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Abstract: Frequent floods in the area of the municipality of Obrenovac have initiated
the establishing, classification and analysis of the starting factors of their genesis in this
area. After the dam had been constructed on the right bank of the Sava River (in the 80°s
of the 20™ century) along the northern border of the municipality of Obrenovac, there
were no more floods in this part of the area caused by its overflows. Recent floods have
still been caused by a very frequent flooding of the River Kolubara near Poljana, even
several times during the year. For that reason the factors of flooding the Kolubara River
from its riverbed have been analyzed in this paper. Except the pluviometric and hydrolo-
gical regime analysis as direct factors of flooding, the indirect causes have also been
analyzed in details, the most important of which are: the morphological characteristics
of terrain, balance of deposits and anthropogenic impacts. Perceiving the causes of floo-
ding, the conditions for analysis of undertaken measures and giving the possible soluti-
ons for their prevention have also been realized. The results of this research can be used
in making the strategy for solving the existing waterpower problems of this area.
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Canp:kaj: Yecra mojasa moruraBa Ha npocropy onmrrHe OOpeHOBal] MHHULUpaa je
yTBphHuBame, Kiacu(QUKalUjy ¥ aHATU3y ONPEIWINTHUX (pakTopa HHUXOBE TeHe3e Ha
oBoM TpocTopy. HakoH m3rpaame Hacumna Ha necHoj obanu Case (80-tux rogmaa 20.
BEKa) Iy’X ceBepHe Tpanulle onmTuHe OOpeHoBal, HICY ce BHIIE [eliaBajia IIaBJbe-
HBa OBOT IIPOCTOpa HEHUM HM3JIHMBambuMa. PelleHTHa IIIaB/bema Cy U Aajbe YCIOBJbeHa
BeOMa 4ecTUM n3nuBamuMa peke Komybape kon Ilosbana, yak u BuILe myTa y TOKY ro-
nuHe. M3 Tor pasiora, y 0BOM pajy cy aHanu3upaHu (aktopu uznuBama Konybape u3
koputa. OcuM aHaliu3e IUTyBUOMETPHJCKOT M XHPOJIOMIKOT PEeXHMa, Kao JTUPEKTHUX
(hakTOpa HacTaHKa IOILIaBa, AETAJHHO CYy aHAJIM3UPAHU M UHIUPEKTHU Y3POLH, O KO-
JUX cy HajBaXHHUjH MOPQOIIOIIKE O/UIMKE TepeHa, OMIaHC HAHOCA M aHTPOIIOTCHU yTH-
naju. CarnenaBameM y3pOKa HacTaHKa IOIIaBa OCTBAPEHM Cy M YCJIOBH 3a aHAIIU3Y
Ipeay3eTuX Mepa U W3HOIIeHhe MOryhnx pelema 3a BHUXOBO ClpeuyaBame. Pesynratn
OBOT HCTPa)KHBabha MOTY c€ UCKOPHCTHTH IIPU M3paJH CTpaTerHje pellaBamba MoCTOoje-
hux BogompuBpenHuX mpodiaemMa OBOT IPOCTOpa.

Kbyune peun: npupose Heroroze, noriase, Oopenosarn, Komybapa.

* Paj mpexcTaBiba pe3yiITaT HCTpaKnMBama Ha mHpojekTy 146005, xoju (uHaHCHpa
MHUHHUCTApCTBO HAYKE U 3allITUTE )KUBOTHE cpenune Pernyonuke Cpouje.
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Introduction

The municipality of Obrenovac lies on the right bank of the Sava Ri-
ver, between the districts of the villages of Usce and Baric, on the contact of
the several geographic regions. The total area is 410 km® and regarding the
physical-geographic aspect it mainly borders on natural borders, while only its
smaller part is bordered on the administrative division. The total length of the
borders is 127.1 km, whereof 77.9 km belong to the border of water currents.
The Sava River represents the border course in the length of 38.42 km, the old
course of the Kolubara River functions as a border in the length of 21.6 km, the
Tamnava River 9.3 km and the Vukodraz River 8.56 km. The mentioned data
are very important because they talk directly about the surroundings of the mu-
nicipality by water currents of different categories. Except its “coming out” on
several rivers, the territory of the municipality is intersected by several perma-
nent and periodical water currents, as well as by the canal system made for the
purposes of the waterpower. The number of water currents influences directly
the predisposing of the terrain for the phenomenon of very stressed surface ru-
noff, what certainly has as a consequence the possibility of flooding the given
territory (Iparuhesuh, 2007-a).

Main factors of flooding

In order to make an analysis of the natural conditions for the phenome-
non of floods in some area, a complex examination of direct and indirect rea-
sons which cause their genesis is necessary. Floods originate by one-sided or
multiple influences of many factors, as natural so the anthropogenic ones. Ho-
wever, according to the main cause, the types of floods in our country can be
distinguished as the following: floods caused by rainfall and snow melting,
cold floods, floods caused by the coincidence of high waters, torrential floods,
floods caused by sliding of terrain, floods caused by demolition of dams (I"a-
BpmioBuh, 1981). According to the mentioned classification, in the area of the
municipality of Obrenovac floods can be caused by almost all mentioned rea-
sons. The probability of flooding caused by demolition of dams is small one for
now, but on the basis of plans for the water accumulation constructions in the
upper part of the river basin of the Kolubara, this phenomenon cannot be com-
pletely eliminated in future.

Precipitation as a factor of flooding

If we make a retrospective of the flood phenomenon, as well as of hydro-
logical occurrences in this area from the last year, we will get a clearer idea on
the importance of analyzed problem. In spring of 1924, a great part of the muni-
cipality of Obrenovac was flooded. During March of the same year, about 80 mm
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of ground water extracted from the river basin of the Kolubara, while in April
twice more precipitations approximately. The precipitation maximum, characteri-
zed by intensive rainfalls, was recorded in Valjevo between April 17" and 22".
Under the influence of such climatic occurrences, water flooded 18 km in width,
and the whole periphery of Obrenovac lay in water (I"aBpuosuh, 1981).

As V. Djekovic (1986) wrote: “In 1926, unsuitable meteorological situ-
ation brought to flooding the Kolubara River and its tributaries. According to
the narrations of the local residents it had not been known where the course
both of the Kolubara and other tributaries was.”

Catastrophic floods of the Sava, Kolubara and their tributaries also
spread over the area of the municipality of Obrenovac during the spring of
1937, and they lasted two months approximately (from March to May). Floods
also happened in 1965, 1975, 1981 in this area. After the construction and im-
provement of dams during the 80’s, there were no large scaled floods in this
area, but every time they were spreading over the village of Poljana. However,
it is important to emphasize that it does not mean there were not natural condi-
tions for the large scaled floods because the absolute water level maximum in
the river basin of the Kolubara was appearing in 1996, and then in 1998, 1999,
2001, 2004, 2006.

On June 1996, the absolute water level maximum was recorded in the
hydrological stations of Beli Brod on the Kolubara River, Pastric on the Ribni-
ca River and Bogovadja on the Ljig River, while in the station of Drazevac the
maximum water level recorded was insignificantly lower than the absolute ma-
ximum values.

On June 13" 1996, namely, the river basin of the Kolubara was under a
downpour due to extreme weather conditions, while the former amount (174
mm) recorded in the station of Lazarevac has represented the highest daily pre-
cipitation in the river basin of the Kolubara, the fourth in the whole area of Ser-
bia. The return period of three hour rainfall in some stations was one thousand
years (Bykmuposuh u Kamnop, 1999). Such weather conditions caused a sudden
wave of high waters in the Kolubara and its right tributaries with the absolute
maximum in four hydrological stations. On the basis of the pluviographic re-
cord for the station of Valjevo the intensity of precipitation was established on
this station. In only thirty minutes, 39 mm rained, and that is a sufficient index
of the characteristics of such downpour.

The recent analyses have shown ([Iparuhesuh, 2002) that the precipita-
tion which corresponds to the average value for a given month can be extracted
in many of the stations of the Kolubara river basin even during a day
(30.07.1999). Precipitation in the liquid form with considerable intensity is
especially dangerous in winter, and if it happens that it coincides with snow
melting then it can cause extreme climatic conditions similar to those in the
area of the Kolubara river basin on December 1999.
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Rains in summer half of the year, i.e. in June and July mostly influen-
ced the flooding of the area of the municipality of Obrenovac and substantial
increase of annual amount of precipitation in all stations in 1999. It is intere-
sting to point out that in July of the mentioned year the amount of precipitation
in some stations was equal the half of mean annual precipitation for period
1961/90. In other words, half of a long average precipitation amount was ex-
tracted in July 1999. Only in July 1999, 328 mm was registered in Obrenovac,
while a long average precipitation amount for this town is 647 mm for period
1961/90. This means that 31% of annual amount of precipitation (1999 — 1057
mm) fell in Obrenovac in July. The same month, 236 mm were recorded in the
station of Stubline, while a long mean amount of precipitation was 695 mm.

Daily precipitation values were significant in many of the stations on
July 30™ 1999, 56 mm were measured in Obrenovac on that day, while 58 mm
on July 31%. This means that 114 mm were for two days while average thirty
years long value for the same month in this station is 59 mm. In other words,
the amount of precipitation was extracted in many rain-gauge stations during
only a day (July 30™) which practically corresponds to the total precipitation
for given month.

On the basis of such analyses it can be said that in accordance with cha-
racteristics of pluviometric regime of analyzed area the precipitation maximums
appear at the end of spring and at the beginning of summer while the secondary
maximum appears at the end of autumn. On the basis of 1961/90 period analysis
it can be noticed that June is most rainy month with 84 mm while February is the
driest with 40 mm in the station of Obrenovac. If we analyze the amount of pre-
cipitation of a wider area (Region of Belgrade), the arrangement of precipitation
is such that there is one clear peak in June (characteristic for larger part of Serbia)
and then May and July follow (’Kuskosuh u Iparuhesuh, 2003). Analyzing the
precipitation data for 27 rain-gauge stations in the river basin of the Kolubara, the
balance is the following: maximum precipitation appears in 25 stations in June
while in only two stations the maximum appears in May. In these two stations
the difference between May and June precipitation values is less than 5 mm, so
that practically they also have precipitation maximum at the end of spring (/Ipa-
ruhesuh, 2001). On the basis of precipitation analysis as a factor of flooding on
the territory of the municipality of Obrenovac we can say that the precipitation is
significantly caused by the characteristics of the pluviometric regime.

Floods in the river basin of the Kolubara can also be initiated by the
sudden snow melting which appears due to sudden daily air temperature increa-
se originated as a consequence of warm and wet air masses penetration. In
combination either with rainfalls, or without them, 30 cm of snow blanket can
be melted in period of 3-4 days. This situation makes conditions for flooding
which have already been explained on the basis of the analysis of climatic con-
ditions in December 1999 (/Iparuhiesuh, 2002).
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Overflow as a factor of flooding

The Kolubara River is probably the most beautiful example of obtai-
ning almost all conditions for frequent and large scaled floods. They can be
analyzed starting from the shape of the river basin and the coefficient (0.79),
very rare in nature, position and orography being a gust of wet air masses from
the northwest, considerable deforestation and torrential characteristics of many
tributaries, lithologic and pedologic characteristics in the lower part of the river
basin, weak retentive power and favoring the surface runoff, human activities
under coal digging and moving the river courses, etc.

All mentioned factors as well as the local ones in some sub basins lead
the Kolubara River to have unsuitable water regime. This is reflected through the
excessiveness of runoff waters, while overflows are sudden, expressive, short,
and low waters are long and every year they are approaching the biological mini-
mum. As an index of unsuitable runoff characteristics the relation of absolute ex-
treme discharges is usually taken, thus placing the Kolubara into the very top
among our rivers (similar in surface). With the maximum discharge in Drazevac
which exceeds 700 m*/s and minimum about 0.6 m*/s the quotient is about 1200,
while in Valjevo even 3400. Divisor (Qamin) is more dynamic in this relation so
that by its small change the quotient considerably grows (by reducing on 0.3
which is not unexpected as for example by doubling the highest waters on 1400
m’/s the quotient grows on 2400). This is why is better to use characteristic
discharges (certain return period) instead of absolute values. By the relation of a
hundred year high water (1%) and average annual discharge (period 1946-91) the
Kolubara in Valjevo has the value of 83, and 36 in Slovac. While the rivers of its
rank considerably reduce this quotient by surface increasing, it is kept on the sa-
me level up to Drazevac although the surface has been enlarged more than 3.5 ti-
mes. This was mostly contributed by tributaries, the mouths of which are in the
Donja Kolubara basin, and the river basins are usually torrential in character
(Ljig, Pestan, Turija, Tamnava with Ub). Among the river basins with similar
surfaces (3000-4000 km?), quotient of the Lim (Prijepolje) has the quotient 15,
the Zapadna Morava (Gugaljski Most) 23, the Juzna Morava (Grdelica) 27, the
Nisava (B, Palanka) 20, etc. The data from Gornja Kolubara show what the valu-
es in the lower rivers are Centennial high waters exceed the mean ones for 55 ti-
mes on the Gradac, on the Obnica 130 times, the Jablanica 160 while on the Rib-
nica even 220 times (268:1. 22 m*/s) (Bozonpuspeana ocaosa Cpouje, 1996).

Large oscillations of the Kolubara waters and uneven runoff during the
year can be shown by the coefficients of the mean month discharge variations.
For the purpose of the comparison the river basins of the similar surfaces have
been used in the previous paragraph.

It is obvious that month discharge oscillations of the Kolubara River
for all months exceed all other rivers. Besides, even 4 months (July, August,
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October and November) exceed Cv of 0.1 (1.67 from August is the consequen-
ce of almost incredible 104.5 m’/s recorded in 1955). At the beginning of the
year, in period of high waters, more stable discharges can be expected, even
though they are over 0.7. Because of that in the whole period of 55 years not
even two similar hydrographs of month discharges can be found what is very
unusual for this river.
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Figure 1. — Coefficients of month flow variation of the Kolubara (Drazevac) and
chosen river basins in Serbia (1946-1991)

One more reason lies in the relation of the surface and underground ru-
noff. Considerably larger participation of the first one shows weak drainage
and retentive power of the river basin, that is, its torrential characteristics. Alt-
hough the river is being supported only from the groundwater most of the year,
almost one third of waters flow out of it in Drazevac, while it is better upstream
(35-43%). According to the same index the worst is in the river basins of the
Pestan, Ljig and Tamnava (up to 30%), while the most suitable is in the Jabla-
nica and Gradac (over 40%) (Ouokospuh, 1993/94). According to what it has
been written so far it would seem that the Kolubara belongs to watery rivers.
However its runoff coefficient is only 25% at the mouth, while its specific ru-
noff is 5.8 1/s/km’. This coefficient is 35%, 9.5 I/s’/km* in Slovac (the Gornja
Kolubara), while under the influence of evaporation in the Donja Kolubara the
runoff is 4.4 1/s/km” (Slovac-Drazevac inter basin).

Morphological characteristics of terrain as a factor of flooding
On the basis of analyses of pluviometric and hydrological regime, it is
absolutely clear that floods are mostly caused by a combined effect of direct
and indirect factors in the municipality of Obrenovac. The effect of direct fac-

tors has already been explained, and as it can be seen it is manifested with sud-
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den melting of snow blanket, high intensity rainfalls and sometimes coinciden-
ce of both factors.

The indirect causes of flooding certainly need to be especially analyzed,
where the morphological characteristics of terrain are the most important ones.
Studying the hypsometric, morphometric and geomorphological characteristics
represent necessary basis for the analysis of the natural conditions and dominant
factors of flooding in the examined area. Therefore, in order to get a clear pictu-
re on the characteristics of the observed terrain, the hypsometric map of the mu-
nicipality of Obrenovac was made. It has been established that 56.3 % of the ter-
ritory of the municipality of Obrenovac lies on the altitude which is lower than
100 m, that is, 92.2% of the territory of the municipality (378 km?) lies up to
200 m altitude, i. e. the largest part belongs to plain. Height includes less than
8% of the eastern part of the territory of the municipality, that is, right valley of
the Kolubara River. On the basis of calculation the data show that the mean alti-
tude of the territory of the municipality is 112 m (dparuhesuh, 2004).

i
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Figure 2. — Endangered areas by floods on the territory of the
municipality of Obrenovac
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This map represents the starting point in the terrain analysis, potentially
endangered by floods. On the basis of the terrain researches it has been establis-
hed that floods were appearing in the areas lower than 85 m altitude. Below 80m
altitude there are 126 km® of analyzed area and if it is separated on the hypso-
metric map, potentially endangered areas by floods would be obtained.

However, it is important to point out that presented areas on the map
used to be flooded, and now they have been marked as potentially endangered
zones by floods. Due to dam construction during 80’s of the 20™ century the
areas that used to be flooded were considerably reduced, while nowadays the
district of the village of Poljana has been endangered most.

Except the hypsometric characteristics of the area, the morphological
ones are also important. In hydrological sense, the river basin of the Kolubara
(where most of the municipalities lie) is round in shape, which means fast flo-
wing of atmospheric waters into the main river, having as a consequence the
sudden increase of the water level and discharge. However, depending on the
speed, the flooding wave is also distinguished by short time of keeping.

Frequent floods in the area of Poljana demand universal morphological
analysis of the Kolubara riverbed. If we ignore the climatic conditions, the
main causes of floods in the lower course of the Kolubara are large winding of
the river and small depths, having the consequence of covering the riverbed
with deposits. On the basis of the recent researches (/Iparuhesuh, 2002) it has
clearly been established that in the middle and lower part of the Kolubara cour-
se it comes to the accumulation of great part of the river deposits.

Table 1. — Transfer of suspended deposits in t/vear in the stations of Beli Brod and
Drazevac on the Kolubara River according to RHMS (Republic Hydrometeorological
Service) measures

Cranuna | 1985 1986 1987 1988 1989 1990 1991 1992
b. bpon |101,532.3|106,619.5{115,448.8|52,230.6|65,792.0| 3,275.7|26,881.9|24,490.6
Hpaxesan| 71,474.8/118,939.0] 90,483.3143,217.6/73,113.3]| 11,348.7|42,793.4|22,180.0

On the basis of the data from the table it can be noticed that in four
years of analyzed period (1985-92) the larger deposit transfer was accomplis-
hed in more upstream station than in more downstream one (/paruhesuh,
2002). In other words, in the inter basin between B. Brod and Drazevac it co-
mes to the accumulation of material, more exactly, to covering of the riverbed.
As a result of this covering, the reduction of moistened profile appears having
thus the consequence of more frequent floods in the area of the municipality of
Obrenovac. On the basis of estimate it was found out that in the mentioned pe-
riod the imbalance was 22,721.3 t i.e. that much of material was accumulated
in the inter basin between these two hydrological profiles.

In order to obtain more reliable results the period of observing the tran-
sfer of covering has been extended On the basis of incomplete twenty years long
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series for period 1985-2004, a clear imbalance of deposits between these two
hydrological profiles has been confirmed. According to the data from given pe-
riod, it is obtained that 193,253.8 tons of material were accumulated between the-
se two hydrological profiles, that is, the riverbed itself was raised for 36 cm. By
the previous, shorter series, the datum has been 4.2 cm, while now it is nine times
enlarged. This should be accepted cautiously due to already determined metho-
dological mistakes of measuring of suspended deposit concentration and also due
to the mistakes in the calculation of deposit transfer (Dragic¢evic i dr., 2006).

On the basis of the previous analyses it has clearly been proved that the
accumulation of material has been expressed in the valley of Donja Kolubara.
By subsequent, detailed measuring the most downstream hydrological profile
has also been included on the Kolubara River, the profile in Obrenovac. It is si-
tuated under direct slowing down of water caused by the water level variability
of the Sava, so it was supposed that a very expressive accumulation of material
had to appear between Drazevac and Obrenovac. Thus an entirety would be
completed, that is, the phenomenon of the river deposit accumulation would be
established between B. Brod and Drazevac, but also between Drazevac and
Obrenovac. During 2003 and 2004, the decrease of deposit transfer on the
downstream profile was confirmed by the comparative analysis of the deposit
transfer on the profiles of Drazevac and Obrenovac. In 2003 13,997.3 t were
accumulated in the riverbed of the Kolubara between Drazevac and Obrenovac,
while during 2004, 19,605.3 t of the river deposits were accumulated. The basic
hypothesis on the intensive covering of the riverbed in the lower part of the co-
urse of the Kolubara River has just been confirmed ([Iparuhiesuh, 2007-6).

As a result of the river deposit accumulation in the riverbed of the Ko-
lubara there are numerous accumulations of the river material presented by
islands and sandbanks. It is interesting that the islands have been formed in the
course of the Kolubara immediately after its formation in the very valley of Va-
ljevo. If we analyzed the map of the relief energy of the researched area it wo-
uld be clearly noticed that isoline-90 was very expressive, which meant that the
terrain was under the accumulation of material. The map of the first trend of
the relief energy of the Kolubara river basin ([paruhesuh, 2002) has shown
that almost whole terrain north from Valjevo mountains has been under tecto-
nic movement of slow sinking what is also noticeable on the map of the first
trend of the relief energy of Serbia (ManojnoBuh u np., 2004) where the sin-
king is expressed north from the 270. km, observed along the y axis. The situa-
tion on the terrain definitely shows the credibility of the map, while the mean-
dering of the Kolubara riverbed from its origin to its mouth just contributes to
the previous statements.

Taking the existence of distinctive concave banks in the lower sector of
the Kolubara course into consideration, it is expected that strong side erosion is
followed by later accumulation of material. That is clearly noticed in the area
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of Poljana where on the whole course of the Kolubara (border course) the effect
of side erosion which is expressed by meandering of the concave banks and ri-
ver material accumulation, is being changed alternatively.

Figures 3-4. Concave bank and inland-island
in the riverbed of the Kolubara in Poljana
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Therefore, a significant speed reduction of the courses appeared, ha-
ving the consequence of turning, i.e. meandering of the riverbed. Today, there
are numerous fossil fluvial shapes, i.e. cut off meanders and deserted riverbeds
(Dragicevi¢ i dr., 2006).

Anthropogenic impacts on floods

Anthropogenic impacts on the river system can be divided into direct
and indirect. Direct impacts mean numerous engineering works of the riverbed
regulation of the water currents themselves and they include the channeling of
the whole sectors of the riverbeds but also the protection of the concave banks,
the construction of water accumulations with the aim of regulating the river re-
gimes, redirecting the riverbeds, etc.

The largest actions were in the area of the middle flow of the Kolubara
River. Their aim was to turn the courses in order to make space for the farther
lignite exploitation. In the sector between Vreoce and Poljana, the Kolubara
has changed its natural course for several times, moving from extremely mean-
dering into almost straight course. Significant morphological changes on the
Kolubara and Pestan were in 1976. as the consequence of moving the course of
the Kolubara aiming to make wider the strip mining of lignite. Its riverbed mo-
ved 800 m upstream from the mouth of the Pestan which led to fossilization of
the old riverbed of the Kolubara from Vreoce to Poljana. Deserted riverbed of
the Kolubara was provided to accept larger flooding waves and thus it had an
important function for a very long time.

The mentioned moving of the Kolubara course reduced the phenomenon
of very frequent and large floods in the area of the municipality of Obrenovac. In
the sector of Poljana, the Kolubara had an extremely meandering riverbed which
could not be able to accept some flooding waves so that by the mentioned action
the number of such disasters was reduced. The total length of the fossilized river-
bed of the Kolubara is about 37 km. However, from the mouth of the Kladinica
into the Kolubara in most part of the year water flows through the cut off river-
bed of the Kolubara (the length of 19.6 km) so even today this part has the cha-
racteristics of the periodical course, but not completely deserted riverbed.

As it is noticed, every moving of the Kolubara riverbed demanded also
the lengthening or shortening the riverbeds of its direct tributaries. In the last
80 years there were drastic morphological changes in the riverbed of the Pesta-
na for several times. Before the regulation of the Kolubara, the Pestan River
emptied into it near Drazevac, and it received the Turija, its largest tributary,
near Stepojevac. After the regulation, the height difference of the bottom of the
Pestan River and the bottom of the Kolubara was 3.8 m due to which 150 m
long rapid course in natural material was formed. (bekosuh, 1986). This bro-
ught to the regressive erosion in the riverbed of the Pestan thus initiating new
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regulative works, bearing new consequences. The total length of deserted river-
beds of the Pestan is 7.2 km.

By adding the River Kolubara into the riverbed of the Pestan, a general
deformation of the Kolubara riverbed appeared. Permanent process of sinking
of Donja Kolubara valley and the Kolubara- Pestan splitting had a consequence
of covering the riverbed by deposits with an aim of exceeding the stadium of
the disagreed side profile and reaching the stadium of agreed profile.

Discussion and conclusion

Natural disasters follow man throughout the whole history. However,
people did not just observe the phenomena but they gave their best to use all
their experience in order to have as fewer consequences as possible. That strug-
gle with nature was not just out of spite but the need to use other natural resour-
ces situated very often in the area of disaster itself (lignite strip mining). When
people could not defend, they began to construct their settlements far from
banks, only risking with temporary buildings and nursery plants near rivers.
Developing the systems and regulating the water currents, the settlements, and
the industrial zone especially, were brought down along the river itself. Howe-
ver, it is important to emphasize that after all prognosis and works, man is ne-
ver safe in the character of the river.

How many times “the safest systems” in the world went through tra-
gically and people were paying with their lives and destruction? And if floods
cannot be eliminated, how can they be reduced? By complex works in the ri-
ver basin and on the dams by the river, away from the bank and so high that
even “the most incredible water” cannot exceed them. This sounds good, but
why it wasn’t thus reacted anywhere in the world? Because, these actions are
very expensive, unprofitable economically and unsustainable ecologically. It
can be concluded that the defense system is the product of importance of
material goods in the river basin, that is, decisiveness of the community to
defend them. If it was not so, we would not speak on the floods as of the na-
tural elements but as of the phenomenon going on in some river basin without
people and goods.

Almost the whole concept of flood protection in Serbia is based on the
classical, passive principle of defense, where dams represent the basic means
for the protection of coast. While the river corridors of the high rivers of the
Danube, Sava, Tisa and Velika Morava are even several kilometers wide, the
dams of middle and low water currents are often placed by the riverbed itself.
Thus, their dimensioning is reduced to the defense from waters of short return
period which seriously endanger their aim under the excessive climatic conditi-
ons in the last few years. 243 km of dams have been constructed in the river ba-
sin of the Kolubara so far and how much they are important the datum shows
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that high centennial water endangers 17000 ha of the most fertile soil. Along
the Kolubara itself these ramparts were placed from the mouth of the Savas Ri-
ver to the mouth of the Tamnava River and from the mouth of the Turija to La-
zarevac, i.e. Lajkovac. Although they give a certain safety to the rear, the stoc-
hasticy of the high water phenomenon of the Kolubara is such that there is no
complete safety there.

Since floods are the phenomenon of the river regime of waters, the
technical measures by which the flooding zones have been limited and mea-
sures by which it has been influenced the flooding discharges, may have com-
plex effects, i.e. except the desired consequences they can also have the un-
wanted ones. What is certain is the fact that man significantly contributed the
increase of the flood frequency in the area of Poljana. Namely, when dams
were strengthened and completed in the area of the municipality of Obre-
novac during the 80’s of the last century, the area of Poljana was left comple-
tely unprotected. One of possible reasons that was mentioned was the need
for the security zone which should represent the protection of the town center
itself, and the territory of Poljana was the one to be “ sacrificed “. Was it the
only one solution of the problem or it was just temporary, or just one of the
possible solutions, all these are discussible. One is certain, it had to be a tem-
porary solution, i.e. the problem that has demanded and it is still demanding
urgent solution.

By the complex analysis of all mentioned factors, we can come to a
conclusion that the topographic conditions on the very course of the Kolubara
do not permit any dam construction and making the accumulation basins that
could accept flooding waves. Such sort of the protection may be carried out on
the tributaries of the Kolubara, especially on those with torrential characteri-
stics of the river regimes. The most efficient way of flood defense in the river
basin of the Kolubara is the channeling of the riverbed or the construction of
dams or constructing several accumulation basins located on the tributaries.

Planned construction of several small accumulations on the tributaries
of the Kolubara has still been at its primary phase, without signs for solving the
existing water problems. However, it is necessary to emphasize that the first
phase of flood protection includes arrangement of the river basin and sub erosi-
ve works but also the usage of the intensity of erosion caused by reduced im-
pact of anthropogenic factor ([Iparuhesuh u Crenuh, 2006), it can be said that
the first phase has been realized and there are conditions for the realization of
the second one, i. e. the construction of accumulations. In the regional strategy
the construction of 8 accumulations in the river basin of the Tamnava River has
been planned, 5 in the river basin of Ljig, two each on the Kladnica, Toplica,
Rabas, Ribnica, Gradac, Obnica and Jablanica.

About the channeling of the Kolubara for sailing, i. e. for the needs of
Kolubara lignite export by river transportation, it is still insufficiently thought
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about, although the initiative appeared long time ago. The river was navigable
only 3 km from its mouth, lately. Under mean water levels the mouth of the
Kolubara into the Sava lies on about 70 m altitude, while the terrain around
Vreoce is on 93 m. The height difference of 23 m and wide riverbed of the Ko-
lubara would make easier its channeling, enabling cheaper transport of Koluba-
ra lignite. Invested means for the river channeling and its preparation for river
transportation would certainly economically be excused ([ykuh, 1974) n the
lower course of the Kolubara the regulation of its riverbed could easily be car-
ried out. Thus, the meandering flow would be straightened, but the strong side
erosion in the very riverbed would be regulated so that some factors of flooding
would be eliminated.

Dredging the river deposits from the riverbed of the Kolubara was
stopped, while once well known whirlpools in its course were calmed. Altho-
ugh the river deposits were hand extracted with low intensity, it certainly had
great positive effects from the aspect of maintaining the surface of moistened
profile. Such simple measures do not demand considerable investments on the
removing the existing situation on the terrain and they can be carried out witho-
ut special limits of the natural conditions.

All mentioned solutions demand a complex analysis of the condition,
but also the development of the strategy the priority of which would be both to
solve the existing water problems in this area and to provide necessary conditi-
ons for farther lignite exploitation.
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CnaBosby0 JIparmhesnh
Henan ’Kuskosuh
Baagan dyuuh

DOAKTOPU HACTAHKA ITIOIIJTABA HA TEPUTOPUJHA OIIIITHUHE
OBPEHOBAIL

Pe3ume

[Ipuponre Henmoroze cy mojasBe Koje Mmpare Y0BeKa KPo3 YATaBY HEroBy uctopujy. Jby-
i, MehyTium, HECY OocTajalli HEMH IToCcMaTpadd TUX TojaBa Beh Cy ce TPyIuiu da cBa
CBOja UCKYCTBa UCKOPHUCTE Kako OH mocieuie Oune mro Mame. Y cnuBy Konybape je
1o cana nsrpaheno 243 km ondpamMOeHUX HacuIa, a KOJUKO CYy OHM Ba)KHH IOKa3yje
MoJlaTak Jja CTOTOMIIbA BeJrKa Boja yrpoxasa 17.000 ha HajrutomHHjer 3eMIbHUIITA.
Hyx came Komybape oBu Oeemu ¢y noctaBibenu ox yirha Case no ymha TamaaBe u
on ymiha Typuje no Jlazaperia, onHocHo Jlajkosiia. Mlako oHM Jajy H3BECHY CUTYPHOCT
CBOM 3aJiel)y, croxacTHYHOCT TojaBe BelIMKUX Boja Komybape je TakBa 1a Ty HeMa H
nornyHe 6e30enHocTr. HarMe, kaja Cy TOKOM ocaMIeceTnx rofinHa MpoLuIor BeKa I10-
jadanu u nopalhenu onOpamOeHH HacuNu Ha npocTopy omuriHHe OOpeHoBal, IPOCTOp
[ospana ocTaBibeH je y motnyHocTd HesamTrher. Kao Mmoryhm pasior ucrumana je rmo-
Tpeba mocTojama CUTYPHOCHE 30HE Koja Om Tpebano 1a mpeacTaBiha 3aIITUTY CaMOT
TPaZCKOT je3rpa, a 3a Ty 30HY je ““kprBoBaHa” TepuropHja [lospana. [la imm je oBo Omiio
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jeanHo pemieme mpodieMa WM je To OWIo caMo NPUBPEMEHO, WIN jelHO o1 Moryhux
peliema, ocTaje JUCKyTaOMIHO. JeHO je CUTYpHO, TO je MOpaio OUTH IPUBPEMEHO pe-
iewke, OJHOCHO MPOOJIeM KOjH je 3aXTeBao W calla 3aXxTeBa XHUTHO paspemierme. Kom-
IUIEKCHOM aHAJIM30M CBHX HaBEIECHHX (aKTOpa, MOXKE Ce 3aKJbYUUTH Ja TONOrpad)cKu
ycIioBH Ha caMoM ToKy KomyGape He 103B0JbaBajy M3rpagmy OpaHa M CTBapame aKy-
MyJIaIMOHNX OaceHa KOju O NMpUXBATWIM NOIUIaBHE Tanace. OBakaB BUJ 3aIITUTE O]
MoIUIaBa OMpAaBAaHo je U3BPILIMTH Ha mpuTokama Konybape, moceOHO Ha oHMUMA ca Oy-
JUYHUM KapakTepUCTHKamMa pedHuX pexxuma. HajedukacHuju HauuH oj0OpaHe of Io-
iaBa y ciuBy Kousybape je kaHaicambe KOpHTa U U3rpajiba HACHUIIA MOpe] BUX HIIH
cTBapame Beher Opoja MamKX aKyMyJIallMOHMX OaceHa JIOMPaHUX Ha IPUTOKaMa.
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