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ABSTRACT: 
 

El-Zaidab Agricultural Scheme; River Nile State; 
Sudan,is located between latitudes 17°20′–17°40′N and 
longitudes 33°45′–34°00′E at the western bank of the 
River Nile and holds one of the oldest agricultural 
schemes for cotton production in Sudan (1902). Citrus 
have been extensively introduced in the scheme during 
the last three decades. Farmers had suffered during 
the last decade from a continuous subsurface water 
uprising that caused significant damages to buildings 
and gradual death of citrus trees. The objective is to 
find the real cause of El- Zaidab subsurface water rise. 
Soil samples were collected and physically analysed. 
The Lithology of 22 neighbouring wells was reviewed. 
SRTM 90m DEM was used in deriving hydro-
geomorphic features. Satellite data were interpreted 
including MSS/1972, TM/1987 and ETM+/2000 of the 
Landsat series in addition to AVNIR2/2011 of the ALOS 
satellite for spatiotemporal analysis and landuse 
monitoring.  

Advanced RS/GIS techniques were applied in 
processing, analysing, classifying, visualizing and 
developing the relevant maps. A postulation was 
formulated about the problem, attributing it to the 
excessive irrigation practices, associated with the low 
infiltration rates of Elzaidab’s soils in addition to the 
conflict that existed between landuse practices and 
geomorphic processes in the study area. Analysis of 
data, visualization and interpretation of maps clearly 
revealed that, Elzaidab scheme was formed as fluvio-
floodplain(Elmahal,2013), this geomorphic unit is a 
composite of abandoned islands, channels and sand 
bars added continuously to the west bank while the 
main River channel is moving eastwards. It was found 
that, the scheme is bisected by an irrigational canal 
hindering the flow of the excessive water through the  

 

 

paleo channels to the northern part of the                                                                                       
Scheme. A pathway through an inverted siphon was 
recommended to drain the excessive water; coincident  

with the existing paleo channels and passing under the 
major canal in addition to improve the current 
irrigation practices. 

1. INTRODUCTION 

El-Zaidab Agricultural Scheme, River Nile State; Sudan, 

is located between latitudes 17°20′–17°40′N and 

longitudes 33°45′–34°00′E at the western bank of the 

River Nile(Figure.1) and holds one of the oldest 

agricultural schemes for cotton production in Sudan. 

 The  area is under arid climate (Figure.2), classified by 

(Harrison & Jackson, 1958) described as  of semi desert 

ecological zone, which is characterized by the scarcity 

of rainfall and vegetation, (Thornbury, 1993).  

Because of its high revenue, citrus gardens have been 

expansively introduced in the scheme during the last 

three decades.  

 

Figure1: Location of the study area 



 
 __________________________________________________________________________________ 
 

______________________________________________________________________________ 
   Page 48                                                   International Journal of Geosciences and Geomatics, Vol. 2, Issue 2, 2014,ISSN:2052-5591 

 

 

Since 2000, Elzaidab farmers started to suffer from a 
continuous subsurface water uprising that caused 
significant damages to buildings and gradual death of 
citrus trees(Elmahal,2013).  

Farmers in Mesopotamia ,5000 years ago and modern 
farmers of California’s San Joaquin faced similar 
problems of soil water rise( Manning,1997).  

Although the reasons of water rise are very different 
than that of Elzaidab Scheme, but the impacts 
remained the same. 

The River Nile at the study area is a sinuous river with a 
Sinuosity Index (SI), 1.094, is neither straight nor a 
meandering one(Elmahal, 2013).    

At the study area, the River Nile is a dynamic migratory 
stream and tends to shift its location as a clear 
indication of maximizing the energy efficiency while 
balancing energy expenditures over its length 
(Mount,1995), which is more illustrated by the 
simultaneous processes of erosion and deposition at 
the outer and the inner curves of the River banks.  

The migration of the river could probably be attributed 
to a tectonic movement in the area.  

Sand deposits in the channels between the islands and 
the recent floodplains enhance the deposition of silt to 
fill the channel between the islands and the 
floodplains.   

The visual interpretation of the satellite imageries from 
1972-2011, showed that, El-Zaidab flood plains are 
formed by lateral accretion processes with the islands 
being added to the 
floodplainscontinuously(Elmahal,2013). 

 

   1.1 Objectives of the study are the following: 

 (1) To understand the fluvial geomorphological 
settings in relation to landuse practices in the area. 

 This in principle could help in detecting the negative 
impacts and the contradictions that might happen 
between landuse and fluvial geomorphic processes, 
specifically in El-Zaidab area. 

 

Figure 2: Monthly average temp and rainfall in the study area, 
indicating that the area is under arid climate and the moist period 
reaching its peak in August. 

(2) To find the real cause of El-Zaidab soil water rise 
and 

 (3) To provide sustainable solutions to El-Zaidab soil 
water rise. 

1.2 Geomorphological and Geological Settings: 

As described by (Fadul, 1976), the study area can be 
divided into : (1)Nile flood plains, (2)Atbara flood plains 
, (3)Low plains, (4)Gently undulating plains, (5) Wadis 
and(6)Rock outcrops. 

According to the provided geological map (Figure 3), 
generally the area is covered by recent alluvium wadi 
deposits under-lain by the Basement complex rocks of 
Precambrian age which outcropping at different parts 
within the study area but mainly west of Atbara city at 
the NW part of it.  

The most important rocks of the meta-sediments are 
marbles which are extensively used in buildings and 
constructions. The area between Jebel Um Ali and 
Atbara(Figure 1) is filled with Nubian sandstones of 
cretaceous age outcropping at different sites  at Um 
Ali, Ageida, Elfraikh  and many other hills scattered at  
different geographic locations of the study area east 
and west of the River Nile.  

The sequences in the area provide a well-known 
potential ground water resource which is the Shendi-
Atbara basin. Mudstones are dominant formations 
under the surface, rarely outcropping, but 
disintegrated at different locations of the study area.  

Moreover, those mudstones are to a high extent in 
addition to the excessive water used in irrigation 
played a negative role in El-Zaidab water rise problem, 
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as they hindered the water from soaking to the layers 
underneath.  

 Imprints of structural control were found at the 
western part of the Study area as in (Figure 4) 
expressed a very anomalous direction as it passes from 
the north to the south in a very unusual way presented 
in yellow colour. 

 

 

Figure 3: Geological map of the study area. 

 

 

  Figure 4: Structural control over the study area, notice the direction 
of the drainage in yellow is opposite to the normal direction and is 
an indication for a probable structural control over the area. 

1.3 Hydrology:  

 The River Nile at the study area, following its single 
channel from Qabati town up to   Atbara city (Figure 5), 
is neither a straight channel nor a meandering one, but 
it showed a clear sinuosity with a calculated sinuosity 
index of 1.094.  

The study area is always subject to annual flooding. In 
addition to the River Nile, the major Wadis at the 

eastern and the western banks of the river Nile 
represent major sources of water and sediments 
supply. All Wadis and Khors are intermittent water 
courses around the study area and provide a worthy 
quantity of water, replenishing the ground water 
resources at the area during the rainy season. But, at 
the same time some of them have a very devastating 
nature, affecting the roads and villages in an annual 
periodical manner. 

 There are many wells representing an important 
source for water in the villages far from the River Nile. 
The lithology of the boreholes is well documented at 
the Water Administration in Ed-Damar town. The 
western part of the study area is very different than 
the eastern part of the River Nile which is 
characterized by hilly land and older clay basins of the 
Nile associated with abandoned channels and plains. 
The eastern part of the Nile is characterized by recent 
alluvial plains and desert plains. At the western part of 
the River Nile, especially at Waheeb and El Raw areas, 
where the problem of Elzaidab water rise is severe, the 
recorded lithological data showed there are no surface 
aquifer and the main aquifer where fine sands 
preserve water is at the depths of more than 400 ft 
(Khairallah & Abdel Rahim ,2002) 

1.4 Landuse:  

Geomorphology and geomorphological processes are 
interrelated to climate, geology and landuse 
(Mount,1995). Fadul (1976) reported that, the study 
area is divided to two main landuse types which are: 
Riverine and Non-Riverine landuse. 

1.4.1 Riverine landuse:  

The alluvial  deposits of the River Nile can be 
subdivided into Gerf , Sagia cultivations “traditional 
irrigational methods" in addition to pump irrigation 
landuse in the composite floodplain as in Elzaidab 
Scheme.. 

1.4.2 Non-Riverine landuse: 

This represents the humans’ activities away from the 
rivers, which is mainly managed by nomadic tribes as 
grazing land.  

Another important issue affecting the area is the 
construction of Merowe dam, which consequently led 
to the migration of El-Manasir population to be settled 
at Wadi El-Mukabrab with the establishment of El-
Mukabrab scheme in Ed-Damar locality (Figure 1) 
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1.4.2 Sinuosity Index of the River Nile at the Study 
Area: 

Sinuosity Index “SI “= Length of Channel Axis/Length of 
Meander Belt Axis 

       SI = 81405.54/74395.43 = 1.094  

 

  Figure 5: Sinuosity of the River Nile in the Study Area.  

As per the calculated SI, the River Nile at the Study 
area is neither a meandering nor a straight channel but 
rather a sinuous channel.  

 
1. Materials and Methods  

In this study a variety of data were collected from 
different sources and by different methods (Figure 6). 
All the satellite imageries were clipped to the extent of 
the  

 

 

Figure 6: Data Acquisition and Methods 

Study area. The ASTER data comes in HDF format, with 
3 bands in AVNIR2 and 5 bands in the TIR. 
Unfortunately the SWIR is not available at this package. 
Different satellite imagery were used in this study 

varying in spectral specifications and geographic 
extents. 

Landsat images are freely obtained from 
(http://glovis.usgs.gov/).Path 173; Row 048 was 
selected in representing the study area. In this study 
the data from 1990, 1995, 2000 and 2003 years were 
utilized in mapping landuse, landcover and detecting 
their temporal changes within the study area. The data 
proved to be useful in verifying the results of the 
automatically derived landforms and hydro-
geomorphic features.   

AVNIR2 data were used in this study. As described in 
ALOS data users handbook, AVNIR-2 obtains high 
resolution image data(10m) in four bands of the visible 
and near infrared with the following specifications, 
channel 1: 0.42 – 0.50 μm ,channel 2: 0.52 – 0.60 μm, 
channel 3: 0.61 

SRTM 90m DEM, processed, subset sinks were filled 
was found useful in deriving primary and secondary 
topographic attributes as well as in deriving hydro-
geomorphic features and understanding the drainage 
systems in the area.  

Satellite data were reviewed including MSS/1972, 
TM/1987 and ETM+/2000 of the Landsat series in 
addition to AVNIR2/2011 of the ALOS satellite for 
spatiotemporal analysis and land use monitoring.  

Advanced RS/GIS techniques were applied in 
processing, analysing, classifying, visualizing and 
producing the relevant maps.  All the satellite image 
data clipped to the extent of the study area. Different 
satellite imageries were used, varying in spectral 
specifications and geographic extents . 

The satellite imageries used in the temporal analysis, 
provided a period of 39 years with three major 
intervals, 1972-1987, 1987-2000 and 2000 up to 2011, 
during which an extreme change happened in land use 
practices.  Different software applied to process and 
analyse the data like: 

 (a) 3DEM, for DEMs visualization and Sub-settings. 

 (b)ENVI 4.8, which was utilized in digital image 
processing and analysis. 

and(c) ARCGIS 9.3, which was utilized in geospatial 
analysis and map production. 

Soil samples were analysed. Log profiles and Lithology 
of 22 neighbouring wells were reviewed. 

http://glovis.usgs.gov/
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2.   Results and Discussion 
 

3.1 Active Islands in The Study Area: 

Wyrick (2005) defined a fluvial island as a land mass 
within a river channel that is separated from the 
floodplain by water on all sides, exhibits some stability, 
and remains exposed during bank full flow. It is a 
landform elevated above and surrounded by stream-
channel branches or waterways, that persists 
sufficiently long to establish permanent 
vegetation(Osterkamp,1998) Following the definitions 
mentioned above, the study area contains at least 15 
active islands as extracted from ALOS satellite data 
dated 2011(Table 1). 

 

Table 1: Data of active islands in the study area. 

All islands in the study area are elongated in shapes; 
with an average aspect ratio of 5.5, i.e., the average 
length of the island is 5.5 times its width.  

The high aspect ratio indicates the direct work of 
erosion by the River Nile at the sides of the islands 
continuously as well as indicating the geographic 
direction of the water flow. 

3.2 Formation of El-Zaidab Floodplains: 

As elaborated by (Ritter et al. 1995), lateral and vertical 
accretions are the two dominant fluvial processes 
accepted in the development of floodplains. Channel 
substratum deposits are the direct products of the 
lateral accretion and overbank top-stratum deposits 
are the direct products of the vertical accretion 
processes (Thornbury,1993).  

Studying the satellite imageries of the Landsat series 
1972-2000 and ALOS data 2011 ( Figure.7(a-d)) , it is 
possible to interpret the followings:  

 

 

 

 

Figure 7(a):  Shadenab Island in 1972 a completely isolated island 
from the inland as could be seen from the MSS 

 

Figure 7(b):  Shadenab Island getting closer to the inland in 1990, 
with with the water pathway getting narrower. 

 

Figure 7(c):  The southern part of the water pathway started to close 
with the water pathway getting narrower. 
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Figure 7(d):  Shadenab island was completely added to the inland to 
contribute to Elzaidab floodplains. 

1. Erosion and deposition are the most dominant 
geomorphic processes noticed very clearly and 
simultaneously at El-Zaidab area.  

2. Point bar deposits in the channel between the 
island and the existing floodplains enhanced the 
deposition of silts and clays to fill the channel 
between the island and the floodplain.  

3. The River Nile is a dynamic migratory meandering 
stream at the study area and tends to shift its 
location depending on the position and the 
situation of the formed islands (Figure 7.d).  

4. It is very clear in Elzaidab Scheme, that, the 
movement is happening through the lateral 
migration of the river channel. 

5. Elzaidab Scheme is a composite of abandoned 
islands, channels and sand bars added continuously 
to the west bank, while the main River channel is 
moving laterally eastwards by eroding the east 
bank.  
 

3.3 Supportive Evidences  

This assumption, that, Elzaidab Scheme is a 
composite flood plain, could be supported by the 
following evidences: 

 There is a difference in texture of soil types 
between abandoned channels and abandoned 
islands of the study area as in (Figure 8). The soil 
texture in the abandoned channels was found to be 
sandy while the texture in the abandoned channels 
found to be silty clay loam (Figure.8) 

 The subsurface depths are lower in the abandoned 
channels and deeper in the abandoned islands 
(Figure.8).  

 The transverse elevation profiles indicates that 
there are imprints of abandoned channels with  low 

elevations and abandoned islands with high 
elevations as in (figure 9) 

 

Figure 8:  Soil types and water depths in the study area. 

 

 

Figure 9: Interpretation of the abandoned channels (ac) and 
abandoned islands (ai) from the elevation profiles extracted from 
SRTM data. 

3.4 Geomorphic Processes and Human Interventions: 

The current situation of the damaged citrus farms in El-
Zaidab Scheme is illustrated in (Figure 10), which is 
delineated from an ALOS imagery data dated 2011 .The 
measured area of the damaged farms was estimated to 
be 3.3 km² out of 5.7 km² and representing 58% of the 
total area. It is important to notice that, the southern 
part of El-Zaidab Scheme is more affected than its 
northern part. 90% of the damaged citrus was found to 
be in the southern part of the scheme. Interpretation 
of (Figure 10) indicates the following facts: 

 The trends shown by the damaged farms probably 
represent a paleo river channel.  

 The damaged farms possibly, placed on a paleo 
thalweg, which represents the lowest elevation 
points in the River Valley. 
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 The unblocked abandoned channel at the northern 
part of the scheme played a very important role in 
draining the excessive water away from the vicinity 
of the citrus farms to Nimra Ashra (Figure 10). 
 

 The same abandoned channel blocked by an old 
irrigational canal at the southern part of the 
scheme, which hindered the water to flow to the 
northern part   of the scheme (Figure 10). Although 
the irrigational canal is excavated in 1902 
compared to EL-Zaidab Soil Water Rise Problem, 
but the landuse had changed tremendously by the 
introduction of the citrus plants in the scheme. The 
landuse change, negatively, impacted by excessive 
water used in irrigating the citrus , which is not the 
case in 1902  and resulting in a clear conflict 
between the landuse and the natural geomorphic 
processes. 

   

 

Figure 10: The major canal is obstructing the excessive water flow to 
the northern part of the scheme.  

It can be concluded from (Figure 10), that, the citrus 
orchards in the northern part of the scheme are slightly 
affected because the farms have a natural drain to the 
River Nile. While the citrus orchards at the southern 
part of the scheme are severely affected because the 
natural drain is hindered by the irrigation major canal 
of El-Zaidab agricultural scheme to drain the excessive 
water. 

 Manning (1997), in different contexts, discussed the 
complication of solving the water rise problem, if 
doesn’t handled with care it will end up with disastrous 
results. In El-Zaidab case, the permeability of the soils 
is very low as it could be interpreted from (Figure11), 
consequently, the impermeable soils couldn’t allow the 
excessive water to drain deep to the ground water.  

Farmers of El-Zaidab eventually are in trouble, because 
their fields became waterlogged.  

 

 

Figure 11:  The high content of silt and clay in the study area is a 
good indication of impermeablity in Elzaidab Scheme, cross check 
the legend with figure 8.   

 

However, concerning EL-Zaidab Soil Water Rise 
Problem, there are two ways of draining the excessive 
water, either to drain it through digging wells to 
capture the excessive water or to make use of the 
existing thalweg of the paleo channel, in which the 
water already started to collect. 

 In this study we do support the idea of draining the 
excessive water through the existing paleochannel, it is 
economically feasible and environmentally safe if 
compared to digging unknown number of wells with 
very specific casing criteria, probably fibre glass and 
possibly will pollute the underground water.  

Therefore, draining out the excessive water from the 
Southern part of the scheme should be carried out 
with care. 

 The recommended pathway through the paleochannel 
should include an inverted siphon” sag line”(Figure12). 

The inverted siphon will be used to convey the 
excessive water under Elzaidab’s major canal. The 
location of the inverted siphon is identified in both 
(figure10 and 12), which will be completely buried 
under the canal. This inverted siphon must be 
constructed by following the international engineering 
standards of building siphons.  

Finally, more detailed and advanced survey works are 
needed to find the suitable fit for the water pathway. 
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   Figure 12:  The Proposed Water Pathway for draining the excessive 
water. 

 

Conclusions  

Analysis of data, visualization and interpretation of 
maps clearly revealed that, El-Zaidab scheme has been 
formed as fluvio-composite floodplain. This 
geomorphic unit is a composite of abandoned islands, 
channels and sand bars added continuously to the west 
bank of the River Nile in the study area, while the main 
River channel  which is shifting laterally eastwards and 
probably could  be attributed to a tectonic movement. 

 It was found that, the scheme is divided by a major 
irrigational canal hindering the flow of the excessive 
water through the paleochannels to the northern part 
of the Scheme and hence to the River Nile (Figure 12) 

A pathway through an inverted siphon (Figure12) is 
recommended to drain the excessive water; coincident 
with the existing paleochannels and passing under the 
major canal in addition to improve the current 
irrigation practices. 
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