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Abstract: Groundwater 13 an important natural resource for Algeria as the proportion of the people who depend
on groundwater for potable water supply 13 estimated at 60%. As a contribution to the protection of
groundwater resource, we mapped areas of groundwater vulnerability to pollution for the alluvial aquifer of the
plain of Mitidja within Blida area, Algeria. The method applied to undertake this work 1s called DRASTIC model,
based on the major hydrogeological factors that affect and control groundwater flow: depth to groundwater,
net recharge, Aquifer media, Soil media, Topography, Impact of the unsaturated zone and hydraulic
Conductivity. These factors are represented by numerical values that lead to a final DRASTIC index. GIS
software is used to find out the water vulnerable zones. The study shows that more than 80% of the city’s

groundwater 18 under medium to ligh vulnerability level.
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INTRODUCTION

The fresh water made up of surface waters, polar
glaciers and underground waters account for <3% of our
water resources and it is very unequally distributed on a
worldwide scale. Also, it 1s not enough to have water in
abundance, but it must be suitable not polluted water
because many countries are poor and cannot face the cost
requires for a clean up. Pollution of both surface and
subsoil waters by, especially, pollutants of anthropogenic
origin is currently a concern for several countries.

According to UNESCO as a whole, groundwater
provides about 50% of current potable water supplies
over the world. Tn Algeria, the subsoil water constitutes
the principal source of drinking water supply, indeed more
than 60% water withdrawals come from groundwater
(TAH, 2005). Mitidja which is one of the most fertile plains
of Algeria contains two iumportant aquiferous tanks
exploited to serve Algiers and the surrounding
agglomerations including Blida City.

These resources used for the population, mdustry
and the hydro agricultural needs are nowadays threatened
by contamination.

In particular, these aquifers are threatened mainly by
the intensive use of agricultural chemicals (fertilizers and
pesticides), uncontrolled solid waste disposal and
significant untreated wastewater discharge into or near
surface waters (that recharge the alluvial reservorr),
urbanization and accelerated industrialization often carried
out in an anarchistic way.

Tt is thus essential to search for ways to protect and
preserve quantitatively and qualitatively these aquifers.
In an effort to protect the underground water sources, this
study aims to assess and analyze the vulnerability to
water pollution of alluvial aquifers in Blida City, Western
Mitidja, Algeria. There are several methods available for
vulnerability mapping however based on the type, the
amount and the quality of data available the present
research will be conducted using the DRASTIC model
which 1s also one of the most renowned methods for the
vulnerability mapping.

Presentation of the study area: The fertile plain of Mitidja
corresponds to a synclinal alluvial basin resulting from a
subsidence followed by an active sedimentation by
alluvia mainly from the Atlas Mountains. Mitidja is
generally divided into three parts: Eastern Mitidja, Central
Mitidja and Western Mityjda. Situated in the Western
Mitidja, Blida town (36°N, 3°E) the capital city of the
province (Wilaya) of Blida is located at the south of
Algiers the national capital at approximately 22 km from
the Mediterranean Sea. Blida city also called El Boulaida
18 characterized by a Mediterranean climate type, very
cold in winter and hot in summer with an annual
average temperature of 18°C. A twice time destroyed by
earthquakes m 1825 and 1867, Blida is an economic,
admimstrative, agricultural trading center. The city
extends on 1,696 km® the 2/3 of which is mainly occupied
by the Atlas Mountains. At the north of the Atlas
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Mountains, the plain oriented within WSW toward ENE
direction occupies mainly the North-west part with an
average width ranging between 12.5 and 4 km then
narrows considerably with a width of 1.25 km at the
North-East. Geophysical studies conducted in 1967
revealed the existence of two superimposed aquifers
under the plain of Mitidja: the aquifer of Eocene (formed
during the tertiary age) and the aquifer of the quaternary
alluvia.

The acuifer of Eocene is a confined aquifer formed by
the sandstones and sandy limestones of the
Pliocene. Tts substratum is composed by the blue
marls of the pleostene age and its roof by semu
permeable yellow marls namedmarls of El Harrach. Tts
average thickness varies from 100-150 m. This aquifer
is very deep, generally located between 250 and
300 m below ground in the major part of the plain.

The alluvial aquifer of the quaternary is mainly
composed of sands, gravels and rollers alternating
with silts and clays. Apart from the zone of Mazafran,
this aquifer is entirely unconfined and based on the
vellow marls of El Harrach. Tts thickness varies from
100-200 m. Tts edge Eastern and Western limit is
ensured by the rise of the blue marls of the pleostene.
The depth of water table ranges between 4 and 30 m.

As mentioned above the aquifer of Eocene is not
only a confined acuifer but also a very deep one, these
natural characteristics malke it less vulnerable to pollution
compared to the phreatic aquifer of the Quaternary. This
last aquifer despite the protection that can provide the
marl formation at its edges (Fast and West) a high
potential of groundwater pollution predominates. Indeed
the natural conditions allow the entry of pollutants
through the roof (unconfined conditions, shallow water
table). Consequently, the groundwater vulnerability will
be evaluated for the acquifer of the quaternary age. This
reservoir represents the most important water-bearing
formations with a contribution of 295 hm® per annum that
is approximately 60% of the total volume of the two
aquifers.

CONCEPT OF VULNERABILITY

The French, Margat (1968) was the one that first used
the term vulnerability in Hydrogeology, thereafter the
concept was adopted worldwide (Albinet and Margat,
1970; Haertle, 1983; Aller et al., 1987; Foster and Hirata,
1988; Adams and Foster, 1992; Drew and H otzl, 1999;
Zwahlen, 2003).

Up to date, several propositions have been given by
scientists to define groundwater vulnerability, many are
quite similar, however there is not any recognized and
accepted common defimtion that has been developed yet.
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Daly and Warren (1998), defined groundwater
vulnerability as its sensitivity te a contamination
generated by human activity applied on the subsurface
environment. This sensitivity is function of the geological
and hydro geological mtrinsic characteristics of the
aquifer.

A committee under the National Research Council
defined groundwater vulnerability as: the tendency or
likelihood for contaminants to reach a specified position
in the groundwater system after introduction at some
location above the uppermost aquifer. Based on some
considerations the committee states fundamental
principles known as groundwater Vulnerability law: First
law, all groundwater is vulnerable, second law:
Uncertainty is inherent in all vulnerability assessments
and third law: there is risk that the obvious may be
obscured and the subtle indistinguishable.

Vrba and Zaporozec (1994), the concept of ground-
water vulnerability is founded on the hypothesis that the
physical enviromment provides naturally a high or less
degree of protection against anthropogenic pollution
to groundwater according tothe characteristics of this
medium. Consequently some lands are more vulnerable
to groundwater contamination than others. Vulnerability
characterizes a relative, non-measurable  and
dimensionless property. Besides they first made
distinctions between intrinsic vulnerability and specific
vulnerability.

COST action 620 (Zwahlen, 2003) defined the two
types of vulnerability as follow:

The mtrinsic vulnerability of groundwater to
contaminants takes into account the geological,
hydrological and hydrogeclogical characteristics of
an area, but is independent of the nature of the
contaminants and the contamination scenario.

The specific vulnerability takes into account the
properties of a particular contaminant or group of
contaminants in addition to the intrinsic vulnerability.

Intrinsic vulnerability can be considered as mvariant
in time whereas specific vulnerability (directly related to
the sources of pollution) is evolutionary and characterizes
only one precise moment. Groundwater vulnerability 1s
not a characteristic that can be directly measured in the
field (Gogu and Dassargues, 2000).

Zwahlen (2003), suggested that the concept of
groundwater vulnerability is based on an origin-pathway-
target model for environmental management (Fig. 1) and
mentioned the fact that it is practicable to distinguish
between resource and source protection. Resource
protection is to protect all of the groundwater, whereas
source protection focuses on the protection of a discrete
water source.
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Fig. 1: Location f the study area (IGN, 1959)

Vulnerability assessment is meant to be part of a
protection strategy and not to constitute a single tool
(Lindstrém and Scharp, 1995; Foster ef al., 2002).
Although, in a general way groundwater vulnerability
mapping purpose is to protect groundwater resources,
these maps could be used for activities such as land use
planning, decision-making, groundwater resources
management and groundwater quality maintenance.

PARAMETERS DETERMINING
GROUNDWATER VULNERABILITY

Aquifer pollution vulnerability refers to the intrinsic
characteristics of the aquifer that determine whether it will
be adversely affected by a pollutant loading. Within this
work, a map will be made for the intrinsic vulnerability, as
defined above. The contaminants displacement from the
surface towards the water table is not made in a random
way. It is a function of the intrinsic properties of each
contaminant and the chemical and physical properties of
the crossed zone (Fig. 2).

Thus depending on whether, it is about a porous
environment; saturated or unsaturated the characteristics
of migration are different. Foster and Hirata (1988),
Vrba and Zaporozec (1994), enumerate probable processes
and mechanism leading to contamination attenuation in
different media. The vulnerability of groundwater to
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pollution depends on a range of criteria which controls
the behavior of the pollutants:

¢ Recharge rates affect the extent and rate of transport
of contaminants through the saturated zone.

¢ Environmental factors such as temperature and water
content can significantly influence the potential for
biodegradation (degradation of contaminants by
microbial transformations).

Criteria related to the soil: The behavior of a soil vis-a-
vis to a pollutant is directly related to its propertics which
control the nature and the quantity of exchanges
between the surface and the unsaturated zone. The soil
plays a determining role in underground aquatic
environments protection, it can have a high potential of
fixing and retention due to its much diversified micro-flora
and the great number of micro-organisms which it
contains.

Properties such as clays content, porosity, texture,
thickness, the organic matter content, the redox potential,
the vertical permeability, the chemical and mineralogical
composition influence pollutants transfer towards the
water table. For example clayey soils have a great aptitude
to retain or fix the pollutants by adsorption.

Criteria relating to the unsaturated zone: The transport
of the pollutant in this zone, depends not only on its
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Origin of potential contamination:
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Ist pathway:
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Fig. 2: Source-Pathway-Target model of groundwater vulnerability (Goldschneider ef al., 2000)
concentration but also on subsoil water flow and the Hydrodynamic  parameters (transmissivity  (T),

fluctuations of the piezometric surface. The unsaturated
zone thickness influence the transfer time (the greater the
travel time, the greater the potential for pollutant
attenuation) of a contaminant until it reaches the water
table. Some physical-chemical reactions which retain,
reduce or degrade the pollutant can take place in that
zone. Besides, the vertical permeability of the unsaturated
zone and its structure are many factors which condition
fluids migration towards the saturated zone.

So, the composition within the unsaturated zone can
greatly influence transformations and reactions.

Criteria relating to the saturated zone: The underground
waters are generally contained in 3 mediums which
determine the more or less facility of the pollutant to
continue its migration. There are porous, fissured and
Karst aquifer. Groundwater 1s more or less vulnerable
depending on the type of aquifer to which it belongs.
Indeed a confined aquifer by the presence of impermeable
formations has a better protection than an unconfined
aquifer.

The depth to the water table can be an important
factor because short flow paths decrease the opportumty
for sorption and biodegradation, thus increasing the
potential for many contaminants to reach the ground
water.

Thickness of the aquifer (quantity of reserve): Quantity
of water stored in the aquifer determines the dilution
conditions of a pollutant introduced into the saturated
zone. Dilution is more significant as the flow, the speed or
the transmissivity of the aquifer mcrease.

The flow direction determines likely spaces to be
reached by a pollutant once it reached the water table.
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permeability (K), coefficient of storage (S), hydraulic
gradient (T)) determine the migration speed and time of
residence of a pollutant in the saturated zone.

APPROACHES TO GROUNDWATER
VULNERABILITY ASSESSMENT

There is no absclute method for predicting
groundwater vulnerability. An array of methods to
estimate aquifers sensitivity to pollution has been
developed in the world.

Comprehensive reviews of vulnerability assessment
methods can be found in Vrba and Zaporozec (1994),
Lindstrém and Scharp (1995), Gogu and Dassargues
(2000), Magiera (2000), Zwahlen (2003) and Hans et al.
(2004).

They can be classified in three main classes and each
one has characteristic strengths and weaknesses that
affect its suitability for particular applications.

Overlay and index methods: Based on the combination of
maps of specific physical attributes that affect
vulnerability (e.g., rate of recharge, topography, soils,
depth to water table, etc.) by giving a numerical index or
a value to each parameter.

The simplest of these methods weighted equally all
the attributes whereas the more quantitative methods
assigned different numerical scores and weights to
attributes based on their relative importance in
contributing to vulnerability and develop a range of
vulnerability classes. Data required by these methods are
generally more available.

For overlay and Index methods two approaches can
be distinguished: hierarchical system method and
parametric system method.
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Hierarchical system methods based on the
comparison of a given area with the criteria
representing the vulnerability conditions of other
areas.

Parametric system methods based on a selection of
criteria considered as representative to estimate
groundwater vulnerability for a certain area. Each
criterion has a range of definite natural variation
subdivided in intervals. An index reflecting the
degree of sensitivity relating to a contamination 1s
allocated to each mterval.

The parametric system methods were classified in
three principal groups: matrix systems, Rating systems
(e.g., GOD method; Foster, 1987, GLA method;
Hoelting et al., 1995) and Point Count Systems Models:
PCSM (e.g., DRASTIC method; Aller et al.,, 1987).

Point Count Systems Models (PCSM) are most
relevant with regard to the ground realities as they
consider the relative importance of each criterion in
relation to the general groundwater vulnerability. Besides
they are actually the most recognized and frequently used
on the mternational level (Gogu and Dassargues., 2000).

Process-based simulation models: Require analytical or
numerical solutions to mathematical equations that
approximate the behavior of contaminants in the
subsurface environment. They give an image about the
specific vulnerability; predict contammant transport in
both space and time, however, the data they require are
infrequently available and must be estimated by indirect
means.

Statistical methods: Based on a variable which depends
on the contaminant concentration or a probability of
contamination. These methods integrate data on known
area contaminant distributions and provide characteristics
on the probabilities of contamination for the specific
geographic area from which the data were drawn. They are
usetul for groundwater specific vulnerability mapping, can
deal with data of varying quality and types.

DRASTIC MODEL

Developed by Aller ef al. (1987), DRASTIC method is
probably the most commonly used of all models for
assessing  groundwater vulnerability. Indeed the
DRASTIC method, has been widely used m the US
and also m many parts of the world such as Israel
(Melloul and Collin, 1998), Portugal (Lobo-Ferreira and
Oliveira, 1997), South Korea (Kim and Hamm, 1999), India
(Rahman, 2007), United Arab Emirates (Zabet, 2002) and
50 on. DRASTIC method 1s one of the PCSM (Point Count
Systern Model) subgroup and focuses on the intrinsic
factors. DRASTIC is an acronym for the seven
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hydrogeological parameters considered in the method:
D: depth of water table from the surface, R: net recharge,
A Aquifer Media, 3: Soil Media, T: Topography, I: Impact
of the Vadose zone and C: Hydraulic Conductivity of the
Aquifer.

In order to assess groundwater pollution potential,
numerical ranking is used on the DRASTIC factors. There
are 3 significant parts: weights, ranges and ratings.

Weights: Each factor has a fixed relative weight that
reflects its relative importance with respect to the others
in terms of vulnerability. The values allotted to the
weights ranging from 1 given to the least significant
factors to 5 allocated to the most significant factors
(Table 1).

Ranges: Each DRASTIC factor had been evaluated
divided mto either ranges or significant media types
based on its unpact on pollution potential.

Ratings: A value between 1 and 10 is assigned to each
DRASTIC factor based on local conditions, this process
provide a relative assessment between ranges in each
factor. High values correspond to high vulnerability.

The ratings are obtamed from tables presented in
DRASTIC manual.

The DRASTIC Index (D)) for the standard DRASTIC
method is calculated using the following formula:

DRASTIC Index: D, =DD,+RR,+AA, +

S8, +TT,+LI.+CC,
where,
r = Rating
w = Weight.

For each parameter evaluated within the study area,
a map can be developed by using GIS and the final
vulnerability map is obtained by the overlaying of
previous individual maps. As the vulnerability index
increases pollution potential of groundwater becomes
high.

As seen m Table 1, two different systems are
available: the standard or normal DRASTIC and the
Pesticides or Agricultural DRASTIC. The latter is mainly
designated for groundwater vulnerability assessment
in areas affected by agricultural usage of pesticides.

Table 1: Assigned Weights for DRASTIC Pararneters
Parameters Standard DRASTIC
Depth to water table

MNet Recharge

Adquifer Media

Soil Media

Topography

Impact of the Vadose zone
Hydraulic Conductivity

DRASTIC pesticides
5

e L = 1D W e La
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Fig. 3: Groundwater vulnerability zones of Blida city
DATA ACQUISITION

The parameters used by the DRASTIC method have
been extracted from the following documents available
either at ANRH (National Agency of Hydraulic
Resources) or DHWB (Hydraulic Direction) of Blida:
Topographic map to 1/50,000 of Blida (N°63-B5-C18),
Geophysical map of Algiers (1964); Hydrogeologic
Directory of Mitidja (2004); Geologic map to 1/50,000 of
Blida and explanatory leaflet (1896); Hydrogeologic map
to 1/200,000 of Algiers and explanatory leaflet (1973);
Pedologic map to 1/25,000 of the plain of Mitidja (1992),

Rainfall data recorded at the meteorological station of
Boufarik within a period of 30 years (1972/73-2002/03);
The stratigraphic log of 29 wells and geophysical survey
data were used to determine the lithologic composition of
the saturated and the unsaturated zone; depth to water
measured from 29 wells (Fig. 3).

CONCLUSION

Thus study employed a GIS based model to determine
the vulnerability of GW to contamination mn Blida city.
This was accomplished using the DRASTIC model.
DRASTIC model is a tool for the protection of subsoil
waters and their safeguarding. The output map obtained
determines the vulnerability of groundwater to pollution
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inthe quaternary alluvial aquifer of West Mitidja in Blida
City. The vulnerable zones were classified mnto three, 1.e.
low, moderate and high zones (Fig. 2). The extreme
DRASTIC index wvalues were 74.09 as minimum and
139.26 as maximum. The results reveal that moderate
vulnerability ranked groundwater resources along with
high make-up the largest areas of pollution vulnerability
in Blida city.

These areas extend from the upper North - East
comer of the map to the western edge. The high
vulnerability area (blue light) counts a part of Oued chiffa,
Oued El Kebir and Chiffa town, this part is centered by the
moderate vulnerability zone (dark blue). These classes are
found 1in terrains with high-moderate recharge potential,
moderate and shallow watertables, permeable soils. These
areas require a particular attention in regard to future
land use decisions. Areas of low degrees of vulnerability
constitute the smallest area of all the groundwater
vulnerability classifications. This zone 1s mamly located
at the Southern East edge of the study area from Jonville
to Ben Zara including the towns of Beni Mered and Olad
Yaich. This class is characterized predommantly by deep
watertable, moderate to significant clay rate within the
vadose zone.

The DRASTIC model can be a useful tool for
identifying areas vulnerable to pollution, even though

it cammot reflect the characteristics of mdividual
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contaminants. A large number of contaminant sources
and types of pollutants may derive from domestic and
industrial activities and agricultural practices. Therefore,
an inventory of the types of pollutants and the frequency
of their use in the study area help to identify the elements
that could harm the groundwater.

The characterization of groundwater vulnerability will
not be only useful to identify and delimit zones of high
risk of contamination but also offers a base for land use
planning.

Therefore, the accuracy of the data in the local area 1s
very important for the assessment, more detailed and
robust data will bring better results.
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