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Abstract. A sufficiently long spring discharge regime monitoring data set allows for a large number of
analyses, to better understand the process of transformation of precipitation into a discharge hydrograph. It is
also possible to determine dynamic groundwater volumes in a karst spring catchment area, the water budget
equation parameters and the like. It should be noted that a sufficiently long data set is deemed to be a contin-
uous spring discharge time series of more than 30 years. Such time series are rare in Serbia. They are gener-
ally much shorter (less than 15 years), and the respective catchment areas therefore fall into the “ungauged”
category. In order to extend existing karst spring discharge time series, we developed a model whose outputs,
apart from mean monthly spring discharges, include daily real evapotranspiration rates, catchment size and
dynamic volume variation during the analytical period. So far the model has solely been used to assess the
discharge regime and water budget of karst springs. The present paper aims to demonstrate that the model also
yields good results in the case of springs that drain aquifers developed in marbles. Belo Vrelo (“White
Spring”, source of the ToliSnica River), which drains marbles and marbleized limestones and dolomites of
Cemerno Mountain, was selected for the present case study.

Key words: groundwater regime, catchment area, real evapotranspiration, dynamic volume, water budget,
Belo Vrelo, Serbia.

Ancrpakt: JIOBOJBHO JyT HH3 OCMAaTparma PeXKnMa UCTHIIAmha HEKOT Bpena oMoryhyje mpuMeHy BEeTHKOT
Opoja aHaymu3a Koje Mory momohu ma ce mporec Tpanchopmaldje magaBuHa y XUAPOTrpaM HUCTUIamba 00Jbe
pazyme. Taxohe omoryhajaBy na ce oapene: AMHAMHYKE 3allpeMHUHE MOI3EMHUX BOJA CJIMBA KapCTHOT Bpena,
mapamMeTpu OmIaHCcHe jeqHaunHe, uTh. OBre Tpeba HAIOMEHYTH J1a JOBOJPHO OYTH HHU3 MOApa3yMeBa UHIbE-
HHUILY [ je HeOIIXOIHO UMATH HEeTIPEKUHY CEPHjy OCMaTpamba PeKiMMa HCTHLaRka HEKOT Bpella Y BPEMEHCKOM
uHTEepBay nyxem of 30 romuHa, mTo je penak ciydaj y Cpouju. Hajuemhe cy cepuje ocmarpama UCTHIIAEA
Ha BpesMMa 3HatHO Kpahe (ucrmox 15 roamHa) ITO MX Ha JKAIOCT CBPCTaBA y KaTeropHjy XHAPOJIOLIKA
HEU3y4eHHX CIIMBOBA. 3a MOTpeOe MpoayKaBama MocTojeinX HU30Ba HCTHLAKka KAPCTHUX Bpeia pa3BHjeH je
MOJIeN KOjH, Kao U3Jia3, MOpel CepHuje CPeambe MECEUHHX IPOTHUIIaja HEKOT Bpela, aje U JHEBHE BPEIHOCTH
peaiHe eBaroTpaHCIUpalije, MOBPIINHY CIMBA U MPOMEHY JAUHAMHYKE 3alPEMHUHE y PAuyHCKOM TEPUO.Y.
Mogen je 10 caja IpUMEHBHBaH CKIJBYYHBO 3a ITOTpede aHau3e pexkxnMa 1 OuilaHca KapcTHUX Bpena. CBpxa
OBOT pajia je J1a MOKaKe J]a Pa3BHjCHU MOJICI JIaje o0pe pe3yiTarTe Kaja Cy y MUTamby U Bpeja Koja IpeHupajy
u37aHu popMUpaHe y MepMeprMa. Y KOHKPETHOM cliy4ajy je uzadbpano beo Bpeino (Bpeno TomuiiHuiie) Koje
JPEHUpa MepMepe U MepMeprcaHe Kpedmake ranuae YemepHo.

KibyyHe peunm: pexuM IMOJ3EMHHX BOJA, MOBPIIMHA CIIMBA, PeajiHa CBANOTPAHCIHpPAIU]ja, TUHAMUAYIKA
3anpeMuHa TOA3eMHUX BOJa, OMTaHc Boza, beso Bpero.

Introduction ical characteristics of the area, the qualitative and
quantitative characteristics of the groundwater, and

One the key prerequisites for efficient groundwater the variations in these parameters over time. The
use for any purpose is knowledge of the hydrogeolog- aquifer regime is governed by a series of factors, pri-

I University of Belgrade, Faculty of Mining and Geology, Deprtment of Hydrogeology, Djusina 7, 11000 Belgrade,
Serbia. E-mails: marinacokorilo@gmail.com; vesna_ristic2002@yahoo.com

2 Geco-engineering, Belgrade, Serbia.

3 Singidunum University, Faculty of Applied Ecology Futura, Pozeska 83a, Belgrade, Serbia.



94 MARINA COKORILO ILIC et al.

N7\

1

\/ \

ring Tolisiga
- 12 ==
13 —]
AL 11\ 14|I|

15—
16.]
17 ]

0 1 2 km

Fig. 1. Location and hydrogeological map of the Belo Vrelo (Tolisnica Spring) catchment (after BRKOVIC ef al. 1977).
Legend: 1, diabases; 2, gabbro-diabases; 3, gabbros; 4, harzburgites, siltstones, schistose mudstones and cherts; 5, arenites,
alevrolytes, schistose slays and cherts; 6, massive dolomitic marbleized limestones; 7, schists and biotitic phyllites;
8, amphiboles; 9, marbleized limestones; 10, chlorite-epidote-actinolite rocks; 11, phyllites; 12, fault; 13, surface stream;
14, spring; 15, water divide; 16, fractured aquifer; 17, karst aquifer.

marily the geological setting and the geomorphologi-
cal, hydrogeological and climate conditions.

A catchment area is deemed to be gauged if the re-
gime of relevant quantitative parameters has been mo-
nitored for at least 30 years. A catchment area is partial-
ly gauged if monitoring lasted for 15 to 30 years, and
ungauged if the monitoring period was shorter than 15
years (PROHASKA 2003). From this perspective, gauged
catchment areas of karst springs in Serbia are extreme-
ly rare. There are only two such cases at present: a karst
spring near the Village of Zagubica, which is the source
of the Mlava River, and Sveta Petka Spring near the
City of Parac¢in (STEVANOVIC et al. 2014).

The time series of all the other karst springs are
either much shorter (from one to ten years) or there
has been no monitoring at all, the latter being more
often the case. Assessments of the discharge regime
and water budget of ungauged springs, or those that
have not been studied in hydrological and hydrogeo-
logical terms, can be misleading. To prevent potential-
ly erroneous assessments of the water budget equation
parameters in such cases, or to at least ensure reason-
able departures from real values, the Department of
Hydrogeology of the Faculty of Mining and Geology
at the University of Belgrade developed a model that
extends relatively short (less than 15 years) time

series of karst spring discharges. Apart from extend-
ing the length of existing time series, the model pro-
vides the catchment size, real evapotranspiration rates
and variations in karst spring dynamic volume in the
analytical period for which gaps in the existing time
series of average monthly discharges have been filled.
To date, the model has been tested and applied to
about 20 karst springs in Serbia (RisTiC 2007; RISTIC
VAKANJAC et al. 2010, 2013, 2014a, 2014b; STEVANO-
VIC et al. 2010). The difference between the catch-
ment size computed by the model and the real catch-
ment size of the karst spring resulting from detailed
hydrogeological research is up to 10%.

Described below is the outcome of an application
of the model, in this case to Belo Vrelo (source of the
Tolisnica River), which drains marbles, marbleized
limestones and dolomites of Cemerno Mountain.

Geological and hydrogeological
characteristics of the extended area of
Belo Vrelo

The karst spring of Belo Vrelo is situated in central
Serbia, in Ivanjica Municipality (Fig. 1). The drainage
area of the spring belongs to the catchment area of the
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Fig. 2. Belo Vrelo.

Tolisnica River, which in turn belongs to the wider Lo-
patnica River Basin on the slopes of Cemerno Moun-
tain. The upper part of the Lopatnica River Basin fea-
tures several springs, the largest being: Belo Vrelo (Fig.
2), Konjsko Vrelo (Horse’s Spring) and Mala Sokolina
cluster of springs (Fig. 1). The altitude of most of the
basin varies from 600 to 1000 m, while the edges of the
basin in the south are as high as 1581 m a.s.l. (Fig. 3)
(at Smrdljug Summit of Cemerno Mountain).

The area is largely made up of Paleozoic deposits
that hold a fractured aquifer. The sediments include
phyllites, metamorphic quartz conglomerates, gneiss-
es and schists, as well as marbleized limestones which
are highly relevant to this research. In addition to
Paleozoic sediments, there are also massive Middle
Triassic dolomitic and marbleized limestones, but to a
lesser extent. They occur as erosion remnants — pene-
plains, whose size is about 1.5 kmZ2. They constitute
the margin of a large Triassic belt of Jelica Mountain,
with which they are in contact. There are also Upper
Cretaceous (Senonian) siltstones and schistose mud-
stones, overthrust on Senonian-Upper Cretaceous fly-
sch (limestones, marls, sandstones and mudstones).
The faults (the most pronounced of which are found in
the Rudno—Propljenica zone) are nearly parallel to the
plane of overthrust, roughly running in the
NNW-SSE direction. Flaking is also evident in the

Fig. 3. Smrdlju§ Summit of Cemerno Mountain.

middle of this zone, where Triassic sediments are
developed. Young transverse faults are quite common
throughout the area (BRKOVIC et al. 1977).

Limestones, marbleized limestones and dolomites
determine to a large extent the hydrogeology of the
study area because of their fracture porosity resulting
primarily from local tectonic movements. The aquifer
stores a considerable amount of groundwater. To-
wards the surface, these rocks act as hydrogeological
collector-conduits, while in the deeper reaches they
serve as collector-reservoirs, discharged at the point
of contact with semi-permeable and impermeable
rocks via springs formed in places where local faults
occur, like in the case of Belo Vrelo. The study of the
hydrogeological characteristics of the terrain included
an analysis of spring discharges, whose minimum-to-
maximum ratio was less than 10 and the number of
karst features less than one per km?2.

Recharge comes from precipitation and sinking of
small surface streams. In the case of fracture porosity,
groundwater pathways are determined by the geologi-
cal formation, extent of fracturing and local hydrogeo-
logical conditions. At Belo Vrelo, groundwater circu-
lates within faults, fractures and fissures. Groundwater
drainage, or discharge, is gravity-driven and takes place
via springs exposed on the ground surface, whose dis-
charge rates vary. Belo Vrelo features the highest dis-
charge rates; the lowest rate ever recorded was 40 /s
in December 1978, while the highest rate was more
than 300 1I/s. Konjsko Vrelo (Horse’s Spring) dischar-
ges some 5 1/s and Mala Sokolina springs 2 to 3 I/s.
Belo Vrelo emerges on the ground surface below a
bend called Tisovski Prevoj, on the northern slopes of
Cemerno Mountain, at an altitude of 770 m. The
spring is located at a distance of about 3 km from the
Village of Tolisnica. The spring discharges through a
steep slope at the point of contact between marbleized
limestones and impermeable rocks. In the spring area,
visible blocks of while marbleized limestones, 3—5 m
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wide, suggest the existence of a fault that follows the
gradient of the terrain (about 30°).

Hydrological monitoring of Belo Vrelo

In 1994, the National Hydrometeorological Service
established hydrological stations at several karst
springs, including Belo Vrelo. Hydrometric surveys
and water level monitoring began on 1 January 1995
and continued through the end of 2002. Table 1 shows
mean monthly and annual discharges of Belo Vrelo
during the period of monitoring. Generally speaking,
maximum discharge rates are usually attributable to
snowmelt and spring rains.

and the lowest only 67 1/s, recorded several times in
1995, 1996 and 2001. The 1995-2002 ratio of mini-
mum-to-maximum discharges was 1:6, indicative of a
relatively uniform discharge regime of Belo Vrelo. Fi-
gure 4 shows the 1996 hydrograph of this spring. The
hydrograph includes one prolonged spring maximum
(possibly two), and one minimum. The discharge peaks
are generally attributable to snowmelt, which started in
March/April, and spring rains (April/May/June). If
snowmelt and spring rains occurred simultaneously,
the hydrograph showed a prolonged peak. If the two
events did not coincide, there were two or more lower
peaks in the first half of the year. Conversely, the low-
est discharge rates were noted in the summer months,
when the discharge rates of Belo Vrelo were the lowest.

Table 1. Mean monthly and annual discharges of Belo Vrelo (m3/s).

Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Annual
1995 | 0124 | 0135 | 0140 | 0150 | 0150 | 0147 | 0111 | 0.086 | 0.081 | 0070 | 0.080 | 0.079 0.113
1996 | 0.078 | 0079 | 0080 | 0109 | 0147 | 0147 | 0117 | 0.086 | 0106 | 0115 | 0.106 | 0.106 0.106
1997 | 0104 | 0090 | 0087 | 0129 | 0156 | 0144 | 0143 | 0142 | 0128 | 0120 | 0117 | 0015 0.123
1998 [ oms [ 0131 [ ons [ 0127 [ ons | o108 | 0103 | 0086 | 0087 | 0100 [ 0105 | 0.100 0.114
1999 [ 0102 [ 0097 [ onz | o110 [ o102 | 0090 | 0085 [ 0089 | 0092 [ ooog | 0098 | 0117 0.099
2000 | 0123 | oma | 0125 | 0109 | 0098 | ooss | o081 | 0079 | 0093 | 0089 | 0089 | 0088 0.098
2000 | 0071 | 0075 [ 0080 [ oowa | oa1s | 0125 | 0a27 [ 0127 | oa7o | 0205 | 0187 | 0175 0.129
2002 | 0247 | 0241 | 0232 | 0204 | 0a88 | o178 | oa72 | 0208 | 02535 | 0266 | 0330 | 0214 0.232
Qav | 0121 | 0120 | 0122 | 0136 | 0134 | 0128 | 0117 | 013 | o126 | 0133 | 0139 | 0124 0.127
o 0.05 0.05 | 0.05 0.05 0.03 0.03 0.03 | 0.04 0.06 0.07 | 0.08 0.05 0.04
Cy 0.45 045 | 041 0.40 0.24 0.25 0.26 | 0.40 0.47 051 | 0.60 0.37 0.35
Cs 212 191 | 1.83 2.31 0.51 0.05 0.67 | 1.66 1.75 146 | 213 1.33 2.50
Max | 0247 | 0241 | 0232 | 0264 | 0188 | 0178 | 0172 | 0208 | 0253 | 0266 | 0330 | 0214 0.232
Min | 0071 | 0075 | 0.080 | 0.094 | 0.098 | 0.088 | 0.081 | 0.079 | 0.081 | 0.070 | 0.080 | 0.079 0.098
P Autocorrelation and cross-correlation
% 0.16 analyses of Belo Vrelo
o 014
% 0.12 Correlation analyses of the effect of annual precipita-
S 01 tion totals on discharge rates of Belo Vrelo were under-
° 0.08 taken to substantiate the above conclusion, or, in other
= 0.06 words, to corroborate the correlation between precipita-
a8 tion and discharge. At a calendar year level, the coeffi-
< oo cients of correlation were extremely low (r = 0.275 for
§ 0.02 the station at Ivanjica and r = 0.073 at Kraljevo).
0 However, when the hydrological year was assessed, the
P PP PP P o PP PP P coefficients of correlation were much higher, amount-
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Fig. 4. 1996 hydrograph of Belo Vrelo.

Based on recorded daily discharges, the long-term
average discharge for the period 1995-2002 was
0.127 m3/s. The maximum mean monthly discharge
rate was 0.330 m3/s, registered in November 2002. The
minimum mean monthly discharge was 0.070 m3/s, in
October 1995. With regard to absolute daily discharge
rates, the highest was 410 I/s on 24/25 December 2002

ing to r = 0.465 at Ivanjica and as much as r = 0.667 at
Kraljevo. This was a result of the fact that winter (No-
vember, December and January) precipitation remain-
ed in the catchment area and caused runoftf/discharge
during the next calendar year, after snowmelt. As a
result, this type of analysis generally requires param-
eter averaging with regard to the hydrological year (1
October to 30 September). Then a cross-correlation
analysis was undertaken to examine the effect of daily
precipitation totals on discharge rates of Belo Vrelo.
Figure 5 shows a cross-correlogram with a 100-day
time lag. It is apparent that the strongest correlation
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between precipitation and discharge was noted after
one day, but that there was a pronounced peak after 32
days, which was certainly due to snowmelt.
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Fig. 5. Cross-correlogram (COKORILO ILIC ef al. 2014).

Apart from the cross-correlation analysis of Belo
Vrelo, an autocorrelation analysis was undertaken for
a time lag of 100 days (Fig. 6). The autocorrelogram
showed a strong correlation even after 100 days, cor-
roborating the earlier claim that the discharge regime
of Belo Vrelo is relatively uniform (or that the memo-
ry is long, 100 days or more).
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Fig 6. Auto-correlogram.

Recession curve analysis

Groundwater reserves of Belo Vrelo were assessed
by recession curve analysis. A proper analysis of the
retardation capacity of an aquifer requires a period of
at least 90 days after heavy rainfall, with constant
drainage and no recharge (aquifer recession). The dis-
charge regime monitoring data revealed that these cri-
teria were fulfilled in 1995, from 8 June to 2 No-
vember (a total of 148 days), and in 2000, from 23
March to 21 August (156 days). It should be noted that
there was some rainfall during the period, but it had

no significant effect on the spring discharge regime,
as clearly shown in Figs. 7 and 8. Namely, during that
period the rainfall was either torrential in nature, such
that a part of the atmospheric precipitation was lost to
surface runoff or evapotranspiration, or the precipita-
tion totals did not cause any signification variation in
the dynamic volume and thus had no effect on the dis-
charge hydrograph.

Belo vrelo spring discharge (m’s)
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Fig. 7. Analyzed part of the regression stage of the hydro-
graph, 8 June to 2 November 1995.
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Fig. 8. Analyzed part of the regression stage of the hydro-
graph, 23 March to 21 August 2000.

Analysis of the regression stage of the hydrograph
(Fig. 7) revealed two discharge microregimes, whose
characteristics were nearly identical. Maillet’s equa-
tion (MAILLET 1905; KRESIC & BoNacct 2009) was
used to compute the drainage coefficient:

logQ, —log
o ?:?0 go 0
0.4343-(1 —1,)

It follows from Eq. 1 that during the 1995 recession
period (Fig. 7):
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_logQ, —logQ  log0.155—10g0.081

= =0.009013
0.4343-(z, —1,) 0.4343-72

_logQ,, —logQ,  10g0.095—1020.072

= =0.001777
0.4343-(t, 1) 0.4343-156

2

Similar results were obtained for the 2000 reces-
sion curve (Fig. 8):

logQy —logQ;,  log0.12-10g0.072
0.4343-(t, 1) 0.4343-160

=0.003193

1

The drainage coefficients were of the same order of
magnitude and demonstrated average-to-good reces-
sion characteristics of the aquifer. These parameters
were used to determine the summary volume of the
discharged water. In the first case (1995), the summa-
ry volume was:

v =1, +v, =207 geaq0 Lo =0

-86400
o Qs
_0155-0095 (oo, 0095 o
0.009013 0.001777

=575141+ 4619100 =5194241 m*

and in the second case (2000):

QOI -0

o4

0.12-0

V== -86400 03 -86400 =3247490 m*

Application of the model to fill gaps in
average monthly discharge time series

A model developed at the University of Belgrade,
Faculty of Mining and Geology, Department of Hy-
drogeology was used to identify the parameters of the
water budget equation, primarily the catchment area
of Belo Vrelo. The model comprises several levels; in
the present case:

1. Generation of a long-term time series of Belo
Vrelo discharges using a mathematical model of
multiple nonlinear correlation (MNC) for spatial
transfer of hydrometeorological data (PROHASKA
et al. 1977, 1979, 1995). Here the MNC model
was used to extend the time series of average
monthly discharges of Belo Vrelo for the period
1960-2009. Figure 9 shows the intra-annual dis-
tribution of derived average monthly discharges
of Belo Vrelo during the analytical period.

2. Determination of potential evapotranspiration
(PET) by means of a modified Thornthwaite equa-
tion (RisTIC 2007; RISTIC VAKANIAC et al. 2013).

mean monthly disharge (mafs

1 2 3 4 5 6 7 8 9
month

10 11 12

Fig. 9. Intra-annual distribution Belo Vrelo discharge
(COKORILO ILIC ef al. 2014).

3. Determination of real evapotranspiration (RET),
catchment size and water budget of the considered
aquifer as follows: for rainy days PET = RET, and
for days following rainfall RET was obtained
from the exponential equation RET = PET @2,
where ® is a dimensionless parameter and T is
the time step (1, 2, 3 ...). For the parameter val-
ues ® = 0, 0.1, 0.2, ..., 0.8, 0.9 and 0.95, the
water budget equation was established by cali-
brating the potential catchment size such that the
condition V)= Vi was fulfilled. Then the func-
tion ® = f(F) was constructed, where the vertex
represented the real catchment area (Fig. 10)
(RISTIC VAKANIAC et al. 2013).

o
(%]
8.4km”

0.1 I

F

0 5 10 15 20

size of catchment area F (km?)

Fig. 10. Function ® = f (F) of the Belo Vrelo catchment.
(COKORILO ILIC ef al. 2014).

The resulting catchment size could be used to com-
pute the parameters of the water budget equation
(Table 2). Table 2 shows: the catchment size F (km?2),
the long-term average discharge Q (m3/s), the dis-
charged volume of water W (10¢ m3), the long-term
average runoff modulus q (I/s/km?2), the runoff layer h
(mm), the average annual precipitation P (mm), the
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average annual evapotranspiration E (mm), and the
long-term average runoff coefficient ¢. To clarify
some of the parameters, following are the equations
that were applied in the analysis.

e Discharged volume W (106 m3)

W= QT )
e Runoff layer h (mm)

h=" 3)

¢ Runoff modulus q (I/s/km?2)

1= 4

e Average annual evapotranspiration E (mm)

E=P—-h 5)
e Runoff coefficient ¢

*=p (6)

where: Q is the average annual discharge in m3/s, 7T is
a one-year period in seconds, W is the average annual
discharge volume (m3), F is the catchment area in m2,
P is the precipitation in mm, and / is the runoff layer
in mm.

Table 2. Summary of Belo Vrelo water budget, 1960-2009.

F P E h Qav q W% 0]
: Is/km® | 10°m’| ©

km*| mm | mm | mm | m'/s
8.6 [866.5| 445.6|421.0| 0.116 13.5 3.62 | 048

Assessment of the dynamic
volume of Belo Vrelo

The basic water budget equation for a karst aquifer,
with a monthly time step, is:

h
0=— 7
=3 (7
where:
P; - monthly precipitation totals of the karst catch-

ment;

hj; - total monthly karst spring discharge layer;

E; - monthly sums of actual (real) evapotranspiration
in the karst catchment;

Vi - water volume of the considered karst aquifer in
the j-th month; and

Aj; - variation in stored karst groundwater, in the j-th
month.

Given that monthly precipitation totals are known
quantities and the average monthly runoff layer and
monthly sums of real evapotranspiration were gener-
ated by the model, Eq. 7 is generally used to compute
variations in dynamic volume during the analytical
period. Such volume variations in a karst groundwater
reservoir, derived in the above manner, are shown in
Fig. 11. It is apparent that the total dynamic volume of
Belo Vrelo, based on monthly values of all water

4

change in dinamic volume AV (1 o° ma)

Fig. 11. Variation in dynamic volume of Belo Vrelo.

budget components during the analytical period from
1960 to 2009, amounted to approximately 107 m3.

Conclusion

The general conclusion was that the annual average
discharge rate of Belo Vrelo was Q = 0.116 m3/s.
Given that the catchment size of this spring is 8.6 km2,
the long-term average discharge layer during the ana-
lytical period was h=421.0 mm. With regard to water
abundance, the specific yield of the Belo Vrelo
drainage area was found to be 13.5 1/s/km2, while the
derived runoff coefficient suggested that 48% of all
precipitation was infiltrated and then discharged via
springs. The quality of this bacteriologically safe
water is extremely high, such that it can be used for
domestic water supply, agriculture and fish farming.
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Pe3ume

IIpouena pe:xkxnMa HCTHIAKA U OUJIaHCA
Bojaa besor BpeJia (u3BOp peke
Toaumnnne, nenrpanana Cpouja)

Xuaposomka M3y4eHOCT HEKOT CIIMBa II0/pas3y-
MeBa J]a Cy ocMarpama pekuMa KBaHTUTAaTHBHUX Ta-
pamMeTapa BpLICHA Yy MHTEpBaTy 0o MUHUMaIHUX 30
roguHa. KapcTHa Bpema Ha JKaloCT WMajy 3HATHO
kpahe HU30Be ocMarpama (ox 1 go 10 romunHa) wim,
YIJIaBHOM, OCMaTpama JI0 caJia yoIIlTe HICY BpIIeHa
Ha BUMa. AHaN3e PeXUMa WCTHIakha W MPOpadyH
napaMerapa OwmiiaHca KOJl OBHX Bpelia KOjeé MOXKEMO
CBPCTATH Yy TPYILYy XHUIPOJOIIKH/XUIPOTEOIONTKH
HEU3y4eHNX CIIMBOBA, MOTY IIOHEKA/T JIOBECTH JI0 TIPO-
TpenrHux 3ak/bydaka. /la Ou ce moTeHmmjamHe rperiKe
onpehuBama mapaMerapa OWIaHCHE jeTHAYMHE eJIH-
MUHHCAJIE KOJl OBUX CITy4ajeBa, WM CBElle Ha pa3yMHa
OJICTyTIaFha O] PEATHUX BPETHOCTH Pa3BHjeH j& MOJIEN
3a MoTpede mpoayxaBama MocTojehnx HU30Ba pera-
THBHO KpaTKWX CepHja OCMaTpama HCTHIamka W3
KapcTHUX Bpena (ucroxn 15 romuna). JemHo on Bpena
KOje HeMa JIOBOJHHO JYTH HU3 OcMarpama je u beno
Bpeno (Bpeno TomumrauIe). Bpeno Huje kanmTupaHo,
Hama3m ce y neHtpaimHoMm aeny CpOuje, Teputopu-
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jamHO mpunaaa ommtuHA MBamune (cimuka 1) u ape-
HHUpa NaJuHe IUIaHnHe YemepHo.

Y mmpoj 301 bernor Bperna, mopen nane3ojcKux ce-
JUMEHaTa IPUCYTHH Cy Y MameM OOMMY MAacHBHHU
JOJIOMUTUYHH U MEPMEPHUCAHU KpPEUHaLld CPEIbEr
TpHjaca. JaBipajy ce y BUIy €pO3HOHUX OCTaraka - Kp-
ma BeIM4rHe OKO 1.5 km? u umMHe He3HaTaH orpaHax
BEJIMKOT TPHJACKOT TI0jaca TUTaHWHe Jenuie ca Kojuma
Cy y KoHTakTy. IIpucyTHH Cy M aneBpOIMTH U ILKPU-
JbaBH INIMHIHU TOPHE Kpene (CEeHOH), HABYYEHH IIPEKO
CEHOHCKO TOpH-eKpeHoT (piwma (Kpeurmbary, JAropIy,
nemyapy, mMHOK). Kpeumarm, MepMmepucanu Kped-
Bald U JOJIOMUTH HMMajy BEJIMKH XHUAPOICOJIOLIKH
3Ha4aj Ha WCIUTHBAHOM TEPEHy jep MMajy 3Ha4YajHy
MYKOTHHCKY HOPO3HOCT HAcTajJIy Ha IPBOM MECTY Kao
MOCJIEANIIA JIOKATHUX TEKTOHCKUX MOKpeTa. OBe CTeHe
y TOBPIIMHCKUM JEJIOBUMA NPEACTaBIbajy XUIAPOIeo-
JIOIIKE KOJIEKTOpE - CHPOBOAHHUKE, NOK Y IyOJbuUM
JIeJIOBUMa TIPEACTaBIbajy KOJEKTOpE - pe3epBoape U3
KOjUX C€ Ha KOHTAaKTy ca ci1abo BOJOHOCHHM H
BOZOHENPOITYCHUM CTEHaMa BPIIN BUXOBO NPAKHEHE
MyTeM Bpenia Koja cy (opmupaHa y 30HaMa JOKAIHUX
pacena, mTo je ciy4aj u ca bemum Bpemom.

Toxom 1994. rommae PXM3 je ycnocraBuo Xuapo-
JIOIIKE CTaHUIIEe Ha BUIIIE KAPCTHHX Bpena Mel)y kojuma
je 6mo u beno Bpeno. Ocmarpama BOmOCTaja U Mepe-
’Ba MPOTHIaja cy Tpajanma mo kpaja 2002. rooguue. Ha
OCHOBY JTOOHMjeHUX JHEBHUX BPEIHOCTHU MpoTHIaja be-
JIOT BpEJa MOXKE c€ KOHCTAaTOBATH [Jia j€ CPEebU BHILE-
TOMUIIBYN TIPOTHUIRj 3a rrepuor o 1995-2002. ronuHe
msHocuo 0.127 m3/s (tabena 1). MakcuMaTHN CpeNEbe
MECEYHH TPOTHIAj C€ jaBHO TOKOM HOBemOpa 2002.
roauHe 1 u3Hocuo je 0.330 m3/s. MuHUMaIHU cpeibe
MECEYHH TPOTHUIA] PETUCTPOBAH je y OKToOpy 1995.
roquae ¥ usHocuo je 0.070 m3/s. HIro ce Tuve
arcoIyTHUX JHEBHUX MPOTHLAja, MAKCUMAIHN THEBHH
mpoTuIaj jaBuo ce 24. omgHOocHO 25. mememOpa 2002.
ronuHe 1 n3HOCHO je 410 /s, oK je arcoiyTHO MHUHH-
MAaJTHU TIPOTHUIIA] y U3HOCY off cBera 67 1/s peructpoBan
BuLIe IyTa TokoM 1995., 1996., u 2001. ronune. Ognoc
PErHCTPOBAHUX MAKCUMAJIHUX U MUHMMATHHUX IPOTH-
11aja 32 TOMEHYTH OCMaTpadky repuoy je 1:6 mro yka-
3yje Ha peNaTHBHO yjeTHa4eH PeXUM UCTUIamha OBOT
Bpena.

Pann motBphuBama nocrojehe Bese manaBuHe — HC-
TUIake ypaljeHe cy KopenmamioHe aHaInW3e YTHIlaja
TrOIUINKBUX CyMa MaJaBuHa Ha ucTHHame benor Bpe-
7a. YKOJIMKO ce pa3Marpa OBa Be3a Ha KaJCHIApCKOM
HUBOY KOe(UINjEHTH KOpeallnje Cy U3y3eTHO HUCKH
(p = 0.275 — x.c. UBamuma, p=10.073 — m.c. Kpaspe-
B0). Ca npyre crpaHe ako ce aHajIM3Mpa Be3a Naja-
BUHE — IIPOTHUIIA] BPEIa HA HUBOY XUIAPOJIOLIKE TOHU-
He, Koe(HUIMjeHTH KopeTanuje Cy 3HaTHO 3Ha4YajHUjH
1 u3Hoce 3a k.c. Bamwuna p = 0.465 u 3a m.c. Kpa-
JbeBo dak p = 0.667. OBo je mocieania YNmHEHALE 1a
MaJiaBAHE y TOKY 3MMCKHX Mecelu (HoBemOap U fe-
memMbap) ce 3aapkaBajy y CIMBY W HM3a3UBajy OTH-
113j/UCTHIIalbE Y HapeIHO] TOAWHHU Kaja I0ia3u 0

EbUXOBOT OTalama. TaKo J1a MpU OBOj BPCTH aHAIIN3a
HEOITXO/IHO j€ BPIIUTH OCPEAmhaBamke ImapamMerapa Ha
HHBOY Xuapojoinke roguse (1. okrodap — 30. cenrem-
0ap). OBo MOTBphyje M KpOCKOpenalnoHa aHaln3a
(cmuka 5) Ha K0joj ce BHOM Ha je HajuBpmrha Besa
yTHIIaja TalaBUHA Ha NCTHIAKE Bpella HAKOH jeIHOT
JlaHa, C TUM JIa je U3pakeH MUK ¥ HaKoH 32 JaHa IITo
j€ CBaKako IMOCIeqIla OTalama CHeTa.

[Ipopadyn pe3epBr HOA3EMHUX BOJAa HM3BOpa peEKe
TonumaAIE U3BPIIEH je ¥ MPIMEHOM METOJIe aHAIIN3e
perapmanuoHe KpuBe. 3a BANWAHY aHAIW3y peTapiaa-
[IMOHUX CITOCOOHOCTH HM3[]aHU TOTpeOaH je Mepruoi O
3aBpIIeTKAa HM3PAKEHUX TMaJaBHHA Ca KOHCTaHTHHM
MIpaXmHEHeM 0e3 MPIITNBA Y Tpajamby o HajMame 90
naHa (perecuja u3nanm). AHAITN30M pe3ylTara PeKuM-
CKMX OCMaTpama MOXXE C€ YBHJIETH [Ia je OBaj yCJOB
HCIymeH TokoM 1995. romune, epuon ox 8. jyHa 110 2.
HOBeMOpa (ykynHo 148 mana) u Tokom 2000. roxuse,
nepuo on 23. mapra go 21 asrycra (ykymHo 156
JlaHa), KaJa je M0Ja3miIo JO KOHCTAHTHOT MPaKmbema
Bpena. JloOujeHn Koe(UIjeHTH TTPaXmbekha Cy UCTOT
pena BenW4uHe, U yKa3yjy Ha cpelma A0 Jo0pa perie-
cHoHa cBojcTBa (hopmupane m3gand. OBH mapaMeTpu
PEIecCHOHNX CBOjcTaBa MCKOPHIINEHH Cy 3a YTBphu-
Bame 30MpHE 3allpEMIHE OTEKIIE BOIE.

3a morpebe nmeduHHCama mapamerapa OWIaHCHE
jeIHaYMHE a Ha TIPBOM MECTY CIIMBHE MOBpIInHE be-
JIOT BpeJia KOPHUIINeH je TOMEHYTH MOJIell pa3BHjeH Ha
Pynapcko-reomomkom daxynrery, Jemaprmany 3a
xuaporeonoryjy. llpumemern Momen ce cactoju u3
Buire HuBoa. KopummhemeM HIBOA 1 ocMaTpadyku HU3
Cpelrhe MECEYHHX MTPOTHIIAja je MPOIYKEH Ha MEPHO.T
on 1960-2009. rogune. Cpenmbe BUILIETOIUIITBU TPO-
TUIaj OBAaKO Ae(PHHUCAHOT PAYyHCKOT HH3a M3HOCH
0.116 m3/s. Kao u3na3 u3 HuBoa 3 nobujeHa je peaana
MOBpIIMHA CIIHBA y U3HOCY of 8,6 km? (ciuka 10).
3aruM cy AoOuWjeHe peanHe BPEIHOCTH JHEBHUX
€BarioTpaHCIUpaIja U IPOMEHe AWHAMUYKE 3aIpe-
MHHE Ha MECEYHOM HOBOY 3a PadyyHCKH MEPHOJ
(cmuka 11). [lapameTrpu OrnaHCHE jeTHAYNHE TTOI3EM-
HUX Bonma bejor Bpema cpadyHaru Cy KopHIThemem
aZieKkBaTHUX jemanumHa (jend. 2, 3, 4, 5 u 6) a HUXOBe
BPEIHOCTH Cy TpHKa3aHe y Tabemn 2.

I'enepanHo MOXe ce 3aKJBYYHTH Ja Ca CIMBHOT
moapydja bemor Bpema mpoceyHO TOAMIITEE UCTEKHE
ykymHO 116 1/s Kako cnuBrHa moBpmmHa Bpena Tomu-
HHuIa u3HocH 8.6 km2, cpesmbe BUIIETOMHIIBU CIIO]
WCTHUIaka 33 padyHCKH mepron u3Hocu h =421.0 mm.
Ca mireauiTa BOMHOCTH TIOAPYYja, MOXKE C€ KOHCTATO-
BaTH Aa cnennduyHa u3gamHocT cnuBa bemor Bpema
usHocH 13.5 1/s/km?2, 10Kk Ha OCHOBY CpadyHATOT KOe-
¢unmjeHTa oTHULIAja MOXKE ce 3aKJby4uTH na ce 48%
0l YKYITHO Tayie Boxe (majaBWHA) WHOWITPHpA U
KacHHje uctude Kpo3 Bpena. OBa GaKTepHOIONIKH YH-
CTa BOJa M M3Y3E€THOT KBAJIUTETA MOXKE CE€ KOPUCTHUTHU
3a morpede BoAocHaOAeBama JOKAIHUX AoMahuH-
CcTaBa, 3a MOTpede TMOJHONPUBpENE WIM IaK 3a
motpebde pubdorojcTaa.
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