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SUDAN 

Area: 2,506.000 km2 

Population: 20,36 million (United Nations estimate, 1983) 

I. BACKGROUND 

Sudan is the largest country in Africa. It has a coastline of 700 km 
on the Red Sea and has borders with eight African countries: two Arab 
countries of North Africa - Egypt and Libya; three Central African countries -
Chad, Central African Republic and zaire; and three East African countries -
Kenya, Uganda and Ethiopia. The country runs from south (close to the 
equator) to north (just south of the Tropic of Cancer) for about 2,000 km, and 
from east to west for about 1,300 km. 

Sudan is crossed from south to north by the Nile Valley and it has vast 
flat expanses where the monotony is broken only by low hills and small moun­
tain chains, such as the Imatong mountains in the south, the Red Sea Hills 
in the east, and the Jabal Marra and the Nuba mountains in the west. The 
country's highest point (3,224 m) is in the Imatong mountains close to the 
border with Uganda. The Red Sea Hills rise to 2,700 m. The Nuba mountains, 
isolated hills in the middle of Kordofan province, rise to 1,374 m in the 
Jabal Dair. The Jabal }mrra is a volcanic massif running north-south for 
200 km in western Dafur. 

About half the country is between 300 and 500 m in altitude, with two 
per cent of the land below 300 m and three per cent above 1,500 m. 

Host of the country lies in the hydrographic basin of the Nile. Western 
Darfur is part of the Chad basin, The coastal basins of the Red Sea should 
also be mentioned. 

The north-west quarter of the country is desert and has no hydrographic 
netvmrk, 

Climate 

The climate is dominated by continental influences, It is of the tro­
pical and subtropical type. The rain falls in summer, The winters are dry. 
The coastal areas are subject to the influence of the Red Sea; the winds are 
charged with moisture as they cross the Red Sea and they deposit it as rain 
in the coastal areas. The rainfall increases from the north (nil at the 
Egyptian frontier) to the south-west (1,500 mm) and the isohyets generally 
run east-west, except in the higher areas. 

The interannual irregularity of the rainfall is much greater in the north. 
Like the whole of East Africa, Sudan has been suffering from drought for 10 
years. The rainfall has generally been less than half the normal amount. 

With the exception of the far south, about 90 per cent of the rain falls 
between July and September, with two-thirds in July-August. Host of the 
rainfall is of the convective type: short violent local storms. 
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Sudan ~s a hot tropical country, The highest temperatures are recorded 
:l,n the central pla:tn between Khartoum and Abu Hammad, with an annual average 
of 29°C, The highest temperature ever recorded in Sudan was 52°C at Wadi 
Halfa on 29 April 1903, The lowest (20C) was also recorded at Wadi Halfa 
on 26 December 1917, 

The temperature rises in January; the minimum temperatures are between 
6°C and 20°C and the maximums between 24°C and 36°C, In summer (April) the 
central plain (Khartoum and Gezireh) have the highest temperatures; the 
maximum ranges from 34°C to 40°C and the minimum from 16°C to 24oc, 

The ranges are wider in the dry north than in the wet tropical south, 
They are in the order of 18°C to 20°C in the northern and central plains 
and 12oc to 14°C in the south. 

The part of the country which is drained towards the Chad basin contains 
the seasonal wadis - Wadi Kaya and Wadi Azum - which rise on the western 
slopes of the Jabal Marra, The eastern slopes of the Jabal Marra are drained 
by l~adis Bulbul, Kaya and Gendi towards the vast swamps of Bahr el Arab, The 
main coastal wadis on the Red Sea are Khor, Arbaat, Khor, Mog (near Port 
Sudan) and Khor Handoub, 

There are two seasonal watercourses of great importance: the Kbor El­
Gash and the Khor Baraka in Kassala province, which rise in Eritra and have 
a very marked torrential regime, Their waters are muddy, Their courses 
terminate in deltas at the Red Sea, 

The Nile is the country's only permanent watercourse; it is the dominant 
feature of the physical geography and from the human and economic standpoint, 
The main course of the Nile begins at Khartoum where the White Nile and the 
Blue Nile converge, Further north the Nile receives the Atbara then crosses 
the Nabri desert towards Egypt. The White Nile rises in the plateau of the 
lakes and it provides 16 per cent of the waters of the Nile, The Blue Nile 
drains the plateaus of Ethiopia and contributes 84 per cent of the water, 
The limits of the basins of the Blue Nile, the White Nile and the Atbara are 
not clearly defined, 

II, GEOLOGY 

Sudan has the following geological units and structures: 

-Crystalline basement rock (Precambrian); 

- Nawa formation and Paleozoic sandstones (Cambrian-Carboniferous); 

- Nuri sandstone (Jurassic-Cretaceous); 

-Basaltic outcrops (Tertiary); 

- Coastal deposits (Late Tertiary); 

- Umm Ruwaba formation (Pliocene-Pleistocene); 

-Surface deposits (Late Pleistocene), 
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The country's geological history can be summarized as follows: 

A long period of erosion which toninued up to the Upper Palezoic period 
removed most of the marine sedimentary cover which had been deposited in 
shallow- <mter on the crystalline basement rock, with the exception of a few 
isolated pockets at Wawa (Kodofan), near the Chad frontier, near the Jabal 
Uweinat and in the north-,;est of the country. 

In the Hesozoic (Jurassic-Cretaceous period plastic sediments of Nubian 
sandstone were deposited, These were eroded and have survived only in the 
depressed areas of the basement rock and its Paleozoic cover, 

The tectonic movements of the Rift system (Middle-Upper Tertiary) led 
to the formation of vast structural basins such as those of Bara, Dinder 
and Baggara. A volcanic phase then produced the Jabals Marra, Heidob and 
Tasgabo and the basaltic flows of the Bayoda desert and the Gedarif region. 
This volcanic activity continued throughout the Upper Tertiary and Early 
Quaternary periods. In the Pliocene-Pleistocene period these basins re­
ceived thick fluvial and lacustral deposits which constitute the formation 
known as Umm Ruwaba. The north of Sudan was subsequently subject to a dry 
cli1nate, Strong winds caused heavy erosion of the Nubian sandstone and the 
most recent sediments, producing the vast expanses of sand and sand dunes 
which cover most of the northern part of the country and the regions of 
Kordofan and Darfur. 

A description of the main formations now follows: 

Crystalline basement rock 

This consists mainly of orthogneiss and paragneiss and Precambrian 
schists which are divided into three main groups: 

- Acid gneiss; 

- Quartzites; 

- Schists and grauwackes, 

These rocks are heavily folded, faulted and injected with intrusive 
rocks, mainly granites and quartz veins, 

Paleozoic sandstones and Nawa formation 

Paleozoic sandstones outcrop mainly in the west of the country, Cambrian­
Ordovician fluviatile sandstones are found in the upper basin of Wadi Hewer 
which forms a continuation of the Ennedi plateau as far as the Chad frontier, 
Some of these formations are covered with sandstone sediments of the coastal 
and fluvial-deltaic type of Lower Siluran age, 

Carboniferous sandstones rest in discontinuity on the crystalline 
basement rock on the Sudanese slopes of the Jabal Uweinat, They consist 
mainly of sandstone intercalations with intersected stratification which con­
tain many remains of fossilized plants, The Nawa formation outcrops in very 
few places; it is found in the spoil of wells or boreholes in the area between 
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latitudes 12°21 1 and 12°50' Non longitude 29050 1 E, These rocks samples 
consist mai.nly of sandstone-arkose and brovm or green fine or medium grained 
schists, The Nawa formation contains considerable amounts of mica, which 
distinguishes it from the Nubian sandstone, 

Nubian sandstone 

This formation covers 28 per cent of the country and outcrops mainly 
in Kordofan, Darfur and the Khartoum region, In the south it is overlain 
by thick unconsolidated sediments of the Umm Ruwaba formation, while in the 
rest of the country it outcrops in the plateaus or suboutcrops below a cover 
of surface formations of variable thickness. This formation is well strati­
fied with layers of schist or conglomerate and with little or no slope, The 
elements are of average size and homogeneous, Its origin is disputed, but 
it was probably produced by deposits accumulated in fresh water, In the 
north the formation is divided into three groups: 

1, Basic silicified sandstone and conglomerate; 

2, Soft or hardened white, purple and variagated schist and sandstone; 

3, Yellow or brown sandstone, 

The Nubian sandstone varies greatly in thickness, attaining over 4,000 m 
in the deep structural trenches of the northern region. 

It is generally thought to vary in age from Upper Jurassic to Lower 
Cenozoic. 

Umm Rm•aba formation 

This formation covers 20 per cent of the country, forming two big 
trenches in the centre and south; the main trench - Bara - covers a vast area 
in Kordofan, Darfur and the southern region; the other trench is found in the 
area of the Blue Nile and its tributaries, the Rahad and the Dinder, 

These are unconsolidated series with little stratification consisting of 
sands, silts and clays, However, layers of pebbles can occur at the base of 
the series where it is in contact with the underlying basement rock or the 
altered surface of the Nubian sandstone, The sand or clay content is probably 
due to the Nubian sandstone, and the clay content to the basement rock, The 
Umm Ruwaba formation consists of lenticular sand and clay units with great 
lithological variation in the vertical-lateral direction and in the vertical 
direction. However, the following sequences have generally been identified, 
from top to bottom: 

- Greenish clays with nodules; 

Sands with very coarse rounded grains; 

- Greyish crumbly and soft clays. 

The formation varies in thickness from 50 m (above the east-west uplift 
of the crystalline basement rock which divides the Bara trench into two 
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sub-basins) to 1,400 m (along the main axis of the trench in the vicinity 
of the town of Bara and in the south), This great thickness and the com­
posite and loose nature of the sediments indicate rapid sedimentation by 
short rivers in a continental or lacustral env:lronment. 

The age of the 1Jmm Ruwaba formation is not known with any certainty; 
it is thought to date from the Pliocene to Pleistocene period, The sediments 
are younger than the peneplain attributed to the Hiddle Cenozoic period; 
moreover, they are covered by Pleistocene deposits up to the Recent black 
clays and Kordofan sands. 

Surface deposits 

These include the Nile alluviums, the fill deposits of the valleys, the 
Kordofan sands, the black clay plains and the coastal deposits of the Red 
Sea. All these deposits, which range in age from Pleistocene to Recent, 
cover most of the oldest formations with a variable but fairly thin layer. 

The Nile deposits form the plains and the Ancient and Recent terraces 
of the river and of its tributaries to a depth of up to 60 m, They consist 
Jnainly of well-sorted silts and clays with occasional sandy strata, The 
nature of the alluvial fill accumulated by the temporary watercourses de­
pends on the pattern of the watercourse, In the Piedmont areas these deposits 
consist of medium to coarse poorly-sorted sands with gravel and lenses of 
clay in places, The finer material is carried further downstream before 
being deposited, The clays and silts of the spreading plains are found only 
around minor arms along the river's course and in its delta; they can be up 
to 30-50 m thick. 

The Kordofan sands consist mainly of eolian sand deposits in the form 
of vast layers of stabilized dunes covering most of the northern part of 
the country, These sands consist of fine or medium well-rounded grains of 
quartz, usually coloured light-brown or dark-red by the oxides, The thick­
ness of the sand cover varies considerably, from a few centimetres to about 
a hundred metres, These dunes usually run north-south in line with the main 
direction of the wind, However, north-east transversal dunes of the Bark­
hane type are also quite common, 

The black clays cover the plains of Gezireh, Rahad, Dinder and Butana, 
extending southwards to the Sudd region on the northern slopes of the Nuba 
mountains and to the vast plains north of the Nile-Congo watershed, This 
formation has a remarkably uniform clay content of 60 per cent, with few 
coarse elements but many limestone nodules and concretions, The black clays 
of southern Kordofan and Darfur usually rest in cont:lnuity on the uncon­
solidated sediments of the 1Jmm Ruwaba formation, indicating that their sedi­
mentation was the last phase of the deposition of this formation. 

The Red Sea littoral formations consist of sequences of mixed marine and 
continental facies resting in discontinuity on Tertiary deposits and older 
formations. A highly developed network of wadis, including Khots Barka, 
Arbaat, Eit and Hog, drain the Red Sea Hills, carrying down large quantities 
of gravel, sand silt and clay and depositing them in the coastal area, These 
continental sediments are sometimes 50 to 75 m thick, The marine sediments 
along the coast consist mainly of complex deposits of coral reefs which form 
a layer 15 metres deep on top of the older sediments, 
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III, GROUND-WATER RESEARCH IN SUDAN 

At only ~ little distance away from the Nile, ground-water aquifers 
provide the only permanent stocks of water in Sudan, They guarantee the 
supply and even the existence of almost 75 per cent of the population and 
the livestock, whose total annual needs are estimated at 500 million cubic 
metres, This figure can be adjusted to 375 million cubic metres, for during 
the three months of the rainy season the people have surface water available 
almost everywhere. But account must be taken of the needs of wild animals, 
supplementary irrigation and industry, as well as of the losses due to eva­
potranspiration, infiltration and wastage, Up to 1987 the bodies responsible 
for rural water supply produced about 90 million cubic metres a year, re­
presenting less than a quarter of the requirement, 

Background 

Sudan's first rural water supply service was established in 1946, when 
a soil conservation service was set up in the Ministry of Agriculture with 
responsibility for studying the erosion and drying-out of the soil and the 
water resources available to supply the population and livestock in rural 
areas; it was also required to recommend measures to solve the problems and 
in particular to propose ne\~ legislation and taxation measures; lastly, it 
had the task of establishing work programmes with a timetable and an estimate 
of the costs, Over the next 10 years it built about 300 hafirs (small 
surface-water reservoirs) with a total capacity of about nine million cubic 
metres in the rural areas where the rainfall was sufficient, Some of these 
reservoirs, built in haste, were filled in by the solid deposits carried 
down by the waters and rendered useless. 

In 1956 a department of land use and rural development was established 
in the Ministry of Agriculture, It had three divisions: land use, development 
of surface water, and water drilling, Technical responsibility for the 
development of water resources and supervision of drilling operations was 
assigned to the geological service of the Ministry of Mineral Resources. This 
led to the construction of 100 tubewells, 200 hafirs and four small dams with 
an annual capacity of 11 million cubic metres. 

The Rural Water and Development Corporation (RWDC) was established ~t 
the beginning of 1967 as a response in particular to the situation caused 
by the drought and the degradation of the soil and to satisfy the large re­
quirements resulting from the implementation of the rural development pro­
gramme. Its technical staff included hydrogeologists, drillers, civil 
engineers, hydrologists, engineers, mechanics, agronomists, soil experts, 
sociologists and economists, working in three departments responsible for 
ground water, surface water and rural development. Departments of pastures 
and forests were added later, 

The establishment of the RIIDC was followed by the Anti-Thirst Campaign 
which was the first step in the great advance made in the area of rural water 
supply, In the 20 years from 1967 to 1987 about 3,200 boreholes were 
successfully drilled and 350 hafirs and 10 small dams were built; these 
installations made it possible to store about 70 million cubic metres of water 
a year, representing 19 per cent of the total human and livestock require­
ments. During these 20 years the effort was concentrated on the exploitation 
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nf ground "ater, which is perhaps more difficult to develop than surface 
\mter but is of better quality and less vulnerable to pollution and, in 
the short term, to the effects of drought; furthermore, unlike surface water, 
1.1: does not require large investments at the outset, 

Prospecting and evaluation of ground-water resources 

1b:i.s kind of research expanded rapidly after the establishment of the 
HHDS, A particular effort was made in the Kordofan and Darfur regions, 
wtth financing provided by grants and loans, The actual research was en­
trusted to foreign study companies, The Ground-Water Research Section is 
responsible for the activities financed in this area by the Government. 

A major project financed by the British Government was carried out in 
northern Darfur in 1968-1974 with the object of studying ground water; it 
l.ncluded the following operations: 

- Aerial photography and photo-geological interpretation; 

- Evaluation of all available data on boreholes; 

- Measurement of the water levels in the boreholes and observation of 
fluctuations in these levels and in the salinity of the water; 

- Test pumping and interpretation; 

Geophysical prospecting by geo-electrical, gravimetric and seismic 
methods; 

- Determination of the ground-water potential of the Sharggra basin, 
with a view to supplying El Fasher, and of the West Nyala basin to 
supply the town of Nyala, 

In southern Darfur the ground-water studies dealt with the aquifers of 
the Nubian sandstone and Umm Ruwaba formations and with the main alluvial 
aquifers, These studies considered the possibility of small irrigation 
projects, 

The second ground-water exploration programme in order of importance was 
carried out by a Czechoslovak company over an area of 80,000 km2 in Kordofan 
from 1967 to 1976, It identified the limits of the ground-water basins and 
determined locations suitable for water boreholes in the areas of crystalline 
substratum of the Precambrian basement rock, The researchers used geophysical 
prospecting methods and then took core samples and made diagraphic studies. 
The holes were lined and equipped with filters, After test pumping the 
installations were handed over to the RWDC equipped with pumps, reservoirs 
and protective fencing, The geophysical operations consisted of magnetic 
and gravimetric measurements (6, 100), electrical soundings (1, 770) and seismic­
refraction profiles (nine): 78 boreholes were installed with a total depth 
of 14,000 m and 30 were put into production. These studies brought about a 
considerable improvement in the knowledge of the ground-water basins and they 
identified several other basins such as Iyal Bakhit, Lastly they succeeded 
in establishing water points in areas considered barren, 
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Other work financed by bilateral aid programmes included the geophysical 
and hydrogeological research carried out between 1976 and 1985 by the Geo­
logical Service of the Netherlands at El Gedaref, El Jebelein, Kassala and 
Nyala. German missions have been studying ground water since 1958, for ex­
ample at Kordofan and more recently at Khartoum (1979); in 1985 a scientific 
mission of the University of West Berlin began to study the Nubian sandstone 
aquifer in Sudan and Egypt. 

The United Nations Development Programme has financed studies of the 
Jabal Marra (1958) and Kordofan (1967) and more recently a regional project 
on the main aquifer of north-eastern Africa (Nubian sandstone), 

IV. MAIN AQUIFER SYSTEMS 

River aquifers 

The Nile silts and the fill deposits of the valleys are Sudan's largest 
surface aquifers. Most of them contain large quantities of water of good 
quality, particularly in the areas of crystalline basement rock, owing to 
their hydrological properties: high storage and transmissivity coefficients. 
The ground water drawn from these alluvial aquifers is an important resource 
used for domestic and irrigation purposes in several northern areas and at 
Kassala in Kordofan and in Darfur. The ground water of the alluvial for­
mations is usually contained in unconfined aquifers at shallow depths (a 
few centimetres to 15 metres) below ground level. The ground-water horizon 
is highest during or shortly after the rainy season and it then gradually 
declines for the rest of the year. In some alluvial aquifers in exceptionally 
dry years the water level falls below the furface of the rock substratum, In 
contrast, when the static water level is above the top of the aquifer, pools 
and swamps are formed which can remain throughout the year. This is the 
case at Sudd in the southern part of the country, 

In the alluvial fill the ground water flows in the same direction as 
the surface water, i.e. downstream. 

During the high-water periods the flow is from the bed towards the banks, 
thus recharging the aquifer, and it is in the opposite direction during the 
dry season, with drainage from the banks towards the bed, The rate of flow 
within the aquifer depends on the surface gradient and the transmissivity 
of the alluvial aquifer. Accordingly, the rate of flow of the ground water 
is higher in the upper part of the aquifer than in the lower part; it is 
about 25 to 40 cm a day (Darfur, Kassala, Jabal Marra). 

The results of the test pumping in the alluvial aquifers are given in 
table 1. The transmissivity coefficient ranges from 200 to 1,500 m2/day. 
The storage coefficient is also high: 13 to 25 per cent, as is to be ex­
pected in an unconfined aquifer. 
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Table l 

Hzdrogeolo~ical Eroperties of a number of alluvial aguifers in Sudan 

Location Depth of well (m) Static water Specific Permeability Transmissivity Storage coefficient 
level (m) yield K (m2/d) T (m2/d) (%) 

(l/s/m) 

KASSALA 

K. El Gash 30 10 40 1,000 0.13 

DARFUR 

W. Kutum 18 3.5 4.2 14 200 0.20 

w. Azum 38 3 30 45 1,500 0,20 

W. Aribo 20 1.5 30 50 1,000 0.25 

w. Nyala 17 2 10 50 600 0,20 
w 
-"' ..., 

t,r. Bulbul 10.5 1.8 35 65 600 0,24 

NORTH 

El Seleim Basin 93 6 40 10 500 0.15 

Kerma Basin 94 5.7 65,8 12 10.50 0.15 



Boreholes in the alluviums of the Blue Nile can deliver more than 
500 m3;h (the highest yields in the Sudan). The wells drilled at El Seleim 
and Kerma, where a fossil loop of the Nile overlies the Nubian sandstone, 
can deliver up to 500 m3/h, The boreholes of Khor El Gash, Wadi Asum and 
Wadi Nyula can deliver 50 to 100 m3/h. The ground water of the alluvial 
aquifers can be recharged by infiltration of flood water, rain water or 
surplus irrigation water, The discharge is mainly through evaporation and 
ground-water flow and, to a lesser extent, human activities, in particular 
irrigation. Recharge and discharge cause fluctuations in the water level 
which rises in the rainy season and declines in the dry season. 

The safe annual yield of the El Gash alluvial aquifer is about 170 to 
240 million cubic metres; at Wadi Kutum it is 20 million cubic metres, 
but the drawoff is below 50,000 m3/year, Lastly, at Wadi Asum and Wadi 
Aribo, close to the town of Zalengei, it is 81 million cubic metres with a 
drawoff of about 50,000 m3/year. The drawoff from the aquifers of Wadi 
Bulbul and Wadi Kaja in southern Darfur is about three million m3/year. 
The ground water of the wadis is now used to irrigate small plots along 
their narrow beds, The ground water drawn from alluviums usually contains 
little mineral salt and is thus suitable for domestic and irrigation 
purposes, In the valley of Khor El Gash it has a dry residue of 180 to 
270 mg/1, with a mainly calcium bicarbonate facies, Away from the bed the 
salinity increases to 2,000 tng/1 of carbonates, sulphates and sodium 
chloride. This high concentration is due mainly to the return of irrigation 
water. 

The dry residue of the ground water of Wadi Azum is about 180 to 
270 mg/1 of carbonates and calcium and sodium bicarbonates; it is below 
150 mg/1 at Hadi Aribo, mainly calcium bicarbonate, and the situation is 
similar at Hadis Bulbul, Nyala and Kutum. The Bile alluviums in the El Seleim 
and Kerma basins sometimes contain water of better quality than that of the 
Nile itself, with a dry residue of 120 mg/1, which is perhaps due to the 
presence of layers of silt acting as a semi-permeable membrane trapping the 
salt of the irrigation water. 

For the waters contained in the alluviums the sodium absorption rate is 
below 10, and they can therefore be classified as good or excellent for 
irrigation, 

Umm Ruwaba aquifer 

This aquifer is second in order of importance; it has lenticular water­
bearing strata of sand and pebbles which are mostly in contact with each other. 
The areas composed of fine elements are unproductive or even barren. 

The water of this aquifer is exploited mostly for domestic use and for 
livestock, occasionally for small-sca~e irrigation (Bara and El Kheiran). 
It covers an area of about 800.000 ~n , mostly south of the 12th parallel N. 
It may overlie altered formations of the crystalline basement rock (Bara 
basin) or altered Nubian sandstone or other older formations (Atshan, Baggara 
and Sudd basins), 
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Description of the aquifers 

(i) Bara basin. This basin occupies a trench of 68,000 km2 running north­
west/south-east in central Kordofan and eastwards as far as the Hhite Nile, 
which it meets south of Kosti, It is bounded in the north-west by the Nubian 
sandstone and on all its other sides by crystalline basement rock of the 
Sodiri-Mega anticline, The Umm Ruwaba formation rests in discontinuity on 
crystalline rock which is very unevenly altered, The basin is divided into 
two sub-basins by a north-east saddle produced by an uplift of the basement 
rock, but they remain in hydraulic contact with each other, The basement rock 
is uplifted in places to form isolated or aligned reliefs above the static 
water level; this produces barren or unproductive zones. The Bara basin is 
situated in the basin of the l.Jhile Nile; it is recharged in the west and north­
west and it has its outlets in the south-east, towards the White Nile. 

(ii) This basin includes the southern part of the syncline located be­
tween the Bayoda horst and the Sodiri-Mega anticline; the northern part is 
occupied by Nubian sandstone. It is in the forn1 of a triangular trench, 
the apex of which is the confluence of the Blue Nile and the Rahad, while 
the base terminates at the basement reliefs which run along the Ethiopian 
frontier, The Lithology is typical of Utmn Ruwaba, except that it contains 
much more coarse material (sand and pebbles) than usual. Very little is known 
about the hydrogeology and it is hoped that the current petroleum research 
will provide a fuller picture. 

(iii) Baggara basin. This basin covers about 150,000 kffi2 in southern 
Kordofan and southern Darfur, south of the Nuba mountains and the saddle 
leading to the Umm Kaddada basin, i,e, south of the 13030 1 parallel N, Its 
south-east limit is the Bahr El Arab, In the west it terminates at the high 
banks forming the central part of the Jub-El-Genina horst, This basin is part 
of the Bahr El Arab hydrographic basin. Almost all the seasonal streams 
south of the watershed are lost in desert deltas or continue their course in 
the Bahr El Arab. This is true of Wadis El Ghalla, Shalengo, Bardab, Bulbul, 
Ibra, Nyala and Kaja. Here have been identified three deep trenches (3,000 m), 
which are interconnected in a north-east/south-west direction, together with 
other shallower trenches containing oil resources, but the hydrogeology is 
not known, 

(iv) This basin takes the form of a plain of 200,000 kffi2 covered with 
fresh-water lakes and swamps at the confluence of the Bahr El Arab, the Bahr 
El Ghazel, the Bahr El Jebel and the Sobat. This basin is situated in the area 
where the Mega syncline covered with Umm Ruwaba sediments has just split into 
two, The outlet is towards the north through the White Nile. It is bounded 
in the east by the Ethiopian platea, in the west by the Juba-Genena horst and 
in the south by the plateau of the lakes, 

The Umm Ruwaba aquifer which occupies the basin consists of fine sediments 
carried down by the Nile and its tributaries. It is thought that these sedi­
ments were deposited in the form of inland deltas made up of mixed strata of 
sand and clay, 

The aquifer is unconfined at its edges lvith a static water level close 
to ground level (2 to 10 m deep), Around Bara it is exploited by hand-dug 
wells for domestic purposes and to irrigate small cultivated plots (vegetables 
and fruit trees), 
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The aquifer is saturated in the south and sometimes emerges in swamps 
and lakes. Jn the centre semi-artesian or artesian conditions can occur be­
neath the clay strata at depths of 200 to 400 m, with a static water level 
of 10 to 100 m above ground level. Temporary artesian conditions have been 
observed in some cases, The Urnm Balagi borehole which is situated at a 
point where the ground-water flow is blocked by an uplift of the basement 
rock, has been artesian for more than 10 years. 

The fluctuations in the piezometric surface of the Umm Rm;raba aquifer 
do not exceed 10 to 30 cm; this is attributed to the very small amounts of 
recharge and discharge. 

Ground-water flow 

In the Bara basin the ground water flows south-east across the basement 
saddle towards the town of Umm Rm;raba, and eastwards towards the While Nile. 
In the Akshan basin it flows in the same direction as the surface water, 
i.e. northwards. In the dry season in the Baggara basin it flows south­
east towards the Bahr El Arab, and then eastwards towards the Sudd basin. 
During the rainy season and the high-water periods of the Bahr El Arab the 
habitual southward flow encounters the northward flow from the river and the 
two flows combine to run eastwards, i.e. towards the Sudd basin. The Sudd 
area thus acts as a drain for all the surface and ground-water flows of the 
basin, The Sudd area thus acts as a drain for all the surface and forming 
swamps. The northward ground-water flow is very slow owing to the poor 
permeability of the Umm Ruwaba formation and the shallow gradient. 

The properties of the Umm Ruwaba aquifer are given in the following 
table: 

Table 2 

Location TD(m) SWL(m) M(m) Q(m3/h) SpC(1/s/m) K(m/d) T(m27d) 

BARA BASIN 
Umm Shelikeit 233 86 91 5.5 0.55 1.2 105 
Shawa 226 22 45.5 5.5 1.40 0.7 35 
Hedeid 137 24 70+ 15.2 0.73 2.9 75 
Umm Ushra 233 11.4 200+ 16.0 1.2 5,0 210 
Umm Sheila 121 48 lOO+ 5.5 0.5 1.9 50 
BAGGARA BASIN 
Tiwal 220 25 200+ 14.4 8 22 880 
Umm Berida 153 90 70+ 14.4 8 26 845 
Hariza 155 100 52+ 14.4 4,5 18 600 
Shaffa 119 92 21 14.4 :j,l :.9 320 
El Malam 225 70 150+ 14.4 1 4 140 
Serrir 268 67 200+ 14.4 1 3,8 130 

TDL Total depth of well 
SWL: Static water level 
M: Aquifer thickness 
Q: Discharge of the well 
SpC: Specific capacity 
K: Permeability 
T: Transmissivity 

- 35D -



The transmissivity coefficient ranges from 30 to 200 m3/day in the Bara 
basin, The lower values are found in areas of fine elements where some of 
the wells are of defective construction. The permeability coefficients 
range from a minimum of 0,7 m/day to a maximum of 5 m/day, In its centre 
th=

5
aquifer is artesian or semi-artesian, with a storage coefficient of 

10 to 1o-3. The volume of water stored has been calculated on the basis 
of an average coefficient of 5 x 10-2, 

Since the Umm Ruwaba aquifer is in hydraulic contact with the underlying 
aquifers (Nubian sandstone and older formations), the transmissivity values 
of the wells penetrating the whole formation are higher than those of the 
boreholes which penetrate only the Umm Ruwaba formations, However, as the 
boreholes are not lined for the 1-1hole of their productive depth, the trans­
missivity and storage values are probably lower than the potential ones. 

The storage coefficients obtained are not reliable. The average value 
of 5 x lo-2 mentioned above is perhaps a-reasonable estimate. 

Ground-water resources 

It is thought that the Bara basin has a considerable recharge from direct 
infiltration of rainfall (in the El Kheiran area for example), and from 
surface runoff (for example, south of the town of Umm Ruwaba), The recharge 
is considerable in the El Baggara basin; it is provided by frequent temporary 
flows from the Nuba mountains, the slopes south of the watershed of the Nile 
and the Bahr El Arab, and the volcanic mass of the Jabal Marra. 

Table 3 gives the figures for the ground-water resources of each of the 
basins of the Umm Ruwaba aquifer. 

Table 3 

Estimate of the ground-water potential of the Umm Ruwaba aquifer 

Hydrogeological 
system 

Bar a 
Atshan 
Baggara 
Sudd 

TOTAL 

Ground-water 
stocks (km3) 

45 
23 

1,300 
110 

1,478 

Annual Recharge 
(hm3) 

15 
70 
30 

340 

455 

Annual drawoff 
(hm3) 

4 
20 
10 
20 

54 

This table shows that the aquifer is far from being exploited to its 
full capacity. In fact, the present level of drawoff is less than 30 per cent 
of the safe yield. 

The water is usually of good quality; it has a low mineral content or is 
slightly saline. The dry residue is generally below 1,000 ppm, sometimes 
below 80 ppm, However, there are some saline pockets with concentrations of 
6,000 ppm; the salts may have been deposited by evaporation in the lacustral 
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areas prior to the depos~tion of the Umm Ruwaba formation itself. In the 
Bara basin the salinity is generally low (150 ppm) near the recharge areas 
such as El Kheiran; it increases gradually towards the basin's outlet. How­
ever, this phenomenon is reversed and low concentrations are found in the 
vicinity and to the south of the town of Umm Ruwaba owing to the recharge 
from Khot Abu Habb, Saline pockets (5,000 ppm) occur north of the saddle of 
the crystalline basement rock which divides the basin into two sub-basins. 
Other pockets of 6,000 ppm occur near the Jabal El Kon. 

The average salinity of the aquifer in the Baggara basin is 340 ppm, The 
lowest salinity levels are found close to the recharge areas, i,e, in the 
north, west and south-west, close to the mouths of Wadi El Ghalla and the 
other wadis which drain the Nuba mountains, 

Areas with salinity levels above 400 mg/1 are found in the deep trenches 
of the central part. They may be caused by the presence of strata containing 
evaporites, Owing to the stagnation of the ground water, the concentrations 
of salt in the Sudd basin are high or very high: 270 to 6,500 mg/1, with 
average values of 1,500 mg/1 which increase with depth and towards the north, 
i.e. towards the basin's outlet. The facies are mainly of the carbonate and 
sodium bicarbonate types when the salinity is low or moderate, and of the 
chloride and sodium sulphate types in the areas of high concentrations; in 
some cases there are heavy concentrations of nitrates, 

Apart from the small areas of high salinity, the water of the Umm Ruwaba 
aquifer is usually fairly soft and is suitable for human and animal consumption. 
However, in some cases when the concentration of nitrates exceeds the admissible 
amount (35 mg/1), the water cannot be used and the wells and boreholes must be 
condemned, However, the water can usually be used for irrigation. 

Nubian sandstone aquifer 

The Nubian sandstone aquifer is the most reliable and the largest in Sudan 
and indeed in North-East Africa. The water-bearing strata consist of sandy 
beds with high storage and transmissivity coefficients, However, vast areas 
of Nubian sandstone outcrops are barren because they are too thin and the static 
water level of the aquifer is lower than the "wall" of the formation, 

As a rule this aquifer is an under-used if not a virgin resource, for 
up till now it has been exploited in only a few places and only for domestic 
purposes. 

This is a potential resource of considerable importance for the country's 
future, 

The aquifer covers about a million square kilometres, mostly north of the 
12th parallel N. In this area it includes a number of interconnected or 
isolated depressions, South of the 12th parallel N it is generally overlain by 
the Umm Ruwaba formations which fill the vast trench in the form of a Y 
covering southern Kordofan and Darfur and the Sudd region in southern Sudan. 
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Description of the aquifers 

The Sahara basin (1) forms a rectangular trench t"o million square 
kilometres in area running north-north-"est/south-south-east in northern 
Darfur. In the north the basin extends beyond the Libyan and Chad frontiers 
and may encompass the Kufrah oasis, Its lower limit is not known. It can 
be divided into three sub-basins: Wadis Hawa, SaniyaHaiyeh and Tima, The 
Umm Kaddada basin (2) covers about 100,000 km2 in central and eastern Darfur 
and in Kordofan. The Nahoud basin (3) is a saucer-shaped area of 10,000 km2 
in central and western Kordofan filled with Nubian sandstone, It was pro­
duced by complex erogenic movements and erosion. In the south it has a sub­
division (Nahoud-Saata-Gefauwi) of very considerable ground-water potential. 
In other parts the Nubian sandstone is barren. 

The Iyal Bakhit depression is smaller in area and it is one of the regions 
of Sudan v1hich suffers most from lack of water. The Nilo-Nubian basin (4) 
is the biggest basin, extending for 300,000 km2 in central and northern Sudan. 
Its upstream part corresponds to the Nile-Bahr El Arab watershed. which starts 
in eastern Darfur and crosses central Kordofan along the Kagmer mountains. 
In the north it extends beyond the Egyptian frontier, It is divided into 
several sub-basins: Gezireh, between the White Nile and the Blue Nile; Atbara, 
between the Atbara watercourse, the main course of the Nile and the Bayoda 
horst; and Wadi El Milk, a syncline of the downstream part of this wadi and 
of other sub-basins as well. The El Gedaref basin (5) is a circular area 
of 28,000 km2 in central Kassala; it extends eastwards beyond the Ethiopian 
frontier, The Nubian sandstone forms horizontal strata crossed by thick sills 
of basic volcanic rock which are heavily faulted. 

Conditions of deposit and flow of ground water 

The thickness of the Nubian sandstone has been established from drilling 
data or estimated by geophysical prospecting. It can be either very thin or 
very thick - up to 4,000 m at the edges where the aquifer is mostly nu­
confined and the water level lies only about 10 m below ground level. As 
the thickness increases, the aquifer tends to become confined and the static 
water level can be as deep as 100 m, In some cases the ground water emerges 
as springs: at Ain Faro and Kologol, for example, where it is close to 
ground level and produces oases such as Bir Natron, Nekheila, Lequia, Liquia 
Omeran and Selima. A borehole drilled at Idd El Tein in the El Gedaref 
basin, where the Nubian aquifer is covered with basaltic sills, touched a pocket 
of carbonic gas under pressure, producing a gusher of gasified water which 
rose 50 m above ground level. 

The seasonal fluctuations in ground-water levels in the Nubian sandstones 
are very small owing to the enormous volume of water stored. Near the re­
charge zones (upstream) where the free aquifer is in direct contact with the 
watercourses which feed it, these fluctuations are in the order of one metre. 
In the central parts of the basin where the aquifer is confined or semi­
confined, the fluctuations do not exceed 30 cm, So far no permanent rise 
or fall has been observed in the static water levels of the various basins. 

The flow of the ground water is in conformity with that of the surface 
water which recharges the aquifers: northwards in the Sahara and Nilo-Nubian 
basins, The gradient is steeper in the recharge areas, reaching 1/300 just 
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north of Ma~dob and fall~ng stead~ly northwards. The flow rate ~s about 1 to 
12 m/year (Wad~ Rower), 

In the Umm Kaddada bas~n the flow is generally southwards, indicating 
that the main recharge is provided by the temporary wadis flowing from the 
basin's watershed, The flow gradient eases from 1/250 at the El Malha crater 
to 1/800 at Umm Kaddada, 100 km further south, In the Shagara and Sag El 
Naam sub-basins the water first flows southwards then veers east in the Saniya 
Karro strait, The flow rate is 1.5 m/year at Umm Bayada and 60 m/year in the 
Sag El Naam area. 

In the Nahoud basin the water flows northwards and eastwards, demon­
strating that the recharge comes from Wadi El Ghalla and Khor Abu Habl. 
The flow is slowed by the fine-grained sandstones in the aquifer, The north­
south chain which crosses the Gedaref basin divides it into two with respect 
to both surface and ground water, The two sub-basins have different hy­
draulic gradients and diametrically opposite directions of flow, 

The hydrogeological properties of the Nubian aquifer are given in table 4, 

The aquifer's transmissivity coefficient ranges from 35 to 1,500 m2/day, 
the permeability from 1 to 19 m2/day, and the storage from 1o-4 to 25 x 1o-2, 
indicating the transition from confin}d to unconfined aquifer. The well 
yield is between a few m3/h and 400 m /h, so that the water can be used for 
irrigation. 

Ground-w-ater resources 

The Nubian sandstones are recharged by direct infiltration of rainwater 
or temporary runoff from the wadis or even from the river system of the Nile, 
Permanent recharge is indicated by the fluctuation of the water levels close 
to the recharge areas and by the shape of the isopiestic curves, The low 
salt content of the aquifer's water also seems to indicate a constant fresh­
water recharge. Furthermore, isotopic analysis indicates a mixture of ancient 
and recent water, 

The aquifer can be exploited only in the upper levels of the formation, 
to a maximum depth of 200 m. The corresponding potential is given in table 5, 
estimated on the basis of an average coefficient of one per cent, The annual 
recharge has been calculated on the basis of the isopiestic curves, fluc­
tuations in the water level and variations in the salinity of the water. 
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Table 4 

Hydrogeolog~cal properties of the Nubian aquifer 

Location WD HL TA SY SY T K S 
(m) (m) (m) (m3/h) (1/s/m) (m2/d) (m/d) 

1. 

2. 

3. 

4. 

5. 

SAHARA 
W. Rower 
Atron 
Sanya Hayey 
Time 

UJ1M KADDADA 
Umm Bayada 
Al Nusub 
Umm Kaddada 
Shaqq Mamda 
Shagara 
Sag El Naam 
Had Banda 
Sug El Camal 
Fula 

NAHOUD 
Howag 
Saata 
Cefauwi 
Hay a 
Iyal Bakhit 

NILO-NUBIAN 
Khartoum 
Korma 
El Seleim 
H. El Hilk 

GEDAREF 

WD: Well depth 
HL: Water level 

37.5 6 
236 3.3 

96 53 
106 67 

94 25 
106 74 

70 33 
146 81 
263 44.5 
136 87 
232 94 
185 98 
241 98 

280 132 
310 95.4 
310 102. 
357 111 
188 111 

65 20 
245 6.2 
311 14.6 

96 7.2 

130 50 

TA: Thickness of aquifer 
WY: Well yield 
SY: Specific yield 
T: Transmissivity 
K: Permeability 
S: Storage 

300+ 18,5 17 1500 17 0.20 
200+ 20,5 28 2500 5 
lOO+ 6.5 
50 6 

70+ 30 15 0.4 0.11 
50+ 16.2 15 0.65 1o-2 

200+ 13,7 0,16 20 0,86 10-4 
65+ 13.7 0,12 15 0.43 10-4 

164 24.6 6.2 150 3.1 10-3 . 
100+ 22.0 20 560 19 0.:~4 
250+ 5 0,23 300 2,2 10 
500 12 0.31 320 4.3 10-4 

2000+ 12 3 200 1.5 10-4 

150+ 10 1.6 220 0.84 lo-3 
200+ 1.3 250 1.1 10-3 
250 5 0.5 400 1.4 1o-3 
250 5 0.3 175 0.7 10-4 

75+ 5 0.2 

lOO+ 85 4 250 4.3 10-2 
500+ 280 9.5 1500 6.0 O.l 
500+ 150 3.7 600 7. l 0.1 
300+ 17 2.5 0.15 

206 16 0.1 80 4 10-2 
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Table 5 

Estimate of the ground-water )20tential of the aguHer's UJ2)2er section (200m) 

Hydrogeological Ground water Annual recharge Annual drawoff 
system in storage 

(hm3) 
(hm3) (hm3) 

Sahara 400 27 3 
Umm Kaddada 600 100 10 
Nahoud 2 16 5 
Nilo-Nubian 600 175 35 
Gedaref 76 40 8 

TOTAL 1,678 358 61 

This table indicates the enormous volume of water stored and suggests 
that these resources are renewable to some extent, for the drawoff is much 
lower than the safe yield; accordingly, there is at present no risk of over­
exploitation or exhaustion of the resources provided that they are used only 
at scattered points and this use is controlled when the water is for 
irrigation, 

Chemical com12osition of the water 

The chemical composition of the water of the Nubian aquifer in the 
various basins in Sudan is given in table 6. 

Most of the ground water of the Nubian sandstones has a low mineral 
content. The lowest concentrations (below 1,000 ppm) are found near the re­
charge areas, at Sanya Hayeh (50 ppm) for example, or along the permanent or 
temporary watercourses which periodically recharge the aquifer: the Sag El 
Naam (80 ppm) for example, The salinity increases gradually downstream to 
300-400 ppm in the centre of the basin, Local pockets of high salinity 
are found in closed basins such as East Gedaref or in areas where the 
ground-t<ater flow is slow, i.e. in the Jabal Hilla in eastern Darfur. 

Near the recharge areas the main mineral salts found in the ground water 
of the Nubian sandstone aquifer are carbonates and calcium bicarbonate. The 
ground water near the recharge areas and the surface water have very similar 
chemistry. Further downstream the water tends to have a higher sodium car­
bonate content. 

1be water of the Nubian sandstone is generally suitable for human and 
animal consumption. Its salinity is usually low and it contains no toxic 
elements; it is suitable for irrigation of all crops and for all soil types. 
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Table 6 

Mineral content 

Location Dry residue Ph ea Mg. Na co3 HOC3 so4 Cl SAR and suitability 
(ppm) m.equiv. m.equiv. m.equiv. m. equiv. m.equiv. m.equiv. m.equiv. for irrigation 

1. SAHARA ---
Air Faro 100 7.2 2.4 1.2 0.6 - 3.6 0.2 0.2 0.04 (C1S1) 
Tima 134 7.4 1.4 0.5 0.7 - 1.8 0.3 0.1 0. 72 (C1 s 1) 
Sanya Hayey 54 7.1 0.5 0.1 0.3 - 0.7 0.4 0.1 0.55 (ClSl) 

2. Ul1M KADDADA 
Umro Kaddada 314 7 1 0.5 1.9 - 0.9 0.7 1.2 2.2 (C1Sl) 
Sal El Naan 80 7.8 1.8 1.5 7.8 0.5 4.7 0.7 1.8 6.1 (ClS1) 
Shagra 668 7.6 0.7 0.2 1.9 - 1.6 o.s 0.5 2.8 cc2s2l 
Umm Bayada 530 8.5 0.4 3.7 3.5 0.9 4.9 0.4 1.4 0.23 (C2S1) 
El Fula 500 8.2 1.2 0.8 7.0 - 4.8 2.1 1.6 6.34 (c2s 1) 

3. NAHOUD 
Nahoud 280 3.0 3.0 0.8 0.3 - 3.3 o.s 0.3 0.2 (C1S1) 

w Khmnas 160 8.0 2.1 0.5 0.2 - 1.9 0.3 0.5 0.2 (Cl S1l . .,. ..., Umm Feis 220 8.1 2.6 1.1 0.3 - 2.9 0.5 0.6 0.8 (C1S1) 

4. NILO-NUBIAN 
Khartoum 700 8 3.0 24 7.4 3 3.2 1.9 2.7 4.5 '(C2S1) 
Gezireh 
Seleim 200 8.4 1.5 0.8 0.7 1 1.8 0."5 0.7 0.5 (ClSl) 

5. GEDAREF 
Eastern 2840 8.2 3.6 8.6 41.3 30 20.5 1.0 1.9 16.6 
Western 940 8.8 0.3 3.5 5.6 4 3.4 0.6 1.4 4 (C2S1) 



V, EXPLOITATION OF GROUND WATER 

The drought which has afflicted Sudan almost without cease since 1967 
has seriously damaged the country's natural resources and caused the desert 
to advance 100 km southwards. At present (1985-1986) the desert is ad­
vancing at one to five kilometres a year. Sand dunes have invaded most of 
the agricultural land in the northern savannah which receives little rain­
fall and they are advancing towards the southern part where farm production 
is high. 

The future of these regions is a source of concern and steps must be 
taken to protect what can be protected and to rehabilitate part of what has 
been lost. The availability of water resources is the key to the success of 
any programme to improve the environment and restore the ecological balance. 

Fortunately, Sudan is better placed than other countries of the Sahelian 
zone to combat desertification and develop its natural resources. It has 
abundant water resources: rainfall, surface water from the Nile and its 
tributaries, and ground water. The rainfall and surface runoff vary very 
greatly in step with the cycles of drought and rains which affect the country, 
Furthermore, t.his water is inefficiently used and much of it is lost through 
evaporation or drainage, Better techniques must therefore be introduced 
for the collection and use of surface water so as to avoid wastage. 

Ground water is the most abundant resource and also the least vulnerable 
to weather conditions. It is available in aquifers of average or high yield 
over more than half of the country. The data given above show clearly that 
these aquifers are very little used and that their exploitation could be 
considerably increased without risk of exhaustion, 

Domestic and irrigation uses 

At present Sudan's ground water is exploited almost exclusively to meet 
human and livestock needs. About 70 per cent of the human and livestock 
populations are supplied with ground water from six-inch diameter lined bore­
holes equipped with diesel or turbine pumps. The water is pumped into a 
raised reservoir from which it flows through five small faucets to fill 
family tanks and three or four watering troughs with a capacity of one cubic 
metre. 

Each of these "water yards" usually has one or several tubewells. Large 
settlements have standpipes and private outlets. It is difficult to estimate 
the costs owing to the fluctuations in the price of the imported equipment 
and materials and in exchange rates. 

However, in rough terms it can be said that a water yard with a single 
tubewell costs about US$ 50,000, including US$ 22,000 for a 200 m hole of 
6" diameter, lined and equipped with a filter, and US$ 11,000 for the pump 
and motor. 

For two holes the cost is about US$ 80,000. 

It is difficult to keep the installations in permanent operation, for 
their dispersal over such a vast area causes serious problems of maintenance 
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!lnd repair; furthermore, most of them are in places of diff;i,cult access, 
/lt present there are about 25 maintenance and repair stations and work­
nlwps in operation; they service 3,000 yards over an area of one million 
"quare kilometres - a d:tfficult task, About 50 additional stations are to 
i>c built under a tl<o-year programme (1985-1987), 

A modest charge is made for the distribution of the water, in some 
c:,;cs insuffic:tent to cover the cost of fuel. It must also be remembered 
(hat the water yards are usually subject to no controls, with the result 
i.hat the system deteriorates and the quality of the services declines, 
:;tudies have therefore begun to determine the most appropriate management 
methods. These studies have produced the following recommendations; 

1. Increased charges; 

2. Increased participation by the people and con~unity organization 
in the management and operation of the installations; 

3. Establishment of a properly defined maintena.nce programme with 
periodic checks, 

The fairly recent increase in the number of installations has encouraged 
the people to develop their livestock holdings, However, the concentration 
of herds around the waterpoints has led to overgrazing and sometimes to the 
total destruction of the vegetation cover for 20 km a,round, In these areas 
animals which would have died of thirst now die of hunger, 

In future the establishment of new installations in these ecologically 
vulnerable areas must be planned as part of an integrated development 
strategy, It must satisfy the real needs and secure substantia,l improvements 
in the social and economic conditions, The following criteria should be used: 

- New water points should be located at not less than 20 km from the 
nearest permanent water point; 

- The prospective site should be studied to determine the impact of the 
increased water supply on other natural resources; 

- Higher charges should be made for the water so as to hold consumption 
at a reasonable level, 

Irrigation should be limited to areas where the aquifers are shallow and 
high-yielding, The following criteria should be used: 

- Total depth of l<ell (which determines the amount of investment needed); 

-Depth to water (which determines the opera,ting costs); 

- Specific yield expressed in 1/s/m of drawdo1m (which affects the cost of 
both investment and operation); 

- Chemical quality of the water (which must be suitable for the soils and 
the proposed crops. 
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In the light of these considerations, it can be said that Sudan does 
have areas which can be irrigated by ground water. Auxiliary irrigation from 
ground water can be envisaged in other areas where the aquifers are fairly 
deep. 

Exploitation of alluvial aquifers 

Most of Sudan's alluvial aquifers meet the criteria set out above, In 
one way or another they have been exploited for irrigation but not to their 
maximum potential. The alluvial aquifer of the Gash basin is a typical ex­
ample. Some 8,000 ha are now cultivated in the El Kassala area, The annual 
drawoff of water is 120 million cubic metres, while the safe yield is about 
200 million, so that the irrigated area could be increased by 4,000 ha. 
Most of the wells are less than 35 m deep and the static water level is 
usually at 10 m below the surface and the specific yield in the order of 10 
1/s/m. Accordingly, a well can usually irrigate eight hectares. The water 
is of excellent quality and suitable for many crops and many soil types. 

The alluvial aquifer of the Wadi Kutum system in northern Darfur is 
exploited by many shallow large-diameter wells to irrigate small garden and 
orchard plots. The available capacity up to the safe yield is about 20 
million cubic metres a year or 40 times the present drawoff, Thus, an 
additional 2,000 ha could be irrigated, with the ground water supplementing 
the rainwater. The specific yield is 4,2 1/s/m, and each well can therefore 
irrigate four hectares. The water quality is excellent, 

The alluvial aquifers of Wadis Azum and Aribo west of the Jabal Marra 
could supply 80 million cubic metres a year, whereas at present only 100,000 
m3 is drawn off to irrigate small plots. The depth to be reached by the 
wells is less than 40 m and the depth to water is usually less than five 
metres, The specific yield is 30 1/s/m, and each well could irrigate 24 ha. 
The water is of excellent quality. The climate is fairly cool and suitable 
for Mediterranean crops. 

The alluviums of the temporary watercourses of southern Darfur (Wadis 
Kaja, Bulbul, Ibra and Nyala) could supply 70 million cubic metres a year. 
At present these alluviums are partially exploited for irrigation and to 
supply the town of Nyala. This town consumes about 2,500 m3/day, i.e. 
one million cubic metres a year. About 14 million cubic metres could be 
drawn off up to the end of the dry season. Accordingly, it is hardly 
possible to increase the drawoff without risk of exhausting the aquifer. 

Hardly any of the alluviums of other wadis are exploited, However, they 
are fairly thin and the water levels are subject to great variations, 
Substantial exploitation cannot therefore be envisaged. 

The aquifers of the El Selim and Karima basins are contained in fossil 
beds of the Nile, so that in principal they have constant recharge. This 
area used to be irrigated by a canal from the Nile. As the level of the 
Nile has declined over the past 15 years and the canal has not been maintained, 
the irrigated areas have reverted to desert, In recent times the farmers 
have increased irrigation from large-diameter wells or from tubes sunk in 
the soil and equiped with centrifugal diesel pumps, The wells are less 
than 50 m deep and the water level is at three to five metres, corresponding 
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to the level of the N:Lle, 111e specific yield of a 50-meter borehole is 40 
to 65 1/s/m, A single well can irrigate 30 to 50 ha. In many cases the 
Hater is of better quality than the Nile water and is therefore suitable 
for irrigation. 

Exploitation of the Umm Ruwaba aquifer 

About 450 million cubic metres a year could be drawn from this aquifer, 
hut at present only about 40 million cubic metres are taken for domestic 
purposes and 15 million for irrigation, It supplies 800,000 m3/year to 50 
Hater yards; about 400,000 cubic metres are drawn from large-diameter wells 
scattered over §he whole aquifer. The towns of Umm Ruwaba and Bara consume 
about 400,000 m /year. 

In the El Kheira area small garden and orchard plots have been irrigated 
since time immemorial from large-diameter wells lined with bricks. Some 
of these wells have centrifugal diesel pumps. The wells are usually less 
than 50 m deep and the water surface is at 5 to 8 m, Each well can irrigate 
two to three hectares. The water quality is excellent and suitable for 
:irrigation. It is surprising that the 300,000 m3 of water flowing freely 
from two wells at Umm Balagi should be wasted, apart from a small amount used 
as drinking water. This amount could irrigate about 8 ha of market-garden 
crops and fruit trees. 

The Umm Ruwaba aquifer in the Bara basin is thought capable of supplying 
three million cubic metres to the town of El Obeid by means of 12 boreholes; 
the investment is estimated at US$ 10 million, with annual operating costs 
of US$ 500,000. 

In the El Atshan basin the Umm Ruwaba aquifer and the overlying Nile 
alluviums are intensively exploited to irrigate 400 ha under the Rahad project. 
The drawoff is 400 million cubic metres, The recharge is by drainage from 
the River Rahad. The ground water is of good quality, 

The Baggara basin could supply 30 million cubic metres of water a year, 
as against the present drawoff of only 10 million cubic metres. The annual 
human and livestock requirements are about five million cubic metres. During 
the four-month rainy season these requirements are met from "rahads" and 
"turdas"bordering the bed of the watercourse, About two million cubic metres 
are provided in this way, with the balance of three million cubic metres 
drawn from hafirs are partially filled with silt and the total available 
capacity is no more than 750,000 cubic metres, There are 130 water yards 
supplying 2,3 million cubic metres of water. In theory there are sufficient 
water points, In fact a large number of them are not in service, A considerable 
effort must therefore be made to rehabilitate the water points and clear 
the hafirs, 

The Baggara basin has a good irrigation potential. The most favourable 
areas are those where the ground water lies at the shallowest depths and 
where the specific yields are highest, for example in the southern parts of 
Umm Agaga (600, 000 ha suitable for mechanized agriculture), The rainfall 
(600 mm) is sufficient for rain-fed crops; ground water could supply addi­
tional irrigation for certain crops, It lies at a depth of 25 to 30 m and 
the specific yield ranges from 200 to 700 m3/d/m of drawdown, A single well 
can irrigate 60 ha and the water is of excellent quality. 
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In the Sudd basin the aquifer is hardly exploited at all; the little 
water which is drawn off is used for domestic purposes. Given the abun­
dance of surface water, this is the only use which can reasonably be made 
of the ground water. 

Exploitation of the Nubian sandstone aquifer 

The available potential of the Nubian sandstone is about 360 million 
cubic metres a year, whereas the present drawoff is only 60 million cubic 
metres (17 per cent), This is a major resource available in northern Sudan 
to combat the devastating effects of the drought. It is located in an ex­
tremely arid area which includes northern Darfur and its extensions into 
Libya and Egypt, The potential of the three sub-basins (Wadis Rower, Saniya 
Raiyeh and Tima) is encouraging with respect both to domestic and to irri­
gation and industrial uses, For a long time now the three States concerned 
have been considering the construction of two major international roads, one 
linking Darfur to the Kufrah oasis in Libya, and the other following an 
ancient track (Darb El Arbain) linking northern Darfur and Kordofan to the 
"New Valley" of Egypt, Sudan has already taken the initiative of establish­
ing five waterpoints along the proposed road to Libya; each has two bore­
holes equipped with pumps and a storage capacity of five cubic metres, The 
works at Wadi Rower on the road to Egypt are planned for the near future. 
The financing is to be provided by an Italian grant for the repair of water 
points in northern Darfur. These water points will encourage vehicular 
traffic between the three countries and at a later stage they will supply the 
water needed for the construction of the roads. They will also facilitate 
the exploitation of a number of isolated mineral deposits which have been 
identified and the expansion of mining research in these remote areas, They 
might also provide the driving force for the development of the ground-water 
and land resources of Wadi Rower and the Nekhila and Bir Natron oases, 
making it possible to grow high-value cash crops or forage and thus to combat 
the desertification of this region and reduce the overgrazing of central 
Sudan by increasing the export of animals to the markets of Libya and Egypt. 

Ground water is found along Wadis Rower, Bir Natron and Nikheila and 
at the Laquia oasis, In Wadi Rower the wells are about 40 m deep and the 
water surface lies at about 6 m. The specific yield is about 20 1/s/m and 
each hole could irrigate about 10 ha of arable land along the banks of the 
wadis. As the area is inaccessible and no fuel is available, the ground 
water must be extracted by wind, solar or hand pumps to irrigate the small 
plots. The water is of excellent quality, 

At Saniya Raiyeh the relatively mild climate makes it possible to grow 
corn and beans and other vegetables which are viable only in northern Sudan; 
this might contribute to the sedentarization of the Zaghawa, one of the 
tribes which have suffered most from the drought in 1984-1985, The depth to 
be reached by the wells is about lOO m; the water surface is at 50 m at most. 
The holes can produce 50 to 75 m3 /h and irrigate 8 to 10 ha. The tv-ater is 
of excellent quality, Similar conditions are found in the Tima sub-basin. 
The projects envisaged will facilitate the sedentarization of the Meidob 
tribe in northern Darfur. The ground-water potential of the Umm Kaddada 
basin is about 100 million cubic metres, i,e. ten times the present drawoff, 
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whl.ch is used only for domestic purposes, including supplies for the towns 
nf El Fasher and Umm Kaddada and the rural areas of central and eastern 
llrtrfur and western Kordofan, 

TI1e Nubian sandstone aquifer of some of the Umm Kaddada sub-basins 
(IJmm Bayada, Saq El Naam and Shagara) offers good prospects for irrigation 
IHl>Jed on joint use of ground and surface water; most of the surface water 
In at present lost, whereas it could be stored in the clay soils for most 
of the growing season, This could be achieved by building earth banks to 
block the flows and facilitate infiltration in deeply ploughed soil; the 
ground water would be used for supplementary irrigation or crop diversifi­
CHtion, 

The efficiency of the operations and the certainty of having water when 
and where it is needed will depend mainly on the extent to which ground water 
cnn be used to supplement irrigation. 

TI1e surface and ground water at Umm Bayada can be used to increase the 
production of food crops and forage and to facilita.te the sedentarization of 
the tribes seriously affected by the drought, If agriculture is shifted to 
the clay plains, the sandy areas will be able to regenerate their natural 
vegetation, TI1e total depth of the wells is about 100 m and the water has to 
be piped for only 25 m, The yield of the wells is 30 m3/h, which means that 
each well can irrigate four hectares, The water quality is excellent, 

In the Sag El Naam area the aquifer is very productive, with a stock of 
100xl09 m3 and an available potential of 20 to 60 million cubic metres, 
The holes are about 150 m deep and the water is reached at 80 to 90 m. The 
specific yield is about 20 1/s/m and each well can irrigate 20 to 30 ha. 
The water quality is excellent, 

In the Sag El Naam area the aquifer underlies a clay plain of 50,000 ha 
o.f arable land which receives rainfall of 400 m, The plain has an inter­
mittent watercourse (three months a year) - Wadi El Ku and its tributaries. 
Joint use of surface and ground water could meet a large part of Darfur 1s 
grain needs. It could also improve the living conditions of the people and 
slow down the rural exodus. 

In the Shagara sub-basin the ground water of the Nubian sandstone is 
exploited to supply the town of El Fasher with 60,000 m3/year drawn from 
seven boreholes; this is approximately the available yield, TI1e town also 
takes water from the Golo reservoir on Hadi El Ku, west of El Fasher. 

TI1e available yield in the Nahoud basin is 16 million cubic metres a 
year, and only five million cubic metres are drawn off for domestic use, in­
cluding drinking water, TI1e most productive part is the Gefauwi-Saata 
trench, However, the depth of the wells (250 m), the depth to water and 
the moderate specific yields make it impossible to use the water for irrigation, 
especially as it will probably be needed to supply the towns of Nahoud and 
El Obeid, 

TI1e Nubian sandstones in the Nilo-Nubian basin contain large amounts of 
water, The available discharge is about 175 million cubic metres a year; the 
present drawoff is 35 million cubic metres, most of it used for irrigation, 
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The irrigation boreholes tapping the upper part of the Nubian sandstones 
in northern Gezireh and near Khartoum are 60 to 70 m deep and those which 
tap the lower part are 120 to 15 m deep. The yields are 60 and 140 m3/h 
respectively in the best cases. The unit cost per cubic metre is about 
two United States cents - a little less for the lower aquifer, a little more 
for the upper one. Irrigation is thus more economical with deeper bore­
holes despite a higher initial investment. This is why the small farmers 
put their money together to install deep boreholes. 

In the northern region irrigation now tends to be based increasingly 
on ground water. The reason for this is the decline in the level of the 
Nile and the ceaseless displacement of its course, developments which are 
accompanied by the advance of the desert and the invasion of sand dunes to 
cover the irrigated land. The area of arable land in this region declined 
from 400,000 ha in 1960 to 10,000 ha in 1978. This caused half the population 
to migrate to the big tovms of Sudan or to other countries. Huge volumes of 
water are needed to combat this situation and it can come only from the Nile 
or the Nubian sandstones. It is estimated that the cultivation of about 
100,000 ha by means of ground-water irrigation could produce an annual re­
return of about 30 per cent on the investment. At El Seleim the boreholes 
would be about 120 m deep, the water lying between five and 14 m deep. The 
well discharge would be 200 to 500 m3/h, so that each well could irrigate 
20 to 50 ha. 

VI. CONCLUSION 

Sudan is a vast dry country of farmers and herdsmen and the existence 
of available ground water is a decisive factor in its economic and social 
development. Leaving aside the permanent watercourses, i.e. the arms of 
the Nile and its tributaries, there are 80 million ha of grazing and arable 
land accommodating 70 per cent of the country's population, or about 
50 million people, and about 80 per cent of the livestock, requiring a total 
of 500 million cubic metres of water. The rain which falls for three months 
a year supplies 30 per cent of this requirement; the balance must be drawn 
from ground-water aquifers. To date about 3,000 pumping stations, 1,000 
hafirs and 20 small dams have been built, supplying a total of about 100 
million cubic metres a year - a little over a quarter of the requirement, 
In 1967 a decisive boost was given to the ground-water development pro­
grammes in three main hydrogeological units: the alluvial beds, the Umm Ruwaba 
formations and the Nubian sandstones; together these units cover almost half 
of the country and supply more than half the population with water. The 
alluvial aquifers, which have a good recharge from surface runoff and rain­
fall lie at shallow depths, are widely used for irrigation, The Umm Ruwaba 
aquifer covers 20 per cent of the country; it includes unconsolidated 
detritic elements, usually fairly fine, in a complex sedimentary sequence 
with great lateral and vertical variations. The aquifer is unconfined, semi­
confined or confined depending on its location. 

The Nubian sandstones are one of the world's largest hydrogeological 
units and cover more than a third of Sudan; they can be up to 4,000 m thick 
in the centre of the basin which they fill. The aquifer is unconfined, semi­
artesian or artesian depending on the distance from the edge of the basin, 
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As a rule Sudan's ground wa.ter is chemically suitable for human and 
animal consumption and for irrigation. The exploitation is still low in com­
pa,rison with the available potential. This is due both to the installation 
costs (US$ 50,000 per water yard), the operating costs and the problems of 
maintenance and repair, for the installations are widely scattered and 
usually difficult of access, A great effort has to be made to overcome 
these difficulties. 

A water policy must therefore be established as part of an integrated 
development plan for natural resources for each region of the country. Some 
encouraging progress has already been made in this direction, 

Ground-water irr:tgation offers promising prospects in some alluvial 
regions; the water of the El Gash alluviums irrigates 7,000 ha and could 
:irrigate a further 4,000 ha, There are other opportunities in northern 
Darfur (Wadi Kutum and Wadi Rower) west of the JabaJ Marra, where there is 
nn irrigation potential of 4,000 ha, and in the north of the country in the 
area of the fossil beds of the Nile, 

The Umm Ruwaba aquifer is exploited to only a limited extent for 
irrigation, notably at El Kheiran (Bara basin) and at El Atshan, along the 
!llue Nile, It is estimated that this aquifer could be exploited for the full 
or supplementary irrigation of 400,000 ha in the Umm Agaga plain and in 
southern Kordofan and Darfur, 

The Nubian sandstones of the Sahara basin could supply some 27 million 
cubic metres a year for the construction of the international roads to Egypt 
and Libya and the creation of oases along these roads where the nomadic tribes 
stricken by the drought could settle. 

In the Umm Kaddada basin the ground water could be used for the full or 
supplementary irrigation of 50,000 ha at Sag El Naam, 

The Nubian sandstones are exploited to irrigate several areas an im­
portant resource in the campaign against desertification in the north of the 
country (El Seleim and El Khewi) with respect to the creation of both wooded 
and grain-growing areas, 
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ANNEX 

UNDP Country and Intercountry Projects on Ground-Water Resources 

Project No. Project title Duration Executing Importance 
agency of ground 

water 
1 2 3 

RAB/82/013 Transnational Project on Major 5 years UN X 

Regional Aquifer in NE Africa 

SUD/85/U/03/96/01 Rural Water Supply Programme 1 year UN X 

for Drought-Affected Areas -
Kordofan 

SUD/84/009/A/01/12 Establishment of Shelter Belts 5 years UN/FAO X 

in the Northern Province 

SUD/84/006 Establishment of a Water Point 3 years UN X 

Maintenance Unit in the West 
Bank - Equatorial Region 

RAB/84/023 Training of Technicians in ? ? X 

Hater Resources Management and 
Technology in Least Developed 
Arab Countries 
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