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NIGERIA 

Area: 923,770 km2 

Population: 89.02 million (United Nations estimate, 1983) 

Nigeria has the 
continent's people. 
producing countries, 

I. BACKGROUND 

biggest population in Africa, with about a fifth of the 
In 1984 it occupied eleventh place among the petroleum 
twelfth place for reserves and seventh for exports. 

This Hest African country is shaped like a trapezium, with its short 
base formed by the 800 km of coastline on the Gulf of Guinea, half of which 
is occupied by the Niger delta. The long base of about 1,000 km touches 
Lake Chad in the north. The trapezium's highest side, i.e. at the country's 
eastern end, is about 800 bn long. 

The heart of the country is crossed by the valleys of the Niger and its 
main tributary, the B~noue, These rivers form a capital Y, The Niger is one 
of the longest rivers of Africa, Its basin affects nine countries. 

In Nigeria the land rises steadily from the coast northwards up to a 
maximum altitude of 400 m. The east is occupied by the Cameroon plateaus, 
which are 800 to 1,400 m high on average, and up to 2,400 m in places. 

In the central part the mass of the Jos plateau, which rises to 1,781 m, 
dominates the vast surrounding plains. The southern part receives 1,000 to 
1,500 mm of rainfall a year; the south-east receives more, but in the drier 
regions in the north the rainfall is below 500 mm. 

Hydrographic system 

Nigeria has 11 river basins which together are shaped roughly like a tree, 
The country is divided into eight zones for the purpose of hydrological ob­
servations and exploitation of water: 

1. Northern Niger (Sokoto-Rima basin); 

2, Central Niger (Kaduna basin); 

3. Upper Benoue (Gongola and Tomba basin); 

4. Lower B8noue; 

5. Southern Niger; 

6. \Vestern littoral zone (Ogun, Osse); 

7. Eastern littoral zone (Cross basin), 

The heaviest flows are from June to October, with the crests in August­
September. The flows are usually regular, but with occasional. rapids when 
the water flows directly over the crystalline basement formations without any 
alluvial cover. 
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As they cross the margin of the crystalline basement rock and the sedi­
mentary basin the water courses lose force and spread out in vast flood plains 
known in the north as "fadamas". 

In the north the high evapotranspiration rates reduce still further the 
downstream flows, but this phenomenon is offset by the draining of ground 
water towards the surface which maintains a permanent minimum flow. Some 
typical data are given in the table annexed to this paper. 

In the southern part of the country, i.e. in the low-lying sedimentary 
areas of the eastern and western littoral zones, the climate is of the south­
tropical type with: 

- A long wet season from March to July; 

- A short dry season from mid-July to mid-August; 

- A short wet season in September-October; 

- A long dry season, when the harmattan blows, from November to February. 

The country's hydrographic network consists mainly of the Niger-Benoue 
system and its many tributaries; the Niger discharges about 220 billion cubic 
metres of water a year through its delta. There is also a dense network of 
rivers and smaller watercourses, most of them permanent, with a total combined 
annual flow of 200 billion cubic metres, 

Geology 

The country consists of Precambrian formations of the "base complex" 
which outcrop over half of the territory, These are zones of gneiss, mica­
schists schists and amphibolites, extensively penetrated by ancient granitic 
batholites - hard, mostly tectonized sequences forming the Goura and Kagoro 
mountains of the Jos plateau - and by younger granitic batholites. 

In the centre, in the basin of the Niger and the Benoue, the ancient 
basement rock is covered by marls, sandstones and clays, saliferous in places, 
of the intercalated continental (500 m), overlain by the marine Upper Cre­
taceous formation, which consists of thin Cenomanian-Turonian limestones, 
clays and layers of carbon. The Cretaceous sediments increase in thickness 
towards the south in the direction of the vast coastal subsidence zone. 

The Eocene period is represented in the southern sedimentary basin; it 
includes clay strata which can be up to 1,000 m thick, In the south-west and 
south-east the sediments are less thick (100 m) and include sandstone and 
phosphated sand layers. 

The marine Eocene period has also been identified in the north (Sokoto 
province), 

The continental terminal covers a large area in the north-east, i,e, in 
the Chad basin, with argillaceous sands, sandstones and diatomites to a depth 
of 700 m, In the south the continental terminal includes two series: the 
lignite group (sandstones and clays with lignites for 25 m), covered by the 
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"llyn:Ln" arg:Lllaceou$ sands of Pliocene-Pleistocene age (250 m). 

Some areas of basalti.c volcan:Lsm of uncertain age are found in the centre 
und east, 

The main sedimentary series include the Sokoto basin, the Chad basin, the 
11li.ddle Niger, the Benoue trench, the eastern and western low-lying land in the 
rrnuth, and the coastal plains, including the Niger delta, 

II. GROUND-HATER RESOURCES 

Ground-water bodies 

The following bodies have overall responsibility for water resources: 

- The Federal Department of Hater Resources; 

- The Hater Boards and Water Corporations of each of the states of the 
Federal Republic of Nigeria; 

- The National Electric Power Authority (NEPA) which manages the hydro­
electric power stations; 

- The Ministries of Agriculture of the Federal State and the federated 
states; 

- The Federal Department of Heteorology; 

- The local office of UNICEF. 

Only the first three bodies are directly concerned with ground water ex­
ploration, 

Background of hydrogeological research in Nigeria 

The Mining Service of Southern Nigeria made the country's first geological 
ntudies from 1903 to 1913, 

In 1938 geological and geophysical work was carried out by petroleum­
n.wearch teams (Shell d 1 Arcy). At that time a number of geologists prepared 
wtps of the sedimentary formations, notably du Freeze (1945) and Simpson (1947), 

Of all the major geological and hydrogeological studies covering vast 
l!reas of the country, mention must be made of those by Anderson and Ogilbee 
(1973), Barber (1965) and White (1972), Dessauvagie (1975), Deswa.rdt and Casay 
(1963), du Freeze and Barber C1975), Hazell (1961), Jones and Hockey (l96H) 
1\Jr>er and A. Kingbelin (1966), Kiser (1968), Kogbe (1976), Kowal (1972), 
Nl.ller and others (1968), Raeburn and Tatam (1930), Raeburn and Jones (1964) 
nnd Rayment ( 1965) , 

The training of new or experienced staff can easily be carried out in the 
fJeld by assigning them to the study and operational companies working in the 
cntmtry. Some young people have been trained at the National Institute for 
Nntural Resources at Kaduna. The Institute's Department of Ground-Water 
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Research was reorganized in 1985; it was to be strengthened so as to be able 
in the future to train all categories of staff in the field of ground water. 

Prospecting methods 

Various methods of geophysical prospecting are used in Nigeria for 
ground-water research, including: 

- Airborne geophysical prospecting; 

- Electro-resistivity, mostly using the Schlumberger apparatus; 

- Seismic refraction; 

Electrical resistivity methods are the most commonly used owing to their 
low cost and easy operation, 

The geophysical prospecting has concentrated on the crystalline base­
ment rock, in particular since the start-up of the national water-drilling 
programme in 1981. 

Ma.in aquifers 

Nigeria's main aquifers are found in the sedimentary formations which 
cover 524,000 km2 of the country and range in age from Upper Cretaceous to 
Recent. The various basins are described below, 

1. Sokoto basin 

This basin is in the north-west of the country and consists of an area 
of more than 146,000 km2 covering most of Sokoto and s01ne parts of the Kaduna 
states. It is a south-east extension of the great basin of the Iullemenden 
which covers vast areas of 11ali, Niger and Algeria and part of 11auritania. 
The depth of the water table in the formation ranges from 15 to 75 m for the 
unconfined aquifers,, Elsewhere, artesian conditions occur in the sediments 
of several formations. Artesian aquifers are found at depths of 75 to 100 m 
close to the eastern edge of the Sokoto basin; the depth increases towards 
the west to a maximum of 390 m near the frontier between Nigeria and Niger, 
The depth of the water below ground level ranges from 2 to 54 m. 

2. Chad basin 

This basin covers an area of about 130,000 km2 in the north-east of 
Nigeria. It includes the whole of Borno State and part of Bauchi and Kano; 
it has 53,000 km2 of artesian aquifers, 

The Chad formation consists mainly of non-consolidated fluvial and lacustral 
sands, together with silts and clays which were probably deposited during the 
Pliocene-Pleistocene era. The sequence includes intercalations of large 
lenses of grey plastic clay which can put the aquifers under pressure, i.e. 
create artesian conditions in some parts of the basin, Three main aquifers 
have been identified to the east (Borno State): the "upper", the "middle" 
and the "lower". 
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a) "Upper" aquifer, Th:Ls aquifer is located at 30 to 100 m below ground 
level at Maiduguri, The depth to ground water varies in this zone; it is 
close to zero in the Chad area and about 75 m near Nai.duguri., It is generally 
less along the river and fossil valleys, 

b) "Middle" aquifer, This a~uifer of the Chad formation 
over an area of almost 30,000 km in the eastern part of the 
'!1lis is the area which has been most intensively studied and 
for urban water supplies and for irrigation. 

has been identified 
Chad basin. 
exploited both 

The depth from ground level to the top of the aquifer ranges from 230 m 
nround Maiduguri in the north-east to 350 m near Lake Chad, The thickness of 
nbout 43 m increases rapidly towards the north, A thickness ot 98 m has 
been recorded at some points. 

The head ranges from zero at Maiduguri to 18.3 m below ground level near 
the lake; the free flow ranges from 1.2 m3/h for a head of 5,5 m to 12 m3/h 
for a head of 15 m. 

c) "Lower" aquifer, This aquifer consists of 105 m of medium and coarse 
!limds and clays at a depth ot 425 to 530 m, It is intensiveLy exploited in 
the Maiduguri region. 

'l, B<enoue valley 

The Benoue basin runs north-east/south-east from the Cameroon frontier to 
l:he confluence of the Benoue with the Niger, 

It consists mainly of Cretaceous sediments and covers a vast area in the 
nUJtes of Banchi, Borno, Gongola and the Plateau, The valley, which is commonly 
IHJd appropriately known as the "Benoue trench", covers an area of 80,000 km3, 
Including the vallye of the Gongola, In comparison with other regions of the 
rountry there has so far been little ground-water exploration and exploitation 
In this region. The reason for this is that the aquifers, in particular in 
tl1e Gongola basin, have only average yields and the potential for ground-water 
PJiploitation is very small. Most of the aquifers are unconfined. However, 
iirt:esian conditions are found in the Cretaceous formation in the Yola-Numan 
Hfva. 

1,. Niddle basin of the Niger 

This basin covers an area of 37,000 km2; the dominant feature in the east 
ltJ the river Niger which crosses this part of the country from west to east, 
U<>taceous sediments of Nubian sandstones predominate here, There are many 
'>J•rlngs, Artesian conditions with low heads have been found near Pategi, 

''•. .~.ow-lying sedimentary terrain in the western littoral area 

This area is bounded in the south by the coastal alluviums and terminates 
!o the north at the edge of the crystalline basement rock, covering an area of 
r!hnnt 38,000 km2; it runs through Abeokuta and to the north of Ijebu Ode 
(Dgun State) and to the north of Ore (Ondo State) as far as the western banks 
nl !he Niger near Agenebode (Bendel State). 
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The area consists of Tertiary and Cretaceous sediments Hith 
deposits along the main Hatercourses, Hhich run north to south, 

vast alluvial 
The thickness 

of the alluvial deposits is variable but it can be as much as 15 m, 
deposits are up to 8-10 km Hide in the flood plains, 

These 

The free aquifer is usually found at a depth of 0 to 20 m, A free 
aquifer is also found in the areas Hhere the other sediments outcrop, but 
artesian conditions may occur toHards the south in the direction of slope of the 
three formations (Ilaro, Abeokuta and Ew'ekoro), The Ilaro formation has the 
best and most heavily exploited aquifer, The EHekoro formation consists mainly 
of argillaceous limestones and schists and its yield is small, The Abeokuta 
formation contains clays but also considerable amounts of sand and silt, 

6, LoH-lying sedimentary terrain in the eastern littoral area 

This area is the eastern equivalent of the area described above; it has 
been combined Hith that area into a single "hydrogeological province" with an 
area of 65,000 km2 running through the states of the rivers Imo and Cross, It 
consists mainly of sandy sediments, generally with high porosity, The ground 
Hater is found at a depth of 15 m or less to 30 m. 

7, Anambra basin 

This basin is shaped like a mushroom and lies east of the Niger, mainly 
in Anambra State betHeen the east bank of the river and the meridian of Enugu 
and betHeen the Idah-Ankpa plateau in B~noue State and roughly the latitude of 
Onitsha in the south, It consists mainly of Cretaceous sediments and the main 
aquifer is found in false-bedded sandstones; the aquifers are unconfined in the 
north and become steadily artesian toHards the south, The depth of the static 
Hater level ranges from 60 to 150 m, 

III, EXPLOITATION OF GROUND HATER 

The bodies mentioned above are responsible for the exploitation of ground 
Hater, The Federal Department of Hater Resources in particular has a very 
comprehensive training programme for its staff, 

Local water-drilling companies and branches of foreign companies operating 
in Nigeria are more numerous than elseHhere in Africa, and some of them have a 
very large range of equipment, The most commonly used drilling rigs are of 
United States (Ingersoll-Rand) or SHedish (Atlas Copco) manufacture. 

The ground-Hater requirements differ greatly, from those of urban and rural 
communities to those of the industries located mainly in urban centres such as 
Lagos, Harri, Port Harcourt, Haiduguri, Ilorin, Ondo, Kaduna, Bauchi and 
Sokoto. In the north ground water is widely used for irrigation to offset the 
decline in rainfall over the past ten years. 

IV, PROBLEHS 

The lack of control over the exploitation of ground Hater has serious con­
sequences for the whole country. It has led to overexploitation of the resources 
in Borno State, <lhere boreholes must novJ be drilled to great depths in order to 
reach the loHer aquifer (described above under "Chad basin"), 
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Another m01jor problem is the incre01sed salinity of the coastal aquifers 
caused by sea~water intrusion resulting from excessive and uncontrolled pumping. 
'J'Id,s phenomenon has been observed close to Lagos, at lfahin (Ondo State) and 
:l.n some parts of the coastal zones of Bendel State and the River States. 

Very serious consideration is now being given to the possibility of the 
ill'tificial recharge of ground~water aquifers, especially in the areas affected 
l>y drought, 

Like many other developing countries, Nigeril'l has very li,ttle hydrogeo­
logical informi'\tion /'\bout vast areas of the country. Accordingly, test 
pumping in new boreholes cannot be used as a means of forecasting the long­
term beh'lviour of the aquifer, even though it does indicate the safe yield for 
the morJent, · A yield which is abundant when the borehole is first tapped can 
decline if additional bo~;eholes are brought into use without any control, The 
Chi'\d bl'lsin in the area of Maiduguri is an example of this, Other regions of 
the country also h(3,ve many exhausted and abandoned boreholes. This problem 
:i.s connected with the problem of the operation and maintenance of the ins­
tallations. Concerted efforts are being made to ensure that all activities 
affecting water resources, particularly ground water, are subject to uniform 
nationi'\1 legislation applicable in all the states, This will ensure, inter 
alia, that the exploitation of the country's water resources '"ill be equitably 
distributed and rationally controlled, 

V, CONCLUSION 

The economic and social value of Nigeria's ground water is summed up in 
the follow·ing quotation from Peter Sutcliffe (1982): "Water constitutes a 
large part of the environment in which man lives and it has an enormous influence 
on the other elements of the environment. It is a heritage, a basic element of 
the planet on which we live, essential to life ;itself, Water must therefore 
be respected." 

The economic and social importance of ground water in this part of the 
world is difficult to evaluate in general terms, for the cost of developing 
this resource varies according to lithology, depth, and type of equipment used, 
It should be given greater weight in the preparation of measures for the 
rational management of the country's water resources, The most important and 
urgent step is to adopt water legislation placing the exploitation of aquifers 
under strict control and ensuring uniform and proper management of water re­
sources. 

There are considerable possibilities for ground-water exploration and ex­
ploitation, in particular in the sedimentary zones <7hich give high yields. Even 
in the places where the crystalline basement rock suboutcrops or lies at shallow 
depths studies are being made of the fracture zones of the bedrock or altered 
rock which can help to recharge the aquifers. Increased use is also being 
made of geophysical and remote-sensing methods in geological studies, 
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~;DREI3.:S Rt::G1 OS 

Area of catch- Flow (m3/s) Specific 
ment basin upstream Storage yield 

Station Basin of the station (lcrn2) Maximum Minimum Mean Coefficient (m3/s/km2) 

Jebba Niger 631,960 3,740 370 1,292 0.33 0.002 

Wuya Kaduna 65,527 4,738 3 523 0.13 0,009 

Baro Niger 730,380 6,822 332 1,947 0.29 0,003 

Makurdi Benoue 304,325 14,627 200 2,982 0.20 0,010 

Umu Aja Benoue· 333,619 18,425 46 3,425 0.19 0,010 

Lokoja Niger 1,087,000 27,140 712 5,737 0.21 0,005 

Shintaku Niger 
"' 

1,088,000 24,110 970 5,512 0,23 0,005 
0 
'-0 Idah Niger l, 103,200 26,790 840 5,613 0.21 0,005 


