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Abstract

One of the most important sources of water for extraction and
exploitation is karst water resources, the exploitation of which
has grown greatly due to the trends in exploiting aquifers and
the decline in those resources. This exploitation increase has
the potential to pollute water resources due to the set of man-
made interventions. Therefore, the recognition of development
potentials should be based on the vulnerability of these
resources. This study aims to determine the vulnerability of the
Dorfak Karst aquifer with two indices of Epikarst (EPIK) and
Coefficient of Permeability (COP). According to the
geological studies, the type of karst formations and the karst
network in the region, the parameters of each extraction index
were obtained and the final index was calculated. After
determining each index, the level of vulnerability based on the
quality of water in the springs as the output of a karst basin was
used for calibration. Using the whale optimization algorithm
aiming at maximized correlation between the vulnerability
index and the qualitative index, the calibration was done by
changing the weights and ranks of each index. The results
showed that the correlation between the two vulnerability
indices and the quality index was improved in the calibration
process and the EPIK index has higher accuracy. It is also
shown that the correlation index increased and improved from
0.34 to 0.57 for the EPIK index. Based on the results the
vulnerability index calibration approach based on regional
springs offers appropriate capabilities for evaluation in karst
environments.

Keywords: Vulnerability, EPIK, COP, Groundwater Quality
Index (GQI).
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Table 1- Ranking of epikarst factors
S8 1] ;951 (gauad, - Jos

Rank Epikarst Factor Karst Morphology
1 El: Extensive Shafts, sinkholes, karren, and sloping plains
E2: Moderate Areas between sinkhole corners, dry valleys, and poljes
4 E3: Not developed Other areas
Table 2- Ranking of protective cover factors
i iy )5S Gavar, Y Jgsa
. Seil Condition
Soil Profile = permeability High Permeability Notes
Pl 0-20 cm soil on a formation less than 1 m thick 0-20 cm soil No protective
P2 20-100 cm soil and formations with low hydraulic conductivity 20-100 cm soil cover
P More than 100 cm soil and formations with low hydraulic 100-200 cm soil With
conductivity protective
More than 100 cm soil with very low hydraulic conductivity (requires More than 200 cm cover
P4 point measurement) soil

or more than 6-8 m of silt and clay or formations with very low

hydraulic conductivity

Table 3- Ranking of infiltration factors
3985 )8 (gauad, -V Jgua

Index Type of Infiltration

Description

I1 Concentrated Infiltration

Temporary and permanent puddles, temporary and permanent subsurface flows, and the

watershed including the flow path within artificial drainage

Watershed areas where there is no artificial drainage and the slope is greater than 10%

Watershed areas where there is no artificial drainage and the slope is less than 10% for

cultivated fields and 25% for grasslands and pastures. Outside the watershed, the surface

flow path is based on steep slopes (greater than 10% for cultivated fields and 25% for

2 Concentrated Infiltration for cultivated fields and 25% for grasslands and pastures
13 Scattered Infiltration

grasslands and pastures) where runoff infiltrates.
14 R The remaining part of the watershed
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Table 4- Ranking of karst network development
()5 o drmwgi (e, -F Jgaa

Classification Description
K1 Well-@eveloped karst netwpr}( with conduits ranging from decimeters to meters in size, exhibiting low
clogging and good connectivity.
K2 Poorly developed karst network with poor connectivity, blocked conduits less than a decimeter in size.
K3 Discharge zones with porous media, potentially offering protective effects - fractured or combined non-

karst aquifers.
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Fig. 2- COP method flowchart
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Table 5- Standard values of main parameters in drinking water quality and their assigned weights
o iy (oLt (sl 9 0 gob o Gt 45 ol (518 ol g 3 falias! yyolio -0 Jgur

Row 151 l;lectill_ Desire((:nl\gfiiy;imum Allowa?l:fg%a;ximum Weight Normalized Weight
1 TH 150 500 1 0.05
2 Na+ 200 200 1 0.05
3 Mg++ 50 150 1 0.05
4 Ca++ 75 200 1 0.05
5 SO4-- 200 400 3 0.14
6 Cl- 200 600 2 0.09
7 HCO3- 250 - 2 0.09
8 pH 7 9 3 0.11
9 TDS 500 1500 3 0.14
10 NO3- - 50 5 0.23

Table 6- Classification of drinking water quality based on quality index (Babiker et al., 2007)
(Babiker et al., 2007) &S yad Wi wlwlp © g Of CudS gas0g,5 —F Jgua

GQI Range Water Quality GQI Range Water Quality
<50 Excellent 200-300 Poor
50-100 Good 300-400 Very Poor
100-200 Moderate > 400 Unsuitable for Drinking

ol 045 030> uL\MJ Y wa: 5

Fig. 3- Bubble network in the whale optimization
algorithm (Mirjalili and Lewis, 2016)
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Fig. 12- EPIK and COP vulnerability indices after calibration
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8- Groundwater Quality Index

9- Surface Features

10- Precipitation Quantity

11- Precipitation intensity

12- Total Dissolved Solids

13- Whale Optimization Algorithm
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1- Epikarst

2- Coefficient of Permeability

3- Karst Aquifer Vulnerability Assessment

4- Leaching Potential

5- Groundwater Occurrence and Development

6- Parameters and Pattern Recognition for Index-based
Karst vulnerability assessment

7- Suva Planina Mountain
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