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Abstract 

 This paper overviews the issue of the Water Resources of Wadi Systems 

in Darfur. Some Sudanese experience in “Rain Water Harvesting” is 

outlined,, highlighting the governing factors in arid and semi-arid 

conditions.  It is stressed that for sound water resources management in 

Wadi systems, an integrated approach addressing the different 
engineering, environmental and socio-economical aspects, is needed. 

 

1. Introduction 

 

 The Darfur region occupies one fifth of the area of Sudan (see Figure 1). It 

is equal to the area of France. The region borders Libya to the northwest, 

Chad to the west, and the Central African Republic to the south-west.  The 

Darfur crisis has been the focus of national and international media. It is 

widely recognized that the crises was initiated by the competition and 

conflict over water resources and range lands. It has been estimated that out 

of a total population of 6 millions, about 2.7 millions have been affected by 

the conflict. 

 

Understandably, the overriding concern of most humanitarian aid and donor 

agencies has been on the provision of water supply side with little 

consideration for integrated water resources management. Failure to adopt 

the holistic and integrated management approach could lead to the 

destruction of the water resource ecosystem and loss of water supplies which 

may result in more conflict in the future over water resources. Therefore, the 

conduction of a comprehensive assessment of the water resources of Darfur 

Wadis and the development of an integrated water resources management 

plan is essential. 

 

 

There is an evidence of a large water crisis especially in the areas with large 
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concentration of internally displaced people (IDP's). The combination of 

internal displacement and the movement of population southwards due to 

the increasingly severe drought in the North of Darfur has resulted in a 

significant population built up especially around the main urban centers. As 

a consequence there is an immense pressure on existing water sources. 

Surface and groundwater sources around these urban centers are being 

pressured to the point of depletion. Surface reservoirs are drying up and 

groundwater levels are declining due to overexploitation to meet the 

demand of an ever increasing conflict and drought affected population built 

up. The situation is further worsened by the lack of information about 

surface and groundwater resources potential and lack of a regular and 

reliable system of monitoring. 

   

 
Figure (1): Darfur Region 

 



International Seminar on "Challenges in Applications of Integrated Water Resources Management" 

March 15-16,  2010, Water and Environment Centre, Sana'a University, Sana’a 

 3 

2. Water Resources of Main Wadi Systems in Darfur 

2.1  Main Wadi Systems in Sudan: 

Except for Wadi Azum in Jebel Marrah, the Wadis of  the  Red Sea Hills 

which discharge into the Red Sea, and Gash and Baraka rivers which 

discharge into shallow, evaporating ponds west of the Red Sea Hills, the 

entire country is drained by the Nile and its two main tributaries, the Blue 

Nile and the White Nile. Apart from the River Nile and its tributaries, 

hundreds of non-nilotic (i.e. not within the Nile system) seasonal streams 

(Wadis) exist in the different parts of the country.  Some of these Wadis like 

Wadi Azum and Kaja in the Jebel Marra region, have catchment areas 

greater than 40,000 km
2
,   while others have catchment areas less than 20 sq. 

kilometers. Some streams are perennial others are ephemeral.  This 

variability in climate, rainfall, potential evaporation,  soil type, plant cover 

and catchment area has enriched the Sudanese experience in Wadi-

Hydrology. 

 

2.2 Darfur Wadis: 

The topography of Darfur region is generally flat. However, this topography 

contains many hills (Goz) and mountains. Jebel Marra, which is about 3000 

m above MSL, is an important topographic feature in Darfur. It extends for 

115 km from north to south; and 45 km from east to west.  The drainage 

from Jebel Marrah onto the plain can support a settled population. In the 

Jebel Marrah area lies one of the richest Wadi systems in Sudan, known as 

Wadi Azum. Western Darfur stands in stark contrast to northern and eastern 

Darfur, which are semi-desert with little water either from the intermittent 

streams known as Wadis or from wells that normally go dry during the 

winter months. There is a unique region covering the area from the north-

west of Darfur and continuing into Chad, where sporadic winter rains 

provide excellent grazing for the period from January to February. The 

southern region of western Sudan is a land of sand dunes characterized by 

relatively high rainfalls, excellent grazing potentials and more reliable 

sources of water. 

 

Jebel Marra forms ridge between the Nile Basin and Lake Chad.  The 

drainage to the Nile Basin is mostly through  Behar El Arab, while the 

drainage to Lake Chad is through Wadi Azum And Wadi Kaja. However, 
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due to the aridity, high seepage and evaporation losses, the runoff from Jebel 

Marra reaches Behar El Arab only during high rainy seasons. The streams in 

Darfur are ephemeral, usually running during and shortly after the rainy 

season. The flow records of most of these Wadis are short, discontinuous and 

have a poor quality.  Numerous Wadis originate from the high lands of Jebel 

Marra and form eight major Wadis. These Wadis and some of their 

characteristics are shown in Table(1) below: 

 

Table(1)  

Characteristics of Darfur Major Wadis 

 

State 

 

Wadi 

Name 

 

Catchment 

Area  

(km
2
) 

Annual 

Rainfall  

(mm) 

ST 

Devi 

(mm)   

Coeff 

   Of 

 V ar 

North 

Darfur 

El Ku 28000 272 113 0.43 

Howar 12200 200 84 0.42 

  

     

 

South 

Darfur 

 

 

Nyala  4080 496 135 0.27 

Negeida 3060 496 135 0.27 

 Ibra 1900 496 135 0.27 

Bulbul 4600 496 135 0.27 

Kaya  2200 496 135 0.27 

  

     

 
West 

Darfur 

Azum 36700 546 183 0.34 

Kaja 42850 465 146 0.32 

 

Table (2) below shows the rain gauging stations that represent each Wadi: 
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Table (2)  

The Rain Gauging Stations for Each Wadi 

 

State 

 

Wadi Name 

 

 

Representative  Rain Gauging 

Stations 

North 

Darfur 

 

El Ku 
ElFashir, Kutum, Mellit, Um 

Kaddada, Kabkabya, Howar 

   

South 

Darfur 

 

 

 

Nyala  Nyala,  Kas,  Idd ElFirsan,  

Ghazala Jawazat, Tulus,  Buram,  

Dereisa,             El Diean,     

Rehaid ElBirdi 

 

 

Negeida 

 Ibra 

Bulbul 

Kaya  

   

West 

Darfur 

 

 

 

Azum 

 

Garsilla,  Zalingei, Um Kheir,  

Guldo, Dankuch,  Nyertete, 

Kereinik, Kalokitting 

 

Kaja 

 

El Geneina,  Garsilla,  Um Kheir,  

Kereinik,  Kutm 

 

 

3. Reliability of Annual Rainfall in Darfur: 

 

The probability theory can be used in order to assess the reliability of annual 

rainfall in Darfur. The probability of an annual rainfall event X, to have a 

value ( X≤ x) is defined as: 

 

P(x) = Prob( X≤ x)      …….. …… …….  (1) 

 

Accordingly, the probability of an annual rainfall event (X > x) is given 

by the following: 
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Prob (X > x) = 1 -  Prob( X≤ x)    …………(2) 

                      = 1 – P(x) 

                      = Probability of Exceedence 

                      = Degree of Reliability 

Therefore, for a water supply project or an irrigation scheme, a high degree 

of reliability needed. The annual mean rainfall has a reliability of 50%. In 

other words, in one year out of two years the mean value will not be secured. 

On the other hand, an annual rainfall with reliability of 90%, will be secured 

in nine years out of ten years. 

 

In 1990 a research was conducted at the Civil Engineering Department, 

University of Khartoum in order to determine the suitable frequency 

distributions for the annual rainfall at the main cities in Sudan. In that 

research the observed relative frequency curves were compared with the 

theoretical ones for the following probability distributions: 

 

a- Normal probability distribution. 

b- Log-normal probability distribution. 

c- Extreme value type I distribution. 

 

It was found that the normal probability distribution is suitable for the annual 

rainfall. According to Normal probability distribution,  an annual rainfall, X, 

with a non-exceedence probability, P(x), is given by: 

 

   X = ū + s.y          .......... (3) 

  

           where :   ū = mean annual rainfall. 

               s  = Standard deviation of annual rainfall 

                         y  =  the variant obtained the normal probability tables. 

 

The above eq (3) will be used to calculate the annual rainfall for different 

probabilities of exceedence. The probability of exceedence represents the 

percentage of years during which the particular quantity is available.  Table 

(3) below shows the reliability of annual rainfalls for some Wadis in Darfur: 
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Table (3) 

Reliability of Annual Rainfall for Some Wadis in Darfur 

 

State 

 

 

 

Reliability 

Wadi 

 

50 % 80% 90% 95% 

Annual Rainfall (mm) 

North  

Darfur 

 

El Ku 272 177 128 86 

Howar 200 129 92 62 

  
        

South 

Darfur 

 

 

 

Nyala  

496 

 

 

  

383 

 

 

 

324 

 

 

 

275 

 

 

 

Negeida 

 Ibra 

Bulbul 

Kaya  

  
        

West 

Darfur 

 

  

Azum 546 392 311 244 

 
        

Kaja 465 342 277 224 

 

 

4. Estimation of the Annual Runoff of Main Wadis: 

 

4.1 Runoff Coefficients of Darfur Wadis: 

 

Some trials were made to evaluate the runoff coefficients, which are 

 governed by type of catchment soils, slope, soil cover, size of catchment, 

rainfall pattern etc.  This is quite important for the design of hafirs and dams 

according to the catchment yield. Table (4) below shows the runoff 

coefficient for Some Wadis in Sudan (Salih & Khadam, 1980): 
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Table (4) 

Runoff Coefficient for Some Wadis in Sudan 

 

 Wadi Catchment 

area   

(sq.km) 

 Average  

annual 

rainfall  

mm 

Average 

total flow 

cubic 

m 

Average  

annual 

runoff 

coeffic % 

1 Abu Fargha 110 575 4,772,000 7.5 

2 Galla 2300 470 17,901,000 1.7 

3 El Far 1000 649 24,825,000 3.8 

4 Shellengo 2500 649 69,962,000 4.3 

5 El Berdab 980 620 50,097,000 8.2 

6 El Batha 865 635  9,961,500 1.8 

7 Kaya 3329 595 43,100,000 2.2 

8 Wadi Ibra 1506 525 29,700,000 3.7 

9 Arbaat 4000 46.5 17,810,000 9.6 

10 Goub 296 184  6,495,900 11.9 

 

 

Omer (2007) calculated the runoff coefficients for Some Wadis in Darfur 

as shown in Table(5) below: 
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Table (5 )  

Runoff Coefficient for main Wadis in West Darfur State 

Drainage 

Basin 
Wadi 

Basin 

Area 

km
2
 

Measured 

discharge 

Mm
3
 

Rainfall 

mm 

Runoff 

coefficient 

% 

Wadi 

Azum 

Dbari Murni 11,640 150 530 2.5 

Toro 5,698 45 680 9 

Nertete 5,700 14 870 2.6 

Aribo 3,067 58 630 7 

Sanit 5,874 - 680 7 

Dedari 

Talango 
3,730 40 670 2 

Wadi Saleh 4,684 180 710 5.5 

Sub-total 40,393 487  4.7 

Wadi 

Kaja 

Sindo 4,498 - 650 5.2 

WADI 

Aradieb 
6,458 - 350 3.5 

WADI 

Aradieb-Bardi 
5,740 - 450 4.3 

WADI 

Gumera 
1,864 - 450 5.5 

WADI Arada 1,849 - 475 6 

WADI Abu 

Sunt 
7,963 - 500 6 

WADI Kaja –

Mahabas 
3,917 - 520 5.6 

Abu Surg 3,308 - 560 6.9 

WADI Kaja-

Karagora 
11,740 - 550 7.7 

Sub-total 47,337   5.6 

Azum 

+Kaja 
Total 87,730    
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4.2 Hydrologic budget  : 

  

This is the first method which describes the volumetric relationship between 

the different physical processes in the hydrologic cycle, for a particular 

period of time.  The longer the period of time the more accurate the method.  

Usually it is applied for annual values.  The hydrological budget is generally 

written as: 

 

   P - I - Q + S - ET  = 0                  ............ (4) 

  

where : P = total precipitation 

   I = infiltration 

   Q = stream discharge 

   S = change in surface and subsurface storage 

   ET= evapotranspiration 

 

 The above equation (4) holds true for balance over a short period 

 during which changes in the subsurface storage could have taken place.  

Under specific conditions some elements of the hydrological budgets can 

be eliminated because they do not affect the water balance between gains 

and losses.  Thus, on annual basis, under natural conditions with no 

significant pumping the net change in the subsurface (i.e. soil moisture 

and groundwater storage) would be negligible.  The annual hydrological 

budget could be rewritten as: 

 

P - Q - ET = 0                ………….  ......... (5) 

 

The following relationship is then used to estimate  the annual runoff: 

   V = C PA * 10
3

 (m
3
)     …..........(6) 

  

         Where: V = total annual volume of runoff 

   P = total annual depth of rainfall (mm).  

   A = Wadi catchment area (km
2
) 

   C = runoff coefficient 

 

The annual rainfalls with the different reliabilities presented in table (3) above, 
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and the suitable runoff coefficients values are used to calculate the 

corresponding annual discharge for the Darfur Wadis. The results are shown 

in table (6) below: 

Table (6) 

Annual Discharge Reliability for Some Wadis in Darfur 

  

State 

 

 

Wadi 

 

 

Catch 

Area 

(km
2
) 

 

Runoff   

Coeff 

( % ) 

Reliability 

50 % 80% 90% 95% 

Annual Discharge  ( Million  m
3
) 

North 

Darfur 

El Ku 28000 1 76 50 36 24 

Howar 12200 1 24 16 11 8 

   

         

South 

Darfur 

 

 

 

Nyala  4080 2 41 31 26 22 

Negeida 3060 2 31 12 10 8 

 Ibra 1900 2 19 15 12 10 

Bulbul 4600 2 46 18 15 13 

Kaya  2200 2 22 8 7 6 

   

         

West 

Darfur 

  

Azum 36700 3 601 431 342 269 

  

         

Kaja 42,850 1.5 299 220 178 144 

Mean 

  

 1157 800 638 504 

 

 

5. Rain Water Harvesting Practices in Dafur : 

 

Since early civilization, several methods of rain water harvesting for 

agriculture and water supply were practiced. The problem of water 

shortage in rural areas of Sudan is due to low annual rainfall and 

unfavorable distribution of rainfall throughout the year. Nomadic 

communities of Sudan have practiced water harvesting for a very long 

time in history in order to secure water supply during the dry season. 

Consequently a range of techniques to harvest every possible source of 

water has been developed. These techniques encompass methods for 



International Seminar on "Challenges in Applications of Integrated Water Resources Management" 

March 15-16,  2010, Water and Environment Centre, Sana'a University, Sana’a 

 12 

inducing, collecting, storing and conserving runoff from various sources 

and for various purposes. The main characteristics of these methods are: 

 

1) Relatively simple small scale structures built with locally  

       available building materials by skilled labor under the   

       supervision of an expert 

2) They depend on local water such as intermittent surface  

        runoff of  seasonal streams. 

3) Relatively limited amount of storage. 

 

The different harvesting techniques practiced in Sudan are briefly 

outlined below with particular reference to their design. 

 

5.1  Hafirs  

It is a machine-excavated structure that collects water during the rainy 

season to be used during the dry season. Storage capacity ranges from 

(2000 to 1000 000) m
3
. The hafir can be constructed beside the Wadi for 

water  supply. This practice is the most popular type of Wadi 

development in Sudan.  Hundreds of hafir reservoirs are  constructed in 

Sudan . 

There are different types of hafirs depending on the water source, 

prevailing conditions and soil type. 

 

Important Considerations in Hafir Design  : 

 

1) Catchment area to be harvested. 

2) Routing structure towards the Hafir  

3) Siltation Problem : 

4) Excavation Shape: 

5) Water Extraction method 

6) Reduction of Percolation and Evaporation Losses : 

7) Hafir Protection 

8) Saving Harvested Water: 

 

5.2 Embankments and Diversion structures for Irrigation and/or    

      Artificial Recharge: 
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This is done by construction of diversion structures for spreading the 

water and thus increasing the ground water recharge. Artificial recharge 

is becoming increasingly important in groundwater management in 

alluvial aquifers located under wadies or in coastal plains.  The alluvial 

deposits have good potentials for storing water.  The aquifer is recharged 

annually by direct infiltration from runoff.  In most cases the infiltration 

is limited due to the short duration of the flood and the high velocity of 

flow.  Methods adopted in Sudan for increasing groundwater recharge 

includes the following: 

- Small retention dams and ditches 

- Infiltration ditches 

- Subsurface dams of cut-off walls to intercept subsurface flow 
 

These are mainly used for flood irrigation in order to divert the water to 

and spread it in the irrigation fields near the flood plains. Flooding can 

either be wild or controlled flooding. Water is mainly stored as soil 

moisture in the soil. The length of the embankment ranges from .5 km 

to 4.5 and the height ranges from 1 to 3 m. Irrigated areas range from 

10000 to 250000 feddans. 
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Figure (2): Embankments and Diversion structures 

 

 

Figure (3): Embankments and Diversion structures 
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Design Criteria for Embankments 

 

- Safety against overtopping by provision sufficient spillway or 

outlet capacities. 

- Slopes must be stable under all conditions. 

- Seepage must be assessed and controlled by power compaction. 

- Protection against erosion. 

- Protection for piping. 

 

Across The Wadi (Sub-surface Storage Dam) : 

 

Impermeable check-dams are founded well into the silty layer and 

protrude above the sand layer.  These check-dams have several 

functions.  Of importance is the reduction of the slope conditions over 

the area utilized.  Small ponds will develop behind the dam wall 

especially during the first year with flood.  Sooner or later it will all be 

levelled out by sand.  This means increased recharge and increased 

groundwater storage as well as reduced horizontal groundwater 

transport.  More groundwater is hence available for storage in the 

ground. 

 

Infiltration trenches or infiltration wells is in direct contact with the 

possibly soaked sand during flood.  The sand bed conducts the 

groundwater towards the sinkhole and the water can later be introduced 

to the silt-layer as well as the weathered rock zone for storage via these 

trenches.  The infiltration trenches or wells must be refilled with coarse 

material – stones or gravel mixture.  The hydraulic conductivity is hence 

kept at the highest possible level.  The composition of the backfill in the 

infiltration structure must be such that sand and fines only at the 

minimum can move into the transporting area and clog the trench/well. 

  

5.3 Small Earth Dams : 

 

Small earth or rock-fill dams and are used extensively in Sudan and as 

means of harvesting storage water of watercourses or seasonal streams 

(Wadis) during flood seasons to be used during the dry period.  Small 

dams could serve other purposes such as: 
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1) Flood protection. 

2)  Water retention to enhance artificial groundwater recharge in alluvial 

aquifers underlying Wadis.  

 

 

  

Figure (4): Small Earth Dams 
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Figure (5): Small Earth Dams 
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Figure (6): Small Earth Dams 
 

6. Management of Water Harvesting Systems in Darfur  

The lack of comprehensive and integrated water resources management plans 

and policy guidelines can be seen in the following issues:  

 Lack of legislative framework for IWRM 

 Lack of coordination among the stakeholders and water sectors.  

 Poor public awareness in the field of water uses. 

 Absence of economic measures and cost-effectiveness. 

  Venerability to pollution 

 Poor integration and linkage of water with other natural resources. 

 Lack of water resources monitoring systems. 

 Poor and ineffective water governance system and institutions. 
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 No integration or conjunctive use of surface and groundwater, despite the 

presence of the two resources at a number of basins. 

 

For a proper water resources management of the harvested water the following 

measures are usually taken: 

 

1- The off-take pipe from the reservoir would be located at a height   

      of 1.5 m above the ground level . This will leave a dead storage for        

      silt accumulation and thus increase the life time of the reservoir. 

2- The off-take pipe is connected to a slow sand filter and a chlorine   

      unit  

3- Trees will be planted around the earth dam in order to reduce the   

      wind speed and hence the evaporation. Also the trees will protect  

      the reservoir from been buried by the moving sand dunes 

4- Proper ground reservoirs for the animals would be located along   

      the supply line to protect the pipe from destruction by the nomads 

5- Small earth dams should be constructed across the upstream    

      branches to  reduce siltation . 

6-   The following components of the earth dams should be properly designed: 

a.  The Earth Embankment 

b. The Spillway system to get rid of extra flood water. 

c. The Sluice-Gate System for silt control.                 

 

 

7. Conclusions: 

 

Numerous Wadis originate from the high lands of Jebel Marra and form eight 

major Wadis. The water resources of these Wadis are very rich. As shown 

above, the annual mean discharge these eight major Wadis amounts to 1.16 x 

10 
9  

(m
3
). On the other hand, their annual discharge with 90 % reliability 

amounts to 638 x 10 
6  

(m
3
). If these large surface water resources together the 

alluvial water resources are explored, developed and utilized carefully, they 

will certainly contribute significantly to the welfare, peace and stability of 

Darfur region. 
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