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1. Groundwater quality sustainability

Groundwater vulnerability methods became a standard tool for creating a base for sustainable
groundwater management. In the past decade a number of new methods were created for more
precise determination of groundwater vulnerability. However, a large number of input parame-
ters are needed for more precise evaluation of groundwater protection and vulnerability and as
a consequence the whole procedure became very complex. This is especially evident when
groundwater vulnerability maps of large areas are created. That is why new methods are diffi-
cult to apply when small scale groundwater vulnerability maps are made.

This paper describes the creation of groundwater vulnerability map of the National park Djer-
dap. The National park is situated in the southeast of Europe, in the northeast of Serbia, along
the border with Romania. The most famous natural phenomenon is the beautiful Djerdap can-
yon, through which the Danube River flows. The National park covers the area of 650 km2, and
the protection zone of the park covers the area of nearly 940 km?2.
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Figure 1. Geographic location of the National Park Djerdap.

This large region is characterized with very complex geological structure. Most extensive are
sedimentary rocks, although igneous and metamorphic rocks are easily found. The oldest rocks
are of Precambrian age, while the youngest are of Quaternary age. There are more than 80
stratigraphic units found on the territory of the National Park. This resulted in existence of
different types of aquifers (Figure 2). Although a large area of the National Park is characterized
with insignificant aquifers, there are large areas with karst and fissured aquifers, especially in
the eastern part of the Park (Miroc Mountain).
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1.2. Groundwater vulnerability and quality standards
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Figure 2. Hydrogeological map of the National Park Djerdap.

DRASTIC method is developed by US EPA and is intended to be a standardized system for
evaluating groundwater vulnerability to pollution (Aller, 1985). This method uses seven pa-
rameters in order to evaluate the groundwater vulnerability: D (Depth to the Water Table), R
(Net Recharge), A (Aquifer Media), S (Soil Media), T (Topography), I (Impacts of the Vadose
Zone) and C (Hydraulic Conductivity of the Aquifer).

There are several reasons why DRASTIC method is being chosen:

B Very large area of investigation characterised with different types of aquifers

B Small scale of investigation (1:200 000), which limits the use of some new methods like PI
(Goldscheider, 2000), COP (Vias et al., 2006) etc.

B Insufficient geological and hydrogeological data, particularly in the vertical profile.

While using DRASTIC methodology, most difficult was to define the first two parameters, factor
D and factor R. Parameters A, I and C were easily defined based on geological and hydrogeologi-
cal settings in the area. Parameter S was determined using the pedological maps of the National
Park, while the map of factor T was easily obtained using the DEM model. In the further text
close attention is given to describing how factors D and R are determined.

Factor D. Main parameters which affect the depth of groundwater levels are: hydrogeological
characteristic of the terrain on the one hand and distance of the water features on the other.
First, the map showing the nearness to the springs, streams and rivers was made (Figure 3).
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1. Groundwater quality sustainability
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Figure 3. Map showing the nearness to the springs, streams and rivers.

This map is combined with hydrogeologic map of the National Park Djerdap where the depth to
the groundwater level is being defined using Table 1.

Table 1. Determination of R factor.

Distance to the spring or

Aquifer type stream Iml Groundwater depth (m) R factor
0-20 0.0-1.5 10
Karst aquifer 20-100 9.0-15.0 5
d 100-500 15.0-22.0 3
>500 > 30 1
; g - 0-20 0.0-1.5 10
itantaquer 20-50 1545 9
a >50 4,5-9.0 7

Using these values and using the range and rating for factor D according to DRASTIC methodol-
ogy, map shown in Figure 4 is crated.

Factor R. There are no earlier investigations about infiltration degree at the territory of Na-
tional park Djerdap. That is why factor R is defined using special methodology where parame-
ters influencing the recharge are being analysed (Piscopo, 2001):

1. Slope analysis and DEM model were used to create the slope map were 4 categories are isc
lated

2. Precipitation. Data from 21 rainfall stations on the territory of the National park were usec
Kriging interpolation was used to create the map of spatial distribution of precipitation and
classes were isolated based on the degree of the rainfall.

3. Soil permeability map was created using pedological maps of the research area.
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1.2. Groundwater vulnerability and quality standards
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Figure 4. Factor D map.

Scheme presented in figure 5 was used to calculate the R factor and to produce R map shown i
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Figure 5. Determination of R factor (Piscopo, G., 2001).
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1. Groundwater quality sustainability
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1.2. Groundwater vulnerability and quality standards

'S.1030B) ) pue [ ‘L, ‘S ‘v jJo uonnqrusip [erreds Suimoys sdepy *z aanSi

050L OMEIL 00AL  GO0IOL GODIML 00D  00SML G000 G0DISSL DDGEI: 0MOSISL OSISL OMAOSL OMUNL 0091

e 08 v o Rasongeo st~ 01 [
R 0B PUB Oy LESIOD RIAHC0 NN
R O U 2§ s RO O
PG Z4 U8 0350090 NP0 DB
S DU 5010 0SB0 AP0 MBI

s088810 9 101984

OmosEr 0K GOmES  GDIESEr  0wacEs  00STEY  0R0cey
Owisir OWINY WOONr 0D 000Gr 0smr  0sGer

C0IL oL OWSHL GONSL GONSL  ONOL COSSL OWOL GNUINC SONMSL 0NGSL GODNSL OWSSL  000%L 03S%L DIOSTAL GONERL  0WSiS:  ODISL  GONSL  OWGS:  OOSESL  SODSSL OWSIL OMORSL  GNSISL 0SS DN 0D 0093ssL

e Ll mITs = L L
[ — 9620 vsamaa sdois - o1 [ |
k‘m‘ Yon |

99z woaneq adois - [
%Z)-0 U9aNaq 300IS - 6

%81-Z) usamsq adais - ¢ [

ssgt vey asow adois -+ [

S3sSe|d | eJojoRy

L Jo3oeq

sossero | so1oeg
1 J0joe4

Gaisey oGmy  Gonieey  Owimsy  oieey  Owiteh  oa0ursy
000y wW0GKY OWpEr  OOSIEY  W0NOIGY  00ISTER  000TY

OWSL  0GL WL WONL ORSIL OOO9C GORSASL OWOGL ONGISL 0MGeSL OWSSL S0SSL WS L OO0BL Oomisse GoimL coiess owiwmi 0wl et
ompL 0mees: 0i029: 000NSL M0  000L cobmdes OGens 0Nsm: f050iSL OMSL  GMWSL 0MMIL  OWOML  GNmSL mems  wawss  wewss  memss  sews
L sl

weo e -5 [

wosqe oL -0 [
| (adAy p1os) sesselo § Jojoey
§ 40304

T T ST T T TR T

C0SL MWL 00G9C G0NIRL OWSL ODMC 00NGSL OWOGL GOSISL S0D0SE OMSSL GNOSL 0M3%L  000WL 0058L e T T T TR

Krakow, Poland 2010 | 233



234

1. Groundwater quality sustainability

Determination of the other factors which were necessary to produce the groundwater vulner-
ability map was much easier. A, I and C factors are determined in descriptive way using the data
about geological and hydrogeological settings of research area and rating proposed by the au-
thors of DRASTIC method. Evaluation of pedological properties was done in order to produce
the S map, while slope analysis was used to create the T factor map. Final maps of these factors

are showed in Figure 7.

Final Groundwater vulnerability map

Aquifer vulnerability or DRASTIC index is calculated by using this formula (Aller, 1985):
Drastic index = Dr'Dw+Rr'Rw+Ar-Aw+Sr'Sw+Tr* Tw+Ir Tw+CrCw

where: r — ratings, w — weight (Dw=5, Rw=4, Aw=3, Sw=2, Tw=1, [w=5, Cw=3).

Calculated DRASTIC index was used to classify the territory of the National Park Djerdap into

areas with different vulnerability degree. Classes are determined by using table 2.

Table 2. DRASTIC index and vulnerability classes (Aller, L., 1985).

DRASTIC index Vulnerability degree
between 100 and 125 low-moderate
between 125 and 150 moderate-high

Final groundwater vulnerability map using DRASTIC method is shown in figure 8.
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Figure 8. Groundwater vulnerability map of the National Park Djerdap.
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1.2. Groundwater vulnerability and quality standards

Vulnerability map has showed that the biggest part of the National Park area is characterized
with low or very low vulnerability. This was expected because the biggest part of the research
area is made of rocks where water flows through small fissures and where groundwater level is
not near the surface. In these areas soil is well developed as a result of weathering and infiltra-
tion is limited due to steep slopes of the terrain. High and very high vulnerability is characteris-
tic for areas in the eastern part of the National Park Djerdap, especially for karst terrains of
Miroc Mountain and Quaternary sediments near Kladovo city. These areas are characterized
with very good infiltration conditions, high permeability soils, good aquifer conductivity and
with very gentle terrain slopes in general.
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