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ABSTRACT 

In Kordofan Province, ground water is obtained from the 

Nubian aquifer, the Umm Ruwaba aquifer, and the surficial aquifer. 

During the rainy season, additional water supplies are recovered 

from pools, streams and excavated ponds. 

The annual rainfall in the Province ranges from a high of 

approximately 900 mm. in the Nuba Mountain area to a low of less 

than 200 mm. in the northern desert regions. Although most of the 

precipitation is lost by evapotranspiration, a small percentage of 

the rainfall recharges the principal aquifers in the Province. The 

stream beds are the main source of infiltration. 

Because of the large extent of the area underlain by the 

principal aquifers, a small rate of recharge results in a large ground 

water increment, 
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INTRODUCTION 

Scope and Nature of Work 

Kordofan Province is one of the fastest developing areas of 

the Sudan. In the last ten years, economic planning and extended 

social services, provided by the government, have increased the 

growth of the population and encouraged the settlement of many of 

the nomadic tribe s. 

This growth has resulted in a greatly increased demand fer 

water, and development of additional supplies will be needed for 

future economic expansion. The water generally comes from ground 

water supplies, as the Province is situated away from the Nile and 

for the most part receives little precipitation. Although areas such 

as the Nuba Mountains, which receive higher average rainfall, have 

at present adequate surface water supplies, additional development 

of ground water supplies will be needed for future economic expansion. 

The purpose of this study is to set up a ground water budget 

to determine the quantity of water available for de\lelopment. Special 

empha sis will be placed upon potential recharge to the principal 

aquifers in the Province and the flow characteristics of these aqui

fers; water quality will not be considered in determining the safe 

yield within the area, 
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Previous Work 

Although much has been written about the hydrology of 

Kordofan Province, little has been mentioned about the potential 

recharge to the aquifers in the Province. This may have been due 

to the scarcity of the hydrologic data necessary for the study and 

evaluation of the ground water increment of the annual precipitation. 

Nevertheless, some workers have included brief notes on recharge 

in their hydrological studies of the Province. 

Moon (1954, The Static Water Surface in the Sedimentary 

Formation of Northwestern Sudan) states that "recharge to the Nubian 

and Umm Ruwaba aquifers from annual rainfall is possible." This 

was deduced from the fact that in spite of the increasing discharge 

no change in the static water level has been recorded during the last 

37 years in any of the boreholes in that area. He further mentions 

that "the effect of evaporation is naturally more intense in the northern 

regions, where humidity is low and cover of vegetation is absent, so 

that little of the rainfall reaches the ground water body in these desert 

regions. " 

Sandford (1935), in his Sources of Ground Water in Western 

Sudan, assumes that only a small percentage of the rainfall, that 

which goes as runoff, may contribute to the recharge of the sedi

mentary formations in the central and southern regions, 
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Rodis, Ishag, and Wahdan (1963), in Ground Water Geology 

of Kordofan Province, state that lithe regional zone of saturation in 

sedimentary and crystalline rocks of Kordofan Province is recharged 

by underground inflow from adjoining Darfur Province to the west, and 

by infiltration through the mantle of surficial deposits, either directly 

from precipitation or from runoff in wadis and khors. II They further 

mention that II as each of the hydrologic units in the Province have a 

large surface area a very low average annual rate of recharge from 

rainfall would result in a significant increment to ground water storage. 

For example, recharge at a rate as little as 0.002 inches per year over 

the area underlain by the principal hydrologic units would more than 

balance the current (1961) rate of withdrawal. II 
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GEOGRAPHIC FEATURES 

Location and Extent 

Kordofan Province, in the west central Sudan, lies between 

latitude 9 0 and 17 0 N., and longitude 27 0 and 32 0 E. It is bounded 

on the north by an extension of the Sahara Desert and its southern 

boundaries lie within the equatorial belt. To the north, the Province 

boundary reaches the White Nile; it has a common boundary in the 

west with Darfur Province (see fig, 1), The total area of the Province 

is approximately 147,000 square miles, which is about 30% larger 

than the State of Arizona, 

Econo~ Developmen.!, 

The population, most of which is nomadic, does not exceed 

1-3/4 million people. Because only a small percentage of the popula

tion is settled, the economy of the Province is predominantly pastoral. 

The central grasslands of the region support extensive herds of camels, 

cattle, sheep, and goats. The increased export of cattle and camels, 

mainly to Egypt and other Arab countries, has assisted greatly in the 

growth of the economy of the Province, Also the cultivation of millet, 

peanuts, sesame, and a variety of grains has increased rapidly in 

4 
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the last few years. Gum arabic and cotton are also two of the main 

agricultural products which are exported to the outside markets. It 

is also clear that with the new plants under preparation for the settle

ment of the normads the Province will further its economic growth and 

social development. 

Topography and Drainage 

With the exception of the Nuba Mountains (see fig. 2) in the 

southeast, the area is largely a plain of low relief, ranging in height 

between 400 and 600 meters above mean sea level. In the northern 

and western areas, where sand dunes are common, the surface is 

gently undulating, broken occasionally with a protruding hill (jebel) 

or a large valley. In the central area, where rock outcrops in the 

form of ridges and inselbergs are common, the land surface is less 

regular and sand dunes are rare. To the east the land slopes to the 

Nile with a gentle gradient whereas to the southeast it rises sharply 

with steep gradient toward the Nuba Mountains. Also there is a gentle 

rise to the west towards the Darfur Plateau which reaches it maximum 

height in the Jebel Marra area. 

In the Nuba Mountains, on the other hand, the surface is 

made up of hard crystalline rock and clusters of hills and mountains 

cover the area. The maximum elevation in this part of the Province, 
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that of Jebel Tending, is approximately 1500 meters above sea level. 

From these high mountains the land surface fdolls with a sharp and 

steep gradient to the east until it reaches the Nile, approximately 

370 meters above mean sea leveL To the west the land surface also 

falls steeply before it reaches the extensive clay plain of southern 

Kordofan. 

Nearly all of the Province lies within the drainage basin of 

the White Nile, although the northern part drains to the main stream 

of the Nile, between the 3rd and 4th cataracts (see fig. 1). Certain 

of the larger valleys (wadis) convey water to either the White Nile 

or the main Nile during occasional floods or heavy rainstorms. Nearly 

all the water courses are ephemeral or seasonal, only having water 

during, and for a short time after, the rainy season. These streams 

and wadis do not usually reach the Nile, their water being lost by 

evaporation and seepage. Thus a small proportion of the preCipitation 

occasionally is lost by surface runoff. Only in the Nuba Mountain 

area are perennial streams found and these convey very little runoff 

during the dry seasons. Locally and more commonly in the south 

runoff is stored in hafirs (excavated ponds) for use during the dry 

season. Because these hafirs are not lined or sealed on the bottom, 

a great volume of water is usually lost by seepage; evaporation also 

accounts for a large loss. 
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The main watershed, which is an extension of that of Darfur 

Province, lies along a line connecting the Nuba Mountains and Sodari 

Sea (see fig. 3). The southwest drainage from this watershed is mainly 

towards the Bahr El Arab in the southern tip of the Province. 

Soil Cover and Vegetation 

In Kordofan Province there are three principal contrasting 

soil types which correspond closely to the distribution of the sur

ficial deposits. These three principal soil types are: 

1. The desert soil in the northern third of the Province, 

which has been derived from the prolonged weathering of the bed-rock. 

The soil consists of coarse wind-blown sand, which in many cases 

forms active sand dunes. 

2. The "Qoz" sand soil, consisting of fixed sand dunes, 

venerred by silt and clay, which extends through the central regions 

of the Province. 

3, The clay soil, referred to as the clay plain or cotton 

soil, covers the southern third of the Province. 

In the Nuba Mountain area coarse sand and talus cover 

the slope of the mountdins, whereas silt and clay are found in the 

low tracts. 



The natural vegetation corresponds closely to the distribution 

of the soil types. Drought-resistant grasses and dwarf shrubs cover 

parts of the northern desert areas. In the central semi-arid region, 

open woods and grasslands are found, and these grade into open 

forests in t~e south~ 

10 



GEOLOGY 

Summary of Stratigraphy and Geologic History 

Kordofan Province is underlain by rocks which belong to the 

Basement Complex of Precambrian age, the Nubian Series of Mesozoic 

age, the Umm Ruwaba Series of Tertiary age, and the surficial deposits 

. of Recent age. The distribution and areal extent of these rocks is 

shown on the geologie map (see fig. 3). 

As a part of the central African Shield, this area had been for 

the most part of geologie time a region of continuous erosion and non

deposition and had suffered little tectonism or larger earth movement. 

After their formation, the Precambrian rocks were extensively eroded 

to give a vast peneplain upon which later sedimentary formations 

were laid. Of these sedimentary rocks, the Nubian Series was 

deposited in a predominantly non-marine environment. It is believed 

that the Nubian rocks once covered a wider area than their present 

extent and outliers and isolated patches of these rocks are seen in 

different parts of the country. The Umm Ruwaba Series, on the other 

hand, was deposited in large depressions during Pleistocene time. 

These were followed by the deposition of the surficial deposits 

which now cover the whole Province. 

11 
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The Ba sement Complex 

Precambrian in age, these rocks include granite, gneiss, 

schist, quartzite and crystalline limestone, The rocks outcrop in 

different parts of the Province and cover wide areas in the north, 

south and central regions of the area. The Nuba Mountains also 

consist ·of Precambrian granites, gneisses and occasional quartzites. 

The Basement rocks are usually seen on the surface, but the more 

resistant varieties, especially quartzites and gneisses, may form 

inselbergs, ridges or clusters of hills. A general uplift of the area 

must have occurred during late Precambrian times and the rocks were 

subjected to a prolonged period of denudation. The result was a vast 

peneplain, with occasional hills and inselbergs of resistant rocks 

protruding from the slightly undulating surface. It is on this peneplain 

that later sedimentary rocks were laid. 

The Nawa Series 

These rocks are found in a small area near Semish Railway 

Station (see fig, 3). Their presence was discovered from bore hole 

samples in that region and they have not been found in any other part 

of the Province. The beds are gently dipping, purple or olive-green 

arkosic sandstones and mudstones. Because of their greater state 

of compaction, compared to the Nubian rocks, an earlier Paleozoic 

age was assigned to these rocks. 
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The Nubian Sandstone Series 

The age and mode of deposition of rocks of the Nubian Sand= 

stone Series are still a matter of doubt. Also, owing to the absenoe 

of significant fossils and the tendency to lateral facies change, 

stratigraphic correlation over wide areas is possibly only on general 

grounds. 

14 

In general, the Nubian rocks are considered to be of 

Cretaceous age and were deposited in a continental environment. 

In Kordofan Province the thickness of these rocks ranges between 

150 and 350 meters; the beds are horizontal or gently dipping and 

lie unconformably on the underlying Basement Complex. 

Sandford (1955) identified a lower silicified sandstone and 

conglomerate bed, a middle shale and mudstone group with variegated 

colors, and an upper sandstone group. This stratigraphic section is 

not uniform and one or part of a group may be miSSing in certain areas 

or may attain great thicknesses and become dominant over a wide area. 

The series usually begins with a basal conglomerate and 

sandstone group of various thickness, the sandstone being medium 

to ooarse grained with intercalations of beds of mudstones and 

shales. Mudstone beds, sometimes very thick, also occur in the 

middle group which is predominantly sandstone. There is not much 

variation in the lithology of this middle group of beds, and their 



classification as middle and upper is sometimes arbitrary. A common 

feature of these sandstones is their impregnation with iron solution 

which, in certain places, forms lateritic and ironstone beds. The 

l'hlbian sandstones are generally covered by surficial deposits in the 

Province, except in the southwest where they are overlain by the 

unconsolidated sediments of the Umm Ruwaba Series. 

The Nubian Sandstone Series constitutes an important economic 

group of rocks as they are the major source of potable ground water, not 

only for Kordofan Province, but for the greater part of western Sudan. 

The Umm Ruwaba Series 

After the end of Cretaceous times there was a period of erosion 

and non-deposition, during which the Nubian rocks were completely 

removed from parts of the Province. This erosional gap continued 

until middle Pleistocene time, when the Umm Ruwaba Series was 

deposited. The series occupies large areas in the east and southwest 

parts of the Province. The sediments were laid in wide depressions 

which are believed to have been formed during Tertiary times. 

The Umm Ruwaba Series is composed of unconsolidated 

sands and clays with an occasional thin mudstone bed. The sedi

ments are generally unsorted, but some of the sandbeds are devoid 

of clay. These sediments are believed to be younger than the Nupian 

15 
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Series and may well extend into the Pleistocene. The thickness of 

these sediments ranges from less than 100 meters in the edges of 

the basin to more than 500 meters in the central parts of the basin. 

The unconsolidated sediments of the Umm Ruwaba series 

are also an important source of ground water, especially in eastern 

Kordofan. They differ from the Nubian rocks in their greater salt 

content which in many cases has greatly affected the chemical 

quality of the water. 

The Surficial Deposits 

The youngest formation in Kordofan Province, known to be 

of Recent age, is the surficial material. Covering nearly the whole 

of the Province, these deposits fdll into various lithological groups. 

In the northern third of the Province the deposits occur as 

the residual desert soil. They are formed of ocarse wind-blown sands 

and unsorted residual material. The sands, which usually form active 

sand dunes, vary in thickness but are generally less than 8 meters 

thick. 

In the central parts of the Province the deposits are made 

of fine -grained sands which may have been removed from the northern 

region by the northerly winds. These fine-grained sands are known 

as the Qoz or Kordofan sands, and form fixed sand dunes which extend 
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along the central region. The Kordofan sands are characteristically 

reddish in color and their gently undulating surface reflects their 

aeolian origin. Unlike the northern sands, the thickness of the 

Qoz sands may be as great as 40 meters. 

The southern third of the Province contains the Clay Plain 

and the deposits form what is known as the cotton soil. The cotton 

soil consists of laminated, loosely compacted clay, silt, sandy 

clay and sandy silt. The deposits were formed during flood periods 

of late Pleistocene time. Because of the relative scarcity of sub

surface data, the thickness and lithologic characteristics of the 

cotton soil are not well known. Inasmuch as they are locally covered 

by Qoz sand, they are probably, at least in part, older than the Qoz. 

The surfici~l deposits are relatively impermeable in the 

southern Clay Plain; however, in the central and northern parts of 

the Province they are a source of ground water. Numerous open, 

hand-dug wells provide water from these deposits for some small 

villages and isolated areas. 
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CLIMATOLOGY 

General Remarks 

Kordofan Province, in terms of annual precipitation, may be 

divided into three distinct regions, namely: 

1. The northern desert regions, lying north of lat. 14°. 

which receive less than 300 mm. of total rainfall. 

2. The Nuba Mountains, in the southeast, which may 

receive more than 900 mm. of annual rainfall. 

3. The balance of the Province, including the wide 

central and southwest regions, which receive total 

annual rainfall ranging from 400 to 600 mm. 

The annual distribution of rainfall is shown in fig. 7. 

There is a complete absence of any meteorological data 

from the region north of lat. 14°. To the south of this line the data 

are scarce, with information only from ten stations available for 

analysis. Data on wind direction and velocity are also lacking, as 

are data of rain intensity and runoff. Temperature information is 

largely unavailable. except at a few scattered stations in the central 

region and the Nuba Mountain area. 
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With such limitations of data. the writer found great diffi

culty in interpreting the rainfall data and the relationship of rainfall 

to both elevation and wind direction. Therefore, the validity of the 

isohyetal maps used in this thesis is limited in that only a few 

correlation charts, which relate precipitation to wind direction and 

elevation, could be prepared. 

Wind Systems 

The air masses which affect the climate of Kordofan Province 

may be divided into two main subdivisions: 

1. The northerlies dominate the climate of the Province 

during winter and spring, that is between November 

and May. 

2. The southerlies dominate the climate during summer 

and autumn, that is between May and October. 

The notherlies correspond to the trade winds of oceanic 

regions but are much less uniform in character, because the vast 

land masses to the north produce large seasonal variations in the 

pressure and temperature fields. The northerlies come from two 

direct~ons. In winter the Saharan high pressure system dominates 

the circulation and the northerlies are of a cool dry continental 

nature. In late winter and through spring, the Arabian high pressure 
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system brings warmer air, especially to the eastern regions of the 

Province. The northerly air masses are dry and usually extremely 

so, not only because of their continental origin, but also because 

they descend from higher altitudes as they move south. 

The southerlies are much more uniform than the northerlies 

and no satisfactory subdivisions are feasible. The southern hemi

sphere tropical highs over the Indian and Atlantic oceans are the 

original moisture sources, but the long slow passage over central 

Mrica removes most of the characteristics which would enable a 

clear division to be made. Whatever their origin, however, the 

southerlies are still primarily maritime when they reach the Province 

and bring rain. 

Rainfall 

One dominant feature of the rainfall in Kordofan Province 

is its uniform and steady increase from north to south; the maximum, 

more than 900 mm., is received in the Nuba Mountains. Shown on 

fig. 7 is the annual distribution of rainfall over all the Province. 

The rains, which accompany convectional storms, usually 

fall with high intensity, with thunderstorms occurring frequently. 

These rainstorms occur approximately twice a week, generally 

during the evening or early morning, and may continue for two 
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or three hours. Occasionally, rain storms may continue through the 

night but these tend to be local in nature. 

From correlation of the few available data, it is evident 

that there is a gradual and uniform increase in rainfall with elevation. 

This uniform relationships is particularly evident during August and 

September (see figs. 10-12) but it is not noticeable during the early 

and later months of the rainy season. It may be that this is due to 

the erratic and uneven distribution of rainfall during the first months -

June and July- -and the late months - -October and November- -of the 

rainy season. 

Figs. 11 and 12 also show the relationship of slopeface, 

rainfall, and the direction of the prevailing winds. The relation

ship is only significant in the Nuba Mountain stations, the other 

stations being situated in flat areas. Some of the Nuba Mountain 

stations, especially Kadugli, which has a lower elevation than the 

other stations, seem to receive greater rainfalL This may be due 

to the fact that the high mountains which surround most of the other 

stations intercept both of the southerly, moisture-laden winds. 

Figs, 8 and 9 show the isohyets during different times 

of the year. In each case the smooth and even distribution of the 

rainfall and its.uniform increase towards the south is clear. The 

only unconformity, in all cases, is seen in the high Nuba Mountain 

area where there is more than average rainfall. 

25 



.0 

:.-.-.-~-.-.-,-,-,--
\ . '-'-'-'-'-'-'-'-, 

\ 
\ 
\ 
\ 

\ 
\ 
\ 

/ 
( 

\ 

\ 

I 

\,~-----. 
\ 

\ 
\ 

\ 

/ 
I 

~- JOOl"/",------r 
\ 

" 

, 

'" 

\ 

\ , 
\ 

\ 
\ 

I504 ... ~i., . .., 
/ 

..... ) 

('" 

I 

". 

'\ 

/ 
/ 

/ 

\ "-'-'-

./ 
". 5c;"O' ..... , ..... ,-L, Q~_....L-_--L_---L_-=2~gO Km \ 

\._._._ . .1 Sp" ,0, 10,0 Miles 

o 10. 

Figure q Map Showing the Distribution of April - July Rainfall 



o o 

r'-'-'-'-'-'-'-'-'-'-' -"-'-.-.- ._.---\ 

I 

\ 

\ 
, \ 

\ 

\ 
\ 
" i , 

\ , 
\ 

\ 

I 
~ 
I 

/ 

I 
/ 

/ 

I 
1-_-
\ 
I 

\--~-------------
\ 
\ 

\----------------------

\-----
\ 
\ 

\ 

, , 
\., 

., 

I 

.?soA 

\ 
\ 

\ , 
\ 

\ 
.... / ..... 

,..1 

i 

3 50"';"'- \ . , 
I~ . 

~~QO' /' }, 

/ 

;' ,-------
\ -----------

/'/', 

I 
/ 

,/' / 

I ' / , / 

\ 

\ 
\ 

,..._._ . ..1 

" \ " ~. 
\._._._ . .....: 

,.- ...... _. 
5 ..... 0'-4.-'-........ Qx..-_.....I-_-L.._--1.._....:2:.J90 Km 

QO. , I • Q 190 Miles 

Figure <9 Map Showing the Distribution of August-October Rainfall 



~ 

~ 
~ 
~ 

~ 
ex:: 
E-4 
v~ 
;-::J 
c..? 
,-, 

< 

~ 
E-< 
o 
E-< 

180 

160 

• 
140 

120 

L'ara 

500 

i lUng 

. adugli 

.--, "h hn l\JU ud 
~l Obeid 

60 70p 

e_ 
Rashad 

Heiban 

Talodi 

NUBA MOUNTAIN STATIOXS 

FLAT LYING STATIOKS 

80? ~1°9 1000 

Elevation in meters above mean sea level 

j Figure 10. Graph 2howing the Relationship between Elevation and August RRinfall 

N 
00 



J1 
~ ;.s 
2 
H 

...:I 

~ 

200 

,- 170 

140 

~ 1-110 
,.~ 

H 

~ 

&1 
t:Q 

~ 
~ 
r:J 
en 

~ 

~ 
>
<II 

80 

'- 50 

Wind Direction S.E. 

Errahad 

Dmm Ruwaba 

Dilling 

En Nuhud 

El Obeid 

,. 

• ~a1odi 

Rashad 

MOUNTAIN STA'lIONS 

S.E. Facing Slopes 

FLAT LYING STATIONS 

500 600 700 800 900 1000 

, Elevation above mean sea level in meters 

Figure 11. Graph Showing the Relationship between Rltinfall and Elevation. 
N 
'-0 



·'-' 
.....:l 
~ 
~ 
Z 
H 
-< 
~ 

~ 
< 
-...--: 

120 mms 

100 

80 

WrI\D DI liECTI ON S. 'rI' • 

1\ adugli 

• D' 
/ 
linv 

Hashed 

["OUNTAIN STATIONS 

B.W. Facing Slopes 

.....:l i-60 

MOUNTAIN STATIONS 

S.S. Facing Slopes 
H 
~ 

~ 
'-' 

~ 
~ o 
f'-< 

~ 
(!;) 
<4 
re 
~ 

~ 

/ 
40 ~ 8n Nuhud 

FLAT LYING STATIUhS 
Errahed 

20 j \ I I I 

500 600 700 800 000 1000 

Elevation above mean sea level in meters. 

Figure 12. Graph Showing Relationship between Rainfall and Elevotion 

L>.l 
o 



Temperature 

The mean annual air temperature for the Province is 27°e 

(80 o y), with temperature extremes of looe (SO°r) and 46°e (lIS°r) 

common to most areas. In the northern regions, however, the fluctua

tion of temperature between night and day is more marked than in the 

southern regions. 

Relative Humidity 

The mean relative humidity also ranges from a low of about 

10 percent during the dry season to a high of about 7 S percent during 

the rainy season. The humidity increases from north to south, with 

the maximum values recorded at the Nuba Mountain stations. 
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HYDROLOGY 

Sources of Ground Water 

General Remarks 

In addition to the surface water supplies, which are obtained 

from hafirs, streams, and pools, ground water supplies from dug wells 

have long been used in Kordofan Province. In the last few years, a 

great number of wells have been drilled to meet the increasing demands 

for new supplies. The wells were qrilled wherever water was needed 

without giving any consideration to the geology or nature of the rocks 

underlying such areas. This resulted in some of the wells being 

abandoned because of the poor chemical quality of the water. Recently, 

however, greater attention has been given the geologic and hydrologic 

regimen of the proposed well sites, resulting in a greater number of 

successful wells. This, in tprn, has further encouraged the study 

of the hydrology of other areas in the Province to evaluate their 

ground water resources. 

In Kordofan Province, ground water is obtained from three 

principal aquifers: the Nubian, the Umm Ruwaba, and the surficial 

aquifers. These aquifers are discussed individually although, in 
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parts of the Province, two or all three of the aquifers may be hydro

logically connected. 

The Nubian Aquifer 

Rocks of the Nubian Sandstone Series, of Cretaceous age, 

cover large areas in the northwest, northeast, southwest, and the 

central parts of the Province. In most of these areas, except the 

southwest, the rocks overlie the Basement Complex and are overlain 

by a mantle of surficial deposits. In the southwest region, however, 

the NUPian rocks are covered by the Umm Ruwaba sediments. In 

general, the Nubian sediments show notable variations in lithology 
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and differ in thickness from one place to another. The lithology varies 

from fine mudstones and silts to coarse sand and conglomerates, and the 

thickness may range from less than 100 meters to more than 300 meters. 

Although numerous water-bearing horizons are encountered, 

when drilling in the Nubian areas, there is usually one principal 

horizon from which the greater supplies are obtained. This main 

aquifer is made up of coarse to medium, consolidated to semi

consolidated, clean sand. Because of the frequent facies change 

and lateral variation in the lithology, these water-bearing sandstones 

have different thicknesses in different parts of the Province. The 

thickness ranges from 10 to 70 meters. 



The hydrologic boundaries of the Nubian aquifer correspond 

closely to its geologic boundaries. Evidence from well logs and 

water-level measurements suggests that this main aquifer may be 

continuous over a wide area. It is only when these sandstones are 

thin, or completely absent, that the Nubian rocks fail to yield appre

ciable quantities of water. Such conditions are usually found when 

rocks of the Basement Complex outcrop in the vicinity of the Nubian 

strata, thus forming an impermeable boundary. The petipheral areas 

of the central Kordofan outlier (see fig. 13) are an example of this. 

All the wells drilled in Nubian rock, but close to the basement outcrop, 

have failed to supply significant amounts of water. The Nile acts as 

a permeable boundary to the northeast Nubian aquifer, and Bahr El Arab 

in the south and southwest acts as a second permeable boundary to the 

Nubian and Umm Ruwaba aquifers in that area. 

From the ground water contour map (fig. 13), it appears that 

the ground water flow is towards the main Nile, corresponding approxi

mately to the surface drainage. In the southwest, on the other hand, 

the ground water movement is toward Bahr El Arab, a tributary of the 

Nile. A ground water divide extends from north Darfur through the 

northwestern corner of the Province, and the two directions of move

ment in that area are towards central Kordofan Province and thE) north

west of Darfur Province. 
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The Umm Ruwaba Aquifer 

A great number of wells have been drilled in the Umm Ruwaba 

formation in the eastern part of Kordofan Province. Unlike the Nubian, 

the Umm Ruwaba aquifer is made up of fine to medium grained sand. 

The sands are generally silty or clayey and the proportion of these 

finer sediments locally may be larger than that of the sand. The Umm 

Ruwaba sediments also show extensive lithological variation. Beds 

of water-bearing sand may pinch out laterally. in a short distance, 
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to be replaced by clay or silt. This limitation of the thickness and 

areal extent of the Umm Ruwaba aquifer has presented some difficulties 

in the exploration for ground water. 

Because of the extensive facies changes in the Umm Ruwaba 

sediments. water-bearing sands are usually found in lenticles. These 

lenticles of sand. although partly surrounded by the less permeable 

silts and clays, are to a certain extent hydrologically connected over 

wide areas. It is only in limited areas that these lenticles seem to be 

isolated or completely surrounded by impermeable materiaL This is 

noticeable in certain areas in eastern Kordofan Province. where a 

number of dry wells were drilled tow or three miles from a productive 

welL 

The eastern Umm Ruwaba aquifer is bounded to the east by 

the White Nile and to the west by the Basement Complex. In the 



southwestern part of the Province, the Basement Complex constitutes 

the eastern impermeable boundary, Bahr El Arab is the southern 

boundary. 

Ground water moves in two directions through the eastern 

Umm Ruwaba formation. One direction is toward the White Nile in 

the direction of Kosti and the other is toward the main stream of the 

Nile near Khartoum. The ground water movement in the southwestern 

aquifer is mainly toward the south. in the direction of Bahr El Arab, 

The Surficial Aquifer 

The sediments from which the surficial or shallow aquifer 

is composed fall into two main groups: the Kordofan or Qoz sand 

in the central region of the Province and the alluvium and valley fill 

in the Nuba Mountain area, 
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In the central region of the Province, the Qoz sand constitutes 

an important source of ground water, especially in the areas where the 

Umm Ruwaba formation and Nubian series are absent. The sand is 

generally coarse, rounded, and clean, Silt and clay may sometimes 

be mixed with the sand, but this occurs only in localized areas of 

streams and valleys. The Kordofan sand produces water wherever it 

is underlain by the crystalline rocks of the Basement Complex. In 

the areas where the Qoz sand overlies the sedimentary (Umm Ruwaba 

or Nubian) formations, little or no water is obtained. The reason is 



that the hard crystalline Basement rocks impede the downward move

ment of the water from the overlying permeable sands. On the other 

hand, when the Kordofan sands are underlain by the sedimentary 

formation, the water is lost to the deeper aquifers. The saturated 

zone of these surficial sands is usually thin and its thickness may 

vary between 2 to 10 meters. The depth of open dug-wells, which 

obtain water from this shallow aquifer, varies from 2 to 15 meters. 

Because of the remotenes s of the Nuba Mountain area, very 

little hydrologic data have been collected. There are, however, some 

measurements of water levels from dug-wells and two drilled wells ,. 

in the villages of Kadugli and Dilling (see fig. 3). In these parts 

of the Province, alluvium is the main source of water. Both towns 

are Situated in small intermountain basins, where the thickness of 

the valley-fill may be as great as 50 meters. The drilled wells in 

both towns produce plentiful supplies of water. In other places in 

the Nuba Mountains, the valley-fill is not as thick. In Rashad (see 

fig .. - 3), the total thickness does not exceed 8 meters. The water 

level in Rashad is less than 2 meters from the surface. 

As far as the hydrologic boundaries of the surficial aquifer 

is concerned, it can be assumed that the aquifer is continuous 

whenver the Kordpfan sands are present and are underlain by the 

crystalline rocks. The boundaries appear to be the same as the 
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geologic boundaries of the Basement Complex. In places the aquifer 

is discontinuous, especially where the Kordofan sands are absent or 

where the Basement rocks are found on the surface. In the Nuba 

Mountains the shallow aquifer is discontinuous and is of limited 

areal extent because of numerous crystctlline rock outcrops. 

The direction of ground water movement in the surficial 

aquifer is not as easy to determine as in the other deeper aquifers. 

The number of dug wells, which obtain water from this shallow aquifer, 

is not great and water level data are missing in many parts of the 

Province. 

Summary 

In Kordofan Province, ground water is obtained from three 

principal aquifers: the Nubian sandstone, the Umm Ruwaba formation 

and the surficial deposits. The White Nile and the Nile constitute a 

hydrologic boundary to both the Umm Ruwaba and the Nubian aquifers 

in the eastern half of the Province; the Basement Complex is the 

western boundary. Bahr El Arab is the southern boundary to both 

the Nubian and the Umm Ruwaba aquifers. 

The piezometric surface slopes gently toward the Nile in 

the eastern region, the direction of flow being toward Kosti and 

Khartoum. In the southwest, the main direction of flow is toward 

Bahr El Arab which is located in the southern part of the Province. 
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Recharge 

General Remarks 

A small percentage of the rainfall in Kordofan Province is 

directly recovered for local supplies from hafirs, streams and pools. 

The greater part of the precipitation is lost by evapotranspiration, 

runoff, and infiltration. 

The effect of evaporation in arid areas such as Kordofan 

Province is great, and most of the rainfall is therefore lost to the 

atmosphere. The high annual average temperature and low humidity 

with limited duration of the rainstorms results in large losses by 

evaporation. Although there is lit.tle variation in the mean annual 

air temperature (approximately 80°p) for all the Province, the rate 

of potential evaporation is greatly reduced in the southern regions, 

where humidity is higher and insolation is smaller. The rate of 

potential evaporation increases gradually northward, where the 

area is arid and devoid of vegetation. 

Transpiration by plants also accounts for an additional loss 

of rainfall. Thus, although the potential evapotranspiration is 

smaller, the effect of transpiration is gredter in the south because 

there is a greater density of vegetation than in the northern desert 

regions. Although no evaluations of the percentage of the rainfall 

lost by evapotranspiration have been made, it is reasonable to 
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suggest that it accounts for the loss of the greater portion of the rain

fall in the Province. 

Runoff, also, contributes to the disposition of rainfall in 

the Province. The main water courses, for example Khor Abu Habil 

and Wadi El Milk (see fig. 14), transmit some of the runoff beyond 

the boundaries of the Province. 

Water is also gained by the underlying strata by infiltration 

from the land surface, or more effectively, from stream beds. Some 

of this water, which infiltrates to the underlying rocks, may later be 

lost by evapotranspiration but some will also reach the ground water 

body. It is this increment of the rainfall that goes to the recharge of 

the principal aquifers in Kordofan Province. 

Detailed Study 

Because of the paucity of hydrologic data, three limited areas 

were selected for evaluation of the ground water budget and for esti

mation of the potential recharge. The first area lies to the north of 

the Nuba Mountains and is largely drained by Khor Abu Habil and 

its tributaries. The second area is in central Kordofan and covers 

part of the Nubian outliers; the drainage is through Wadi El Ghalla. 

The third area lies in the northern regions of the Province where the 

runoff is transmitted by numerous small streams. 
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In each of the three selected areas the procedure used for 

estimating evapotranspiration, runoff, and potential recharge is as 

follows: 

1, The number of runoff-producing storms was estimated 

from available rainfall data, and the volume of water 

that leaves the area, in the form of runoff, was cal

culated. Estimates of the number of runoff-producing 

storms and the portion of runoff which is transmitted 

beyond the limits of the area underlain by each prin

cipal aquifer are based on field experience gained 
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during the period 1961-1963. It was observed that 

runoff-producing storms occurred with an averdge 

frequency of two per month and the principal drainage 

channels would be wetted for an average period of five 

days per month. The total amount of rainfall for these 

runoff-producing storms was obtdined from the monthly 

rainfall records covering the period 1910 -1940. Measur

ing the extent of the catchment area in each of the three 

localities, the total volume of runoff was calculated. 

2. The balance of the total rainfall, after deducting the 

runoff increment, was considered to be lost by evapo

transpiration. 



3. It wa sobs erved in the field tha t the gre ater part of the 

runoff, especially in eastern and southwestern Kordofan, 

is transmitted through one principal channel. It was 

possible from observations made in the field to estimate 

that portion of the runoff which leaves the area under

lain by the principal aquifers. 

4. The approximate increment of recharge was obtained by 

deducting from the total runoff the volumes of water 

lost by evapotranspiration and by transmission beyond 

the limits of the Province. 

The calculations related to these steps are shown on pages 48-50. 

The volume of water which was considered to be the increment 

of recharge was used as an input function to determine the transmis

sibility of the aquifers. The volume of annual recharge is represented 

by the latter "Q" in the ground water equation Q == TIL. The values 

of the hydraulic gradient (I) were calculated from the map of the Piezo

metric surface (fig. 13) and the width of the area (L) was calculated 

from the same map. 
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Values for the transmissiblity have also been estimated from 

the lithology and thickness of each aquifer. These estimates are shown 

onpa,ges~'1- 52, and the values obtained are approximately the 

same a,s the values calculateq from the ground water equation Q == TIL. 



It should be emphasized that the values of recharge obtained 

from these calculations are only estimates 0 This is due to the fact 

that the volumes of runoff in each area have been estimated from 

records of rainfall which are not complete and only cover the period 

between 1910 and 19400 Furthermore, in the calculations of the 

recharge to the principal aquifers, the stream beds were considered 

as the only surface from which water infiltrates to the underlying 

strata. 

No portion of the total precipitation which falls in the area 

underlain by the principal aquifers was considered in the evaluation 

of the recharge. It is possible, however, that some of the rainfall 

may infiltrate from the surface and reach the ground water body. Also, 

scattered in different parts of the Province pools and hafirs are found 

and these may contain water for one or two months after the end of 

the rainy season. Although the area covered by these standing bodies 

of water is not large, some water may infiltrate and reach the ground 

water in the area. 

It is also evident from the flow net shown in fig. 14 that 

there is ground water flow toward Kordofan Province from the northern 

regions of the adjoining Darfur Province. This flow, too, would 

contribute to the recharge of the ground water in the northwestern 

Kordofan Province. 
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In terms of annual rainfall, the recharge in the three loca

tions amounts to 10 mm. per year in eastern Kordofan, 6 mm. per year 

in southwestern Kordofan, and 1.5 mm. per year in the northern parts 

of the Province. Because of the large area covered by the Province 

and the variation in the amounts of rainfall, runoff, and rates of 

evapotranspiration, no average value for the recharge would be 

representative of the Province. 

Although the values of recharge constitute a very small per

centage of the annual rainfall, the value for potential recharge would 

be greater if additional water were available. For example, if the 

runoff from the area underlain by the eastern Umm Ruwaba aquifer 

could be intercepted before it reaches the Nile, the recharge could 

be increased. The same applies to the southwest, where most of the 

runoff leaves the area underlain by the Umm Ruwaba and Nubian aqui

fers toward Bahr El Arab. 

Conclusions 

A small percentage of the rainfall contributes to the recharge 

of the prinCipal aquifers in Kordofan Province, and the main sources 

of infiltration are the stream beds~ Additional infiltration may occur 

from the surface, espeCially in the areas where rainfall is high and 

the underlying strata have the adequate permeabilities. Because of 

the large area covered by the permeable sedimentary units, the volume 
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of water which percolates and reaches the underlying aquifers is large. 

Furthermore, a comparatively small volume of recharge occurs through 

infiltration from standing bodies of water and by flow from the adjoin

ing Darfur Province. 



Estimate of the Recharge and Calculation of 
!!..ansmissibility of the Umm Ruwaba Aquifer 

in Eastern Kordofan Province 

Northern Nuba Mountains - Khor Abu Habil 

Average .annual rainfall (from fig. 7) 

Amount of runoff 

Catchment area, 30 miles radius 

Volume of runoff = 2820 x 640 x . 67 

= 
6 

1.2x10 x.89 
1000 

Percentage of recharge increment from 
total runoff 

Total (0) or volume of recl1arge 

1068 x 106 x 30 
== lQO 

= 600 mm/year 

= aOO mm/year 

= .67 ft/year 

= 2820 square miles 

5 
:: 1. 2 x 10 acre ft/yr 

6 
= 1068 x 10 gals/day 

7 
= 32 x 10 gals/day 
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= .4 inch or 10 mm/yr. 

Using the ground water equation 

Q == TIL 

7 . 
32 x 10 x 700 

T = 200 x 5280 x 1 
= 210,000 gals/ft/day 



Estimate of the Recharge and Calculation of 
Transmissibility of the Nubian Aquifer in 

Northern Kordofan Province 

Average annual rainfall (from fig. ::::: 200 mm/year 

Amount of runoff == 50 mm/year 

== . 16 ft/year 

Catchment area, 20 miles radius == 1250 square miles 
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Volume of runoff:::: 1250 x 640 x .16 

4 
12.8xlO x.89 

== 
4 

12.8 x 10 acre ft/yr. 

:::: ----~~--~--~ 
1000 

Percentage of recharge increment from 
total runoff 

Total (Q) or volume of recharge 

Using the ground water equation 

Q::::: TIL 

6 
45. 6 x lOx 5280 

T ::::: -=-..:.------~--
300 x 5280 x 1 

6 
::::: 114 x 10 gals/day 

== 400/0 

6 
:::: 45.6 x 10 gals/day 

:=) • 07 inch or 1. 5 mm/yr. 

== 150,000 gals/ft/day 



Estimate of the Recharge and Calculation of 
Transmissibility of the Sedimentary 

FormatioM in Southwestern" 
Kordofan Province 

Central Kordofan - Wadi Elghalla 

Average annual rainfall = 400 mm/year 

Amount of runoff ::I 100 mm/year 

= .34 ft/year 

Catchment area, 30 miles radius = 2820 square miles 
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Volume of runoff = 2820 x 640 x , 34 

6, 1 x 105 x ,89 

=< 
5 

6, 1 x 10 acre ft/year 

= 1000 

Percentage of recharge increment 
from total runoff 

Total (QJ or volume of recharge 

6 
543 x 10 x 30 

=-
100 

U sing the ground water equation 

Q=i TIL 

16.3 x 107 x 1100 
T=-

150 x 5280 x 1 

6 
=- 543 x 10 gals/day 

7 
::;; l~:) x 10 gals/day 

=: ,25 in/yr or 6 mm/yr 

=< 200,000 gals/ft/day 



Estimate of the Transmissibilities of the 
Umm Ruwaba and the Nubian Aquifers 

CoeffiCients of permeability of many samples of water-bearing 

sediments, of different compositions, are found in the U. S. G. S. 

water supply papers numbers 596 and 887. 

Approximate values of the coefficients of permeability of the 

sediments composing the Umm Ruwaba and the Nubian aquifers were 

obtained by comparison to samples with similar lithological composi-

tion found in the above publications. 

The transmissibility of each aquifer was obtained by multi-

plying the thickness of the aquifer by the estimated value of the 

coefficient of permeability. 

The Umm Ruwaba Aquifer - average thickness 300 ft, 

% % '10 '10 Approximate 
Coarse Medium Fine coefficient of 

Gravel 
sand sand sand permeability 

10 25 40 25 900 

10 20 50 20 900 

Transmissibility (T) == 300 x 900 == 270, 000 gals/day/ft. 
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The Nubian Aquifer - average thickness 150 fto 

-.....-...--~=----

"-~ 

ro <70 ro % Approximate 

Gravel 
Coarse Medium Fine coefficient of 

sand sand sand permeability 
---

30 35 25 10 1200 

25 40 30 5 1200 

Transmissibility (T) == 1200 x .150 == 180,000 gals/day/ft. 



RECOMMENDATIONS 

During this study, the writer encountered many difficulties, 

especially in the interpretation of the climatological data and the 

contouring of the water levels, Therefore, the writer feels that some 

of the following suggestions may be helpful for any similar investiga

tion, not only in Kordofan Province, but for any other area in the Sudan. 

1. Sufficient climatological data, covering nearly the whole 

study area, must be assembled, These must include 

data of precipitation, runoff, and rates of evaporation. 

2, Accurate topographic maps. 

3. Accurate measurements of the water level and the depth 

of all wells in the area must be obtained. 

4. The approximate thickness of the principal aquifers 

and a thorough description of their sediments would 

be helpful. 

5. It would be of great assistance in such a study if 

pumping tests could be carried out so that the trans

missibilities and coefficients of storage of the aqui

fers could be determined, 
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