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Abstract
In the present study, an attempt has been made to evaluate hydrogeological properties of the Aquifers in the Area around Almatama, 
River Nile State, Sudan. Groundwater samples were collected from 24 locations within the study area. Based on hydrogeological 
studies there are two types of aquifers in the study area the alluvial (Unconfined) aquifer and Cretaceous sedimentary (Confined) 
aquifers. Upper aquifer is recent Water-bearing formation in the study area can be classified generally into two main aquifers 
Shallow or upper aquifer and Deep or lower aquifer. The two aquifers are separated by partial or completely impermeable layer 
of mudstone or clay. The thickness of the two aquifers varies between the 3 - 30 m (for the upper aquifer) and 13 – 55 m (for the 
lower aquifer). Pumping test technique is used to estimate the hydraulic properties of the Aquifer such as hydraulic conductivity (K), 
transmissivity (T) and storativity (S). The average values of hydraulic conductivity (K) are 1.86 and 188.75 m/min using Jackob and 
Thies methods respectively. The averages values of transmissivity (T) are 71.11 and 822.54 m2 /min using Jackob and Thies methods 
respectively. The average values of storativity (S) are 0.46 and 0.30 using Jackob and Thies methods respectively.
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Introduction
Ground water Occurrence in Sudan Republic in four major aqui-
fers. The Mesozoic Nubian aquifer system is the most import-
ant and most extensive water – Bearing. The other three main 
aquifer are the tertiary – quaternary retrial of the Gezira, Umm 
Rawaba and Alatshan formations, the tertiary basalt and the allu-
vial deposits. Minor amount of water are abstracted from weath-
ered and highly fractured basement complex rocks.

The Nubian sandstone aquifer is the most important and the larg-
est water-bearing formation in Sudan. It consists of sandy and 
gravely beds and characterized by high porosity and permeabil-
ity. However, Nubian sandstone crops out in a vast area and is 
buried in some parts because they are too thin and always exist 
above the piezometric surface [1]. The aquifer covers about mil-
lion square kilometers mostly in north and central of Sudan. It is 
generally overlain by Umm Ruwaba formation in central south 

in Sudan also it can be divided into sub basins such as Sahara 
basin, Umm Kaddada basin, the Nahoudbasin, Nile –Nubian ba-
sin and Elgadaref basin. The transmisivty coefficient of the aqui-
fer is range from 35 to 1500 m2/daywhereas the permeability is 
ranging from 1 to 19 m2/day and the storage coefficient ranging 
from 10-4 to 25*10-2.The transition from confined to uncon-
fined aquifer the well yield is between few m3/h to 400 m3/h 
so that these huge amounts of water can be used for irrigation.

Umm Ruwaba aquifers is second in order of importance it has 
lenticular water bearing strata of sand and pebbles which are 
mostly in hydrolic contact with each other the water in this aqui-
fer is exploited mostly for domestic use and for life stock and 
occasionally for small scale of irrigation. It covers an area of 
about 800000 Km2 mostly predominant at the southern of the 
country. It may overlay altered formation of crystalline base-
ment rocks (Bara Basin) or altered Nubian sandstone or other 
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older formation (Atshan,Baggare, and Sudd basins). This basin 
can be sub divided into sub basins such as Bara basin, Baggara 
basin and Sudd basin.

Alluvial aquifers is third in order of importance it has lentic-
ular water bearing strata of the Nile silt and alluvial deposits 
of valleys are largest aquifers in Sudan most of them contain 
large quantities of water of good quality. The ground water of 
the alluvial is usually contained in unconfined aquifer at shallow 
depth (a few centimeters to 15 meters) below ground surface the 
ground water flow in some direction as the surface water flow 
downstream. The transsimisivity coefficient is range from 200 
to 1500 m2/day and the storage coefficient is also high where 
13 – 25 % is expected on unconfined aquifer. 

Study Area
The study area lies in the River Nile State central Sudan on the 
western bank of the river Nile, between latitudes 16° 32´ 17 and 
17° 07´ 17 N and longitudes 33° 04´ 44E and 33° 40´49E (Figure 
1). The locality covers the south western part of river Nile state. 
It’s bordered by Edamer Mhalia to the North, in Pagarose and 
ALmofraa Village in the west of the river Nile bank and the river 
Nile with the Shendi Mhalia to the east boundary and Khartoum 
locality in the south boundary at El Hogna (ALwefag) city. It's 
bordered by Northern state in the west. The study area covers an 
area about 904.9792 Km2. The area is characterized by tropical 
climate (dominated by semi desert conditions), In Matammah 
the mean maximum monthly temperatures range between 41 Cº 

to 43Cº in summer. The highest maximum temperature ever re-
corded was 45Cº in May and June; the minimum temperature 
is 19 ºC in January in winter. The rainy season extends from 
August to September with less than 100 mm per year rain fall. 
The land surface in general is largely a plain of low relief. In-
dividual inselbergs (or jebels) occur sporadically. Sandy soils 
are common in most areas, except in the south, where clayey 
soils predominate. Wadis are mostly running ephemerally only 
during the rainy season. The Wadis mostly flow from N-NW 
to S-SE towards the river Nile. The River Nile is the important 
physiographic feature of the study area. Other drainage pattern 
in the study area is the Dendritic pattern which covers large-
ly the area. Some other relatively big wadies flow towards the 
south direction to join Nile River. The main drainage in the study 
area is: River Nile, Wadi (ELNugoa), Wadi Hamra, Husra. The 
geological setting of the study is composed of Basement Com-
plex (Pre-Cambrian), Nubian sandstone formation (upper Creta-
ceous), Hudi Chert (Oligocene) and superficial deposit (Quater-
nary) (look figure 3.1) in ascending chronological order [2]. The 
study area is entirely covered by Nubian Sandstone Formation 
[3]. Basement rocks have been exposed at Sabaloka igneous 
complex on the south, [4-6]. And low lying out crops at Nourth 
e.g. Wadi El Husra, Salawa , Abuzor and AlGerief) and encoun-
tered as subsurface geologic units west of Matammah, through 
the boreholes (e.g. Arkaweet – Alhajab – Alhobaje) [7]. Hudi 
Chert were observed north of Matammah at J.Kadakol. Sand 
dunes and superficial deposits cover most of the study area.In 
general the regional stratigraphic units in the area [8-10].

	 Figure 1: Location map of the study area. 

Objectives of the Study
The main objectives of this study are:
•	 To detect groundwater aquifers extent and geometry.
•	 To delineate potential Zones of groundwater occurrence.
•	 To determine hydrogeological characteristics of the aqui-

fers.
•	 To study some aspects of the parameters that controls the 

existence of groundwater.
Methodology

The materials for this study include geological data (rocks and 
structures) [11-15]. Hydro-geological work was conducted to 
obtain well locations, well design (filters and plain casing distri-
bution), and lithology, depth to groundwater level was measured 
by using water level indicator [16-18]. Elevations reference to 
mean sea level using Global Positioning System (GPS) device, 
to assure the Coordinates of the important features in the study 
area such as town, Hydrogeological outcrops Boreholes [19-20]. 
Land sat imageries were enhanced and processed to detect the 
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drainage pattern and structural features as a guide to define fa-
vorable sites for groundwater well locations. Pumping tests data 
was reanalyzed to obtain the aquifer parameters and the fluctua-
tion of water level to evaluate hydrogeological conditions. Com-
puter software included: aquitest, to evaluate the pumping test 
data. Rockwork, used for litholgical cross section in the study 
area [21,22].

Results and Dissection
Water Bearing Formation
The water bearing formation that acts as containers for ground-

water are termeds aquifer, which is defined as any geological 
unit or structure that can store and transmits water in sufficient 
quantity to supply pumping wells or natural springs. The amount 
of groundwater that can be stored in a rock material and its yield 
depends on the porosity and permeability of that rock. The abil-
ity of the rock to yield water is determined by its permeability 
or ability to transmit water through the pore space of the rock 
material. The main sources of groundwater occurrences are the 
Nubian sand stone Formation aquifers. Groundwater samples 
were collected from 24 locations within the study area (Figure 
2) [23-24].

3	 Figure 2: The Well location distribution in the study area.

Aquifer Types in the Study Area
The study area is Hydro-geologically comprising of one main 
aquifer confined aquifer discussed below and other locally 
Perched water. 

Confined Aquifers
Confined or artesian aquifer is that underlain and overlain by 
impervious layers. The main confined aquifers in the study area 
is within the sedimentary rocks of Nubian sandstone formation 
where the aquifer is covered by thick clay bed of about 20 m 
and the high depth to water table this encountered hydrostatic 
influence to confining system in elketteab and wadi Nogua. The 
basin lies North Matammah town from which water supply to 

the town is delivering; it is composed of sandstone that interbe-
ded by compacted mudstone and overlain by Wadi fills deposits 
(Figure 3) [25-27].

Perched Water
It is unconfined separated from the main regional aquifer by lo-
calized clay or impervious materials in the zone of aeration, it is 
a source of limited water supply, and it is highly distinguishable 
by its sudden falls of water level in the borehole during drilling. 
A perched aquifer penetrated up to (13 m) within some pock-
ets of shallow Nubian of mudstone intercalation observed down 
holding in Abugrain hand dug well (Figure 3) [28-30].

Figure 3: Confined and Unconfined Aquifers in the Study area
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Aquifer Geometry (3D Model)
From one Hundred boreholes only nineteen data points are used 
in this study. From this data, the thickness of The sediments in 
the area range from a few meters in the north and northwest to 
more than 500 m in middle, in which the drilled boreholes struck 
the basement rocks (e.g: southwest Metemma from Salwa vil-
lage and crop out in Alboaled, Hajer Alteer along the river Nile 
to Al hogna) [31-33]. Lithological information’s are available 
from existing boreholes. They play a significant role to delineate 
the aquifers extensions and thickness (Figure 4). The dominant 
rocks, lithology of the study area characterized, by a grain size 
range from fine to very coarse sand. Some gravels are found 
inter bedded or mixed with sandy layers, also thick clay layers 
with average thickness of 50m were found at some boreholes 

[34,35]. The variability in lithology and structure of the rocks 
can be taken to characterize Nubian formation that pointed to 
rapid facies change while make very difficult to correlate the 
lithological units over long distances. Generally groundwater is 
found under different conditions. The saturated thickness chang-
es from one place to another (Figure 4). The properties of the 
saturated zone are: range from 12m in the southwest to more 
than 25m in the northeast except in the northwest that part from 
the study area leach water table from the 50m to more than 90m 
from the groundsurface. Soil pores are filled with water and the 
moisture content is equal to porosity. The saturated thickness 
generally varies from 10m to more than 30 m (Figure 4) and 
(Figure 5).

Figure 4: Depth to Basement Map in Study Area (Meter Below Ground Surface).

Figure 5: 3D Depth to Basement in Study Area (Meter Below Ground Surface).

Depth to Groundwater Level
Water level measurements an important for any type of pumping 
test [36,37]. The depth to water level is measured reference to 
earth surface. Water level is variable according to the topogra-
phy, structural geology, distance from the sources of recharge 
and the variations of permeability(Table 1). However, water ta-
bles from 25 wells were used to detect the flow pattern (Figure 
6). Groundwater table varies from 9.8 m to 80 m with the aver-
age level of 20 meters from the ground surface. That variation 
is ascribed to hydraulic gradient decreases directly with distance 
from south west to northeast. In the study area groundwater flow 

pattern had been deduced from the water table subtraction from 
elevation above mean sea level map that is explaining the eleva-
tion of the hydraulic head. In the sedimentary area contour lines 
interval is five meters. The depths to the rest water level show 
a wide range of variation from 10 to 38 m below the ground 
surface. Deeper depths characterize the west boundary area 
with static water level approximately ranging from 60m to 80m 
from ground surface in the western zone, while the shallower 
depths are found near the river Nile zone, with static water level 
approximately ranging from 9m to 30 m from ground surface, 
while the hypapesal depths are found middle of the area.
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	 Figure 6: 3D Water Level in Study Area (Meter Below Ground Surface)

Table 1. Showing Elevation, Static Water Level (S.W.L) and Water Head
Well No. Longitude Latitude Elevation (m) S.W.L (m) Head (m)

1 33.45611 17.36667 403 69.5 333.5
2 33.37917 17.37917 379 63 316
3 33.47667 16.87167 356 37 319
4 33.3025 16.73167 355 4.4 350.6
5 33 16.98111 417 80 337
6 33.13583 16.79917 373 64 309
7 33.00556 16.8675 407 80.3 332
8 33.26722 16.63361 373 41 332
9 33.68 16.65944 401 79 322
10 32.7144 16.4311 390 9.3 380.7
11 33.73028 17.21972 356 63 293
12 33.77167 17.05556 366 22 344
13 33.72833 17.16722 370 16 354
14 33.70523 16.99111 364 20 344
15 33.80722 16.95639 352 19 333
16 33.8375 16.98833 371 25 346
17 33.77444 17.00056 366 23 343
18 33.34278 16.90278 365 19 346
19 33.375 16.88583 367 10 357
20 33.73361 17.12167 352 50 302
21 33.91583 17.24583 354 15 339
22 33.47444 16.96083 365 33 332
23 33.44972 16.70083 372 14.3 357.7
24 33.46361 16.98917 357 17.3 339.7

Pumping Tests Analysis
Pumping test technique is used to estimate the hydraulic proper-
ties of the Aquifer such as transmissibility and storativity. Var-
ious formulas were applied to analyze the pumping test data. 
According to the available data, calculations of transmissivity 
and hydraulic conductivity of the aquifer were accomplished by 
application of various methods for the unsteady state flow con-

dition for both pumping and recovery tests , transmissivity T, 
and storartivity S, are the most important properties of aquifer 
in relation to its ability to store and transport groundwater. The 
pumping tests where conducted from pumped wells without ob-
servation wells. In this case, draw-down must be measured in 
the pumping well which carried out by companies. The methods 
used in this study include;( A) Cooper-Jacob (1946) method, (B) 
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Theis (1935) method. Each method is being applicable under a 
certain hydrogeological boundary condition [38-40].
 
Hydraulic conductivity (K)
Hydraulic conductivity (K), is the ratio of flow velocity to the 
driving force of water under saturated conditions in porous me-
dium. Also it is defined as the quantity of water flowing in one 
unit time through a face of unit area, under a driving force of one 

unit of hydraulic head change per unit length. It’s expressed by 
meter/min. At borehole in the study area the hydraulic conduc-
tivity (K) values range between 0.000305 to 11.1 m /min and 
average is 1.86 m /min using Jackob method. Also the hydraulic 
conductivity (K) values range between 0.000895 to 1720 m /
min and average is 188.75 m /min using Thies method (Figure 
7), (Table 2).

	 Figure 7: The Hydaurolic Conductivity Distribution in the Study Area

Transmissivity (T)
Transmissivity (T), is the rate of flow of water through a verti-
cal strip of aquifer one unit Wide and extending the saturated 
thickness of the aquifer Transmissivity is equal to the product 
of hydraulic conductivity and formation saturated thickness. It’s 
express by meter2 / min. Transmissivity values obtained by re-

covery test are more accurate compared to those obtained by 
draw down tests. At borehole in the study area the transmissivity 
(T) values range between 0.0106 to 390 m2 /min and average 
are 71.11 m2 /min using Jackob method  Also the transmissivity 
(T) values range between 0.0313 to 3440 m2 /min and average is 
822.54 m2 /min using Thies method (Figure 8), (Table 2).

Figure 8: The Transmissivity Distribution in the Study Area
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Storativity (S)
Storatvity (S) is the volume of water that an aquifer releases or 
intakes into storage per unit surface area of the aquifer under 
unit change in hydraulic head normal to that surface. At bore-

hole in the study area the storativity (S) values range between 
0.00011 to 1.7 and average is 0.46 using Jackob method. Also 
the storativity (S) values range between 0.00265 to 0.5 and aver-
age is 0.30 using Thies method (Figure 9), (Table 2).

	 Figure 9: The Storativity Distribution in the Study Area

Table 2: Hydraulic Properties of the Aquifers in the Study Area
Thies Method Jackob Method Method

S K T S K T Location
(m/min) (m2/min) (m/min) (m2/min)

0.125 0.000895 0.0313 0.163 0.000305 0.0106 1
0.00324 0.232 30.8 1.706 11.1 390 2
0.241 1720 0.602 0.0734 0.011 0.386 3
0.173 0.00123 0.0433 0.00023 0.00422 0.147 4

0.00265 0.189 1730 0.00011 0.0414 27.8 5
0.5 26 650 0.5 0.743 18.6 6
0.5 31.7 1270 0.117 0.733 29.3 7
0.5 86 3440 1.06 4.97 199 8
0.5 17.7 884 0.5 0.551 27.8 9
0.5 5.67 220 0.5 0.456 18.1 10

Conclusion
•	 The study area is located in north central Sudan at the 
western bank of the river Nile between latitudes 16° 32´ 17 N 
and 17° 07´ 17 N and longitudes 33° 04´ 44E and 33° 40´49E.
•	 The main geological units in the study area are Precam-
brian Basement complex almost totally covered by Mesozoic to 
recent sedimentary sequence; The Basement complex includes 
metamorphosed sedimentary, plutonic rocks. The Nubian sand 
stone series consisting of a flat laying sequence unconsolidated 
gravels; sand, sandy clay and clays are common. The superficial 
and clay plains deposits consist of laminated, compacted clay, 
silt, sandy clay and clayey. 
•	 From the geological studies the groundwater storage is 
controlled by the rock types and their major structures.
•	 The main water bearing formation in study area is the 
Nubian sand stone.
•	 Groundwater occurs in one main confined aquifer type.
•	 The main recharge source of groundwater in shallow 
aquifers in the study area is the infiltration from rainfall. While 

the deep groundwater aquifers are recharge from the regional 
groundwater regime and from the river Nile.
•	 In this study provide that fixed sand dunce were used to 
criteria of groundwater aquifers occurrences.
•	 At borehole in the study area the hydraulic conductivity 
(K) values range between 0.000305 to 11.1 m /min and average 
is 1.86 m /min using Jackob method. Also the hydraulic conduc-
tivity (K) values range between 0.000895 to 1720 m /min and 
average is 188.75 m /min using Thies method.
•	 At borehole in the study area the transmissivity (T) 
values range between 0.0106 to 390 m2 /min and average are 
71.11 m2 /min using Jackob method. Also the transmissivity (T) 
values range between 0.0313 to 3440 m2 /min and average is 
822.54 m2 /min using Thies method.
•	 At borehole in the study area the storativity (S) values 
range between 0.00011 to 1.7 and average is 0.46 using Jackob 
method. Also the storativity (S) values range between 0.00265 to 
0.5 and average is 0.30 using Thies method.
15	
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