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Abstract 

Due to population growth, drought, and pollution, 
groundwater resources are seriously declining. 
Today the world fights over oil; tomorrow (if not 
already) it will be war for water. Runoff Water 
Harvesting (RWH) could be a solution for this 
problem.  

Remote sensing, geographical Information 
System, and white box software were used in this 
study to extract the hydrological parameters of 
the study area to get background about the 
potentiality of the area for RWH. 
DEM (digital elevation model) of 30m resolution 
was used to drive the watershed sub watersheds 
and the streams network. The area of each 
watershed was calculated. rainfall data for 32 year 
(1980_2011)  ,land use and soil map were  used 
for conducting a calculation steps to determine 
the potential runoff available for harvesting, and 
this was estimated by applying Finkel-SCS rainfall-
runoff methods. 

 

1. INTRODUCTION  
Water is one of the most vital requirements for 
economic and social development. Human being 
has depended on access to water since the 
earliest days of civilization. Population of the 
Khartoum State is rapidly increasing, according to 
this; water use has been growing at more than 
twice the rate of population increase in the last 
century. According to above facts, water 
harvesting study was conducting in the study area 
which is a part of Khartoum state where (1/3 of 
Sudan population live). It is located south of 
Omdurman between longitudes (32 15'; 32 30') 
and latitudes (15 30',; 15 40') with total area about 

290 km2, where the catchments area is about 200 
km2. 
Rainwater harvesting has been used for thousands of 
years to supplement scarce water resources in dry 
areas and as solution for flash flood damage (Sharma 
et al., 1986). It is the technique of collection and 
storage of rainwater at surface or in subsurface 
aquifers, before it is lost as surface run-off. However, 
the application of water harvesting technologies is 
still limited due to inaccurate estimating of the 
volume of surface runoff water. The effectiveness and 
efficiency of RWH practices depend on factors such as 
soil type, rainfall, and land use 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Map (1) show the location map of the study area 
within Khartoum state. 

2. Methodology: 

2.1 Watershed delineation 

White box software was used to extract the 

watershed and sub watersheds in the study area. 

Digital elevation data is the  initial  input  for  

deriving  the  basic  data  to  delineate  any 
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watershed  and their streams network in White 

box. The step start from filling the sink in DEM and 

then drive the flow direction, flow accumulation, 

stream network, watershed boundary and sub 

watersheds boundaries according to the outlets 

locations. 

Outlet or Pour point 

It represents the outlet of the watershed and its 

sub-watersheds. Point feature shape file was 

created in Arc Map according to the (stream 

network, image captured from Google earth in 

autumn season including residential areas 

boundaries).  

Watershed, sub watersheds and the stream 

network were produced in a raster format which is 

then victorized (converted to shape file) to be used 

on the Arc Map software for further analysis. In Arc 

Map the area of the watersheds and sub-watershed 

was Calculated and saved in the attribute table. 

2.2 Evaluating the curve number 

The run off volume can be determined using Soil 

conversation group method (SCG) which is 

depending in curve number. The requirements for 

this method are the rainfall data and curve number 

beside the areas of watersheds according to 

different CN values. The evaluation of the CN value 

for the study area was done using soil and land uses 

maps. In this part , the soil map was Geo referenced 

, digitized and saved as shape file format and then 

classified the soil into main soil groups (A,B,C and D) 

by interlayer’s of soil and land uses maps. 

Subsequently CN values were estimated based on 

the combinations of each soil groups with its 

corresponding land cover type. Then, the 

watersheds were divided into sub areas according to 

corresponding CN value. 

2.2.1 Calculation of Curve Number for the 

study area  

In the watersheds, the soil types was transformed to 

the hydrologic soil group (HSG), i.e. A, B, C, or D. 

digitized Soil Map of the World at 1:5.000.000 scale 

produced by the (FAO-UNESCO, 2007) was used to 

define the HSG of the soils of the study area. Land 

Uses, were obtained from Google earth, and 

digitized in Arc Map, and then the feature classes 

were attributed to the soil map attribute table. The 

watersheds were divided to sub areas according to 

the CN values distribution after the intersect tool 

have been used between the two maps mentioned 

above. 

 

2.3 Run off calculation 

 The run off volume was calculated using Soil 

conversation equations, it is involves the 

relationship between the land cover, the hydrologic 

soil group (HSG) and the curve number (CN) 

Q= (P-0.02S) / (P+0.08S)……………..(1) 

Where: 

Q= runoff in mm  

P= rainfall in mm  

S= maximum potential retention in mm  

0.2S= initial abstraction in mm, normally is taken as 

0.2S  

Equation (2) below was used to calculate the value 

of (S): 

 

S=25400/CN-254……………… (2) 

 

Where: CN = Curve number (runoff coefficient). 

For the rainfall, maximum daily value was  used in 

the above equation for each year.   

 

3. Result and Discussion  

 

3.1 A Digital Elevation Model (DEM) or a 

Digital Terrain Model (DTM)  

DEM represents  the  elevation  data  in  a  raster  

format where  each  pixel  contains  an  altitude  

value together with the coordinate points (x, y, and 

z). Topographic and contour maps are the main 

source for creating DEMs.  
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DEM was used to derive the slope and to exam the 

hydrological characteristics of the study area. From 

the processed DEM the elevation of the study area 

ranges from 363 m at the River Nile up to 449 m (a. 

s. l.) as show in map(2). 

 

 

 

 

 

 

 

Map (2) show the Digital Elevation Model over the 

study area 

Results of delineation process of the watersheds and 

streams network is explain below: 

3.2 Flow direction Map (3) shows the flow direction, 

which determines that in neighboring pixel any water 

in a central pixel will flow. The flow direction in the 

study area is from west to east direction. 

 

 

 

 

 

 

 

Map (3) show the flow direction over study area 

3.3 Flow accumulation  

The flow direction was the input Layer for the flow 

accumulation generation command.  From flow 

accumulation, the drainage pattern of the terrain was 

obtained. Map (4).  

 

 

 

 

 

 

 

 

Map (4) show the flow accumulation over the study 

area 

3.4 Wadi Abu Hashiem Watershed 

delineation 

Also from the DEM wadi Abu Hashiem watershed was 

extracted, with total area about 249 km2 as shown in 

map (5). 

 

 

 

 

 

 

Map (5) Show Wadi Abu Hashiem Watershed 

This watershed was divided into three sub watersheds 

according to the outlets. 

 The largest sub watershed area is about 130 km2 and 

the other two sub watersheds are about 31 km2 and 23 

km2 respectively. 

 

 

 

 

 

Map (6) Show wadi Abu Hashiem sub watershed 
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3.5 Potential Runoff 

3.5.1Curve Number classification 

In the study area, the land use was classified into, 

residential area, poor surface cover and rocky land. 

The soil texture consist mainly of sand, loamy sand, 

gravel and debris. Beside shallow soils and none 

soil areas. Maps (7)& (8 ) for soil and land uses 

respectively.  

 

 

 

 

 

 

 

 

Map (7) Show the Soil map over the study area 

By overlaying the previous maps the curve 

numbers for study area are illustrated in table (1), 

 

 

 

 

 

 

 

 

 

 

 

3.6 DISCUSSION 

3.6.1 Rainfall – runoff relationship: 

The rainfall data, which was, used for this study is 

from Khartoum station, which lies so far from the 

watersheds area. In addition, the main cause of 

uncertainties in runoff modeling is using less 

detailed soil map and inaccurate rainfall data, 

because the CN value is very sensitive to the soil 

and land use changes, and all of these can affect 

the runoff volume calculation. Rainfall runoff 

relationships results obtained in a spatial scale give 

a clear indication of the amount of the runoff 

generated by various land uses in the study area. 

 

3.6.2 Land use 

The different in the land use in the study area 

resulted in Cleary different in the amount of the 

runoff volume, the sub watershed which is a part of 

its area occupy be residential blocks, was produce 

lesser runoff volume, while the sub watershed 

which is lie totally in poor ground cover, produce 

very high runoff volume.  

4. Conclusions and recommendations 

4.1 Conclusions:  

 The performed results of the research segregated 

the study area into three potential areas for RWH 

that ranges from very low to high. The areas of high 

potential for RWH are occupying about (130km2), 

whereas the areas of low potential for RWH are 

existing in (23 km2) and moderate RWH 

potentiality occupy about (31km2). 

 The study concluded that the potential of RWH in 

the study area exists and implementing systems 

and techniques in the promising watersheds could 

open new opportunities for the sustainable 

development in the area. 

4.2 Recommendations: 

 The study area should be investigated in 

detail to determine the appropriate 
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locations for implementing RWH 

structures and techniques. 

 The soil map used for this study was very 

broad based on geomorphic units. Thus, 

it is necessary to have detailed soil map 

because, soil is the most sensitivity layer 

in run off calculation. Moreover, it would 

greatly improve the results obtained.   

 Currently utilization of rainwater in the 

study area is (0%). It will take great 

efforts and investment on the part of 

government, private sector, and public to 

fully utilize the existing potential. 
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