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Abstract

The growth of human population often corresponds with change in land use, including
expansion of urban areas, which necessitates increasing the available amount of drinking
water. As the surface water sources are more amenable to pollution, it has become
necessary to use groundwater at an increasing rate. Groundwater is normally abundant in
the alluvial region where the urban areas are often located. Such areas face a greater risk
of pollution of groundwater due to several factors.

Surface water resources are becoming more scares in Irag which gave a tendency to use
groundwater. In this research, groundwater vulnerability in part of the western desert had
been studied. It was noticed that the area has low risk for the contamination of ground
water.
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1 Introduction

Iraq is located in the Middle East. It covers an area of 433,970 square kilometers
populated by about 32 million inhabitants (Figure 1) [1,2] Iraq is bordered by Turkey
from the north, 352 km, Iran from the east, 1458 km, Syria and Syria from the west, 605
km and 181 km, respectively and Saudi Arabia and Kuwait from the south, 814 km and
240km respectively (Figure 1). Topographically, Iraq is divided into 4 regions (Figure 1).
The mountain region occupies 5% of the total area of Iraq, restricted at the north and
north eastern part of the country. This region is part of Taurus -Zagrus mountain range.
Plateau and Hills Regions is the second region and it represents 15% of the total area of
Irag. This region is bordered by the mountainous region at the north and the
Mesopotamian plain from the south. The Mesopotamian plain is the third region and it is
restricted between the main two Rivers, Tigris and Euphrates. It occupies 20% of the total
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area of Irag. This plain extends from north at Samara, on the Tigris, to Hit, on the
Euphrates, toward the Gulf in the south. The remainder area of Iragq which forms about
60% of the total area is referred to as the Jazera and Western desert.

The Rivers Tigris and Euphrates form the main water resources of Irag. They join
together in the south forming what is referred to as the Shat Alarab, which drains towards
the Gulf (Figure 1).

Irag was considered to be rich in its water resources compared with other countries where
the annual allocation per capita reached 6029 m® in 1995 and expected to be 2100 m®in
2015 [3]. Now, lIraq is suffering from water shortage problems. This is due to the
construction of dams on the Tigris and Euphrates and their tributaries outside the border
of Iraq, the effect of global climate change and mismanagement of water resources are the
main factors in the water shortage problems in Irag [1]. Restoring the marshes [4,5] and
the growing demand for water in Turkey and Syria will lead to dry the Tigris and
Euphrates Rivers in 2040 [4]. Furthermore, the supply will be 43 and 17.61 BCM in 2015
and 2025 respectively while current demand is estimated between 66.8 to 77 BCM. The
World Bank [3] stated that 100% of the Euphrates water comes from outside the borders
of Irag while 67% of the Tigris water also comes from outside sources. They also stated
that groundwater resources are about 1.2 BCM and form about 2% of the total water
resources of Irag.

To overcome these problems in Iraq, there is a great need for prudent management of
water resources, utilizing ground water and the adaptation of non- conventional
techniques to augment water resources [1,6]. Groundwater use is relatively low where it
ranges from 2 to 9 % in Iraq [7-10].There were number of attempts to study the ground
water resources in the Iraqi deserts (e.g.[11-16]). These studies proved that this region has
number of aquifers that possess good quality and quantity of water.In this research
groundwater resources in part of the western desert had been studied using DRASTIC
model to investigate the vulnerability of the aquifer in the studied area to pollution.

Figure 1: Map of Irag showing its rivers and desert areas.




Groundwater Pollution Potential in Part of the Western Desert, Iraq 3

2 Study Area

The studied area represents the north-east part of wadi Al Abaith basin and wadi Al
Ghadaf basin which is located within the Western Desert of Irag between longitudes
(400 15' 45" — 430 47' 39") East and latitudes (310 29' 10" — 330 6' 17") North, (Figure 2
& 3). This region covers an area of about 47173 km2. It is bordered from the northwest
by the Iraqgi-Syrian border, from the west by the Iragi-Jordanian border, from the
southwest by Saudi Arabia, from the southeast by Kuwait and the Euphrates River from
its northern border. This region forms a plain area with no marked physiographic features.
The slope of the area is directed from the Iragi-Saudi Arabia border in the south west
towards the Euphrates River in the north east; and from the Iraqgi-Syriaian border in the
west toward the Euphrates River in the east. The maximum altitude reaches 900m above
sea level near the Irag-Syria border while the minimum is less than 50m above sea level
near the Hamar marsh [17,18,19].

The area is characterized by its large number of seasonal streams and lakes. The Khir
valley divides the region into what is known as the north Badia and the south Badia.
Groundwater forms the main source of water in this area and it can be found in different
geologic formations. Generally groundwater movement is toward the northeastern part of
the desert where in some places it runs to the surface in the form of springs [19]. The
annual rainfall is low, ranging from 100 - 150 mm and the mean annual temperature is
ranging from 13°C to 30°C [17].

The geological map of the area (Figure 4) show that the oldest exposed rocks are of upper
Cretaceous age (Tayarat Formation) which are located within the western part of the area.
Dibdiba Formation (Pliocene — Pleistocene) is exposed east the area near Razaza lake
[20,21]. In the south west of the area near the lragi-Saudi border Um ErRadhuma
Formation (Middle — Late Paleocene) are exposed [20]. East the area Dammam
Formation (Early — Late Eocene) is exposed. Early Miocene rocks represented by
Euphrates Formation are exposed south west Razaza Lake while Middle Miocene rocks
are exposed west of the lake represented by Fatha Formation. Upper Miocene rocks are
exposed north-East the lake represented by Injana Formation. Quaternary deposits
(Pleistocene — Holocene) are confined to the central part of the area represented by river
terraces and valley deposits [21].
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Figure 2: Map of Iraq showing the study area.
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Figure 3: Map wadi Al Abaith basin and wadi Al Ghadaf basin
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Figure 4. Geological map for the study area

3 Methodology

To implement this work the following data were collected:

1- Satellite imageries and geological maps for the study area were prepared. The scale of
the geological maps was 1:250000 and 1:100000. In addition, topographic maps (scale
1:100000) were also used.

2- All the coordinates of the maps were corrected for their latitude and longitude to
correspond to the international coordinates using ERDAS Imagine version 8.5.
Mosaic maps were prepared using geologic and topographic maps.

3- Topographic, soil, and geologic maps were manually digitized through ERDAS
software to convert them to digital format.

4- Field visits were conducted to find out the location of some wells so that their
locations can be drawn on the maps.

5- Collecting metrological data.

6- Preparing the “Thematic map” required for the model. This includes recharge of
ground water, types of rocks of the aquifers, soil types, ground surface slopes, types
of rocks in the unsaturated zone and aquifer’s transmissivity.

Then DRASTIC model was applied. This model is a relative evaluation tool, which was
designed for producing pollution potential maps of the entire U.S.A by a standardized
non-subjective method to compare pollution vulnerability over different areas. For this
reason, weight classes and ratings were considered as constants that could not be changed;
otherwise comparison between different areas would not have been possible. Only two
parameters, aquifer media and impact of the vadose zone, were assigned a typical rating
and a variable rating, wherein the variable rating permitted to select a typical value or to
adjust the value as a function of more specific knowledge. The application of this method
in the study area is discussed in the following sections.

The DRASTIC parameters were entered into software ArcView GIS as vector map layers.

The ratings and weights were assigned to the DRASTIC parameters, as given by Aller et

al. [22]. The ratings for all DRASTIC parameters were subsequently added to obtain the

total cell rating. For each parameter, overlays were made between original layers and the
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layer of 100 m? cells and the average parameter rating for each cell was calculated. For all
parameters, the maps illustrate a rating variation from 1-10, darker shades indicating
higher ratings. The process details in respect of all these parameters are presented in the
following section.

4 Results and Discussion

The DRASTIC stands for the seven parameters used in the model (Table 1) [22]. The first
is the depth to water that mean the depth from the ground surface to the water table,
deeper water table levels imply lesser chance for contamination to occur. The second is
the net Recharge represents the amount of water, which penetrates the ground surface and
reaches the water table; recharge water represents the vehicle for transporting pollutants.
The third is the aquifer media refers to the saturated zone material properties, which
controls the pollutant attenuation processes. The fourth is the soil media represents the
uppermost weathered portion of the unsaturated zone and controls the amount of recharge
that can infiltrate downward. Topography is the fifth parameter and it refers to slope or
steepness; areas with low slope tend to retain water for longer; this allows a greater
infiltration of recharge of water and a greater potential for contaminant migration. Impact
of the vadose zone (the unsaturated zone material) is the sixth parameter and it controls
the passage and attenuation of the contaminated material to the saturated zone. Finally,
the hydraulic conductivity is the seventh parameter and it indicates the ability of aquifer
formation to transmit water; an aquifer with high conductivity is vulnerable to substantial
contamination (Table 1).

DRASTIC assigns a rating to each parameter, on a scale of 1 to 10, based on functional
curves. This rating is then scaled by a weighting factor, and the weighted ratings are
summed to obtain the DRASTIC index (DI). The parameters are weighted according to
their relative susceptibility to the pollutant. Each DRASTIC parameter has been assigned
a relative weight ranging from 1 to 5, according to their relative susceptibility to
pollutants. The most significant parameters have weights of 5, and the least significant is
assigned a weight of 1.

The final vulnerability map was based on the DRASTIC index (DI) which w computed as
the weighted sum overlay of the seven layers, using Equation (1):

DI = Dr*Dw + Rr*Rw + Ar*Ar + Sr*Sw + Tr*Tw + Ir*lw + Cr*Cw (1)
Where, D, R, A, S, T, |, and C are the seven parameters;

4.1 Depth to the Water Table

Represents the depth from the ground water table levels implies lesser chance surface to
the water table, deeper for contamination to occur [23]. The depth of water table ranges
between 50 to 500 m at the eastern and the western part of the study area respectively
(Figure 5). Water table depths were given ranges and for each range a rating value was
assigned (Table 1). Rating 10 is given to the range that is most capable of getting
contaminants to the ground water while rating 1 is the least possible depth to get
contaminants to groundwater.

In view of the nature of groundwater depth within the studied area, all water depths were
more than 30m and consequently were given a value of 1 (Figure 6).
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Table 1: DRASTIC parameters and their rating scale [22]
Weight . Index
Parameters sca?e Range Rating scale
W) (0 | ¢*w)
0-15 10 50
1.5-4.5 9 45
4.5-9.1 7 35
Depth igg&e water 5 9.1-15.2 5 25
15.2-22.9 3 15
22.9-30.5 2 10
>30.5 1 5
0-50.8 1 4
50.8-101.6 3 12
Net F;gﬁ?firfe of 4 101.6-177.8 6 24
177.8-254.0 8 32
> 254.0 9 36
Massive Shale 2 6
Metamorphic / Igneous 3 9
Weathered Metamorphic/ Igneous 4 12
Thin Bedded Sandstone, Limestone, Shale 6 18
Aquifer media 3 quuences
Massive Sandstone 6 18
Massive Limestone 6 18
Sand and Gravel 8 24
Basalt 9 27
Karst Limestone 10 30
Thin or Absent 10 20
Gravel 10 20
Sand 9 18
Peat 8 16
Shrinking and /or Aggregated Clay 7 14
Sandy Loam 6 12
Soil media 2 Loam 5 10
Silty Loam 4 8
Clay Loam 3 6
Muck 2 4
Nonshrinking and Nonaggregated Clay 1 2
0-2 10 10
2-6 9 9
Topography 1 6-12 5 5
12-18 3 3
>18 1 1
Silt/Clay 1 5
Shale 3 15
Limestone 6 30
Sandstone 6 30
Impact of Vadose 5 Bedded Sandstone, Limestone, Shale 6 30
Zone Sand and Gravel with significant Silt and Clay 6 30
Metamorphic / Igneous 4 20
Sand and Gravel 8 40
Basalt 9 45
Karst Limestone 10 50
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0.005-0.5 1 3

0.5-1.5 2 6

Hydraulic 3 1.5-35 4 12
Conductivity 3.5-5.0 6 18
5.0-10.0 8 24

> 10.0 10 30
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Figure 5: Depth to groundwater.
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Figure 6: Index map for depth to groundwater.

4.2 Net Recharge

Represents the amount of water which penetrates the ground surface and reaches the
water table, recharge water represents the vehicle for transporting pollutants [23]. The
range and rating of each range for net recharge of ground water are tabulated in Table 1.
According to this rating, three different locations were distinguished (Figure 7) and from
these results a map was constructed (Figure 8).
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Figure 7: Net recharge map.
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Figure 8: Index map of net recharge.

4.3 Aquifer media

Refers to the saturated zone material properties, which controls the pollutant attenuation
processes [23]. Using the geologic map (Figure 9), it can be noticed that three types of
exposed rocks are recognized. These are Karstifiedlimestones, sand and gravel and clastic
deposits. Using table 1, three different ratings were used (7,8,10) to construct the required
map (Figure 10).
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Figure 9: Map of aquifer media.
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Figure 10: Index map of aquifer media.

4.4 Soil Media

Represents the uppermost weathered portion of the unsaturated zone and controls the
amount of recharge that can infiltrate downward [23]. Using the soil types map (Figure
11), it can be noticed that eight types of soil were found within the study area and
according to table 1, six types of ratings are represented which were used to construct the
soil type rating map (Figure 12).
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Figure 11: Map of soil media.

Figure 12: Index map of soil media.

4.5 Topography

Refers to the slope of the land surface, it dictates whether the runoff will remain on the
surface to allow contaminant percolation to the saturated zone [23]. The study area is
characterized by its very gentle slope that does not exceed 1% in general apart from local
heights and valleys. Using table 1 a new topographic map was constructed (Figure 13).
Using figure 13, the rating map of the topography for the area was constructed (Figure
14).
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4.6 Impact of Vadose Zone

Is defined as the unsaturated zone material, it controls the passage and attenuation of the
contaminated material to the saturated zone [23]. Three types of rocks and sediment are
notice within the unsaturated zone in the area. They are,karstifiedlimestones (Figure 15).
According to table 1 they were given the rating of 6 and then map representing the ranges
of these rocks were constructed (Figure 16).
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4.7 Hydraulic Conductivity

Indicates the ability of the aquifer to transmit water, hence determines the rate of flow of
contaminant material within the groundwater system [23]. Figure 17 shows the hydraulic
conductivity within the study area. Most of the area is having a hydraulic conductivity of
less than 11 m/day apart from some areas where it exceeded 20 m/day. Using table 1, the
hydraulic conductivity map of the area was constructed (Figure 18).
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Figure 17: Map of hydraulic conductivity
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In DRASTIC method it is assumed that: (1) the contaminant is introduced at the ground
surface; (2) the contaminant is flushed into the groundwater by precipitation; (3) the
contaminant has the mobility of water; and (4) the area evaluated is 100 acres or larger
[22]. In addition, the numerical weights and ratings, which were established using the
Delphi technique [22], are well defined and had been used worldwide [23-28]. The Delphi
technique uses the practical and research experiences of professionals in the area of
interest to assess levels of risk.

Once the DRASTIC Index is computed, it is possible to identify areas that are more likely
to be susceptible to groundwater contamination, compared to other areas. The higher the
DRASTIC Index is, the greater the groundwater pollution potential.

The seven sets of data layers were digitized and converted to raster data sets that were
processed using integrated ArcGIS 9.2 (Figure 19). Using Table 2 the final map indicates
that most of the area has low risk for the contamination of ground water (Figure 20).
Furthermore, the remainder of the area is of moderate risk apart from a small area in the
center due to the types of aquifer, unsaturated zone and the hydraulic conductivity.
According to the results obtained, utilization of groundwater is recommended in this part
of the desert and can greatly help in developing the area.

Table 2: DRASTIC index Categories

Vulnerability class DRASTIC index
No 24 - 61
Low 62 — 99
Moderate 100 - 137
High 138 - 175

5 Conclusions

Irag used to depend to a large extent on its surface water resources (93%). Now, it is
facing water scarcity problem in its rivers. For this reason, there is a tendency to utilize
more of its groundwater resources. To do so, requires careful utilization of this resource.

In this research, part of an area in the western desert of Iraq was studied for its
groundwater vulnerability. DRASTIC model was used and the resultant map indicates



Groundwater Pollution Potential in Part of the Western Desert, Iraq 15

that most of the area has low risk for ground water contamination and there is a small part
of the area which showed moderate risk of contamination.
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Figure 19: Summary of the whole process: first the maps for each criteria, reclassification
and multiplying by the weight and the resulting Index map for all the potential criteria,
summation and producing the final DRASTIC vulnerability map, reclassification.
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