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GENEZA NANOSA | ZASIPANJE MALE AKUMULACLIE
(RETENZIJE) NA JEDNOM BUJICNOM VODOTOKU
SEDIMENTATION OF SMALL RESERVOIR ON A TORRENT STREAM

REZIME

Brana za retenziju kidnih voda ,Velika Dicina” izgradena je 1966. godine. Retenzioni prostor se zasipa nanosom, ali se ovaj proces u iz-
vesnoj meri razlikuje od klasi¢nog fenomena zasipanja akumulacija. U cilju utvrdivanja realne velicine erozione produkcije materijala
u slivu i transporta nanosa u profilu brane, obavljena su detaljna terenska istraZivanja i merenja. lzvriena su hidrolosko-psamoloska
merenja proticaja vode, pronosa suspendovanog nanosa i geodetska merenja zasipanja retenzije. U okviru analize rezultata istrazi-
vanja izvrieno je poredenje rezultata erozionistickih prora¢una i korespodentnih vrednosti merenja nanosa.

Kljuéne reéi: retenzija, erozija, proticaj, nanos, sliv, zemljiste.
RESUME

Small dam, ,Great Dicina” was built in 1966. This reservoir is with open outlet and without steady volume. Thus, sedimentation pro-
cess to some extent differs from the classical reservoir siltation phenomenon. In order to determine the sedimentyield in the water-
shed and sediment transport in the profile of the dam, detailed field study and measurements were carried out, including measure-
ments of hydrological parameters, suspended sediment transport and geodetic measurement of reservoir siltation. The analyses of

the results lead to comparison of erosion calculation results and corresponding values of sediment measurement.

Keywords: retention, erosion, runoff, sediment, basin, soil.

i. UVOD

Erozioni procesi prisutni su na celokupnoj povrsini
Zemlje, kao dominantan faktor u stalnim promena-
ma i oblikovanju reljefa planete. Eroziona produkcija,
transport i talozenje nanosa predstavljaju segmente
jedinstvenog prirodnog procesa koji se odvija u sa-
dejstvu vise prirodnih ¢inilaca: geomorfoloskih, ge-
oloskih, pedoloskih, meteorolosgkih, hidroloskih, bio-
loskih i dr. Pored prirodnih, i antropogeni faktor igra
vrlo znacdajnu ulogu u razvoju erozionih procesa. Sa
razvojem civilizacije antropogeni faktor generiSe in-
teziviranje erozionih procesa, iskljuc¢ivo kao posledi-
cu negativnog delovanja ¢oveka.

Veliku ulogu u zastiti prirodnih resursa imaju mikroa-
kumulacije i retenzije, posebno u brdsko-planinskim
slivovima. One vrse ulogu zastitite od poplava i nano-
sa, izravnanje bilansa voda, eliminidu stetne posledi-
ce neregulisanog vodnog toka, ¢ime indirektno uticu
na stvaranje povoljnih uslova za privredni razvoj po-
dru¢ja. Poznate su prednosti izgradnje i eksploatacije
ovih objekata u planinskim slivovima: pogodna kon-
figuracija terena, mali stepen naseljenosti i urbaniza-
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1. INTRODUCTION

Erosion processes are present on the whole surface of
the earth, as the dominant factor in the constant chan-
ge and shaping the relief of the planet. Sediment yi-
eld, transport and sediment deposition are segments
of unique natural process that takes place in conjun-
ction with several natural factors: geomorphological,
geological, pedologic, meteorological, hydrological,
biological and others. In addition to natural, anthro-
pogenic factors also play a very important role in the
development of erosion processes. With the develop-
ment of civilization, anthropogenic factor generates
intensified erosion process, solely as a result of the ne-
gative effects of man.

Major role in the protection of natural resources have
small reservoirs and retentions, especially in mountai-
nous basins. They perform the role of flood and sedi-
ment protection, water balance adjustment, elimina-
ting the harmful effects of unregulated water flow, thus
indirectly influence the creation of favorable conditions
for economic development of those areas. Advantages
of construction and operation of these facilities in mo-
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cije, zanemarljiv nivo zagadenja i dobar kvalitet vode.
Medutim, ova podrucja su veoma ugroZzena erozio-
nim procesima, razli¢itih formi i intenziteta.

Pojavom jakih kisa ili naglim topljenjem snega do-
lazi do formiranja intenzivhog povriinskog oticaja,
pokretanja erozionog materijala sa padina u hidro-
grafsku mreZu, brze koncentracije voda i stvaranja
bujicnog poplavnog talasa. Transport vuéenog i su-
spendovanog nanosa koritom bujicnog vodotoka
dovodi do zasipanja korisnog prostora akumulacije,
ispoljavanja rusilckog dejstva i degradacije kvaliteta
vode. U ovom radu je predstavljen koncept integral-
nog proucavanja procesa geneze i transporta nanosa
i zasipanja male akumulacije na buji¢nom slivu Velike
Di¢ine u Gornjim Banjanima.

Ekonomska kriza usporava gradnju novih, pa nam
ostaje da postojece objekte sto bolje odrzavamo i
zastitimo i time produzimo njihov aktivni vek trajan-
ja. U skladu sa Okvirnom direktivom o vodama EU
(,ODV"), treba predvideti mere za zastitu, poboljsan-
je i obezbedenje dobrog hidroloskog, hemijskog i
ekoloskog statusa vode i sliva Velike Dicine, imajuéi u
vidu ciljeve evropske politike o sveobuhvatnoj zasti-
ti voda, integralnom upravljanju vodnim resursima i
re¢nim slivovima. Na ovako malom i nedevastiranom
slivnom podru¢ju moguce je ostvariti zadati rok i do
2015-te godine obezbediti primenu osnovnih princi-
pa ODV. Realizacija pilot sliva u srcu Sumadije, osim
prakticnog i edukativnog znacaja imala bi i teorijsku
primenu na svim manjim brdsko-planinskim slivovi-
ma u Srbiji.

2. Osnovne karakteristike sliva i objekata

Reke Velika Di¢ina i Mala Dicina su sastavnice Di¢ine
u selu Gornji Banjani. Reka Dicina se nizvodno od sela
Brdani, kod Preljine, uliva u Cemernicu, koja se u Za-
padnu Moravu uliva nizvodno od Cac¢ka. Velika Di¢ina
drenira padine Suvobora i Rajca. Ukupna duzina vo-
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Slika 1. Pregledna karta sliva Velike Dicine

Figure 1 Review map of river Velika Dicina basi
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untain basins are well known: suitable configuration
of the terrain, low density and degree of urbanization,
negligible levels of pollution and good water quality.
However, these areas are highly threatened by erosion
processes, of different forms and intensity.

Emergence of severe rainfalls or sudden melting of
snow induce the formation of intense surface runoff,
transport of erosion materials from slopes into the
hydrographic network, rapid water concentration and
creation of torrent flood waves. Suspended sediment
transport and bed load transport leads to the siltation of
reservoir, manifesting destructive effects and degrada-
tion of water quality. This paper presents the concept of
integrated research of genesis and sediment transport
processes, and siltation of small reservoir -retention on
the torrent stream of Velika Dicina in Gornji Banjani.

Economic crisis slows construction of new objects, so we
are forced to better maintain and protect the existing
facilities and thereby extend their active life. In accor-
dance with the EU Water Framework Directive (,WFD"),
it is necessary to predict the extent of protection, impro-
vement and provision of good hydrological, chemical
and ecological status of Velika Dicina basin, bearing in
mind the goals of European policy on the holistic water
protection, integrated management of water resources
and river basins. For such a small and non-devastated
river basin it is possible to achieve given period and to
ensure implementation of the basic WFD principles un-
til 2015. Realization of the pilot watershed in the heart of
Sumadija, except the practical and educational signifi-
cance, would have a theoretical application on all small
mountainous basins in Serbia.

Basic characteristics of the basin and fa-
cilities

2,

Rivers Velika Dicina and Mala Dicina are forming Dici-

na river in the village of Gornji Banjani. Downstream

from the village Brdjani, near Preljina, Dicina River jo-
ins the Cemernica, which flows into the
river Velika Morava, downstream from
the city of Cacak. Velika Dicina River
drains the slopes of mountain Suvobor
and Rajac. Total length of the river is 8.4
km, with a slope of about 4%.

Velika Dicina river basin has a proper
shape and is highly developed (Figure
1). Basin area is approximately 25 km>.
Terrain is hilly-mountainous, with ma-
ny bays and dry valleys. Mean basin
slope is 28%, but most of the slopes in
the basin are between 40-60%, except
for the slopes in the upstream that have
a milder slope. The greatest slopes are
on the main section of the Velika Dicina
river flow, from the profile of the dam
to the mouth of the river Brajicka and
in the downstream area of the Brajicka
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dotoka iznosi 8.4 km, sa padom od oko 4 % .

Sliv Velike Dicine ima pravilan oblik i veoma je raz-
vijen (slika 1). Povrsina sliva iznosi oko 25 km?. Teren
je kupiran, izrazito brdsko-planinskog karaktera i sa
velikim brojem uvala i suvodolina. Srednji pad sliva
je 28 %, ali vecina padina u slivu ima nagib 40-60%,
izuzev padina u gornjem toku koje imaju blaze nagi-
be. Najvedi nagibi terena su na deonici glavnog toka
Velike Dicine, od profila brane do usca Brajicke reke i
na donjem toku Brajicke reke.

Nasuta brana ,Velika Dicina" izgradena je u periodu
1965-66. godine na istoimenoj reci iznad sela Gorn-
ji Banjani. Zbog velikih izmena tokom gradnje, pro-
jektovano visenamensko koris¢enje akumulacije nije
realizovano i sada se koristi kao retenzija za zastitu
od poplava. Bez vodozahvatne kule i zatvaracnice, sa
stalno otvorenim temeljnim ispustom objekat sluzi za
zadrzavanje poplavnih talasa i nanosa (slika 2).

Osnovni parametri objekta i akumulacionog basena
su slededi:

— Gradevinska visinabrane  H_=170m,
— Sirina krune b=350m,
— Duzina po kruni B =65,20m,

— Tip: brana je od kamenog nabacaja sa glinenom
jezgrom,

— Zapremina akumulacije do kote preliva iznosi
340.000 M?,

— Duzina jezera u nivou preliva iznosi 700 m,

— Prosecna Sirina jezera je 8o m.

3. OSNOVNI FAKTORI EROZIONIH
PROCESA U SLIVU

Geoloske karakteristike sliva

Slivno podrugje reke se odlikuje raznolikom geolos-
kom gradom. U povrsinskim slojevima kartirane su
stene Karbona, Trijasa, Jure i Kvartara. Gornji Perm
je predstavljen bituminoznim stratifikovanim lami-
niranim kre¢njacima. Donji trijas se sastoji iz slojeva
skriljaca, liskunovitih pescara, laporaca i alevrolita. U
ovim slojevima se nalaze i peskoviti kre¢njaci i dolo-
miti.

U kategoriji Jure, najvise su zastupljeni serpentiniti.
Serpentinski kompleks predstavlja istaknute delove
terena podlozne procesima erozije i denudacije. S
druge strane, u kategoriji Krede, dominiraju kreénjaci
i laporci. Kredni flis obuhvata pretezno karbonatne
stene taloZzene u vreme gornje krede. U sastav ove
serije ulaze razliciti kre¢njaci: bituminozni, laporci, la-
porovito-peskoviti, roznaci i dr.

Kvartarni kompleks obuhvata aluvijalni nanos - gru-
bozrne §ljunkove, pretezno debljine do 3 m, prekri-
vene muljem ili prasinastim materijalom debljine do
1 m. Pored toga, zastupljeni su proluvijalna drobina,

River.

The dam “Great Dicina” was built in the period 1965-
66, above the village of Gornji Banjani. Because of the
great changes during construction, projected multi-
purpose use of reservoir has not been realized and is
now used as retention area for flood protection. With
always opened outlet, the object is fundamental for
retaining flood waves and sediments (Figure 2).

The main parameters of the object and accumulation
basin (reservoir) are as follows:

— Construction height of the dam H,, =170m,
— Crown Width b=3,50m,
— Crown Length B =6520m,

— Type: dam made of stone with clay core,

— Volume of the reservoir to the spillway gradient
i5340.000 M3,

— Lake lenght in the spillway gradient is 700 m,

— Average lake widhtis 8o m.
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Slika 2. Akumulacija (retenzija) ,Velika Dicina”
Figure 2 Reservoir (retention) ,Velika Dicina”
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3. THE MAIN FACTORS OF EROSION
PROCESSES IN THE BASIN

Geological characteristics of the basin

River catchment area is characterized by diverse ge-
ological materials. The surface layer consists of Car-
boniferous, Triassic, Jurassic and Cretaceous. Upper
Permian is represented by bituminous stratified lami-
nated limestones. Lower Triassic consists of layers of
schist, sandstone, marl and alevrolite. In these layers
are located sandy limestones and dolomites.

In the Jurassic category, the most represented are
serpentinites. Serpentinite complex represents the
parts of the terrain that are subjected to erosion and
denudation processes. On the other hand, in the Cre-
taceous category, limestones and marls are domina-
ting. Cretaceous flysch comprises mainly carbonate
rocks deposited during the Upper Cretaceous. The
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proluvijalni buji¢ni nanos (pretezno gline sa proslojci-
ma Sljunka), deluvijalna glina (srednje plasti¢ne gline i
glinoviti $ljunak debljine do 3 m) i deluvijalni padinski
nanos (zaglinjena drobina debljine do 3 m).

Pedoloske karakteristike sliva

Osnovne karakteristike zemljista odreduje maticni
supstrat. Izdvojene su tri grupe supstrata koje obje-
dinjuju zemljista sli¢nih osobina: serpentini (ultrama-
fiti), kiseli silikatni supstrati i me3oviti silikatno-karbo-
natni supstrati. U okviru svake grupe obrazovani su
karakteristi¢ni tipovi zemljista.

Zemljista na serpentinskim supstratima zauzimaju
oko 60 % povrsina slivnog podru¢ja i gotovo sve go-
leti. Zemljista na silikatnim supstratima pretezno si-
romasna bazama. U proizvodnom smislu ovo su naj-
vrednija zemljista na podrudju sliva. Po pravilu su du-
boka i pogodna za razvoj korenovog sistema. Zbog
povolinog mehanickog sastava ova zemljista imaju
zadovoljavajuci vodni rezim i solidnu dinamiku viage.
Zemljista na silikatnim stenama i pored pokrivenosti
Sumom su izlozena eroziji. Osetljivost prema eroziji je
visoka jer se rastresiti deo zemljista posle obilnih kisa
lako natopi vodom a kompaktna podloga ne moze
da primi visak vode.

Zemljista na silikatno-karbonatnim supstratima su
uglavnom plitka i relativno niskih proizvodnih vred-
nosti. Sa porastom stepena razvoja i sa povecanjem
kolic¢ine nerastvorenog ostatka kod laporovitih i pe-
skovitih kre¢njaka, povecava se i dubina zemljiSta i
poboljiavaju vodne osobine.

Vegetacija

Vegetacioni pokriva¢ ima znacajan uticaj na spreca-
vanje stvaranja klizista, ekstenzivnih erozionih poja-
va i ublazavanje dejstva poplavnih talasa. Antiero-
ziona uloga vegetacionog pokrivaca ne zavisi samo
od procenta posumljenosti ili zatravljenosti slivnog
podrudja vec i od prostornog rasporeda odredenih
tipova vegetacije. Sume su prisutne na strmim nagi-
bima i u pojasu recnih tokova, a na blazim nagibima
se nalaze livade i oranice. Orani¢ne povrsine, zbog
slabog vegetacionog pokrivaca, mehanic¢kog raza-
ranja strukture zemljista od strane Coveka i stvaranja
brazdiijaruga veoma su pogodne za razvoj erozionih
procesa, posebno na vedim nagibima. Neadekvatan
izbor kultura, oranje i sadnja niz nagib ¢ine dodatne
negativne uticaje antropogenog faktora.

Indirektan uticaj vegetacije ogleda se u povoljnijoj
strukturi zemljista pod biljnim pokriva¢em (prven-
stveno Sumama), ¢ime se ja¢a otpor zemljidta na
dejstvo erozionih sila. Povecana infiltracija zemljista
uti¢e na smanjenje koli¢ine i brzine kretanja vode niz
padine.

composition of this series includes various limesto-
nes: bituminous, marls, marl-sandy, etc.

Quaternary complex comprises alluvial deposits - ro-
ugh gravel, mostly up to 3 m thick, covered with mud
or pulverulent material thickness up to 1 m. In additi-
on, proluvial inwards, proluvial torrent deposit (main-
ly clay with gravel layers), diluvial clay (medium pla-
stic clays and clayey gravel thickness up to 3 m) and
diluvial slope deposit (clayey inwards up to 3 m thick)
are presented.

Pedologic characteristics of the basin

Basic characteristics of the soil are determined by ba-
sic substrate. Three groups of substrates are extrac-
ted: serpentines (ultramafics), acidic siliceous substra-
tes and mixed silicate-carbonate substrates. Within
each group are formed typical types of soil.

Land with serpentine substrates occupies about 60%
of catchment area and almost all the waste land.
Land with silicate substrates is mainly poor of bases.
In terms of production, these are the most valuab-
le soils in the basin area. These are commonly deep
and suitable for the development of root system. Due
to the favorable mechanical composition of the soil,
they have a satisfactory water regime and solid mo-
isture dynamics. Land with silicate rocks, despite fo-
rest coverage are exposed to erosion. Sensitivity to
erosion is high, because after heavy rainfall the loose
soil is easily soaked with water and compact surface
cannot receive excess water.

Land with silicate-carbonate substrates are general-
ly shallow and with relatively low production values.
With the increased level of development and with in-
creasing amounts of non-dissclved remains of marl
and sandy limestone, the depth of the soil is increa-
sed and water characteristics are improved.

Vegetation

Vegetation covers have a significant impact on pre-
venting the creation of landslides, extensive erosion
phenomena and mitigate effects of the flood waves.
Anti-erosive role of vegetation cover depends not
only on the percentage of tree or grass cover of the
catchment area but also on the spatial distribution of
certain types of vegetation. Forests are present on
steep slopes in the river flow areas, and meadows and
fields are present on the milder slopes. Arable land,
due to the poor vegetation cover, human mechanical
destruction of soil structure and creation of furrows
and trenches are very suitable for the development
of erosion processes, especially at higher slopes. Ina-
dequate choice of culture, plowing and planting on
the slopes are additional negative impacts of anthro-
pogenic factors.
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Indirect impact of vegetation is reflec-
ted in the favorable soil structure under
plant cover (mainly forest), which stren-

VEGETACIONI POKRIVAC | POVRSINA (HA) | PROCENAT POVRSINE | gthens the resistance of soil to the effec-
VEGETATIONAL COVER SURFACE SURFACE PERCENT | ts of erosion forces. Increased infiltration
PASNJACI 290 11.5% of soil affects the reduction of water qu-
PASTURES antity and speed down the slopes.
2. NJIVE 438 17.0%
ARABLE LAND Vegetation cover of the Velika Dicina ri-
3. GOLETI 250 10.0% ver basin are deciduous forests, and me-
BARE LAND adows and pastures. In the vicinity of rur-
4. SUME 1220 48.0% al settlements is arable land. Data on tree
FORESTS cover and the way of soil usage in the ba-
5. LIVADE 346 13.5% sin are shown in Table 1.
MEADOWS
UKUPNO 2544 100 % Forest cover consists of beech and oak
TOTAL trees and forests of mixed and offspring

Vegetacioni pokrivac sliva Velika Dic¢ina cine listo-
padne Sume, zatim livade i pasnjaci. U blizini seoskih
naselja nalaze se obradive povriine. Podaci o posu-
mljenosti i nacinu korid¢enja zemljista u slivu prikani
su u tabelin.

Sumski pokrivaé ¢ine bukove i hrastove ume, kao i
sume medovitog i izdanackog tipa. Podruéje Suvobo-
ra pokrivaju kulture crnog i belog bora. Ovde preov-
laduju vestacki podignuti zasadi starosti 20-30 godi-
na, sa manjim delom starijih kultura autohtone sume.
Bukove Sume se nalaze na severnim ekspozicijama, a
hrastove, uglavnom, na juznim.

Povrsine koje se koriste za poljoprivrednu proizvod-
nju zauzimaju 1/3 sliva i rasporedene su oko sela Braji-
¢i, Polom i Rajac. Ove povriine u potpunosti odgova-
raju svojoj nameni izuzimajuci manje parcele njiva sa
nagibom vedim od 12°.

Najveci problem, svakako, predstavljaju goleti. Plitka,
skeletna i kamenita zemljista, lakog mehanickog sa-
stava i nepovoljnog vodnog rezima, obuhvataju naj-
manju povrsinu sliva (10 %), a daju najvedi doprinos
produkciji erozionog materijala.

Klimatske karakteristike sliva

Nadmorska visina sliva (H =700 mnm) i velika izra-
zenost reljefa ¢ine da sliv Dic¢ine pripada klimatskoj
zoni planinskog podruéja. Ovu klimu karakterisu du-
ge i hladne zime s velikim koli¢cinama snega i kratka i
topla leta. U najsirem smislu ovo podrudje je izlozeno
uticaju vazdusnih struja sa zapada, koje ga ¢ine bo-
gatijim padavinama.

Prosecna godisnja suma padavina izmerena na kiso-
mernoj stanici u Gornjim Banjanima iznosi 800 mm.
Godisnja koli¢ina padavina, u periodu od 1942. do
1991. godine, kretala se od 620 mm (1953. godine) do
1372 mm (1955.). Apsolutni maksimum dnevnih pada-
vina iznosi 184.2 mm, dok je prosecan dnevni maksi-
mum tokom godine 48.8 mm. Prosean broj dana
sa snegom je maksimalan u januaru i iznosi 9.8. Uku-

type. Area of mountain Suvobor is cove-

red with black and white pine. Predomi-
nant cultures are those artificially planted some 20-30
years ago, with a smaller part of the older culture of
indigenous forest. Beech forests are located on the
northern exposures, and oak, mostly in the south.

Areas used for agricultural production occupy 1/3 of
the river basin and are arranged around the villages
Brajici, Polom and Rajac. These surfaces fully corre-
spond to their purpose with the exception of small
land parcels with slope greater than 12°.

The biggest problems are bare lands. Shallow, skele-
tal and rocky soil, with light mechanical composition
and unfavorable water regimes, cover the smallest
watershed area (10%), and provide the greatest con-
tribution to the production of erosive material.

Climatic characteristics of the basin

Basin altitude (H_=700 mnm) and large prominence
of reliefs makes that Dicine basin belongs to climatic
zone of the mountain areas. This climate is characte-
rized by long and cold winters with large amounts of
snow and a short and hot summer. In the broadest
sense this area is exposed to the influence of air cu-
rrents from the west, which enables richer rainfalls.

The mean annual precipitation measured at the rain-
fall gauging station Gornji Banjani is 890 mm. Annual
precipitation during the period of the 1942 to 1997,
was between 620 mm (1953 year) and 1372 mm (1955).
The absolute maximum for daily precipitation is 184.2
mm, while the average daily maximum during the ye-
aris 48.8 mm. The maximum average number of days
with snow is in January and is 9.8. The total number
of days with snow during the year is approximately
37.8. Maximum height of snow measured on gauging
station Gornji Banjani is 140.0 cm and was recorded
in February 1984.
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pan broj dana sa snegom u toku godine je prose¢no
37.8. Maksimalna visina sneznog pokrivaca izmere-
na na padavinskoj stanici u Gornjim Banjanima iznosi
140.0 cm i evidentirana je u februaru 1984. godine.

4. METODOLOGIJA ISTRAZIVANJA

Integralni pristup u istrazivanju erozionih procesa
zahteva sistematsko i interdisciplinarno izucavanje
procesa produkcije, spiranja, transporta i taloZenja
erozionog materijala. Istrazivanje obuhvata celokup-
no slivno podrudje, hidrografsku mrezu i akumulacio-
ni prostor. U cilju utvrdivanja realne veliine erozione
produkcije nanosa u slivu i transporta u hidrografskoj
mrezi, izvrSena su detaljna terenska istraZivanja i me-

renja pronosa nanosa.

Za odredivanje stepena zastupljenosti pojedinih
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4. RESEARCH METHODOLOGY

Integrated approach to erosion processes study re-
quires systematic and interdisciplinary study of the
processes of production, runoff, transport and de-
position of erosive material. The research covers the
whole catchment area, hydrographic network and
the accumulation area. In order to determine the real
size of erosive sediment production in the basin and
transport in hydrographic network, detailed field re-
search and measurements of sediment transport we-
re carried out.

In order to determine the degree of representation of
certain types of erosion, the classification of erosion
by S. Gavrilovic was applied. Based on the
field research of erosion processes, all five
categories of land destroy, primarily surface
type, were registered. The largest percenta-
ge of the catchment area belongs to the ca-
tegory of low erosion (44.6%) and very low
erosion (39.6%). High and equal percenta-
ges of these categories, with very small per-
centages of the remaining three categories
(a total of 15.8%), classify the catchment area
Dicine on the boundary between low and
very low erosion. On the basis of available
surfaces and data collected in the field, ero-
sion map by method of Gavrilovic was ma-
de (Figure 3). The representation of certain
categories of erosion is shown in Table 2

Slika 3. Karta erozije slivnog podrucja po Ga
vrilovicu
Figure 3 Erosion map of the catchment area by
Gavrilovic

Research methodology of the bed load
transport includes measurements of water
flows and concentration of suspended se-
diments in the base hydrological station.
Continuous measurement of water level is
done with standard recorder. Measuring of

bela 2. Kategorije erozije na slivu Velike Dibasin
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Table 2 Erosion categories in the Velike Dicine basin

tipova erozije primenjena je klasifikacija erozi-
je prema S. Gavrilovi¢u. Na osnovu istrazivanja

erozionih procesa na terenu registrovano je svih

pet kategorija razorenosti zemljista, prevashodno
povrsinskog tipa. Najvedi procenat slivhe povrsi-

ne pripada kategoriji slabe erozije (44,6%) i vrlo
slabe erozije (39,6%). Visoki i ujednaceni procenti

ovih kategorija, uz veoma male procente preosta-
le tri kategorije (ukupno 15,8%), svrstavaju slivho
podrucje Dicine na granicu izmedu slabe i veoma

slabe erozivnosti. Na osnovu raspolozivih podloga
i prikupljenih podataka na terenu uradena je kar-

ta erozije po metodu Gavrilovica (slika 3.). Zastup-
lienost pojedinih kategorija erozije prikazana je u

KATEGORIJA EROZIJE (HA) (%)
EROSION CATEGORY *

| EKSCESNA EROZIJA 78.92 34
EXCESS EROSION

Il JAKA EROZIJA 170.35 6.7
HEAVY EROSION

I OSREDNJA EROZIJA 152.50 6.0
MEDIUM EROSION

IV SLABA EROZIJA 1134.38 44.6
LOW EROSION

V VRLO SLABA EROZIJA 100758 30.6
VERY LOW EROSION

UKUPNO 2543.73 100
TOTAL

tabeli 2.




Metodologija istrazivanja transporta re¢nog nanosa
obuhvata merenja proticaja vode i koncentracije su-
spendovanog nanosa na baznoj hidrolo3koj stanici.
Kontinualno merenje vodostaja se obavlja limnigra-
fom. Merenje koncentracije suspendovanog nanosa
vréi se uzimanjem uzoraka jednom dnevno, stacio-
narnom metodom iz stalne tacke na profilu hidrolo-
¢ke stanice. Filtriranje, susenje i merenje suspendova-
nog nanosa vrsi se u laboratoriji, a dobijeni rezultati
se obraduju na racunaru.

Imajuci u vidu cilj istrazivanja, od posebnog je zna-
¢aja analiza zasipanja retenzije ,Velika Dicina". To-
kom istrazivanja, u periodu od 1998 — 2001. godine,
vréena su geodetska merenja akumulacionog base-
na, pomocu obelezenih profila za pracenje zasipanja
nanosom. Popre¢ni profili su obelezeni i postavljeni
na rastojanju od 50 m. Merenjem je utvrdena zapre-
mina nasutog materijala od izgradnje akumulacije.
Snimanje obelezenih popreénih profila je vrseno jed-
nom godiénje. U poredenju sa stanjem iz prethodne
godine dobijena je zapremina istaloZzenog materijala
u retenzionom prostoru.

Bazni objekat istrazivanja predstavlja hidroloska sta-
nica ,Velika Di¢ina” izgradena nizvodno od nasute
brane. Svakodnevno se meri proticaj vode i koncen-
tracije suspendovanog nanosa. lzgradnjom hidrolo-
Zke stanice Jolska Strana, uzvodno od akumulacije, i
poredenjem podataka izmerenih proticaja na drugoj
hidrolozkoj stanici dobijen je dokaz 0 poniranju vode
u zoni retenzije. Srednji godisnji proticaj vode u 2001.
godini izmeren na stanici Jolska Strana bio je za oko
5% veci od proticaja na hidrologkoj stanici u profilu
brane (200:279 I/5). Ako se ima u vidu i dodatnih 5%
povriine sliva izmedu Jolske Strane i profila brane,
onda ukupan srednji godisnji gubitak vode na ovoj
deonici iznosi oko 10%Qsrg.

Geofizicka istrazivanja, geoelektricno skeniranje i re-
frakciono-seizmicka ispitivanja odredila su stepen
ispucalosti i ostecenja kre¢njackog masiva u zoni pre-
gradnog mesta i akumulacionog prostora. Lokacija
je, usled stalnih tektonskih aktivnosti, ispresecana ra-
sedima i pukotinama. Karstifikacija je izrazena u zoni
mlade trijaske tvorevine sacinjene od bankovitih kre-
¢njaka. Nizvodno od brane je registrovano vise kar-
stnih vrela.

5. PRIKAZ REZULTATA ISTRAZIVANJA

Proticaj vode i pronos suspendovanog nanosa

U periodu od 1998 — 2001. godine, vriena su siste-
matska merenja proticaja vode i pronosa suspendo-
vanog nanosa na hidrologkoj stanici ,Velika Di¢ina”
Pored toga, jednom godisnje su vréena i snimanja
akumulacionog basena, u cilju pracenja zasipanja re-
tenzije. Prosecne srednje mesec¢ne koncentracije su-
spendovanog nanosa su neujednacene i krecu se od

2,
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suspended sediment concentration is done by daily
sampling, using the stationary method of permanent
point on the profile of hydrological station. Filtering,
drying and measurement of suspended sediment are
carried out in the laboratory, and the results are pro-
cessed on the computer.

Bearing in mind the goal of research, special signi-
fAcance has the siltation analysis of the Velika Dici-
na" retention. During the research, in the period from
10908 to 2001, geodetic survey basin were carried out,
using marked profiles for siltation monitoring. Tran-
sverse sections were marked and placed ata distance
of 50 m. Measurement has determined the volume of
sediment materials since the construction of the dam
and reservoir. Recording of marked transverse profi-
les was done once a year. In comparison with the situ-
ation from the previous year the volume of sediment
material in retention area was obtained.

Basic research facility is hydrological station “Velika
Dicina” located downstream from the dam. Water
flow and the concentration of suspended sediment
are daily measured. Construction of hydrological sta-
tion Jolska Strana, upstream from the reservoir, and
comparison of the measured flow data in the second
hydrological station obtained the evidence of water
submerge in the retention area. Mean annual water
flow in 2001 measured at the station Jolska Strana was
about 5% higher than the flow of hydrological station
in the dam profile (290:279 I/s). Having in mind an ad-
ditional 5% of the basin area between Jolska Strana
and dam profile, the total mean annual water loss of
this section is about 10% Q.

Geophysical research, geo-electric scanning and re-
fractive-seismic testing determined the level of crac-
ks and damage of the limestone massif in the area of
dividing site and accumulation area. Location is due
to constant tectonic activity, intersected with thrust
faults and fissures. Carstification is expressed in the
sone of Lower Triassic structures made of limestone.
More carst springs are registered downstream from
the dam.

5. REASEARCH RESULTS

Water flow and suspended sediment tran-
sport

In the period from 1998-2001, systematic measure-
ments of water flow and suspended sediment tran-
sport were carried out on the hydrological station
Velika Dicina". In addition, recording of reservoir ba-
sin were performed once a year, in order to monitor
reservoir siltation. The mean monthly concentration
of suspended sediment is variable, ranging from 4.6
mg/! (measured in November 1999) to 93.7 mg/| (July
2007), with high oscillations of mean monthly water
flow in the range of 485 I/s (October 2000) 10 733.8
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4.6 mg/I (izmereno u novembru 1999. godine) do 93.7
mg/l (jul 2001.) uz velike oscilacije srednjih mesecnih
proticaja vode u granicama od 485 |/s (oktobar 2000.)
do 733.8 I/s (septembar 2001.). Prose¢ne srednje godi-
$nje koncentracije suspendovanog nanosa su takode
neujednacene i krecu se od 12.3 mg/I (u 1999. godini)
do 29.5 mg/l (u 2001. godini). Zanimljivo je da izrazito
kisna 1999. godina sa prose¢nim godisnjim protica-
jem od 365.9 I/s istovremeno ima i najmanju koncen-
traciju suspendovanog nanosa od 12.3 mg/l. To znaci
da transport nanosa ne zavisi od ukupnog godisnjeg
dotoka vode, ve¢ od strukture dotoka.

Prva godina osmatranja (1998) je bila umereno susna,
sa proseénim proticajem u profilu brane Q _=234.1
I/s (visegodi$nji prosek iznosi 270 I/s). Vrednost sred-
njeg godisnjeg pronosa suspendovanog nanosa
P =0.0035 kg/s, ukupan pronos P_=110.4 t. Vodostaj

150

u retenziji je registrovan u toku 18 dana.

Druga godina osmatranja je bila kiSna, sa prosecnim
proticajem Q,_=365.9 I/s. Vrednost srednjeg godi-
Snjeg pronosa suspendovanog nanosa P =0.0045
kg/s, ukupan pronos P__=141.9 t. Vodostaj u retenziji
je registrovan u toku 63 dana i predstavlja apsolutni
rekord. U ovoj godini je registrovana i velika kolicina
istalozenog nanosa u retenziji od 1110 m?.

Tre¢a godina osmatranja je bila izrazito susna, sa pro-
se¢nim proticajem u profilu brane Q3 =186.0 I/s, 5to
iznosi 69% od visegodiinjeg proseka. izmerena vred-
nost srednjeg godisnjeg pronosa nanosa P =0.0030
kg/s, ukupan pronos P__=94.9 t je najmanji tokom pe-
rioda osmatranja. Vo&gstaj u retenziji je registrovan
tokom 23 dana. Zasipanje basena nanosom nije regi-
strovano i pored visestrukog osmatranja geodetskih
profila, tako da ukupnu koli¢inu nanosa izmerenog
u profilu brane u 2000-toj godini ¢ini suspendovani
nanos zapremine 78 m?. S obzirom na osmotrene vo-
dostaje i visednevno zadrzavanje vode u akumulaciji,
talozenja je svakako moralo biti, ali nije doslo do po-
vecanja zapremine nanosa u ovoj godini zbog razla-
ganja i sleganja nanosa, pre svega bio-mase, iz pret-
hodne kisne godine.

Cetvrta, ujednoi poslednja kalendarska godina osma-
tranja, prema proticaju od Q,_ r=279.4 I/s pripada sta-
tistickom visegodisnjem proseku. Vodostaj u retenziji
je registrovan u toku 50 dana, znatno je iznad prose-
ka ali nije rekordan. Rekordne su, medutim, vrednosti
srednjeg godisnjeg pronosa suspendovanog nanosa
ngzo.ooBz kg/s, ukupan pronos P =258.6 t i kolici-
na istalozenog nanosa u retenziji od™ 520 m>.

Na osnovu ¢etvorogodisnjih merenja suspendova-
nog nanosa, realna je procena da se ukupan pronos
suspendovanog nanosa nalazi u granicama izmere-
nih vrednosti (90-300 t /god), odnosno P_ =145 t/god,
ili 120 m3¥/god. Velika produkcija i transport nanosa
mogudi su i na slivovima male erozivnosti (Z=0,22;
P_=0.0050 kg/s) u uslovima ekstremno visokih pa-
davina u letnjim mesecima. Rezultati visegodisnjih
merenja ukazuju na sezonsko kolebanje hidrolokih i

I/s (September 2001). The mean annual concentrati-
ons of suspended sediment range from 12.3 mg/l (in
1999) to 29.5 mg/l (in 2001). It is interesting that very
rainy 1999 with mean annual flow of 365.9 I/s at the
same time has the lowest concentration of suspen-
ded sediment of 12.3 mg/l. This means that sediment
transport does not depend on the total annual water
flow, but on the structure of water flow.

The first year of observations (1998) was moderately
dry, with an average water flow in the dam profile of
Q, = 2344 I/s (multi-year average of 270 I/s). The va-
lue of mean suspended sediment transport is P =
0.0035 kg/s, and the total transportis P = 110.4 t.
Water level in the retention was registerea during 18

days.

The second year of monitoring was rainy, with an
average flow of Q = 365.9 I/s. The value of mean
suspended sediment transport is P, = 0.0045 kg/s,
and the total transportis P, =141.9 t. Water level in
the retention was registered during 63 days and is an
absolute record. In this year was registered the large
amount of sediment in retention of 1110 m?.

The third year of monitoring was extremely dry, wi-
th an average water flow in the dam profile of Q=
186.0 I/s, which is 69% of the multi-year average. Me-
asured value of mean suspended sediment transport
is P, = 0.0030 kg/s, while the total transport of P
= 94.9 t is the lowest during the observation period.
Water level in the retention was registered during 23
days. Reservoir siltation was not registered despite
multiple observations of geodetic profiles, so that
the total amount of sediment measured in the profile
of the dam in 2000 is suspended silt volume of 78 m3.
Deposition must have occurred, due to observed wa-
ter levels and multi-day water retention in the reser-
voir, but there has been no increase in the volume of
sediment in this year due to the decomposition and
subsidence .of sediment, especially bio-mass, from
the previous rainy year.

Fourth, and also the last calendar year of monitoring,
according to the flow of Q, = 279.4 I/s belongs to the
statistical average. Water fevel in the retention regi-
stered during 50 days, was significantly above avera-
ge but has not been a record. Record values, howe-
ver, are those of mean suspended sediment transport
P, =0.0082 kg/s, total transport P,_=258.6 t and to-
tal amount of retention sediment of 1520 m:.

On the basis of four year measurements of suspended
sediment, the realistic estimation is that the total amo-
unt of suspended sediment is within the limits of me-
asured values (90-300 t/yr), therefore P L~ 145 t/yr, or
120 m?/yr. Large production and transport of sediment
are possible in basins with low erosion (Z = 0.22; P =
0.0050 kg/s) in conditions of extremely high rainfall in
the summer months. Results of multi-year measure-
ment indicate the seasonal variability of hydrological
and sediment transport parameters and the possibility
of intense erosion processes in river basin.
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psamoloskih veli¢ina i moguénost pojave intenzivnih
erozionih procesa na slivnom podrudju.
Najveca izmerena koncentracija suspendovanog na-

nosa registrovana je 6.08.2002. godine, 852.5 mg/l pri
proticaju od 140 I/s.

s suspendovanog nanosa u bt

Osnovni problem kod osmatranja nanosa na buiji-
¢nim vodotocima se odnosi ha metodologiju osma-
tranja, sa jednim dnevnim terminskim uzimanjem
uzoraka suspenzije. Uzorkovanje vode buji¢nih talasa
uzvodno od retenzije i zahvatanje krupne organske
materije stacionarnom metodom je neizvodljivo. Bu-
ji¢ni talasi sa vremenskom bazom kracom od 24 ¢asa
produ izmedu dva terminska osmatranja, a izmereni
pronos nanosa je manji od stvarnog, s obzirom na
nemogucnost zahvatanja reprezentativhog uzorka
suspenzije. Razlika izmedu registrovanog i stvarnog
pronosa nanosa, je narocito izrazena kod manjih vo-
dotoka, kod kojih talasi buji¢nih voda ucestvuju sa
50-90% u ukupnom godisnjem transportu nanosa.

Klju¢nu ulogu u procesu transporta suspendovanog
nanosa u manjim vodotocima imaju talasi velikih vo-
da. Broj (n) i veli¢ina buji¢nih talasa variraju iz godine
u godinu. Zapremina talasa velikih voda (W) i struk-
tura godidnjeg dotoka sa psamoloskog aspekta su
najbitniji. Koeficijent strukture godisnjeg oticanja je
odnos izmedu sumarne zapremine talasa velikih vo-
da i godisnjeg dotoka (Wg): t = ZQt/W_

Rekonstrukcija pronosa suspendovanog nanosa u
talasima velikih voda izvriena je pomocu metode
Lsintetickog psamograma” (Petkovi¢, 1993.). Deter-
minisanje vrednosti koncentracije suspendovanog
nanosa u vrhu talasa (Cmax) je odredivana pomo-
¢u korelativne zavisnosti C(Q), s tim 5to je za najve-
¢i registrovani dotok u periodu osmatranja usvojeno
Cmax=2.00 kg/m® na osnovu analogije sa slivovima
slicnih karakteristika. Na slici 5. je prikazana rekon-
strukcija pronosa nanosa u jednom talasu velikih vo-
da. U tabelama 3 i 4, prikazan je proracun transporta
nanosa u talasima velikih voda na ulazu i izlazu iz aku-
mulacije.

Prema rezultatima proracuna u 2001. godini u basenu
je zadrzano 60% (2.821 t : 4722 t) nanosa u buji¢nim
talasima, a u 1999. godini 52% (982 t : 1890 t). Osmo-
treni talas u februaru 1998. godine, bez uspora i za-
drzavanja nanosa u basenu, je prosao kroz temeljni
ispust. Oc¢igledno je da procenat talozenja nanosa u
talasima velikih voda direktno zavisi od velicine tala-
sa i vremena zadrzavanja u retenziji.

Ukupan godisnji transport nanosa (P ') predstavlja zbir
cu e = £ g,

godisnjih vrednosti Pg (dobijene merenjem suspendova-

nog nanosa), vrednosti istalozenog nanosa u basenu P

(dobijene geodetskim merenjem) i vrednosti 2P (pronos
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suspendovanog nanosa u 2001. Godini
f mean monthly values of water flow
tration of suspended sediment in 2001

The highest measured concentration of suspended
sediment has been registered on August 6" 2002,
852.5 mg/l with water flow of 140 I/s.

Suspended sediment transport in flood waves

The main problem in sediment monitoring in the to-
rrent currents refers to the methodology of monito-
ring, with one daily suspension sampling. Sampling
of torrent waves upstream from the retention and
sampling of large organic matter by stationary met-
hod is impracticable. Torrent waves with time base
shorter than 24 hours pass between two term obser-
vations, and measured sediment transport is lower
than real, given the impossibility of sampling repre-
sentative sample of the suspension. The difference
between registered and actual sediment transport,
is particularly pronounced in smaller streams, where
torrent water waves participate with 50-90% of the
total annual sediment transport.

Key role in the process of suspended sediment tran-
sport in small water currents have large water waves.
Number (n) and size of torrent waves vary from ye-
ar to year. Volume of large water waves (W) and the
composition of the annual inflow from sedimenta-
tion aspects are the most important. The coefficient
of the structure of the annual outflow is the relation
between the summary volume of large water waves
and the annual inflow (Wg): t = ZQ@:{"J\:‘g

Reconstruction of suspended sediment transport in
large waves was made using methods of ,synthetic
sediment hyfrograph” (Petkovic, 1993). The determi-
nation of the value of the concentration of suspen-
ded sediment in the top of the wave (Cmax) was ob-
tained using correlative dependence C (Q), and the
highest adopted inflow during the period of obser-
vation was Cmax=2.00 kg/m?, on the basis of similar
basin analogy. Figure s is showing the reconstruction
of sediment transport on a large water wave. In tab-
les 3 and 4, is shown the calculation of sediment tran-
sport of large water waves at the inlet and outlet of
the reservoir.
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nanosa u buji¢nim talasima). Na osnovu izvrsene analize
hidroloskog i psamoloskog rezima Velike Dicine, deter-
minisan je pronos nanosa u talasima i prora¢unata mero-
davna vrednost transporta nanosa u profilu brane. Ona
se krece u rasponu od 500-7.000 t/god. Prosecno ucesce
buji¢nih talasa u ukupnom godisnjem transportu nanosa

iznosi 20-70% (1998. g-2001. g, tabela 5.).

Sa pojavom poplavnih talasa, u retenziji se odvijaju
ciklicni procesi taloZzenja, podizanja i odnosenja sit-
nih ¢estica nanosa. Organske materije, najcesce hu-
minskog porekla, nastale truljenjem i razlaganjem
biomase, ne mogu se taloziti u retenziji. Voda ih od-
nosi u obliku rastvora huminskih kiselina, ili plivajucih
Cestica.

Zasipanje akumulacije nanosom

Proces zasipanja akumulacije ,Velika Dicina" je deter-
minisan na osnovu rezultata geodetskih snimanja aku-
mulacionog basena. Snimanja i merenja su pokazala
da se vedi deo nanosa istaloZi u basenu, a ostatak ode
kroz temeljniispust ili preko preliva brane. Od izuzetnog
znacaja su podaci o ukupnom zasipanju akumulacije u
prvih trideset godina postojanja, dobijeni na osnovu
merenja i rekognosciranja pocetnog — ,nultog” stanja.

Suspendovani nanos se talozi u donjem delu basena,
u zoni koja je najcesce pod vodom. Debljina nasutog
sloja neposredno uz branu iznosi 1,5 m, a maksimal-
na dubina na mestu pregradivanja rec¢nog korita iz-
nosi 2.8 m. Najvece rastojanje od ose brane na kome
je registrovano zasipanje akumulacije iznosi oko 450
m. Merenjem je utvrdeno zasipanje akumulacije na-
nosom od 12.800 m? u periodu od 1966-1997. godine.
Ovoj zapremini nanosa treba dodati 3.000 m* nanosa
koji je izvaden i odvezen, u periodu 1982-1983. godi-
ne, za potrebe izrade humusnog sloja na lokaciji fil-
tarske stanice i cevovoda sirove vode. Ukupne koli¢i-
ne zasutog materijala u periodu od 31 godine iznose
15.800 m?, odnosno 510 m?/god.

According to calculation results in 2001 the basin has
retained 60% (2821 t: 4722 t) of the torrent wave sedi-
ment, and 52% (982 t: 1890 t) in 1999. Observed wave
in February 1998, without any slow down and sedi-
ment retain, has passed through a fundament outlet.
It is obvious that the percentage of sediment deposi-
tion in the large water waves directly depends on the
size of waves and retention times.

The total annual sediment transport (P *) represents
the sum of annual value of P_(obtained E)y measuring
the suspended sediment), value of deposited sedi-
ment in the basin P__(obtained by geodetic measure-
ment) and XP value (sediment transportin torrent wa-
ves). On the basis of performed analysis of the hydro-
logic and sediment regime of Velike Dicine basin, se-
diment transport in waves was determined as well as
the relevant value of sediment transport in the dam
profile. It is in the range of s00-7000 t/yr. The average
participation of torrent waves in the total annual sedi-
ment transport is 20-70% (1998 - 2001, Table s).

With the advent of the flood waves, cyclic processes
of deposition are taking place in the retention, toget-
her with transport of small sediment particles. Orga-
nic matter, usually of humin origin, obtained by de-
cay and decomposition of biomass, cannot be depo-
sited in the retention. They are dissolved in the form
of humic acid solution, or floating particles.

Reservoir siltation

The process of ,Velika Dicina” reservoir siltation is de-
termined on the basis of the results of geodetic sur-
veys of reservoir basin. Recording and measurements
showed that the most of the sediment is deposited
in the basin, and the rest passes through basic outlet
or through the dam spillway. Of greatimportance are
data on the total reservoir siltation in the first thirty
years of existénce, obtained on the basis of measure-
ments and initial - ,zero” state.

Suspended silt is deposited in the lower part of the
basin in the area that is mostly under water. Thickness
of the silted layer next to the dam is 1.5 m, and maxi-
mum depth at the level of damming of river is 2.8 m.
The greatest distance from the dam axis on which the
siltation is registered is about 450 m. Measurement
has determined the sediment siltation of 12,800 m*in
the period 1966-1997. This volume of sediment sho-
uld be added to 3000 m® of sediment that was ex-
tracted and were taken in the period 1982-1983, for
the purposes of making humus layer at the location
of filter station and raw water pipeline. Total amount
of silted material in the period of 31 years are 15,800
m?, or 510 M3/yr.

Measurement has determined the volume of silted
retention area, position and thickness of silted layer
in the period between the dam construction and
August 1997. Mean (average) annual value of siltation
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VREMENSKI BAZE (CASOVA) | QMAX | 1 P. X T W, W,
YEAR INTERVAL TIME BASE (HOURS) M
TIMEINTERVAL T, T, M#/S KG/M? T T M M10®
1998, 11.02.-17.02. 144 122,4 1,02 0,41 g2,14 92,14 264384 0,264
20.02-27.02. 168 142,8 1,33 8,53 181,19 402192
01.03.-15.03. 192 163,2 1,64 0,64 308,33 566784
1990. 17.06.-30.06. 264 224,4 2,09 0,50 761,23 1889,86 993168
2,599
28.07.-07.08. 120 102 | 205 118 639,11 637200
| |
NI5U REGISTROVANI TALASI VELIKIH VODA
2000, 0,00 0,00 0,00 0,000
LARGE WATER WAVES ARE NOT REGISTERED
02.03-08.03. | 56 48 2,78 264,39 280224
09.04.-13.04. g0 68 3.09 1,22 461,42 444960
' 20.04.-30.04. 18 100 3,50 1,56 1098,41 828360
2001, 19.06.-29.06. 70 50 6,63 1,81 1285,23 472216 835380 3,506
06.09.-15.09. 68 58 4,30 1,72 769,48 526320
26.09.-02.10. 14 12 18,49 2,00 792,11 465948
27.11.-0112. 58 49 1,20 0,48 51,1 125280
likih voda na izlazu iz akumulacije
water waves at the ouaccumulation
VREMENSKE e o
VREMENSKI BAZE (CASOVA) | QMAX 5 i TTT W, W,
YEAR INTERVAL TIME BASE (HOURS)
TIMENTERMSL 1 o T MYS | KG/M: T T W M#o®
1998. 11.02.-17.02. 144 122,4 1,02 0,41 92,14 92,14 264384 0,264
20.02-27.02, 144 122 0.97 0.40 85.48 251424
01.03.-15.03. 288 245 1.25 0.49 269.89 648000
1999. 908,04 2,181
17.06.-30.06. 32 265 1.32 0.52 327.66 741312
28.07.-07.08. 244 207 1.23 0.49 225.00 540216
NISU REGISTROVANI TALASI VELIKIH VODA
2000. 0,00 0,00 0,00 0,000
) L ARGE WATER WAVES ARE NOT REGISTERED
02.03.-08.03. 132 112 1,15 0,46 106,84 273240
00.04.-13.04. 120 102 116 0,47 100,10 250560
20.04.-30.04. 240 204 1,45 0,58 308,82 626400
2001. 19.06.-29.06. 236 201 2,24 0,90 727,94 1907,20 951552 3,255
06.09.-15.09, 230 196 1,21 0,58 246,96 500940
26.09.-02.10. 130 m 216 0,86 360,48 505440
27110142, o8 83 0,83 0,33 41,07 146412
HIDROLOSKI PARAMETRI PSAMOLOSKI PARAMETRI
HYDROLOGICAL PARAMETERS PSAMOLOGICAL PARAMETERS
; : = .
YEAR| o, | w_ |QMAX| XW, o P.. R P b3 o P, P /P,
M/S | Me10® | M3/S | MP1o° | KaGrs T T T T
1998 | 0,234 7,379 1,02 0.264 | 0.04 | 1 0,0035 109,30 300,00 92,14 501,44 0,18
1999 | 0,366 | 11,542 2,95 2.599 0.23 | 4 0,0045 141,91 1332,00 1889,86 3363,77 0,56
2000 | 0186 | 5,866 0,92 0.000 | 0.00 | O 0,0030 94,87 0,00 0,00 94,87 0,00
2001 | 0,279 | 8799 | 18,49 | 3506 | 0.40 | 7 0,0082 | 260.00 | 1824,00 472216 6806,16 0,69
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2001. Godi
Figure 7 nges in the retention

1966 10 2001

Merenjem je utvrdena zapremina zasutog retenzionog
prostora, polozaj i debljina nasutog sloja od izgradnje
brane do avgusta meseca 1997. godine. Utvrdena je
srednja (prosecna) godisnja vrednost zasipanja aku-
mulacije u periodu osmatranja. Karakteristike i struk-
tura nanosa su odredeni granulometrijskim analizama
uzoraka nanosa. Uzorci sa profila 2 su uzeti sa dubine
od 100 cm, a sa profila 5 sa dubine od 20 cm. Granulo-
metrijska struktura nanosa u basenu je heterogena, a
osnovnu komponentu ¢ini prasinasti pesak. Najsitniju
strukturu imaju povrsinski slojevi, a slojevi na vecoj du-

bini imaju krupniju strukturu nanosa.

6. ANALIZA | INTERPRETACIJA REZUL-
TATA ISTRAZIVANJA

Ukupne kolicine nanosa

Ukupne koli¢ine nanosa, sa slivnog podrucja Velike
Dicine, u profilu brane ¢ine Cetiri komponente: istalo-
zeni nanos u akumulaciji, suspendovani nanos u vo-
dotoku, vuceni nanos i nanos u talasima velikih voda
na izlazu iz akumulacije. Na osnovu iskustva sa nasih
vodotoka i opazanja na hidroloskoj stanici procen-

in the observed period was determined. Characte-
ristics and structure of the sediment were determi-
ned using grain size analysis of sediment sampling.
A sample for profile 2 are taken from a depth of 100
¢m, and for the profile 5 from a depth of 20 cm. Gra-
nulometric structure of the sediment in the basin is
heterogeneous, and the primary component of sand
is pulverulent sand. The smallest structures have sur-
face layers and layers of greater depth have larger se-
diment structure.
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Slika 6. Poprecni preseci retenzionog prostora: 1966,
1997 i 2001. godine
Figure 6 Transverse sections of retention area: 1966, 1997

and 2001

6. ANALYSIS AND INTERPRETATION OF
RESEARCH RESULTS

Total sediment yield

Total sediment yield, from the catchment area of Ve-
lika Dicina consists of four components: silted sedi-
ment in reservoir, suspended silt in the water current,
suspended sediment and sediments of large water
waves at the outlet of the dam. Based on experience
with Serbian rivers and observations on hydrological
station it is estimated that suspended sediment par-
ticipates with 5% in the total sediment amount. The
average volume weight of suspended sediment is 1,2
t/me,

Slika 8.
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jeno je da vuceni nanos ucestvuje sa 5% u ukupnoj
koli¢ini nanosa. Prose¢na zapreminska tezina suspen-
dovanog nanosa iznosi 1,2 t/m?3.

Prosec¢ne godisnje kolic¢ine nanosa:

— istalozeni 720 m?
— suspendovani 126 m?
— vudeni 37 m?

— u buji¢nim talasima 1397 m?

Ukupno:

2280 m? ~ 9o m?/km?

Barnn-

S obzirom na kompleksnost direktnog terenskog de-
terminisanja produkcije nanosa na jednom slivnom
podrudju, uobicajena je primena empirijskih formula.
U svetu se koristi veliki broj metoda za proracun, a
kod nas se najéesce primenjuju metode Gavrilovica
i Petkovica.

Proracun po formuli S. Gavrilovica:
wu. i:T ' Hu 1 ' EB‘ F ( m;’l{god )!

gde su: Wgod — ukupna produkcija erozionih nano-
sa kao rezultat delovanja procesa vodne erozije na
odredenu povrsinu, T — temperaturni koeficijent po-
drudja , H - srednja godisnja visina padavina, Z -
koeﬁcuent erozije, F — povrina sliva (km?).U formulu se
uvodi i koeficijent retenzije (zadrZavanja) erozionog
materijala u slivu-R . Srednja godisnja vrednost tran-
sporta nanosa iznosi: Ggod=Wgod ‘R (m?*/god), dok
specificna vrednost, na jedinicu povrsine sliva, iznosi:
Ggod , =Ggod/F (m*/km*/god)

Empirijska formula Petkovi¢a za proracun produk-
cije i transporta nanosa (Petkovic, 1993.) je sloZenija
od prethodne, jer pored geomorfoloskih i erozionih
parametara, u proracun uvodi i hidroloske parametre
slivnog podruéja. Formula ima slededi oblik:

g,- — 1_3 "[OS .A-U.‘! % |0.6 2 Hu.'} E EU.? { m-;fa’kmz ngd };

gde su: g, - godisnja vrednost transporta nanosa iz
sliva, A - povrsina sliva, | - reprezentativni pad | =

upne kolicine
ediment amount

Average annual sediment amount:

— silted 720 m?

— suspended 126 m?

— transported 37 m?

— in torrent waves 1397 m?

Total: 2280 m* ~ 9o mi*/km?

letermination of sediment yield and tran-
rt in the basin using empirical formulas

Due to the complexity of the direct field determi-
nation of sediment yield in a river basin, a common
practice is application of empirical formulas. A num-
ber of calculation methods are used worldwide, and
in our country the most used are methods by Gavri-
lovic and Petkovic.

Calculation using the formula by S. Gavrilovic:
WyrT-H - F (me/yr),

where: W - total sediment yield, as a result of water
erosion processes actions in a certain area, T - tem-
perature coefficient of the region, H - mean annual
precipitation, Z — coefficient of erosion, F — catchment
area (km?). The formula also uses the retention coeffi-
cient of erosive material in the basin - R . Mean annu-
al value of sediment transport is: G = W ‘R, {mﬁz’yr]
while a specific value, per unit of the basin area, is: G,
b G [/ F (m3/km? /yr)

Empirical formula by Petkovic for calculation of se-
diment yield and transport (Petkovic, 1993) is more
complex than previous, because in addition to ero-
sion and geomorphological parameters, introduces
the hydrological parameters of catchment areas in
the calculation. The formula has the following form:

g[ =13"10° s Ao o Hos - o7 (mz/kmz ){yr}‘

where: g - annual value of sediment transport in the

basin, A — catchment area, | - representative slope |

= /1y X1, 1. - mean basin slope, |- mean stream
slope, H - hy&rologlcal factorH=q.rt, 0- specific

average annual outflow in the basin - coefficient of
the annual outflow structure, relation between total

nanosa

NANOS/GODINA

SEDIMENT/YEAR 1998 1999 2000 2001
- ISTALOZENI 250 M2 1110 M# oM 1520 M?
- SILTED
- SUSPENDOQVANI 109,3/1,2=91 M 141,9 /1,2 =118 M? 94,1/1,2=78 \M? 586,6./7,5 = 16 M3
- SUSPENDED
- VUCENI 341 X 0,05 =17 \M? 1228 X 0,05 = 61 M? 78 X 0,05 = 4 M? 1736 X 0,05 = 67 MP?
- TRANSPORTED
- U TALASIMA 92,14 /1,2 =78 M# 1889,0/1,2= 1575 M? 0,00 4722,2/1,2 =3935 M
- IN WAVES

U?g“:')pl\\to 436 M3 2864 M? 82 M? 5738 M?




\,."'!,, x 1, ,1,~ srednji pad sliva, I_ - srednji pad toka,
H — hidroloski faktor H=q .1, 0 - specificni pro-
secni godisnji oticaj iz sliva, T — koeficijent strukture
godisnjeg oticanja, odnos izmedu sumarne zapremi-
ne talasa velikih voda i godisnjeg dotoka, E — erozioni
faktor E=E_+ e, E_-indeks erozije (0,03 za vrlo slabu
eroziju do 0,3 za ekscesnu eroziju), e - koeficijent e =
A /A, Ao - povriine zahvadene jakom erozijom.

Prema formuli Gavrilovi¢a, dobija se srednja godisnja
vrednost transporta nanosa u profilu brane: G, =
3.755 m*/god.Specifitna vrednost transporta nanosa,
po jedinici povrsine sliva, iznosi:

G, ., = 3755/25 = 147 mé/km?/god

S druge strane, prema formuli Petkovica se dobija:

g, =158 (m*/km?/god),

Na osnovu uporedenja rezultata formula Gavrilovi¢a
i Petkovica, moze se konstatovati minimalna razlika,
sasvim prihvatljiva kada je u pitanju primena empi-
rijskih formula.

U tabeli 6. su prikazane vrednosti ukupnog transpor-
ta nanosa iz sliva retenzije, dobijene geodetskim sni-
manjima zasipanja retenzionog prostora i merenjima
nanosa na profilu nizvodno od brane (ukljucujudi i
rekonstrukciju pronosa nanosa u buji¢nim talasima).
Srednje godisnje veli¢ine transporta nanosa i specifi-
¢nog transporta iznose:
Ggod = 2280 m#/god g =90 m¥/km?/god
S druge strane, na osnovu empirijskih formula Gavri-
lovica i Petkovica, dobijaju se vrednosti specifitnog
transporta od 147 - 158 m¥*/km?/god.

Na osnovu uporedenja merenih i ratunskih vrednosti
se moze konstatovati znacajna razlika. Manje veli¢ine
transporta nanosa dobijene geodetskim snimanjima
zasipanja retenzionog prostora i merenjima nanosa
na profilu nizvodno od brane (uklju¢ujuéi i rekon-
strukciju pronosa nanosa u bujicnim talasima) proiz-
laze iz ¢injenice da se deo vode i nanosa gubi usled
proviranja iz basena. Kao sto je istaknuto, geofizickim
istrazivanjima su utvrdeni ispucalost i ostecenja kre-
¢njackog masiva u zoni pregradnog mesta i akumula-
cionog prostora. Lokacija je, usled stalnih tektonskih
aktivnosti, ispresecana rasedima i pukotinama. Otuda
je vrednost ukupne koli¢ine nanosa koja dospeva iz
sliva retenzije veca od vrednosti dobijene merenjima.

volume of large waves and annual inflow E - erosive
factor E=E_+ e E - erosion index (0,03 for very low
erosion up to 0,3 for excess erosion), e — coefficient e
=A_/A, Ao - areas with high erosion.

According to the formula by Gavrilovic, the mean an-
nual value of sediment transport in the profile of the
dam is: G,= 3.755 m3/yr. Specific value of sediment
transport, per unit of the basin area, is:

G, =3.755/25 =147 m¥/km?/yr

yrisp

On the other hand, according to the formula by Pet-
kovic:

g, =158 (m?/km?/yr),
Based on the comparison of results obtained using
formulas by Gavrilovic and Petkovic, it can be noti-

ced the minimum difference, quite acceptable when
it comes to applying the empirical formula.

f measured and calcu-

Table 6 shows the values of the total sediment tran-
sport from the retention basin, obtained from geo-
detic recordings of reservoir siltation and measure-
ments of sediment in the downstream profile of the
dam (including the reconstruction of the sediment
transport in torrent waves). The mean annual size of
sediment transport and specific transport are:

G, =2280 m’/yr g =90 m¥/km?/yr
On the other hand, based on empirical formula by
Gavrilovic and Petkovic, calculated values of a speci-
fic transport are 147 — 158 m*¥/km?/yr.

On the basis of comparison of measured and calcula-
tion values may we can conclude a significant diffe-
rence. Smaller values of sediment transport derived
by geodetic recordings of reservoir siltation and me-
asurements of sediment in the downstream profile
of the dam (including the reconstruction of the se-
diment transport in torrent waves) are the result of
the fact that part of the water and sediment is lost
due efflux in the basin. As noted, geophysical resea-
rch has determined the level of cracks and damage of
the limestone massif in the area of dividing site and
accumulation area. Location is due to constant tecto-
nic activity, intersected with thrust faults and fissures.
Hence the value of the total amount of sediment that
reaches from the retention basin is greater than the
value obtained by measurements.

Database on sedimentation in the territory of Serbia
includes the results of measurements of suspended
sediment in several larger and smaller rivers, as well



ge siivove u Sroiji

Baza podataka o nanosu na vodotocima na teritori-
Ji Srbije obuhvata rezultate merenja suspendovanog
nanosa na vise vecih i manjih vodotoka, kao i rezita-
te snimanja zasipanja akumulacionih basena. Jedan
deo podataka o nanosu je analiziran u nasoj stru¢noj
literaturi (Petkovic S., et al, 1999.). U tabeli 7. su prika-
zani uporedni rezultati merenja i prorac¢una transpor-
ta nanosa (po formuli Petkovica) za neke reke u Srbiji,
sa povrsinom sliva manjom od 1000 km?.

Na osnovu rezultata iz tabele 7, konstruisan je dija-
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as results of reservoir siltation monitoring. This data-
base is analyzed by Petkovic (Petkovic S., et al, 1999).
Table 7 presents the comparative results of measure-
ment and calculation of sediment transport (formula
by Petkovic) for some rivers in Serbia, with catchment
area smaller than 1,000 kmz,

Based on the results from Table 7, a diagram of a spe-
cific correlation between sediment transport (g) and
watershed area (F) is obtained, shown in Figure g. On
the diagram are specified the range of values g (F),
obtained on the basis of sediment measurement ap-
plied to a number of river flows in Serbia. From Figure
9 it can be concluded that the sediment transport in
the Velika Dicina basin, registered at the dam, is lo-
a (po formuli Petkovica) za neke reke u Srbiji

n of sediment transport (fors

REKA F Q H E GMER GRAC
RIVER KMz M/S/KIM? M/KM2/YR M/KM?/YR
VELIKA DICINA
VELIKA DICINA 25 0.1 0.010 0.0022 0.06 90 158
GVOZDACKA REKA
GVOZDACKA RIVER 1 07 o.04 0.0042 | 0.03 214 177
TOPCIDERSKA REKA
TOPCIDER RIVER i B0 0005 0.0013 0.08 100 126
GROSNICKA REKA
GROSNICKA RIVER 30 0.3 0.008 0.0022 0.40 Q00 688
TOPLICA
TOPLICA RIVER 349 013 n.610 0.0022 | 0.24 380 415
VLASINA
VLASINA RIVER Q72 0.10 0.009 0.0027 0.41 500 466
gram korelacije specifi- ¢mm’od)

¢nog ftransporta nano-
sa (g) i povrsine sliva (F),
prikazan na slici 9. Na
dijagramu su naznace-
ne anvelope vrednosti 5y
g (F), dobijene na osno- 0
VU merenja nanosa na
vecem broju vodoto- 5 -
ka u Srbiji. Iz slike 9 se

10000

ANVELOPE 24,
TERUTORIY
SREIE

LEGENDA

moze konstatovati da S
je transport nanosa u i
slivu Velike Dicine, regi- 1T

strovan na brani, manji 1 .
od raspona za teritori- I i
ju Srbije, $to proizlazi iz Slika 0. Ko
Cinjenice da se deo vo-
de i nanosa gubi usled

proviranja iz basena.

Fiaure o Corr
Figure g Cort

7. ZAKLJUCCI

Do kvantitativhog determinisanja transporta nanosa
iz re¢nog sliva, moze se dodi integralnim proucavan-
jem procesa geneze i transporta nanosa. Moraju se
analizirati uslovi erozione produkcije i kretanja erodi-
ranog materijala, povezanost procesa povrsinskog oti-
canja, spiranja i odnosenja tla sa pojavom velikih voda.

wer than the range for the
territory of Serbia, which
stems from the fact that
part of the water and sedi-
ment is lost due to infiltra-
tion in the reservoir area.

7. CONCLUSIONS

Quantitative  determina-
tion of sediment transport
from the river basin can be
obtained by studying the
integral process of the se-
diment genesis and tran-
sport. Conditions of sedi-
ment yield and transport
must be analyzed, as well as connection between
process of surface drainage and soil runoff, during
the appearance of high waters.

Faikm’)

100 1000

ta nanosa (g) i povrsi

(gland

In the case of retention in the Velika Dicina basin, the
results of measurements and calculations indicate to-
rrent character of rivers and large annual and seasonal
fluctuations of hydrological and sediment transport
values. Sediment transport does not depend on the
total annual water inflow, but on the inflow composi-
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U sluéaju sliva retenzije na Velikoj Dicini, rezultati me-
renja i proracuna ukazuju na buji¢ni karakter vodoto-
ka i velika godidnja i sezonska kolebanja hidroloskih i
psamoloskih veli¢ina. Transport nanosa ne zavisi od
ukupnog godisnjeg dotoka vode, veé od strukture
dotoka, odnosno broja i veli¢ine buji¢nih talasa.

Prema obavljenim merenjima i erozionisti¢kim prora-
¢unima sa slivnog podru¢ja do basena retenzije ,Veli-
ka Dicina” svake godine se transportuje skoro 4000 m?
nanosa. Srednja godisnja vrednost transporta nanosa
u profilu brane, po metodi Gavrilovica iznosi 3755 m?/
god, a po metodi Petkovica 3945 m?/god.

U cilju smanjenja produkcije i transporta nanosa po-
trebno je izvrsiti odgovarajuce protiverozione mere
na zastiti slivnog podrudja i hidrografske mreze. Ne-
ophodno je obaviti odredene biotehnicke radove na
slivu i izgraditi vise popreénih objekata u hidrograf-
skoj mrezi, primenom koncepta integralnih meliora-
cija.

Teziste je na biotehni¢kim radovima (posumljavanje
i melioracije degradiranih Suma i livada), jer se pored
protiverozione funkcije ostvaruju znacajni ekoloski
efekti: vezivanje CO_, oCuvanje i poboljsanje biodiver-
ziteta. Tehnicki radovi se odnose na izgradnju popre-
¢nih pregrada i pragova za stabilizaciju korita i obala
i zadrzavanje nanosa.

Primarni cilj zastitnih mera je obezbedenje dobrog
hidroloskog i ekoloskog statusa vode i sliva Velike
Dicine i stvaranje uslova za integralno upravljanje
vodnim resursom i reénim slivom, shodno Okvirnoj
direktivi o vodama EU (,0DV").
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tion, i.e. the number and size of torrent waves.

According to the performed measurements and ero-
sion calculations of the catchment area, total annual
sediment transport in the Velika Dicina basin is 4000
m?. The mean annual value of sediment transport
in the profile of the dam, according to methods by
Gavrilovic is 3755 m?/yr, and 3945 m*/yr according to
methods by Petkovic.

In order to reduce sediment production and tran-
sport it is necessary to perform appropriate erosion
control measures to protect the catchment areas and
hydrographic network. It is necessary to perform cer-
tain biotechnical works on the basin and build more
facilities in the hydrographic network, using the con-
cept of integral reclamation.

The focus is on biotechnical works (afforestation and
reclamation of degraded forests and meadows), whi-
ch have, besides erosion control functions, the sig-
nificant environmental effects : binding of CO_, con-
servation and improvement of biodiversity. Technical
works are related to the construction of transverse
bulkhead and thresholds for the stabilization river
beds and banks and sediment retention.

The primary objective of protection is to provide a
good hydrological and ecological water status of Ve-
like Dicine basin, and creation of conditions for inte-
grated management of water resources and river ba-
sin, according to the EU Water Framework Directive
of ("WFD").
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