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This study aims to calculate the amount of surface water runoff suitable for water 

harvesting in Al-Shagrah valley basin in the western desert of Anbar, because this study 

will have positive effects on the study area if implemented, which suffers from water 

shortages. So the study utilized modern geographic technologies (GIS&RS) and the SCS-

CN statistical model, known for accurately determining results related to water harvesting 

systems. The study focused on the main two factors (land covers, hydrological soils). So 

the study result indicated that the study area has five different land covers and two types 

of hydrological soils classified as (B-C) soils using LANDSAT visual satellite imagery 

with a resolution of (30×30) and the Supervisor Classification technique. The study 

identified eight CN values ranging from 69 to 91. By analyzing data from the four 

parameters (S-La-Q-QV) and integrating them using the ArcGIS 10.8 software, it was 

determined that four earthen dams could be built with a storage capacity of (5,388,300)  
m3 of water. These results support future developmental projects in the area. 
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1. INTRODUCTION

Arid and semi-arid regions are characterized by harsh 

climatic conditions, marked by high evaporation rates and low 

levels of rainfall. In desert areas, irregular and intense rain 

showers below 150-200m are common during certain seasons 

[1]. This is primarily due to factors such as evaporation, 

seepage, and significant water loss through surface runoff, as 

well as the absence of a consistent water source in the study 

area. Water plays a crucial role in agriculture, particularly in 

Arab countries where it is considered a limiting factor. 

Therefore, water harvesting can serve as an effective solution 

to supplement water resources [2]. This method involves 

collecting and storing water for agricultural use, livestock, or 

even as drinking water after proper treatment. The current 

study aims to assess if the terrain and climate conditions in Al-

Shagrah valley basin are suitable for water harvesting 

purposes. Water harvesting technology refers to a series of 

scientific and technical techniques used to capture and retain 

runoff water from rainfall for various beneficial uses [3]. It 

encompasses any process or procedure applied to the land to 

maximize the utilization of rainwater. The collection of 

surface runoff water can be done either directly by storing it 

for human activities or indirectly by allowing the soil to retain 

more water to minimize runoff. The importance of the study 

came  for the region because there are no or few other water 

sources, such as groundwater or surface water [4]. 

In this case, it becomes the most effective means of securing 

the lives of humans, animals and plants.  

Rainfall is one of the most important sources of water in arid 

and semi-arid environments.  

Figure 1. Location of Al-Shagrah valley basin in Anbar 

Governorate, Iraq 
Source: Republic of Iraq, Ministry of Industry and Minerals, General 

Establishment for Geological Survey and Mineral Investigation, Geological 

Map, 2000, Scale 1:250000 Arc map 

To run off surface water and replenish groundwater reserves, 

and therefore rainwater harvesting technology becomes more 

suitable for supporting water resources. Although water 

harvesting operations are linked to some factors that cannot be 

controlled, such as climatic conditions and soil type [5]. 

However, making good use of the available rainwater, no 

matter how small, will provide basic sources of water in some 

cases. For this reason, the process of harvesting water in the 

Wadi Al-Shukra basin will be discussed, because of the 
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importance of these rains in the success of winter agriculture 

and human settlement [6]. Therefore, the objective of the 

research is to calculate the amount of surface runoff and 

pinpoint suitable locations for storing seasonal water to aid in 

the development of the valley basin in the future. Al-Shagrah 

valley basin is situated geographically between latitudes 

34°28'47"N and 34°40'41"N to the north and longitudes 

41°27'9"E and 41°37'43"E to the east. In terms of its spatial 

location, it is positioned in the western region of Iraq, within 

the western part of the Western Plateau in Anbar Governorate, 

covering an area of 205km2 as illustrated in Figure 1. 

 

 

2. THE NATURAL CHARACTERISTICS OF THE 

STUDY AREA 

 

2.1 Geology of the study area 

 

The research area is made up of multiple geological 

formations dating back to the Miocene era. The Miocene era 

comprises four formations, one of which is the Euphrates 

Formation lower member covering the southern part of the 

study area in an arc shape extending from east to west [7]. This 

lower member also occupies a significant portion of the 

northern and northwestern parts of the study area with a 

thickness ranging from 80 to 100 meters. Additionally, it is 

visible in the northern part of the study area with a thickness 

of 55-75 meters and covers the western and eastern parts as 

narrow strips. The Euphrates Formation lower member is also 

present along the river in the southernmost area with a 

thickness of 1-2 meters, by explaining the geological 

characteristics, the study area is suitable for water harvesting 

operations, because it is free of faults, fissures and crevices. 

The region is also characterized by its high porosity, in some 

areas with highly permeable sandy soils, and there are some 

areas characterized by high clay soils that enhance water flow 

on the surface towards the watersheds, especially at the feet of 

the mountains (see Figure 2) [8]. 
 

 
 

Figure 2. Geological formations of study area 
Source: Republic of Iraq, Ministry of Industry and Minerals, General 

Establishment for Geological Survey and Mineral Investigation, Geological 
Map, 2000, scale 1:250,000. Arc Map 10.4.1. 

2.2 Land slope 

 

Studying the slope of the land plays a significant role in 

analyzing the flow of surface water, including its speed, 

drainage patterns, erosion potential, and sedimentation 

processes. In the study area, three categories of slopes are 

identified [9]: 

Category 1: The largest category, consisting of nearly flat 

lands covering an area of 135km2 (65.9% of the study area) 

with slope angles ranging from 0 to 2 degrees. 

Category 2: Lands with a slightly steeper slope, ranging 

from 2 to 5 degrees, occupying 64km2 (31.2% of the study area) 

following the first category. 

Category 3: Represented by lands with gentle slopes 

ranging from 5 to 10 degrees, covering an area of 6km2 (2.9% 

of the study area). Through the slope data, we find that the 

study area is suitable for water harvesting operations, as most 

of it is mild to moderate, with a slope of 0-5 degrees, at a rate 

of 99.6%, with an area estimated at 199km2 of the total study 

area, which represents the first and second categories of slope. 

Therefore, most of the study area has good water flow for 

water harvesting purposes and without causing damage to the 

land [10]. 

 
2.3 Climate 
 

Table 1. Monthly averages and general average temperature 

(degrees Celsius) at the two stations in the study area for the 

period (1990-2020) 

 
The Station 

Months 

AL-Qaim Anna 

Temperature (℃) Temperature (℃) 

January 7.7 8 

February 9.8 9.9 

March 14.8 14.2 

April 20.5 20.4 

May 25.6 26.0 

June 30.4 30.4 

July 32.7 33.4 

August 32.1 32.5 

September 28.4 28.8 

October 23.0 22.6 

November 14.8 14.5 

December 9.4 9.7 

Average 20.8 20.9 
Source: Ministry of Transport and  Communications, Iraqi General Authority 
for Meteorology and Seismic Monitoring, Mach Department, average  daily  

temperature records. 

 

Climate refers to the examination of natural phenomena 

occurring in the lower atmosphere and how they interact with 

the Earth's natural covers, resulting in temperature changes 

near the Earth's surface. These natural events cause variations 

in rainfall, wind speed and direction, and atmospheric 

pressure, leading to differences in climate from one location to 

another. Elements of climate like temperature, solar radiation, 

wind, rain, and evaporation have a direct or indirect impact on 

various hydrogeomorphological processes [11]. 

Understanding the climatic characteristics of a basin is crucial 

in order to comprehend how they shape its hydrological and 

geomorphological traits. To achieve this, data from Al-Qaim 

and Anah stations for the time span of 1990 to 2020 must be 

analyzed [12]. The importance of the climatic analysis of the 

study area came from the fact that there is an urgent need to 

implement water harvesting technology for the study area due 

to its climate extremes in two different periods, the first being 

hot and dry for 7 months during the summer, and the second 
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period being rainy and cold for 4 months. We need a 

technology that reduces the harshness and dryness of summer. 

By storing and collecting rain that falls during the winter 

period, which may reach torrential torrents (Tables 1, 2) [13]. 

 

Table 2. Monthly average and annual total rainfall for the 

two stations in the study area (1990-2020) 

 
Months AL-Qaim Anna 

January 26.0 28.2 

February 22.7 21.8 

March 25.4 27.7 

April 13.4 11.9 

May 4.0 3.1 

June 0.0 0.0 

July 0.0 0.0 

August 0.0 0.0 

September 0.0 0.0 

October 9.1 11.7 

November 19.2 20.3 

December 20.0 21.2 

Total 139.8 145.9 
Source: Ministry of Transport, Iraqi Meteorological and Seismic Monitoring 

Authority, Climate Department, unpublished data, 2020. 

 

 

3. CLASSIFICATION OF THE LAND COVER OF 

STUDY AREA 

 

It consists of actual, physical characteristics and 

occurrences found on the Earth's surface. To study the land 

cover of Al-Shagrah valley basin, the researchers used satellite 

imagery (LANDSAT) with high precision (30*30) using 

Supervised Classification technology. This involves 

categorizing digital image units based on their similarity into 

spectrally homogeneous groups. Apart from observations 

during the field trip, the research area was divided into five 

categories, as displayed in Figure 3 and Table 3 [14]: 

 

Table 3. Land cover types in the study area 
 

Ground Cover Types Area/km2 Percentage 

Grasslands 59 28.8% 

Barren lands 114 55.6% 
Rocky terrain covered with coarse sediments 27 13.2% 

Agricultural lands 3 1.5% 

Residential communities and roads 2 1.0% 

Total 205 100.0% 
(Scs, U. S. (1992). Soil Conservation Service: Urban hydrology for small 

watersheds. Technical Release, 77, 2004.) 

 

(1) Agricultural lands can be seen as a strip located in the 

southern part of the study area along the Euphrates River, 

covering 3km2 which accounts for 1.5% of the total basin area. 

(2) Grasslands are predominantly found in the central and 

southern regions, indicated by a light green color, covering 

59km2 and making up 28.8% of the basin area, ranking second 

in terms of coverage. 

(3) Barren lands are widespread across most of the basin, 

depicted in yellow, covering 114km2 which represents 55.6% 

of the total basin area. These lands lack vegetation due to water 

scarcity and soil degradation; however, they play a positive 

role in facilitating surface runoff without hindering water 

absorption or evaporation. 

(4) Residential communities and roads are situated in the 

southern parts of the study area, marked in red, covering 2km2 

which accounts for 1% of the total basin area. 

(5) Rocky terrains filled with rough sediments: This 

category can be found in the northern and northeastern regions 

of the research site, encompassing 27 square kilometers and 

accounting for 13.2% of the basin's total area. The terrain is 

characterized by loose sediments that have been eroded by 

water and wind, as well as an incline that accelerates water 

flow and causes sediment to be carried away and dispersed 

throughout the valley floor [15]. 

 

 
 

Figure 3. Land cover of the study area 
Source: Satellite visual image from the American satellite (Landsat) with a 

resolution of 30×30, based on the ARC GIS 10.8 program. 

 

 

4. HYDROLOGICAL SOIL TYPES OF STUDY AREA 

 

Soil quality is a crucial factor in determining the amount of 

surface runoff. The US Soil Service System categorizes soils 

into four hydrological groups (A.B.C.D) based on their 

permeability and porosity, as shown in Table 4. Permeability 

of soil indicates how much soil texture affects surface runoff 

[16]. 

The hydrological soil aggregates in Figure 4 shows that 

there are two main types of soil present: B and C. The study 

area is divided into northern and southern regions, which will 

be further explained. 

(1) Hydrological group (B): 

These types of soils can be located in the southern part of 

the valley close to the Euphrates River and cover an area of 88 

square kilometers, which accounts for 42.7% of the total basin 

area. They are sandy, of moderate depth, and have a rough to 

medium-coarse texture, made up of a combination of gravel, 

rock pieces, and boulders connected by organic materials [17]. 

(2) Hydrological group (C): 

This specific type of soil covers an expanse of 117 square 

kilometers, accounting for 57.3% of the entire basin area. The 

distinctive feature of this soil is its high surface runoff rates 
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caused by its limited infiltration capacity, resulting from its 

clay and silt composition. This hinders water penetration into 

the soil, leading to seasonal river flooding. These soils were 

formed under dry climatic conditions. 

Rainfall and insufficient water to dissolve the salts and 

remove them by the filtration process, i.e. in areas which the 

amount of evaporation exceeds the amount of precipitation, 

therefore one of its most important characteristics is the lack 

of materials organic matter or its absence and the accumulation 

of basic salts on or near the surface .So it stands out in light 

colours with the appearance of some other colours such as red, 

brown, yellow and grey resulting from the prevailing rock 

colours there. Infiltration and seepage depend on the amount 

of rainfall falling, its concentration, and the texture of the soil 

its thickness and previous moisture, as well as the degree of 

slope and roughness of the surface [18]. 

 
Table 4. Hydrological soil classifications according to the 

(SCS) method 

 
Soil 

Classification 

Flow 

Depth 
Soil Characteristics 

A little 
Deep sandy layer with a very small 

amount of clay 

B Middle 
A Sand layer of less depth than the 

first type with moderate infiltration 

C 
Above 

average 

Clay layer of limited depth with 

below average infiltration rate 

D High 
A Clay layer with a high swelling 

layer of fine soil close to the surface 
(Scs, U. S. (1992). Soil Conservation Service: Urban hydrology for small 

watersheds. Technical Release, 77, 2004.) 

 

 
 

Figure 4. Hydrological soil types for the study area 
Source: Satellite visualization of the American Landsat satellite with a 

capacity of 30×30, based on the ARC GIS 10.8 program. 

5. CHARACTERISTICS OF FLOW AND THE 

POSSIBILITY OF WATER HARVESTING IN THE 

BASIN OF THE STUDY AREA 

 

5.1 Building a water harvesting model (SCS-CN) 

 

The region under study is experiencing a scarcity of water 

as a result of the arid desert climate. This climate is 

characterized by seasonal precipitation that quickly drains 

away due to surface runoff, evaporation, and seepage, 

resulting in minimal benefit. Estimating the amount of water 

that can be collected from rainwater is a crucial aspect of 

researching water harvesting and its application in various 

human activities [19]. Various methods are employed to 

calculate the volume of surface runoff in water catchment 

areas. One such method is the SCS-CN equation, a 

mathematical formula that is widely regarded as accurate and 

important in estimating surface runoff volume. This equation 

was developed by the US Soil Conservation Service, a branch 

of the Department of Agriculture in the United States. The 

SCS-CN method relies on certain data inputs, such as land 

cover, hydrological soil characteristics, vegetation type, and 

precipitation levels [20]. 

 

5.2 Extracting (CN) values for the valley basin 

 

 
 

Figure 5. The extracted (CN) values for the study area 
Source: Satellite visualization of the American Landsat satellite with a 

capacity of 30×30, based on the ARC GIS 10.8 program. 

 

CN values indicate the capacity of the soil and land cover to 

soak up water and their permeability. These values are 

inversely related to surface permeability. When CN values are 

higher, there is increased surface runoff, especially when the 

surface permeability is low [21]. CN values range from 0 to 

100, with lower values indicating high permeability and the 

ability to absorb all precipitation. Conversely, higher values 
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closer to 100 suggest impermeable surfaces where rainfall 

transforms into surface runoff [22]. Al-Shagrah valley basin 

has a total of 8 CN values, ranging from 69 to 91 as illustrated 

in Table 5 and Figure 5. The largest area was covered by value 

86, totalling 75.63km2, accounting for 36.87% of the area. 

Value 79 came in second with 43.62km2, or 21.26%, followed 

by value 91 with 40.21km2, or 19.60%. Value 85 covered 

25.40km2, representing 12.38%. Value 69 covered 15.91km2, 

making up 7.75%, and value 90 covered 1.66km2, or 0.80%. 

Value 74 covered 1.32km2, or 0.64%, and value 89 covered 

1.26km2. with a percentage of (0.61%), which is the lowest 

value recorded in the study area. 

 
Table 5. CN values extracted for the study area 

 
Values Area (Km2) Ratio (%) 

69 15.91 7.75 %  

74 1.32 0.64 %  

79 43.62 21.26 %  

85 25.40 12.38 %  

86 75.63 36.87 %  

89 1.26 0.61 %  

90 1.66 0.80 %  

91 40.21 1.60 %  

Total 205 100 %  
Source: The researchers based on Figure 6. 

 
High values of CN in the region suggest that there is a high 

level of surface water runoff, implying that the soil has low 

permeability and limited water retention capacity. This is a 

favourable sign for the potential success of water harvesting 

initiatives in Al-Shagrah valley basin. The equations used in 

the SCS-CN method represent the mathematical relationship 

as follows [23]: 

 

S= 
25400

CN
− 254 

 

La=0.2*S 

 

Q=
(P−La)2

P− La + S
 

 

QV=(Q*A/1000) 

 
Q represents the depth of runoff, measured in inches. 

P represents the amount of rain that falls, measured in 

inches. 

La represents the initial abstractions before surface runoff 

begins, including evaporation, seepage, and vegetation. 

S represents the surface accumulation after the runoff has 

started, measured in inches. 

A represents the area in square kilometers.  

 
5.3 Calculating the water retention coefficient after the 

start of surface runoff (S) 

 
The factor (S) represents the condition of the soil when fully 

saturated with water following rainfall and the occurrence of 

surface runoff. Essentially, it signifies the maximum capacity 

of the soil to hold water once surface runoff begins. The depth 

of the water-saturated layer can vary depending on the soil 

type and its water absorption capabilities [24]. The factor (S) 

is also influenced by the prevailing vegetation in the region. In 

the specific area under examination, values of (S) nearing zero 

suggest a decline in the soil's water retention post-surface 

runoff, while elevated values indicate an improvement in the 

soil's water-holding capacity leading to a decrease in surface 

runoff, as shown in Figure 6 [25].  

 

 
 

Figure 6. Values (S) mm for the basin of the study area 
Source: Satellite visualization of the American Landsat satellite with a 

capacity of 30×30, based on the ARC GIS 10.8 program. 

 
The values of (S) in Al-Shagrah valley basin were found to 

range from 144.12 to 25.12. The value of 144.12 covered an 

area of 15.19km2, representing 7.75% of the area, while the 

value of 89.24 covered 1.32km2, accounting for 0.64%. In the 

third position was the value of 67.52, which occupied 

43.62km2, representing 21.35%, followed by the value of 

44.82 covering 25.40km2, with a percentage of 12.38%. The 

value of 41.35 was in fifth place with an area of 75.63km2 and 

a percentage of 36.87. Next was the value of 31.39 with 

1.26km2 and a rate of 0.61%. The value of 28.22 occupied the 

seventh position with an area of 1.66km2 and a rate of 0.80%. 

Lastly, the value of 25.12 covered an area of 40.21km2, 

representing 19.60%, as shown in in Table 6.  

 
Table 6. S values extracted for the study area 

 
Value (S) Area (km2) Ratio (%)  

144.12 15.91 7.75 %  

89.24 1.32 0.64 %  

67.52 43.62 21.35 %  

44.82 25.40 12.38 %  

41.35 75.63 36.87 %  

31.39 1.26 0.61 %  

28.22 1.66 0.80 %  

25.12 40.20 19.60 %  

Total 205 100 %  
Source: The researchers based on Figure 6. 

 

1093



 

The majority of the values for slope in Al-Shagrah valley 

basin were low, showing that the soil quickly reacts to water 

runoff when it rains. This suggests a strong correlation 

between curve number (CN) and slope (S) values in terms of 

their impact on surface water runoff. The regions with the 

highest CN coefficients also had the lowest S coefficients, 

indicating that the soil in this area has low permeability. 
 

5.4 Calculating the initial extraction (La) factor 
 

The coefficient (La) is crucial for determining the quantity 

of surface runoff. It represents the volume of rainwater that is 

lost before the initiation of surface runoff. This includes 

evaporation, seepage, and interception by vegetation. Low 

values of the coefficient (La) approaching zero suggest 

minimal loss of rainwater before surface runoff begins, leading 

to increased runoff. Conversely, high values of the factor (La) 

indicate significant water loss, resulting in limited surface 

runoff [26]. 
 

 
 

Figure 7. Values of (La) mm for the basin of the study area 
Source: Satellite visualization of the American Landsat satellite with a 

capacity of 30×30, based on the ARC GIS 10.8 program. 

 

Table 7. (La) values extracted for the study area 
 

Value (La) Area (km2) Ratio (%) 

22.82 15.91 7.75 %  

17.85 1.32 0.64 %  

13.5 43.62 21.26 %  

8.96 25.40 12.38 %  

8.27 75.63 36.87 %  

6.28 1.26 0.69 %  

5.64 1.66 0.81 %  

5.02 40.20 19.60 %  

Total 205 100 %  
Source: The researchers based on Figure 7. 

Eight LA values were documented in Table 7 and Figure 7, 

varying from 22.82mm to the highest values, covering an area 

of 15.91km2 at a rate of 7.75%. On the other hand, the lowest 

values were reported at 5.02mm, covering an area of 40.21km2 

at a rate of 19.60%. The remaining values fell between the 

highest and lowest value. 

Low (La) values suggest a reduction in rainwater loss prior 

to the initiation of surface runoff within the basin. This 

suggests an increase in the conversion of rainwater into surface 

runoff [27]. 

 

5.5 Calculating the depth of surface runoff (Q) 

 

 
 

Figure 8. Values (Q) mm for the basin of the study area 
Source: Satellite visualization of the American Landsat satellite with a 

capacity of 30×30, based on the ARC GIS 10.8 program. 

 

Table 8. Q values extracted for the study area 

 
Value (Q) Area (km2) Ratio (%) 

67.03 15.91 7.75 %  

78.88 1.32 0.64 %  

91.32 43.62 21.26 %  

107.02 25.40 12.38 %  

109.72 75.63 36.87 %  

117.96 1.26 0.69 %  

120.75 1.66 0.81 %  

123.56 40.20 19.60 %  

Total 205   100 %  
Source: The researchers based on Figure 8. 

 

Surface runoff depth refers to the volume of water flowing 

on the ground surface during rainfall, which is determined 

using CN-S-La values and precipitation data in the watersheds. 

The primary goal of calculating surface runoff depth is to 

identify the maximum extent reached by surface runoff. 

Analysis of Table 8 and Figure 8 reveals that the values for 

estimating surface runoff depth are elevated in the research 
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area, indicating a high depth of surface runoff [28]. The 

greatest recorded depth was 123.56, covering an area of 

40.21km2 with a rate of 19.60%. Conversely, the lowest value 

documented was 67.03, covering an area of 15.1km2, 

representing 7.75%. 

 

5.6 Calculating the surface runoff volume (QV) 

 

Determining surface runoff is a crucial aspect of 

hydrological research concerning water collection and 

selecting locations for dam construction, particularly in 

regions with minimal rainfall. The amount of surface runoff 

indicates the overall runoff volume and helps identify flood-

prone areas within the watershed, as shown in Table 9 and 

Figure 9 [29]. 

The examination of Table 10 and Figure 10 show that the 

maximum surface runoff value was 8,300,000, encompassing 

75.63km2 and displaying a percentage of 36.87%. In contrast, 

the minimum reported value was 80,000, covering 1.32km2 

with a percentage of 0.64%. 

 

Table 9. (QV) values extracted for the study area 

 
Value (QV) Area (km2) Ratio (%) 

67.03 15.91 7.75 %  

78.88 1.32 0.64 %  

91.32 43.62 21.26 %  

107.02 25.40 12.38 %  

109.72 75.63 36.87 %  

117.96 1.26 0.69 %  

120.75 1.66 0.81 %  

123.56 40.20 19.60 %  

Total 205   100 %  
Source: The researchers based on Figure 9. 

 

 
 

Figure 9. QV mm values for the basin of the study area 
Source: Satellite visualization of the American Landsat satellite with a 

capacity of 30×30, based on the ARC GIS 10.8 program. 

Table 10. Height and storage levels for the proposed 

payment sites 

 

Proposed Water Tanks 

The Sea Height 

from Surface 

Level 

Tank 

Volume/m3 

The first proposed tank 218 648900 

The second proposed tank 198 1541700 

The third proposed tank 217 1751400 

The fourth proposed tank 180 1446300 

Total - 5,388,300 
Source: The researchers, based on Figure 10 and the Arc Map 10.4.1 

program. 

 

 
 

Figure 10. The locations for establishing watersheds in the 

study area 
Source: Satellite visualization of the American Landsat satellite with a 

capacity of 30×30, based on the ARC GIS 10.8 program. 
 

5.7 Choosing appropriate sites for water harvesting 

 

The process of choosing appropriate locations for water 

harvesting involves several steps, which are as follows: 

Step 1: Determining the elevation of the area where water 

will be stored using the digital elevation model (DEM) of Al-

Shagrah valley basin and identifying lands with a gentle slope 

based on contour lines. This step is crucial in the construction 

of dams in water basins [30]. 

Step 2: Matching the river bed map with contour lines to 

establish the flow direction of the waterways. 

Step 3: Identifying suitable sites that can benefit from 

human activities such as agriculture (plants, animals). 

After completing these steps, four potential sites have been 

identified for constructing earthen dams for water storage 

purposes. An earthen dam is a barrier that diverts the 

watercourse to store water during the rainy season and utilize 
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it during dry spells for various purposes. These sites were 

selected due to their suitability in terms of slope and contour 

line convergence [31]. 
 

5.8 Proposed locations for establishing earthen 

embankments for the study area 
 

Location 1: The initial dam can be found to the west of the 

research site in valley basin no.3 (Refer to Figure 10 and 

Figure 11). According to the data in Table 10, this dam has a 

storage capacity of 648,900m3 and stands at an elevation of 

218m above sea level. 

Location 2: The second dam is situated in the center of the 

study area within valley basin no.3 (Refer to Figure 10 and 

Figure 11). Table 10 indicates that this dam has a storage 

capacity of 1,751,400m3 and is positioned at an elevation of 

217m above sea level. 

Location 3: The third dam is positioned within the basin of 

valley basin no. 2 (Refer to Figure 10 and Figure 11). This dam 

offers a storage capacity of 1,541,700m3 at an elevation of 

198m above sea level. 

Location 4: The fourth dam is situated to the southwest of 

the third dam and to the south of the study area, with a storage 

capacity of 1,446,300m3 and an elevation of 180m above sea 

level as illustrated in Figure 10, Figure 11, and Table 10. 

 

 
 

Figure 11. Cross sections of the four dams in the study area 
 

 

6. CONCLUSIONS 
 

It has been determined that the natural characteristics of the 

study area in terms of geology, climate, and geomorphology 

are conducive for conducting the study and achieving the 

research objectives. The spatial analysis revealed that the 

study area is suitable for water harvesting due to its abundant 

water quantities and favorable soil characteristics. As a result, 

it is feasible to store seasonal water by identifying four 

watersheds with large storage capacities estimated at 5,388.30, 

which could be adequate for any future activities in the region. 

The research methodology, which utilizes modern 

geographical technologies, has been shown to be a suitable 

approach for analytical studies of valley basins. In conclusion, 

the study recommends that decision-makers consider and 

implement the study findings to minimize water wastage and 

utilize rainwater effectively. 
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