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FOREWORD
 

This paper must be regarded as a provisional
 
working document whose sole aim is to contribute
 
to a general study of water problems in the West
 
African Sahel.
 

Some inaccuracies and perhaps certain errors
 
trust of course be expected in a general outline
 
of this kind.
 

It is merely intended as a oasis for discussion
 
by nationa] and foreign experts in order that the
 
indicated estimates and targets can be better
 
specified.
 

This paper was prepared jointly by the
 
Technical Services of the Ministry of Co-operation
 
and SCET-INTERNATIONAL.
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1. 

OUTLINE OF WATER RESOURCES DEVELOPMENT
 

IN THEZ WEST AFRICAN SAHEL
 

INTRODUCTION-


METHODS, CONCEPTS AND LIMITS OF THE STUDY
 

The present outline of water resources development
 
in the West African Sahel covers six countries
 

MAURITANIA SENEGAL MALI. UPPER VOLTA. NIGER and 
CHAD, with a total area of about 5, 255, 000 km2 and a po­
pulation of nearly 30,000,000. 

The purpose of this study is to draw up a first
 
inventory of the quantities of water of aJ.l categories 
availabl.e f Jc humans, livestock and irrigation in the various 
regions of the Sahel. to locate them geographically, to com­
pare them with requirements and to see how far their use is
 

compatible with various constraints, such as the presence
 
of grazings or irrigable land at a reasonable distance from
 
the water resources, or an acceptable cost of harnessing.
 

Annually usable water resources of the Sahel comprise
 

surface water and ground wAter. The former. much greater in 
amount, constitutes the main resource available for irrigation.
 
The latter is found in smaller amounts. with extremely 
variable recovery costs. It is used by humans and animals,
 

but not for irrigation, except in the case of a few ground
 
water sstems with particularly favourable characteristics. 

Part One of the study gives particulars of per capita
 

consumption for huma-.- and livestock and water requirements
 
per unit carea for the various types of irrigated farming
 

A first global estimate
practised or possible in the Sahel. 

of water requirements for various hypotheses of population
 

growth, livestock development and irrigation expansion is
 

deduced from these unit figures.
 

Part Two contains an overall estimate of water re­
sources in the Sahel in a year of average rainfall and in
 
years of deficient rainfall with return periods every five 
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and fifty years. A preliminary comparison of total resources
 

and requirements is made.
 

Part Three is devoted co identifying ieasibilities
 

and means of adapting each type of resource to requirements.
 

Resources may be grouped into three categories:
 

1. 	The discharges of the main Sahelian river systems (Senegal,
 

Niger. Chari-Logone-Chad, plus Gambia and Volta) which,
 

apart from the White and Red Voltas, have a perennial flow, 

even if it is very low at certain stations and at certain 

times (this characteristic depends on the origin of inflows 

due to runoff in Guinea and Central Africa). 

These discharges can therefore be used without regulation,
 

at least in a first stage, as they are at present.
 

But this type of utilisation is approaching its limits, in 

particular in the case of the Logone, the Senegal and the 

Niger, and the development of modern perennial irrigation 

beyond the present level calls for the operation of first­

reservoir dams to ensure partial interanrualgeneration 
regulation.
 

A much longer range total interannual regulation of the 

main Sahelian rivers should be envisaged and is probably 

feasible. 

Part Three of this memorandum states the irrigation potent­

ial of each of the three main rivers as follows:
 

a) 	Present potential or, in other words, the irrigable area
 

ivi "critical months" recx>:'ng every 5 years and every 
as the month50 years, the crit.ca]. month being defined 

when the ratio "available supply/irrigation unit re­
quirements" is nt its lowest. 

b) Potential corresponding to first-generation dams for 

interannual regulation.
 

c) 	Potential corresponding to long-range total interannual
 

regulation.
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Potentials corresponding to interannual requlation wore
 

determined for all reservoirs of known specifications by
 

"forward planning" or "simulated management" methods; dis­

charges were represented eitner by observed discharges
 
over long periods, as resulting from the ORSTOM's hydro­

logical.yearbooks, or by dummy runs obtained by random
 

selection on the basis of a frequency function.
 

In applying the method, withdrawals taken into account
 
were limited in genera. to evaporation on reservoir waters,
 
spillway outfalls, and drawoff for irrigation according to
 

a timetable compatible with modern intensive irrigation
 
requix ements.
 

The case of water for navigation and hydropower production
 
was not systematically studied.
 

The results thus obtained therefore represent maxima which
 

in reality could not be attained on multipurpose water
 
reserves.
 

2. 	Middle-distance runoffs on Sahelian catchment basins, at 

least those which seem really active, were the subject of 

the same exercise, but treatment was necessarily more 
summary because it was based on less complete data. These 
catchment basins have practically no dry weather flow and 

can be iised only under a regulation system. An evaluation 
was therafore made of their runoff in a median year and 
on this basis normative tables developed from typical cases 
gave an approximate idea of the quantity of water available
 
for Jrriga-cion, with a guaranteed supply in 49 years out of 50.
 

The 	exercise was carried out on a dozen areas containing
 
about 50 catchment basins with a minimum area of 1000 km2.
 

Another possible approach to the use of the Sahelian catch­
ment basins could also be envisaged by regulating a very
 
large n.mber of small basins, which in fact give a far
 
bettor runoff per unit area than basins of over 1000 km

2.
 

However, their total development raises enormous problems
 
and Part Two of this report is therefore limited to an
 
overall estimate of their potential without any breakdown
 
by hydrological units.
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3. 	Lastly, ground water can be used occasionally 
for irrigation
 

Areas where
 
and very frequently for humans and animals. 


both types of use are possible have been located 
on a
 

1:5,000,000 map with an approximation of corresponding
 

quantities.
 



PART ONE 

WATER REQUIREMENTS FOR HUMANS, LIVESTOCK
 
AND IRRIGATION
 

IN THE WEST AFRICAN SAHEL 

1.1. WATER REQUIREMENTS OF THE POPULATION 

Water requirements per head in the countries of the 

West African Sahel are both low in absolute value and very 

different according to the lifestyle of the individuals
 

concerned.
 

Current daily average individual consumption (1975) 

is roughly as follows: 

of rural 40 to 50 litres per day- I 'nhabtants areas 
70 to 100 " It 

- Inhabitants of small towns 


(5,000 to 100,000)
 
" 
150 to 200(1) ,- Inhabitants of large towns 

(1) This figure covers: 

- domestic consumption 120 litres per head 
"50 " I 

- watering private gardens 
7 f " o 

watering public gardens 
2 " t It 

commerce "-
11 " " 

- air conditioning " 
very small industries 10 of " 

- crafts and 

200 litres per head 

Total
 

On the other hand, it does not cover the requirements
 

of large industries as it is difficult to forecast their
 

development; their case is mentioned below.
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It is generally agreed that requirements per head
 

will increase moderately in the future; by the year 2000
 

they might exceed current requirements by
 

+ 20% in rural areas 
+ 30% in small towns 
+ 40% in large towns
 

these percentages being merely orders of magnitude.
 

Account should also be taken of a seasonal fluctuation.
 

in requirements, which reach their peak towards the end of the
 

dry season, i.e. April to June according to the latitude. By
 

comparison with average daily requirements these peak con­

sumptions represent an increase of
 

50% in rural areas
 
- 30/o to 40% in medium-sized towns
 

- 40% in large towns
 

It therefore seems reasonable to predict that daily
 

requirements per head in the year 2000 will be of the follow­

ing ordcr of magnitude:
 

Average requirements Peak requirements
 

80 litres
55 litres 


150 litres
 
Rural areas 


110 litres
Small towns 

300 litres
Large towns 250 litres 


Applied to the total population forecast for the year
 

2000 for the six Sahelian countries combined, these figures
 

correspond to the total water consumptions shown below:
 

Total water 	 Total water
 
requiremnts
requirements
Population (1) 

per average day 	per peak day

3 )
(1000 m 3 ) ('000 m


2,000
Rural areas 25,000,000 1,375 


Small towns 5,000,000 660 900
 

Large towns 11,300,000 2,825 3,390
 
6,290
TOTAL 42,300,000 	 4,860 


(1) FiGures based on assumption of high population growth
 

in capital cities.
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m3
Taking an order of magnitude of 5,000,000 of water 

m3days per annum" and 6, 500,000 perper average day (for 300 
annum)., we have- a total requirement ofpeak day .65 days per 

the order of 

1,900 million m3 of water
 

for the whole of the Sahel.
 

This figure would have to be increasedby the water
 

requirements of certain industries, in particular mining,
 

which are either already or likely to be established in the
 

Sahel and which may require substantial amounts of water
 

(ARLIT uranium mines, for exaffiple).
 

is difficult to assign an exact consumption figure
It 
at the date 2000. It seems reasonable, however, to expect
 

3 per annum, so
 a possible consuntion of about 500 million m


that total future requirements for humans and industry might
 

well amount to
 

2,500 million m3 per"annum 

around the year 2000. 

While this volume is very small by comparison with
 

irrigational needs, we shall see that It is by no means
 

negligible in relation to the resources that can be drawn
 

annually from ground water without endangering the water
 

table balance.
 

1.2. WATER REQUIREMENTS OF LIVESTOCK
 

Reuiements per head and overall
 

The cattle herd may be assumed to need 30 litres per
 

This figure is sometimes considered
head per day on average. 

inadequate, as it is forgotten that it applies to an average
 

head of cattle.
 

Scientific norms of husbandry for these animals reckon
 

a water consumption of 4 to 5 litres per kg of dry matter 
in
 

the daily ration.
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Consequently, an adult zebu of 350 kg 
live weight
 

consuming 2.7 to 3 kg of dry matter per 
100 kg live weight.
 

should drink each day an amount of water 
between
 

litres
4 x 350 x 2.7 ca. 38 

and 

ca. 53 litres
SX 35-0 x 3 = 

which are higher figures than those indicated 
above.
 

But the same calculation applied to a zebu of 
200 kg
 

live weight (which is probably slightly 
above the average of
 

Sahelian herds, including young animals), 
gives figures of
 

between 22 and 30 litres.
 

The figure of 30 litres per head per day 
therefore
 

aeemR entirely justified.
 

The water consumption of sheep and goats 
is around
 

5 litres per head. 

Finally, the livestock population in 
the Sahel cozintries
 

at the year 2000 might, according to certain 
projections,
 

amount to 30,000,000 head of cattle and 
50,000,000 sheep and
 

goats.
 

Their total annual consumption would therefore be 
of
 

3. To this should be added at least
 the order of 420 million m


20% for losses around watering-places, 
so that the figure must
 

be raised to 500 million 
3 per annum. 

This volume would be drawn mainly 
from surface waters(

1 )
 

during roughly 7 months of the year and 
mo=Lly from ground
 

water during the last five months, from 
February to June. 

(1) Pools and marigots.
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Maximum distance between watering-points and qrazings
 

It is accepted that, in order to avc:d overdriving 
the stock and possibly slowing down weight gain, the maximum
 
distance from grazing to the watering-place should not exceed
 
6 kin, corresponding to a 12 km round trip for one daily water­
ing. This norm corresponds to an ideal range grid at the
 
rate of one watering-place every 12 kin, each point serving 
about 1.20 kin2. 

In fact, in difficult cases one may envisage daily 
waterings with round trips of 30 km. The corresponding grid 
would have one watering-place every 30 kin, each place serving 
700 km2.
 

However, this is an absolute maximum never to be
 
exceeded.
 

Minimum discharge of watering-places
 

In addition, the discharge at the watering place muat
 
be adequate to water the stock on the area served.
 

For example, if the maximum area of 700 km2, or 
70,000 ha, is intended to feed one bovine per 10 ha, the 
discharge should be at least 

,0:O00 x 0.03 = 210 m3 per day
 
10
 

or 3 litres per second, for a guaranteed operation of 20 hours 
per day. 

In fact, many wells or boreholes cannot provide such 
a discharge. Consequently if in a given region the watering
 

3
places have a unit discharge of only 20 m per day, they should 
be assigned an area corresponding to 700 cattle, i.e. about 
7,000 ha or 70 km2, which would make it necessary to multiply
the watering-points. The minimum unit cost of bore-holes or 
wells certainly does not allow one to go below this last norm. 
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1.3. WATER REQUIREMENTS OF IRRIGATED FARMING SYSTEMS
 

TIMETABLE AND UNIT REQUIREMENTS OF WATER.
 

Four main types of irrigation systems are feasible in 
the Sahel:
 

1/ Flood recession cropping. Cereals are sown (or trans­
planted) on flooded land once the floodwaters have receded. 
he water requirement is met from the soil moisture 
eserves. 

.his 	type of system is practised above all in the main
 
river valleys of the Sahel, especially the Senegal valley
 
(millet), and sometimes in the bottom of certain marigots
 
(bottom rice). The areas cultivated vary from one year
 
to the next according to the flood mark reached, and
 
yields depend on the date when the flood recession allows
 
the farmers to sow or transplant (1). 

In these circum tances it is difficult to give figures for 
areas and yields, but one may expect orders of magnitude
 
of 350,000 ha for the six Sahel countries combined, with
 
productions of 0,4 t (millet to 0.8 t (rice'. In a very
 
dry year flood recession cc:cps probably account for
 
barely 100,000 ha. 

A variant of this system consists of flood recession
 
grazings, vast are.ts of which carry herds during the months
 
following the withdraw.=l of floodwater.
 

The volume used by flood recession crops varie- assentially
 
according to the depth of flooding on the cultivated site
 
in an average year. An average depth of about two metres
 
may be assumed and this figure should be doubled to take
 
account of the fact that only part of the flooded area is
 
cultivated. Thus each hectare of flood recession qrops
 

m3would consume about 40,000 of water and in an aerage 
year such crops would consume about 12 billion m3 . 

(1) 	Early recession usually corresponds to a low flood and
 
releases only a small amount of land; late recession
 
mostly corresponding to a high flood releases large
 
areas but at a date when vegetation starts too late.
 



In similar conditions flood recession grazings used in
 
an average year perharp represent 1,000,000 ha and would
 
consume about 40 b4 lion m3 on the basis of the same
 
calculation as 7,boxte. These figures are very approximate
 
and have not been taken into account in what follows.
 

In the long term there is no doubt that the survival of
 
the Sahal peoples will largely depend on the replacement
 
of these "irrigation" systems by more modern systems
 
offering close to a 100% chance of an adequate water
 
supply. 

The introduction 6f such systems, which has
 
already started, can be expe. ted to promote the gradual
 
disappearance of flood recession cropping, since they
 
ensure stable yields 5 to 20 times hicrher than the average
 
yields obtained with the old method.
 

Similarly, the gradual introduction of irrigated fodder
 
crops will very probably lead to a substantial reduction
 
in the use of flood recession grazings.
 

In a few decades flood recession crops and grazings are likely t:­
likely to play only a marginal role, if any, in Sahelian 
agriculture, thus reducing the corresponding water con­
sumptions to negligible figures(I). 

2/ 	Basin check irrigation systems are based on the use of 
basins separated by non-floodable embankments over large 
areas; floodw7ter is let into the checks at low points 
throug check gates in such a way that the level does not 
rise more than 3 cm per day, a rate compatible with the 
growth of certain rice varieties. 

(1) This development may take place with practically no damage 
to settled farmers and nomads living on flood recession
 
crops and grazings, provided they are progressively
 
afforded ef!ective access to the modern irrigated zones.
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The success of the system is possible only in areas
 

where two constraints are respected:
 

sufficient rainfall t.i guarantee the germination
-

of "rainfed" rice by the time flooding takes 

place;
 

respecting of this constraint means that effective 

application of the system is limited to areas 
with
 

an annual average rainfall of 700 mm or over1
 

water conditions guarantceing submersion of 
the
 

-

floodable parts of the checkp throughout the 

rice
 

growth period to a highly probable c:-tent 
(98%).
 

In practice only the upstream valleys of 
the Niger and
 

part of the Niger Central Delta,the Sani, the uppermo:- t 
and certain parts of the Logone and Chari 

valleys are
 
involving several

suited to this system', althougL pe--haps 


hundred thousar. hectares.
 

Various check layout- my en.-ure relatively high stable
 

outputs per hectar"c with tho basin system:
 

- in the so-called "variety fringe" methcd, 
the various
 

species of rice (erect, zn;i-er~!t, flating) are
 

located in the parts of the bas'.n where 
water conditions
 

suit them best1
 
.nner embankments - in the so-callcd "ring" methcd, 


chc:ck into a-eas where the
 
divide the whole Of each 

upper andan be maintained betweenstanding water -­
with erect r.ce growing.

lower limits ccmpatible 

of these systems is difficult
The water consumption 

to 
onecoI.idc.7aby from check

estimate and varies quite: 
that averagesm:- possible ts a~suneto another. It 


consanpLion corresponds to:
 
of 1 on
 

- basin flooding to :--average depth metre 
i.u. 1,,000 m3 per ha;

sites effectively cultivated, 

.n-,rpage losses during
- compensation for evaporation and 


the vegetation pericd, which partly coincides 
with
 

the po:ticn of this comuiensationrainfall periods; 
probably fairly

drawn on the floodwate, dischE'gc is 

m3 per
small - about 2, P)0 ha. 
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Lastly, flooding the non-cultivable par_-tu of the check 
basins (bottoms and upper fringez) represents very large 
volumes of water, probably twice the above figure; the 
uncultivated part of the basins repre.en:.s lees than 50% 
of their total geographical area, but the average depth 
of water on it is often over ona metre. 

Water consuuption for the check basin system thus seems
 
to be about 25,000 m3 per ha effectively cultivated per
 
annum.
 

In terms of quantities of rice produced, this consumption
 
is relatively high; owing to in1..quate control of water 
conditions, current yields are about 1.5 t of paddy per 
ha effectively cultiviated and they oe unlikely to exceed 
2 t in future, corrasponding to a watczr consumption of some 
12,500 m3 per t. 

On the other hand, these consumptions are drawn from 
natural tloodwaters and the introduction of Le system is 
therefore not li'iited in the first phase by the low stream 
flows of Sahelian rivers. 

3/ 	 Intensive irrigation with !ompleta water control in the 
Sahel countries generally calls for flood prot-ction works, 
a drainage netw:.r-: anA a .cparate 9rvity or lift irriga­
tion network. Irrigation ':nn b- practincd with a view to 
obta4.ning one oi: two annral cr.o.s. 

The first case is at p,_esent tbe r oit fr-ecuent, owing to 
the indadequacy of avZii b1e trcax flo;w in the "critical 
months". But this si-ution is houn ! to chanige quite soon, 
as experience show's it Is alriv.st irpns;iiblo to ,rite off 
costly engineering works lith o;'ly one crop per year. 

For 	this reason we shall not give further consideration
 
here to the water re u.r:racnts of ;ingle-crop intensive 
irrigation systems; .onvervely, "he water requirements 
of double-crop intensive irrigation arc. examined in detail. 

http:alriv.st
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4/ Double-:roD intensive irrigation systems
 

The .znnexed tables (1.1 
to 1.5) describ the method of
calculating water requirements per irrigated ha for 5
intensive irrigated crop systems (i.e. 2 crops per annum),
which are feasible in the Sahel countries (map attached).

These 5 systems are defined in terms of climatic and
 
hydrological data.
 

Calculations are based on the crop ti'etables and provide
the water requirements expressed for each month in DPETMean Daily Potential Evapotranspirationor for the month 
in question.
 

Converting these results into m3 
of water per month and
 per dey means calculating the D PET at various stations

and multiplying the results by a coefficient taking
account of water loss between the headgate and plant
 
roots.
 

This coefficient is between 1.4 and according to the 
surface area.
 

For areas of over 
5,000 ha (coefficent 2) the results of
applying the method give the vol".nes of water to be
delivered each month in m3 
per ha at the headgate (nee
table on page.... be].ow). 

The five intensive syste,,s considered ara the following: 

1 - Two successive rice crops close together (isotherm
170 and over); 

2 - Two successive rice crops at 21/2 months interval
(between isotherms 170 and 150). An the mean tem­peratire for December and January is unfavourable to

rice vegetation, the start of the second rice crop

has to be postponed till February; 

3 - A rice crop follcwed by a wheat crop (isotherm 150
 
and over).
 

4 -
 A rice crop in the rainy season followed by a vegetable

crop in the dry season (icotherm 150 and oyer, with
 
low, irregular hyxo conditions);
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5 - A sorghum or maize crop with supplemental irrigation 
in the rainy season, followed by an irrigated vegetable 
crop in the dry season (isotherm 158 and over, with 

low, irregular hydro conditions). 

It sh.ould be noted that the water requirements given in
 

Table I according to the timetable and D PET figures
 

shown in Tables 1 to 5 in the Annex do not allow for the
 

possibility of Rdopting the "transplanting" technique
 
for irrigated 'ice.
 

This technique has numerous advantages:
 

Higher yields can be expected, other things being equal,
 
while weeds and rhizomes can be better controlled.
 

In addition, with this technique it is possible to econo­

mise considerable quantities of water since during part of
 

its growth rice is kept in nurseries covering some 10%of 
the area of ricefieldL. In the Svstem 2 hypothesis at
 

St. Louis (see Table 1 below), by using this technique
 

2 months of irrigation could be saved on one tenth of the
 

area, i.e. approximately 

(7,800 + 5,700) x
 

m3 
or 11,250 m3 water for a total consumption of about 37,000 

per year, or again 25 to 30% of the estimated consumption. 

However, it is difficult to know exactly what the scope of
 

this technique will be in 1985 or 2000, especially since
 

it is rather hard to use in the case of two irrigated crops
 

close together (Systems 1, 3 and 4).
 

We have therefore kept the figures of Tables 1 to 6 below
 

as a precaution, since they may make up for many inaccuracies
 

in the basic data.
 

In the context of detailed water development projects, it
 

would however be essential to keep a strict account of
 

economies made possible by the adoption of transplanting.
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The totals given in the last column of 
Table 1 show that
 

water requirements per ha vary quite 
considerably from
 

region to region and from system to system, 
since they
 

range from 22,000 m
3 per ha to 42,100 m

3 per ha.
 



SYSTEVS - WATER REQUIREMENTSIIITE1_SIVE IRRIGATED FAPI-ING 

(m3. per ha.)
 
Ap. May Total
Systems June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. 


& 
Stations
 

42100 m3
System I: - 7800 3900 4300 1500 - 7900 5100 5300 6300 -

Aayes 
2 r"ce 
crops
 
close
 
together
 

4200 4300 - 31000 m3Systzm I. 5800 2700 3000 1100 - 6300 3600 

Yagoua 
2 rice 
crops
Close 
together
 

1400 - - 5700 4800 4900 4000 37000 m3System 2: - - 7800 4200 4200 
St Louis 
2 rice 
crops at 
well.-spaced 
intervals 

- 4300 4400 4000 2900 28500 m3Syster' 2: 5500 3000 3200 1200 -

Yagoua 
2 rice 
crops atwell-sp ccd 

interv-31
 

27500 m3
System 3: 5700 4300 3800 3600 - 1000 3500 3400 2200 
N Guigire
Rice/.!qat 

4300 2500 500 3700 3200 3300 4200 33400 m3
System 4- - 7200 4000 
Niamey 
Rice/Vegetables
 



o INTEUSIVE IRRIGATED FARMING SI'STEMS - WATER REQUIREMENTS ctd 

Systoms
& 

June July Aug. Sep. 
(m3. per ha.)
Oct. Nov. Dec. Jan. Feb. Mar. Ap. Hay Total 

Stations 

System 5:,.2%radi"41 1900 1500 1700 2200 500 3400 2900 3800 410002 22000 m30 0 3 
Irrigated 
Sorghum/ 
Vegetab] es 
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These theoretical consumption figures seem very close
 
to overall ccnsumption observed in the field, in the few cases
 
where they could be measured, e.g. at Yagoua (see attached graph).
 

It should be noted, however, that the water consumption
 
figures worth knowing are those expressed per ton of product.
 
In this connection it may be noted that the adoption of increasing­
ly efficient irrigation systems leads to a decline in consumption
 
per ton of cereals produced, as shown in the table below, which
 
is valid to the extent that the figures for yield and water con­
sumption can be regarded as roughly correct, at least in relative
 
value:-


CROPS 


Flood recession
 
cereals 


Basin check
 
irrigation
 
cereals:
 
present
 
situation 


Basin check
 
irrigation
 
cereals;
 
future
 
situation 


Intensively
 
irrigated
 
cereals:
 
one crop
 
per year 


Intensively
 
irrigated
 
cereals:
 
two crops
 
per year
 

Water Consumption 

per ha. in m3. 


40,000 m3.' 


25,000 m3. 


25,000 m3. 


17,600 m3. 


(1st crop:3 t/ha
 
2nd crop:3.5 t/ha) wan: 37,000 m3. 


Max.: 42,000 m3. 

Min.: 27,500 m3. 


Cereal Yield 

in t/ha. 


0.6 t. 


1.5 t.. 


2.0 t. 


3.0 t. 


6.5 t. 

6.5 t. 

6.5 t. 


Water consumption
 
in m3. per t. of
 
cereal
 

70,000 m3.
 

16,000 m3.
 

12,500 m3.
 

7,900 m3.
 

5,700 m3.
 
6,500 m3.
 
4,200 m3.
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PRESENT AND FUTURE CONSUMPTION OF 
IRRIGATION WATER
 

On the basis of these figures it is 
possible to obtain
 

a rough picture of present and future 
requirements of irrigation
 

Probable consumption around 1975-1980
 

Engineering works in construction are 
assumed to be completY!
 

and flood recession crops to be maintained 
at approximately their
 

current level, which should represent 
the situation around 1979.
 

Water requirements for flood recession 
grazings are too
 

imprecise and have not been taken into 
account!
 

Total
 
COUNTRY Irrigated crops Area in ha. Unit consumption 

in m3/ha. Consu Ption 
in millions 

of m3. 
(Wim3.) 

MAURITAN IA 
& SENEGAL -Flood recession 4,000 !nm3.
40,000 m3/ha.
100,000 ha.
cropping 


.-Intensive
 
irrigation, 1,200 M m3.
40,000 m3/ha.
30,000 ha.
2 crops per year 


5,200 M r3. 
TOTAL MAURITANIA & SENEGAL 


?!ALI,
 
UPPER VOLTA
 
& NIGER -Flood recession 6,000) m3.
40,000 m3/ha.
150,000 ha.
cropping 3,750 M 3.
25,000 m3/ha.
150,060 h .
-Basin checks 


-Office Niger:
single-crop
 
20,000 m3/ha. 1,200 M m3.
60,000 ha(?)
irrigation 


'Niger Niger:
 
in principle,
 
double-crop 330 M 0.
33,000 m3/ha.
10,000 ha4?)
irrigation 


11,280 M m3.
 
TOTAL MALI, UPPER VOLTA & NIGER 
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CHAD	 1.0
40,000 m3/ha.
(& North 40,000 ha. 	 M m3.
cropping
-Flood recession 40h600
CAMEROON) 


-Intensive
 280 M m3.
 
28,000 m3/ha.
10,000 ha.4 
irrigation, 


1,880 M m3.
 

TOTAL CHAD(& North CAMEROON) 


25,910 M m3. 

GRAND TOTAL 


Irrigation systems in 
existence or in construction 

therefore
 

represent an overall 
consumption of some 

26 billion m3.
 

around 2000
 

Probable long-range 
consumption of irriation 

(e._. 


or 2050) 

Hypotheses:
 

Intensive project development 
aiming at the installat'on 

by
 

-
2000 or 2050 of 750,000 

ha. doub'e-crop area 
equivalent, basin 

checks being included 
in this figure at one-third 

of their area.
 

- Disappearance of flood 
recession crops. 

Natural grazings not taken 
into account.
 

-

Total
Area in ha. Approximate

COUNTRY 	 irrigated crops 


Consumptic
Unit consumption 
in millior
in m3/ha. 
 of m3.
rounded to 
 (M m3.)
'000 m3/ha. 


MAURITANIA
 
-Intensive
& SENEGAL 	 280 
irrigation, 	 40,000 m3/ha. 12,800 M:
 

320,000 ha.
2 crops per 	year 


MALI,	 12,500 M
 25,000 m3/ha.
UPPER VOLTA	 500,000 ha. 
-Basin checks
& NIGER 	 -Intensive
 

irrigation,
 
40,000 m3/ha. 7,200 M r
 

rice crops 180,000 ha. 

per year
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-Intensive

irrigation,
 

2 crops per year
rice & wheat 
-Intensive 
irrigntion, 

2 crops per year 
rice & wheat or 
rice & veg. 

30,000 ha. 

50,000 ha. 

28,000 m3/ha. 

33,000 m3/ha. 

840 M m3 

1,650 M m3 

TOTAL MALI, UPPER VOLTA & NIGER 32,190 M m3 

CHAD 
(& North 
CAMEROON) -Basin checks 

-Intcnsive 
irrigation,
2 rice crops 
-Intensive 
irrigation,
2 c :ops,
rice & wheat 

50,000 ha. 

50,000 ha. 

50,000 ha. 

25,000 m3/ha. 

31,000 m3/ha. 

28,000 mi/ha. 

1,250 M m3 

1,550 M m3 

1,400 H m3 

TOTAL CHAD (& North CAMEROON) 4,200 1 m3 

RANDhn TnfTL 4,190 m3 

It is plausible that irrigation consumption around
 
2000 --2050 might approach 50 billion m3.if the desirable
 
development programmes are in fact carried out.
 

These f.gures are well below the annual average discharges
 
of the main Sahelian rivers; 

- Senegal, a,- Dagana 22 billion m3. 

- Niger, at Dire 36 billion m3. 

- Chari, at N'Djamena 38.5 billion m3. 

TOTAL 96.5 billion m3.
 

However, the situation is very different if the following

constraints are taken into account:
 

- Existence of "critical months", defined as months when the ratio
 

Volume of unregulated river water available is at its lowest.
 
Monthly unit consurmtion
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- Need to maintain an adequite permanent discharge to supply 
water to riparian populations (especially large towns) and to 
onsure survival of fish (fishing is a very important resource 
for part of the population living along the banks of the main
 
Sahelian rivers.)
 

- Interannual irregularities.
 

It will be seen that these constraints considerably limit
 
the possibilities of drawing irrigation water from most of the
 
rivers and streams in the Sahel and that in many cases the small
 
areas already cultivated under intensive irrigation cannot be
 
increased appreciably without constructing major engineering

works to ensure interannual regulation.
 

1.4. GENERAL RECAPITULATION OF WATER REQUIREMIENTS
 

The water requirements of the Sahel may be summarised
 
as follows:
 

ORIGIN OF WATER 
REQUIREMENTS 

REQUIREMENTS 
AROUND 1975-80 

REQUIREMENTS 
AT 2000-2050 

Multiplier 

in billions in billions 
of m3. of m3. 

POPULATION(1) 0.75 2.5 3.3 

LIVESTOCK 0.25 0.5 2 
(2) 

IRRIGATED 
FARMING (3) 26.00 50 1.9 

TOTAL 27.00 53 Practically 2 

IN SHORT, WATER CONSUMPTION IN THE SAHEL WILL BE ROUGHLY DOUBLED.
 

(1) Water requirements of current populations were calculited
 
on the basis of 30,000,000 persons, of whom 2,500,000 in the
 
capital cities, 2,500,000 in small towns and 25,000,000 in rural
 
areas; requirements in the year 2000 were calculated on page
 
et seq. above.
 

(2) As regards livestock, the calculation at the year 2000 is
 
given on page et seq., and the calculation for the current
 
period was carried out on the same unit basis for 25,000,000 cattlc
 
and 30,000,000 small ruminants.
 

(3) The calculation of irrigation water requirements is given on
 
page et seq. for the periods 1975-80 and 2000-2050.
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PART TWO
 

WATER RESOURCES
 
IN THE
 

REST AFRICAN SAHEL
 

II.1. RAINFALL IN THE SAHEL 

in the Sahel, resultingRain characteristics 
from the thunder storm formations produced when two air
 

masses --the Saharan anticyclone and the monsoon-- met
 

in the inter-tropical front, are well known. 

It needs merely be pointed out that the out­

standing features are: 

- from April to Octoberthcir occUrrence in time 

in the south of the Sahel countries and from 10th
 

July to iOth-15th September in the desert fringe
 

area; and
 

- their irregularity in space and in time --irregular 

annual totals and a skewed distribution within a 

given season.
 

We wanted to obtain at least an approximate
 

idea of the volume of precipitation in the Sahel countries
 

during an average year or during a dry year with a return
 

period of some 50 years.
 

For purposes of rough calculation, the Sahel coun­

tries have been divided into six geographical areas:
 



VPRECIPITATION IN THE SAHEL COUNTRIES 

UNDER VOLUMEX OFISOHYET USED AS AREAGEOGRAPHICAL MEAN ISORYETS 
AREAS ANNUAL EXTREMES A BASIS FOR CONSIDERATION PRECIPITATION IN
 

CALCULATION BILLIONS OF M 3
 

DESERT AREA: Average: 50 mm Average: 75 

Northern part Dry year: 6,5 mm Dry year: 9.75 

DESERT AREA: Average: 150 mr Average: 105 

Southern part 100 mm - 200 m.m Dry year: 30 mr. 700,000 km2 Dry yoar: 21 

NOMADIC SAHEL 200 mm - 400 mm Average: 300 m 1,00,000 k*..2 Averag: 420 

Dry year: 80 mm Dry ye3r : 112 

SEDENTARY 400 mm - 600 mm Average: 500 km2 Average: 350 

SAHEL Dry year: 230 mm Dry year: 161 

SUDANI-SAHELIAN Average: 700 mm Average: 350
 

AREA Dry year: 420 mm Dry year: 210
 

Average: 1.100 mm km2 Average: 440SUDANIAN AREA 1,500 mm 40 0 m 
Dry ear: 900 mm 4 Dry year: 360 

Average: 1,740 
TOTAL: Dry year: 873.75 
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TABLE SHOWING VOLUME OF RAINFALL IN THE SAHEL COUNTRIES
 

GEOFRAPHICAL AREAS 


DESERTS 


NOMADIC SAHET. 


SEDENTARY SAHEL 


and 


SUDAN-SAHELIAN AREA 


VOLUME OF RAINFALL UTILISATION
 
IN BILLION OF M3
 
- in an average yea:
 
- in a dry year rec­

urring every 50
 
years
 

180 average year 


30 dry year 


420 avor gc ycar 


110 dry year 


700 average year 


370 dry year 


-Rainfed agricul­
ture: none.
 

-Runoff: neglig.
 
ible and practic­
ally unusable
 

.-Infiltration into
 
ground: very slight
 
-Natural range lands:
 
use very limited
 

Nearly all evaportes
 

i ainfed agi:.iulLur :
 
none
 
-Runoff: very slight
 
and practically un­
usable
 
-Infiltration into
 
gm und:very slight
 
-Natural rangelandr:
 
extensive use
 

Much evaporates
 

-Rainfed agriculture:
 
substantial use
 

-Little runoff, approx.
 

average 5% i.e. per­
haps around 35 bil­

lion m3, short dis­
tance runoff. Long
 
distance runoff
 
propably amounts
 
only to some 1%, 7
 
billion m3 in an
 
average year.
 

. .e/e.. 
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-Substantial infil­
tration into a small 
number of water tab­
les only7 

-Natural rangelands: 
very extensive use 

a moderate amount 
evaporates 

SUDANIAN AREA 
440 average year 
360 dry year 

-Rai0ifed agriculture 
-Natural rangelands 
and recharging of 
major.Sahelian iivors 
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rainfall in the Sahel countries amounts to
In sum; 

1,740 billion m3 in an average year ani some 870 billion m3
 

in a very dry year.
 

These figures show that the water-supply in the
 

Sahel is not one of the total precipitation but rather of
 

geographical distribution, which varies too much from
 

area to area, and of amounts which can be used by man,
 

animals and agriculture.
 

Out of 1.00 units of water reaching the ground
 

as rain, thus only the following can be said to be used:
 

the evapotranspiration part from cultivated plants
 

and natural fodder actually used for grazing.
 

Cultivated plants, however, occupy only some 1% tc
 
2% of Sahel territory and the natural rangelands
 

actually grazed probably less than 40%.
 

runoff, provided it is harnessed by irrigation
 

installations. But runoff only accounts for between
 

0 and 20% of the precipitation, a figure in the
 
Much of.
neighbourhood of 5% being fairly common. 


this amount again evapcrates iii marigot and river
 
beds and in the inner deltas of the major Sahelian
 
rivers.
 

the part that infiltrates the deeper strata, provided 

it is recovered by sinking wells.. In'iltration into 

the deeper liyers is very limited (3% perhaps), and 

only a very minute part of this water is recovered. 

In 	sum, most of the rainwater evaporates where
 

after running off for some distance, or
it 	falls or 

after being thrown off by plants of no direct agricultural
 
or pastoral value.
 

11.2. SHORT-DISTANCE RUNOFF
 

HYDROLOGICAL DEGRADATION
 

Hydrological degradation
 

The geography of the Sahel countries has given rise
 

to certain river system characteristics:
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gentle longitudinal slopes over most 
of the coursea
 

fairly flat in cross-section;
 _ valleys are 


enerally prevail;
- impermeable soils 

very high degree of evaporation;-

the ri;-sr system generally runs from south 
(humid
 

-

and rainy) to north (where there is 
little rainfall
 

and a dry climate(i).
 

Because of these conditions all Sahelian 
water­

courses are affected by so-called "hydrological 
degradation;
 

in other words, the specific flow rate 
(i.e. the flow rate
 

per unit of the catchment basin area) 
decreases as one
 

moves downstream.
 

(the most striking example being
In certain cases 

the watercourses
 

Lake Chad, although there are others), 


flow into closed basins, where the 
level is maintained
 

between certain limits depending on 
evaporation as related
 

to recharge; this is known as "endorheism".
 

Therefore the runoff coefficients --
defined as
 

some given area and the
 
the ratio between precipitation in 
 declines
 
volume of water flowing downstream 

from this area-


substantially, depending on whether 
the catchment basin is
 

as the sum of all small component
taken as an entity or 


Thus, the Goroul, Upper Voltan branch 
of the
 

higher portion of the Niger River, 
whose basin receivee
 

an average annual precipitation of some 
460 mm, has the
 

following mean runoff coefficients 
along its course­

(1) There are a few exceptions, the best 
known are the
 

Volta Rivers and the Niger portion 
of the Niger River.
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Catchment basin 	 runoff Depth of runoff
 
coefficients in an averaqc v-.r
 

- small upstream basins5 	 15%
of botm2around 	 around 70 mm
of about 25 km2 

- Partial catchment basin
 
at Dilbel: 7,500 km2 8% 36 mm
 

- Total catchment basin at
 
.Aliongui: 44,850 km2 less than 1% 4 mm
 

This explAins the importance of differentiatinq
 
short-distance runoff from long distance runoff in all
 
estimates of surface water resources in the Sahel countries.
 

By short-distance runoff is here meant the runoff
 
into catchment basins whose surface area is big enough to 
provide enough recharge water to justify the development 
of some small elementary irrigated areas. It is assumed 
that the water frum Liiu bm.Icll hill dam can irrigat at leart 
10 hectares, on which a surghum-legume type of crop can
 
intensively be grown each year from July to March. This
 
means that about 16,000 m3/ha(l), or 160,000 m3 of water
 
for all 10 hectares, will be needed. 

It will later be seen that the hill pond thus
 
formed is of varying effectiveness in preserving the naturn]
 
water supply depending on the shape of the reservoir, the
 
recharge capacity during the rainy season and the climatic
 
features (rain and evaporation) recorded at the particular
 
geographical location. In general, however, a small hill
 
pond of fairly unfavourable shape in a Sahelian rainfall
 
area 	of +500 mm, with a water recharge between 500,000 and
 
1 million m3 yields a volume of water downstream amounting 

(at least to 20-25% of the water it originally receive.
 

(1) 	This is system 5 shown in the table of intensive agri­
cultural systems, but with a water requirement coeffi­
cient of 1.5 or 2.
 

(2) 	The rest of the water input, i.e. 75%, either evaporates
 
in the reservoir or, during heavy floodingspills out too
 
violently to be of any use in the farmed area.
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To water a minimum area, therefore, takes
 

00 x 10025 _ 3 of recharge during a dry160, 640,000 m160,000 x 


year with a 5-year return period. 

If the average rainfall is about 500 mm, the rain­

fall during^dry year is about 350 mm with a 5-year return
 

oeriod which corresponds to runoff coefficients ranging from
 

0 to 30% and in most cases amounting to some 8-10%. Even 

assuming that the runoff coefficient is 5% (1).during the
 

recurring dry year, the runoff depth measures 25 mm.
 

Some 25 km2 are therefore required to obtain
 

640,000 m3 of recharge with such an amount of runoff.
 

It can thus be assumed that a catchment basins of
 

over 25 km2 is potentially worth u:hile for irrigation develop­

ment in the Sphelian area. It should be noted, however, that
 

thie stand.-rd applies when the average annual rainfall is
 

about 500 mm, and that, all things being equal, a potentially
 
north of the 500 mm isohyet
wcrthwhile -rea will be greater 


and smaller south of it,
 

The fact that a basin is potentially worthwhile will
 

moreover not always justigy the uie of an irrigation facility
 

from a hydrolog-.cal standpoint. The topography and the geo­

logy must also lend themselves to the construction of a hill­

type dam at a cost compatible with the anticipated gains,
 

while, douwnstream the soil must be suited to irrigation
 

The latter requirement can fairly often be met, however,
 

owing to the small size of the areas involved.
 

The economic advantage of such a facility can only
 

be determined by undertaking a feasibility study in each
 

individual case.
 

Short-distance runoff coefficient
 

ORSTOM studies show the runoff-position in catchment
 

basins of some 25 km2 and the following diagram shows annual
 

frequencies of equivalent of greater runoff in the three
 

"desert", "sub-desert", and "Sahelian" climatic zones.
 

(1) The actual. figure is equal or higher in 90% of cases. 
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These three tables can be summed up as follows:
 

- Desert climate: Graphs 7 and 8 
(between 0 and 100 mm average annual 'rainfall)
 

With an average annual rainfall of 50 mm, approximately 8 mm
 
of runoff is obtained once every two years.
 

But runoff is next to nil one year out of five.
 

In a desert climate, short-distance runoff may be assumed
 
to be .valueless for irrigation purposes.
 

Sub-desert climate: graphs 13 and 14.
 
(between 100 and 300 mm average annual rainfall'.
 

When the average annual rainfall approaches 200 mnm, runoff
 
fluctuates around the following figures:
 

- impermeable basins with steep slopes;
 
about 57 mm.
 

- relatively impermeable basins with fairly steep slopes; 
about 27 mm. 

- relatively impermeable basins with gentler slopes;
 
about 10 mm.
 

It should however be noted that the median category 
with fairly steep slope and relatively impermeable basin has 
a runoff of only 12 mm in a dry year with a 5-year return 
period arid practically nil for one with a 50-year return 
period. 

In the final analysis, in a sub-desert climate, 
short-distance runoff is of marjginal value to irrigation 
except when groundwaiter dams are built to harness under­
flow. 

Saholian and Sudani-Sheli.ln Climate
 
(Average Pnnual rainfall botwee 300 and 800 mm).
 

When the average annual rainfall approaches 500 mm, runoif
 
fluctuates around the following figure in a median year:
 

http:Sudani-Sheli.ln
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Depth of runoff
 
TYPE OF BASIN Depth of run- Depth of run-


in 	a year with
off in a med- off in a year 


ian year with with chance a 98% chance of
 

of at least at least the
rainfall of 
an 	80% follow- following depth
some 500 mm 

ing depth
 

D1 mm
1-	Sand basins 2,2 mm 


2-	Basins overlying
 
sand and marl
 

3-	Basins overlying 
granite and.gniis­
sose r;tnite 

3.1-Permeable soils
 
with fairly steep
 5 mm C?)
slopes(12 to 14 m/km) 17,5 mm 10 mm (?) 

3.2-Less permeable 
soils with steep
 
slopes (20 to 30 m/km)
 
with at least 25% of thi
 

surface composed of more
 

compact sandy soils and
 10 	mm(?)
35 	mm 30 mm(?)
shallow sandy soils 

3.3-Soils barely permea­
ble with moderate slopes
 

/0 	 mm 35 mam(?) 15 rm(?)
(4m/km) 

4- Basins overlyin- relat­
ively fissureless sand­
stone, excluding the
 

Aderdoutchi Basin in
 15 	 mm(?)70 	mm 35 mm(?)
Niger 

25 	mam(?)
98 	mm 50 mm(?)
5. 	Basins overlying schist 

6-Ader Doutchi Maggia
 
sandstone basins
 
6.1 With 40% red-brown
 
soils and favily perm­ 15 	mm70 	mm 35 mm
eable areas 
6.2 80 to 90% alluvial 
clays and non-calcareous
 40 	 mm175 mm 110 mm
soils 
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All these figures, especially those on tho last two 
columns, are averages subject to confirmation, based on data 
taken from ORSTOM studies. 

- Sudanian climate 

Information on short-distance runoff in the Sudanian climatic
 
areas of the Sahel countries is much scarcer and less 
accurate than preceding climatic zones. 

Various sectorial studies, especially the SOGETHA
 
studies on the harnessing of marigots in Central and Southern
 
Upper Volta, indicate that when the average annual rainfall
 
is about 1,000 mm the runoff depth is about 150 mm at least
 
in the moderately sloping gneissose granite areas and for
 
catchment basins some 25 km2, in area (1),
 

Similarly, the height of the runoff in a year when
 
the frequency of excess flow is 80/ is approx. 70 mm and
 
when it is 98% the runoff is about 40 mm(l).
 

(1). 	 These figures vary greatly from one year with an average 
rainfall of LCOO mm in the granite-gneiss area, for 
instance, may range between 50 and 300 mm. 
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Use 	of Short-distance Runoffs for Irrigation
 

The degree of utilisation cannot be accuratly evaluated
 

until individual studies have been made of thousands of 
small component
 

basins, which is beyond the purview of this paper.
 

In the absence of such an evaluation, a rough estimate can
 

probably be made, probably indicating the lowest potential.
 

Using the above information and more specific studies carried
 

out as part of a survey of drought-control strategy for the 
West African
 

Sahel, it is possible to work out ratios for the major climatic 
zones of
 

the 	Sahel countries as follows:
 

area occupied by small catchment basins
1. 	The fraction of the total 

to some tens of kn1

2 , with the average located
(ranging from 2 km
2 


somewhere around 25 km
2 ) with appropriate locations for hill dams
 

and 	irrigable soil.
 

2. 	Mean annual depths of runoff.
 

Ratio of mean recharge water which can be recovered 
downstream for
 

3. 

irrigation purposes.
 

Water consumption requirehientS pcr irrigated 
hprftare.


4. 


The first ratio depends on topography, and generally 
decreases as
 

-

from south to north in the Sahel countries; general magni­one noves 


tudes of 1% in the Nomadic Sahel, 10% in the Sedentary Sahel and
 

in the Sudanian area are likely 	according
Sudani-Sahel area, and 12% 


to maps on the scale of 1:250,000.
 

The 	second ratio could be calculated very roughly 
on the basis of the
 

-
above runoff data:
 

20 mm in the Nomadic Sahel
 

50 mm in the Sedentary Sahel and the Sudani-Sahel area, 
and
 

120 	mm in the Sudanian area.
 

1hese figures do not seem exaggerated as averages 
for large area units.
 

The 	third ratio depends on evaporation and 
average mean annual rainfall
 

-

in the water reservoirs.
 

The 	various mananceont forecasting studies for small 
dams carried out
 

the 	West African
 
as part of the survey on drought-control strategy 

in 


50% 	of the average annual recharge
Sahel suggest that 20%, 30% and 

the 	Sedentary

could be used for irrigation in 	 the Nomadic Sahel, 

the Sudanian area respectively.Sahel and Sudani-Sahol area and 
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as onoThe fourth ratio (irrigation water requirer.ionts) increases 

moves.from south to north. Considering the high water utilisation
 
coefficient over small areas, the figures might reach some 5,000 P1
3
 in the Sudaaian area, 20,000 m3 in the Sedentary Sahel and Sudani-
Sahel area 3and 25,000 m in the Nomadic Sahel for ce'eal and legume­
type crops (rice/legunes in the south, sorghum or wheat/legumes in
the north). The following table might hence provide some rough idea
 as to theoretically useable irrigation capacity by means of fully

controlled short-distance runoff.
 

IRRIGATION CAPACITY PROVIDED BY SHORT-DISTANCE RUNOFF
 

Geographical area. Useable areas: 
 -Mean annual -Volumes of -Water re-

Extreme and annual 
 -as percentary depth of run-
 use to quirements
mean rainfall 
 2 .of the total off in mm irrigation per unit

Total area in k and in km2
- -Mean annual -as percen- area i.e.
 

volume of run- tage of the 3/ha.
m

off in 

3 
millions average -Potontiall,


of In
 annual and irrigable
 
-in millions areas

of m3 

(in on)
 

DFP.RRT ARFA 
 5iiORT-DISTANE RuNO'F OF NO USE TO IRRIGATION
 
20 to 200 mm
 

NOIADIC SAHEL 2% 25 mm 320% 25,000.1,400,000 2 1nkm 28,000 km2 700 M m3 3
.1,40,00 kn2approx. 140 M m 6.000 ha 

SEDENTARY SAHEL 
AND SUDANI-SAHEL 10% 50 mm 330% 20,000AREAS. ,100 to 800mr1 113,000 km2 5,650 M m3 

m
1,700 1 m 85,000 hi1,130000 __SUDANI AN AREA 

800 Rm 120 mm420,000 km2 
12% 

2 
50% 15,000 m350,000 km 36,000 M m 33,000 M m420,000 200 000 ha

apfrox.
 
TOTAL 312,350 M m 3
4,840 M m 291,000 ha 
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Four points are worth stressing:
 

1) - These figures are large (by open to doubt, and again can only be 

regarded as very approximate. 

2) - Insufficient irrigable soils downstream of the dams constitute a 

constraint which may substantially reduce these figures, especially 

in. the Sudanian Area. 

For the 25 km2 catchment basins, the average area size would be:
 

6 ha
- NOMADIC SAHEL 

-SEDENTARY AND SUDANI-SAHEL AREAS 
 20 ha
 

100 ha
- SUDANIAN ZONE 


One cannot be sure, moreover, that 100 ha. of irrigablo soil could
 

readily be found downstream of each 25 km
2 catchment basin considered
 

suitable for development in the Sudanian Zone since the total irri­

gated area does not exceed 4% of the total basin area in this
 

region.
 

3) - The table however probably gives an accurate picture as to relative 

orders of magnitude of the areas which potentially can be irrigated 

Even in the absence of precise figuresfrom short-distance runoff. 


the potential can bu summarised us £uiluw6:
 

DESERT AREA AND NO1IADIC SAHEL Negligible potential
-


- SEDENTARY SAHEL AND SUDANI-SlHEL One third of potentials, i.e.
 

AREA 	 perhaps 100,000 ha can be
 

effectively irrigaged
 

wIvo thirds of potential, i.e.
 - SUDANIAN ZONE 

perhaps 200,')0O ha can be
 

effectively irrigated.
 

4) - Developing the full potential, evaluated at 300,000 ha, would entail 

a titanic effort, since it would moan building soi:.e 7,000 hill dams. 

At an average cost of about 300 million CFA francs par dam (!),the
 

investment would exceed 2,100 billion CFA francs, not counting
 

installations in the irrigated areas.
 

(1) This Yigure can vary groatly,.dopending on the topography and
 

geotectileal conditions.
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While the data in section 11.2 enables potentially irrigable
 
lands to be estimated provided all small catchinent basins in the Sahol
 
countries are equipped, the utopian cnaracter of such an endeavour is
 
also apparent. Looking several centuries ahead, conceivably the Saholian
 
population could perhaps acquire such facilities, which vould not nossari­
ly be limited to crop irrigation alone (drinking water in rural areas,
 
urban development, livestock production, quality of life, etc.).
 

Within the more foreseeable future of a few dozen years, the
 
Sahel countries might perhaps achieve a small part of such irrigation
 
development, but it is more likely that to begin with they would try to
 
control long-distance runoff, which is possible with a much smaller
 
number of projects, even though on a larger scale. This is an important
 
consideration in countries where the shortage of skilled personnel calls
 
for concentrated forms of effort.
 

A distinction will be made between:
 

- Long-distance runoff in catchment basins specific to the Sahol, whose
 
surface areas range Srom a few thousands to a few tens of tholiqAnd kni 
i.e. medilm-sized catchment basins; and,
 

- Long-distance runoff into major rivers flowing through the six Sahel 
countries but originating outside their political boundaries. These 
main watercourses, which are abundantly replenished by the heavy rain­
fall in the Guinean and Central African regions are: 

* the SENEGAL 
* the NIGER 
Sthe CIIARI-LOGONE-CHAD system, 

to which we have added the G4MBIA owing to the extensive volume of 
water it receives and the VOLTA rivers which, although completely 
within the Sahel size - are a substantial asset in UPPER VOLTA owing 
the size of their catchment basins.
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11.3.1 - LONG-DISTANCE RUNOFF IN MEDIUM-SIZED CATCHMENT BASINS 

General Characteristics:
 

A medium-sized basin is taken to mean a catchment basin of
 
between 1,000 and 120,000 1m2 located entirely within the Sahel.
 

Three runoff features are of special relevance to utilisations:
 

I - The Irrigularity of Runoff During a Given Year
 
Actually nearly all of these catchment basins yield no downstream
 
flow during all or part of the dry season.
 
As an example, the ALIBORI, the Benin affluent of the Niger, whose
 
greater and medium-sized catchment basins 
cover 8,150 km2 in a
 
region where the average annual rainfall is 1,090 mm ( a very

favourable figure compared with other basin averages), has no run­
off even in a year of heavy rainfall from January through April.

When rainfall is slight, this period extends from December to July.

The attached charts give an idea of the irregularity of flow down­
stream from the basin in years of both slight and heavy rainfall.
 
The situation is worse in nearly all other medium-sized basins,

which means that the unregulated flow of these streams cannot be
 
relied upon to supply a rindern, intensive pcrcnnial irriguLiuji net­
work watering two crops a year, as described in page and there­
after. Even when intensive irrigation is used for only one crop a 
year the water supply is not reliable enough for irrigating areas of 
any appreciable size downstream from these basins. 

The supply must be regulated at least annually if it is to be used
 
for intensive irrigation.
 

The KOMADOUGOU, a southeastern tributary of Lake Chad, is the only

exception, one moreover of limited extent.
 

2 - Rates are also Very Irrigular from year to year. 

As an example, the ALIBORI flow rates, expressed in continuous year

round terns, ranges from 13.5 m3/sec. in a decennial dry yeqr to

65 m3/sec. in a decennial wet year (39.5 m3/sec. in an average year).

And this is an especially favourable case.
 

The flow rate of the BAI-BJAM as it leaves the GJERA mountains in C!AD
 
3
varien between 9 million m3 in a decennialdry year to 108 million m


in a decennial wet year, (20 million m3 
in an average year).
 

If any considerable proportion of the runoff supplied by those catch­
ment basins is 
to be used for intensive year round irrigation, annual
 
regulation of the flow will therefore not be enough.
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Flow roguktion facilities must be fairly substantial Cor regulating
 

the flow between years, even if infrequent flows arz to be regulated
 

(i.e. water supplied during wet centennial years, partly discharged
 

through the dam, spillway, and the supply in dry centennial years,
 

where a moderate loss in quantity can be tolerated).
 

Hydrological degradation reaches some considerable proportions 
in
 

these basins and the average annual runoff coefficients are still
 

relatively small.
 

The
 

3 -

They vary greatly from one catchment basin to another. 


following paragraph gives a very general idea of the main types of
 

runoff, as described by the ORSTOI.
 

Runoff in Medium-sized Sahelian Basins
 

According to ORSTOI, a distinction should be made between the
 

1,000 to 10,000 Kni2 catchment basins and those oT over 
10,000 I2
 

I - Catchmeht Basins of 1,000 to 10,000 km
2
 

a) - In desert and sub-desert climates, with an average annual
 

rainfall reaching some 300-400 mm, average annual recharge
 
tribu­rates are negligible; the supply mainly depends on the 


tary closest to the station where flow rates are measured.
 
AM NABAK has a surface
Thus "the Fero Vadi catchment basin at 

and 19 years out of 20, or perhaps even area of 5,600 km2 2
 
49 years out of 50, the runoff comaes from a 50 km2 zone
 

(Source: ORSTOM).
immediately upstream of AA NABAK". 


The only notewprthy exceptions are the catchment basins lying
 

mainly in well-developed mountain areas where the terragn is
 

fairly permeable and the slopes of the main valleys are 
fairly
 

steep.
 

Vio KORI TELOUA in the AIR mountains, thus 
with an average
 

annual rainfall of 160 rmn has the following runoff depths:
 

25 mm (runoff coefficient: 15%)
- Median year 


8 mm (runoff coefficient: 8%)
- Docennial dry year 


In the absence of mountain catchment basins, catchment 
basins
 

where the ground is fairly impermeable and slopes are sub­

stantial 
can yield coefficients between 2 and 5 % in a median
 

year, provided runoff conditions downstream are adequate.
 

When the slope is too gentle and the soil permeable, those
 

1% 1r even 0.
coefficients drop to some 
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b) - in a strictly Sahelian climate, a distinction should be made
 
between:
 

b.l 	- Catchment basin overlying granite or gneissose granite 
formations, whore runoff may be as follows: 

- Very gentloslope Approximate depth of runoff: 
permeable soil nil in nedian year 

- fairly gentle slope Approximate depth of runoff: 
permeable soils - 6 mm in median year and 

- 2 mm in decennial dry year 

- fairly steep slope Approximate depth of runoff; 
high percentage of % 24 mm in median year and 
permeable soil - 7 Lm in decennial dry year 

- moderate slope, Approximate depth of runoff: 
high percentage of - 35 mm in median year and 
clayey soil cover- - 22 rnm in decennial dry year 
ing the granite 

b.2 - Clayey basins overlying schist or the intercalated 
continental formations where runoff is far bettor than on 
the fo..... 

- basins with good Approxtriate depth of runoff: 
runoff conditions - 65 mm ii median year and
 
(steop slopes very - 20-25 mm in decennial dry year
 
few permeable soils)
 

- Basins with moderate Approximate depth of runoff: 
runoff conditions - 30 inn in median year and 
(medium slopes, high - 10 mm in decennial dry year 
percentage of im­

permeable soils) 

- basins with poor Approximate depth of runoff: 
runoff conditions - 15 m in median year 
(fairly gentle - and slightly under 5mm in 
slopes, considerable decennial dry year 
percentaao of 
permeable soils) 

An overall estimate runoff based on the above data would have
 
no moaning. An estismte has therefore been made in Part IV based on data
 
from 50 oatchment basins grouped into 12 hydrological areas covering some
 

500,000 km2. Theso basins supply most of the usoable recharge water for
 
medium-sized catchmont basins in the Snhol proper.
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2 - Catchment basins over 10,000 kin2 in area, 

AccordinZ to ORSTOM-' only a few catchment basins with a
 
surface area of over 10,000 km2 can avoid total degradation.
 

They fall into two groups:
 

Group 1:
 

This group is composed of rivers with "gentle slopes, with
 
very little runoff over much of their surface area or a heavy loss of
 
water in certain areas", e.g. the WHITE VOLTA, THE GOROUOL and the
 
KM=MGoU.
 

The depth of annual runoff is some 5 nun in a mdeian year,
 
i.e. the runoff coefficients range from 0.7 and 1.2% of precipitation.
 

Group 2:
 

This.group is composed of "rivers in basins with better
 
runoff either because slopes are generally appreciable, or because of 

clayey soils", e.g. The BATIDA and the BAHR AZOUtM in CIHD, and the SIRDA 
a Voltan affluent of the Niger portion ofihe Nie;" rivar. 

The.depth of annual runoff is some 15 mm. in an average year,
 
i.e. the runoff coefficients range from 2 to 3% of precipitation.
 

It should be noted that in both groups the depth of runoff 
in a dry year with a 50-year return period is 2 mrm. 

The KOLOIBINE and the KARAKORO, right-bank nffluents of the 
SENEGAL River in Mali and in Mauritania, whose reginers arc ill-known, 
seem to belong to this group, with runoffs of some 20 to 25 ra in a
 
median year.
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It. 3. 2 - FLOW RATES IN BASINS OF SAHEL RIVERS 

Three hydrological characteristics of the major Sahelian
 

Rivers should be taken into consideration:
 

ear
Hi-h variable discharge rates within a given 


As, according to.ORSTOM, in the following cases:
 

-Senegal River at Bakel in 1973 (upon entering the Sahel area):
 

. maximum flow rate 2,550 m3/sec 

. average flow rate for the 

year 355 m3/sec 

• low stream flow rate 0.25 m3/sec 

-Niger River at Koulikoro in 1973 (upon entering the Sahel ara):
 

4,140 m3/sec
" maximum flow rate 

" average flow rate for the
 

903 m3/sec
year 

" low stream flow rt+ 16 3/sec 

-Niger River at Niamey in 1973 (after crossing the Sahelian area):
 

. maximum flow rate 1,560 m3/sec
 

. average flow rate for the
 

year 605 m3/sec
 

. low stream flow rate (1974) 0.6 m3/sec
 

at least as
Variability is less marked for the Logone and the Chari, 


regards low strea flow:
 

-Logone River at Lal in 1973 (upon entering the Sahel area):
 

. maximum flow rate 1,420 m3/sec
 

. average flow rate for the
 

year 265 m3/scc
 

* low stream flow rate (1974) 21,4 m3/sec
 

-Chari River at N'Djamena in 1973
 

•maximum flow rate 2,130 m3/sec
 

" average flow rate for
 

the year 572 m3/sec
 

" low stream "J ,w rAt t 3 ,6 m3/sec
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2 " i~hVariable dischare,rates as betweenXear.', as shown in
 

the following table:
 

Average annual Discharge in 1C73
 
.- ,ds jrge(billions (billion m3), --


I
ISenegal River at 

I
I 11.2 (20-year return
i 	 23,6
Bakel 


I a! 	 period)
 

Niger River at 1 29.2 (50-year return 
u l i ~or o . . . .. , . pe riod) 

g ! 	 I 

tLgne heynd Chari . 46,2 l 18,0 (40--year return
 

wher the entr! Iperiod)
the Sahelirn Zone!!peod!
 

TOTAL 	 136 8 58 4 

It is important to note that the considerable average amounts annually 

discharged, i e 136.8. billion m3, whi'h before entry into the Sahei 

exceeds the total average dischargv o. the Whi-te Nile and the Blue 

Nile, w~ich, a~cvrding to ORSTOM, 121 billion,m3 

3 - The major Sahelian Rivers suffer from very seriou" hydrological 

degradation as they flow through thio Sahel, as shown by the following 
ORSTOM data: 

Avc-rage annual 
I discharge. upon!
,ntoring thr Sah,. 

Ayer go annuaf'Average Averggo loss 
discnarge uPflhannual los! in ratio to 
lea vinj th.. (b-llions!sanragd 

!(bollions of m3) i3) annual dis­

! - ! I -
o .! charge

!! 

ISENEGAL 23,6 22 (Dagana) - 1,6 - % 

18 (St-LcUts)! - 5,6 ! -23% 

INIGER + BANI! 6?,0 	 1 36 (Dir6) ! -31 ! -47% 

11 31,2 (Niamey)! -36,8 I -55%) 

!CMARI + 1 46,2 	 i 38.5 (N'Dj - 1 -7,7 ! -I'%
MOGNEmorna;


!LOGONE ' ! 	 0 (TCIAD) 46,2 -- 0% 

ITOTAL 1 136,8 l 49,2 (St-Loui -65%1
 
I I I + NJamev+TC1ICAl !
 

To develop the major Sahelian rivers to any considerable extent, a first 
stop must be substantial interannual river training bcfore they enter the
 

Gahlian area proper. 



45.
 

GENERAL LOCATION OF GROGNDWATER RESOURCES
11.4 -


The study dealing with the ?roductivity of water
 

tables, average cost of recovery and suitability of
 

ground water for irrigation in the Sahel countries,
 

carried out by the Bureau de Recherche Geologique et
 

Minie're, to which we shall frequently refer, claims that
 

a distinction should be made between:
 

- GENERALIZED AQUIFERS, showing some continuity in their 

spatial characteristics, and generally containing plent­

iful reserves owing to their huge size. 

The B.R.G.M° classified under this heading "sed­

imentary formations with interstitial porosities (sand,
 

sandstone) or fissures, showing some general permeabili­

ty, (dolomite, limestone, karstified calcareous, marl, 

highly diaclastic rocks, etc.). 
,,4 -rng,4 %.im'meablv-. 4 11,,DISCONTINUOUS AQU 


geological formations having acquired, secondarily and
 

very locally, by deterioration or fracturing, a certain.
 

permeability".
 

The B.R.G.M. has classified in this category "all 
for­

ations belonging to the eruptive and metamorphic rock
 

foundation (granite, gneiss, schists, intrusive rocks),
 

and also certain sedimentary formations, e.g. indurated
 

sandstone, quartzite, etc."
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11.4.1.-- GENERALIZED AQUIFERS
 

Going fran West to East, the principal 
GENERALIZED
 

AQUIFERS are as follows:
 

11.4.1.1..- G.ENERALIZED AQUIFERS IN THE WEST 
OF THE SAHEL
 

COUNTRIES
 

These underlie SEMEGALESE AND 14AURITANIAN 
territ­

ory and.comprise four major water 
tables:
 

Dune sands:
 

I These are quaternary sands extending over some
 

thousands of square kilometres 
behind the Atlantic Coast,
 

from Cape VerdQ to the AOUKER-CHECAT 
region.
 

The static level lies at About 
10 to 50 metres
 

under the surface, and the depth 
of the aquifer is norm­

30 metrs.
ally from 20 t 


The sands are permeable, but 
the productivity of
 

installations is too often limited 
by their lack of depth.
 

If this were extended to the 
substratum, unit ;ields of
 

up to 1,000 or 1,500 m3 per day 
could be obtained, and
 

would be useful for local irrigation 
of fruit, vegetables
 

and fodder crops.
 

The capacity of the water table, 
which is inters­

persed with some sterile areas, 
is not known. Although
 

it is to some extent replenished 
by rainwater, it may
 

be doubted whether more than 
a few hundred million m3
 

be irrigated, can
 
per year, enabling some 10,000 

ha 


be safely drawn off without gradually 
exhausting the
 

supply.
 
.o1/.. 
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continental Terminal
 

This is a vast aquifer consisting of 
heterogeneous
 

argilaceous sand or sandstone, or sometimes 
gocene lime­

stone.
 

It seems at first sight to be/tree table, 
its stat­

ic level lying some 50 to 70 m underground, 
the depth
 

of the aquifer varying from 20 to 200 
m (generally
 

between 20 and 50 m).
 

In the West, the water table takes up 
the greater
 

part of the Senegal -Mauritanian geographical 
basin,
 

over about 40,000 km2 the exploitable 
volume being some­

where around 50 billion m3. Replenishment 
seems to be
 

assured,-within reasonable 
limits, by rainwater and 

by'
 

the Senegal, but the balance has not 
been worked out
 

and the usable annual yield is somewhat 
uncertain.
 

The specific yields are highly variable, 
ranging
 

from those in SENEGAL, where they 
may reach 1,800 m3
 

of 10 in) Lo those in tc per day (for a drawdown 
neighbourhood of MAURITANIA (300 m3 

per day for the same 

drawdown). 

The water table could be tapped for 
irrigatiop 

purposes at least in South-East Senegal.
 

Maastrichtian sand and sandstone:
 

This is far and away the largest aquifer 
in SENE-


GAL, underlying the previous formations 
nearly every­

where. 
It consists of a confined, rising 

structure 200
 
It cov­

to 400 metres deep (usually 200 to 
250 metres). 


ers nearly 100,000 km2 and its usable 
volume is consid­

erable, possibly amounting to 3,000 
billion m3.
 

There is a little information 
about Feplenish­

ment, although this seems probable, 
and the specific
 

yields of the installations exceed 
1,500 m3 per day for
 

a drawdown of only some 30 m (in 
the best areas, yields
 

may exceed 6,000 m3 per day).
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SENEGAL Alluvia:
 

The B.R.G.M. claims that these alluvia are
 

"highly permeable locally and may yield up to 30 m3
 

per hopr for a drawdown of 2 m. Above BOGHE, the water
 

is brackish and unusable".
 

In fact, the land which could be served by this
 

water table can usually already be irrigated from rv­

ers, on the whole move cheaply.
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other water tables in the West of the Sahel countriess
 

The other generalised water tables underlying the
 
West of the Sahel countries are less well known or less extensive.
 
They include:
 

the palaeocene limestone and karstified dolom­
ite formations on the northwestern edge of the Senegal
 
basin and in the southern part of the Mauritanian basin,
 
the usable volume of which is not known, but which may
 
give considerable yields (of something like 100.m? per
 
hour, for a drawdown of 10 m especially on the Senegal
 
side).
 

- the "intensely karstified palaeocene limestone 
of Cap Verde drains the Maastrichtian water table 
laterally", with very high yields in some places (up to 
300 m3 per hour, for a drawdown of 10 m). 

- the MTU, n 1T water table, the zxi -tence of 
which seems probable and might be a boon for MAl'ITMIA. 



50. 

- GENERALIZED AQUIFERS IN THE CENTRAL PART OF 
11.4.1.2. 


THE SAHEL COUMTRIES.
 

The three principal generalised 
aquifers in the
 

central zegion (MALI, UPPER %OLTA and NIGER 
territory)
 

are:
 
of varying
 

The water tables in continental 
formations 


age in MALI:
 

These extend over about 130,000 
km2. around the
 

loop of the Niger, from upstream 
of SEGOU (South AZOUAD)
 

m of GAO (:orth AZOUAD), mainly in argilacous
 
to downsti

a


sandstone of the Continental 
Terminal or in alluvia of
 

the Niger River.
 

Usable amounts seem to approach 
30 billion m3.,
 

the aquifers generally being 
not very degp, stretching
 

downwards for a few metres, 
or more often for a few
 

decametres, with a static 
level some 25 to 100m down.
 

d annually
 
It is not known what ±A ud 


without endangering the water 
tablv balances but they
 

are probably rather low, 
notwithstanding the fact 

that
 

they are replenished by thu 
Niger or by some of its
 

tributaries, e.g. the Faguibinu.
 

The specific yields are generally 
low, even in
 

the Niger alluvia, where 
they do not exceed 360 m3/day
 

for a drawdown of 10 metres.
 

of the ontinental Terminal
 
The Western water tabli 


in the NIGER RcpU!]jlc­

south of the
 
Extends over somo 20,000 

km2.. 


Sudanian channel and the 
Niger Basin.
 

It lies in argileaceous 
sandstone, and in somu
 

than one water
 
it often comprises more 
places in sand; 


(at least two) which communicato 
with the free
 

table 

standing ground water above.
 

The static level of the 
aquifer lies some 30
 

to 60 m underground, and 
its depth varies from 30 

to 60m.
 



usable quantities amount to some 15 
b~llion m3;
 

the annual maximum has not been 
determined, but must
 

be favily high, in view of replenishment 
by the Niger.
 

Specific yields vary from 150 
to 3,000 m3 per day
 

for a drawdown of 10 metres.
 

The Tegama sandstone water table:
 

This is the largest underground 
water table in
 

the central region.
 

Geographically speaking, it belongs 
to the Inter­

calated Conti;Aental formation 
and the Continental Rock
 

Plain series.
 

It extends from the South of 
the AIR region to
 

the Nigerian frontier and from 
the TENERE to the NIGER,
 

covering several hundred thousand 
km2 at depth down to
 

.
.... a. 
is, nowever, uiifinwt.to 50 m (it30 

at + 15m. in the Southeastern 
part of 'he NIGER Republic.
 

This water table, which is 500 
to 700 m. deep, made up
 

sand and clay,
 
of sandstone: argileaceous sandston, 


usable volume of several hundred 
thousand m3, and
 

has a 

the maximum annual draw-off might 

well amount to seve-ral
 

billion m3 with replenishment 
by the Niger).
 

are very high in the part of
 The specific yields 


the water table close to the 
frontiers of NIGERIA (1,000
 

to 3,500 m3 per day for a drawdown 
of 10 metres or
 

sometimes more).
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he water table the specific
In otbr parts of 


yields are well below 1,000 m3 per day for the same
 

drawdown.
 

Other generalized aquifers'in'the Central SAHEL region:
 

Two of these are of some interest:
 

- The AGADES sandstone water table in Western and 
North­

western AGADES, covering 10,000 km2, is under pressure,
 

and sometimes wells up; its water is fresh, but becomes
 

brackish towards the western boundary of the water 
table.
 

90 m deep, and the total usable
The aquifer is some 

volume must approach 10 billion m3.
 

Howeer, no more than a few tens of million m3 
can be
 

used owing to the low intake and the danger 
of swamping
 

by salt water from the West.
 

500
 
Although average specific yields only amount 

to some 

of 10 m a.n.if.r


Lu 1000 m3 per day, wit.". .h.. 


is of great importance for the local populations.
 

water tablet lie West of the AIR
 - The primary system 

region.
 

These are sandstone or sandy aquifers enclosed 
by clay,
 

with fresh water in the Nothcrn part, becoming 
brackish
 

towards the South.
 

They cover several tens of thousand km2, and 
usable
 

volume probably approaches 50 billion m3.
 

little or no replenishment, so that
There seems to be 

the maximum annual draw-off is very low, but 

the specific
 

yields are sometimes high.
 

The (YMIER GENERALIZED AQUIFERS IN THE CENTRAL
 

SAHEL REGION are of much les importance:
 

extension
seems to be the MALI - The TAOUDENI water table 

of the (hypothetical) MURITANIAN aquifer already referred
 

to.
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The ADRAR DES IFC': AS'marinLe series offers rather low 
specific yields (0 to 150 m3 per day for. a drawdown of 
10 m). 

- The GONi.O water table lies in argileaceous sandstone
 
filling a basin formed by subsidence, stradling the
 
UPPER VOLTA-MALI frontier, East of BANDIAGA;A: the
 
specific yields are low.
 

- The TELOUA sandstone water table West of the AIR region 
has not be fully e lored; its productivity is corsidered 
to be low. 
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THE EAST:R'! 	 PART' O7 TIE 
11.4.1.3. 	 - GEVERALIZED AQUIT"RS IN 


SAHEL STATES
 

The Eastern 	part of the Sahel states is 
defined in the
 

as comprising the territory
D.R.G.H. study already referred to, 	 lying eastpart of the 	HIGE. Republic
of the CI"'. 	 Republic and the 
of the Zinder meridian.
 

Eight gencralised aquifers apaeaz to be 
of considerable
 

a 	 have been less fully
.importance, 	 unfortunately as rule they 

centralthe ,.:estern 	and 
explc -id than th- generalised aquifers of 

regions of the Sahel countries.!
 

this region 	 is an extension of the 
1.- The TEGAt:4A sandstone in :andstone
 
major aquifer of the same name in the 

central region. The 


extends from DA1MERGOU, south of TrNERE, 
tt, TALASSASSET, and is very
 

similar in character to that found farther 
West.
 

The UPPER CRETACE3US sandstone series 
overlie the TEGAV1A
 

2.-	 -" 
the East, around TERMIIIT,AGADF ,I and "3ILMA (where the 

sandstone to 
artesian springs well up at the rate 

of 1,200 m3 per (lay.)
 

South, various borcholes yield fl.ows of around 400 
Towards the 
to 1,000 m3 	pur day.
 

The particulars of this series are, 
on the whole, very imnerfectly
 

known.
 

The KORAMAS 	wat-r table stretches South 
of the Zinder
 

3.- of the IFRIAN frontier. 
mountain system to from 20 to 30 km. North 

There is little accurate knowledge 
of thu, total usable volume
 

or specific y,_':Ids, which seem to vary 
widely from 250 to 2,000 m3
 

per day, for a drawdown of 10m.
 

water tables extend North and East of 
4.- The PLIO-QUATERNARY 	 65,000some

in the ! ANGA and K?*%1:Iregions; they cover 
Lake CiAD, 

usable volume oZ some 30 billion m3.
 km2, with a:total 


They comprise an upper stage, a river-lake 
series and dunes, from
 

10 to 20 m. deep, sometimes separated 
by clay, the whole showing
 

somewhat varied water ftoatures and 
fairly low specific flows of
 

some 120 to 	300 m3 per day, for a drawdown 
of 5 m.
 

table ,nclosed in s-.nd, 
aanu soris includes a low.r watcrThis 

the middle water table.it wells up in 
places around Lake
 

known as 	 to 2,500 m3 per day(500are distinctly higherCHAD. Specific yi :lds 

Best A 	 Document
~1, 

http:table.it
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Tho B.R.G.M1. refers to the following.
 

-The cretaceous sediments in southern CHAD
 

-The marine carboniferous seeiment in southeri
 
CHAD
 

-The Nubian sandstone in the northernmost
 
part of the CHAD Republic, which may prove

highly productive.
 

Best Available Document 

http:B.R.G.M1
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f6a drawdown of I.D M 


S.- The CONTINENTAL TERMINAL, northern part, extends west of the
 

OUADAI district, through the CHAD lowlands and the BATFA district.
 
over about 40,000 km2. This is a shallow water table near the
 
surface, but owing to its extent and water charactrristics, the total
 
usable volume seems to be considerable (somewhere between i0 and
 
40 billion m3.)
 

The specific draw-offs are highly vakiable, ranging from 120 to
 

1,200 m3 per day, for a drawdo.n of 5 m.
 

6.- The COTTI ' L TE' :17L, 'ith.rn 'prt: ntill r.f .rr-l 
to as the KOROS water table, covers an area of some 100,00n km2,
 
in the southern part of the CHAD Republic, south of 2(O.1GOP. and
 
in the SALAMAT district. It is a water table with somewhat varied
 
features, the static level lying between 5 and 80 down, having a
 
depth of somewhere around 15 metres, with wide variations.
 

Its total usable volume, which is very imperfectly known, seems
 
to be somewhere between 20 and 80 billion m3.
 

For a drawdown of 5 m. th3 specific yields of intake installations
 
range from 250 to i,600 mn3 P , ....... much n.Ar.r thc
 

first figure.
 

The low general productivity of this water table is thought
 
gradually to improve as it approaches the centre of the :1ALAMAT
 

depression.
 

7.- The LOWER PLIOCENE water table is believed to cover some
 
25,000 kn12 above the Continnal Terminal, ".ast of the OUADDAI
 
district and thc northern part of the Continental T-2rmir.al tible.
 

The land consists of generally rather unproductive sandy and
 

clayey soil, yielding however, by and large, an appreciable usable
 
volume (15 billion m3.)
 

8.- Lastly, in the northern part of the CHAD Republic, the
 

CAMBRIAN-VISEEN water table around LARGEAU consists of coarse
 

and kaolinic sandstones highly productivu and largely unexplored.
 

Other generalized water tablcs are of less importance, and
 

have been even loss fully explored than those already described.
 

Best Avcdalbl. Document 

http:T-2rmir.al
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11.4.2. - DISCONTINUOUS AQUIFERS 

These aquifers cover nost of the remainder of the Sahel
 
countries. Their only conceivable function is to supply the popu­
lation and thair flocks and herds.
 

1. - First and foremost are the aquifers contained in the weathered
 
or fissured parts of the crystalline or phyllocrystalline African
 
bedrock.
 

They are located, in particular
 

- East of the Senegal-Mauritanian sedimentary basin, over vast 
areas;
 

- On the Voltan shield, over some 300,000 km2.; 

- In the ADRAR DES IFHORAS mountain system;
 

- In the AIR mountain system.
 

- In the GOURMA region;
 

- In the ZINVER, OUADDAI and GUFR7. mountain systems. 

Total usable reserves, annual usable amounts and specific
 
drawoffs are invariably low in these formations (rarely exceedinq
 
100 m3. par day.)
 

We find in addition:
 

2. - The discontinuous water tables of the HODH pelitcs, under
 

the pasture. land at the East-West frontier btween MAURITANIA
 
and MALI.
 

Discontinuous water tables in the infra-Cambrian and
3. ­
primary sandstones in MAURITAN4IA, which may be sliahtly more
 
productive, particularly in the ASS.-BAT and TAGANT areas.
 

11.5. - GENERAL RECAPITULATION Or GROUND WATER RESOURCrS •
 

The attached map merely shows the boundaries plotted by
 
the B.R.G.M. of the chief generalised aquifers briefly described
 
above.
 

A very summary recapitulative table may be drawn up,
 
restricted to aquifers, showing the ground water resources
 
which technically can bQ harnessed for irrication, hence also
 
for supplying the needs of humans and livestock.
 



In REGIONS OF 

TH' SAHqEL 


WESTERV 

REGION 


CE!ZRAjL 
REGION 


EASTER1REGION 

zOn: Si1.L 

Principal generaliaed 

aquifers 


-Dune sands (coastal) 

-Continental Terminal 

-Maestrichtian sandstone 

-Senegalese alluvia 

TOTAL WEST 


-Continental formations 

in W&LI 

-Wastern Continental 

Teriinal water table
 
in the NIGER Republic
 

-TEGAMAV sandstone water 

table
 

TOTAL CENTRE 


-TEGAN1A sandstone 
S-Upper sandstone 


series
 
-;ZOR2AS 
-Plio-quaternary

-North Continental 

Terminal
 
-KOROS 

-Pliocene 

-Cambrian-Visean 
TOTAL EAST 

Total usable 

volume(in 

billions of 

m3.) 


5 

50 


3,000(?) 

50 


3,105(?) 


30 


15 

300 


345 


see Central
Region 
R 


? 

30 


10 to 40 


20 to 80 

15 

5(?) 

100 to 200(0) 

3,550 to 3;650 


Annual draw-offs 

technically 

possible in 

millions cf m3.
 
(rourjh, purely

tentative 


estimation) 

without endan-

gering the equi-

librium of the
 
water table.
 

200 

15000 

5,000(?) 


300 

6,500
 

1,500 


500 


3,000 


5,000
 

500 

? 

500 


300 to 600 


1,000 to 2,000 

300 


100(?) 
2,500 to 4,500(?) 

11,500 to 15,000
 

Specific draw-offs 
in r3 per day for a 
drawdown of 10 n. 

Poor: 1,000

l,C00
 

Vedium: 1,000
 
2,000
 

Good: 2,000
 

Medium
 
Poor to Medium
 
Medium & Good
 
Good
 

Medium "
 

Poor to Medium
 

Medium and Good
 

Medium & Good •
 

Poor 

Medium and Good
 
ledium and Good
 
Poor
 

Poor & Medium
 
Poor
 
Good 
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.
 No undue value should be -tt-ich-d to th..gc-figurs, which
 are merely intended to provide the reader with some standard
 
of rf,renca.
 

The total usable volume of thn leading finoralised aquifers

in the SAHEL amounts to several thousand billion 3 (perhaps
between 3,500 and 4,000 billion): the bulk consisting of
Maestrichtian sandstone. Th.- annual drawoffs technically possible
without endangering the -eqilibriumof the water tabl s are hardor
 to calculatu, but may be put at somc 12 to 15 billion 
 3.
 

In actual fact, economic use for irrigation should be

restricted to installations with 'medium' and 'good: specific
yields (i.e. over 1,000 m3 per day or 12 
m. per second), provided
that the operating costs are reasonable and quality is satisfactory.
 

This being so it is probably impossible to draw off really
large amounts from the SAHEL water tables for irrigation purposes.
 
Even if the maximum latitude were allowed, accepting for
 

example, such conditions as: 

"Minimum specific draw-off 500 m3 per day per borehole 

- Maximum cost per m3 of water CFA Fr. 20 pcr m3 (CrA Fr. 300,000 
for 15,000 m3 per year of irrigation
water, which could only b.. 
contemplatud for double crowin 
of highly productive, quality
vegethbls or fruit.) 

- Quality of water Good, Medium, Poor under th 
CaliforniR Department of 
Agriculture classification. 

it may be doubted whether more than one to two billion m3 of
ground water could be drawn off for irriqation (about 10 per
cent of the yields technically possible), corresponiin to between
60,000 and 120,000 irrigable ha used to grow highly productive

and.quality crops, supplied by 1,000 to 2,000 ilstallations.
 

It seems reasonable to assume that the resources now capable
of being used would supply little more than 10,000 to 20,000

ha within the next few decades.
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PART.THREE 

ADAPTING RESOURCES TO FP1QUIREMENTS 

III .1 REGULATED AND UNREGULATED USE OF THE MAIN SAHEL WATERCOURSE 

IRRIGATION 

Utilisation without regulation
 

The areas which can be irrigated from the main Saholian
 

rivers without regulation of the flow have been calculated 
for quantities
 

of water guaranteoiby normal flow, four years out of five, 
and 49 years
 

out of 50, during the critical months; the figures have been takn from
 

the tables of monthly yields in the ORSTOM hydrologic.al 
yearhooks,
 

classified in inverse order of importane', with any needed 
extrapolation;
 

same critical

quantities corresponding to the maintenance, during the 


months, of a sufficient flow to cover water requirements 
of the riparian
 

populations and insure survival of the aquatic fauna and 
flora have been
 

deducted.
 

As flnWaR.. ..
Thubu uiril.ur fic havc bcon asseseCd 

at about 20 m3 por
 
- for the SENEGAL, Upper NIGER and Middle NIGER (1), 


second, or roughly 50 million m3 per month;
 

for the LOG(NE and the CHARI, at about 10 m3/.second each (2), or -
roughly 25 million m3 per month;
 

- for the Upper BANI, at b m3 per se6ond, or roughly 12 million m3
 

per month.
 

Regulated use:
 

The simulated managemept meyhod mentioned in the 
introduction
 

was applied to all reservoirs for the threa main Sahel watorcours's ,nd
 

the WHITE VOLTA, the dimensions of which werv ascertained with an
 

accuracy compatible with use of the mathematical model.
 

Assessments wcr-.. based on information available rcgarding 
the
 

GAMBIA water reserves.
 

(1) For the Middle NIGER, account must also be taken 
of the necessity of
 

maintaining a minimum flow in the "Nigerian" roach.
 

(2) Titus representing 20 m3 per second downstream of 
their confluence
 

at N'DJAMENA.
 

Best Avilable D.ocwne i
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II1..1. USE OF SENEGAL WATERS FOR IRRIGATIGN 

I. 1,1 . 1 UNREGULATED USE OF THE SENEGAL 

Unregulatod use of the valley land
 

The podologically irrigable land in the Senegal Valley lies
 

downstream of KAYES, and mainly downstream of IkAKEL (1); it is subject 

to flooding by the river to a depth of about 1-4 metres, although
 

varies over the year and from year to year; in addition,
this figure 

the average annual rainfall at BAKEL is about 700 mm, while rainfall
 

in the valley is equal to or below this figure.
 

Such rainfall conditions prevent development by a natural
 

or controlled ba..in check system (see section 1.3 above,page..), and
 

call for large basin chocks
development by intensive irrigation wu..ti 
protected from the river floods by a system of levees, and irrigated 

As the cost of such facilitioa per hectareby pumping from the river. 


is high, it is an economic n-cessity to practise the double cropping
 

system, which is possible in these latitudes, either growing two rice
 

crops with a long time interval between them (svstom 2. see Dauc )
 

in the northern part of the valley, or two rice crops in quick succession
 

(system 1, page ), in the South and upstream of the valley towards
 

BAKEL. or more probably twc_ rico/wheat crops (system 3).
 

widely
Of those systems the one which seems likely to be most 


adopted in the river valley are system 1 (rice followed by rice) and
 

system 3 (rice followed by wheat).
 

The c;itical month for system 1 is March, when irrigation of
 

the second rice crop requires 6,300 m3 per Ia, whereas the dischlrg,: of
 

the Senegal at BAKEL in Mlarch amounts to 94 million m3 and 32 million
 

m3 in years with an 10% or 98% frequency of at least this amount of
 

If the volume of water to be maintained in
discharge respectively. 

IMKEL, i.e. 50 million m3 is deducted from these
the river bed below 


figures, the quantities available for irrigation are 44 million m3
 

and 0 respectively, depending on the frequency figure.
 

The irrigable areas boa;-ing two crops of rice a year below
 

BAKEL would thus amount to about 7,000 ha and 0 . Respectively,
 

according to whether the aim is to practise irrigation four years out
 

of five or 49 years out of 50.
 

(1) We shall refer henceforward to discharges at BAKEL, which 
have ben 

the subject of more intensive analysis than those at Kayes. 
and which
 

the Senegal is fd by the KARAKORO and,still
are also greater as 


more important, the FALEME buween the two points. 
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The critical month for system 3 is February, when irrigation
 

of the second wheat crop requires 2,200 m3 per ha, whereas the discharge
 

of the Senegal at DAKEL in February, in a dry year with a five-year
 

return poried is 157 million m3, and in a dry year with a 50-year
 

return period 73 million m3. Deducting from these figures the amounts
 

of water which must be maintained in the river bed below BAKEL , 50
 

million m3, it will be soon, that quantities actually available for
 

irrigation in February are somewhorQ around.107 million m3 four years
 

out of five, and 23 million m3 49 years out of 50.
 

The irrigablo areas growing twc. crops a year (rice/wheat)
 

immediately below BAKEL, without regulatcd use of the river, thus
 

amount to some 49,000 ha or 10,000 ha, according to whether the'aim 
is
 

to guarantee irrigation four years out of five or 49 years out of 50.
 

In actual fact, these 	figures are probably somewhat pessimistic­

as field water application efficiency considered in the study on
 

irrigation water requirements was taken to be 0.5, which is not nccussarily
 
The systoms
accurate in a medium-sized system, if well managed. 


can in fact be rogarde as
corresponding to the areas recommended 
medium-sized. 

T^.O CROPS A .R Brf. VTHE MAXIMUM iiKte.l& LE 	 AREAS GRCMICN 
THE WATER THUS VARY ACCORDING TO THE

.BAKEL. WITHOUT REGULATED USE OF 
CROP CYCLE AND THE IRRIGATION GUARANTEE REQUIRED,NATURE OF THE SECOND 

AS FOLLOWS: 

Crop Guaranteed 
4 years out of 5 

Crop guarante.7d 
49 years out of 50 

Two rice crops 7.000 ha 0 

Two crops: rice 

followed by whiat 49,000 ha 10,000 ha 

It should be noted that the minimum irrigabi areas with on
 

crop per year, for which the critical months arc July 
and Octobr, are
 

probably much larger, but as we have seen, they have 
no economic
 

justification whatever in the case of the Senegal Valley.
 

ofthe delta land
 
Unregulated use for double cropping without regulated 

use 


Such utilisation is impossible with two irrigated 
crops a year;
 

the discharge of the Senegal is, in fact so sluggish 
that during the
 

by a tongue of salt
 greater part of the dry season the river is invaded 
far as DAGANA.water from the Atlantic nearly up as 


In these circumstances, any attempt to irrigate 
the second
 

crop would bring in salt water unusable for irrigation.
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USE OF THE SENEGAL111.1.1.2. REGULATED 

and AFTOUT ES SAHELGUIERS, Wi'HIZ
A. Refulation doDItMreari: k:.A 

The most urgently needed regulation 
is in the delta, wherw
 

the irrigated areas bearing one 
crop por y-ur are now tending (1975)
 

to reach their maximum extent, while those 
bearing two crops per year 

cannot be devOlopod further owing 
to the presence of the "salt water 

the river during the dry season.
tongue" in 

to onsure 

on the Senegal downstream; as the rescrvoirThere can be no question of creating 
a reservoir 


the year roundsupplies all 
the, valley would be flooded in th.,
 

would be extremely shallow, most of 


rainy season, while in the dry season evaporation would 
dry up the
 

greater part of tho water reserve.
 

The extremely high cost of the dam 
would not be offset by
 

any advantages, and the drawbacks 
would be considerable.
 

The method proposed would consist 
in building a dam with
 

2.5m)

sliding sluice-gates storing a shallow depth of 

water (+1.5 or.+ 

-e r i from August to 

letting through the main ILow durli% LsV p A 
so that the water
being closedsubsequentlyNovember, the sluice gates 

would be at maximum height about 
1st February.
 

The reservoir would thrus allow 
a socend rice or wheat crop
 

Thu reservoir
 
to be grown, the first being irrigated 

by the flood water. 


would not be called upon to discharge the minimum flow into the rivt'r
 

would be invaded by th
 
below the dam in the dry season, 

as this 


salt water tongue.
 

or +2.5m woanld involv'
 
A reservoir limited to a depth of+l.5 

The potential was calculat:d on
 
only slight drawbacks for pastureland. 


a forward planning basis for a decennial dry year, when the 
river
 

discharges some 14.3 billion m3. with 
the following results:
 

- +1.5m 
385 million m3
 

amount used in a decennial dry year 
.
 21.250 ha
 
. irrigable area 


- +2.5m
 
680 milliOn m3
 

amount used in a decennial dry 
year 


.
 37,500 ha
 

. irrigable aroa 


over the
 
These figures represent a very appreciable 

Incroase 


present maximum.
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s,"kld be irrigable
To these areas must be added those which 

from the three main distributaries downstream of the Senub;,!. i.e. 

AFTOUT ES SAIIEL, Lnko GUIERS and Lake R'KIZ: 

1. 	THE AFTOUT ES SARIEL, a right bank distributary of the Senegal, has 

a capacity of about 1.4 billion m3 at + 1.5m 

The 	AFTOUT can be used up to pbout o.5m., to ensure that ther(
 

no marine infiltration, as the river is separated from the oc4
 

only by a belt of dunes; the forward planning figures in a
 
decennial dry year are:
 

- Southern half:
 

* amount used 	 120 millior, m3
 

* irrigated area 	 10.000 ha
 

- Totality:
 

280 million m3
 

. irrigated areas 20.000 ha
 

.,amount used 


A detailed study of the SOGREAH for double cropping, but with other 

rotation courses, puts the cultivable areas at 14,000 ha in all. 

This is the figure we shall adopt. 

2. 	Utillisa~ion of GUIERS lake, a lef.-bank distributary of the Senegal,
 

now provides for the irrigation of the RICIHARD TOLL basins, sivitchud
 
Several
to sugar cane cultivation over an area of about 5,000 ha. 

studies have mentioned the possibility of increasing this ara to 

10,000 ha by filling Lake GUIERS to a depth of 1.5 m from DIAM.. 

bank of the Senegal, would3. 	Lake R'KIZ, a distributary on the right 


enable some 2,000 ha to be irrigated, provided it was fillvd to a
 

depth of 1.5 m (rom DIAMA.
 

mostLastly, regulation downstream at what now seems to be the 
would make it possiblv, in alikely depth of 1.5 m from DIAM, 

decennial dry year, to irrigate:
 

+ 14,000 + 10,000 ha + 2,000 ha = 47,250 ha,
21,150 ha 


amounting in practice to neqrly 50,000 ha bearing two crops a year.
 

B. 	Regulation upstream
 

Regulation upstream has boon considered on six of the main
 

sites named, on a year-by-year system, based on actual flows during
 

66 years, with the following results:
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Location Dam Dam jAmounts % of ,egulatod Irrigable 
height 	 regulated for dischargo arva under 

irrigation double 
purposes, cropping 
(billions of W_ 

On the BAING, 	 GALOUGO 46 12,2 70% 450,000 ha 
working upstream 	MANNTALI 38 8,6 75% 340,000 ha 

B0UREYA 8.6 . 777 260,000 ha 
KOUKUFTMA 55 ,0 47% - - 120,o000 ha 

On the FALEME 	 GOUR I -2. -.. 4, ."-o 

Drawc!fs have been calculated for irrigating two crops per year
 

throughout the river valley, from KAYE! to the delta, the drawoff tinmetable
 
being fixed to allow for the time required for the water to travel from
 
the foot 	of the dam to the head of the irrigated area.
 

Furthermore, the drawoffs planned from GALOUGO and AIANANTALI
 
have been made subject to the constraint of a minimum flow for navigation
 
(300 m3 per second), which would provo' no great handicap, as it would moan
 
drawing-off about 21 of the volume regulated at GALOUGO and of 14% for
 
MANANTALI.
 

It can be seen from the above figures that it is thooretically
 
possible to regulate the entire discharge of the Senegal at I3AKEL
 
(24 billion m3, yearly average) by a nicely calculated utilisation of
 
only part of the above dams.
 

In actual fact, complete regulation is not necessary If it is
 
desired to irrigate only the land which is clearly suitable for Irrigation
 
from the pedological aspect (alluvial soils in the valley and delta).
 

The geographical area of these soils is some 1,250,000 ha,
 
consisting of 950,000 ha of alluvial deposits with no salinity problems
 
(including 270,000 ha in .WURITAMIA) and 350,000 ha of deposits with
 
salinity problems (including 190,000 ha in MUtITANIA).
 

However, 50 to 60 per cent of the deposits without salinity
 
problems should, according to the study made by the UNITED NATIONS
 
SPECIAL FUND, be eliminated, for topographical reasons, or to allow
 
the maintenance of permanent channels for fishing or navigation.
 



The alluvial soils with no 
salinity problems which are 

really
 

suitable for development thus 
cover 360,000 to 450,000 ha.
 

Deposits with salinity problems 
actually suitable for development
 

cover only 60,000 to 150,000 
ha.
 

Finally, the iriigable areas 
covir between 450,000 and 

600,000 ha, probably nearer 
the first figure than the 

second. 

In those circumstances, the 
following o-ombination seems 

to
 

most attention:
be attracting 


(about '-.00 - 2050) 
. FIRST GENERATION DAMS 

50,000 ha
+ GUIERS + R'KIZ)

Phase; DIAMA (+AF*TCJT ES SAHEL
1st 

340,000 ha 
. 2nd Phase: NANOA1TALI 

70,000 ha 
3rd Phase: GOURBASSI.
 

460,000 ha 
n t'l n n 

Total r"rst C ner 

- SECOND GENERATION DAMS (after 2000 - 2050)
 

the
the BAKOY would allow
IADOUMBE, regulatingB 61OLO00 Ia

ha, giving in all 
area to be increased by 150,000 

Regulation would enable all 
the land actually suited 

to
 

some 15 billion m3
 

irrigation to be watered, 
with a regulated volume of 


Nine billion m3 would still 
not
 

out of a discharge of 24 
billion m3. 


be regulated; the utilisation of this quantity 
is hardly conceivab'o
 

unless it is planned to extend 
irrigation to largely unsuited 

soils
 

such as "Divri" which cannot 
reasonably be envisaged ior 

a few more
 

generations.
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I.1. 2 USE OF THE NIGER AND BANI WATERS FOR 

IRRI GATION 

111.* 1. 2.1 - UNREGULATED USE CF THE NIGER AN[ BAN! 

a) - Upper Niger and Bani Valleys 

The utilisation downstream of the Upper Niger
 

and the Bani, its tributary, for intensive double crop irrigation,
 

involves a similar calc.ulation to that made for the Senegal at Da1el,
 

the critical month being M3rch (second crop) for a type I system,
 

with a water consumption of about, 4,300 m3 per hectare.
 

The results are nsfollows:
 

DRY YEAR WITH A SO- DRY YEAR WITH A 5-YEAR 

| 
R|RYFAR 
RIVER 4 

RETURN PERIOD 
I 

RETURN PERIOD 
rs 

IVoluure ,irrigablo lVolume used in {Irrigable areas, 
lusod in areas !March (millions (hectares) I 

I IMarch I (hectares)!of m3) I 1 

l 

I(millions 1 
SIof m3) 1 
! 1 

! 
l1 
1 

! 

'NIGERAT I1 I I 

NOULIKORO 1 36 (1) 8 500 ! 110(1) 26 000 

1 _ ! 1 

IBANI AT I I I 
IDOUNA
I 

|
! 

8(1) 12 000 23(1) I 
I 

5.500 
! 

ITOTAL 1 44 } 10500 133 " 31 500 

i 
II 
! ! ! I 

311 I! 

Very small areas are thl.s involved, contrary to the 

opinion sometimes expressed. a.d in actual fact these areas are much 

smaller than those now cultivated in the Office du Niger area und:r 

the corPtrolled basin checl. system 

(1) Figures given after subtractin. amounts of residual flow to be left
 

in the rivers, i o 50 million m3 for the NIGER, below KOULIKORO, and
 

12 million m3 for the BANI, below DOUNA
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The reason is that the Office du Niger almost invariably
 
grows a single crop per year on the same land, the critical month
 
being July for flooding, based on a drawoff of some 5,800 m3 per ha
 

Controlled flooding fQr the basin chock system has to
 
be effected from the July and August flows, those two months being
 
required to furnish about 20,000 m3 por ha.
 

A similar calculation carried out for both types of
 
irrigated crops naturally gives much higher figures than those already
 
quoted i e:
 

FOR IRRIGATION OF A SINGLE CROP PER YEAR 

WITH DRY 

RIVER RETURN PERIOD RETURN PERIOD
 

I t 1
 

RYYEAR A 6O-E YEAR WITH A 5-YEAR 

Volume used Irrigable Volume used Irrigable 
I in July areas in July I ar,,as I 

I (millions of! (hectares) (millions oj (hectares)n3)
Im3) 

I I I
 

I
NIGER AT 

IEOULI!ORO 1.200 206 0OO 1.900 328.CCO 
I I I 

BANI AT DOUNA,

I 135 124 000 1 320 157 000 

170TAL I 1 335 1 230 000 1 2 220 1 385 000 1
 
I I ! I I
 

Fe:t IIRIGATION BY CTNTROLLED FLCODING WITH 
THE BASIN CIIE F SYSTEM 

1DRYEAR WITHpAISC-YEEAR 1DRY YEAR WITH A 5-YEAR 
I RIVER I D I RETURN PERIOD 

!VoLume used .tCultivable 'Volume used !Cultivated 
. IJuly/August larvas(ho) tin July/ Iareas I 

!(million3 of lAugust j(heclares) I 

INI GER AT l l I l
 
IKOULIKORO I 4.400 1 220.000 1 10.000 1 500.000 1
 

IBANI AT DOUNAI 1 500 1 15.OOO 3.000 1 150.000 1 
S- - I I4 

ITVTAL I 5.900 1 295.000 l 13.000 1 650.000 l 
-L.d... 

Theae tables make no allowance for amounts of residual flow, which are
 
marginal by comparison with July and.August dischargos.
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It is interesting to note the limits to progress
 
imposed on short-term trends, which can probably be summed up
 
as follows:
 

-maintenance of the. Office du Niger area and
 
extension to 60,000 ha, and introduction of
 
double cropping as far as possible (for sugar­
cane)
 

-rapid, large-scale development of the basin chock
 
system.
 

On this basis, the limits without regulation
 
would be as follows:
 

NIGER:
 

60,00. ha under annual crops managed by the Office ) 
du Niger (of which 8,500 ha might be used for double) 
cropping) ) all guaranteed 49
 

and about 200,000 ha used for the basin check system) years out of
) 

or,
 

60,000 ha under annual crops managed by the Office. )
 
du Niger (of which 26,000 ha might b- ujed for double )all guarantf:eel 4
 
cropping and about 480,000 ha under thp basin check )ears out of 5 
system ) 

BNI:
 

75,000 ha under the basin check system ) guaranteed 49 years out of 50 
or 150,000 ha under the basin check 
-system ) guaranteed .1years out of 5 

In actual fact, the real figures ar(. probably lower, 
if it is desired to maintain a minimum flow in the Niger for navLgation 
and the downstream soction of some 300 to 6(0 ru3 p(.r second, 
corresponding to a draw-off of about lGOO million to 3,200 milliu.n 
m3 for the months of July and August
 

If the Office du Niger area is malntakned at 60,000 ha,
 
this constraint would reduce the ara of the basin check system
 
XRaranteed 49 Years out of 50 to somewhere between 40,000 and 120,000
 
ha for the Niger valley 'alone, and to somewhere between 115,000 and
 
195,000 ha for the Niger and Bani valleys as a whole.
 

Having regard to the current basin choct programmes,
 
representing 150,000 ha for the two valleys of th, Niger and the nena,
 
the problem of inter-annual regulation would hence arise in the short­
term.
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(b) Unregulated Use of the liger at th:, outlet from the
 

lake basin
 

The Niger in the lake basin proper, I e from Mopti to
 

DIRE, is now used for growing sorghum and rice crops sown when the
 

flood has receded,and for after-flood pasturing In this area up­
to-date irrigation systems ensuring complete water control would
 
have to include large-scale flood protection and water diversion
 
projects which could probably not be undertaken for some time to
 
come. Their construction would call for exact prior knowledge of
 

the topography, flood propagation in the lake area, and the influence
 
of rivertraining upstream•
 

At the tip of the central delta and the northernmost rt
 

of the river bend, consideration might be given to the institution
 
of small to medium irrigation areas, drawing water from the river by
 
pumping according to the time of year), and bearing two crops per
 

year Any extension in the size of these areas would depend on the
 

river flow.
 

Between DIRE And ANSONGO, three double cropping systems 
would be pos ibic: 

-two spaced out rice crops, on the lines of the "YAGOUA" system 2,
 
perhaps with a slight time shift, for which May is the critical
 
month (when irrigation of the second rice crop finishes);
 

-rico-wheat on the lines of the "N'GIGMI" system 3 for which June
 
is the critical month (flooding or the first rice ctop);
 

-rice-vegetables on the lines of th,! "NIAMEY systom 4", perhaps with
 

a slight time shift to allow for the difference of latitude, the
 

crY.icalmonth being Jul_ (flooding or first rice crop).
 

A recent study by ORSTOM shows the probabilities of
 

exceeding the monthly discharge at TOSSAYE, month by month, giving,
 

after conversion into quantities 52, 13 and 26 million m3 guaranteed
 
49 years out of 50 for the months of May, June and July respectively.
 

For the same months, amounts guaranteed 4 years out of 5 az- 215,83
 

and 182 million m3 respectively
 

From the volumes guaranteed at TOSSAYE, quantities 
corresponding to a residual flow of 20 m3 per second for the riparian 
population of the Middle Niger have been calculated. 
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The results are then as follows:
 

-Critical Usable Irrigable ' Usable Irrigated 
month amounts'duringi areas bearing I amounts area bearing 
- Unit the critical 2 crops per_ during the 2 crops per 
discharge month guaran- year guaran- critical year guaran­

(m3 per ha) teed 49 years tecd 49 years month teed 4 years 

out of 50 out of 50, guaranteed out of 5 in 
(millions of in ha (area i 4 years out ha (area 

m3) rounded to of 5 rounded to 
nearest I (millions nearest 
1000 ha) of m3) 1000 ha) 

a spaced out - May 
rice crops 42,900m3/ha 2 2,000 I 165 57,000 
(marginal) 

RjcoAVheat - June 
- 5,7OC.m3/hU 0 (-37) 0 33 G , J 

Rice/V gotables - July 
- 7,200m3/ha 

! 
J 0 (-24) 

1 
0 J 132 18.000) 

Local food and farming habits, and the general economy of
 
the region, aic much more conducive to rice/wheat or rice/vegetable double cropping
 
than to two crops of rice, which would in fact be marginally possible in this
 
latitude.
 

Itthus seems that the latter system would be little practiced,
 
and the maximum figures similar to those advaiiced for the rice/wheat
 
and rice/vegetable systems. The maximum irrigated areas for double
 

cropping without regulation would thus be about 18,000 ha guaranteed
 
4 years out of 5, while the areas irrigated for rice/wheat or rico/
 
vegetable double cropping could not bu'guarantecd 4Q out of 50.
 

In actual fact, water depths observed during the critical
 
months would substantially limit pumping capacity (inlets exposed)
 
hence thq areas theoretically irrigable, above.
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in the NIGER Rpublic without
 
the Middle Niger
useof
Mea ted
C) ­

rogKltiumblw IMYmc tesm 
NIANiY, much the same 

For the Middle Niger, above and 
belOW 

A similar calculatio
 
problem arises as for the northern 

river bend. 


gives the following results:
 

n cr i ta
 ridi ea ig during
Fl wt
"-- -- - " itil 	 irrigate
'-ars
Flow
~ iablOlo ~ -Cit~l 	 duth guarantee
areas boaringi ringduring 	 mnh aroteOmonth 	 gu
critical (hectares)2 crops per te 4yer
critical
dichre 	 ofUnit 
month year guaran- month uaran" 4 years out

discharge 
teed 4 yearsteed 49 years
(per ha.) guaranteed 

out of 5n
49 years out of 50 


out of 50 (hectares) (millions

m3)(1) _ 	 ._ . . .... 

(mi l l i O pS 

_ _. ---­
220 76,000

50 17,300- May2 spacedo - 2,900 m3/cropsrice 
ha
 

,0
0---------	 9,000 

- June 	 0 050 6,0 1)" 
0

Rice/lheat -5,700 m3/ha 	
V 

- :-Jll1- ­
-7,2-----­

iv e g e t a b l e s L 


Finally, failing any 
incontroverLible ussuption 

as to the
 

three system s in years to come, it would seem wise 
distribution of the 

-u " •fvesystem 
and rice/vegetahle sytmsie some -A__OO Ila, forto adopt a figure 	closer to tile maximum 

calculated fora two-cropthe rico/Wheat 
dsystemsie, 

four 'Qr' outo.fivwith the se.ond crop gt.arant ljy
Attention must be 	 drawn to the impossibility of practising 

itrigation for ricwhuat or rce/vegetabl double cropping with any 

high degree of security if there is 
no prior regulation of discharge
 

in the middle river valley.
 roanch 
unregulated drowffs 

in the Mali on 

DIRE and ASONGO cannot 
be added to those 

from the Nigerian
Note that tae 


the rate offlow is almost tile same, with a timolag of a 
between wherereach, 

two reaches cannot therefore be 
few weeks. The irrigable areas for the 


rtud.
aggrogatod'Double cropping areas 
irrigable without regulation along 

the
 

aggrsga 	 a rough 
Niger River up to the Nigerian 

frontier must therefore be taken 
as 

t i p u r p s e o dam project
suhto a model is underlined by tilemul 

indication, pendeng the 
possibility of calculating 

them with a mathemaicl
 

of constructingThe urgency ouchm odel.ergc
model. 

necessity of ascertaining 
tle effects of tie
 

dealt with belom. 
in the Middle 

(1) After de ducting araounts of residual floW to be left 
50 million m3. 

Niger bed, i.e. some 
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USE OF THE NIGER- REGULATED111.1.2.2. 

for' thoavailable 
the present time only figures 

are
At on the right bank an affluent

o" SELINGUE on tlhe SANKARANI, onlyreservoirs They are
those of TOSSAYE and KANDADJI. 

of the Upper Niger, and 

very roughly approximate in the 
case of these last two.
 

the SELINGUE Reservoir
a) - Regulation by 

The SELINOJE reservoir would hold 
slightly more than
 

3 at + 14.5 r.above the present water 
level, subject to a
 

2 billion m
 of some 12 billion m3 .
the SANKARANI moan annual discharge from 

Located in an area where evaporation 
is relatively slight
 

onsidertblo
 
(for Africa) and where rainfall 

over the reservoir area is 

Oh the
 

it has the advantage of being 
little subject to ovaporation. 


other hand the amount of.water 
evacuated by spillway would 

be substantial.
 

Forward management planning 
over a period of 66 years 

as
 

regards discharges calculated 
from ORST I data and amounts 

Qf water used
 

for two rice crops per year 
shows the following results:
 

0.33 'jillion m.
 3
 

Amount lost through evaporation 
in an average year 8.26 billion m
 -


3.40 biionMAmnlint discharges in 
an average year over 

spillway 

-

Amount regulated for 
irrigation purposes 


-
for
 

Under these conditions, if alone used and solely 

ha of ricefields yielding 
two crops ityear 

irrigation purposes, 110,000 


could be developed.
 

This figure is however given only for 
guidan.,-o, 
sinct' the
 

following constraint must 
be allowed for if a more 

realistic picture of 

future conditions is to be 
obtained. 

SELINGUE dam would have to bo used for generating 
The 

hydropower and for navigation, 
rather thnn for irrigation 

alone.
 

A study of dam cnpacity 
at SELINGUE from such a multipurpose
 

standpoint shows that it woulC 
be po:siblo to irrigate 62,000 

ha of
 

ebuble-crop land from SELINGUE 
and moreover to obtain an 

extra crop on
 

area. The degree of probability 
ha of land in the Office du NIGER 

40,000 
some 40 years out of 50.
 would be high: 


are the figures it is proposed to adopt.
These 

may be pointed out that 
the entire Upper Niger 

and the 

Bnni would quite conceivably 
be trained by building reservoir 

dams inIt 

and especially GINFA 
of this river, in Southern h1ALI 

the valley upstream MALI as regardsSouthern 
as regards the Upper Niger, 

and in IVORY 
join to form the

COAST or 

the i3\GOE and IIAOULE, which 
BANI (actuallythe Upper 

DN). 
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Various cursory feasibility studies suggPst 
that such river
 

training is possible, at least in 
the very long term, and that somo
 

three fourths of the average annual 
discharge of those two rivers 

could
 

into the Sahel area,
 
thus be made available for irrigation 

upon entry 

3 for wdoring over a million
 

i.e. approximately 45 cr 50 billion 
0l


hectares of land yielding a double 
rice crop.
 

further analysis
 
Lack of detailed inforiation prevents 

any 


of these projects, which would 
require such a huge capital outlay 

that
 

they could not be carried out before 
2000-2050.
 

b) - Regulation at TOSSAYE
 

Training the Niger downstream 
from the lake area is a
 

snail amount of land otherwise
 
problen.which arises owing to 

the 

calculation of discharge
 

available for double cropping, 
based on the 

(s¢co above).
II.l.2.l.b, 
amounts during the critical nionths 

at TOSSAYF 


so happens that the area in the 
bend of the river is fairly under­

privileged compared with the 
remainder of the Republic of 

MALI,
It so that 

the population mig.ht well suffer 
seriously from any rocurrei-ce 

of drought.
 

n tn tin agri­t!he p'-aptiio uluLd ,cccs3- by
'i1e need 

even during dry years
is effectively guaranteed

cultural output which 
be set in th" area; 

perennial irrigation targets to 
caused ambitioushas o1 the present population,requirements

those may even exceed the strict 
case of drought.can be supplied in 

in order that nomndi.c hcrdc:rs 

not yet
 
The exact dimensions of the 

TOSSAYE reservoir are 


figures availaitlbased on certain 
various assumptions can be

known, but 

regarding the longitudinal 
section of the NIGER.
 

up as follows:can be sunnedat TOSSAYE 
the water surface toThe situation + 26U a 

252, by raisingmark as +taking low-water WOSSAYE niearly
of 350 kr.i upstream of 

over a distanc(ereservoir extending 

as far as DIRE would be obtained.
 

have the advantage ;of
of water would

This reserve amount 
of the Niger, where 

are offshootslake basins which
filling several 

perennial irrigation now 
seems difficult owing to their 

irregular filling
 

by the river.
 

the northern bend
 
Moreover, the riparian population 

in 


could irrigate its fields by 
pumping.
 

On the other hand the reservoir, 
by flooding many gratings
 

at BOURGOU, might seriously 
interfere with present stockfarning
 

activities.
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It is thus unlikely that the 
spillover figure at TOSSAYE
 

rind thu
 
can be put at + 260 upon completion 

of the project studies 


forward planning quantities 
calcula'ted for + 260 and + 259 (i.e.
 

3 ) are given with serious reservations
 
respectively 1500 and 800 million 

m
 

as to accuracy.
 

Nor could irrigation be limited 
to the use, whether by
 

water stored from April to July 
(low-water
 

pumping or diversion, of 


period) in the reservoir upstream 
of the dam.
 

It would see, only fair to 
reserve part of those quantitt's
 

fence forward planniig
 

to the population living downstream 
from the dam. 


3

calculations have been rade 

by assuming that downstream 
from the TOSSAYE
 

3 naintained, of which 800 1: 
por
 

per second would be 
dam a flow of 100 r.'


second would be available 
for farmers using irrigation 

methods, thL'
 

per second, being Maintained 
for "ecological
 

remainder, i.e. 20 r.)3 


reasons".
 

On such a basis, the forward-planning 
model yields th..
 

following results for a double 
rice/wheat crop:
 

Total
 
. rrigableTrrigable
f - below 
Reservoir+Rescrvoir 


G6,0O0 lit
36,000 hn
30,000 ha 
.
At-
50,000 ha

ha 36,000 ha14,000
At + 259 

and for a double rico/vegetable 
crop:
 

Total
Irrigable
Irrigable 

below
fron 


Reservoir
Reservoir 

49,000 ha
29,000 ha
20,000 ha 


At + 260 

39,000 hn
29,000 ha
10,000 ha 


At + 259 


Owing to the unCertainty 
as regards the exact anounts 

of
 

to July and ns regards 'the 
exact dimunsions of thtt 

discharge from April 

reservoir, and in view of amounts 
to be r.nagod for hydropowor 

1,ene.raton. 

figure of some 20,000 or 
30,000 ha,an
 

would seem wiser to adopt 
a 

it 

area moreovc'.- appreciably 

matching the good irrigblo 
soil potontial
 

e
available between Tossaye 
and ANSONGO (again for a 

double crop of thu
 

table.
 
rico/wheat typo and ospooially 

rice/veg


Best fl 1a' ]' ° Douent
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d) - Regulation by the KANDAJI Ploservbir 

Much as for DIAMA, the reservoir which could be built at
 

TOSSAYE would only have a limited effect on annual regulation of the
 

NIGER and none on interannual regulation, a fact foreseeable owing to
 
3 


the disparity between its volume (1.5 billion m at + 260, which is
 

probably too high a figure, and 0.8 billion m
3 at +'259. the most likely
 

figure) and quantities discharged by the NIGER (annually averaging
 

30.2 billion m3).
 

Owing to these conditions a dam would be absolutely needed
 

downstream from TOSSAYE for training the Niger section of the NIGER river,
 

whether for irrigation, navigation or hydropower generation.
 

While the dimnensions of KANDADJI reservoir are not exactly 

known, with the inform tion available it could be studied from a forward­

planning aspect.
 

For a height of 30 in %he volume of the reservoir would 
3

ppeRn.r to rPoAnh some 9 billion m . a forward-planning model covoring, 

37 years of quantities actually yiolding. the following results: 

-Dou ro)in,, of the rico/wheat or ric/v~j.tablo)0: 

30.2 billion m3
 
Average quantities discharged
" 


6.8 billion r3
 
" Amount discharged over spillway 3


1.3 billion m
 
" Evaporation 

" Amount which can be regulated solely for 22.1 billion m3 

irrigation
 

'The volume of water .trainc-d for irrigation corresponds to 
ha for a double crop of the 

a theoretical irrigation capacity of 560,000 
rice/whont or rice/vegetable typo and of 500,000 hn for the double 

cropping of rice
 

Areas suited to irrigation in the Niger section of the NIGEIR
 

valley however probably amount to no more than 8O0,000 ha.
 

By making use of the KANDADJI reservoir to a height 

possibly under 30 r, irrigable land in the Niger section of the NIGER
 

River could be completely watered, while navigation downstrean could be
 

improved, large amnounts of hydropower generated and considerable
 

regulated quantities of water supplied to NIGERIA.
 

Best A aclable Document
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111.1.3 - USE OF C1LbRI-LOGONE-a1IAD WATERS FOR IRRIGATION 

111.1.3.1 - UNREGULATED- USE- OF- TME LOGONE AND OF MUD 

The double cropping of rice can be practised in t]e lower
 

plains of the LOGONE and CHARI: in the upper part of those plains rice
 

crops can be grown at close intervals, and in the lower part toward
 
N'DJAMENA, spaced rice crops or double crops of the rice/wheat typex can
 
be raised.
 

a) - The LOGONE
 

The critical r.onth for irrigating a double crop of :c.e
 
from the LOGONE is March, when the required discharge rate would jo
 
4,300 m3 per second for a guaranteed flow of sone:
 

- 95 million m3 49 ears out of 50
 

- and 	140 million Ji four years out of five. 

From these figures rust he subtracted a quantity
 

corresponding to a residual flow for the riparian population and for
 
3 .


ecology of some 10 ;,13per second, i.e. 25 million m Anounts available
 

for irrigation in Alarcn wouia therefore havo. Lu r.tdh iwn.e 70 million 
3
49 years out of 50 a.ad 115 million m four yuars out of five.
 

Irrigable surfaces would nence amount to some 16.000 ha
 

guaranteed 49 years out of 50 and 27,000 ha guaranteed four years out of
 

five.
 

It should be noted that the water of the river has begun
 

to be used on a fairly extensive scale on the CMEROON side, which has
 

4 right to half the discharge. Theoretically, therefore, North QAIEROON
 

would be able to irrigate 8,0C0 ha for a closely spaced double rice crop.
 

The actual figure is somewhat lower (5,500 ha), since a minimum water
 

height must be available at pumping slations, while the recent extremely
 

low stream flows with a return period of 60 to 70 years serve to highlight
 

the limited irrigation capacity of the LOGONE without river training.
 

b) - The Lower CHAR!
 

Unregulated development of the Lower CHARI can be planned.
 

b.l 	- For raising a double crop of the rice/wheat type downstream
 
from N'DJAIENA. The gritical month is June, when the required
 

flow would be 5,700 m per ha.
 

Under those conditions, the irrigablo areas without any
 

regulation of flow would be:
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- Guaranteed irrigation 49 years out of 50: a flow of some
 
470 million 3 and of 445 million m3 after deducting n
 
residual flow of sone 10 P$ per second. This amount would
 

enable 80,O00 ha to be irrignted,
 

- Guaranteed irgigation four years out of five: some
 

570 million 1 of flow and 545 million n3 after deducting
 

residual flow, enabling some 96,000 ha to be irrigated.
 

b.2 - For raising a spaced double cr.op of rice bntwoen SAHR and 

N'DJ'uMENA* 4,000 mn per second would be needed in April, the 

critical nonth, i.e. an'irrigation capacity after deducting 

25 million m3 for maintaining the residual flow, of: 

- 210 million m3 irrigating 53,000 ha 49 years out of 50, and
 

- 285 r.illion D3 irrigating 71,000 ha 4 years out of five.
 

It should be pointed out that these figures cannot be added
 
together.
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- THE C'ARI AND LOOONE AIFTER REGULTION111.1.3.2 

a) - Regulation of the LOGONE 

In view of the foregoing facts it would seem indispen­

sable in the short term b undertake regulation of the lower LOGONE.
 

where any expansion of irrigation may well be "blocked" in the near
 

future.
 

In the upper basin of the LOGONE two sites have been 
the subject of fo.sibility studios: GORE on the PENDE and KOUDBM on the 

VINA. 

Forward planning exercises have been undertaken for a
 

32-year discharge sequence, yielding the following results in the case
 

of a double crop of rice:
 

GORE KOUMB , 2
8,340 km2 . 11,680 kmCatchnent basin 


Height of dam 29 5 

*VUUl-,:,C1 of ,&SeeVpil ca.3 bill- r . , 3,0G blIcn! 

Quantities used i cn. 2 0 3 ca 35 
million rli 

Areas whi.h car. be irrigated i 
by the reservoir 

95 PoO ha lca 120,000 ha 

the use of these reservoirs are
Characteristics marking 
noting, owing to their shape and their location intherefore well worth 

a rainy area (1,200 to 1,500 mm).
 

One of these dams, particularly at GORE, where the cost 

to be the lower, should therefore be per irrigat,, hectare would appear 
is found over extensive
promptly built, especially as irrigable soil 


areas on either bank of the LOGONE downstream.
 

In the short term, the problem which arises is whether
 

n first stage to build dams of lesser capncity
it would not be well in 

but at lower cost, which could ensure irrigation development during 

the
 

next ten tofifteen years.
 

b) - Rolation of The CHAR! 

is by no moans as urgent as thatRegulation cf'tho CIL\RI 
of the LOGONE, since the irrigation coiling without river training"s 

much btghor, reaching some 70,000 to 80,000 ha. 
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The fact is that to our knowledge no topographical
 

survoy, ieven of a cursory kind, has been made of possible large-scale
 

reservoirs on the RI and its affluents; while the creation of su.ch 

reservoirs J.s believed quite feasible, it would be risky to extrap.lato 

the shape of the basins. The geology and general topography at m-.st 

suggest that a reservoir of no graut heitht but considerable size ,:ould 

be created downstream frov: SAHR, provided a levee several kilometers 

long and extensive ancillary installations were built besides. 

Within the next few decades no'developmont project would
 

seem to warrant such an undertaking.
 

On the other hand, use could be made of Lake Chad, where
 

all the water brought in by the gUNRI and LOGONE evaporates, as a reservoir
 

for irrigating polders along the edge.
 

A forward planning exorcise covering 39 years of
 
discharge into Lake Chad shows that approxinately each year 9 billionin
 

out of the 39 billion n3 of water annually pouring on average into the
 

lake could be withdram. Such withdrawals would enable 375,000 ha
 

planted with a double crop of the cotton/wheat type to be irrigated.
 

Owing to these anounts withdrawn the level of the lake
 

would be maintained between narrower limits than it now is, since the
 

approximate altitude recorded for maximum water level nrount 1970 was
 

+ 285 m, whereas if the lake were used in this way the figure would not
 

be above + 281.54m. In fact lowering of the water level would restrict
 

pumping capacity for irrigable surfaces.
 

Another scheme for using Lake Chad is theoretically 

possible. This would consist in separating the north-eastern from the 

south-western section by r'eans of a dyke one to eight metres high, built 

roughly at th' site of the Great Barrier. The southwestern section would 

then be used as a reservoir for irrigating the northeastern section,
 

which covers sonie one giHllion hectares. Forward plaoining shows that 
3 of
discharges over a space of 42 years would enable 18,500 iuillion m,
 

water to be drawn off for irrigating some 750,000 ha growing a double
 

crop each year.
 

Tio maximum figure reached is some 283.73 n, without
 

any spillover, suggesting 1hat a levee suited to the system could be
 

built to + 285m. No such work could be contemplated before the period
 

following 2000-2050.
 



111.1.4 -USE OF THE VOLTA RIVERS AND IIIE WN~B1A FOR IRRIGATION 

Neither the Voltas nor the Ganbia can be compared to
 

the three major Saholian rivers, as much swaller auantities are
 

discharged.
 

Yet their use for irrigation must be considered -the
 

Voltas because they provide the leading water resource of a country
 

largely devoid of any such assets, and the Gambia bacause its use would
 
used
effectively add to the potential of the Senegal, which may well be 


to full capacity within a tow decades.
 

111.1,4.1 - VMjILaD.V5 

Unregulated use of the Voltas for double cropping is
 

impracticable, as the anount of discharge by the Black Volta is extreme­

ly small during the critical month and all the water must be used for
 
same.
in KOUDOUGOU and OUAG.DOUGOU, while during thedrin':ing purposes 

flow and the Red Volta none at
month the White Volta has practically no 


all from January to June. 

Unregulated use of the Gambia is conceivable, since
 

the flow is perennial. For irrigatin3 two closely spaced rice crops thu
 

be where low dischargedcritical month in Ga.ibia would March, the amounts 

(probably with a 50-year return period)would seen to approximate 8 to 9 3 
3 calls for 6.000 n 

n . As the second rice crop during this month 
Faillion 

per ha, the irrigablo area for double-.'rop purposes would be limited to
 

1.500 ha.
 

AND.THE__ MBIA111.1.4.2 - REJLATED I;SE OF THEVOLTAS 

a) - Regulated Use of the VOLTAS 

The VOLTAS are the main water resource of the Roputflic 

of UPPER VOLTA.
 

Their regime is still not very well known; its spcial 
of those

character has to do with the northwest/southeast orientatioa 
Lhe Black Volta which
 streams, with the exception of the upper branch of 


is oriented southwest/northeast.
 

Because of this orientation thz amounts discharged by 

those rivers increase rather rapidly, beyond isohyet 800 mm. North of 

this Isohyot, low recharge and hydrological degradation limit 
the depth 

of runoffs to a few millimetros. South of this isohyet, the recharge 

is much heavier, hydrological degradation tends to disappear and 
depth 

of runoff amountato several contimetres. 

Their water regime may accordingly be presented as
 

follows:
 

http:VMjILaD.V5
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VOLTA AT WAYEN:- E WHITE 

SCatchmc it basin 20,000 km2 .
 
Mean annual rainfall varying from 400 to 750 mm, with a geographic
* 

moan of about 675 mm.
 

* Depth of runoff: 6nm, or 120 million m
3 recharge.
 

-	 THE WHITE VOLTA AT BAGRE: 

C 	 .
Catchment basin 33,000 km
2
 

* Mean annual rainfall 400 to 950 mm.
 

* 	The 13,(0 kn2 of catchment basin from WAYEN to BAGRE receive '.50 mm 

of rain on average and the runoff depth apparentl correspcnds to
 

nearly 68 mm, or a recharge of some 881 million 5n. Added tothe
 
3
 

preceding figure, this gives a recharge of about one billion m . 

* 	The catchment area was multiplied by less than 1.7 and the recharge
 
was multiplied by over 8.
 

The considerable advantage to be gained from regulating 
possible can hence be seen, particularlythose rivers as far south as 


since, dimensions being equal, evaporation on:rcservoirs is much lower
 

and rain inflow much nigher.
 

.ould
Interannual management of the BAGRE reservoir 


give the following results:
 

1,000 million m
3
 

Mean annual recharge
-	 3
 
60 million m
 

-	Spillover 3

200 million m
 

-	Evaporation 3
 
740 million m
 

-	Volume utilized 


This volume woula make it possible to irrigate 25,000 to
 

30,000 ha with double-cropping.
 

THE RED VOLTA is located in an area of relatively high rainfall - 880
-
to 1,000 m:: - but its catchnent basin on the southern frontier of 

UPPER VOLTA does not exceed 9,300 km
2 . Mean annual runoff at thc NOBERE 

station is about 250 million n
3 . (Adequate irrigation of 5,000 ha with 

180 million m
3 of water).
 

-	 IME BLACK VOLTA has two v-anches: 

* 	The upper branch oriented southwest/northeast as far as the SOUROU, 

is subject to heavy hydrological degrad:tion, but receives abundant 

procip~tntions in the 1200-800 mnrzone, giving ris' to high runoff 
.
 

of the order of several hundred million 1,3 from a few ten thousand km2 

As the upper BLACK VOLTA crosses extensive alluvial plains, it is 

to assune that a dam built near SAtUANDENI, could Irrigatereasonable 
between 10,000 and 15,000 ha, corresponding to a water consu.ption of 

(for 2 annual rice/rico, sorghuri/vegotiblo or400 to 500 million n
3 


rice/vegetablo crops).
 

The urper BLACK VOLTA flows into the SOUROU. which has its own catchmlent 

basin of 30,000 kr2, but a rainfall of 400 to 800 mi,,so that its own
 

recharge is very small.
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The use of the regulated effluent of the BLACK VOLTA would nevor- 83.
 

theless make it possible to irrigate between 10.000 amd 15,000 ha on
the SOUROU.
 

The 
to 

lower branch of the BLACK VOLTA starts with a low recharge duolosses from hydrological degradation .inthe upper branch and on 
the northeastern part ofthe S(YJROU but recharge conditionsmore beconeand more favourable as 
it flows southward. 

Unfortunately there is not Iuch irrigable land in this lower valley.A-dam is p:lanned at NOUMIBIFM,

reservoir can probably be used only to a very spiall extent 


towards the GHANA frontier, but its
 
at all - for irrigation (0 to 5000 ha). 

- or not 

In short, the BLACK VOLTAincludingmake it possible to irrigate 20,000 ha at least, and 30,000 ha at most.
 
the SOUROU , should 

In all the irrigation capacity of the VOLTAS would be
 
ofthe following order, the figures being subject to considerable
resorvutions since the real capacity of the RED and BLACK VOLTAS is
Inadequately known:
 

I Maximum 
WW-- I MinimumVOLTA\ 

_ha Jv,RED VOLTA 25000 ha5 OW0 haLC VOLTA 030 hah
 20000 

TOTAL 

65,000 ha 
 45,000 ha
 

b) - RegulatedUseof the ( IBI 
Discharge figures for*the Gambia are only just beginningto be known.
 

According to a recentvaries from 3 ORST0! stJdy,2.540 million mean annualm upstream towards discharg3downstream KkDOUGOUtowards GOULO(IBO, to 5,050 million mthe margin of uncertainty being t 15%,. 

A preliminaryone of the study hasmost interesting of been made of certainthese 1ioms dam sites;to be SAMBANGALOU, which fora storage level of 70 m wOuld provide a reserve supply of about 4,500million m3 . 

planning has 
In the absence of precise dimensional data, no forwardbeen attempted to this site, but it mayapproximately be assumed90% of the upstream flow that

oould be regulated. 
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The reservoir would be located in an area of heavy
rainfall and its total 
volume amount to nearly twice the mean annual
dischargo. In these circumstances it would allow the irrigation of
60,000 ha of double-crop rico, which is loss than the irrigable area in

the lower valley.
 

At very long rangu ­regulation of the GANBIA seems 
boyond the years 2000-2050- total
fuasible by building one or two additional
dams, which 
would then make it possible to irrigate 150,000 ha on a


double-cropping basis,
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111.2 - USE OF THE SNIL CATM1ENT BASINS FOR IRRIGTION 

We have already noted the "potential"Sahel's own short-distance irportance' ofdeveloping irrigation 
the 

in the Sdho!) 
runoff for 

countries.
 

We have also mentioned that in the short and meditumlong-distance runoffs (1) would probably prove the rore erm 
advantageous toUse. 

A study of runoffs on 11 geogrnphical areas in the Sdhejitself yields the following approximate results:
 

Catchment 
 Mean Annual Feasible Use
A R E A S Irrigated AreaBasin Area ' 'Discharge 
 Rogulation 
 Doul-cropI in km2 (Millions of s,3 )(,millions of i 3 ) uited to Wog. 

I Region
jArea 1: 
Loft bank inflow to
Sahelian Senegal 
 26,800 km2 
 10 ?) 5 Negligib


I (about 1 O ha)(2)
Area 2:
 
SALOUM Region 
 32,300 km2 50 (?) 30 1. .,:, ! 

Area 3: I 
Right bank inflows ; 
to GAMBIA from 
 I -

NIOKOLO-KOA to 25,000 km2 
 710 
 525
SANDOJG OU 12,500ha 

Area 4:
 
; Malian inflow to
* Senegal, from 
 I 132,700 k,2 3,0RIOULE 2,090to MORVAVIL 50.uO ha (2)

* 0t'3,1O 2 090' BAOULE) 50,tO0 Ila(2)thou wn (OU LE). 

Mauritanian inflows 

to Senegal, from 210


60,400 km2 
 1,100 
 530. 
 13,00 h
KA 
 ORO to GUELOUAR
 

CARRY FORWARD 277,200 kra,2 
4,970 
 3,180
* 76,500 haI 

witiout(47.500 ha.1OLE) 
(1) In other words, the runoffs used downstream of catchment basins of at least
1,000 km2 
total 
area.
 
(2) In hydrological terms the Baoule is capable of irrigating 29,000 ha but it is
dcubtful whether there Is that much irrie;nble land in its lower valley. Istherefore preferable to reserve Its flow for the Senegal. 

It 



86. 

Catchmont Mean Annual Feasible Use Irrigated Area
 
A R E A S Basin Area Discharge Regulation Double-crop
 

in km2 (millions of m3 )(millions of m3 ) Suited to Geog.
 
Region
 

' 

CIRRY FORWARD 1277,200 km2 4,970 3,180 High 76,500 ha
 

1,590 Low (47,500 without
 
Baoule)
 

Area 6:
 
Voltan inflows to 290 High 30,U00 High
 
Niger, from GOROUOL 1115,200 k.2 1,580 450 Low 35,000.Low
 
to TAPOA 4
 

Area 7:
 
Southeast Voltan ki221,0002 1,520 1,020 High. 34,000 High
 
narigots, from 20, 3
 

PENDJARI to BI-OU 510 Low 17,000 Low
 
marigot
 

Area 8:
 
Marigots of Central 2
 
Upper Volta, except 1 49,000 km 850 440 High 15,000 High
 

Red, Black and White 220 Low 7,500 Low
 

Volta
 

Area 9:
 

Left bank inflows to 64,100 km2 50 30 1,000
 

Niger, from NIMfiIEY to
 
DAIA)L MAOURI 

1Area 10: 
Central rivers of t 91,400 kn2 420 190 6,000 

NICGERJI
 
Area 11: 20,000 h
 

2
1 135,000 k.1 1,410 20,000 without 

BAIIRAZOUM (CHAD) 
BA-Tikt and I I 590 ?) 3 

TOTAL 732,900 kn2 9,220 6,350 136,500 ha High 
(Oxcluding 32,OO0 

ffor BAOULE nd
 
ABHRAZOUM)

I 97,000 ha Low 
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The major uncertainty with regard to these results
 

concerns the retention dams, the topography of which is now known but
 
whose flat shape does not promote efficient use of the recharge.
 

"High" and "low" figures have therefore been suggested 

for Areas 6, 7 and 8.
 

Moreover, the interannual irregularity of recharge, the 
high level of evaporation on free water, and the difficulty of finding 
irrigable land urge cnution in this type of calculation and the areh 
effectively irrigable from Saholian runoff may therefore be put at under 
1O0,O0W. ha, excludinC the potential of the BAOULE and the W.HRAZOUNI 
given here for guidance and whose discharges would seen to be put to best 

use if allowed to rejoin the Senegal and the Chari.
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111.3 - USE OF GROUND WATER FOR IRRIGTION 

A map (scale 1:5,000,000) was prepared of areas 
in the
Sahel where irrigation fro;.: ground water is technically and economically
feasible. This map was drawn fron three basic maps appearing in the
above mentioned study by the Bureau des Rechorches Geologiques ot Minir(

on the ground waters of the African Sahel, i.e.
 

I - Map of Ground Water Capacity 
All areas where rates of flow as defined by the B.R.G.M. are less

than 550 m3 
per day, or 6.5 litres per second ror hectare, wore
 
disregarded.
 

Where this rate of flow is attained or exceeded, it is pJssiblu toput an area of at lcast 10 ha or so, under intensive fruit or

vegetable cultivation, which seems to be a minimum figure.
 

2 - Map Showing Average Cost of Grouad Water Catchment and Utili-ition
 
All areas where the cost per n3 
of water (including depreciation and
operating expenses) exceeds 20 CFA francs were disregarded.
 
Even on the assumption that half of this price would be borne by the
State as Geprociation, the other half, i.e. 10 CFA francs, would
remain chargeable to growerp, who would therefore have to look for
enterprises liknly te she," a :ct p1ro£iL dier tne allocation of150,000 CFA francs each yAar for irrigaition costs. 
Only highly intensive fruit or vegetahile growing would onable suchexpenditure to be written off, an mo.ount which for the timo being isan absolute coiling for African farmers making use of irrigation. 

- l3ap Showing Suitability of Water for Irriation
 
All areas where 
 ground water is not of excllent, good or acceptablequality for irrigation, as defined in th,. classification of theCalifornia Department of Agriculture were eliminated. 

On the above bases the attached map shows that the araswhore irrigation "possible"is (it would be better to say "conceivable"in view of the limits adopted) cover only limited geographical areas,
 
I.e. approximately:
 

- 160.000 km2 in the western prt of the Sahel, possibly in the sand dunesthe alluvi.l soils of the Senegal valley and the water tables of theContinental Terminal and Maestrichtian systems. Ref:rring to the tableon page , the available supply on this area will
3 
 be seen to amount
to several billion m coming mainly from the Alastrichtian water table
',the table on page shows 6,50 million n3 "technically" possible
each year; 
in fact, part of this amount is located outside the

"technically and economically" feasible areas).
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-180,000 km2 in the central part of the Sahel mainly on
 

the alluvial soils of the Niger and the water tables of
 

Tegama sandstones and the Niger Continental Terminal.
 

from the purely
Annual availability (table page...) 


technical standpoint amount to some 5 billion m3. Barely
 

half of these, mainly from the Tegama sandstone water
 

table, are likely to be technically and econ6mically
 

usable.
 

- Lastly, about 100,000 km2 in the tastern. part of thu
 

Sahel, mainly on the Koros water tables and the plio­

quaternary water tables in the centre of the Chad Repub­

lic.
 

Annual avaiiaoiiit1es taD.u, pyage...) are thought to bu 

some 1,500 million m3, of which two thirds would come 

from the Koros water table in a region with relatively
 

abundant rainfall and surface water.
 

llcncc thc ainual volume effentivw'y usable for irriqation 

from ground water in the eastern part cf the Sahel 

presumably would barely exceed 500 million m3. 

Areas where irrigation is technically and econom­

ically feasible, in the extremely wide sense, would there
 

fore cover 440,000 km2, or less than 10% ofthe total
 

area of the Sahel countries. Conceivably some 6 billion
 

m3 might be drawn each year on these arers (3 billion in
 

the West, 2h billion in the Centre and billion in the
 

East).
 
In theory this figure is quite convidorable and
 

would correspond to 400,000 ha, for a mean annual irrig­

ation volume of about 15,000 m3 per ha (1).
 

In view of the cost of the very many drillings
 

that would have to be done, and the state of the market
 

for very intensive crops (the only ones that could carry
 

the accepted economic constraintit seums likely that
 

at best 100,000 ha might be duveloped by the year
 

2000-2050.
 

(1)
 

This figure may seem low. It corresponLC to very high field
 

water application efficiency, valid only for very 
small
 

areas irrigated by modern methods: sprinklings, localised
 

irrigation.
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1I1.4. USE OF GROUND WATER FOR PEOPLE MD LIVESTOCK
 

A map was prepared of the areas where livestock
 
could be supplied from ground water, according to the
 
B.R.G.M. maps of water capacity and quality.
 

On this map four types of area were identified:
 

1) Areas where watering of livestock is impossible
 

- either because the operating flow of recovery
 
installations is less than 20 m3 per day (and more often
 
nil), so that not more than 600 to 700 cattle per day

could be watered and it would therefore be necessary to
 
increase the number of installations and raise the price
 
of water;
 

- or because the quality of the water is not 
suitable for livestock.
 

These areas seem fairly limited in oxtent. They
 
are mainly located in the Republic of Mauritania, where
 
they appear in the form of "dry bevels" covering some
 
100,000 km2. The use of grazings in the souther part

of these dry bevels therefore means thai wherever possibl

artificial ponds or else "feelers" from more productive
 
wateiing places would have to be dug.
 

2) Areas where watering of livestock is difficult because
 
the operating flow is between 20 m3 and 50 m3 per day,

which limits the number of cattle to 1500 head.
 

These areas cover much larger tracts - several hundred
 

thousand km2.
 

However, a distinction should be draqn here between:
 

- areas located well to the south (rainfall over 809mm)

which should permit the watering of livestock without
 
difficulty from artificial ponds;
 

- areas lying between isohyets 200 and 800 mm, which
 
would make the use of artificial ponds feasible but less
 
certain and involvu greater cost;
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- areas in regions with a rainfall of under 200mm. Here
 
the use of artificial ponds to make up for inadequate
 

ground water does not seem generally feasible. However,
 

these areas contain only scanty pasture often of such
 

poor quality that very few nomads come there and the wat­

ering of livestock should therufore raise fewer problems,
 

especially since a good strategy of animal husbandry
 

should promote the search for a more southerly location
 

for nomads and their herds.
 

3) Areas where the presence and possible characteristics
 
of ground water are still unknown. They cover more
 

than 1,000,000 kmf,2, mainly located in the North Sahara
 
part of the Sahel. It would be well to know hny
 

groundwater reso'irces in these arcas, which might
 
at least be used by their inhabitants, and possibly by
 

miring installations and transit stations on the North
 

African route. But as their use by livestock would nor­

mally be excluded, this gap would have no notable influence
 

on the future development of animal husbandry.
 

4) Lastly, areas where the wdturLny or livestock is
 

considered "possible without special difficulty"bUccu5
 
the unit flow of recovery instillations is always above
 

50 m3 per day and the yiater quality is satisfactory.
 

These areas are marked in white on the attached map and
 

will be seen to cover the greater part of the Sahel
 
gazings.
 

It is difficult within the framework of this
 

study to approach the problem of the annual water supply
 

available for humans and livestock from ground waters.
 

We shall merely note that these requirements
 
as determined in paragraphs 1.1. and 1.2. above apd
 

recapitulated in the table on page... represent 2',500
 

million m3 for humans and only 500 million m3 for lives­

tock at the year 2000.
 

The water supply for the population will be
 

obtained without difficulty from ground water. However,
 

very large towns and notably some capital cities may draw
 

their water from the major rivers of the Sahel, subject to
 

prior treatment.
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As regards livestock, there are po's1lbil-ities of 
supply from continuous or intermittent water tables, 
as the case may be, except in certain regions where it 
would ho necessary to use surface water collected in 
ponds or hill lakes, despite the disadvantages to health. 
that careless use of this resource might cause. 
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II.5 - RECAPITULATION OF WATER RESOURCES UTILISATION
 

The prospects of using the water resources prov­
ided by the main Sahelian streams for double-crop irrig­
ation may be summed up as follows:
 

Unregulated First generation Second gener-


flow. Double of dam and recov- ation uf dam
 
cropping ery facilities and recovery
 
guaranteed facil.'ties
 
49 years out beyond 2050
 
of 50
 

Between 0 and
 
460,000 ha 610,000 ha
Senegal 	10,000 ha, 


depending on
 
agr. system
 
adopted
 

Upper
 
Niger + 10,500 ha 102,000 ha 600,000 ha ?
 

Bani
 

Middle
 
Niger 7,000 ha 110,000 ha 110,000 ha
 

Logone 11,000 ha 95,000 ha 750,000 ha
 

Volta +
 
Gambia 1,500 ha 105,000 ha 210,000 ha
 

53,000 to 100,000 ha (?) 750,000 ha 
80,000 ha 

otal 83,000 to 972,000 ha 2,495,000 ha
 

115,000 ha
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By also allowing for the prospects of using
 
the water resources of specifically Sahelian catchment
 
basins and aquifers, it is thus possible to estimate
 
that:
 

- areas capable of irrigation at the 2000-2050
 
target date will amount to 1 million hectares;
 

- the overall irrigation potential of the Sahel
 
amounts to between 2.6 and 27 million hectares.
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CONCLUSION
 

Despite its shortcomings and approximations,
 
the present survey shows that the overall rat­
ional use of potential water resources in the
 
West African Sahel would enable the requirements
 
of people and livestock to be met, as well as
 
irrigation needs, over an extensive period well
 
beyond the target date 2050.
 

In principle, therefore, the problem of
 
water should be no obstacle to the economic and
 

social development of these areas.
 

To carry out these programs will however be
 
a considerable task lasting several generations,
 
yet one so urgent that it should be undertaken as
 
prcmptly as possible.
 

The building of wells, boreholes, dams and the
 
establishment of irrigated areas will also call for
 
substantial financial outlays.
 

Throughout this study the need to regulate the
 
major Sahelian rivers has been emphasized in order that
 

irrigation capacity can be rapidly developed.
 

The cost of building dams will certainly be high.
 
For this reasonL in most cases the dams should be planned
 
as multirurpose projects: for irrigation, generating
 
hydropower and improving navigation.
 

The cost of irrigated areas will be higher still
 
and their development will require many types of extrem­

ely complex supporting action to be undertaken: managem­
ent, training and supervision of farmers, marketing of
 

products, etc., which may ultimately prove to be the
 
major constraint in achieving the proposed targets.
 

Lastly, it would be desirable for this prelimin­
ary study to lead to more specific programmes:
 

- at the level of the major river basins, through
 

the preparation of master development plans such as that
 
drawn up by the OMVS for the Senegal River?
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at State level, for planning the usc of the
 
countries' water resources, which have been inventoried
 
to a fair extent already, including all types of water
 
utilisation: requirements of large towns, rural popul­
ati.ns, Ilvestock , agriculture and industry.
 


