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�is paper shows the results of the hydraulic-hydrologic calculations of karst spring discharges and the groundwater level in the
aquifer of spring catchment. �e calculations were performed for the Golubinka spring in Zadar area for the 	-year period. �e
chosen approach was a model using relatively scarce data set, including limnigraphic data on the di
erence between the sea water
level and the freshwater level on the spring itself and the precipitation data from the meteorological station Zadar. �e determination
of discharge hydrographs, based on inherent assumptions and available data, yields the proportionality coe�cients between the
discharge and the limnigraphic data on the Golubinka spring itself. Further, based on the discharge hydrograph, groundwater
level oscillation was determined. �e resulting spring discharge hydrograph and groundwater levels, along with the assumption of
Golubinka spring as the only spring on the catchment, were used in creating turbulent seepage model of the fractured system within
the aquifer, which evidently extends along the axis of the Golubinka spring catchment. �e model yielded suitable turbulent seepage
coe�cients of the fracture system. By using the numerical model KarstMod it was estimated that, on average, concentrated fracture
�ow drains around �
% of in�ltrated volumes and the remaining �
% accounts for di
use matrix �ow. Finally, the Mod�ow model
was used in order to get insight into the �ow �eld and the distribution of equipotentials in the aquifer of the Golubinka catchment.

•‚ ƒ�����������

�e Dinaric karst in Croatia, globally known as •locus
typicusŽ of karst landscapes, is characterized by very irregular
karsti�cation which is caused by tectonics, compression,
reverse faults, and overthrusting structures. Due to the
morphological and hydrogeological di
erences, Dinaric karst
itself can be distinguished into many types. Segregation
is necessary due to heterogeneity of the rock mass and
nonuniform in�ltration that varies over space and time.
Having that in mind favors a more detailed and precise
analysis of karst terrains, when dealing with �ow rates esti-
mations, contaminant monitoring and tracking, or creating
a protection model for karst aquifer [�]. Because karst in
the Ravni Kotari area near Zadar city di
ers from karst
in the Lika region and karst on the Adriatic islands, �ow
model needs to be adjusted to the natural conditions [�] and
should not be generalized over whole area of Dinaric karst.
In order to identify recharge areas and in�ltration processes

in karst, the geomorphological and the topographical surveys
are needed. Independently of soil covers, areas of karsti�ed
carbonate rocks are classi�ed as zones of autogenic recharge.
For example, ��% of precipitation can in�ltrate bare karsti�ed
limestones, that is, karrenfelds [�]. �e increase of vegetation
cover signi�cantly increases evapotranspiration from karst
terrain so the amount of recharge decreases. In addition,
climatic conditions such as the intensity, type, and amount
of precipitation and temperature also a
ect the percentage
of recharge. Knowing the hydrodispersion characteristics
of the aquifer, boundary conditions, hydraulic heads, and
spring and sinks locations is necessary to acquire insight
into existing conditions on the catchment. It is expensive
and complicated to collect all the necessary data, which
represent a problem when dealing with a numerical analysis,
where these kinds of data are very needed. However, the
problem can be reduced by using appropriate assumptions
and relying on the researcher•s experience and previous
knowledge.
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�e scale of observations can signi�cantly in�uence the
opinion about the aquifer and its characteristics. For example,
hydraulic conductivity value is especially sensitive to the scale
e
ect [	], which should be taken into account due to impor-
tance of this coe�cient in assessing the rate of groundwater
�ow. �e aquifer hydraulic conductivity determined by the
pumping tests can indicate more than �ve orders of magni-
tude greater value than the hydraulic conductivity value of
the isolated matrix structure [
]. Matrix structure has a small
primary permeability, due to pores which are usually smaller
than �� micrometers. Even highly porous soil, for example,
chalk and some limestone, is not very permeable, and its spe-
ci�c retention is high. Because of such small permeability, the
�ow through a matrix structure is characterized as a di
use
�ow, accounting for a minor part of the total groundwater
�ow. �e largest part of the groundwater �ow in the karst
environment is conducted through fractures, where higher
rates of groundwater velocities are developed. As reported by
Milanovic [�], in the classic Dinaric karst of Herzegovina,
the most frequent velocity is between ��	 and ���� m/d,
based on the ��� tests of dye tracing. �ese values represent
apparent velocities developed in the fractures of the aquifer.
In order to assess the groundwater �ow directions and the
overall �ow characteristics in a real karst aquifer it would be
insu�cient to use only the hydraulic head information. �e
measurements of hydraulic head should be combined with
�eld tests, such as dye tracing, and the overall understanding
of various hydraulic factors, such as �ow through pipes and
•nonhydraulicŽ factors such as geomorphology, limestone
(carbonate) sedimentology, tectonics, and geologic history,
including paleokarsti�cation. Darcy•s equation, which is
applicable for intergranular porosity and laminar conditions,
is not suitable for fracture porosity. In karst, �ow takes place
through micro and macro fractures, through interconnected
pores within a matrix structure, but also through solutional
cavities of any imaginable shape [�]. �erefore, it is quite
di�cult to determine the •representativeŽ parameter values
for the Darcy equation; the hydraulic conductivity(�), the
hydraulic gradient(�), and the entire cross-sectional area of
�ow (�), inclusive of voids and solids. In order to get more
realistic results of the groundwater �ow rates, it is necessary
to integrate the equations of turbulent �ow through various
types of fractures, pipes, and channels and Darcy•s equation
for laminar �ow through the rock matrix.

�e aim of this paper is to model the �ow through the
Golubinka spring catchment despite the scarcity of measured
data. �e idea is to get acquainted with aquifer characteristic
and conditions within (�ow rates and distribution, velocities,
hydraulic conductivity coe�cients, etc.), so this knowledge
can be applied in further researches.

2. Methodology

In this research we were forced to deal with a lack of infor-
mation about the analyzed catchment area. �e placement
of the fractures and preferential �ow paths were not fully
obtained or known. �ere was no information available
considering the underground water levels, with exception
of the �eld research provided by the IGH institute in ����,

when exploratory drilling was performed on the analyzed
catchment on ��.�.����. �e main goals of this research are
to obtain a discharge hydrograph for karst spring Golubinka,
to determine a groundwater level hydrograph and seepage
quantities within aquifer of Golubinka catchment area, using
inherent assumptions and hydraulic equations. �e research
is designed to be successive: the results of mentioned calcu-
lations will serve as an input for the two numerical models,
one regarding quanti�cation of �ow components and the
other used for simulation of �ow �elds. Available data used
as the main input for this research were the precipitation data
obtained from a nearby meteorological station and data from
the limnigraphic station located at the Golubinka spring.
�e analysis was performed for period between �.�.���� and
��.��.���
. Since there is no data on the Golubinka spring
discharge, the spring discharge hydrograph is synthesized
with limnigraphic data on the di
erence between the sea
water level and the freshwater level on the spring itself. It
was assumed that the total in�ltrated volume of precipitation
equals the total volume of discharge at the Golubnika spring.
�is allowed us to analyze this area as a closed system, where
Golubnika spring is the only place of discharge. For the
calculation of the discharge hydrograph, two hypotheses were
tested, one which assumes a linear correlation between the
discharge and the water level di
erence, and the other which
assumes a nonlinear correlation.

�e oscillation of groundwater level in aquifer of the
Golubinka catchment is simulated, on the basis of the con-
tinuity equation proposed by Katsanou et al. [�], assuming
in�ltration and storage coe�cients and using the spring
discharge values obtained with the linear and nonlinear
approaches. �ere was only one in situ data (piezometer�1;
IGH, ����) considering the water level at the analyzed period,
used as a control point in the calculations. �e series of
groundwater level measurements from ����, which we had
at our disposal, were used for comparison of the obtained
results. Furthermore, turbulent component of overall seepage
through the karst aquifer of the Golubinka spring catchment
area has been simulated, using the results from previous
calculations, that is, spring discharge quantities and ground-
water levels. Nonlinear Manning•s equation was used for the
calculation of turbulent seepage through the fracture system
of the Golubinka spring catchment. Seepage hydrograph of
the aquifer will be compared with the Golubinka spring
discharge hydrograph obtained with the �rst step of the
methodology, in order to �nd the suitable turbulent seepage
coe�cient for this fracture system. In that way, Golubinka
spring hydrograph will serve for calibration of seepage
hydrograph and turbulent seepage coe�cient (� � ) will be the
main outcome of this calculation. �is coe�cient will be
used later in numerical modeling of the analyzed aquifer.
It is expected that the majority of �ow will occur in the
fracture section of the aquifer [�…��], but the question is in
what proportion will this happen compared to the di
use
matrix �ow. �e numerical model KarstMod is utilized for
estimation of distribution between the fracture component
and the matrix component of overall groundwater �ow,
using the precipitation time series, pumping rates from the
Golubinka spring, and the discharge hydrograph obtained
























