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Abstract

The study area is located within the western part of Iraq between Latitude
(32°45'0" - 34°0'0") North and longitude (39°30'0" - 40°45'0") East within
Anbar Governorate. It covers an area of 4767.423 Km” with elevation ranges
from 360 to 840 m. The general slope decreases from southwest to northeast.
Five old dams identified in the study area. The results of SWAT model
showed high curve number (70 - 85) indicating low filtration and runoff rate
(1.2 - 8.2) mm for the period (1994-2014). These dams have catchment areas
ranged between (118.03 - 673.41) km”. They were to be used for agricultural
purposes. The results according to the Food, Agriculture Organization (FAO)
standards for their distance from agricultural areas using a GIS showed that
all are not suitable except dam number (1). The distance to roads showed that
dams (1, 4) are highly suitable, (2, 3) are low suitable and dam (5) is not suit-
able. The average annual quantity of rain water that can be harvested from
the 5 dams is about 12.9 million cubic meters.
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1. Introduction

The Middle East is considered as an arid and semi-arid region where annual
rainfall does not exceed 166 mm [1]. Iraq was an exception until the 1970s [2]
due to the presence of the two main rivers (Tigris and Euphrates). Recently, Iraq
is experiencing a water shortage problem. This is due to climate change and the
construction of dams and irrigation projects within the upper parts of the cat-
chment of these rivers [3]. This fact requires careful water resources manage-

ment strategies to overcome the water shortage problem. The use of non-con-
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ventional water resources might be one of the solutions to be used. The major
water consumer is agriculture in the Middle East [1].

Water harvesting is defined as the technique used to capture and store rain-
water and floods in periods of fall in ways that fall behind different purposes of
collection and precipitation rates and reuse, whether for drinking or supple-
mentary irrigation and full or to feed groundwater [4].

The study of water harvesting is very important, especially by building dams
in suitable selected locations. This is to take into consideration the necessary in-
formation about the geology, topography and the environment. One common
reason for low adoption of improved land and water management practices is
that the lack of systematic data on potential areas and appropriate locations.

The purpose of this study is to assess the validity of the dams established in
the study area to determine their suitability for rainwater harvesting (RWH).
The SWAT (Soil Water Assessment Tool) was used to determine the (Curve
Number) CN and surface runoff of the area. To find out the suitability map for
the water harvesting within the study area the input layers/factors were: rainfall,
soil hydrology texture, drainage density, slope, stream order, and land use/land
cover. This is due to the fact that determination of the suitability of the land for
potential runoff harvesting is site-specific and needs quantitative data and sug-
gests integration of specific factors [5]. All processes for the creation of a suitable
rainwater harvesting map were applied during an appropriate model developed
in Arc GIS 10.3. The appropriate model creates rainwater harvesting compatibility
maps by merging totally different criteria employing a weighted combination
process [6]. Dam sites have been assessed in terms of their distance from agri-
cultural areas and roads, according to FAO. The success of RWH systems de-
pends to a great degree on the identification of suitable sites [7] that were eva-
luated through this study.

2. Study Area

The study area is located within the western part of Iraq between Latitude
(32°45'0" - 34°0'0") North and longitude (39°30'0" - 40°45'0") East (Figure 1) at
Anbar Governorate. It covers an area of 4767.423 Km’* with elevation ranges
from 360 to 840 m. The elevation of the study area decreases from southwest to
northeast. The climate of the study areas is characterized by hot, dry summer,
cold winter and a nice spring and fall. About a ninetieth of the annual precipita-
tion takes place during November to April (most of it within the winter months
from December to March). The remaining six months are dry and hot [8]. The
oldest exposed rocks within the area are of early-late Permian (Ga’ara Forma-

tion), whereas the youngest are Early Miocene (Ghar Formation) [9].

3. Materials and Methods

A Digital Elevation Model (DEM) is a specialized database that represents the

relief of a surface between points of known elevation; DEMs are wide utilized in
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Figure 1. Study area.

hydrologic and earth science analyses, hazard monitoring, natural resources ex-
ploration, agricultural management, etc. [10]. It is used to calculate slope, drai-
nage line catchment area. LANDSAT 8 satellite image was used for land use\land
cover map. Weather database stores daily weather information for five totally
different weather variables relative humidity, precipitation, solar radiation, maxi-
mum and Minimum temperature, wind speed and soil map were used also.

To create the suitability map for water harvesting sites, the input layers/factors
of rainfall, soil hydrology texture, drainage density, slope, and land use/cover
were used (Figure 2). These thematic layers were used to determine the spatial
extent of potential surface to identify potential sites for various surface rainwater
harvest technologies within the catchment area. Since the determination of the
suitability of the land for potential runoff harvesting is site specific and needs
quantitative data and suggests integration of specific factors [11].

Using land\water index Bands (5-6-4) five old dams were identified. And by
using Arc Hydro tools the stream orders and catchment area for each dam were
calculated (Figure 3).

DOI: 10.4236/eng.2019.1112055

808 Engineering


https://doi.org/10.4236/eng.2019.1112055

K. K. Alwan et al.

Land use/land cover map ‘ i

m—
Zistrjhmion of annual rainfall | f
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Figure 3. (a) old dams located at study area; (b) stream order and catchment area.

3.1. SWAT Model

The SWAT model is a distributed, physics-based and continuous model that is
used to perform simulations at catchment scale [12]. It is a hydrology model with

the subsequent components: surface runoff, weather, evapotranspiration, and
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transmission losses (Figure 4). The Soil and Water Assessment Tool (SWAT)
was developed by the USDA Agricultural research Service (USDA-ARS). SWAT
is a simulation model operational on a daily time step. It had been developed to
simulate land management processes and rainfall-runoff processes with a high
level of spatial detail by permitting the watershed to be divided into sub basins.
Every sub basin is divided into many land use and soil type combinations, known
as hydrologic response units (HRUs) [13]. The sub basin simulation processes of
SWAT comprise major elements like hydrology, erosion, climate and agricultur-
al management. SWAT needs spatial data to appear for the Digital Elevation
Model (DEM), soil map, and the land cover of the catchment, as well as meteo-
rological data [14]. In this study SWAT model was used to calculate CN number

and runoff for study area.

3.2. Curve Number (CN)

CN method is widely used to estimate the surface runoff from a given precipita-
tion event. CN method has been adopted for this study to estimate the runoff
depth. Land cover/land use map and soil map, were accustomed derive curve
numbers that were used to estimate runoff depth of the study area. It ranges be-
tween 1 (where there’s 100% precipitation infiltration and no effective runoff
produced) to 100 (where there’s 0.33 precipitation infiltration and high effective
runoff is produced). Curve number with low values indicates low runoff poten-
tial, whereas curve number with high values represents high runoff potential
[15]. The curve number was calculated per every pixel using the combined land
cover, slop map and soil maps as input factors. This curve number characterizes

the runoff properties of those three layers combined for each basin.

Q=P-la2/P-la+$S (1)

where:
Q runoff depth (mm)
P rainfall (mm)
S potential maximum retention after runoff starts (mm)
Ia: initial abstraction (mm)
12:0.2 S
Potential maximum retention ($) can be calculated by the Curve Number as:
S =25400/CN —254 (2)

The CN for the study area values were within the range 72 - 85 (Figure 5).

3.3. Surface Runoff

Surface runoff (also called land flow) is the flow of water that takes place once
excess storm water, melt water, or different sources of flow over the earth’s sur-
face. This occurs as a result of soil saturation to full capacity. Surface runoff is a
major part of the water cycle. It’s the primary agent in land erosion by water
[16].
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The physical factors affecting runoff are: land use, vegetation, soil type, drai-
nage area, basin shape, elevation slope, topography, direction and orientation,
drainage network patterns and reservoirs, in the basin, which prevent or alter
runoff from continuing downstream.

Knowing the runoff for study area helps to guess the volume of water for each

dam (Figure 6).

3.4. Volume of Harvested Water

Through the results (Table 1) taken from the SWAT tool to calculate runoff for
each dam’s catchment area and through the use of the Equation (3) water quan-

tities were calculated as:
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Figure 6. Distribution of the average values of surface runoff of the study area
for the period 1994-2014.
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Table 1. The results of the calculations of the quantities of water expected for each dam.

: . Average.
Maximum Minimum.
5 Runoff Vol.
Dam No. Area (m?) Runoff Vol. Runoff Vol.
) , (1994-2014)
2014 (m?) 2009 (m’) 5
(m*)
Dam 1 118,038,000 826,266 30.6899 249,886
Dam 2 655,393,000 16,140,353 129.6 4,824,400
Dam 3 673,419,000 9,629,890 107.747 2,839,810
Dam 4 622,343,000 9,210,680 80.9046 3,796,290
Dam 5 192,281,000 7,114,400 16151.6 1,272,710
V =(Q*A)/1000 3)

where:
V' = Annual runoff volume (m?)
Q= Annual runoff (mm)

A = Drainage basin area (m?)

3.5. Suitability Map for RWH

Identification of suitability map for water harvesting needs a multiple data from
different sources which should be used in the geographic information system
techniques to get the best results. Each watershed has various physiographic
characteristics of the study area such as slope, rainfall, land use/land cover, soil,
drainage density & drainage pattern. These were integrated with the use of re-
mote sensing and GIS techniques to understand the characteristics of the wa-
tershed and its runoff flow pattern whether it is high or low. On the basis of in-
terpretation the best Water harvesting sites are to be found [17] (Figure 7).

All processes in the creation of a suitable rainwater harvesting map were ap-
plied during a convenience model developed in Arc GIS 10.3. The model creates
rainwater harvesting compatibility map by merging totally different criteria em-
ploying a weighted combination process [6]. This model includes the standardi-
zation of appropriateness maps, the weighting of the comparative significance of
appropriateness maps, and also the merging of weights and uniformity maps to
realize a suitability value [18]. The model is based on the conception of weighted
averages, and it’s prepared by multiplying the weight of the factor by its consis-
tent membership score (Equation (4)):

S=3Wi Xi (4)

where S suitable site, Wi weighting of factor 7 and X7 the membership value of
criteria 1.

According to the weight of the factors, the results showed four classes for
suitable water harvesting site. The map shows all dams built within the study

area in high suitability class.
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After identifying the suitability map for rain water harvesting, which were con-
sistent with necessary criteria taken under consideration. FAO standards for water
harvesting dams were taken in terms of proximity to agricultural areas and roads
for evaluating dams established in the study area. A site that was less than 0.5 km
distance to agricultural activities was considered appropriate for the dam site.
The distance to agricultural activities was very small so as to have access to water
for farming purposes and close to the roads to provide enough access to the
route networks [19] (Figure 8 and Figure 9). The results indicate that dam num-
ber one is within the appropriate category while the rest of the dams are within
the category inappropriate for distance from agricultural areas. As for the dis-
tance from the roads, the results show that dams number one and four within a

highly appropriate category The rest of the dams are classified as inappropriate
(Table 2).

4., Results and Discussion

Five old dams were identified using land\water index Bands (5-6-4). The Curve
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Number for the study area values were within the range 72 - 85 and runoff rate
(1.2 - 8.2) mm for the period (1994-2014). This has been identified using SWAT

Table 2. Appropriateness for dam’s site.

Distance to

Distance to

Dam No. Land suitability =~ Agricultural Appropriateness roads (Km) Appropriateness
lands (Km)
1 High suitability 1264 Suitable 1774 High suitable
2 High suitability 13,084 Not suitable 19,748 Low suitable
3 High suitability 20,779 Not suitable 14,811 Low suitable
4 High suitability 44,482 Not suitable 1807 High suitable
5 High suitability 22,994 Not suitable 30,506 Not suitable

40°0'0"E

40°30'0"E

34°0'0"N

33°30'0"N

33°0'0"N

Figure 8. The appropriate distance to agricultural lands.
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model. Using the Arc Hydro, the catchment area for each dam was determined
which was (dam 1: 118.038, dam 2: 655.393, dam 3: 673.419, dam 4: 622.343,
dam 5: 192.281) Km®. The average water volume collected for dams from the pe-
riod 1994 to 2014 ranged was within the range 249,886 to 4,824,400 m’.

These dams were assessed by establishing a map suitability for the water har-
vesting sites. The elements affecting water harvesting were taken: rainfall, soil
hydrology texture, drainage density, slope, and land use/cover, by weighting of
these factors in GIS the results showed that, four classes for suitable water har-
vesting site. All dams built were within the study area in high suitability class.

Although all the dams are within the classification high suitability, but the re-
sults when compared relative to FAO standards for the distance of dams from
agricultural areas using GIS showed that all dams appropriateness were not
suitable except dam number (1). The distance to roads showed that, dams (1, 4)
are high suitability, (2, 3) are low suitability and dam (5) is not suitable.
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The inadequacy of the distance between the dams for harvesting and the agri-
cultural areas leads to a weakness in the desired goal of establishing these dams
due to the loss of large quantities of water and the difficulty of establishing irri-
gation systems.

Inadequate distance between dams and roads increases the cost of building
and maintaining these dams. On the other hand, the study area faces security
risks, and the far distance between dams and roads leads to an increase of these
risks to these facilities and their workers.

5. Conclusions

To test the validity of dams constructed for rain water harvesting technique, the

dams that exist in an area within the desert in Iraq was studied. This was achieved

using SWAT model, remote sensing and ARC GIS techniques. Five dams were
studied thoroughly and the main outcomes of this study were:

- Five old dams were identified Using land\water index Bands (5-6-4);

- The Curve Number for study area values were within the range 72 - 85 cal-
culated by SWAT tool. This causes low infiltration;

- Runoff rate was (1.2 - 8.2) mm for the period 1994-2014;

- The average annual quantity of rain water that can be harvested from the 5
dams is about 12.9 million cubic meters;

- All dams built within the study area in high suitability class;

- The results relative to FAO standards for the distance of dams from agricul-
tural areas using a GIS showed that all dams’ appropriateness was not suita-
ble except dam number (1);

- The distance to roads showed that dams (1, 4) in high suitability, (2, 3) in low

suitability and dam (5) is not suitable.
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