






















































MALI 

Area: 1,240,000 km2 

Population: 7,53 million (United Nations estimate, 1983) 

I. BACKGROUND 

Mali is a landlocked country of vast plains, In the south of the country 
laterized sandstone plateaus dominate vast expanses of hills and plains. The 
largest plateaus are the Mandigue in the west with its escarpment dominating 
the valley of the Upper Niger and falling away gradually northwards; in the 
south and south-east the Dogon plateau which extends eastwards in a line of 
residual buttes, including Hombori which is the highest point in Mali 
(1,155 m), These plateaus are bounded in the north by large, partly sandy 
plains; in the south they give way to hills covered with laterite cuirasses. 

North of the Niger loop and the interior delta vast sandy plains (ergs) 
stretch as far as the borders with Algeria and Mauritania, The Adrar deg-
Iforas in the north-east of !1ali is a southwards extension of the crystalline 
massifs of the Hoggar. 

Climate 

Most of the country is subject to climatic conditions of the Sudano
Sahelian type with high average annual temperatures (26°C to 30°C), rainfall 
concentrated in May-June and September-October, and a long dry season of 
six to nine months. 

From south to north there are four climatic zones with decreasing rainfall 
and relative humidity and increasing evapotranspiration. 

The South-Sudanese zone bordering on Guinea and Cote 
more than 1,300 mm of rain during a six-month wet season. 
range is low here. 

d'Ivoire receives 
The annual thermal 

The North-Sudanese zone lies between the 1,300 mn and 700 mm isohyets. 
Bamako, the country's capital, is situated at the heart of this zone. The 
rainy season lasts four to six months. The average temperatures are higher 
in summer than in winter. 

The Sahelian zone lies between the 700 mm and 200 mn isohyets; it has 
a long dry season and short rainy season, with rain falling on only about 
30 days a year, The annual thermal range is 12°C, 

The South-Saharan desert zone has intermittent rainfall of up to 200 mm 
and very wide thermal ranges. 

The interior delta of the Niger, which covers an area of about 30,000 
km2 in the Sahelian zone constitutes a small inland sea during the flood 
period from October to December and it then has a local micro-climate, 

Like all the other Sahelian countries, since the beginning of the last 
decade Mali has been suffering the effects of many years of low rainfall, the 
harshest consequences of l'lhich have been felt by the rural and pastoral popu
lations. 
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Surface water 

Mali's hydrographic system extends over the south and centre of the 
country. The desert area in the north has only a few traces of ancient drains 
and there is no runoff. 

The country is crossed by two major African rivers: the Senegal flowing 
westward in its upper basin; and the Niger flowing eastwards in its middle 
course. Half of the length of the Senegal lies in Mali. The river rises 
in Guinea on the slopes of the Fouta Djallon. Its upper course, called the 
Bafing, receives the two other upstream branches on its right bank - the 
Bakoye and the Baoule. Downstream of Kayes the river is swollen by the 
Faleme, which forms the frontier with the Republic of Senegal. The river's 
mean flow at Galougo is 669 m3 /s; in the high-water period (September) the 
flow is 2,800 m3/s, falling to 15m3/sin the low-water period (May). The 
dam under construction at Manantali is located on a rocky shelf of the Bafing, 
upstream of its confluence with the Baoule, 

The Niger also rises on the northern slopes of the Fouta Djallon. Two
fifths (1,700 km) of its total length (4,200 km) lie in Mali. Its main up
stream tributary is the Sankarani, on which the S~lingue dam has been built, 

As it leaves the Mandigue plateau upstream of Koulikori its valley 
gradually >lidens until from Ke-Macina it becomes a vast alluvial plain which 
is flooded in the high-water period; this is the "interior delta of the Niger" 
which ends near Timbuktoo, At the beginning of the delta, near Mopti, the 
Niger receives the Bani; this river is 900 km long and its upper course, 
called the Bagoe, is swollen by the Dego·e, Bafing and Banifing. 

From Timbuktoo to the Labbezanga rapids on the Niger frontier the river 
describes a huge loop in a sandy desert area cut by the rocky shelf of Tossaye, 

Owing to its great length, the morphological configuration of its valley 
and the climatic zones which it crosses, the Niger 1s hydrographic system varies 
in its different sections in Mali. At Koulikoro the crest usually occurs in 
September, whereas at the beginning of the interior delta it occurs at the 
end of October (Mopti) and at the outlet of the delta in December (Kalara). 
Further downstream, at Gao, the crest occurs in January. 

The mean flow of the Niger at Koulikoro is 1,550 m3/s, 

Within the interior delta and at its edges are found systems of lakes fed 
by the flood waters, the most important of which is Lake Faguibine, west of 
Timbuktoo, Many of these lakes have become seasonal or have dried up follow
ing the recent drought and the consequent drop in the levels of the rivers, 

The sandstone plateaus and the hilly areas are intersected by a dense 
hydrographic system of temporary streams created by the winter rainfall. In 
the partly sandy plains of the Sahelian zone the flow is intermittent and 
often disrupted by accumulations of sand, as in the Vallee du Serpent which 
used to drain the Nioro-Nara plain. 

- 248 -



Geolosy 

Mal~'s main geolog~cal systems are the B~rrimian crystalline basement 
rock, the mainly sandstone and pelitic sed~mentary formations of Lower Cambrian 
and Paleozoic age, the Permian dolorites, the Mosozoic intercalated continental 
deposits, the marine sediments of the Upper Cretaceous and Eocone eras, the 
continental terminal and the surface formations of varied origin and ase. 

Crystalline basement rock 

This rock is well represented in the south of Mali, It also outcrops 
in the Kayes region and in the middle of the Adrar des Iforas, It consists 
of ancient folded and metamorphized sedimentary and irruptive rocks: micaschists, 
gneiss, greywackes, cipolins, quartzite, gabbros and andesites, as well as 
granites of varied mineralogical origin and composition, 

Lower Cambrian and Paleozoic sedimentary formations 

These formations have built up in the vast basins which extend over more 
than two-thirds of Mali. 

In the Taoudenit basin which covers the whole of the central and northern 
parts of the country, the Lower Cambrian formation outcrops in a large circle 
at its southern edge, It consists of a mainly sandstone series, sometimes 
more than several thousand metres thick, alternating with sandstone bars of 
variable granulometry and mineralogy and with pelitic sequences which form 
the Sudano-Sahelian plateaus. Above the Lower Cambrian formation lies a 
thick Cambrian series of fine facies consisting of argilites and siltstones 
with some intercalations of sandstone, limestone and jasper in its upper part, 
Most of the Cambrian formation is over 1,000 m thick in the Nara trench. 

In the central and northern parts of the Taoudenit basin the Paleozoic 
series includes Cambrian-Silurian sandstones and calcareous schists, Devonian 
calcareous and bituminous schists, and Carboniferous sandstones and limestones, 

The Lower Cambrian formations in the Gourma basin are folded and partly 
metamorphized, The facies is mostly schistic with sandstone-quartzitic and 
limestone intercalations, 

Permian formation 

This formation is represented by dolorit~c volcanism, which is particularly 
well developed in central Mali 1vhere it intrudes into the Lower Ca,mbrian and 
Cambrian formations in the form of dykes, sills, batholites a,nd laccolites, 

Intercalated continental forma,tion 

This formation covers an area of more than 125,000 km2; as a rule it 
is difficult to distinguish it from the overlying continental terminal for
mation, 

It consists of poorly consolidated continental deposits with sandstone
sand and gravel facies and sequences of multicoloured clay. It is more than 
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400 m thick in the Nara trench and may exceed 1,000 m at the eastern edge of 
the Iullemeden basin, 

Upper Cretaceous and Lower Eocene formation 

These sediments, of marine and locally lagunal or1g1n in their lower part, 
are found in the eastern part of the country bordering the Adrar des Iforas 
and further south in the Sudanese straight and the Iullemeden basin, The 
facies are mostly limestone and marl-limestone with some fine sandstones 
and schists in the upper part. 

"Continental terminal" 

This complex Neogene series covers an area of 270,000 km2 and is several 
tens of metres thick except in the south-east of the country where it is 
more than a thousand metres thick and may include Eocene strata, It consists 
of sandstone and non-consolidated sands, clays and argillaceous sands with 
laterized and silicified layers, In the Iullemeden basin, the basic detritic 
series is overlain by a clay-sand complex topped by argillaceous sandstone 
with large amounts of concretion and ferruginous oolites. Lignite and pyrite 
are common throughout the series. 

Surface formations 

- Laterites and ferruginous cuirasses are particularly common in the 
sandstone plateaus and the areas of Birrimian basement rock, They are 
of various ages and the oldest, which jut up from the smooth high sur
faces, probably date from the Eocene era; 

- Quaternary alluviums, mostly of fine facies, are common in the Niger 
basin; 

- Fixed or mobile sand dunes cover vast areas north of the 14th parallel N; 

- Lacustral tuffs and sebkha deposits are found in places in the Saharan 
and North-Saharan areas. The Taoudenit salt deposits are the best known 
and have long been exploited, 

II. GROUND-WATER RESEARCH 

Government bodies 

The study and development of ground water are the responsibility of the 
National \;Jater and Energy Office (DNHE) which is part of the Ministry of State 
for Capital Development, The DNHE carries out basic hydrogeological research, 
controls the well and borehole development projects, and collects and stores 
all ground-water data, A wells service was set up in 1974 in the same Ministry; 
it is responsible for large-diameter installation,· 

The specialized offices of the Ministry of Rural Development and the 
Ministry of Agriculture are responsible for several ground-water development 
projects, 
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Research background 

The first hydrogeological studies were made by the Water Service of 
the Department of Public Works of the A.OF, including inventor;l.es of tra
ditional water points and sinking of reconnaissance wells and boreholes, 
These operations and studies were summarized in a "hydrogeological map of 
Sudan" (J, Roure, 1957), After Mali:'s independence in 1960, the research 
was concentrated on certain regions then given priority: Gourma, northern 
Taoudenit basin, and Gondo plain. These studies gave most attention to the 
geological aspects, 

It was not until 1967 with the start-up of the UNDP/United Nations 
project MLI/67/507 that a systematic approach was taken to the various aspects 
of ground-water research and exploitation, The study methodology and the 
criteria for installation of wells and boreholes and the drilling techniques 
were gradually established, The hydrogeological conditions and the possi
bility of developing ground water in various lithological units were also 
determined, During the implementation of project MLI/74/001, which followed 
on from project MLI/67/507, the development techniques were tested successfully 
although on a small scale, The transition from the phase of reconnaissance to 
the phase of intensive development as part of an emergency programme to 
counter the effects of the drought entailed the gradual refinement of the 
methods used, in particular the geophysical ones, with a view to minimizing 
the borehole failure rate and thus reducing the unit cost of the productive 
installations, This phase began with the implementation of UNDP/UNICEF 
project MLI/76/004 which provided training in the field for a large number of 
DNHE's national technical staff; this project was followed by several 
village and pastoral water supply projects, including UNDP project }~I/82/005, 

Study methodology and installation of boreholes 

South of the 14th parallel N, where almost all Mali's population and 
economic activity are found, the main exploitable water resources are contained 
in small local fissure aquifers, The traditional hydrogeological methods of 
drilling research in fissured formations are usually used in conjunction with 
geophysical prospecting, The experience acquired over 15 years, during which 
several thousand boreholes were drilled, shows that, except in very favourable 
local hydrogeological conditions where the water-bearing zones are in con
tinuity over a large area, the best results are obtained when the drilling 
work is carried out in close conjunction with geophysical studies. The results 
of each drilling are immediately compared with the hydrogeological and geo
physical assumptions on which the drilling was based; these assumptions are 
systematically reinterpreted and taken into account in subsequent drilling 
operations, This procedure has improved the drilling success rate in a series 
of UNDP projects by more than 25 per cent to an average of 70 to 75 per cent 
in 1983 in a sector with average hydrogeological conditions. 

The traditional hydr~eo1ogicalmethods include studies of the terrain 
(geology and geomorphology), inventory of traditional water points and study 
of the structural conformation by means of photogeological interpretation, 

A geophysical study programme is established on the basis of the hydro
geological picture. Depending on local conditions, use is made of electrical, 
magnetic or seismic methods, usually in conjunction with each other, 
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- Electr:Lcal methods: profiling (aerial geophysical prospecting) and 
isolated soundings are used systematically, for they usually offer the 
best means of solving the problems and are easy to use, They identify 
discontinuities in the substratum associated with less resistant 
anomalies and establish a provisional lithological section for the 
drilling operation, 

- The magnetic method using a portable proton magnetometer is essential 
for drilling studies in sectors where doloritic intrusions are common. 
These volcanic intrusions are usually marked by easily identifiable 
anomalies in the magnetic profiles, These profiles can be obtained 
and qualitatively interpreted by the hydrogeologists, 

Seismic refraction is used only for very discontinuous aquifers with 
small permeable zones where the boreholes must be very accurately located, 

Drilling techniques 

The lateritic surface formations and the underlying fissured water-bearing 
formations are usually of satisfactory consistency for small-diameter drilling, 
The pneumatic down-the-hole hammer technique has proved by far the most 
effective in these conditions, In most cases the holes are drilled with a 
diameter of 6,5" to depths of about 15 m below the top of the squifer; the hole 
is then fully lined with 5" or 611 metal or PVC tubing, The hole is then 
drilled down to its final depth with a diameter of 4, 511 and no tubing is 
installed in this rock section of good consistency, 

In basement rock areas the 
penetrated by rotary mud rigs, 
matic down-the-hole hammer, 

thick surface and alteration formations are 
The fissured substratum is drilled by pneu-

Some boreholes in fissured formations, especially those designed to feed 
water-supply networks, are fully lined; filters and a layer of stabilizing 
gravel are installed in the ring space and the wellhead area is concreted, 

The sandstone intercalated continental and continental terminal formations 
are drilled with mud rigs and the holes are fully lined and equipped with 
filters, 

The discharge of the productive wells is measured during short air-lift 
production tests (one to three hours) carried out by the drilling team, In 
the case of wells discharging more than 5 m3/h and therefore suitable for 
the installation of more~phisticated means of drawoff than hand pumps, 12 to 
48 hours of test pumping is carried out by the traditional air-lift method 
or with groups of submersible motorized pumps, 

III, GROUND-WATER RESOURCES 

Ground-water resources are found in two types of aquifer: discontinuous 
aquifers with mainly fissure permeability and continuous aquifers with inter
granular permeability, Although most of the ground-water resources are 
stored in continuous aquifers, their geographical location renders them much 
less important from the economic and social standpoint than the discontinuous 
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aquifers, which are virtually the only ones capable of meeting the village 
requirements and a large part of the pastoral requirements. 

Discontinuous aquifers 

Crystalline and metamorphic formation of the Precambrian basement rock 

The ground water exploitable by borehole is found in the fissured areas 
of the bedrock substratum and in the coarse-grained sands, The permeability 
is irregularly distributed and generally low; it depends on the degree of 
fracturation and especially on the proportion of clay in the coarse-grained 
sands and on the thickness of these formations. The specific yields of the 
installations are low, ranging from a few m3/h up to 20m3/h. The success 
rate of the drilling is high, above 80 per cent, when the surface formations 
are thick and saturated for a considerable depth. It is much lower when the 
surface thickness is small or the formations saturated for only a small depth. 
The average depth of the producing wells is about 60 m. The intermittent re
charge of the water-bearing zones causes large seasonal fluctuations in the 
water level (between two and six metres). The water is aggressive with pH 
values between 5.5 and 7.7; the salt content is usually small with a dry 
residue below 0.5 g/1, 

Lower Cambrian formations 

The hydrogeological properties of these formations depend on whether they 
consist mainly of sandstone series with table configuration lying under a 
lateritic cover (sandstone plateaus) or of mainly schistic series inter
bedded with limestone and sandstone in a fold structure (Gourma basin). 

The sandstone plateaus contain the country's main discontinuous aquifer 
and more than two-thirds of the wells at present in production are located 
here. This aquifer is divided into sections by doloritic intrusions and 
shelves of solid and compact rock; it constitutes a multi-layered system 
with stratified permeable areas associated with a number of more heavily 
fissured banks or banks with intergranular permeability which are linked by 
networks of subvertical fractures. Another hydrogeological characteristic 
of the sandstone nlateaus is that they are in hydraulic contact with the 
small surface aquifers found in the lateritic formations and the inter
granular altered fringe of the substratum and the underlying fissured stratum, 
These surface layers act as a reservoir and the much more permeable fissured 
zones as a drain, so that the water can be drawn off by small-diameter 
installations, 

The Lower Cambrian sandstones are usually water-bearing for only a few 
tens of metres below ground level, The main stocks of water are found at a 
depth of 20 to 60 m and the static water level at a depth of 10 to 25 m. 
The piezometric surface is interrupted by the doloritic intrusions and the 
blocks of non-fissured bedrock; as it is very irregular, the water usually 
moves vertically by infiltration or evaporation, 

The seasonal fluctuations in the level are large, sometimes in excess 
of 5 m, with an average of 2 to 3 m. Annual fluctuations are observed and 
there has been a general decline of several metres in the level following 
the period of drought during the last decade, 
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The permeability is very variable and depends on the degree of frac
turation, The transmissivity coefficient determined during test pumping is 
between 2 x lo-5 m2/s and 3.1 x 10-2 m2/s, with averages of between 10-4 m2/s 
and 10-3 m2/s. The heterogeneity of the water bearing zones is demonstrated 
by the impermeable-screen phenomena revealed by several tests. 

The average yield of the producing wells is about 5 m3/h, with a success 
rate of 50 to 90 per cent, depending on the area and the drilling method, The 
water is mostly aggressive with a low salt content and an average dry residue 
of 0.3 g/1. Isotopic and piezometric studies have demonstrated that this 
aquifer has a good recharge and large exploitable resources, even though they 
are irregularly distributed. 

In the Gourma basin the aquifers are small and closely connected with 
certain limestone and sandstone strata. The depth of the static water levels 
is more than 50 m. The permeability is low and the .yield of the producing 
wells rarely exceeds 1-2 m3/h, The aquifers appear to have little recharge, 
if any at all. To date the failure rate has been about 75 per cent. The 
development potential is therefore small, even for pastoral water supplies, 
and requires large investments, 

Cambrian schists 

This mainly pelitic formation is generally impermeable and contains small 
aquifers linked to secondary fissure permeability, The aquifers have much 
smaller lateral and vertical extension than those of the Lower Cambrian sand
stones. 

The drilling success rate is not above 50 per cent even when combined 
with systematic use of geophysical methods. The exploitable stocks in the 
boreholes are generally found at depths below 40 m, sometimes 60 m, and the 
yields are small, The static water level is found at a depth of between 5 
and 25 m, almost always in the fissured substratum and not in the altered 
fringe or the surface formations, The stocks are therefore small but the 
exploitable resources are not negligible, for the seasonal infiltration causes 
piezometric fluctuations of several metres. 

The transmissivity determined during test pumping is between 1 x 10-3 m2/s 
and 5 x 10-5 m2/s, with yields of between 4 and 20 m3fh, Impermeable screen 
phenomena are very common, confirming the very dis·continuous nature of this 
aquifer. 

The salinity of the water is usually below 1 g/1. However, brackish 
water is found in places with a salt content of up to 17 g/1. The water 
always has a low pH value, 

The average depth of the producing wells is about 55 m. The wells are 
lined with tubing as far as the top of the first large deposit of ,.,at er, 

Continuous aquifers 

Intercalated continental, This formation represents Mali's main aquifer 
potential by reason of the size of its stocks and its great permeability, 
As it is located in the North-Sahelian and Saharan zones, its hydrogeology 
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~s known only in the western part and at the southern edge of the Adrar des 
Iforas, where ~t is exploited by a number of pastoral boreholes and wells, 

In the Nara trench, where the ground-water horizons are deep (between 
50 and 90 m), high transmissivity values (above lo-3 m2/s) are associated 
with the sand-gravel strata, with yields above 20 m3/h per well. At the 
edges of the trench clay and silt layers predominate over sand layers and 
the transmissivity and the yield of the producing wells decline. In this 
unit the water table is practically horizontal and the seasonal fluctuations 
nil or very small, The water is of good chemical quality, 

The producing wells can be up to 150 m deep and must be fully lined 
and equipped with filter blocks, 

In the central part of the Tadoudenit basin, on the Khenachich plateau, 
the intercalated continental formation contains only small aquifers, generally 
of fresh water. 

At the edge of the Adrar des Iforas the permeable layers of the inter
calated continental formation intersect at various depths, sometimes in 
excess of lOO m, with stable water levels between 35 and 60 m below ground 
level. Discharges of about 10 m3/h have been obtained from boreholes 150 to 
200 m deep, The water usually has a low mineral content, 

Cretaceous-Lower Eocene 

This formation contains permeable layers in the limestone and sandstone 
intercalations which are exploited at the edge of the Adrar and in the Tilemsi 
valley, with yields of a few cubic metres an hour and high drawdowns, The 
salinity of the water varies greatly, from fresh to brackish, 

Continental terminal 

In terms of the size of its stocks, this is the second largest continuous 
aquifer in Mali, In the interior delta it is in hydraulic contact with the 
surface water and the Quaternary alluviums, Yields of several tens of cubic 
metres can be obtained from lined boreholes equipped with filter blocks when 
the sand strata are thick and the water lies at depths of less than 20 m 
below ground level close to the Niger; but the yields decrease· further away 
from the river owing to the combined effect of head loss and evaporation, 
The salinity of the water also increases from the recharge area in the delta 
zone towards the Azaouad basin. This aquifer is exploited by several tra
ditional wells with depths of 20 to 60 m depending on the distance from the 
river and the depth of the horizon. 

In the Sudanese straight the water levels are usually not lower than 
40 m, but they can be more than lOO m deep further west and south in the Gao 
trench where the continental terminal becomes very thick, Geophysical pros
pecting indicates that the water becomes brackish towards depths of 200 m. 
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Surface formations 

The alluvial deposits in the central delta zone constitute a single 
hydraulic unit '"ith the continental. terminal. Ho,ever, the possibility of 
exploiting them by means of small-diameter "'ells is clearly less o"'ing to 
their finer facies. 

The dune formations can contain small local aquifers, the size of "'hich 
is difficult to determine and depends on the nature of the substratum. 
These formations are important only because of their capacity rapidly to ab
sorb the short heavy sho,ers and thus provide part of the recharge of the 
underlying aquifers. 

The lateritic formations contain local aquifers traditionally exploited 
by the villagers and herdsmen of the Sahelian and Sudanese areas by means of 
tens of thousands of "'ells and sumpholes, These aquifers are in hydraulic 
contact with the underlying fissure aquifers, 

Current studies 

As part of its priority activity of establishing new water points, in 
1982 the National Water and Energy Office initiated in collaboration with 
UNDP and the United Nations (project MLI/82/005) several studies with the 
medium-term goal of evaluating the country's ground-water sources and de
termining their location and mode of exploitation in the various regions. 

Computerized records of the water points throughout the country are 
being prepared, They will serve as the basis for the inventory of the 
country's water resources, the identification of new development projects 
and hydrogeological summaries. 

Piezometric observation networks are gradually being established in the 
main aquifers; they cover the various climatic zones and monitor the natural 
fluctuations in the "'ater levels. In the 1983 rainy season, even though the 
rainfall "'as less than usual (60 to 70 per cent of the average), the levels 
showed a general recovery in the Sahelian and Sudano-Sahelian areas, with 
average ranges of about one metres in the aquifers of the fissured substratum 
(Lower Cambrian sandstone and Cambrian schist) and of almost five metres in 
the aquifer of the lateritic cover. 

Detailed studies have been undertaken at several sites of intensive 
pumping with a view to estimating the local ground-water resources and the 
recharge in the area of discontinuous aquifers. The first results indicate 
that at Tioribougou the direct infiltration represented about 20 per cent 
of the rainfall in the 1983 season, which was estimated at 530 mm, with an 
effective storage coefficient in the Lower Cambrian table sandstones of about 
five per cent; the renewable resources can therefore be estimated, as an 
initial approximation, at about three cubic metres per day per hectare for 
the local aquifer, These detailed studies were to be continued and multiplied 
during the period 1983-1986 and extended to other hydrogeological and climatic 
regions, so that an informed approach can be taken in the establishment of 
the balance of ground-water resources, 
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IV, EXPLOITATION OF GROUND WATER 

Government bodies 

The Ground-Water Division of the National Water and Energy Office (DNHE) 
is responsible for the technical control of all drilling projects for ground
water development and it manages all the village water-supply projects. In 
1984 it employed about 70 qual:l;fied· persons, half of them engineers (hydro
geologists, geophysicists, drillers), and the other half geological tech
nicians, specialist foremen and administrators. There are a further SO 
contractual staff: labourers, drivers, drilling hands. The DNHE has seven 
regional bases: Bougouni, San, Gao, Bamako, Kita, Timbuktoo and Mopti-Sevare. 

The body responsible for drilling operations installs large-diameter wells 
of modern design for both village and livestock purposes. In the past it 
encountered a number of difficulties and the results were sometimes dis
appointing owing to the lack of hydrogeological reconnaissance work. 

The adoption of stricter management methods and closer collaboration 
with the DNHE with respect to basic hydrogeological studies for the installations 
should enable it to play its proper role in the development of ground water. 
At present it has about 300 pennanent and contractual staff; it has a head 
office at Bamako and six regional offices; it operates in 14 sectors. 

Position of ground-water development in 1983 

Up to 1976 most of the boreholes were drilled during reconnaissance 
missions to evaluate the possibility of developing the main aquifers or during 
implementation of small local water-supply projects. 

Since 1976 a number of large regional village water-supply projects have 
been undertaken; their number and size have grown with time. 

The work carried out under the main projects up to July 1983 is listed 
in table 1. 

The inclusion of the boreholes installed under small local projects and 
those installed before 1970 produces a total of 4,300 boreholes installed in 
Mali, including 2,SOO classified as producing, with a minimum yield of 0,8 to 
1 m3/h. Of this total, about 1,SOO are at present equipped with pumps: 1,300 
with hand or foot pumps; SO with solar-energy pumps; and 1SO with motorized 
pumps. 

About 4SO large-diameter wells were installed between 1974 and 1983 by 
the body responsible for the wells operation. 

As the Rural Water Service installed a similar number of wells between 
1958 and 1973, the country now has 900 "modern" village and pastoral wells 
(with concrete lining and standpipe), 
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Water-point projects in the peJ;;l.od 1983-1986 

work is to be continued under al.l the big village water~supply pro
gra11U1les launched in the last decade, Several new projects have a.lso been 
undertaken since 1983-1984. The plan was to install some 4,300 boreholes, 
almost 90 per cent of them for village water supplies, Given an average 
success rate of about 65 per cent, the number of new producing holes can be 
estimated at about 2,800, which means that the number of producing bore
holes would have doubled by 1986, ·The amount of work planned under the 
various projects is indicated in table 2, The number of wells was also to 
increase by almost 600 during the same period, 

In 1986 the drilling equipment available to the DNHE under the various 
projects should have totalled 16 to 18 units manned by qualified national 
technicians. The total implementation capacity was to be close to 1,400 
holes a year. 

Overall estimate 

The number of new water points to be established in the medium term is 
very large and it illustrates the amount of work still to be completed and 
the amount of financial resources to be. found, even for a small daily allo
cation per inhabitant (20 to 30 litres), 

Village water supply, Mali has almost 10,000 rural settlements of less 
that 2,000 inhabitants, With one hand pump for 200 inhabitants and at least 
two pumps for each settlement, the number of water points needed to meet the 
needs of the rural population totals more than 30,000, of which less than 
2,000 have so far been installed, 
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Project 

UNDP projects 
(1967-83 

MALI AQUA VIVA 
(1976-83) 

HELVETAS 
(1977-83) 

Bandiagara 
(1978-83) 

JICA 

Financing 

UNDP 
UNDP/UNICEF 

NGO/EC Central Fund 

Swiss co-op 

CARITAS 

Japanese co-op 
(;; (1978-83 
"' ODEM 

(1977-83) 

Mali South 1 
(CMDT) (1983) 

World Bank 

ABEDA 

Gao-Anderabou- UNSO/ 
kane road Netherlands co-op 
(1977-78 

West Sahel Saudi Fund 
(1977-82) 

Kayes-Yelimane FAG 
(1974-75) 

Bafoulabe- World Bank 
Kenii!iba 
(1974) 

Table 1 

Ground-water development studies in Mali up to July 1983 

Purpose 

Hydro geological 
reconnaissance -
village water supply 

Village water supply 

Village water supply 

Village water supply 

Village water supply 

Pastoral water supply 

Village water supply 

Village and pastoral 
water supply 

Pastoral water supply 

Village water supply 

Village water supply 

Drilling unit 
(1983) 

1 FORACO SM-70 
1 AC Aquadrill 441 
1 AC Aquadrill 661 
1 Failing 1500 

2 FORACO SIS-66 
1 FORACO 

1 FORACO SIS-66 

1 STENUIK HST-35 

1 TOP-200 
1 TOP-300 

1 FORACO SIS-66 

1 POLYDRILL-500 
(enterprise) 

1 Failing 1500 

Total 

·Drilling operations 

No. Average 1982/83 1982/83 
success campaign success 
rate rate 
(%) (%) 

1,655 50 

1,300 80 

420 80 

234 70 

36 90 

74 60 

18 80 

15 

326 45 

26 45 

61 40 

4,165 65 

196 

157 

75 

57 

15 

9 

18 

527 

70 

85 

80 

70 

80 

90 

80 



Table 2 

Ground-water development projects in operation in 1983-1986 

Project Period Financing 

1. Continuation of earlier projects 

MLI/82/005 1983-85 

Mali Aqua Viva 1983-85 

Helevetas 1983-86 

Bandiagara 1983-86 

PRODESO 1983-84 

JICA 1983-84 

Kaarta 1981-84 

Mali South 1 1983 
- CMDT 

Gao-Menaka 1983-86 

2. New projects 

UNICEF (Mopti - 1983-85 
Timbuktoo) 

Route du sel 
(Timbuktoo
Taoud~nit) 

Mali South 2 
- CMDT 

CEAO 
(Kayes
Koulikoro) 

Liptako
Gourma 

Ground-water 
Koulikoro
Segou 

Kit a 

Ground water 
(Gondo) 

Ground water 
(Kati-Bamako
Kangaba) 

ODIK 
(Kaarta 

1983-84 

1984-86 

1983-85 

1984-85 

1984-85 

1984-86 

1984-86 

1984-86 

1984-86 

UNDP 
UNDP/EDF? V 

FAC 
EC Central Fund 

Swiss Cooperation 

CARITAS 

Saudi Fund 

Japanese co
operation 

USAID 

ABED A 

ADF 

UNICEF/UNDP 

UNDP 

EC Central Fund/ 
World Bank 

EC Central Fund 

ADB/Kuwaiti Fund 

Saudi Fund 

World Bank 

EDF V 

Italian 
co-operation 

Canadian 
co-operation 

Purpose 

Village and pastoral 
water supply 

Village water 
supply 

Village water 
supply 

Village water 
supply 

Pastoral water 

Village water 
supply 

Village water 
supply 

Village water 
supply 

Village and pastoral 
water supply 

Health/educ. 
infrastructure 

Creation of oasis 

Village water 
supply 

Village water 
supply 

Integrated dev. 

Village water 
supply 

Village water 
supply 

Village water 
supply 

Village water 
supply 

Integrated dev. 

Works 
planned 

750 boreholes 
6 wells 

320 boreholes 
25 wells 

300 boreholes 

200 boreholes/ 
wells 

34 wells 

20 boreholes 

12 wells 

42 boreholes 

275 wells 

144 boreholes 

35 boreho1es 

450 boreholes 

480 boreholes 
61 wells 

51 boreholes 
95 wells 

400 boreholes 

580 boreholes 

100 boreholes 
80 wells 

350 boreholes 

lOO boreholes 

Total: 4286 boreholes: 588 wells 
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Table 3 

Water-point requirement ;for·villa.ge wa.ter suppl:Les 

Administra.tive 
region 

Kayes 
Koulikoro 
Sikasso 
Segou 
Mopti 
Timbuktoo 
Gao 

Total 

Number of settlements 
with fewer than 2,000 
inhabitants 

1,356 
1,792 
1,654 
2,109 
1,931 
667 
340 

9,849 

Water points 

Needed Existing 

4,260 152 
5,403 551 
5,315 508 
5,883 553 
5,992 150 
2,225 8 
1,352 27 

30,430 1,949 

Balance 

4,108 
4,852 
4,807 
5,330 
5.842 
2,217 
1,325 

28,481 

Urban water supplies. According to the 1976 census, there were 300 
settlements with more than 2,000 inhabitants, Now, some 10 years later, 
there are probably more than 350, as a result of population movements caused 
by the persistent drought, The number of boreholes needed for water supplies 
in these settlements depends on several factors, in particular the local 
hydrogeological conditions and the effective yields of the holes. The total 
will be about 1,500 to 2,000 boreholes. 

Pastoral water supplies, The requirement for pastoral water points 
situated mainly in the Sahelian zone should be evaluated on the basis of the 
national livestock development programme, The requirement is for several 
thousand water points scattered over areas of difficult access for which 
little hydrogeological information is available, Pastoral water points also 
require special installations to facilitate the speedy watering of the herds: 
large-diameter wells, motorized pumps, storage facilities, etc. 

Problems of exploiting ground water 

In the short and medium-terms the exploitation of ground water should not 
give rise to any serious problems with respect to water quality and conser
vation resources. 

The salinity of the main exploited aquifers is low and they are recharged 
periodically during the rainy season by direct infiltration or migration of 
surface water, Furthermore, the dispersed mode of exploitation for both 
village and pastoral water supplies does not have a serious impact on stocks. 
In the areas of lateritic surface formations, the surface aquifers traditionally 
exploited by village wells will have their levels reduced by the exploitation 
of the underlying fissure aquifers, However, this effect could be limited if 
pools were quickly established above the villages to facilitate the artificial 
local recharge of the surface aquifers. 

In certain regions such as Gourma, where the aquifer is deep and has no 
apparent recharge, the levels may decline as a result of the exhaustion of 
local stocks, which appear very limited owing to the small size of the per
meable zones. 
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V. CONCLUSIONS 

In the long term the development of ground water should be capable of 
meeting the water requirements, in quantity and quality, of the rural popu
lation and of the transhumant livestock which constitutes one of the 
country's main resources, It will help to stabilize village dwellers by 
furnishing them with a permanent water supply regardless of climatic un
certainties and in some cases offering them additional income from the small 
irrigation projects associated with the modern wells, 

The ground-water potential is of course limited. The deposits are con
tained in aquifers with poor permeability and storage properties but which 
are sufficient for small-scale widely dispersed exploitation and for 
village and livestock needs. Tn addition, the winter rains and the migration 
of surface water guarantees a sufficient volume of renewable resources 
throughout the part of the country south of the 15th parallel N where almost 
all population lives. 

In recent years the ground-water projects have been concerned mainly 
with the establishment of boreholes and other installations which could be 
completed quickly, But the authorities have not been neglecting the digging 
of large-diameter wells, for they do not have the pump maintenance problems 
common in pastoral areas. Tn 1983 the average cost of a cubic metre of water 
at the wellhead was between 80 and 120 Mali francs, with an installation cost 
of about FM 5 million for boreholes and FM 10 to 14 million for modern wells, 

The national ground-water development policy takes into consideration 
both the hydrogelogical conditions and the way of life of the people. Now 
that a local industry has been established for the manufacture of hand pumps, 
the conditions seem to be met for the country to take charge in the medium 
term of the whole of its "water chain". 
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