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ABSTRACT 
 
Over two million internally displaced persons (IDPs) 
are present in the three Darfur States. They depend 
on groundwater from alluvial and fractured 
basement aquifers as the main source of water 
supply to secure their daily demands.  
 
The study is mainly oriented to investigate the 
groundwater resources in the IDPs camps and the 
hosting communities around Nyala Town, which 
represents one of the main IDPs settlements in 
Darfur region. The study is based primarily on 10 
electronic logger’s records in addition to the manual 
measurements and the analysis of the existed 
hydrogeological and hydrological data. The outcome 
of the present study indicates that only a little 
amount of the total precipitation replenishes the 
groundwater aquifers.  
 
The alluvial aquifers are vastly replenished through 
direct infiltration from precipitation and surface 
runoff. The fractured basement aquifers are 
characterized by less groundwater storage capacity 
compared with the alluvial aquifers; they show good 
fractures conductivities that reflected on the 
continuous rising of the water table after the rainy 
season. 
 
 The current investigations indicate that there are no 
problems for the camps and hosting communities 
who depend for water supply from on the alluvial 
aquifers of Wadi Nyala that is annually replenished 
by about 13 million cubic meters. Nevertheless, the 
camps that depend on the fractured basement 
aquifers are considered vulnerable and subjected to 
groundwater deterioration.  
 
1. INTRODUCTION 
 
The working agencies in the water sector of Darfur 
Region observed that there are deficiencies in water  
 
 
 

 
 
supply in some high populated camps due to the 
drought and high extraction rates, (Tearfund

’
s, 2007; 

UNEP, 2007; UNICEF, 2009). These indicators raise 
some questions about the availability of the water 
resources at these vulnerable zones that need more  
 
 
investigations in the short and long run to sustain the 
water supply for these camps and the hosting 
communities and for the implementation of the 
contingency planning. 
 
Groundwater deterioration is expected due to the 
high extraction rates from the limited groundwater 
storage in water bearing zones, since most IDPs 
camps are located in basement terrains. In these 
terrains the aquifers are of limited storage capacity 
and of direct relation with the prevailing climatic 
condition, so they are affected by the rates and 
duration of annual rainfalls.  
 
1.1 The study area  

 
Darfur region lies in western Sudan adjacent to 
Chadian and Central African Republic boundaries. 
The study area is around Nyala Town in South Darfur 
State. It is bounded by latitudes; 8

o
 N to 20

o
 N and 

longitudes 22
o
 E to 27

o
 30

//
 E. (Fig. 1). This area 

includes six IDPs camps, namely: Otash, Deraig, 
Kelma, Sakali, Beleil and El Salam (Fig. 2). 
 
The average annual rainfall in Nyala area is about 
400 mm with average temperature during summers 
of about 36°C, decreases to less than 20°C during 
winters. The temperature shows wide variations 
through the year and also during the day time. The 
most important studies conducted in the study area 
for groundwater exploration and assessment are: 
WAPS (1982), RTF (2006), Tearfund’s (2007), UNEP 
(2007) and UNICEF (2009). 
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Figure 1. Location map of the study area 

 

 

Figure 2. Location of the IDPs camps and installed loggers 

 

 
1.2  Aims and objectives of the study 

 
The study is carried out to monitor and evaluate the 
groundwater resources in Nyala area especially in 
the high groundwater extraction zones at the IDPs 
camps and the hosting communities around Nyala 
Town.  
The specific objectives are to: 
 

 investigate the groundwater fluctuations in 
the study area. 
 

 estimate the storage capacity of the 
aquifers. 

 

 study the groundwater balance considering 
the recharge – discharge values. 

 
 
1.3 General geology and hydrogeology 

 
The Precambrian basement rocks in Darfur Region as 
well as in NE Africa comprised two distinguishable 
groups: the high - grade gneisses and migmatites 
representing the old crystalline basement which 
belongs to the Saharan Metacraton (Abdelsalam et 
al., 2002); and the meta-volcanosedimentary 
sequences that belong to the island arc assemblage 
of Pan African age. Both groups have been intruded 
by syn– to late– and post–orogenic granites (Vail, 
1988 and 1989).  
 
The study area around Nyala Town is dominated by 
syn to late orogenic granitic rocks overlain by 
superficial deposits. Baggara basin extends as NW –
SE trough located to the south of the study area, 
which is occupied by Cretaceous sediments that are 
overlain by the Tertiary deposits of the Umm 
Ruwaba Formation (Salama, 1997). Jebel Marra 
Volcanics and the related volcanicity in the region 
represent prominent geological events in the Tertiary 
time related to the East African Rift System (Fig. 3). 
The Recent sedimentary deposits such as the Alluvial 
and Aeolian deposits blankets most of the previous 
rock units in the area. 
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Figure 3. Geological map of the area around Nyala Town 

 
The main groundwater aquifers in the study area are 
represented by the alluvial sediments, such as Wadi 
Nyala and the dominant weathered/fractured 
basement aquifer. The groundwater potentialities 
and qualities in the basement terrains are controlled 
by rock composition and the annual recharge rates.  
 
 
1.4 Meteorology and streams runoff 
 
Darfur Region is situated within arid to semi-arid 
climatic conditions, where the average rainfall is less 
than the average potential evapotranspiration. 
However, Jebel Marra highland represents a climatic 
border, by which the southwestern part received 
much rainfalls caused by the inter-tropical 
convergence zone, which comes from southwest 
direction and brings rain to the most areas of Sudan 
from late June to September. The average annual 
rainfalls in Nyala area is about 400 mm. 
Approximately 85% of the total amount of 
precipitation is lost due to evaporation during the 
rainy season. 
 
 The monthly average rate of precipitation during the 
rainy season is about 150 mm, where the monthly 
average evaporation rate during this period is around 
127 mm (Fig. 4 and 5). The average annual discharge 
of Wadi Nyala is calculated to be 40 million m

3
 

through the period from 1999 to 2009 (Fig. 6).  
 

 

Figure 4. The annual average precipitation in Nyala Town 

 

 

Figure 5. Monthly average rainfall and evaporation rates in Nyala 
Town 
 

 

Figure 6. Total annual discharge of Wadi Nyala (Domaya gage 
station) 

 
2. ASSESSMENT METHODOLOGY 
 
The utilized data within the frame of the present 
study includes: published and unpublished reports 
and studies carried out in the study area, 
meteorological data, runoff measurements, 
hydrological and hydrogeological data. The digital 
data involve geological and topographical maps, 
Shuttle Radar Topographic Mission Data (SRTM) and 
Landsat imageries.  
 
The work methodology was designed to achieve the 
objectives of the study. It consists of the following: 
 
2.1 Field Work 
 
Field visits have been conducted during the study 
period extended from June 2007 to June 2009. The 
field work was devoted for the collection and 
download of the logger’s data, for manual 
measurements and collection of borehole data using 
GPS and water level measuring instruments. The field 
work was guided by base maps and satellite images.  
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2.2 Data Analysis 
 
A number of computer software packages were used 
during the present study including: Seba Logger 
Installation software, in addition to software for 
hydrogeological data analysis, Landsat image 
enhancement, navigation, and GIS for data 
manipulation, analysis and map production.  
 
3. RESULTS AND DISCUSSIONS 
 
3.1 Groundwater levels monitoring 
 
Groundwater levels monitoring in the region was 
established through electronic loggers and manual 
measurements. The groundwater level monitoring 
are concerned with the two main aquifers types in 
Nyala IDPs area that consist of Wadi Nyala alluvial 
aquifers and the weathered/fractured basement 
aquifers at Otash, Deraig, Kelma and El Salam IDPs 
camps, (Fig. 2).  The Logger No. 132 was installed in 
Wadi Nyala alluvial aquifer.  
 
The readings of this logger indicate that there is 
strong relationship between groundwater level, 
precipitation and stream runoff. During July and 
August the water table rises to the level of 2 meters 
depth from the ground surface as a result of 
precipitation and the surface water runoff, then 
started to decrease to reach the maximum depth of 
4.5 meters from the surface with a total drop of 2.5 
meters. The long term monitoring records indicate 
an average annual replenishment of about 5.5 
meters rise in the alluvial aquifer (Fig. 7).   
 

 

Figure 7. Groundwater level fluctuation, Elneem Forest, Wadi 
Nyala, Logger No. 132 

 
The fractured basement aquifers were monitored at 
Otash, Deraig and El Salam camps. In Otash camp the 
groundwater level measurements indicate a strange 
water level trend, in which the water level rises in 
the dry season (April - June) and drops in a harmonic 
cycle of about 1.5 meters during and after the rainy 
season (Aug.- Feb.; Fig. 8). This phenomenon 
indicates that the fractures system is of large  

 
 
 
extensions and the groundwater need some time to 
reach this area. 
 

 

Figure 8. Groundwater level fluctuation at Otash camp, Logger No. 
136 

 
In Deraig IDPs camp that is underlain by basement 
rocks, the monitoring records show continuous 
groundwater drop during the last three years from 
about 37m below surface to about 47m with total 
amount of 10 meters drop, (Fig. 9). In El Salam IDPs 
camp, the population depends on the 
weathered/fractured basement aquifer that annually 
replenished by the running surface water and the 
direct precipitation. The water level data from the 
logger No. 134 indicate that the water level rises 
during and after the rainy season from 27 meters to 
17 meters below the ground surface, then started to 
drop in dry season (Fig. 10).   
 

 

Fig. 9. Groundwater levels trend in Deraig camp using manual 
measurements 

 

 

Fig.10. Grondwater level fluctuatiob in Elsalam camp, Logger No. 
134 
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3.2 Groundwater assessment 
 
The average daily water consumption in the study 
area was calculated by dividing the total water 
volume discharge per day over the total camps’ 
population. These calculations show an average 
consumption of 15 L/Capita/day. The water 
production at some camps in South Darfur satisfy the 
Sphere Standard for the Emergency (15 L/C/d), 
however, in other camps the water production for 
the community is below the satisfactory level (Table 
1). The groundwater assessment was done through 
the calculations of groundwater storage capacity, 
groundwater discharge and annual aquifers recovery.  
 
Table (1): Water Consumption rates at the IDPs 
camps around Nyala Town, South Darfur 

Camp Population 

Average 
daily 

discharge 
(m3/day) 

Annual 
average 

discharge 
(m3/year) 

Average 
consumption 
(L/Cap/day) 

Deraig 32500 430 156950 13.2 

Otash 62000 1010 368650 16.3 

Sakali 5500 85 310250 15.5 

Kelma 100000 1085 396025 10.9 

El Salam 33400 640 233600 19.2 

Total 233400 3250 1186250  

 
3.2.1 Wadi Nyala Alluvial Aquifer 
 
To calculate the storage capacity (S) of Wadi Nyala 
the following formula was used: 

S = D.A.Sy% 

Where;  
D is the saturated aquifer thickness,  
A is the aerial extension of the aquifer and  
Sy% is the specific yield. 

 
The area of the alluvial aquifer of Wadi Nyala was 
evaluated from remote sensing data to be about 12 
km

2
.
 
The renewable average saturated thickness was 

calculated as 5.5 m from monitoring data. The Sy% 
for the course to medium sands which are the 
dominant sediment types in Wadi Nyala is about 
20%. The total storage capacity of Wadi Nyala alluvial 
aquifer is: 

S = 5.5 m x 12000000 m
2
 x 20% = 13.2 x 10

6
 m

3 

Therefore; the total storage capacity of the alluvial 
aquifer of Wadi Nyala is calculated to be about 13 
million cubic meters.

 

 
 
Nyala Town and some adjacent IDPs camps such as 
Sakali camp depend on Wadi Nyala aquifer for water 
supply. The town water consumption is about 16000 
m

3
/day (5840000 m

3
/year) with average rate of 20 

L/Capita/day, in addition to about 170 m
3
/day 

(62050 m
3
/year) consumed by the IDPs from Wadi 

Nyala alluvial aquifer. The total annual groundwater 
withdrawal is equal to the rate of 6 million cubic 
meters. Uncalculated loses volume of groundwater is 
expected due to the evapotranspiration, agricultural 
activities and through the groundwater seepage, 
(UNICEF, 2009). 
 
3.2.2 Basement aquifers 
 
The Otash, Deraig and Kelma camps were taken as 
examples to assess the groundwater balance of the 
basement aquifers. 
 
3.2.2.1 Otash and Deraig camps 
 
Otash and Deraig camps are located on rocky 
basement area north east of Nyala Town, in which 
the population depends on fractured and weathered 
basement aquifers for water supply. The aerial 
extension of this aquifer was evaluated to be 10 km

2
 

(Fig. 2), the fractured zones were estimated as 10% 
of the total area, the average saturated water zone is 
15 m as depicted from the water level records. Since 
the Sy% for fractured basement aquifers is about 5% 
(Singhal and Gupta, 1999), then the storage capacity 
(S) is: 

S = 15 x (10000000 x 10%) x 5% = 750000 m
3
 

The annual groundwater extraction in the two camps 
is estimated at about 526000 m

3
 (Table 1). The 

annual water consumption constitutes more than 
70% of the storage capacity of basement aquifer in 
these camps. Other considerable volume of water is 
lost from the aquifer through evaporation and 
groundwater seepage.  
 
3.2.2.2 Kelma IDPs Camp 
 
Kelma camp is located on a buried channel east of 
Wadi Nyala. The aquifer is composed of fractured 
and weathered basement overlain by alluvial 
sediments.  
 
The area of the aquifer in Kelma camp is calculated 
to be about 8.25 km

2
 (Fig. 2),

 
the average saturated 

thickness is about 10 m. The average Sy% for the 
fractured basement is 5%, the lateral aquifer 
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extension estimated as 20% of the total area, then 
the total storage capacity in Kelma area is: 

S = 10 m x (8250000 m
2
 x 20%) x 5% = 825000m

3 

Kelma IDPs camp water consumption was estimated 
to be 1085 m

3
/day, with average rate of 11 

L/Capita/day. The total discharge volume of water 
was calculated to be in the rate of 400000 m

3
/year 

(Table 1).  
Accordingly, about 50% of the aquifer storage 
capacity is annually extracted through pumping. 
Other quantities are expected for evaporation loss. 
The total volume of water that consumed by the 
camp’s population in Nyala territory was estimated 
to be 3250 m

3
/day that reaches the value of 1186250 

m
3
/year, in addition to about 16000 m

3
/day 

(5840000 m
3
/year) represents the total groundwater 

discharge for Nyala Town.  
Based on the above calculations, the total annual 
groundwater extraction from the alluvial and 
fractured basement aquifers in the area reaches the 
value of 7 million m

3
/year, approximately. 

 
4. SUMMARY AND CONCLUSIONS 
 
The assessment of water balance at conflict affected 
communities (IDPs camps, hosting communities, 
refugee areas, nomads areas and Child Friendly 
Communities Initiatives, CFCI) is very important to 
sustain the water supply and for the future planning. 
The water production at some camps in the study 
area is satisfying the Sphere Standard for the 
Emergency, but in some camps the water production 
for the communities is below the satisfactory level.  
 
Analysis of water levels monitoring data revealed 
that the alluvial aquifers are rapidly recovered during 
the rainy season such as Wadi Nyala, which abode 
good groundwater storage capacity. The fractured 
aquifers that supply some camps exhibit limited 
groundwater storage, though they prove high 
conductivity rates. Wadi Nyala is capable of 
sustaining the town and the adjacent camps when 
good rainfalls rates are secured.  
 
Generally, the camps located near the alluvial aquifer 
have no problem in water supply, where others 
camps that depend on the fractured basement 
aquifers such as Otash, Deraig and Kelma camps 
need to set more control on the available resources. 
In these camps, 50% to 70% of the aquifer storage 
capacity is lost due to pumping.  
The utilization of the available surface water in the 
area is very important through the water harvesting 
techniques to sustain the water supply. The 

constructed surface water bodies in addition to 
securing direct water supply can play an important 
role in groundwater recharge. 
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