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ABSTRACT 

The intrinsic vulnerability map of Sebaou groundwater system was drawn as 
part of a research work developed to characterize and evaluate the pollution 
risks for the coastal aquifers of northern Algeria. Established using "DRASTIC" 
model in a Geographical Information System (GIS) environment, this map (in 
1/50,000th) shows that the study area is characterized by three vulnerability 
zones: low (5.4%), moderate (91.9%) and high (2.7%). 

The localization, with the same map, of existing and foreseeable potential 
pollution sources, allows water resource managers and land managers to 
develop the best choices on regard to the sustainable management of resources 
and environment. 
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INTRODUCTION 

The industrial development, apart from the hydrocarbon activities which are in 
price and volume decreasing, is a major and important asset for generating 
incomes and creating wealth to Algerian economy [Mowafa, 2011]. On the 
other hand, agricultural sector is very important because it accounts for 10 % of 
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the country’s gross domestic product (GDP) [World Bank, 2015]. Currently, 

institutions in charge of these sectors proposed ambitious plans aiming to boost 
the industry and agriculture to become major driving factors to the country’s 

economy (SNAT 2030) [JORA, 2010]. These plans include infrastructures and 
other development activities which will help to satisfy local needs, and in the 
long run, national needs and reach thus the food self.    

Therefore, it is very important to evaluate the risk and possible effects 
associated with these projects to the ecosystem. A fundamental environmental 
system that is likely to be affected by these development projects is the 
groundwater since demand would likely increase adding thus more stress to the 
groundwater system [Kura et al. 2014]. 

Most coastal zones in Algeria rely on groundwater as their primary source of 
freshwater owing to their topographical and geological nature, in addition to the 
climatic characteristics [Haouchine, 2015], which make it very difficult for 
surface water to sufficiently exist. Therefore, it is important to assess and 
monitor the aquifer system in these zones and how anthropogenic activities 
influence their quality for sustainability of the groundwater resources 
[Haouchine, 2015]. However, there is still a wide knowledge gap regarding the 
hydrogeology of these coastal zones and it is important to determine areas 
where groundwater is particularly prone to contamination. This will help in the 
creation of vulnerability maps that can be used by prospective end users such as 
policy makers and environmental managers among others for groundwater 
protection or mitigation and remediation measures [Arthur et al. 2007]. 

CHARACTERISTICS OF THE STUDIED AREA: 

The Sebaou River (Fig.1) is one of the largest rivers of Algeria. It goes through 
the Great Kabylie from the region of Azazga at the east, to the region of Dellys 
at the west, over about 100 km, and spills in the Mediterranean Sea. The 
irregular rainfall is fairly consistent and surrounding an annual average of 900 
mm. Due to a low permeability of geological formations constituting the 
watershed (schists, marl, calcareous marl), the dense river network is used to 
support a significant runoff (Q= 1045hm3/year, at the outlet of the watershed 
[Djemaï, 1985]. 
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Figure 1: Situation map of Sebaou River catchment 

 

The valley of this river delimits the surface of the Sebaou alluvial aquifer which 
is the largest coastal aquifer in the region of the Great Kabylie and which is the 
main water resources. Protecting its groundwater against agricultural, industrial 
or urban pollution is one of the major aspects of sustainable development in the 
region. 

GEOLOGICAL AND HYDROGEOLOGICAL FEATURES:  

The geological and hydrogeological characteristics of the Great Kabylie were 
examined by several authors. We can notably cite: Durand-Delga, 1963; 
Chadrine, 1975; Raymond, 1976; Coutelle, 1979; Bouzar, 1980; Aïgoun, 1981; 
Djemaï, 1985. According to these authors, the geological structure of the study 
area consists of a crystallophyllian base, and a sedimentary cover with different 
formations from the Jurassique to Quaternary, much of which is made up of 
igneous and metamorphic rocks (Fig.2). It is a depression which corresponds to 
a wide synclinal basin where the marls of Miocene  occupy the larger area. 
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Figure 2: Geological map of the Great Kabylie region 1/500.000 (Cornet & Al. 1952) 

The hydrogeological unit defined corresponds roughly to major geological 
features: the Sebaou Basin is an alluvial filling of a syncline with a NE-SW 
direction. Porous media includes alluvial and fluvial deposits consist of sand, 
gravel, silt and clay sediments. These alluviums are arranged in the form of 
nested and staggered terraces. Generally the valley is narrow, with a width 
ranging from 100m (Belloua gorge) to 3km (Draa Ben Kheda). With a marly 
bedrock, the alluvial thickness vary from 15m (in upstream) to 30-50m (in 
downstream) [Djemaï, 1985]. 

DATA AND METHODS 

The term “vulnerability” was first used in hydrogeological applications in the 
late 1960’s [Vrba and Zaporozec, 1994] and since then it is commonly used and 
widely applied to assess protection potential of aquifer systems all over the 
world. 

The notion of vulnerability is based on the assumption that certain areas are less 
protected by the geological system than others; as such, the less protected areas 
are more likely to be affected by contaminants [Shirazi et al. 2013]. The 
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vulnerability assessment of groundwater is a way of representing a complex 
hydrogeological information with a simple map that can easily be applied in 
many aspects of water management.  

Several approaches have been developed to assess groundwater vulnerability. 
They are usually grouped into three major categories: (1) index and overlay 
indices, (2) process-based simulation models and (3) statistical approaches 
[NRC, 1993].  

The simplest and most popular among these models are the overlay or index-
based methods. They are based on the assumption that a few major parameters 
largely contribute in groundwater protection or affect groundwater 
vulnerability, and that these parameters are known and can be evaluated. These 
methods are generally based on limited basic regional data and usually cover 
extensive and regional areas. These methods assess groundwater vulnerability 
qualitatively and using relative scale [Aljazzar, 2010].  

Several index-based methods exist, such as GOD [Foster, 1987], SINTACS 
[Civita, 1994] and EPIK [Doerfliger et al. 1999]. The most commonly used of 
those methods is DRASTIC which uses a scoring system based on seven 
hydrogeological characteristics of a region [Aller et al., 1987]. DRASTIC is an 
acronym of the following seven hydrogeological parameters: i) D for depth to 
groundwater, ii) R for net recharge, iii) A for aquifer media, iv) S for soil media, 
v) T for topography (slope), vi) I for impact of the vadose zone media, and vii) 
C for hydraulic conductivity of the aquifer. Some parameters are quantitative, 
while others are related to the media nature. Each of these seven parameters is 
mapped, usually from existing datasets, although new field data may also be 
collected for a particular study area. Attributes of each map are rated from 1 
to 10 (lowest to highest vulnerability) according to their relative ability to 
protect the groundwater system from contamination.  

Once the map for each parameter is rated from 1 to 10 they are combined to 
create the final vulnerability index (Vi). To do so, each parameter is 
multiplied by a weighting factor, according to how important that parameter 
is for overall vulnerability, and all the parameter maps are added together 
according to:  

Vi =  𝐷𝑟 ∗ 𝐷𝑤 + 𝑅𝑟 ∗ 𝑅𝑤 + 𝐴𝑟 ∗ 𝐴𝑤 + 𝑆𝑟 ∗ 𝑆𝑤 + 𝑇𝑟 ∗ 𝑇𝑤 + 𝐼𝑟 ∗ 𝐼𝑤 + 𝐶𝑟 ∗ 𝐶𝑤 ,  

Where index r refers to the range and w to the assigned weight. According to 
Aller et al. 1987, the above equation is: 𝑉𝑖 = 5𝐷𝑟 + 4𝑅𝑟 + 3𝐴𝑟 + 2𝑆𝑟 + 1𝑇𝑟 +

5𝐼𝑟 + 3𝐶𝑟. The intrinsic vulnerability values can then be classed or grouped in 
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vulnerability categories such as high, medium, and low. The lowest 
vulnerability class corresponds to index values less than 79, while the highest 
class is ascribed to values greater than 200. 

RESULTS AND COMMENTS 

The DRASTIC model was employed in the aquifer of Sebaou River to evaluate 
the areas that are more vulnerable to pollution based on pre-assigned rating and 
weighted to the model parameters depending on the state and nature of each 
parameter. 

 Depth to water (parameter D): As water depth decreases, vulnerability 
increases as contaminants will reach the aquifer quicker and there is less 
potential for natural attenuation. The data were collected by considering the 
piezometric campaign of 2013 [ANRH, 2014] that includes 400 measuring 
points among piezometers, boreholes, and wells (Fig.3). 

 

Figure 3: Thematic map of parameter D 

 Net Recharge (parameter R): the contaminants are being transported by 
recharge water down to the main aquifer. The map of this parameter was 
drawn (Fig.4) by considering the value of the calculated effective infiltration 
through the water balance for the same year (2013) as above. 
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Figure 4: Thematic map of parameter R 

 

 Data acquisitions for impact parameters of the vadose zone (parameter I) and 
nature of the aquifer (parameter A) are made from 113 datasheets drilling. In 
addition, a hydrogeological map of the area [Chadrine, 1975] served us as 
frame for setting the ratings in areas where there were data gaps. (Figs. 5, 6). 

 
Figure 5: Thematic map of parameter I 
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Figure 6: Thematic map of parameter A 

 The nature of the soil (parameter S) was determined (Fig.7).from the soil 
survey established at 1/10000th [N. Saadi, 1970] and by the exploitation of 
raw data relating to the texture of a large number of soil profiles (280) 
carried out in the plain [N. Saadi, 1970]. 

 

 

Figure 7: Thematic map of parameter S 
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 To design the thematic map of "T" parameter (Fig.8), we opted for the 
creation of a DTM (digital terrain model) from topographic maps 
"1/50000th". This allowed us to automate the calculation of slopes and saved 
us a tedious calculation work, with a much better result. 

 

Figure 8: Thematic map of parameter T 

 

Figure 9: Thematic map of parameter C 
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 To establish the hydraulic conductivity map, we have, in addition to 
insufficient recent data, used old data from pumping tests performed in the 
plain [Chadrine, 1975]. We then combined the transmissivity values 
obtained with the map of isopachs established by the same author to get the 
"C" parameter (Fig.9). 

 Drawing the intrinsic vulnerability map:  
The final vulnerability map is the result of the superposition of the seven 
thematic maps. All the parameter layers were then overlaid in GIS environment 
and weight is assign to each layer based on equation to produce the DRASTIC 
map.  For this purpose a summary table, composed of 172 measurement points, 
was drawn up. These points correspond almost in their entirety to drillings 
whom lithological logs allowed us to simultaneously determine both parameters 
"A" and "I". These drill holes are also the location of measurements of other 
parameters such as "D" and "C"; which makes them more advantageous 
operating in developing the final map. Once each point affected its vulnerability 
index, it becomes easy to create the final map with a suitable interpolation 
method. In our case, the kriging method responds perfectly to the heterogeneity 
of the aquifer. 

The established final map (Fig.10) shows a range of overall vulnerability 
indexes ranging from 100 to 179. These values are divided into four classes of 
vulnerability (IIII, IV, V and VI), representing three degrees of vulnerability: 
low, medium and high. In a general way, the alluvial aquifer of Sebaou River is 
moderately vulnerable. Indeed, over 92% of the study area presents values of 
the DRASTIC index ranging from 119 to 159. 

The few low-vulnerability zones (almost 5.4%) are found mainly in the lower 
Sebaou. The parameters that control these low levels are: a clay soil type, a 
medium depth of water and a very low hydraulic conductivity. 
Although they present small extensions (2.7%), areas with high degrees of 
vulnerability (159-179), are located in urban areas and near major economic 
centers; which makes them very sensitive to the risk of pollution. They should 
therefore be subject to an appropriate control and systematically monitored in 
order to preserve the region's resources. 
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Figure 10: Intrinsic vulnerability map for the aquifer of Sebaou River 

CONCLUSION 

Intrinsic aquifer vulnerability developed in this study is useful in both source 
water protection planning and broader groundwater protection frameworks. 
This vulnerability map can assist local governments, planners, and policy-
makers in land use decision-making and sustainable development planning, 
by identifying sensitive areas and prioritizing areas for further monitoring or 
protection. These kind of maps are may also be integrated into more 
complete assessments of groundwater risk, and can be used as an additional 
layer in management strategies for source water protection areas. 
Incorporating these maps into groundwater protection frameworks will help 
protect the quality of groundwater resources for many years to come. 

 

 

 

Distribution of vulnerability 
classes according to the% of 
studied area 

Vulnerability map to pollution for the alluvial aquifer of Oued Sebaou 
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