yTHIIaja YOBEKA Y CMUCIY M3TPaJih¢ BOJHUX aKyMylamuja (reservoir construction). YmpaBo
OJT HaBeJICHUX (haKTOpa CPEIUHE 3aBHUCH KOJHUKH j€ yIeo oApeleHoTr THITa HaHOCA Y ’bHXOBO)]
YKYITHOj CyMH. MamH y/ieo CyCHEeHIOBaHOT HaHOCa Y OJHOCY Ha XEMHjCKH MOXXe OuTH
nocnequna yruuaja yoseka. Tako je y cimBy pexe EOpo marpangma OpaHa Wrpaia BENUKY
YIOTy y peryiucamy HpoHOca CycleHoBaHor Hanoca. Ca Bpeanomhy ox 69-93 t/km*/rog,
y omrocy Ha 1,2-5,1 t/km*/god xemujcku Hanoc nomuHmpa y cimBy ose pexe (Negrel P. at
all., 2007). Y neo xemujckor HaHoca Moxke Ja Bapupa o1 30- 90 % (Tosiani T. at all), anu na
y YKYIHOj cyMH 4iHH camo 14,2 %, nok cycnenzoBanoM mpumazaa 85,7 % (Singh O. at all,
2008). CacBuM CynpoTHO, y IJIAaHMHCKHUM IIpeAeirMa BY4YEHHM HAHOC W3/Baja ce Kao
noMuHaHTaH ca ydenthem onm 50 %, 70K Ha CYCHCHIOBAaHH U XEMHjCKH omiasu 35 %,
onHocHO 15 % (Schiefer E at all., 2010).

CauB MnaBe je 1O MHOTMM CBOjUM, Hpe cBera (U3MYKO-TeorpacKumM
KapakTepucTtukama creruduuad. CrennpuaHOCT ce OrJiesia Y Te0NIONIKOM CacTaBy TepeHa U
BOJHOCTHU CJIMBA, 3 HAPOUNUTO XUAPOJIONIKHM YCIOBHMA MCTPKUBAYKOT MEPUOAA. 3a CIHB
MilaBe TeHepaJ HO KapakTepUCTHYHa je aoMuHanuja Manmux Boxa (Hukwmh 3., 2003).
MebhyTuM, npoyyaBaHa XHUIPOJIOMIKA TOAWHA j€ HETHIHMYHA ca W3pasuTo moBehaHuM
OTHIIajeM Yy jyHYy U aBI'YCTY, @ HCIIOJ POCEYHUM OTHIIajeM y neproay ox ¢pedpyapa 10 Maja.
3ampaBo, HajBehe OyjuuHe TOIDIaBe y CIMBY MiaBe, W jemHa onx Hajeehmx W y IeNoj
Cpbuju, y npBoj nerieHnju X XI Beka Omite cy y mecerny jyHy 2002. roguae (Mumanosuh A.,
VYpomer M., Mummjamesuh /1., 2010). YpaBo koMOHHAIHja METPOIIONIKOT CacTaBa CIIMBa
U XUAPOJIONIKE CHCHM(DUIHOCTH TOKOM OIICEpPBAIMjaKor IepHoia Mpykajy MoryhHocT
yTBphuBama onHoca uzMmel)y xemujcke U MexaHHYKe BOJHE epo3Hje, OMHOCHO yTBphHBamba
JOMMHAHTHUX (haKToOpa M yCJIOBa KOjH JSTEPMHUHHILY OJHOC M3Mely oBa 1Ba THma pedHor
HaHoCa.

I'eorpadcxm moJioxkaj ciimpa Miage

CnuB MnaBe Hanasu ce y ceBeposamanHoMm jeny Vcroune CpOuje u 3axBara
nospmmHy ox 1830 km®. Hacraje ox JKary6mukor Bpena i Bpena Miase koje m3buja y
KpajimbeM jJyrouctouHoM feny JKaryOuuke KOTJIMHE HCIIOJ CEBEpHUX NaanHa bespaHune Ha
314 m n.v. To je jenna on ayxux peka Mcroune Cpbuje, koja ce mocne Toka ox 120 km
ynuBa y JlyHaB. HajHu3BOqHMjU XUIpOMETPHUjCKH Mpodui Hajla3u ce Koj cena bparunan,
uctouyno ox Iloxxapesna. Jlo tor mpod mia Mmaea 3axBara moBpiuuHy on 1749 km?. Ox
npuToKa cy Haj3HadajHuje TucHuna, Kpynaja, Jomannuka, Benuka, Kamennuka pexa u
Burosnuna.

Hajucrounnja Tauka ciuBa Hanasuw Ha XomosbckuM mianuHama (Llpau Bpx) 21°
50° UT'[. Haj3anmagauja tauka cauBa Muase ce nanmasu Ha 21° 10 U/l Ha [yHaBy xox
Pama. Pacrojame n3Melyy Haj3amagHuje U HAjUCTOUHUjEe Tauke U3HOCH 65 km. HajceBepHuja
Tayka CiuWBa Hamasu ce koa Pama Ha JlyHay Ha 44° 48° CI'LI. HajjykHuja Tauka civBa
MunaBe Hamasu ce Ha bespanmim - B. Tpecra, na 44° 05’ CI'I. Pacrojame usmely
HajceBepHHje U Hajjy)KHHUje TauyKe, OJHOCHO Yy MpaBily ceBep-jyr, usHocu 81 km. Hajumie
Tayke y cnuBy cy Bpx bespanuma 1336 m u Lpau Bpx 1037 m, a HajHmka je xox Pama Ha
JynaBy 67 m. Y pernoHanHOM MOTJIEAY LI€0 CIMB CACTOjH CE€ O TPH ICTUHE: XOMOJbE,
I'opwa Mnasa u Ctur.
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MeTonoJ10rHja HCTPAKMBAKHA

Ha ¢opmupame peseda y cnuBy MoiaBe nomuHanTHa je (uiyBHjaiHa eposuja. Y
OKBHpPY € TMOCEOHO ce HCTHYE MPOHOC XEMHjCKH PACTBOPEHHX MaTepHja M TPAHCIOPT
CYCIICHIOBAHOT MaTepHjaia. Y Iuby YTBphHBama HHTCH3UTETA (UIyBHjalic €pO3Hje TOKOM
xunponomke 2001/2002. roauHe, y3UMaHM CY Y30pIM BOJIC Ha HAjHU3BOIHHjEM
XUJpoJomKoM npoduiny-bpatuHily Ha cBakuMx S5 JgaHa 3a motpede YTBpJjHBamba
pPacTBOPEHUX MUHEPAJTHUXMATEpPHUXa M CBaKOJTHEBHO 3a YTBphHBame KOHIIEHTpanuja CHiITa.
Y3o0pIiu cy npBo GUITPUPAHHU, KaKO OH ce OJBOjWIIa TeYHA o1 uBpcTe (aze. unrpanuja je
BpIIEHA BaKyM-IIyMIIOM ca MOJNPUTHCKOM of cBera 20 mm BoaeHor cryba. Kopumthen je
¢mrrep manmp WaTMmaH, Cpeiibe BeJIHIUHE ITopa, KOj! je Tpe U mocie QuiITpanuje CyIeH y
CYLIMOHHMIIM, 2 3aTUM CTAOMIIM30BaH y €KCHKATOpy. Mepeme TeKUHE Manupa mnpe u mnocie
¢uITpamyje BpIIeHo je Ha IUTHUTATHOj Bary, ca npermsHomhy ox 0,1 mg.

XeMHjCKH cacTaB BoOjA€ VYTBphHHBaH je KIACHYHUM TIIOCTYNIMMa aHATUTHYIKE
Heoprancke xemuje y JlabGoparopmju ¢msmuke reorpaduje I'eorpadckor daxynrera y
Beorpany. YtepljiBate cy KOHIEHTparmje Makpo-jona, Tj. Ca’*, Mg**, Na*, K*, CI', HCO5,
SO4”, SiO, kao u Temmeparypa, pH u creuuduuHa eIEKTPHYHA MPOBOLBHBOCT. 3a
onpehuBame KOHIEHTpalMja TPETXOJHO HABEJCHUX MakpoeleMeHaTa KopulnheHe cy
cienehe aHamuTHuke Meroje: 3a  onpehuBame  KOHIEHTpanuje — KaullijyMOBOT,
MarHe3ujyMoBOI' M XHJpoKapOOHaTHOr joHa KopuiiheHa je BOJIYMETpHjCKa METOJa; 3a
onpehuBame KOHILECHTpAIHje HATPHjyMOBOT, KaJHjyMOBOT U XJIOPHIHOT joHa KopuinheHa je
MTOTEHIIMOMETPHjCKa MeTola ca oaroBapajyhmm joH-cenmekTHBHHM enekTtpomgama (Cole-
Parmer Potassium lon Electrodes); 3a ompehuBame koHIEHTparuje cyndata W CHIHKATa
kopumheHa je ciekTpodoToMeTpHjcKa MeToaa

HezaBucHo on aHamm3umpaHux y3opaka Bojaa, onapeheH je W MPOHOC XEeMHjCKU
PACTBOPEHUX MHUHEpAJIHHX MaTepuja, Kao M CHITAa 32 YUTaBY XHAPOJIOIIKY TOAWHY.
OproBapajyhuiM MaTeMaTHYKO-CTaTHCTUYKHM METOAaMa H3padyHAT jeé HyMEPHUIKH MOJEN
TPaHCIIOPTa HAHOCA Ha OCHOBY PpACIOJIOKMBUX I10/IaTaka, Tj. KOHIEHTpAlWje XEMHjCKH
pacTBOpeHOI MaTepujajia, CHITa U NpoTuiiaja. theroBoMm npruMeHOM H3padyHaT je MPOHOC
HaBEJICHUX THUIIOBAa HAHOCAa W 3a OHE JaHe Kaja y30puy HHUCY y3umaHu. Ha Taj HauumH
JOOMjeHH Cy peNieBaHTHHM CBaKOJAHEBHH IOJAlld O IPOHOCY DPACTBOPEHHMX MHHEPaIHUX
Marepuja U CHITA 3a [1e0 HCTPAKUBAYKH MIEPUO.

I'eonnomikm cactaB TepeHa

VY ropmeM [Iely CiuBa, TadHHje JO Bpeia MiaBe JOMHHHUpA)y Kpedmalu
Bepanune. Ca necHe ctpane Mnasa npuma THCHHITY, YHjH j€ CIIUB jeJHUM JEIIOM YCEUCH Y
Kpeumake, a OpyTuM JeloM y KpemHu ¢umm u MarMmature. Hajpehu meo JKaryOwmuxe
KOTJINHE TPEKPUBEH j€ HEOTCHHM CEIUMEHTHMA, KOjH Cy HEOTIIOPHU Ha €po3Hjy, Kako
XEMHjCKY TaKO M MEXaHHWUKY. Y mupeM npocropy ['opmauke KIncype TepeH je m3rpalheH oxn
MNPEeMCKUX LPBEHUX Nelrdapa, KpeaHor (iMia U aHIe3nuTa KPeroJbHHCKE 30HE. Y CIHBY
Kpynajcke peke, nopes kpeurbaka, JOMUHHPA]y LpBeHH nemrdapu. HuzBomHo on ['opmauke
KIHCype CIHMB je u3rpaeH o HEOreHHUX CeJUMEHaTa, NPEACTaBJbEHHM Ielrdapuma,
rJIMHaMa U TTIMHOBUTUM JlalopuMa.

Kaunmarcke KapaKTepUuCTUKeE CJIMBa

Ha ocHOBY M31BOjEeHMX CpeImHX AHEBHHX TEMIIEpaTypa Ba3ayXa y IOjeANHHM
MecelriMa, Ce30HaMa My TOKY TOAMHE, YCTaHOBJREHO j€ Jia je Cpe/ma BHILETOIHIIbA
Temmepatypa Bazayxa 10,9 °C. HajxuagHuju Mecell je jaHyap, ca CpeIimbOM TeMIIepaTypoM
on -0,1 °C, a wajrorumju jyn ca 21,2 °C. Melhyrum, MapuTuMHH yTHIA] Oriieqa ce y
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TEHJICHIINjH TIOMepeha MUHIMyMa Ha Qedpyap u MakCIMyMa Ha aBryCT, Kao U TOME Ja je
jecen Tomnmja ox nponeha 3a 1°C. (Mladenovi¢ B., 2006). BucuHCKU TeMIeparypHu
rpaaujentT Ha npoduy Ierposau-Lpau Bpx n3nocu 0,54 °C/100 m (Zivkovié N., 2005).

C o03upom Ha reorpadcku Mmosoxaj, Tj. oapeheHr cTeneH KOHTHHEHTATHOCTH U
oporpadyckux  CrenupUYHOCTH, CJIMB MiaBe TmpHUmaga YMEPEHO-KOHTHHCHTATHOM
noanedspy. Cpenmba rouiba BUCHHA MalaBHHA 3HOCH HewTo Bume o 702 mm. One cy
Tako pacropeheHe Ja ce IIYBUOMETPHUJCKU PEXHM OJUIMKYje jeIHHM jaCHO H3PaKCHUM
MaKCHMYMOM IIaJlaBHHa ITIOYETKOM JIeTa Y jyHy, ¥ JIBa MUHMMyMa MajJaBuHa, NPUMapHU Y
OKTOOpY, a cekyHmapuu y ¢Gebpyapy (Mladenovi¢ B., 2006). BucuHCKM TpaaujeHT
Na/laBMHA Pa3IniUT j€ Ha IPOCTOPY CIHBA. Y IOHEM Jery cirBa u3Hocu 54 mm/100 m, a 'y
PEjOHY Cpeler W TOpEmer Aena cimBa, Tj. Ha npodmry [opmak-Lipam Bpx mpexo 60
mm/100 m (Zivkovié N., 2004)

Y xumgponomkoj 2001/2002. roguHN KONMWYMHA TaJaBUHA, Ca MPOCEKOM y IIETIOM
cnuBy, Omma je 743,7 mm, makie BHIIE OJ BHIICTONUIIET Hpoceka. Mehytum, Heke
CTaHHIIE Cy AOOMIIe M3y3eTHO BEJHMKY KOJMYMHY IanaBuHa. Tako, KpemossuH je mpumuno
971,2 mm magaBuHA. Maja KOJMYMHA MaJaBHHA 3a0€TIeKCHA je TOKOM 3MMCKUX MECCIU
(meuem0Oap, janyap u ¢ebpyap), IITO 3HAYM [a je KOJIMYMHA CHEra, rma THME M 3UMCKa
petenna 6wmia mana. Toxom mposeha 6uia je y rpanuiiama mpoceka. OHO IITO OBY TOJUHY
u3/Baja je BeNMKa KIMYMHA mNajaBuHa TokoM jyHa 2002. rommue. Tama je cpeamu u
HU3BOJHHU JICO CIIMBA JIOOMO W3Yy3eTHO BEJIHMKY KOJMYHMHY TIaJaBHHA, Koja je Omia
KOHIIEHTpHCaHa Ha Mecell jyH. 300T Tora cy ¥ NpOTHUIIajU TOT Mecela OMIIM BeoMa BEJIUKH,
IIa je Ha MojeJMHNM MECTHMa JIOIII0 U 10 noruiasa. J{ok je y Majy nayo 57,7 mm a y jyny
82,6 mm, TOKOM jyHa y CIUBY je ImpoceqHo aocreno 122,1 mm.

To je Omy0 yclIOBJEEHO MPOJOPOM IIMKJIOHA ca ceBepo3anaaa. Kako je miaHuHCKa
npeyara XOMOJbCKHX IUIAHWHA IIPEACTaBJbajia MPEHpPEKy HUXOBOM JaJbeM KpeTamy Ka
UCTOKY, TO C€ y LIEHTPAJHOM JIely CIIMBa M3JTy4YHiIa BelIWKa KOJHYMHA majaBuHa. CTaHuUIe
KOje ce HaJa3e HCTOYHO OJ IOMEHYTOT IUTaHMHCKOT Hu3a, na yak u L{pau Bpx, ca HajBehom
BUCHUHOM Y CJIMBY, HUCY IIPUMIJIE TOJHMKY KOJMYKHY I1aJaBUHA.
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I'padux 1. Cpenma KoJIMYMHA NAAABUHA Y I'padux 2. Konmmunua nagasuna (mm)
y c1uBy MiiaBe TokoM jyna 202. rogune xuapostomke 2001/2002. ronune.

C apyre cTpaHe MOjeIUHE METEOPOJIONIKE CTAHWIIE KOje Ce Hajla3e y ICHTPATHOM
JIeNTy CJIMBa MPUMHJIC Cy SKCTEMHO BEJIMKE KOJIMYMHE MajaBuHa. Yak 6 cTaHuIa JOOMIIO je
Bumie on 140 mm manmaBuHa, na Ou oxonuHa Benmkor Jlaoma m KpemospuHa mpummia u
Bumre ox 160 mm nagasuHa (Kpenossun, 189,0 mm).

IMocmaTtpano 1o JHEBHUM BpemHOCTUMA, Y KpemospuHy je TOKOM TpH JaHa y jyHY
(10,11,12) mamno 40,2, 75,3 i 38,6 mm mamaBUHa PECHEKTHBHO, IITO CyMapHO M3HOCH 1541
mm. Cin9Ha cutyanuja je Oniia ¥ Ha OCTaluM NMPpOo(iInMa y HU3BOJHOM JIENTy CIIHBA.
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XHZ[pOJIOI[[Ke KapaKTepUCTHKE CJIUBa

Ipoceuynn 20-To roauiimu npotuiiaj Minase Ha npoduny bparunai nznocu 10,3
m’/s, 0K je y aHANM3MpaHO] roaMHM OH 6mo 7,96 m’/s. Kapakrtepucruka cimsa Miase,
TeHepaJiHO, je JOMHHAIlMja MajuX BOJA. 3a Jeo ClIuBa 10 Bpena Miase, ¢ 003UpoM Ha
MyKOTHHCKH KapakTep M3IaHH, Mane Boe AeduHucane cy ca Bpeanomhy g0 0,36 m’/s, 10k
cy 3a momu cektop (mpodun Pamanarn) mane Boxe medummcane mpoTHuajem ox 1 m’/s
(Huxuh 3., 2003). Kako je mpoydaBaHa XWJpOJIOIIKAa TOAWHA HETHIIMYHA M H3Y3€THO
BJIQXKHA, Ca W3Pa3uTO MoBehaHUM MPOTHLAjUMA, TO je yIeO MAUX BOJAA 3HATHO HWKH O]
BUILICTOTUIITHET TTPOCEKa.

Ha npoduny BapTuHai cpeimM TOMIIKHM NPOTHIA] M3HOCH 7,9 m’/s, Kojem
onrosapa crieuuaHu oTumaj o 4,55 I/s/km>. MuHHMAaIHE CpeImeMecevHe BOJIE jaBHIIe
cy ce y centembpy (Q=4,06 m*/s ; q=2,32 U/s/km” ) u jyny (Q=4,15 m’/s ; q=2,37 U/s/km” ), a
MaKCHMAIIHE TOKOM JIeTH-CI MOBOAMA y jyHy Mecery (Q=22,3 m’/s; q=12,75 l/s/km’ ).
Onnoc m3mely cpeamux MecedHuX mpotuiaja je 1:5,5. MakcuMmaniaH JHEBHH HPOTHIIE]

u3HocHo je 151,0 m*/s (jyn), a munnmanas 1,86 m*/s (aBrycr), Tako 1a OHHM CTOje Y OHOCY
1:81.

Qm3s)
2

N s | p——

1 31 61 91 121 151 181 211 241 271 301 331 361
dani

I'padux 3. Xuaporpap Muaase xuaposaoumke 2001/2002. roaune.

Kapakrepuctuka xwuaponomke 2001/2002. romune na Hajsehum neo roxune
JOMHHHpajy TPOTHIAjH ca MeamjamHoM Bpeamomhy ox 5,3 m’/s m uernmpu m3pasuta
noBoJha. CXOMHO METEOpPOJIONIKUM TMPHIMKaMa OHM Cy C€ jaBHJIM KpajeM HoBeMOpa u
nogetkoM aeremGpa (29.11.-05.12.2001.) ca cpexmum Q od 20,3 m/s (q=11,6 1/s/km?).
Jlpyru moBojam jaBHO CE KpajeM jaHyapa u moueTkoM ¢edpyapa y Tpajamy on 21 naH, ca
cpemmom Bpearomthy Q od 17,2 m¥/s (q=9,8 1/s/km?). HajuspasuTuju moBogam 1eCHO ce Y
ckiagy ca majaBuHama on 11-21jyma 2002. romume. Cpemmu Q msHocho je 50,0 m’/s
(q=28,6 1/s/km®). YryTap oBOT HepHo/a JBa JaHa Cy OHia Ca H3PA3UTO BUCOKHUM OTHIAjeM
ox 100 m*/s i 151 m’/s, mro cy u Hajsehu TPOTHUAjH y OBO] XMAPOJIOMIKO]j IOIMHH.
IMocnenmu noBogam aecuo ce ox 09-21. aBrycra 2002. romuHe. Y CyIITHHE TO Cy OWia 1Ba
Mama OBO/A pa3ABojeHa ca Tpu JaHa. Cpeamy MpOoTHUIlaj) OBOT Ieproaa u3Hocuo je 17,7
m*/s (g=10,1 1/s/km?). 3UMCKH MaKCHMyM MpOTHIAja YCIOB/bEH j& 3HATHOM KOIHYMHOM
NaJaBUHAa M pEJIaTUBHO BHCOKHMM TeMiepaTypama 3a oBo pmoba roxune. Ilponehnm
MAaKCUMYM YCJIOBJbCH je IIpUMapHUM MaKCUMyMOM IIaJlaBhUHa, a JICTHU IIJbYCKOBUTHUM
KUIIama.

DU3HYKO-XeMHjcKe KAPAKTEPHCTHKE AHAJU3MPAHMX y30paKa BoAa

Cpenma yKylHAa MUHEpalH3aldja aHATM3HpaHuX Tekyhux Boja usHocu 3991
mg/l, a xpehe ce y pacmony 220,1 mg/l no 476,2 mg/l. ¥ yKymHO] CTPYKTypH
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MHHepaIm3alije TOMHHAHTHH KaTjoru cy Ca”" (82,0 %) i Mg*" (9,6 %), a motom Na' i K+
ca ykymHo 8.3 %. Ox amjona momummpa HCO; sa 89,2 %, mok cy SO, i CI” ckopo
HOoAjeAHaKo 3acTymbeHHu ca 4,9 %, ogHocHo 5,9 %. [lakie, Boae cnuBa MnaBe npunanajy
KaJIIIMjYMCKO-XHPOKapOOHATHOM  THUIy Boxa cpenme  MuHepanmmsanuje.  Osaj,
HajHU3BOMHMjU PO KapakTepule noBehana NpoOMEHJBMBOCT TEMIEpPaType BOJIE, Kao U
onaro mosehana pH Bpeanoct ox 7,8, koja Bapupa y pacrnony ox 7,5 do 8,2. V ckiany ca
nosumennm pH BpeasocTHHa n Komnentpammjama Ca”” i HCO; joHa je memorommiuima
MHKpycTHBHA BpeaHOCT BoJe (SIc=0.5).

Cpenma Tromuiima KOHICHTpalKja CYCIICHIOBAHOT MarepHjana y Boaud Miase
mHocwna je 58,3 mg/l. V Bpeme Manmx Boma Owia je TOTOBO 3aHEMapJbHBa, jep je
KOHIIeHTpanyja m3Hocwia ceera 2,5 mg/l. C apyre cTpaHe, y BpeMe BHCOKHX BOZa
KOHIICHTpalyja CHITAa 3HATHO je NpeBa3Wiasimia KOHICHTPALHjy XEMHJjCKH PAaCTBOPEHHX
MaTepuja u n3Hocuna je ak 842,0 mg/l.

Opnocu n3Mel)y eKCTpeMHUX BpeTHOCTH KOHIeHTpanuja PMM u cunta cy Beoma
pazmuuntu. 3a PMM onpHoc exctpema je 1:2,2, a 3a cur 1:336,8. To ymyhyje Ha mamy
BapujabuiHOCT KoHueHTparmje PMM3a (Cv=9,9). 3a pasnuky oxa KkoedwuimjeHta
BapHjaOMIHOCTH YKYITHE MUHEPAIH3alje BaprjaOMIHOCT KOHIICHTPALIU]jE CHITA j& MATIeKO
Beha (Cv=165,9). To 3Haum na je Ha MPOMCHJBUBOCT KOHIICHTpAIMjEC CHJITA YTHUIA]
BOJHOCTHU JTaJIeKO Behw, W Jia Taj THII €pO3Hje MMa CKCIIECUBHH KapakTep. YCIel BEITUKE
BapHjaOWIIHOCTH HaBEJCHUX KOHLEHTpalMja 3HATHO j€ YIYTHHjE€ KOPHCTHTH HEKY IPYTY
Mepy Jucriepauje, a To je MeaujaHa. BpemHoct mMenujane 3a cunt uzHocH 33,8 mg/l, a 3a
xeMujcku pactBopenu HaHoc 404,9 mg/l. [lakine, mo nuTamy KOHIEHTpaNWje Ha TOAUIIHEM
HHUBOY, CYBH OCTaTaK BHIICCTPYKO JOMHUHHpPA HAJ CYCIICHAOBAaHHM MapTepHjaioM.

OpHoc npoTunaja u koHUeHTpanuja PMM u cycneH0BaHOT HaHOCA

VY cknany ca ommre npuxBahenum moaenom ogaoca T/IC 1 KOHIEHTpanyje cuira
C jemHe, W MpOTHUIAja C Ipyre CTpaHe, Te Bapujabie NpHKa3aHe cy rpapuyukd Kpo3 HUXOB
perpecnonn mojen. Oxnoc T/IC u mpoTHIaja je aHTUIOAAH, Tj. IITO Cy MpOoTHHAju Behn TO
Cy KOHIIEHTpaIlHje Makpo joHa Hke. Taj omHoC HajOOJBE OMHUCYje ABOCTPYKO JOTAPUTAMCKHI
mozen oosmka log(Y)=a+b-log(X) xoju je y ciydajy Minase TpanchopMuUCaH y jeIOCTpaHO
smoraputamcku mozen. KoeduimjeHT neTepMuHaIgje je BUCOKO 3Ha4ajaH ¢ 0O3MpOM Ha
BpenHoct ox 0,78.
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I'padux 4. Onnoc uzmelhy nporuuaja n koHuentpauuje PMM (a) u nporuuaja u koHueHTpauuje cuirra (b)

VY cny4ajy opHOCA KOHIIGHTpAIMje CHIITa U IPOTHIAja Taj OJJHOC j€ y CarjacHOCTH
— mTo cy mpotunaju Behm 3amaka ce m moBehame KOHICHTpAaIlWje CHITA, all HE Y
JMHEApPHOM OJHOCY. Y Clyd4ajy KOMIUIEKCHOT TCOJIONIKOT cacTaBa M IPOTHHAja Kao
HajIpUKIAIHUJ TIOKa3ala ce MONMHOMHHAJIHAa perpecuja tpeher cremena xoja y
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AHANMMTHYKOM OONMMKY raack Y=a+b X+b,X°+b;X°. TloBe3aHocT OBHX BapHjabmu je
onpelena xoepunujenrom aerepmuHanuje ox 0,88.
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I'padux 5. Auctpudynuja ¢ppexsenuu konuentpamnuje TAC (a) m konuentpauuje cuara (b).

Haxko je apurMeTHdka cpeuHa yKymmHe MuHepanu3anmje 399 mg/l, u3 npuioxeHor
rpaduka ogurieHo je Aa ce Hajpehu Opoj mogaraka (n=186) namasu y knacu 400-450 mg/1.
Pacnogena momaraka Harumme f-pacmomenn ca jakom acuMmeTpujoM Ha ngecHo. C apyre
cTpaHe, pacrofena (pakBEeHIIM KOHIGHTpalWje CHITa NPUOMIDKHHjAa je HOPMAIHO].
JomuHanTHa kimaca je 20-50 mg-1, ca 136 momaraxa.

JucTtpulyuuja npoHoca XeMHUjCKOT U CyCIIEeHAOBAHOT HAHOCA
npemMa KJjacama npoTunaja

MiaBa je W3 cnmBa u3Hena ykynHo 136826 t marepwujana, ox tora 46701,6 t
npunaga CycleHJIO0BaHOM HaHOCy, anu W rotoBo 2 myta Bume (90124,2 t) xemujcku
pacTBOpPEHOM HAaHOCY. Y OJHOCY Ha MMOBPIIUHY CJIMBA TO Jaje crenuduiny epo3ujy ox 26,7
t/km?*/god 3a cycmenpoBaHH HaHOC, OHOCHO 51,5 t/km?/god pecrmexTHBHO 3a XeMHjCKH
HaHoc. Ca moBehaBamem mporumaja moBehaBa ce W MPOHOC HAHOCA, AM IPOICHAT
noBehama MpoHOCa CWIITA M PACTBOPEHMX MHHEPAIHMX Marepuja Huje jennak. To je,
HapaBHO, PE3yNTaT MPHUKA3aHOT OJHOCA MPOTHIAja M JaTWX KOHIEHTpauuja. Y HajBehem
JIelTy TOAWHE MPOHOC PacTBOPEHHMX MaTepHja BehW je ox mpoHoca cuiTa. 1o jennHO Huje
Cllyyaj y BpeMe MakCHMalHHX IOBO[ia, Kaja je KOHLEHTpaluja cuita OWia HM3y3eTHO
BucoKa (842 mg/l), a xeMujcKH pacTBOpPEHHX MaTepuja eKCTpeMHO HHcKa (227 mg/l).
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I'padux 6. F'ogumma pacnojesia nponoca xemujckor (Q.p) ¥ cycnenaoBanor Hanoca (Qy).
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YTBphuBameM OgHOCAa XEeMHjCKe M MEXaHHYKE BOJHE €po3Hje IpemMa BOJHOCTH,
NPOTHLAjJH Cy CBpPCTaHH y 7 Kiaca. [IpoHOC cuiTa 3aKkjbydHO ca KJacoM MpoTuiaja 1o 20
m’/s je rotoBo Oe3nauajan (19,3 %), anu 3aTO HOCIHEABE IBE KiIace BHCOKHX BOZA, YWHE
80,7 % wnenoromuuImer mpoHoca TOor Marepujayna. CacBUM je OOpPHYTO ca IPOHOCOM
PACTBOPEHHX MaTepHja, Kajga je y pacmoHy mpoTHuaja 20 m’/s msHeTo u3 ciuBa 76,4 %
Marepujajia, a y HajBUIIMM KJlacaMa IPOTHIaja 3HaTHO Mame, Tj. 23,6 % roauuime cyme
npoHoca PMM. C nmpyre crtpaHe, u3 Tabeje ce MOXE carjieflaTd Jia je MPOHOC XEMHjCKU
pPacTBOPEHUX MaTepHja Yje[HAUCHHjH Yy ONHOCY Ha IMPOHOC CHIITA MO CBHM Kjacama
MIPOTHIIA]a.

HetasHuju yBHI y pacnojeny ydemha TpoOHOCa PACTBOPEHHX MHHEPATHHX
MaTepuja ¥ CHITa IO KilacaMa NpOTHIAja MOXe ce carjiefaTH Ha OCHOBY 30UpHE CyMme
MPOHOCA OBa JiBa THIa peyHor HaHoca. OBH omHOCH omoryhaBajy yTBphHBame KOjH THII
HaHOCa JOMHHHUpA y 3aBHCHOCTH OJ KOJIMYMHE oTHLajHe Boje. [locmaTpaHo mo xiacama
Y10 XeMHjCKe epo3Hje MOCTYIHO omana o 25:1 3a HajHmke K1ace Q Mame o1 3 m’/s i 10
ommoca 1,1:1 y kmacn Q 20,01-50,0 m*/s. Tek y kacu Behoj ox 50 m’/s xemujcka eposuja
YUHU MamU yJIeo yKynHe cyme HaHoca. KonkperHo 23,3 % npunana xemujckoM, a 76,7 %
MIPOHOCY CHJITA.

Tabena 1. luctpudynnja nponoca xeMujckor (Q.,) M cycneH0BaHor HaHoca (Q;)
npema kjacama nporunaja (Q).

klasa n % % % 2 Qut Qs Qcn

Q (m’/s) Q Qan Q godi¥nje godi¥nje ®) % % /
® ® % Qu % Q, 2a Klase Q Qen Qs 0.
<3,0 25 6,8 2563,5 102,3 2,8 0,2 26659 96,2 3,8 | 25,0
3,01-5,0 135 37,7 | 20528,6 1426,0 22,8 3,1 21954,6 93,5 6,5 14,4
5,01-7,0 106 29,0 | 212958 1850,4 23,6 4,0 23146,1 92,0 8,0 | 11,5
7,01-10,0 40 10,9 10542,6 1338,8 11,7 2,9 118814 88,7 11,3 7,9
10,01-20,0 34 9,3 13926,1 4306,6 15,5 9,2 18232,8 76,4 23,6 3,2
20,01-50,0 19 5,2 13438,6 11859,5 14,9 254 25298,1 53,1 46,9 1,1
> 50,0 4 1,1 7829,0 | 258180 8,7 55,3 33647,0 233 76,7 0,3
X 366 90124,2 | 46701,6 100 100 1368258 65,9 34,1 1,9

I'padux koju 60spe 0 TabeMapHUX IOAATaKa MOKa3yje oaHoc m3Mel)y mpoTHmaja u
WHTCH3UTETa MEXaHWYKE M XEMHjCKe eposWje mpukaszaH je Ha grafiku 7. [Iponoc cunma
00208apa  eKCNOHEHYUJaIHO] Kpusu, 00K ce NPOHOC XeMUjCKU pPACMEOPEeHux mamepuja
no08peasa NOIUHOMUHATHO] peecpecuju mpehee cmenena. To je TOTIYHO y CyNIpOTHOCTH ca
OIHOCOM oaroBapajyhnx KoHIEHTpamuja u mnportumnaja. Konmentpammja PMM mpema
MPOTHIAjy AeUHUCAHA je JIOTapUTAMCKOM pErpecHjoM, a KOHIICHTpalldja CHITa U
MIPOTHIIAja TOJTMHOMHUjATHOM perpecujoM Tpeher crerneHa.
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I'pacduk 7. [IpoueHTya)IHH y/Ie0 MPOTHLAja, TPOHOCA XEMHjCKOT ¥ CYCIIEHTOBAHOT HAHOCA
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3a aTe Kiace Q.
Perpecnonu Mojien 3a NpoOHOC XEMHjCKOT HaHOCA 10 Ki1acama Q:

¥ (Qen) =-0,6541x* + 11,756x" - 73,429x* + 177,94x - 108,59 ; R* = 0,98
Perpecuonn MOJEJI 3a IPOHOC CYCIIEHAOBAHOT HAHOCA 110 Kj1acaMa Q.
p p y
y (Qy) =0,2337¢ *"™; R* = 0,86

OTkyxa TO Ja cy perpecuje npomeHuie Turn? OAroBop je y HPOTHIE]y, OJHOCHO
BETOBOj PacIojieN Ha Jare kiace. TayaH yBHI y omHOC m3Mely IpoHOCAa XeMHjCKOT U
CYCIICHJIOBAaHOT HAHOCa MOXE Ce carjielaTH CcaMO TNPeKo IHMXOBE pacrnojene y
onrosapajyhum kiacama npoTuuaja.

VY canejcTBy ca oarosapajyhuM kiacama IpoTHIaja, OJHOC U3Mel)y XeMHjCKe U MeXaHH4Ke
BOJHE €pO3Hje je MOTIIYHO Pa3InIUTO AUCTPUOYUPAH.

Kox xemujckor HaHOCa BeTOBa JOMHUHAIIH]A y OATOBapajyhuM kiacaMa mpoTHIaja
neUHUCaHA je TOJMHOMUHAIHOM perpecujoM. To 3HayM jga ca moBehameM BOJHOCTH
ydaecTanocT npoHoca PMM mpBo pacte mo kiace Q od 5 m’/s, a 3aTHM HEIPEeKHIHO Oaja
ca TEH/ICHIIOM JOCTH3ama acCHMITOTE 3a HajBuIe Kiace mpotumaja. C mpyre cTpaHe, ca
noBehaBambeM BOJHOCTH Y4YECTaJOCT NPOHOCA CYCIICHIOBAHOT HAaHOCA MMa HENPEKUAHH
y3Ia3HU TPEH].

Edexar xucrepesuc nerbe

Kommapanujom nojaraka o KOHIEHTpanyjaMa CyCIieH/I0BaHOT HaHOCa | ITPOTHUIaja
MOXe€ C€ YTBPJMTH KaKo Cy KOHLIEHTpallMje HaHOCa JUCTPpUOyHpaHe Yy OJHOCY Ha MPOTHIA].
Jenan on mokaszaresa Be3e m3Mel)y KOHIEHTpaluje cWiTa W NMPOTHLAja je yTBphuBame
NOCTajaka XUCTePe3uc MmeTbe. MaeHTndukanmja pasinyuTHX THIIOBA XHUCTEPE3UC KPYroBa
BeOMa je 3Ha4ajHa, jep yKa3yjy Ha OJHM3WHY JIOKalHje W3BOpa CeAMMEHara, Kao W Ha
JOMHHaHTHe (aKTOpe KOjU aKTHBHPAjy CEIMMEHTALMOHU M3BOp. TO 3HAYM Ja pa3siHYuTH
0o0NMHIIN XUCTEepPEe3UC IMEeTJBH, 3alpaBo, yKa3yjy Ha JOMHHAaHTHE (pakTope ycioBa Imporieca
OTHLAKka, KOjU ¥MMa 3a IOCIEeOUIly TPaHCIOPT ICHYAAIMOHOI MaTepujaja 10 PEeYHUX
tokoBa. Koju hie 00auKk kpuBa 1a MOKake 3aBHCH OO MHOTUX (akTopa cpauue. Ilopen
NaJaBUHA ¥ HM3BOpa CEAMMEHTHOT MaTrepHjaia, oOJNMK IeT/be MOXKE Ja KOHTPOIHMIIE U
BennurHa ciuBa (Zabaleta A., et al., 2007; Soler M., Latron J., Gallart F. 2008), anu y
HajBehoj mepu BaxxHocT 3emspumiTa (Klein, M., 1984).
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I'padux 8. Xucrepesuc npr/ba 3a nepuoa 11-19.06.2002. roqune.
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I'padux 9. IBocTpyka xucrepesuc npr/ba 3a npuoa 09-26.08.2002. roqune.

Kako cy koHIeHTpanuje CyCHEeHIOBAaHOI HaHOCAa PEJIaTHBHO Maie TokoMm Beher
JieJia NCTPaKUBAYKOT IIepHoJia, yTBphHBame nocrojama o1peheHOr THITa XUCTEPE3NC NETIhE
6uhe pa3marpaHo y JBa I€pHOJia, OJHOCHO 3a BpEME Tpajara jYHCKOT M aBI'yCTOBCKOT
norutaBHor Tanaca. Ox mer Bpcra newbn (Williams, G.P., 1989) 3a oBa nBa mepuopa
KOHCTaTHBaHa j€ caMo jellHa, a TO € XuUcmepesuc nemsmsa CYnpOmHO2 CMepa Ka3d/bKe Hd
camy.

OBa KpuBa THIIMYHA je 3a YCIOBE KaJa je 3eMJbUINTE mpe3acuhieHo BiaroM Ha
HIMPEeM MPOCTOPY CIUBA, IITO JOMPUHOCH TPAHCIOPTY HaHOca ca mwmper moapydyja. Ilox
YTHIA]eM H3y3eTHO BHCOKUX IaJaBUHA JIONa3d /IO Mpe3acHNeHOCTH 3eMJBHIITA BIAroM,
YHME je MOJCTAKHYTO WHTEH3UBHO OTHIAHE HE3aBHCHO O] TOMOTrpa)CKUX KaTaKepHCTHKA
TepeHa (Seeger M. et al., 2004).

VY yciaoBruMa Kaaa je ceIMMEHTHU (IIyKC MOPEKIIOM je M3 €PO3MBHOT MMOAPYYja Koje
je Ha Behoj ymasbeHOCT O MEpHE CTaHHIIe, INTO 3HAYM Ja Cy CCAMMEHTHH YCJIOBU
WHKOPIIOPUPAHK Ha MPOCTOPY IIEJIOT CIIMBA, TOIUIaBe Tpajy ayxe. OBakaB ciiyudaj je
ympaBo OHMO 32 BpeMe jyHCKOT M aBT'yCTOBCKOT MOIUIABHOTI Tanaca. JYHCKH TOIUIaBHU TaJlac
Tpajao je 11 nmana, a aBrycroBcku 13 mana. Kako ce Ha oba mpuiioxeHa rpaduka MOXe
BUJICTH, GUCOKe KOHYeHmpayuje Cuima jaemay ce nocie nojase Hajeehiec npomuyaja.
OBaxBa pacrojiesia KOHLEHTpaIja CyCIIeHJ0BaHOT HaHOCA ITpeMa BPEIHOCTHUMA MPOTHUIIaja
MmoKasyje Ja je nymosarwe ceduMeHama 00 pPeuHo2 MOKA 0y20 U 0a ce CeOUMeHMmU
mpancnopmyjy u3 obiacmu Koje ¢y 00 meea Oaieko. JIpyruM pednma, WHTECH3UBHO
oTUIalke OWIO je MPUCYTHO Ha MOBPILIMHHU IIEJOT CJIMBA, IITO j€ YCIOBHJIO WH3CH3UBaH
(TyBHO-ICHYIAIIMOHN TIPOIIEC, KOjU je pe3yITHpao MoBehaHUM KOHIICHTpalujaMa CHITa y
PEYHOM TOKY, & CAMHM THM BEJIMKUM IIPOHOCOM CYCIEHJI0BAHOT HAaHOCA.

BpemeHcka pacnojesia MPOHOCA XeMHUjCKOT U CyCIIEHI0BAHOT HAHOCA

Jlaneko 3HayYajHUjU MOJATAK O OJHOCY XEMHjCKE U MEXaHWYKE epo3uje J00Hja ce
KaJla ce cariie/iajy KpuBe OIHOCa KyMYJIaTHBHOT MPOIIEHTa BpeMeHa 1 KyMyJIaTUBHOT 00MMa
€pOJIOBaHOI MaTepHjaia W KOJMYMHE OTHIajHe Boxe. Kako je KOHLEHTpalija XEeMHjCKH
pacTBOpPEHOr MaTepHjaia BHIIA OJl MPOCeYHE KOHLEHTpalHje CHITa, TO He YyAM IUTO je
MuiaBa 3a 50 % BpemeHa u3 ciuBa u3Hena 30 % roAMinme KOJMYMHE XEMH)CKOT HaHoca
Marepujasia. 3a UCTO BpeMe U3 CIIMBA je U3HeTo cBera 2,5 % cycreHnoBaHor HaHoca. OBUM
BpPEIHOCTUMA TOJIUIIILE pacIiofiesie HaHoca oArosapa 25 % BPEAHOCTH TOJIUIILET OTHIAja.
[TocrojanoCT, OAHOCHO Maja BapujaOMIHOCT KOHIIEHTpAIlHje CyBOT OCTaTKa, OrJiefa ce Uy
MaJioj 3aKpHBJFCHOCTH KpuBe. Kako je MexaHW4ka BOJHA €po3Hja €KCIECHBHA, ¥ TIOYETKY
Haru0 WEeHe KpHBE MPOHOCA je MaJlor Harnba, ajuu KacHHUje, ca IPAaCTUIHUM IoBehaBameM
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MPOTHIaja y OMHOCY Ha ocTany, Hajehu neo rogmne, BpToraaso pacre. M3 Tor pasmora, 3a
nocnensmux 10 % BpemeHa U3 ciuBa je U3HETO 86 % CyCIIEHZOBAHOT HAaHOCA a XEMMjCKOT
csera 30 %.

3a Bpeme 4 mMoMeHyTa TOBOAMA, Koja Cy Tpajanma 14,2 % roguiimer BpeMeHa,
npoTekiio je 44 % Bome, a M3HETO je YKymHO 53,2 % cymapHOr HaHOCAa. Ca acleKTa
MOjeIMHAYHOT yiea o0a THIa PSYHOT HAHOCA, 3a OBaj BPEMEHCKH IEpHO IpoHeTo je 34,4
% TOMUIIIBE CYME XEMH]jCKOT HaHoca , a 89,4 % roauIime CyMe CYCIICHI0BAaHOT HAHOCA.

MelhyTuMm, y OKBHpY YETHpH IOIUIaBHA Tajaca, MPOHOC XEMHUjCKH PacTBOPEHUX
Marepuja Ouo je Behum oJ mMpoHOca cWiITa y TpU ciiydaja. M3nzerak ImpeacraBiba jyHCKH
MOTUIaBHY TaJlac y KOME je JOMUHHMpAo MPOHOC CHIITa, Koju je 2,5 myTa Behu oj mpoHoca
XEMHjCKOT HaHOCA.

CarnenaHo ca TOIWIIE-CT HUBOA IMOIUIABHH jYHCKH Taiac ox 11 guamo je 3 %
BpeMeHa MpoHeTo je 65,6 % roaummer cuiTa, a camo 13,4 % roaummer H3HOCA XEMH]CKH
pacTBOpEeHUX MaTepHja.
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3akipyuak

VY HajsehieM geny roawHe MPOHOC XEMHUJCKH PACTBOPCHHX Marepuja Behu je of
npoHoca cuiaTa. To jeAMHO HUje ciIydaj y BpeMe MaKCHMaJIHUX IIOBOJA, Kajga je
KOHLICHTpallMja CHiITa Owia H3Yy3eTHO BHCOKa, a XEMHjCKH PAcTBOPEHHMHX MaTepHja
eKCTpeMHO HuckKa. Jlakine, y caugy Mnage, y ycnoeuma xemepozeHoe 2e0i0mKo2 cacmaed u
B00HOCMU, XeMUJCKA epo3uja je uHmeH3UsHuja 00 mexanuuke 600He eposuje. Y yKynHoj
CYMU HA 200UWFeM HUBOY NPOHOC XeMUJUCKU PACMEOpeHoe Hanoca yuecmsyje 65,9 %, a
cycnenodosanu ca 34,1 %, maxo 0a je oonoc usmehy oea osa muna peunoz nawoca 1:1,9. Y
OJIHOCY Ha TIOBPIIMHY CIIMBA TO YMHM CrelUdHYHY XeMHjcKy eposmjy ox 51,5 t/km*/god,
MexaHHuKy oz 26,7 t/km*/god.

KomnapatuBHOM aHanu3oM o0a THIIa PEYHOI HAHOCA 3a UCTE KJace MPOTHIAja,
yTBpalEeHo je 1a TMcTpudyIMja IPOHOCa XEMHU)CKOT U CYCIIEH/I0BaHOT HaHOCA HUje jeIHaKa.
AHanM30M OJIHOCAa XEMHUJjCKOI M CYCIICHIOBaHOI HaHOCa IpeMa Kjiacama IpoTHIaja
yTBphjeHa je cieneha MPaBHITHOCT: u0yAiu 00 HUMNCUX KA SUIMUM KIACAMA NpOmMuyaja yoeo
XeMujckoe npoHoCa ROCMeNneHo onaod, 00K yoeo npoHoca cuama pacme. Y HaJHHKO] KIIACH
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BOJHOCTH, Y KOjOj je MPOTHIA] MambH 01 3 m’/s, IPOHOC XEMHjCKH PacTBOPEHOI HAHOCA je
25 myta Behm ox mpoHOoca cycmeHgoBaHor HaHoca. C npyre cTpaHe 3a BpeMe Tpajama
npoTHuaja umje cy Bpeanoctn Behe 50 m’/s MPOHOC CyCIEHIOBAHOT HaHOCA je 3,3 myTa
Behu o1 mpoHOCA XEMH)CKOT.

C o03upoMm 1a Cy ce W3y3eTHO BHCOKM HPOTHIAjU jaBHJIM HEKOJHKO ITyTa
TOAMIIE, JOMHHAIMja CyCIIeHJOBAaHOT HaHOCAa y THUM YCJIOBMMa yKa3yje Ha eKCLeCHBaH
KapakTep MeXaHWYKe BoJHE epo3uje. Tako y ojpeheHnM penoBuMa ToJIWHE HPOHOC
CYCIECHZIOBAaHOT HAHOCA IIPEJICTaBjba BEJIUKU YIEO Y HErOBOM YKYITHOM TOJAWIIBEM
onrtepehewy. TakBa cutyanuja Ouna je 3a Bpeme moriaBHor tanaca ox 11-19. jyna 2002.
roguHe. Y TOM TEpUONY Koju je Tpajao 3 % BpeMeHa mpoHeTo je 65,6 % on ykyIHe
TOJIMIIIGE CyMe CYCIICHIOBAHOT HAHOCA.

VYcmocTaBbambeM 3aBUCHOCTH M3Mel)y KOLeHTpanuja CuiiTa U NpOTHLaja, 3a BpeMe
eKCTPEMHHUX METEOPOJIOMIKO-XUAPOIIOMIKAX ycoBa, YTBpEeHO je Ja je TOKOM JBa
Haju3pa3uTHja IMOIJIaBHA Tajaca TOKOM jyHa W aBryCTa 3a CiIMB MilaBe KapaKTepPHCTUYHA
Xucmepesunc nemma CynpomHa Kpemary Kasasmke Ha camy. UneHTH(UKAIMja OBOT THIIA
nerjbe yKasyje Ja 3a BpeMe Tpajarba eKCTpeMHHX jorahaja HM3BOp M TpPAHCIOPT
CYCHECHJIOBAaHOT HaHOCA, KOjU je WHKOPIIOPHPAH Y PEYHH TOK, YCIOCTABJCH Ca IIUper
moapyvja ciauBa. To je HApOYWTO 3HAYAJHO 3a Jalby HIACHTH(HUKAIK]Y IOjaBa APYTHX
norahaja koju MOry MMaTH HETaTHBHE MOCICIUIC IO OKPYXKCHE, Kao IITO je CIIyuaj
aKTHBHpama KIM3UIITA. Y yCIOBHUMa Ha KOjH yKa3yje OBa BPCTa METJbH, & y CarjliacHOCTH ca
T'€OJIOLIKOM TIO/IIIOTOM, MOXKE C€ OUEKMBATH aKTHBUPAE KIIM3HIITA HAa LIMPEM HPOCTOPY,
OJIHOCHO Ha TEPUTOPHjH KOja 3axBaTa Behe mospiumHe.
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CHEMICAL AND MECHANICAL WATER EROSION RATIO
IN THE MLAVA RIVER BASIN
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Abstract: In the hydrological year of 2001/2002, the water samples in the Mlava Basin were analysed. On its most
downstream hydrometric profile, to the Bratinac profile, the water samples were taken every 5 days for TDS an d
every day for concentration suspend sediment. It was found that during the analysed period, the transport of
chemically dissolved maters was 2 times higher than the silt deposit transport.

Key words: chemical disolved, suspend sediment load, Mlava River, Eastern Serbia.
Introduction

Chemical deposit, silt deposit and tractional deposit represent three integral types of
river deposit. In contemporary geomorphology, and especially in other research areas that deal
with river deposit (hydrology, geology, land, engineering profession), the greatest attention has
been paid to the silt deposit. Relatively few papers in the world and in Serbia consider
simultaneously all three components of river deposit. The first studies that were aimed at
determining the ratio between the transport of chemically dissolved and silt deposit in Serbia
were carried out in the basins of the Timok and Crnica (Manojlovi¢ P., Zivkovié Lj., 1991,
Manojlovi¢ P., 1993), then in the basins of the Kolubara (Dragic¢evi¢ S., 2002, 2009), Mlava
(Mladenovi¢ B., 2006) and Temstica (Mustafi¢ S., 2006), the only study that included a
comparative analysis of all three types of river deposit were carried out in the Kolubara Basin
(Dragicevic S., 2002 ).

Which of the mentioned types of deposits will dominate depends on local factors of the
environment. According to Chakrapani G.J. (Chakralpani G.J., 2005, Chakrapani G.J.,
Subramanian V., 1990), factors that largely control the transport of silt deposit are precipitation,
runoff and lithological composition. The intensity of chemical erosion is affected 89% by water
level, but as significant factors or modifiers stand out type of rocks, soil, and climate (Manojlovié
P., 1992). However, other factors have a lesser or greater importance on the intensity of river
deposit transport, including the local topography of the terrain, vegetation cover, land use,
climate change and so on. Recent studies point to the increasing influence of the man. Impact of
human activities, including logging, changes in the land use, creation of the terrain terraces and
the like, left strong consequences on the river systems in the Mediterranean region of Europe
(Hooke J.M., 2005). Also, clearing of natural vegetation and changes in the land use or land
conversation caused changes in the transport of sediment deposit around the world (Walling
D.E., Fang D., 2003). Walling (Walling D.E., 2006) points to reduction of deposit transport in
some rivers, which is the direct consequence of human impacts in terms of construction of water
reservoirs (reservoir construction). Namely, from the mentioned environmental factors depends
how big the share of one particular type of deposit is in their total sum. A minor proportion of the
silt deposit in relation to the chemical may be due to human influence. Thus, in the basin of the
River Ebro, the dam construction played a major role in regulating the silt deposit transport. With
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a value of 69-93 t/km*/year, compared to 1.2 to 5.1 t/km’/year, the chemical deposit dominates
the basin of this river (Negrel P. at all., 2007). Share of the chemical deposit can range from 30 —
90 % (Tosiani T. at all), but in the total amount represents only 14.2 %, while 85.7 % belongs to
the silt (Singh O. at all, 2008). Quite the contrary, in the mountainous areas, the tractional deposit
stands out as the dominant one with the share of 50 %, while the silt and chemical are
represented by 35 %, that is, 15 % (Schiefer E. at all., 2010).

The Mlava Basin is in many ways, primarily in physical-geographical characteristics,
specific. Specificity is reflected in the geological structure of the terrain and water level of the
basin, and in particular, hydrological conditions of the research period. The Mlava Basin is
generally characterized by a predominance of low waters (Niki¢ Z., 2003). However, the studied
hydrological year is very unusual with extremely increased runoff in June and August and below
average runoff in the period from February to May. In fact, the biggest floods in the Mlava
Basin, and one of the largest in the whole of Serbia, in the first decade of the twenty-first century,
were in the month of June 2002 (Milanovi¢, A., UroSev M., Milijasevi¢ D., 2010). Precisely the
combination of petrological composition of the basin and hydrological characteristics during the
observation period offers the possibility of determining the ratio between the chemical and
mechanical water erosion, that is, establishing the dominant factors and conditions that determine
the ratio between the two types of river deposit.

Geographical position of the Mlava Basin

The Mlava Basin is located in the northwestern part of eastern Serbia covering an area
of 1830 km’. It arises from Zagubitko spring, or the Mlava spring, that emerges in the
southeastern part of the Zagubitka Valley below the northern slopes of Beljanica at 314 m above
sea level. It is one of the longer rivers in Eastern Serbia, which, after the course of 120 km
empties into the Danube. The most downstream hydrometric profile is located near the village
Bratinac, east of Pozarevac. Until this profile, the Mlava covers an area of 1749 km’. The most
important of the tributaries are the Tisnica, Krupaja, Josanic¢ka, Velika, Kamenicka River and
Vitovnica.

The easternmost point of the basin is located on the Homolje Mountains (Crni Vrh) at
21° 50" of the east geographical longitude. The westernmost point of the Mlava Basin is at 21°
10" of the east geographical longitude on the Danube at Ram. The distance between the
westernmost and easternmost point is 65 km. The northernmost point of the basin is located on
the Danube at Ram at 44° 48' of the north geographical latitude. The southernmost point of the
Mlava Basin is located on Beljanica - V. Tresta at 44° 05' of the north geographical latitude. The
distance between the northernmost and southernmost points, that is, the north-south direction is
81 km. The highest points in the basin are Beljanica top at 1336 m and Crni Vrh at 1037 m, and
the lowest is at Ram on the Danube at 67 m. In regional terms, the entire basin consists of three
parts: Homolje, Gornja Mlava and Stig.

Research Methodology

The formation of the relief in the Mlava Basin is dominated by fluvial erosion. In its
scope, the transport of chemically dissolved substances and the silt deposit transport stand out. In
order to determine the intensity of the fluvial erosion during the hydrological year of 2001/2002,
periodically, every 5 days, the water samples were taken at the most downstream hydrological
profile - Bratinac. The samples were first filtered in order to separate liquid from the solid phase.
Filtration was carried out with a vacuum pump under the pressure of only 20 mm of water
column. A filter paper Watman was used, of medium pore size, which was before and after
filtration dried in a dryer, and then stabilized in a desiccator. Weighing paper before and after
filtration was performed on a digital scale with a precision of 0.1 mg.

The chemical composition of water was determined by conventional methods of
analytical inorganic chemistry in the Laboratory of Physical Geography at the Faculty of
Geography, University of Belgrade. Concentrations of the macro-ions, i.e., Ca*", Mg*", Na', K,
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CI, HCOy', SO42', Si0O,, were determined, as well as temperature, pH, and specific electric
conductivity. To determine the concentration of the above mentioned macro elements, the
following analytical methods were used: to determine the concentration of calcium, magnesium
and hydrocarbonate ions the volumetric method was used; to determine the concentration of
sodium, potassium and chloride ions the potentiometric method with corresponding ion-selective
electrodes (Cole-Parmer Potassium Ion Electrodes) was used; To determine the concentration of
sulfates and silicates the spectro photometric method was used.

Irrespective of the analysed water samples, the transport of chemically dissolved
minerals and silt was also determined for the whole hydrological year. By corresponding
mathematical and statistical methods, the numerical model of the deposit transport was calculated
based on the available data, i.e., the concentration of chemically dissolved materials, silt and
runoff. By its application, the transport of the mentioned types of deposits was also calculated for
those days when samples were not taken. Thus, the relevant daily data were obtained for the
transport of dissolved minerals and silt for the whole research period.

Geological structure of the terrain

The upper part of the basin, more precisely to the Mlava spring, is dominated by
limestone of Beljanica. On the right side, the Mlava receives the Tisnica, which basin is partly
cut into the limestone, and partly in the Cretaceous flysch and magmatites. Most of the
Zagubicka Valley is covered by Neogene sediments, which are not resistant to erosion, both
chemical and mechanical. In the broader area of the Gornjacka Gorge, the terrain is built of
Permian red sandstone, Cretaceous flysch and andesite of the Krepoljinska zone. The Krupajska
River Basin, besides limestone, is dominated by red sandstone. Downstream of the Gornjacka
Gorge, the basin is made of Neogene sediments, mentioned sandstones, clays and clayey marls.

Climatic characteristics of the basin

On the basis of selected average daily air temperatures in certain months, seasons and
during the year, it was found that the average perennial air temperature is 10.9 °C. The coldest
month is January, with an average temperature of -0.1 °C, and the warmest month is July with
21.2 °C. However, the maritime influence is reflected in the tendency of shifting the minimum to
February and the maximum to August, and that autumn is warmer than spring for 1 °C.
(Mladenovi¢ B., 2006). Altitudinal temperature gradient on Petrovac-Crni Vrh profile is 0.54
°C/100 m (Zivkovi¢ N., 2005).

Considering its geographical position, i.e., determined degree of continentality and
orographic peculiarities, the Mlava Basin belongs to moderate-continental climate. Average
annual precipitation is a little more than 702 mm. They are so arranged that the pluviometric
regime is characterized by an obvious maximum precipitation in early summer in June, and two
minimums of precipitation, the primary in October, and the secondary in February (Mladenovi¢
B., 2006). Altitudinal gradient of precipitation varies in the basin area. In the lower part of the
basin is 54 mm/100 m, in the region of the middle and upper parts of the basin, i.e., on the
Gornjak- Crni Vrh profile over 60 mm/100 m (Zivkovié¢ N., 2004).

In the hydrological year of 2001/2002, the amount of precipitation, with an average in
the whole basin, was 743.7 mm, which was more than the perennial average. However, some
stations got an extremely large amount of precipitation. Thus, Krepoljin received 971.2 mm of
precipitation. Small amount of precipitation was recorded during the winter months (December,
January and February), which means that the amount of snow, and thus the winter retention was
low. During the spring, it was about average. What makes this year stand out is the large amount
of precipitation during June 2002. During that month the middle and downstream part of the
basin received extremely large amount of precipitation, which was concentrated in June. For this
reason the discharge of that month was very large, and in some places led to flooding. While in
May excreted 57.7 mm, and in July 82.6 mm, during June approximately 122.1 mm of
precipitation reached the basin.
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This was caused by the penetration of cyclones from the northwest. As the mountainous
midriff of the Homoljske Mountains represented an obstacle to their further movement towards
the east, it was the central part of the basin where large amounts of precipitation excreted.
Stations located east of the mentioned mountain range, and even the Crni Vrh, with the highest
altitude in the basin, did not receive that much rain.

Graph 1 Average amount of precipitation in the Mlava Basin during June 2002
Graph 2 Amount of precipitation (mm) during the hydrological year of 2001/2002

On the other hand, certain meteorological stations located in the central part of the basin
received extremely large amounts of precipitation. Up to 6 stations received more than 140 mm
of precipitation, while the area of Veliko Laole and Krepoljin received more than 160 mm of
precipitation (Krepoljin, 189.0 mm).

Looking at the daily values, in Krepoljin during three days in June (10, 11, and 12)
excreted 40.2, 75.3, and 38.6 mm of precipitation respectively, which made the total of 154.1
mm. A similar situation was on the other profiles in the downstream part of the basin.

Hydrological characteristics of the basin

The average 20 year discharge of the Mlava on the profile of Bratinac is 10.3 m’/s,
while in the analysed year it was 7,96 m’/s. Characteristic of the Mlava Basin, in general, is the
dominance of low waters. For part of the basin to the Mlava spring, given the crack nature of
aquifers, low waters were defined with a value of up to 0.36 m3/s, while for the lower sector
(profile Rasanac), low waters were defined by discharge of 1 m®/s (Niki¢ Z., 2003). As the
studied hydrological year was atypical and very moist, with a significantly increase in the
discharge, so low waters had much lower share than the perennial average.

On the profile of Bratinac, the average annual discharge is 7.9 m’s, to which
corresponds the specific runoff of 4.55 1/s/km’. The minimal average monthly waters occurred in
September (Q = 4.06 m’/s, q = 2.32 I/s/km’) and in July (Q = 4.15 m’/s, q = 2.37 I/s/ km®), and
the maximal during the summer flood in June (Q = 22.3 m’/s, q = 12.75 I/s/km®). The ratio
between the average monthly discharges is 1:5.5. The maximal daily discharge was 151.0 m’/s
(June), and the minimal 1.86 m*/s (August), so that they are in the ratio of 1:81.

Graph 3. Hydrograph of the Mlava for the hydrological year of 2001/2002

The characteristic of the hydrological year of 2001/2002 is that the greatest part of the
year was dominated by discharges of the average value of 5.3 m’/s and four distinct floods.
According to meteorological conditions, they occurred in late November and early December
(29.11.-05.12.2001) with average Q of 20.3 m’/s (g=11.6 l/s/ka). Another flood occurred in late
January and early February and lasted 21 days, with the average Q value of 17.2 m’/s (q=9.8
I/s/km). The most distinctive flood occurred in accordance with the precipitation in the period
from 11-21 June 2002. The average Q was 50.0 m’/s (q=28.6 1/s/km’). Within this period, two
days had a very high discharge rate of 100 m’/s and 151 m’/s, which were the largest discharges
in this hydrological year. The last flood occurred from 09-21 August 2002. In essence, there were
two minor floods separated by three days. The average discharge of this period was 17.7 m’/s
(q=10.1 Vs/km?®). The winter peak discharge was influenced by substantial amount of
precipitation and relatively high temperatures for this time of year. The spring maximum was
caused by primary maximum of precipitation, and summer rains and showers.

Physical-chemical characteristics of the analysed water samples
Average total mineralization of the analysed running water is 399.1 mg/l, and ranges

from 220.1 mg/l to 476.2 mg/l. The overall structure of the mineralization is dominated by the
following cations Ca” " (82.0%) and Mg” " (9.6%), followed by Na“ and K~ with a total of 8.3%.
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Anion HCO;” dominated with 89.2%, while the SO, and CI” are almost equally represented with
4.9% and 5.9%. Therefore, the Mlava Basin waters belong to calcium-hydrocarbon water type of
the average mineralization. This, the most downstream profile is characterized by increased
variability in water temperature, as well as slightly increased pH value of 7.8, which varies in the
range of 7.5 to 8.2. The whole year incrustive value of the water (SIc=0.5) is in accordance with
the increased pH values and concentrations of Ca>” and HCO5ions.

The average annual concentration of suspended material in the Mlava water was 58.3
mg/l. At the time of low waters it was almost negligible, because the concentration was only 2.5
mg/l. On the other hand, during the high-water the silt concentration significantly exceeded the
concentration of chemically dissolved substances and was even 842.0 mg/1.

Ratios between the extreme values of the DM concentration and silt are very different.
For the DM, the extreme ratio is 1:2.2, and silt 1:336,8. This illustrates the lack of variability of
the TDS concentration (Cv=9.9). Unlike the coefficient of variation of the total mineralization,
the variability in silt concentration is much higher (Cv=165.9). This means that the water level
has far greater impact on the variability in the silt concentration, and that this type of erosion has
an excessive character. Due to the high variability of these concentrations, it is much more
advisable to use a different measure of dispersion, which is the median. The median value for the
silt is 33.8 mg/l, and for the chemically dissolved deposit is 404.9 mg/l. So, in terms of
concentration per year, dry residue multiply dominates over silt.

Ratio between discharges and concentrations of the TDS and suspended sediment

In accordance with the generally accepted model of ratios between the TDS and
concentrations of silt on one side, and the discharge on the other hand, these variables are shown
graphically in their regression model. The TDS and discharge ratio is antipodal, i.e., when
discharges are greater, the macro-ions concentrations are lower. This ratio is best described by a
double logarithmic model form log(Y)=a+b-log(X), which in the case of the Mlava is
transformed into a unilateral logarithmic model. The coefficient of determination is highly
significant given the value of 0.78.

Graph 4. Ratio between the discharge and TDS concentration (a) and the discharge and silt concentration
(b)

In the case of the silt concentration and discharge ratio, this ratio is consistent — the
higher discharges lead also to increased concentrations of silt, but not in a linear ratio. In the case
of complex geological composition and discharges, the polynominal regression of the third
degree proved to be the most appropriate, which is in analytical form Y=a+bX+b,X"+b:X".
Correlation of this kind of variables is set by the determination coefficient of 0.88.

Graph S. Frequency distribution of the TDS concentrations (a) and the slit concentration (b)

Although the arithmetic average of the total mineralization of 399 mg/1, from the above
showed graph, it is obvious that most of the data (n=186) is in the class of 400-450 mg/l. The
data distribution tends to f-distribution with a strong asymmetry to the right. On the other hand,
the frequency distribution of the silt concentrations is closer to the normal one. The dominant
class is 20-50 mg-1, with 136 data.

Distribution of the chemical and silt deposit transport per discharge classes

The Mlava took out of the basin 136 826 t of material, of which 46701.6 t belongs to
the silt deposit, and almost 2 times higher (90,124.2 t) to the chemically dissolved deposit. In
relation to the basin area, it gives the specific erosion of 26.7 t/km*/year for the silt deposit, and
51.5 respectively t/km’/year for the chemical deposit. By increase in discharge, the deposit
transport increases too, but the percentage of increase in silt and dissolved minerals transport is
not equal. It is, of course, the result of the shown ratio of discharges and given concentrations. In
most of the year, the dissolved substances transport is greater than the silt transport. It is not the
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case only at the time of maximal floods, when the silt concentration was extremely high (842
mg/1), and chemically dissolved substances extremely low (227 mg/1).

Graph 6. Annual distribution of the chemical (Qch) and silt deposit transport (Qs)

By determining the ratio between the chemical and mechanical water erosion by water
level, discharges are classified into seven classes. The silt transport until the class of discharge to
20 m’/s is almost insignificant (19.3%), but the last two classes of high water make 80.7% of the
total annual transport of that material. Quite the opposite situation is with the dissolved
substances transport, when in the discharge range of 20 m’/s, 76.4% of the material was taken out
of the basin, and in the highest classes of discharge considerably less, i.e., 23.6% of the annual
amount of the DM transport. On the other hand, it can be seen from the table that the chemically
dissolved substances transport is more even compared to the silt transport by all discharge
classes.

A more detailed insight into the distribution of the transport participation of dissolved
minerals and silt by discharge classes can be estimated on the basis of aggregate amount of these
two types of the river deposit transport. These ratios allow determination which type of deposit
dominates depending on the runoff water amount. Regarded per classes, the share of chemical
erosion gradually decreases from 25:1 for the lowest class Q less than 3 m®/s to 1.1:1 ratio in the
class Q 20.01 to 50.0 m’/s. Only in the class of more than 50 m’/s, the chemical erosion
represents smaller share of the total amount of deposits. Specifically 23.3% belong to the
chemical, and 76.7% to the silt transport.

Table 1. Distribution of chemical (Qch) and silt deposit transport (Qs) by discharge classes (Q)

The graph showing the ratio between the discharge and intensity of the mechanical and
chemical erosion better than the tabular data is given in graph 7. The silt transport corresponds to
exponential curve, while the chemically dissolved substances transport undergoes to polynominal
regression of the third degree. This is in stark contrast with the ratio of corresponding
concentrations and discharges. The DM concentration according to discharge is defined by
logarithmic regression, and the concentration of silt and discharge by polynomial regression of
the third degree.

Graph 7. Percentage share of discharge, chemical and silt transport for given classes Q
The regression model for the chemical discharge transport by classes Q:
¥ (Qu)=-0.6541x" + 11.756x° - 73.429x* + 177.94x - 108.59 ; R*=0.98
The regression model for the silt deposit transport by classes Q:
y (Qy)=0.2337. 7" ; R*=0.86

How it is possible that the regressions changed the type? The answer is in discharge,
i.e., in its distribution in given classes. An exact insight in the ratio between the chemical and silt
deposit transport can be seen only through their distribution in the corresponding classes of
discharge. In conjunction with the corresponding classes of discharge, the ratio between the
chemical and mechanical water erosion is completely differently distributed.

At chemical deposit, its dominance in the corresponding classes of discharge is defined
by the polynominal regression. This means that with the increase in water level, the frequency of
the chemical load transport firstly rises to the class Q of 5 m*/s, and then continuously decreases
with a tendency of reaching the asymptote for the highest class of discharge. On the other hand,
by increasing the water level, the frequency of the silt deposit transport has a continuous upward
trend.
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Hysteresis loop effect

By comparison of data on concentrations of the silt deposit and discharge, it can be
determined how the deposit concentrations are distributed in relation to the discharge. One of the
indicators of the connection between the silt concentration and discharge is determination of the
hysteresis loop. Identification of different types of hysteresis loops is very significant, because it
indicates the location's proximity to sediment sources, as well as the dominant factors that trigger
the sedimentation source. This means that various forms of hysteresis loops, in fact, indicate the
dominant factors of the discharge process, which results in the transport of denudational
materials to the river flows. The shape the curve will show depends on many environmental
factors. In addition to precipitation and sources of sedimentary material, the shape of the loop can
be controlled by the size of the basin (Zabaleta A., et al., 2007; Soler M., Latron J., Gallart F.
2008), but mostly the soil moisture (Klein M ., 1984).

Graph 8. Hysteresis loop for the period 11.-19.06.2002

Graph 9. Double hysteresis loop for the period 09.-26.08.2002

As the concentrations of silt deposit are relatively small for most of the research period,
the determination of the existence of certain types of hysteresis loops will be discussed in the two
periods, i.e., during the June and August flood wave. Of the five types of loops (Williams G.P.,
1989), only one loop was found for the two periods, and that is the hysteresis loop of the anti-
clockwise direction.

This curve is typical for the conditions when the soil is over saturated with moisture in
the wider area of the basin, which contributes to the transport of silt from the larger area. The
influence of extremely high precipitation, leads to over saturation of soil by moisture, which
encourages intense runoff independent of topographic characteristics of the terrain (Seeger M. et
al., 2004).

In conditions where the sediment flux originating from the erosion area which is at a
greater distance from the measuring station, which means that the sedimentary conditions are
incorporated throughout the entire basin, floods last longer. This was exactly the case during the
June and the August flood wave. The June flood wave lasted 11 days and August wave was 13
days. How it can be seen on both attached graphs, the high concentrations of silt occur after the
onset of the largest discharges. This distribution of the silt deposit concentration of the discharge
values indicates that the sediments transport to the river flow is long and that the sediments are
transported from the areas that are far from it. In other words, the intense runoff was present on
the surface of the entire basin, which caused the intensive fluvio-denudational process, which
resulted in increased concentrations of silt in the river flow, and therefore a large transport of the
silt deposit.

Temporal distribution of the chemical and silt deposit transport

Far more significant data on the ratio between the chemical and mechanical erosion are
obtained when reviewing the ratio curves of the cumulative percentage of time and the
cumulative volume of eroded material and the runoff water amount. As the concentration of the
chemically dissolved materials is higher than the average concentrations of silt, it is not
surprising that the Mlava for 50% of time took out of the basin 30% of the annual quantity of the
chemical materials deposit. For the same time, only 2.5% of the silt deposit was taken out of the
basin. 25% of the annual runoff corresponds to these annual values of the deposit distribution.
Persistence, that is, low variability of the dry residue concentration is reflected in the small
curvature of the curve. Since the mechanical water erosion is excessive, slope at the beginning of
its estimated transport curve slope is low, but later, with a drastic increase in discharge in relation
to the other, longer part of the year, is growing rapidly. For this reason, for the last 10% of the
time, 86% of the silt deposit and only 30% of the chemical were taken out of the basin.
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During the four aforementioned floods, which lasted 14.2% of the annual time, 44% of
water ran through, and 53.2% of the total deposits were taken out. In terms of a single share of
both types of the river deposit, for this period of time, 34.4% of the annual amount of the
chemical deposit was transported, and 89.4% of the annual amount of the silt deposit.

However, during the four flood waves, the chemically dissolved substances transport
was higher than the silt transport in three cases. Exception represents the June flood wave which
was dominated by the silt transport, which is 2.5 times higher than the chemical deposit
transport.

Observed from an annual level, the June flood wave of 11 accounted for 3% of the time
and transported 65.6% of the annual silt, and only 13.4% of the annual amount of the chemical
deposit transport.

Graph 10. Ratio of the cumulative time, amount of runoff water (Q), chemically dissolved deposit transport
(Q.n) and silt deposit transport (Q;)
Conclusion

For most of the year, the chemically dissolved substances transport is greater than the
silt transport. It is not the case only at the time of maximal flood, when the concentration of silt
was extremely high and chemically dissolved substances extremely low. So, in the Mlava Basin,
in the conditions of heterogeneous geological composition and water level, the chemical erosion
is more intense than the mechanical water erosion. In the total amount, at the annual level, the
chemically dissolved deposit transport participates with 65.9%, and the silt with 34.1%, so that
the ratio between the two types of the river deposit is 1:1.9. In relation to the basin area, it makes
a specific chemical erosion of 51.5 t/km’/year, mechanical of 26.7 t/km’/year.

By the comparative analysis of both types of the river deposit, for the same discharge
classes, it was found that the distribution of the chemical and silt deposit transport is not equal.
The ratio between the chemical and silt deposit analysis by discharge classes established the
following regularity: going from lower to higher classes of discharge, the chemical deposit share
is gradually declining, while the share of silt deposit is increasing. In the lowest water level
class, where the discharge is less than 3 m’/s, the chemically dissolved deposit transport is 25
times larger than the silt deposit transport. On the other hand, for the duration of discharge which
values are larger then 50 m’/s, the silt deposit transport is 3.3 times higher than the chemical
deposit transport.

Considering that the extremely high discharges occurred several times a year, the
dominance of the silt deposit in these conditions indicates the excessive character of the
mechanical water erosion. Thus, in certain parts of the year, the silt deposit transport represents a
large share of its total annual load. Such was the situation during the flood wave from 11.-19.
June 2002. During this period, which lasted for 3% of the time, 65.6% of the total annual amount
of the silt deposit was transported.

The establishment of dependency between the concentration of silt and runoff, during
extreme meteorological-hydrological conditions, it was found that during the two most
prominent flood waves in June and August, the anti-clockwise hysteresis loop was characteristic
for the Mlava Basin. The identification of this type of loop indicates that during extreme events,
the source and transport of the silt deposit, which is incorporated in the river flow, was
established from the wider area of the basin. This is particularly important for further
identification of the emergence of other events that may have a negative impact on the
environment, as is the case of triggered landslides. The conditions to which this type of loop
points to, and in agreement with the geological background, the activation of landslides over a
wide area, or in the territory, can be expected, which affects a larger area.
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