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Abstract: This paper deals with GIS based modeling of Groundwater Vulnerability and Contamination Risk of
Wadi Kufrinja Area. The area under investigation is situated in the extreme northwestern part of Jordan along
the boundary of Ajlun Governorate and adjacent to the mountainous high land of Ajlun. Wadi Kufrinja
catchment covers an area of approximately 112 Km . Hydrological, hydrochemical and vulnerability2

investigations of the catchment area were carried out with the aim of determining the differences in
hydrogeochemical characteristics, evaluation of the hydro-geological and hydrological setting to identify
groundwater evolution. DRASTIC methods have been applied to prepare maps of the aquifer vulnerability to
pollution. The map is designed to show areas with the highest potential for groundwater pollution based on
hydro-geological condition and human impacts. Seven major hydro-geological parameters were incorporated
into the DRASTIC model and geographical information system (GIS) was used to create a groundwater
vulnerability map by overlaying the available hydro-geological data. The study shows that about 48% of the
catchment area groundwater is under high vulnerability to water pollution, which is the main cause of concern
for nearly 134,500 people living in Ajlun governorate in 2008, 31% in the moderately vulnerable zone and 21%
in the low vulnerable zone with a DRASTIC index range.
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INTRODUCTION The Hashemite Kingdom of Jordan is experiencing a

The history of humans in Jordan throughout the last and a high increase in demand due to the sharp increase
three to four millennia has been determined and shaped of  population  as  well as the establishment of many
largely by  one  major  infrastructural  element:  water. small, medium-sized. In addition, even heavy industries
This essential resource has great influence over human (potash, phosphate and fertilizer) and agricultural
life when it is scarce. In Jordan the lifestyle of people, activities which whole of Jordanian has been
their socio-economic status and their conflicts have all concentrated on it in the last few decades. These stresses
been determined by this basic factor. In the past, have led to increase the pressure on the insufficient water
availability  of  water  and  the  technologies   used    for resources to meet development aspirations, especially
its  exploitation  not  only  determined  lifestyle   and because the spectrum of water uses has widened and the
socio-economics but also limited the population to the intensity of water needs has increased, Population
number that could be supported by the amount of food growth, higher standers of living, industrialization,
produced. In the last few decades the population growth irrigation and other activities accelerated the exhaustion
rate has been very high, not only due to natural growth of available resources and signs of water quality
but also as result of the waves of refugees coming into deterioration.  Furthermore,  Jordan  is  considered    one
Jordan. of  the  10  poorest countries worldwide in  water

severe water  shortage  and  limitation  of water resources



World Appl. Sci. J., 24 (5): 570-581, 2013

571

resources and  has  a  population   growth   rate of
about 2.9% (1998-2002), the ninth highest in the  world,
[1].

MATERIALS AND METHODS

Description of the Study Area: Wadi Kufrinja area located
North  West Amman  about  75 Km far, with an area of
112  km ,  along  the  mountainous  high  land of Ajlun.2

The selected catchment area lies between 207-226.75E and
184.9-196.5N referenced on the Palestinian  Grid  and
58000-57000N and 39000-37000E in Jordanian coordinates
system, Wadi Yabis border it from the north and Wadi
Rajib from the south, Jordan River from the west and
Wadi Zarqa River from the east, Figure 1.  The  main
towns and village distributed in the catchment are Ajlun,
Ain -Jana, Anjara and Kufrinja. There are many sub wadis
drain in the catchment;among them Wadi Kufrinja is the
main one. 

The area of Wadi Kufrinja drainage catchment
characterized by a Mediterranean climate with hot and dry
summers and cold and mild, wet winters. The average
annual  rainfall precipitated over the catchmentis about
584 mm. The topography of Wadi Kufrinja catchment has
an irregular elevation.The elevation attains it highest
altitude with 1240 m above the mean sea level (asl) at west
of Souf town at the eastern edge of this catchments and
drops to -220 m (a.s.l) at the Jordan Rift Valley in the Fig. 1: Location map of wadi Kufrinja catchment area
western edge (lower part of the basin) where Wadi
Kufrinja joins Wadi Haramiyyah. Generally, the different Yellow Mediterranean soil, dominantly in the western
human activities in the catchment result in highly part of the catchment between the sea level and 400
accelerated soil erosion and water pollution, which m above sea level, [5] differences in the soil coming
recharges the springs [2]. from the climatic change, decreases the rainfall

Soil and Landuse: The soil of Wadi Kufrinja varies in its Soil are transitional type of soil between the red
characteristics and is affected by environmental and Mediterranean soils and the yellow steppe soils),
human factor. These changes are attributed to the wide formed under semiarid conditions (250 - 350 mm
range of parent rocks, topography that varies from very precipitation/yr).
steep to very flat relief, rainfall amount, temperature,
vegetation and landuse. Generally, there are two types of According to [6], Wadi Kufrinja catchment area
soil were found in the study area these are according to includes  within  its  boundary  six  soil  units
[3]: associations,  Figure  2.  The  AJL,  ZAY  soil   units,

Red Mediterranean soil, it outcrops in the upper part stony, occasionally very stony, silty clay loam, silty clay
of the catchment area mixed with the and clay.  The  remaining  five  soil  units (KUF, ANJ,
lithosol(limestone), [4]. Formed under sub-humid SAK and  IBB) are characterized by low stone content
conditions (>600 mm /yr) precipitation and semiarid and their compositions are dominated by moderately deep
conditions (precipitation between 300 mm/yr and 600 and deep silty clay and clay or clay loam and silty clay
mm/yr). loam.

toward the west of catchment. Yellow Mediterranean

which are characterized by moderately deep and deep
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Fig. 2: Soil units map of the study area [6].

Fig. 3: Landuse map of the study area [6].

Table 1: The main land use activities in Wadi Kufrinja catchment area.

Land use Area (Km ) Percentage2

Natural Vegetation 56.10 50.27

Irrigated/Deciduous(Fruit Trees) 0.01 0.01

Forest 15.56 13.94

Bare Rock / Thin Soil / Urban 9.85 8.82

Rainfed /Non Deciduous Trees 

(Olives/Bananas/Citrus) 4.64 4.16

Irrigated/Annual/Crops(Cereals/Vegetables) 2.55 2.29

Rainfed Deciduous Trees(Fruit Trees) 12.57 11.27

Rainfed Annual Crops(Cereals/Vegetables) 10.31 9.24

Various landuse activities could be identified in this
area, Figure 3. The land use of the study area varies from
urban and bare rock to rainfed agricultural land, naturally
vegetated and forest land based on [7]. The distribution
of the main land use activities in the study areais
summarized in Table 1.

Pollution Potentials in the Area: Wadi Kufrinja is
considered as one of the most urbanized areas in north
Jordan that involves human and agricultural activities,
which depends on groundwater resources available in the
study area.
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Therefore, controlling the polluting activities should
be applied to reduce pollution along the catchment
area.Agriculture in the catchment uses pesticides and
chemical fertilizers as well as organic fertilizers (residuals
of chicken farms) which are considered as a pollution
sources. There is one wastewater treatment Plant in the
catchment area; this station was operated in 1989 to serve
a population of 35,500 inhabitants in various towns and
villages in Ajlun Governorate (the towns of Kufrinja,
Anjara, Ain Jana and Ajlun). The plant capacity is 6.6*105

m /y, [8]. The influent and effluent flows have been3

averaged to exceed 683250 m /y and 1018140 m /y with3 3

average biological oxygen demand (BOD) and chemical
oxygen demand (COD) of 83 and 260 mg/l, respectively.

MATERIALS AND METHODS

Vulnerability: The DRASTIC model combined with GIS
as starting points can assess the vulnerability to pollution
of an area. DRASTIC is a groundwater quality model for
evaluating the pollution potential of large areas using the
hydrogeological settings of the region, [9].DRASTIC
employs a numerical ranking system that assigns relative
weights to various parameters. The DRASTIC model is
derived from the seven hydrological factors, which play
significant role to estimates groundwater contamination
vulnerability, these are:

Depth to groundwater [D], net Recharge rate [R],
Aquifer media [A], Soil media [S], Topography [T], Impact
of the vadoze zone [I], Conductivity (hydraulic) of aquifer
[C].

In the DRASTIC model there are three parts to be
distinguished, weights, Ranges and ratings, each
DRASTIC factor is assigned a weight based on its
Relative significance  in  affecting  pollution  potential.
The typical ratings range from 1-10 and weights from 1-5,
Table 2, where is the High value 5 given indicates to most
significant and the lowest value 1 for less significant.

The DRASTIC Index [DI], a measure of pollution
potential (vulnerability), is computed by summation of the
products of ratings and weights of each factor by the
following equation,[9].

DI = D D  + R R + A A  + S S  + T T  + I I  + C Cw r w r w r w r w r w r w r

The subscripts (r and w)in Equation indicate to the
rating of the factor being considered and the
corresponding weight assigned to the factor.

Table 2: Assigned importance weights for factors in two DRASTIC
models, [10]

Importance weight
------------------------------------------

Factor Generic model Pesticide model

Depth to water (D) 5 5
Net recharge (R ) 4 4
Aquifer media (A) 3 3
Soil media (S) 2 5
Topography (T) 1 3
Impact of the vadose -zone ( I ) 5 4
Hydraulic conductivity of the aquifer (C ) 3 2

Table 3: Evaluation of the depthtogroundwater factor,[9].

Depth to Ground Water

Range (feet) Rating

0-5 10
5-15 9
15-30 7
30-50 5
50-75 3
75-100 2
100+ 1

Where:

Dr = Ratings to the depth to water table
Dw = Weights assigned to the depth to water table.
Rr = Ratings for ranges of aquifer recharge.
Rw = Weights for the aquifer recharge
Ar = Ratings assigned to aquifer media.
Aw = Weights assigned to aquifer media
Sr = Ratings for the soil media
Sw = Weights for soil media.
Tr = Ratings for topography (slope).
Tw = Weights assigned to topography.
Ir = Ratings assigned to vadose zone.
Iw = Weights assigned to vadose zone.
Cr = Ratings for rates of hydraulic conductivity.
Cw = Weights given to hydraulic conductivity.

Once the DRASTIC Index has been computed, it is
possible to identify areas, which are more likely to be
susceptible to groundwater contamination relative to
others. The higher the DRASTIC Index, the greater is the
groundwater pollution potential. The flow chart of the
methodology is shown in Figure 4.

Ratings for the DRASTIC Parameters
Depth to Water (D): The depth to water is the distance
from the ground surface to the water table. This feature is
important  in  determining  the depth of material through
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Fig. 4: Flow chart of methodology for groundwater vulnerability analysis using DRASTIC model in GIS.\

which a contaminant must travel before reaching the
aquifer. The presence of low permeability layers, which
confine aquifers, will increases limit times to travel of
contaminants into an aquifer.

The Depth to Water level Ranges value has been
divided by Aller et al. 1987into seven values ranging from
0 to 100 ft, where 0 values describe the water occurring at
the surface. The depth to water will be obtained from the
groundwater contour map resulting from hydrogeological
study. Evaluation is then made using Table 3, which
shows ranges and ratings for depth to water. After having
selected rates multiplying by the assigned weight for
depth to water is then made, Table 2 to get DI component
for depth to water.

Net Recharge: Net recharge represents the amount of
water per unit area of land, which penetrates the ground
surface and reaches the water table. Recharge water is
available to transport a contaminant vertically to the water
table and horizontally within the aquifer where infiltration
from precipitation are the main source for recharge.
Generally the greater the recharge, the greater the
potential for ground water pollution (Vulnerability).Slope,
rainfall and soil permeability are components incorporated
in the recharge feature to create net recharge value by the
following equation:

Recharge value = Slope (%) + Precipitation + Soil
permeability

Where:

Slope Rainfall Soil permeability
------------------------- ----------------------------- ---------------------------
Range (%) Factor Range (mm) Factor Range Factor
< 2 4 >900 4 High 5
2-10 3 700-900 3 Mod-high 4
10-33 2 500-700 2 Moderate 3
> 33 1 < 500 1 Slow 2

Very slow 1

From Table 4, the values correspond to the net
recharge rating of will multiplying by the corresponding
weight for net recharge, (Table.2) to get the DI
Component for net recharge in the study area.

Aquifer Media: The aquife rmediumin fluences the amoun
to feffective surface area materials, with which
contaminants may comein to contact. The larger the
grainsize, type of sorting andthemore fractures, joints,
porosity, openings (Karstification) with in the aquifer will
increase permeability and decreases  attenuationc apacity
of pollutants in the aquifer media (High  Vulnerability).
The aquifer media determines the path length and route
(groundwater flow) where path length and flow are
important in determining the time and rate of contaminants
to reaching aquifer. After determining the type of aquifer,
the evaluation of aquifer media by values were obtained
using Table 5. 

Soil Media: Soil media refers to that uppermost portion of
the vadozezone (unsaturated zone) characterized by
significant biological activity. Soil is considered
astheupperweathered zoneofthe earth, where it has
asignificant  impact  on  the  amount  and rate of recharge
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Table 4: Evaluation of the net-recharge factor in the DRASTIC model, [9]. Table 9: Evaluation of the hydraulic conductivity factor in the DRASTIC
Net annual recharge

Range (inches) Rating
0-2 1
2-4 3
4-7 6
7-10 8
10+ 9

Table 5: Evaluation of aquife rmediain the DRASTIC model, [9].
Aquifermediacharacteristic

Rating Type of aquifer media (Range)
1-3 Massiveshale
2-5 Metamorphic/ Igneous
3-5 Weathered metamorphic/igneous
4-6 Glacialtill
5-9 Beddeds and stone, limestone andshalesequences
4-9 Massives and stone
4-9 Massive limestone
6-9 Sand and gravel
5-10 Basalt
9-10 Karst limestone

Table 6: Evaluation of the soil-mediafactor in the DRASTIC model, [9].
Soil media

Range Rating
Thin or absent 10
Gravel 10
Sand 9
Shrinking and/or Aggregated clay 7
Sandy loam 6
Loam 5
Silty loam 4
Clay loam 3
Non-shrinking and non-aggregated clay 1

Table 7:EvaluationoftopographyfactorintheDRASTICmodel,[9].
Topography

Range (percent slope) Rating
0-2 10
2-6 9
6-12 5
12-18 3
18+ 1

Table 8: Evaluation of the impactto the vadoze-zonein the DRASTIC
model, [9].

Vadoze Zone Impact
Range Rating
Silt/clay 2-6
Shale 2-5
Limestone 2-7
Sandstone 4-8
Bedded limestone, sandstone and shale 4-8
Sand and gravel with significant silt and clay 4-8
Metamorphic/igneous 2-8
Sand and gravel 6-9
Basalt 2-10
Karst limestone 9-10

model, [9].

Hydraulic conductivity

Range (m/s) Rate

0.5*10  - 0.5*10 16 4

0.5*10  - 1.5*10 24 3

1.5*10  - 0.36*10 43 3

0.36*10  - 0.51*10 63 3

0.51*10  - 0.1*10 83 2

> 0.1*10 102

which can in filtrates through media and henceon the
ability of contamin anttomovement in to ground. Soil
media data was obtained from soil map and land use
project of Jordan,[6]. Ratings of soil mediain the
DRASTIC model were determined from Table 6. The out
come was the nmultiplied by the assigned weights for the
soil media table, Table 2 to obtain the DI component for
the soilmedia.

Topography: Topography is considered as the slope and
slop variabilityofthelandsurface. Topography helps to
control pollutant to run off or retention on the surface.
Slopes increases greater allow opportunity for
contaminants to percolation will be associated with higher
groundwater pollution potential. Topography influences
soil development and therefore has an effect on
contaminant attenuation. Slope percentages of study area
were obtained by using the Digital Elevation Model
(DEM) data and then used Table 7 to obtain and classify
DRASTIC ratings for topography.

Vadozezone: The vadoze zoneis define das the zone
above the water table, which is unsaturated or discont
inuouslys aturated. The type of Vadoze Zone media
determines the attenuation characteristics of the material
including the typical soil horizon and rock above the
water table. 

The impact of the vadoze zone media was obtained
using data from NRA and MWI and Table 8 was then
used to obtain the DRASTIC ratings for the vadoze zone.

Hydraulic Conductivity: Hydraulic conductivity is
described in terms of aquifer material and its ability to
transmit water for a given hydraulic gradient.
Contamination is controlled by the rate at which
groundwater flows. Hydraulic conductivity is controlled
by the amount and interconnection of void spaces within
the aquifer that may occur as a consequence of
intergranular porosity, fracturing and/or bedding planes.
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With a higher hydraulic  conductivity  values,  this are a number of evaluation procedures to assess the
means a greater potential for pollution. The hydraulic vulnerability of groundwater resources. Each of these
conductivity data obtained from hydrological study and methods has its benefits and limitations. DRASTIC
MWI.So that hydraulic conductivity factors are (acronym for Depth to water table, net Recharge, Aquifer
determined using Table 9 as proposed by [9]. media, Soil media, Topography (Slope), Impact of vadoze

RESULTS AND DISCUSSION by the United States Environmental Protection Agency

Groundwater is an important source of water for vulnerability assessment technique with widespread use
diverse human activities such as agriculture, industry, around the world.
drinking and various other municipal uses, because ithas
low susceptibility to pollution in comparison to surface The Drastic System Encompasses Two Portions, Namely:
water and of its large storage.However, there are
significant sources of diffuse and point pollution of Hydrogeologic settings.
groundwater from land use activities, particularly Relative ranking of the hydrogeologic parameters. 
agricultural practices. The intrusion of these pollutants
into the groundwater alters the water quality and reduces In the hydrogeologic settings are physical
its value to consumers. Therefore, prevention of characteristics, which affect the pollution potential of
contamination is critical for groundwater management, groundwater. The parameters that are considered in the
[10]. DRASTIC model are depth to water table, recharge,

Protection of this resource has become a major aquifer media, soil media, topography (slope), impact of
endeavor of the Jordanian government’s policies with the vadoze zone media and (aquifer hydraulic) conductivity
public attention drawn to incidents of contamination and (DRASTIC).
decreases of water resources. One of the tools supporting
decision-making in aquifer protection is the evaluation of While the Numerical Ranking System Consists of Three
shallow aquifer vulnerability. The maps produced by Significant Parts: 
aquifer vulnerability assessment model will aid in efficient
groundwater management strategies [11]. Weight

The concept of groundwater vulnerability is a Range
cornerstone in the evaluation of the risk of groundwater Rating.
contamination and to delineate areas that are more likely
than others to become contaminated due to Each parameter in the modified DRASTIC procedure
hydrogeological factors and anthropogenic activities at/or has been assigned a weight based on its relative
near the earth’s surface. Once identified, these areas can importance with respect to other parameters, the weights
be targeted by developing careful management options to range from 5 to 1, with the most significant parameter
prevent contamination and preserve the quality of having the weight of 5 and the least having a weight of 1,
groundwater [12-14, 10]. as shown in Table 1. According to the authors [9], these

The use of aquifer vulnerability techniques assists in weights are constant and cannot be changed.
the decision-making processes. It is to be noted that the
use of these methods is not intended to replace on-site Hydrogeological Elements
investigations or to substitute any type of  practice. Depth to Water: The depth to water table element of
These procedures do not reflect the suitability of a site for DRASTIC index, which represents, the depth from the
a particular land use activity. The advantage of these ground surface to the water table, determine the depth of
techniques is their ability as a screening tool, or their use a contaminant travel to enter into the aquifer. The deeper
in combination with other assessment techniques. The water table levels imply lesser chance for contamination
most appropriate use is to provide assistance in resource to occur, because increased travel time for the deeper
allocation and prioritization of the many types of water levels, factors such as contact time with the
groundwater related activities,[11]. surrounding media, oxidation, layer permeability and

Aquifer vulnerability determination is an important attenuation become pertinent with the DRASTIC system
management tool to protect groundwater resources. There [9].

zone, hydraulic Conductivity), DRASTIC was developed

(EPA) and consider from the most groundwater



World Appl. Sci. J., 24 (5): 570-581, 2013

577

The water level map of study area was drawing
depending on the altitude of the springs, due to
containing of the study area on many springs. The depth
to water in the studied area was considering zero, so that
one category were determined based on the depth to
water element within DRASTIC model.

In the present study, the water table is rated for one
range  from  0-1.5  m  according  to the procedures
outlined in the DRASTIC methodology and take rating 10.
The final depth to water rating. Figure 5 below is the map
showing the depth to water rating computed according to
the DRASTIC approach. Figure 6 shows the map of water
depth index was result from multiplying water depth rating
by water depth weighting (Dr*Dw). The Areas with high Fig. 5:  Spatial distribution of water depth.
water tables are vulnerable because pollutants have short
distances to travel before contacting the GW. So, the
deeper the GW smaller the rating value.

Net Recharge: Wadi Kufrinja aquifers are recharged
mainly by direct infiltration from precipitation, whereas the
net recharge represents the amount of water per unit area
of land which penetrates the ground surface and reaches
the water table, recharge water represents the vehicle for
transporting pollutants, more the recharge, the greater the
chance for contaminants to reach the water table [15].

The recharge map was constructed from the rainfall
data depending mean annual natural ground-water
recharge, Runoff and Evaporation. The rainfall map was Fig. 6: Depth to water.
obtained by interpolating twenty-five years mean of
annual precipitation (mm/year) from five rainfall stations
in and around of study area, Evapotranspiration and
Runoff data of study area was not available from
meteorological stations, so it is calculated in chapter of
Hydrology. Then data of recharge rated according to
Table 4 and the resulting recharge map was classified into
two ranges as shown in Figure 7 and Figure 8 below is the
map showing the net recharge weighting computed
according to the DRASTIC approach.

Aquifer Media: This factor refers to the material
properties of the saturated zone (porosity, pore size,
tortuosity of flow path), which control the pollutant Fig. 7: Spatial distribution of Net recharge.
attenuation processes. The aquifer material determines the
mobility of the pollutant through it. A longer travel time ratings  provided  by  the  DRASTIC model Table 5.
will result in more attenuation of the pollutant. Figure 9 and 10 showthe rating and weighting of aquifer

The data of aquifer media were obtained using a media of catchment area.
subsurface geology map of the catchment area (NRA) and
from the information compiled by (NRA) Geological Soil Media: This factor represents the uppermost
Survey. This dataset contains Principal Aquifers of the weathered part of the unsaturated zone, its play
catchment. The aquifer media was rated according to  the significant  role  on  the  amount  of  recharge  which  can
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Fig. 8: Net recharge. Fig. 11: Spatial distribution of soil media

Fig. 9: Spatial distribution of aquifer Fig. 12: Soil media.

Fig. 10: Aquifer media. Fig. 13: Distribution of slope categories

infiltrate to the water table and hence on contaminant Soil maps of country were produced through a
movement. The presence of fine-textured materials, such national project (National Soil Map and Land Use Project,
as silts and clays, can decrease relative soil permeability NSMLUP) conducted jointly by the Ministry of
and restrict contaminant migration. Moreover, where the Agriculture (MOA), the Royal Jordanian Geographic
soil zone is thick, the attenuation processes of filtration, Centre and Hunting Technical Service (HTS) during the
biodegradation, sorption and volatilization may be period of 1989-1995. Using the USDA classification
significant. Soil media can be described in terms of its system,[6], the soil maps provide information on soil
textural classification and ranked in order of pollution characteristics at the level of soil mapping unit at three
potential, [16, 17]. levels,[6]. Level 1: Reconnaissance maps of the whole
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country at 1:250,000 scale. This level was based on
analysis of Landsat TM imagery and aerial photography
and a soil sampling density of one observation site. Level
2: Semi detailed maps of 9,000 km at 1:50,000 scale and2

Level 3: Detailed maps at 1:10,000 scale that covered
selected parts of the country (about 1,000 km ).2

The following soil types, clay and clay loam mainly
cover the study area. The soil media layer is reclassified
by assigning a rating to each soil class, the soils of the
study area have a rating value ranging from 3, Figure 11.
The soil ratings were multiplied by soil weighting 2 to
produce soil index map Figure 12.

Topography: Topography is considered as the  slope  and Fig. 14: Spatial distribution of Topography. within the
slope variability of the land surface. It helps to control study.
pollutant runoff or retention on the surface. Slopes that
provide a greater opportunity for contaminants to
infiltrate will be associated with higher groundwater
pollution potential. High degrees of slope increases run
off and erosion which is composed of the pollutant. Slope
percentages for the catchment were calculated using the
Digital Elevation Model (DEM) data. Slope was then
classified and ranked for use in the topography
component map. The distribution of slope categories
within the catchment is not uniform as shown in Figure 13.

The 6-12 % slope range represents about 83 % of the
study area while each of the remaining categories Fig. 15: Spatial distribution for the ratings 
represents less than 10%. Figure 14 shows the raster
slopes after multiply with rating.

Impact of the Vadoze Zone: The vadoze zone’s influence
on aquifer pollution potential is essentially similar to that
of soil cover, depending on its permeability and on the
attenuation characteristics of the media. The impact of
vadoze zone is a complex phenomenon, combining aquifer
media and topographic characteristics. Movement of
water within the vadoze zone is studied in hydrogeology
and is of importance to contaminant transport. Impact of
vadoze zone was prepared from geological map; the rating
is based on the lithological and hydrogeological
properties of the formations.The Vadoze zone has a high Fig. 16:Vadoze Zone element of the study area of Vadoze
impact on water movement if it is composed of a zone parameter in the study area.
permeable material. The weights and ratings for the
vadoze zone are shown in Figure 15 and 16. controls the contaminant migration and dispersion from

Hydraulic Conductivity: Hydraulic conductivity is consequently the plume concentration in the aquifer.
controlled by the amount and interconnection of void The aquifers hydraulic conductivity was determined
spaces within the aquifer that may occur because of using the information from,[19],then its rated with the
intergranular porosity, fracturing and/or bedding planes ranges given in Table 9.To produce the hydraulic
and    on  the   degree  of  saturation.  This  critical  factor conductivity index map, the ratings have been multiplied

the injection point within the saturated zone and,
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Fig. 17: Spatial distribution of  Hydraulic conductivity.

Fig. 18: Hydraulic conductivity.

Fig. 19:Final groundwater vulnerability map of the
catchment area using DRASTIC method.

by a value of 3  for  hydraulic  conductivity  weight.
Figure 17 and 18 show the rating and weighting of
Hydraulic conductivity of the catchment area. 

DRASTIC Vulnerability Map: The final vulnerability map
was obtained by running the geographic information
system (GIS) by using the seven hydro-geological data
layers. The DRASTIC scores obtained from the model
vary from 76 to 195. These values were reclassified into
three classes, low vulnerable zones, moderate vulnerable
zones and high vulnerable zones Figure 19 and Table 10.

Table 10: Values assigned to vulnerability classes,[9]
DRASTIC Vulnerability Class
1-100 Low
101-140 Moderate
141-200 High
More than 200 Very High

The results of this study shows thatabout 21% of the
total area of lies in the low vulnerable zone with a
DRASTIC index range between 76 and 100.Also about
31% of the total area of are in the moderately vulnerable
zone with a DRASTIC index ranging between 101 and 140
and 48% are in the high vulnerability zone with a
DRASTIC index ranging between 141 and 195. That mean
the high zone is more vulnerable to contamination and
consequently need to be managed more closely.

These areas are mainly in the north and central parts
of the catchment where the physical factors like gentle
slope, high water table are very well supporting the
chances of getting shallow aquifer water polluted and
fractured geology.

Moderate vulnerability zone comprises the third
largest area of vulnerability with the catchment area.
Moderate zone is concentrated within the lower parts
mainly and in the central of catchment. These areas
include much of the unconsolidated, conglomerate, soil
over bedrock alluvial sediment where decrease of slopes
and with relatively shallow water table. Therefore, the
moderate vulnerable areas are found where geology,
vadose zone and depth to water table play important role
that influences groundwater vulnerability.

Low vulnerability zone comprises the second largest
area, which is generally distribution over the catchment
especially on the center of the catchment. Generally, this
area characterized by deep slop, low to moderate recharge
potential and nature aquifer media.

The final DRASTIC map produced can be applied to
any pollutant, which interacts with water at the surface,
but it does not give a clear picture of the pollution
potential of individual chemical constituents as to how
much they contribute to the pollution of groundwater.
This is one of the important limitations of this study.

CONCLUSIONS

The vulnerable zones of the study area were
classified into three classes, low, moderate and high
zones according to DRASTIC method. The study
shows that 48 % of the total study area is under the
high vulnerable zone, which is mainly as a result of
the abundant fault, distribution of Karst, aquifer
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