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FOREWORD

*his 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
must of course be expected in a general outline
of this kind.

It is merely intended as a vasis 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-operatlon
and SCET-INTERNATIONAL.
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1.
OUTLINE OF WATER RESOURCES DEVELOPMENT

IN TRKS 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

MAJRITANIA 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 all categories
available f ,c 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
sur face 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 svstems with particularly favourable characteristics.

Part One of the study gives particulars of per capita
consumption for huma-~ and livestock and water requirements
per unit area for the various types of irrigated farming
practised or possible in the Sahel. A first global estimate
of water requirements for various hypotheses of pupulatlon
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 fears. A preliminary comparison of total resources
and requirements is made.

Part Three is devoted co identifying feasibilities
and means of adapting each type of resource to reguirements.

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 lcw 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-
generation reservoir dams to ensure partial interanrual
regulation.

A much longer range total interannual regulation‘of the
main Szhelian rivers should be envisaged and is probably
feasible.

Part Three of this memorandum states the irrigation potent-
ial of cach of the three main rivers as follows:

a) FIresent potential or, in other words, the irrigable area
in "eritical months" recctr.ng every 5 years and every
50 years, the crit.cal month being defined as the month
when the ratio "available supply/irrigation unit re-
quirements" is »t its lowest.

b) Potential corresponding to first~qeneration dams for
interannual requlation.

c) Potential corresponding to long-range total interannual
requlation.
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Potentiais corresponding to interannual requlation were
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 bssis of a frequency function.

In applying the method, withdrawals taken into account
were limited in general to evaporation on reservoir waters,
.spillway outfalls, and drawoff for irrigation according to
a timetable compatible with modern intensive irrigation
requir ements.

The caze of water for navigation and hydropower productlon
was not systematically studied.

The results thus obtained therefore represent maxima which
in reslity could not be attained on multipurpose water
reserves.

Middle-distance runoffs on Sahelian catchment basins, at

least those which scem 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 used only under a regulation system. #n evaluation
was thera2fore 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 irrigacion, with a guaranteed supply in 49 years out of 50.

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

Another possible approach to the use of the Sahelian catch-
ment barins could also be cenvisaged by regulating a very
large number of small basins, which in fact give a far
better runoff per unit area than hasins of over 1000 km2.
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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4.
Lastly, ground water can be used occasionally for irrigation

and very frequently for humans and animals. Areas where
both types of use are possible have been located on a

1:5, 000,000 map with an approximation of corresponding
quantities.
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PART ONE

WATER REQUIREMENTS fOR HUMANS, LIVESTOCK
AND IRRIGATION
IN THE WEST AFRICAN SAHEL

1.1. WATER REQUIREMENTS OF THE POPULATION

Vater requirements per head in the countries of the
West Nfrican 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:

~ TInhahitants of rural areas 40 to 50 litres per day

- Inhabitants of small towns 70 to 100 * .o
(5,000 to 100, 000)

- Inhabitants of large towns 150 to 200(1) v @

(1) Thia figure covers:

- domestic consumption 120 litres per head
- watering private gardens 50 " " n
- watering public gardens 7 " " "
- commerce 2 " " "
- air conditioning 11 " " "

- orafts and very small industries 10

206 iitres 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.

Eccount should also be taken of a seasonal fluctuation
in reguirements, 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% to 40% in medium-sized towns
- 40% in large towns

7t therefore seems reasonable to predict that daily
requirements per head in the year 2000 will be of the foliow-
ing ordcr of magnitude:

Average requirements  Peak requirements

Rural areas 55 litres 80 litres
Small towns 110 litres 150 litres
Large towns . 250 litres _ 300 litres

Applied to the total population forecast for the year
2000 for the six Sahelian countrics combined, these figures
correspond to the total water consumptior.,s shown below:

Total witer Total water
. reguirements requirem2nts
Population (1) per average day per peak day
, (*000 m3) (*000 m3)
Rural areas 25, 000, 000 1,375 2, 000
Small towns 5, 000, 000 660 900
Large towns 11, 300, 000 2,825 3,390

TOTAL 42, 300, 000 4,860 6, 290

(1) Fisures based on assumption of high population growth
in capital cities. :
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Paking an order of magnitude of 5, 000,000 m3 of water
per averace day (for 300 days per annum* and 6, 500, 000 m3 peor
peak day {65 days per annum), we have a total requirement of
the order of

1,900 million m3 of water

X B A AL IO I e e s

for the whole of the Sahel.

This figure would have to be increasedby the water
requirements of certain industries, in par ticular mining,
which are either already or likely to be established in the
Sahel and which may require supstantial amounts of water
(ARLIT uraenium mines, for example!l.

It is cifficult to assign an exact consumption figure
at the date 2000. It seems reasonable, however, to expect
a possible consumption of about 500 million m® per annum, SO
that total future requirements for humans and industry might
well amount to

2,500 million m> per_annum

around the yecar 2300.

While this volume is very small by comparison with
irrigational needs, we shall see that it is by no means
negligihle in relation to the resources that can be drawn
annually frcm ground water without endangering the water
table balance.

1.2. WATER REQUIREMENTS OF LIVESTOCK

Requirements per. head and overall

The cattle herd may be assumed to need 30 litres per
head per day on average. This figure is sometimes considered
inadeguate, 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.



Consequently, an adult zebu of 350 kg live weight,

consuming 2.7 to 3 kg of dry matter per 100 kg live weight,
should Ar ink each day an amount of water between

4 x 35 x 2,7 = ca, 38 litres

1AN

and
5§ x 350 x 3 = ca. 53 litres

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 &3y therefore
geems entirely justified.

The water consumption of sheep and goats is around
5 litres per head.

Finally, the livestock population in the Sahel countries
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
the order of 420 million m3. To this should be added at least
20% for losses around watering-places, so that the figure must
be raised to 500 million m3 per annum.

This volume would be drawn mainly from surface waters (1)
during roughly 7 months of the year and moz-tly 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 km, 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 km, each point serving
about 120 km2,

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 km, each place serving
700 km2,

However, this i3 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

70.000 x 0.03 = 210 m3 per day
10

or 3 litres per second, for a cuaranteed operation of 20 hours
per day. / '

In fact, many wells or borecholes cannot provide such
a discharge. Conscquently if in a given region the watering
places have a unit discharge of only 20 m3 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 typec of system is practised above all in the main
river valleys of the Sahel, especially ihe 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 circumstcnees it is difficult to give figures for
areas and vields. but one may expect orders of magnitude
of 350,000 ha for the six Sahel countrics combined, with
productions of 0,4 t (millet® to 0.8 t (rice'. 1In a very
dry year flood recession cicps probablyw account for
barzly 100, 000 ha.

A variant of this system consists of flood recession
grazings, vast areas of which carry herds during the months
following the withdrawal of floodwater.

The volume used by flood recession crops varie~ assentially
acoor ding 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 crops
woulé consume about 20,000 m3 of water and in an ajerage
year suck 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.
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In similar conditions flocd recession grazings used in

an average year perhars represent 1,000,000 ha and would
consume about 40 bj.lion m? on the basis of the same
calcuiation as zoove. 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 Sahz2l 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 of 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 hicher than the average
yields obtained with the o0ld 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
agriculiure, thus reducing the corresponding water con-

sumptions to negligible figures(1),

Basin check irrigation systems are based on the use of
basins separated by non-floodable embankments over large
areas; floodw~ter is let into the checks at low points
througl 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 flcod recession
crops and grazings, provided they are progressively
afforded effective access to the modern irrigated zones.
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The success of the system is possible only in areas
where two constraints are respacted:

- sufficient rainfall t» guarantee the jgermination
of "rainfed" rice by the time flooding takes place;
respecting of this constraint means that effective
application oi the system is limited to areas with
an annual average rainZfall of 700 mm Or OVer,

- water conditions guarantceing submersion of the
flcodable parits of the checks throughout the rice
growth period to a highly probable cxtent (98%) .

In practice only the upstream valileys of the Niger and
the Bani, the uppermost purt Of the Niger Central Delta,
and certain parts of the Logon€ and Chari valleys are
suited to this systen, clthougi. psrhaps jinvolving several
hundred thousar.d hcctares.

various check layoutz mey eafure relatively high stable
outputs per hectar? ¢ith thio basin system: -

-~ in the so-calied "variety fringe" methcd, the various
gpecies of rice (ercct, somi-orsess, flcoting) are
located in the parts of the basin where water conditions
suit them best;

- in the so-called "ring" methed, inner embankments
divide the whole nf =acl: check into a-eas where the
standing water oan be maintained batween upper and

b

lower limits compatikle with erect rice growing.

The water consumptiorn of these Systems ie difficult to
estimate and varies guite considerabiy from one check
to another. It s=em: possible to acsume +hat av~erage
consumption coriespencs to:

- basin floodirg to n aveirage depth cf 1 metre on
sites effectively cuitivated, i.e. 106,000 m3 per ha;

- compensaticn for craporaticn and sefpage locses during
the vegetation jpericd, waich partly coincides with
rainfall periods; “he porticn of this comnensation
drawn on the floodwates digeharge is probably fairly
smail - abcut 2,500 m3 per ha.
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Lastly, flooding the non-cultivoble pa-ts of the check
basins (bottomz and uvpper fringe:) represents very large
volumes of water, probably twice the above figure; the
uncultivated part of the basins represen:zs lees than 50%
of their total geograpihical crea, but the average depth
of water on it is often over oine metre.

Water consumption 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 reiatively high; cwing to in~lequate control of water
conditions, current yizclds are about 1.5 t of paddy per

ha effectively cultivated and they scem vnlikely to exceed
2 t in future, corrasponding to a watcr consuvmption of some
12,500 m” per t.

On the other hand, these consumptions are drawn from
natural floodwaters and the introduction of Lhe system is
therefore not limited in the first phacse by the low stream
flows of Sahelian rivers.

Intensive irrigation with scomplete water control in the
Sahel countries generally calls for Flcod protaction works,
a drainage netwsrk and a wcparaie gravity or lift irriga-
tion network. Irrigation ~an bz practinscd with a view to
obta‘*ning one _ou_two_ annmal orops.

The first case is at preseat %he rosi freguent, owing to
the indadequacy of availzkle stream flows in the "critical
months”. But this zsituatien iz hound to change quite soon,
as experience shows it is zlmest impasoible to write off
costly engineering wovks with only one crop per year.

For this reason we shall not give further consideration
here to the water rejuiremncits of iingle-crop intensive
irrigation systems; converrcely, the water requirements

of double-crop intensivzs irrigation arc cxamined in detail.
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4/ Double-urop intensive irrigation systems

The .cnnexed 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 c¢limatic and
hydrological data.

Calculations are based on the crop ti-etables and provide
the water requirements expressed for each month in DPET
or Mean Daily Potential Evapotranspiration for the month
in question.

Converting these results into m3 of water per month and
per dey means calculating the D PET at various gtations
and multiply.ng {ae results by a coefficient taking
account of water loss between the headgate and plant
roots.

This coefficient is between 1.4 and 2 according to the
surface area, "

For areas of over 5,000 ha (coefficent 2) the results of
applying the method give the vol‘mes of water to be
delivered each month in m3 per. ha at the headgate (sce
table on page.... below). :

The five intensive systens consideread are the following:

1 - Two successive rice crops close together (isotherm
17° and over); '

2 - Two successive rice crops at 21/2 months interval
(between isotherms 17° and 15°). Ag the m-an tem-
perature for Deccmber and Januwary 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 15°
and over). -

4 - A rice crop in the rainy seagon followed by a vegetable
Crop in the dry season (isotherm 15° and over, with
low, irregular hydro 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 15° and over, with
low, irregular hydro conditions).

It sltould be noted that the water requirements given in
‘pable 1 according to the timetable and D PET figures
shown in Tables 1 to 5 in the Annex do not allow for the
possibility of ~dopting the "transplanting" technique
for irrigated ‘ice. '

Thie technigue 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 ricefields. 1In the System 2 hypothesis at

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

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

area, i.e. approximately '

(7,800 + 5,700) x £
or 11,250 m3 water for a total consumption of about 37,000 m3
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 ie 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 tctals 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 m3 per ha to 42,100 m3 per ha.
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Systems June
&

Stations

July

Aug.

Sep.

(m3. per ha.)

Oct.

Nov. Dec.

Jan.

" INTENSIVE IRRIGATED FARMING SYSTEMS - WATER REQUIREMENTS:

Feb.

Mar.

Ap. ‘llay Total

System I: -
rayes

2 rice

Ccrops

close
together

7809

3900

4300

1500

- 7500

5100

5300

6300

42100

m3 -

Systcn 1. -
Yagoua

2 rice

Crops

close
togekher

5800

2700

3000

1100

- 6300

3600

4200

4300

31000

m3

System 23 -
St Louis

2 rice

crops at
wall-spacad
intervals

7800

4200

4200

1400 -

5700

4800

4900 3000 37200

m3

Systen Z: -
Yagoua

2 rice

crops at
well-spicsd
intervale

5500

3000

3200

1200 -

4300

4400

4000 2900 28500

m3

System 3: 5700
N°'Gui Gie

Rice/Maat

"~ 4309

3800

3600

1000 3500

3100

2200

27500

m3

System 4- -
Niamey
Rice/Vegetables

7200

4000

4300

2500

- 500 3700

3200

3390

4200

33400

m3



INTENSIVE IRRIGATED FARMING SISTEMS - WATER REQUIREMENTS ctd

(m3. per ha.)

Systems  June .. July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Ap. May Total
Pk
Stations

o]
~

System 5= 1300 1500 1700 2200 500 3400 2900 3800 4100 - = 22000 m3
iAaradi '

Irrigated
Sorghun/
Vegetables




19.

These theoretical consumption figures seemAvcry 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 tun of cereals produced, as shown in the tablc 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 Water Consumption
per ha. in m3.

Flood recession
cereals 40,000 m3.

Basin check

irrigation

cereals:

present

situvation 25,000 m3.

Basin check

irrigation

cereals:

future

situation 25,000 m3.

Intensively

irrigated

cereals:

one crop _
per year 17,600 m3.

Intensively

irrigated

cereals:

two crops

per year

(1st crop:3 t/ha

2nd crop:3.5 t/ha) ™ean: 37,000 m3.
Max.: 42,000 m3.
Min.: 27,500 m3.

Cercal Yield
in t/ha.

0.6

1.5

2.0

3.0

AN
*« &t
(S, IS, S,

t.

t.

t.
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.



PRESENT AND FUTURE CONSUMPTION OF IRRIGATION YWATER

On the basis of these figures it is p
a rough picture of present and future requ

probable consumption around 1975-1980

Engineering works
and flood xecession cr

current

Water requirem
imprecise and have

COUNTRY

MAURITANIA
& SENEGAL

Irrigated crops

~-Flood recession
cropping
~Intensive
irxigation,

2 crops nper year

TOTAL MAURITPNIA & SENEGAL

"“ALX,
UPPER VOLTA
& NIGER

-Flood recession
cropping

~-Basin checks
-0ffice Niger:
single-crop
irrigation
~-Niger Niger:

in principle,

‘double~crop

irrigation

in co
ops to be mainta
level, which should represent the situ

Area in ha.

100,000 ha.

30,000 ha.

150,000 ha.

150,060 ha. .

60,000 ha(?)

10,000 ha(?)

TOTAL MALI, UPPER VOLTA & NIGER

Unit consumption
in m3/ha.

40,000 m3/ha.

40,000 m3/ha.

40,000
25,000

m3/ha.
m3/ha.

20,000 m3/ha.

33,000 m3/ha.

20.

ossible to obtain
irements of irrigation

nstruction are assumed to be comnleta”
ined at approximatelv their
ation around 197%.

ents for flood recession grazings are too
not been taken into account:

Total

Consumation
in millions

of m3.
(% m3.)

1,000 1

<

1,200
5,200 M

6,000 *
3,750 M

1,200 M

330 M
11,280 M

n3.

m3.

n3.

m3.
n3.

juk

n3.

nl.



21.

CHAD
(¢ North
CAMEROON) -Flood recession :
cropping 40,000 ha. 40,000 m3/ha. 1,600 M m3.
-Intensive
jrrigation, :
double crop 10,000 ha.l 28,000 m3/ha. 280 M m3.
TOTAL CHAD (& North CAMEROON) | 1,880 M m3.
. GRAND TOTAL | 25,910 M m3.’

Irrigation systems in existence or in construction therefore
represent an overall consumption of some 26 billion m3. "~

Probable long-range consumption of jrrigation (e;g. around 2000
or 2050)

Hypotheses:

- Intensive project development aiming at the installation 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.

COUNTRY Irrigated crops Area in ha. Approximate Total
Unit consumption Consumptic
in m3/ha. in millior

rounded to of m3.
1000 m3/ha. M m3.}
MAURITANIA
& SENEGAL -Intensive
_irrigation,
2 crops per year 320,000 ha. 40,000 m3/ha. 12,800 M:

MALI,

UPPER VOLTA ,

& NIGER -8asin checks 500,000 ha. 25,000 m3/ha. 12,500 M

~-Intensive '
irrigation,

2 ricc crops
per year 180,000 ha.. 40,000 m3/ha. 7,200 M1



~Intensive
irrigation,

2 crops per year
rice & wheat 30,000 ha. 28,000 m3/ha. 840 M m3
- =Intensive '

irrigation,

2 crops per year ,
rice & wheat or : . ,

rice & veg. 50,000 ha. 33,000 m3/ha. 1,650 M m3
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TOTAL MALI, UPPER VOLTA & NIGER : 32,190 M m3
CHAD
(& North 3 .
CAMEROON) -Basin checks 50,000 ha. - 25,000 m3/ha. 1,250 M m3
-Intcnsive .
irrigation, ‘ ‘ _
2 rice crops 50,900 ha. 31,000 m3/ha. 1,550 M m3
-Intensive
irrigation,
2 ciops, _ ; . .
rice & wheat 50,000 ha. 28,000 m3/ha. 1,400 M m3
TOTAL CHAD {& North CAMEROON) 4,200 M m3
GRAND TOTAL 49,100 M 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 figures 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 dlfferent 1f the following
constraints are taken into account:

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

Volume of unrequlated river water available is at its lowest.
Monthly unit consurotion




23

- Need to maintain an adequite permanent discharge to supply
water to riparian populations (especially large towns) and to
ensure 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 possibilitics of drawing irrigation water from most of the
rivers and streams in the Sahel and that in many cases the small
areas a.ready cultivated under intensive irrigation cannot be
increased appreciably without constructing major engineering
works to ensure interannual regulation. .

1.4. GENERAL RECAPITULATION OF WATER REQUIREMENTS

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

ORIGIN OF WATER REQUIREMENTS REQUIREMENTS Multiplier

REQUIREMENTS AROUND 1975-80 AT 2000-2050
in billions in billions
of m3. of m3.
POPULATION "~ 0.75 2.5 3.3
(1)
LIVESTOCK 0.25 0.5 2
(2)
IRRIGATED :
FARMING (3) 26.00 50 1.5
TOTAL 27.00 53 Practically 2

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

(1) Water requirements of current populations were calculated
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 calculaticn for the current
period was carried out on the same unit basis for 25,000,000 cattle
and 30,000,000 small ruminants.

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

WATER RESOURCES
IN THE
WEST AFRICAN SAHEL

- II.1. RAINFALL IN THE SAHEL

‘ Rain characteristics in the Sahel, resulting
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-
stancing features are:

- their ccourrence in time - from April to October
in the south of the Sahel countries and from 10th
July to lOth-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
pexiod of some 50 years.

For purposes of rough calculation, the Sahel coun-
tries have been divided into six geographical areas:
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PRECIPITATION IN THE SAHEL COUNTRIES

GEOGRAPHICAL | MEAN ISOHYETS ISOHYET USED AS AREA UNDER VOLUME OF
ARERS : ANNUAL EXTREMES A BASIS FOR CONSIDERATION PRECIPITATION IN
» CALCULATION BILLIONS OF M3
DESERT AREA: _ Average: 50 mm Average: 75
Northern part S T, 100 mm Dry year: 6,5 mm 1,500,000 km2 Dry year: 9.75
DESERT AREA: Average: 150 mnr Average: 105
Southern part 100 mm - 200 mm Dry year: 30 nmr 700, 000 km2 Dry yoar: 21
~ : v Average: 300 mm R . Averagz: 420
NOMADIC SAHEL 200 mm ~ 400 mm Dry year: 80 mm 1, 400,000 k. .2 Dry yeir: 112
SEDENTARY 100 _ Average: 500 mm Average: 350
SAHEL mm - 600 mm Dry year: 230 mm 700, 000 km2 Dry year: 161
SUDANI-SAHELIAN Average: 700 mm Average: 359
AREA .600 mm 800 mm Dry year: 420 mm 500, 000 km2 Dry year: 210
- Average: 1,100 mm Average: 440
sunzm. IAN AREA 1, 500 mm pry oear: 900 mm 400, 000 km2 bry year: 360
© TOTAL: Average: 1,740

Dry year: 873.75



26,
TABLE SHOWING VOLUME OF RAINFALL IN THE SAHEL COUNTRIES

GEOFRAPHICAL AREAS . VOLUME OF RAINFALL UTILISATION
' IN BILLION OF M3
- in an average yea:
- in a dry year rec-
urring every 50
years

DESERTS- . - 180 average year . -Rainfed agricul-

o ture: none.

- 30 dry year ~Runoff: neglig-
ible and practic-
ally unusable

~Infiltration into
ground: very slight

-Natural range lands:
use very limited

Nearly all cvaportcs

NOMADIC SAHFET. 420 average ycar Rainfed agriculiure:
: none - '
110 dry year ~Runoff: very slight
and practically un-
usable '
-Infiltration into
gw und:very slight
-Natural rangelands:
extensive use

Much evaporates

SEDENTARY SAPHEL 700 average year -Rainfed agriculturc:
substantial use .

and 370 dry ycar -Little runoff, approx.
average 5% i.e. per-

SUDAN-SAHELIAN AREA haps around 35 bil-
lion m3, short dis-
tance runoff. Long
distance runoff
propably amounts
only to some 1%, 7
billion m3 in an
avefage yecar.

N
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~Substantial infil-
tration into a small
number of water tab-
les only:

-Natural rangelands:
very extensive use

a moderate amount

evaporates
. 440 avcrage year ~-Rainfed agriculture
SUDANIAN AREA 360 dry year -Natural rangelands

and recharging of
major. Sahelian kivers
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: In sum, rainfall in the Sahel countries amounts to
1,740 billion m3 in an average year and 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
gengraphical distribution, which varies too much from
area to area, and of amounts which can be used by man,
animals and agriculture.

_ Out of 100 units of water reaching the ground
as rain, thus only the following can be said to be used:

- the evapotranspiration part from cultivated piants
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
inszallations. But runoff only accounts for between
0 and 20% of the precipitation, a figure in the
neighbourhood of 5% being fairly common. Much of .
this amount again evapcrates in 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.. InZiltration into
the dceper layers is very limited (3% perhaps), and
only a very minute part of this water is recovered.

In sum, most of the rainwater evaporates where
it falls or after running off for some distance, or
after being thrown off by plants of no direct agricultural
or pastoral value. '

II.2. SHORT-DISTANCE RUNOFF
HYDROLOGICAL DEGRADATION

Hydroloyical degradation

The geography of the Sahel countries has given rise
to certain river system characteristics:




29.

- Qentlg longitudinal slopes over most of the course;
- valleys are fairly f£lat in cross-section; ‘
- impefméable soils qgherally prevail;

- very high degree of evaporation;

~ the river system generally runs from south (humid
and rainy) to north (where there is little rainfall
and a dry climate 1), ‘

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.

In certain cases (the most striking example being
Lake Chad, although there are others!, the watercourses
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
the ratio between precipitation in some given area and the
volume of water flowing downstream from this area- declines
substantially, depending on whether the catchment basin is

taken as an entity or as the sum of all small component
~adkrhmont areas. .

_ Thus, the Goroul, Upper voltan branch of the
higher portion of thc Niger River, whose basin receives
an average annual precipitation of some 460 mm, has the
following mean runoff cocfficients along its course:

(1) There axe a few exceptions, the best known.arebthe
Volta Rivers and the Niger portion of the Niger River.
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runoff ‘Depth of runoff

Catchment basin . .
coefficients in an averagc yeor

-. Small upstream basins

o/ ‘
of about 25 km2 around 15% around 70 mm
- 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 expl~ains the importance of differentiating
short-distance runoff from long distance runoff in all
estimates of surface water resources in the Sahel countrics.

By short-distznce runoff is here meant the runoff
into catchment basins whose surface are» is big enough to -
provide enough recharge water to justify the development
of some sma2ll clementary irrigated areas. It is assumed
that the water from the swell hill dam can irrigate ot lcast
10 hectares, on which 3 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. 1In general, however, a smell hill .
pond of fairly unfavourable shape in a Sahelian rainfall
area of +500 mm, with a water recharge between 500, 000 and
l million m3 yields a volume of water downstream amountig?
at least to 20-25% of the water it originally receivcg.(

(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% ecither evaporates
in the reservoir or, during heavy flooding,bspills out too
violently to be of any use in the farmed area.
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; To water a minimum area, therefore{ takes
160,000 x %%? = 640,000 m3 of recharge during a dry
year with a 5-year return period.

If the average rainfall is about 500 mm, the rain-
fall»dﬂring?dry year is about 350 mm with 3 S5-year return
period which corresponds to runoff coefficients ranging from
" 0 to 30% and in most cases 2mounting 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 km? 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 while for irrigation develop-
ment in the Sahelian area. It should be noted, however, that
thie standard applies when the average annual rainfall is
about 50C mm, and that, all things being equal, 2 potentially
werthwhile »rea will be greater north of the 500 mm isohyet
and smaller south of it,

, The fact that a basin is potentially worthwhile will
moreover not always justigy the u~e of an irrigetion facility
from a hydrolog.cal standpoint. The topography and the geo-
logv must also lend themselves to the construction of 2 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 {0 the small size of the areas involved.

The economic advantage of such @ facility can only

be determined by undertaking a feasibility study in each
individual case.

Sshort-distance runoff cocfficient

ORSTOM studies show the runoff -position in catchment
basins of some 25 km2 and the following diagram shows annual
frequencicés of equivalent of greater runoff in the three
"desert", "sub-desert"”, and “"Sahelian" climatic zones.

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

- Descrt climate: Graphs 7 and 8
(batween O and 100 mm Aaverage 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.
(betwean 100 and 300 mm average annual rainfall’.

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

- impermeable basins with steep slopes;
about 57 mm.

- relatively impermeable basins with fairly steep slcpes:
about 27 mm.

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

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

In the final enalysis, in a sub-desert climate,
short-distance runoff is of marginal value to irrigation
except when groundwater dems are built to harness under-
flow.

- Sahelian _and Sudani—Shélian Climate
(hverage annual rainfall betwee 300 and 800 mm!.

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


http:Sudani-Sheli.ln

TYPE OF BASIN

1-

2-

3-

Depth of run- Depth of run-
off in a med- off in a year

ian year with with chance
of at lecast

rainfall

gome 500 mm

of

Sandy basins . 2,2 mm

Basins overlying
sand and marl

Basins overlying
granite and gnéis-
sose granite

3.1-Permeable soils
with fairly steep

an 80% follow-

ing depth

1l mm

slopes(lz 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 the
surface composed of more
compact sandy soils and
shallow sandy soils
3.3-S0ils barely permea-

ble with modcrate slopes

(4m/km)

4- Basins overlyinj relat-

5.

jively fissureless sand-
stone, excluding the
Aderdoutchi Basin in
Niger

Basins overlying schist

6-Ader Doutchi Maggia

sandstone basins

6.1 with 40% red-brown
soils and favily perm-
eable arcas

6.2 80 to 90% alluvial
clays and non-calcarcous
goils

70

98

70

175

mm

mm

mm

mm

mm

mm

30 mm(?)

35 mm(?)

35 mm(?)

50 mm(?)

35 mm

,110 mm

33.

Depth of runoff
in a year with
a 98% chance of
at least the

following depth

5Amm (?)

10 mm(?)

15 mm(?)

15 mm(?)

25 mm(?)

15 mm

40 mm
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All these figures, especially those on the last two

columns, are averages subject to confirmation, based on data
taken from ORSTOM studies.

- Sudanlan cllmate

Informatlon 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 asbout 150 mm at least
in the moderately sloping gneissose granite areas and for
catchment basins some 25 km2, in area

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 1,C00 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 componont
basins, which is beyond the purview of this paper.

In the absence of such an evaluatibn. 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 countrics as follows: ‘

1. The fraction of the total area occupied by small catchment basins
(ranging from 2 km2 to some tens of kmz, with the average located
somewhere around 25 kmz) with appropriate locations for hill dams
and irrigable soil.

2. Mean annual depths of runoff,

3, Ratio of mean recharge water which can be recovered downstream for
irrigation purposes,

4., Water consumption requirencnhis por irrigated hectare.

- The first ratio depends on topography, and generally decreases as
one noves from south to north in the Sahel countries; gencral magni-
tudes of 1% in the Nomadic Sahel, 10% in the Sedentary Sahel and
Sudani-Sahel area, and 12% in the Sudanian area are likely according
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 Scdentary Sahel and the Sudani-Sahel area, and .
120 mm in the Sudanian area.

These figures do not scem exaggerated as averages for large arca units,

- The third ratio depends on evaporation and average mean annual rainfall
in the water reservoirs. ' ‘

The various management forecasting studies for small dams carried out
as part of the survey on drought-control strategy in the West African
Sahel suggest that 20%, 30% and 50% of the average annual rechargo
“could be used for irrigation in the Nomadic Sahel, the Scdentary
Sahel and Sudani-Sahel area and the Sudanian area respectively.



= The fourth ratio (irrigation water requirenents) increascs a

moves. from south to north,

coefficient over small areas,

in the Sudanian area, 20,000 m3
Sahel area and 25,000 m3 in the
type crops (rica/legumes in the south,

the north).

S onc

Considering the high water utilisation

the figures might reach some 5,000 m3

IRRIGATION CAPACITY PROVIDED BY SHORT-DISTANCE RUNOFF

in the Sedentary Sohel and Sudani-
Nomadic Sahcl for cereal and legume~
sorghum or wheat/legumos in

The following table wnight hence provide some rough idea
as to thooretically useable irrigation ca

pacity by means of fully
controlled short-distance runoff,

Geographical area.
Extreme and annual
mean rainfall,

Total area in kmz.

Useable areas:

-as percentary
.0f the total

- and in km2

-Mean annual
depth of run-
off in mm

-Mean annual
volume of run-
off in millions
of m3

=Volumes of
use to
irrigation

-as percen-
tage of the
average
annual and

~in millions

-WAter‘re-
"quirements
per unit
area i,e,
m3/ha.
~Potentially

irrigable
areas

of m3

NESRRT ARFA
20 to 200 mm

SHORT-DISTANCE RUNOKEF OF NO USE TO IRRIGATION

(in ga)

gggﬂflC4ggHEL % 2 25 mn 20% 3 25,000 m3
° e 3 4 6,000 ha
11,400,000 kn2 ' 28,000 km 700 M m 140 M m appion. !
SEDENTARY SAHEL 3
AND SUDANI-SAHEL 10% 50 mm 30% 20,000 m
AREAS, 400 to 800mr| 113,000 km2 5,650 M m3 1,700 M m3 | 85,000 ha
1,130 000 kn2
ggg“g;“” AREA 12% . 120 mm 3 50% 3 15,000 m3
' , 1 200,000 ha
420,000 kn2 50,000 km 6,000 M m3 3,000, M n3 200,000
TOTAL 12,350 M m° 4,840 M m3 [291,000 ha
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1) -

2) -

3) -

4) -

.Four points are worth stressing:

These figures are large rby opon to‘doubt, and again can only be
regarded as very approximate,

Insufficient irrigable soils downstrcam of the dams constitutu a
constraint which may substant1a11y reduce these figures, especially
in. the Sudanian Areca,

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

~ NOMADIC SAHEL 6 ha
~SEDENTARY AND SUDANI-SAHEL AREAS 20 ha
= SUDANIAN ZONE : 100 ha

One cannot be sure, morcover, that 100 ha, of irrigable soil could
readily be. found downstream of each 25 km? catchment basin considured
suitable for development in the Sudanian Zone since the total irri-

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

region,

The table however probably gives an accurate picture as to rclative
orders of magnitude of the areas which potentially can be irrigatod

from short-distance runoff. Even in the absence of precise figures
the potential can be summarised as follows:

~ DESERT AREA AND NOMADIC SAHEL Negligible potential

= SEDENTARY SAHEL AND SUDANI-SHHEL One third of potentials, i.e.
AREA perhaps 100,000 ha can be
effectively irrigaged

- SUDANIAN ZONE “Iwo thirds of potential, i.c.
perhaps 200,300 ha can be
effectively irrigated.

Developing the full potential, evaluated at 300,000 ha, would entail
a titanic effort, since it would mecan building son.e 7,000 h111 dans,

At an average cost of about 300 million CFA francs peor dan (a),the
investment would exceed 2,100 hillion CFA francs, not counting
installations in the irrigated arcas,

(1)

This rigure can vary greatly, .depending on the topography and
geoteshnrieal conditions, '
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11.3 - LONG-DISTANCL RUNOFF

~ While the data in section 11,2 cnables potentially irrigable
lands to b2 estimated provided all small catchment basins in the Sahel
countries are equipped, the utopian cnaracter of such an endeavour is
also apparent, . Looking sevcral centuries ahead, conceivably the Saheclian
population could perhaps acquire such facilities, which would not nessari-
ly be limited to crop irrigation alonc (driniiing water in rural areas,
urban development livestock production, quality of life, etc.).

Within the more foreseecable future of a few dozen yoars, the
Sanel countries might perhaps achicve 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 scalc, This is an important
consideration in countries where the shortaze 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 areag range from o few thousands to a fow tens of thaugand km

wedwlamaae

i,e, medium-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
. the CHARI-LOGONE-CHAD systen,

to which we have added the GAMBIA owing to the extensive volume of
water it rcceives 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,

3s.



11.3.1 - LONG-DISTANCE_RUNOFF_IN MEDIUM-SIZED_CAYCHMENT BASINS

Genora) Characteristics:

A medium-sized basin is taken to mcén a catchment basin of
between 1,000 and 120,000 Ln2 located entirely within the Sahel,

Three runoff features arc of special relevance to utilisations:

1 - The Irrigularity of Runoff During a Given Yeoar

~ Actually nearly all of these catchment basins yield no downstrean
flow during all or part of the dry season,

As an example, the ALIBORI, the Benin affluent of the Niger, whose
greater and mediun-sized catchment basins cover 8,150 km? 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, tais period extends from Deccmber to July.
The attached charts give an idoa of the irregularity of flow down-
stream from the basin in years of beth slight and heavy rainfall, -
The situatiocn 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 madern, intencive porcnnial ircigulion 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
excoption, onc moreover of limited extent:,

2 - Rates aro also very irrigular from yecar to year,

As an example, the ALIBORI flow rates, expressed in continuous year
round terms, ranges from 13.5 m3/sec. in a decennial dry year to

65 m3/sec. in a decennial wet year (39.5 m3/sec. in an avorege year),
And this is an especially favourable case,

Tho flow rate of thc BAM-BAM as it leaves the GUERA mountains in CHAAD
varies betwecen 9 million mS3 in a decennialdry year to 108 million m3
in a decennial wet ycar, (20 million m3 in an average year),

If any considerable proportion of the runoff supplied by these catch-
ment basins is to bo used for intonsive year round irrigation, annual
regulation of the flow will therefore not be enough,
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Flow reguhtion facilities must be fairly substantial foi 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 coentennial years,
where a moderatc loss in quantity can be tolerated),

Hydrological degradation reaches some considerable proportions in

these basins and the average annual runoff coefficients are still
ralatively small,

They vary greatly from one catchment basin to another, The
following paragraph gives a very general jdea of the main types of’
runoff, as described by the ORSTOM,

Runoff in Medium-sized Sahelian Basins

According to ORSTOM, a distinction should be madc between the

1,000 to 10,000 Km2 catchment basins and those of over 10,000 kmz .

- e v Ay St e P P S8 S M G A mm am am o= b8 W O TH T 2B

a) -~ In desert and sub-dcsert climates, with an average annual
rainfall reaching some 300-400 mm, average annual recharge
rates are negligible; the supply mainly depends on the tribu-
tary closest to the station where flow ratcs are measured,
Thus “the Fero Wadi catchment basin at AM NABAK has a surface
area of 5,600 km¢ and 19 ycars out of 20, or perhaps even
49 years out of 50, the runoff comes from a 50 km“ zone
immediately upstream of AM NABAK", (Source: ORSTOM) .

* The only notewgrthy exceptions are the catchment basins lying
mainly in well=-developed mountain areas where the terriaia is
fairly permeable and the slopes of the main valleys arc fairly
steep,

Thz KORI TELOUA in the AIR mountains, thus with.an average
annual rainfall of 160 mm has the following runoff depths:
- Median year 25 mn (runoif cocfficient: 15%)

-~ Doceanial dry year 8 mm (runoff cocfficient: 8%)

In the absence of mountain catchment basins, catchment basins
where the ground is fairly impermeable and slopcs are sub-
stantial can yield coefficicnts betweon 2 and 5 % in a median
year, provided runoff conditions dawnstrcam arc adequate,

vhen the slope is too genfe and the soil permeable, these
coefficients drop to some 1%‘Pr even 0O,



b) - Ina strictly Sahelian clinate, a distinction should be nnde
between:

b.l = Catchment basin overlying granite or gneissose granite |
formations where. runoff may be as follows: '

= yery gentleslope 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 t 24 vm in median year and
permcable soil - 7 mm in decennial dry ycar
- moderate slope, Approximate depth of runoff:
high percentage of = 35 mm in median year and
. clayey soil cover- - 22 nn in decennial dry year

ing the granite

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

the former:

- basins with good Approxinate depth of runoff:
runoff conditions = 65 mm ii nmedian year and
(stecp slopes very - 20-25 mn in decennial dry year

few permeable soils)

=~ Basins with moderate |Approximatc depth of runoff:
runoff conditions -~ 30 i in median year and.
(nedium slopes, high |- 10 mm in decennial dry yecar
percentage of im-
pormeable soils)

- basins with poor Approximate depth of runoff:
runoff conditions = 15 mm in median year
(fairly gentle = and slightly under omm in
slopes, considerable decennial dry year

percentage of
perneable soils)

An overall estimate runoff based on the above data would have
no meaning., An estimte has therefore been made in Part IV based on data
from 50 oatchment basins grouped into 12 hydrological areas covering some
500,000 knz. Theso basins supply most of the useable rechnrge wnter for
medium-sized catchment basins in the Sahol proper,



2 - Cntchnent bnsing over 10,000 km2 in_areca.

According to ORSTOM only a few catchment basins with a
surface area of over 10,000 kn? can avoid total degradation,

They fall into two groups:

Group 1
‘This group is composed of rivers with ‘‘gentle siopés, with
very little runoff over much of their surface area or a heavy loss of

water in certain arcas”, e.g. the WHITE VOLTA, THE GOROUOL and the
KOMADOUGOU,

The depth of annual runoff is some 5 mm in a mdeian yecar,
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 arc generally appreciable, or because of
clayey soils", e.g. The BATHA and the BAHR AZOUM in CHAD, and the SIRBA
a Voltan affliuent of the Niger portion oiihe Niger river,

The.depth of annual runoff is some 15 mm. in an average year,
i.e. the runoff cocfficients 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 raturn period is 2 mm.

The KOLOMBINE and the KARAKORO, right-bank affluents 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 rum in a
median year, : '
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11, 3. 2 - FLOW RATES_IN_BASINS OF SAHEL_R1VERS

Three hydrological characteristics of the major Sahelian

‘Rivers should be taken into consideration:

1

gggbly_variable dischargé rates within a given year

As, according to ORSTOM, in the following cases:

-Senegal River at Bakel in 1973 (uﬁcn 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 area):

. maximum flow rate 4,140 m3/sec
. average flow rate for the

year : 903 m3/sec
. low stream flow rate 15 m3/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 603 m3/sec

low stream flow rate (1974) 0.6 m3/sec

Variability is less marked for the Logone and the Chari, at least as
regards low stream f{low:

-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 ln 1973

.maximum flow rate 2,130 m3/scc
. average flow rate for
the year 572 m3/sec

. low stream “§.w gatw 3?,6 m3/sec
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2 - EESEEX Variable discharge rates as_betwecn years, as shown in

the following table:

Average annual * pischarge in 1873 !

' t
! ' :g}SﬁB?rge(billions . (billions of n3)
: o SR | i
1 Senegal River at | 23.6 | 11.2 (20-year return 1
Bakel o ' . 3 ,
! ' ! period) ‘
! , Yo mm e e P
: '
s vzﬁfrlniver at f 67,0 ! 29.2 (50-year return ‘
: d .oro o L period) g
' ' v '
' Logene and Chari ‘ ' !
' where they enter ; 46,2 ' 18,0 (40-year return )
y the Sahelian Zone | . _period) '
H T ; - :
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 Sanci
excecds the total average discharge of the White Nile and the Blue
Nile, whirh, according to ORSTOM, 121 billior m3

3 - The major Saheclian Rivers suifer from very seriouc hydrolog:cal
degradation as they flow through thv Sahel, as shown by the following

ORSTOM data:

! 1 1 '
‘Avcerage annual G AyerPfo annual Average Avergge loss
{discharge upcn! dischirge upohgpniey los% in ratio to
yentering the Sahely jeaving the (billions' averagoe

ed cud cop cam sem e

1

!

! Ler) ‘ . _the

; !(b.llxons of m3) | S?h0é§b:1}1on§ of m3) ! annual dis-

! ! ! of m ! -1 charge

t 4 t - t ———t

1 SENEGAL ) 23,6 { 22 (pPagang) ¢ - 1,6 v - 7% '
! ! ! 18 (St-Louis)! - 5,6 ! -23% 1
+ 4 + t ¢ +
INIGER + BANI! 67,0 ! 3G (Diré) 1 =31 v -47% 1
! | !t 31,2 (Niamey)! -36,8 ! -55%) !
1 * ; + t !
1 CARI + 1 46,2 1 38,5 (g;gg§- v 7,7 v -17% !
! X .

! LOGONE ' ' o (romam | 46,2 ' -100% :
. N H H H

1 TOTAL ! 136,8 ! 49,2 (St-Louis P g5 1
i S | ! + Niamev+TCHAD 1 -

To develop the major Sahelian rivers to any considerable extent, a firgt
step must be substantial interannual river training before they onter the
Bahclian area proper. :
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IX.4 - GENERAL LOCATION OF GROGNDWATER RESOURCES

\ .
The study dealing with the productivity 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
Miniére, 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-
i1ful reserves owing to their huge size.

The B.R.G.M. classified under this heading “sed-
imentary formations with interstitial porosities (sand,
sandstone) or fiseures, showing some general permeabili-
ty, (dolomite, limestone, karstified calcareous, marl,
highly diaclastic rocks, etc.).

- DISCONTINUCUS AQUILELRGS, wintringically imnermeable
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 forw:-.
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.” '



11.4.1. - GENERALIZED AQUIFERS

a Going from West to East, the principal GENERALIZED
AQUIFERS are as follows: : :

_ I1.4.1.1. - GENERALIZED AQUIFERS IN THE WEST OF THE SAHEL
" COUNTRIES '

' hese underlie SENEGALESE AND MAURITANIAN territ-
ory and.comprise four major water tables:

pune sands:

These are quaternary sands extending over some
thousands of square kilometres behind the Atlantic Coast,
from Cape Verdc 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 noxm-

e e

ally from 20 to 30 metres.

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 rields of
up to 1,000 or 1,500 m3 per day could be obtained, and
would be useful for jocal irrigation of fruit, vegetables
and foddcxr crops.

The capacity of the water table, which is inters-
persed with some sterile arecas, is not known. Although
it is tc some extent replenished by rainwater, it may
be doubted whether more than a few hundred million m3
per year, enabling some 10,000 ha ¢o be irrigated, can
be safely drawn off without gradually exhausting the

supply.
ooo/ooo
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Continental Terminal

This is a vast aquifer consisting of heterogeneous
argilaceous sand or sandstone, or sometimes eocene lime-
stone.

1t seems at first sight to be’3reec table, its stat-
ic level lying some 50 to 70 m undexground, 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 balan<e 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
per day (for a drawdown of 10 m) to those in the
' neighbourhood of MAURITANIA (300 m3 per day for the same

drawdown) .

The water table could be tapped for irrigatiopn
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
to 400 metres deecp (usually 200 to 250 metres). It cov-
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 ;eplenish—
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 excced 6,000 m3 per day).



SENEGAL Alluvia:

" The B.R.G.M. claims that these alluvia are
"highly permeable locally and may yield up to 30 m3
per hour 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 1rrlgated from riv-
ers, on the whole move cheaply.
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Other water tables in the West of the Sahel countriecs:

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

'the palacocene 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 m3 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).

- fhe TAOUDENT water table, the existence of
which seems probable and might be a boon for MAURITANIA.



11.4.1.2. - GENERALIZED AQUIFERS IN THE CENTRAL PART OF
' THE SAHEL COUNTRIES.

. The three principal generaliscd aquifers in the
central region (MALI, UPPER \OLTA and NIGER territory)
are:

The water tables in continental formatiohs of varying
age in MALI:

These extend over about 130,000 km2. around the
loop of the Niger, from upstream of SEGOU (South AZOUAD)
to downstiem of GAO (orth AZOUAD) . mainly in argilaccous
sandstone of the continental Terminal or in alluvia of
~ the Niger River.

. Usable amounts secm to approach 30 billion m3..
the aquifers gencrally being not very deep, stretching

~ downwards for a few metrgs, Or more often for a few

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

It is not known what yiclds could he used annually
without endangering the water table balances but they
are probably rather low, notwithstanding theu fact that
they are replenished by the Niger or by some of its
tributaries, ¢.g. the Faguibinw.

. The specific yiclds are generally low, cven in
the Niger alluvia, where they do not cxcued 360 m3/day
for a drawdown of 10 mctrus.

The Western water tablce of the continumtinl Terminal
in the NIGER Rupublic:

~ Extends over some 20,000 km2., south of tho
sudanian channcl and the Niger Basin.

It lies in argileaceous sandstonie, and in somu
places in sand; it often compriscs more than onc water
table (at least two) which communicate with the frec
standing ground water above. '

The static level of the aquifer lies some 30
to 60 m underground, and its dupth varies from 30 to 60m.

-.-/.Ql
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Usable quantities amount tc some 15 billion m3;
"¢he 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 metrecs. ' ‘

The Tegama sandstone water table:

This is thc largest underground water table in
the central region.

Geographically speaking, it belongs to the Inter-
calatcd Continental formation and the continental Rock
Plain'series.

It extends from the South of the AIR region to
the Nigerian frontier and from thec TENERE to the NIGER,
covering scveral hundred thousand km2 at depth down to
30 to 50 m (it 1s, however, conlined with 2 static level
at + 15m. in thc Southeastern part of thc NIGER Republic.
- phis watcr table, which is 500 to 700 m. dcep, madce up
of sandstonc. argileaccous sandstone, sand and clay,
has a usable volume of scveral hundrod thousand m3, and
the maximum annual draw-off might well amount to several
billion m3 with replenishment by the Niger).

The specific yieldsarc very high in the part of
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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In other parts of the water table the specific
yields are well bclow 1,000 m3 per day for the same
drawdown.

Other generalized aquifers' in’the central SAHEL regions

Two of these are of 'some interest:

- The AGADES sandstone watcr taible 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.

Phe aquifer is some 90 m deep, and the total usable
volume must approach 10 billion m3.

However, 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.

Although average specific yields only amount to some 500
Lu 1000 m3 per day, with a drawdown of 10 m thie amuifer
is of great importance for the local ‘populations.

~ The. primaxry system water tablee liec West of the AIR
region. '

These are sandstonec or sandy aquifers enclosed by clay,
with fresh water in the Mothern part, becoming brackish
towards thc South. ’

They cover séveral tons of thousand km2, and usable
volume probably approaches 50 billion m3.

There seems to be little or no replenishment, so that
the maximum annual draw-off is very low, but thc specific
yiclds are sometimes high.

The OTHER GENERALIZED NQUIFERS IN THE CENTRAL
SAHEL REGION arc¢ of much les importances:

- The TNOUDENI water table scums to be the MALI extension
of the (hypothetical) MAURITANIAN aquifcr alrcady reforred
to. '



. The ADRAR DES IF{..AS marinc¢ series offers rather low

specific yields (0 to 150 m3 per day for a drawdown of
10 m).

- The GONWO water table lies in argileaccous sandstone
filling a basin formed by subsidence, strad ing the
UPPER VOLTA-MALI frontier, East of BANDIAGA the
specific yields are low.

- The TELOUA sandstone water table West of the AIR region
has not be fully e lored; its productivity is cornsidercd
to be low.



. 11.4.1.3. - GEI'ERALIZED AQUIFERé 1M THC EASTZRM PART OF THE
: SAHEL STATES . _

- The Eastern part of the Sahel states is defined in the
B.R.G.i1. study already referred to, as comorising the territory

of the (1D Republic ané the part of the NIGEF. Republic lying east
of the Zinder meridian.

Fight gencralised aquifers apoear to be of considerable
.Amportance; unfortunately as a rale they have been less fully
. explc =d than th2 generalisced aquifers of the western and central
regions of the Sahel countries. .

1.~ The TEGAMA sandstone in this region is an extension of the
major aquifer of the same name in the central region. The :andstone
. extends from DANERGOU, south of TrMERE, to TALASSASSET, and is very
gimilar in character to that found farther Wesc.

2.- The UPPER CRWTACEOUS sandstone series nverlie the TEGAUL.
gandstane to the East, around TERNMIT, AGADE}! and BILMA (whore the
artesian springs well up at the rate of 1,200 m3 per day.)

powards the Souih, various borchioles yicld flows of around 400
to 1,000 m3 per day. :

The particulars of this series arc, on thz whole, very imnnrfoctly
known.

3.~ The KORMMAS wator table stretches South of the Zinder
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mountain systcm to from 20 to 30 km. North of the WICERIAN frontior.

There is little accurate knowladge of the total usable volume
or specific yialds, which scem to vary widely from 250 to 2,000 m3
per day, for a drawdown of 10m.

4.~ The PL10-QUATCRNARY water tables oxtend North and East of
Lake CHAD, in thc HANGA and XANEN rogions; they cover some 65,000
“km2, with a’ total usable volume orf some 30 billion m3.

They comprisc an upper stage, a river-lake serics and dunas, from
10 to 20 m. doep, sometimes saparated by clay, the whole showing
gomewhat varied water foeaturces and fairly low specific flows of
some 120 to 300 m3 pcr day, for a drewdown of 5 m.

This samu sories includes a lower watcer table snclosad in sand,
knovn as the middle water table,it wells up in placces around Lake

CHAD. Specific yiulds are distinctly higher (500 to 2,500 m3 per day
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The B.R.G.MN. refers to the following:
-The cretaccous sediments in southern CHAD

=The marinc carbonifzrous sediment in scuther
- CHAD

=The Nubian sandstone in the northernmost
part of the CHAD Republic, which may prove
highly productive.
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f§f’d“drawdown of 10 n. 56.

5.~ The CONTIMENTAL TERMINAL, northern part, oxtends West of the
OUNDAT district, through the CHAD lowlands and the BATHA district.

- over about 40,000 km2. This is a shallow water table near the
surface, but owing to its extont and water characteristics, the total
usable volume scems to be considerable (somewherc between 10 and

40 billion m3.) :

The specific draw-offs are highly variable, ranging from 120 to
1,200 m3 per day, for a drawdorn of 5 m.

6.- The COITI '™ L TCY INTL, sonth.rnwo-~rt, still r £.rr -}

to as the KOROS water table, covers an area of some 109,000 km2,

in the southern part of the CHLD Republic, south of ROUGOP; and

in the SALAMAT district. It is a water table with somewhat varied
foatures, the static level lying betwzen 5 and 80 down, having a

depth of somewhere around 15 metres, with wide variations.

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

For a drawdown of 5 m. tha specific yields of intake installations
range from 250 to 1,300 m3 ver day, gcncrally much nearer the
first figqure.

The low general productivity of this water table is thought
gradually to improve as it aporoaches the centre of tho SALAMAT
depression.

7.- The LOWER PLIOCENEL water table is believed to cover sone
25,000 km2 above the Continanzal Terminal, ‘est of tho OUADDAI
district and the northern part of the Continental Tarminal table.
The land consists of goncraliy 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 coarsc
and kaolinic sandstones highly productive and largely unexplored.

Other goncraliged water tablcs are of less importance, and
have becn even less fully explored than those already described.
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11.4.2. - DISCONTINUOUS AQUIFERS

These aquifers cover nost of the r2mainder of the Sahel
‘eountries. Their only conceivable fynction is to supply the popu-
lation and th2ir flocks and herds.

1. - First and foremost ara the acuifers 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
arcas;

- 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 ZiNDER, OUADDAI and GURR:. mountain systems.

Total usable reserves, annual usable amounts and spdéific
drawoffs arc invariably low in these formations (rar:ly cxceeding
100 m3. per day.)

We find in addition:
2. ~ The discontinuous water tablcs of the HODH pelitcs, under

the pasturc. land at the East-West frontier b~ tween MAURITANIA
and MALI.

3. - Discontinuous watcr tables in the infra-Cambrian and
primary sandstones in MAURITANIA, which may be sliahtly more
productivc, particularly in the AGSSFBAT and TAGANT arcas.

1I.5. - GENERAL RECAPITULATION OF GROUND WATER RESQURCES .

The attached map mercly 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 tcchnically can be harnessed for irrigation, hance also
for supplying the nceds of humans and livustock.
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" REGIONS OF
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HESTERN
REGION

CENZRALL
REGION

EASTERN
REGION

TOTE: SaPRL

Principal generaliged
aquifers :

-Dunc sands (coastal)
-Continental Terminal

~-Maastrichtian sandstone

-Senegalese alluvia
TOTLL VIEST

-Continental formations
in MALI

-tlastern Contincntal
Termrinal water table
in the NIGER Republic

-TEGNAMA sandstone water
table
TOTILL CENTRE

~TEGMNME. sandstone

~Upper sandstone
scries

=RORAMNS
-Plio~-quaternary
-djorth Continental
Terminal

-~-KOROS

-Pliocene

-Cambrian-Visean -

TOTAL EAST

Total usable
volune (in
billions of
m3.)

5

50
3,000(2)

50
3,105(?)

30

15

300
345

see Central
Region
?

?
30
10 to 40

20 to 80
15
5(2)
100 ko 200(?)

3,550 to 3656

Jnnual drawv-offs
tcchnically
possiblzs in
millions cf m3.
(rouch, purcly
tentative
estimation)
without endan-
gering the equi-
librium of the
water table.

200
1,000
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)

2,500 to 4,500(?)

11,500 to 15,000

- Medium & Good

Specific draw-offs
in =3 per day for @
drawdown of 19 n.

2,000

Good: 2,000

Medium
Poor to Medium

Good
Hedium

Poor to Medium

Medium and Good

Medium & Good
Poor

Madium and Good
I'edium and Good
Poor

Poor & Medium
Poor
Good

Best Available Dpcﬁmen»‘i
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. No undue value should be attach:d to thi.s¢: fiqgures. which
‘ara merely intendoed to provide the rcader with some standard
of rafirenc.,

The total usable volumz of tho lecading gencralised acuifoers
in the SAHCL amounts to scvaral thousand billion m3 (pecrhaps.
‘between 3,500 and 4,000 billion), the bulk consisting of
Maestrichtian sandstons. Th. annual drawoffs technically possible
without c¢ndangering the 2quilibrium of the watcr tabl:s are harder

to calculate, but may be put at somc 12 to 15 billion m3.

In actual fact, economic use for irrigation should bz
restricted to installations with 'medium: and ‘good’ specific
vields (i.e. over 1,000 m3 ver day or 12 m. »er sceond), provided
that the operating costs are reasonable and quality is satisfactory.

This being so it is probably impossible to draw off roally
large amounts from the SAHFL water tablos for irrigation purpoacs.

Even if the¢ maximum latitude were allowed, accepting for
axample, such conditicns as: -

- Minimum spocific draw-of€ 500 m3 per day per borchole

- HMavimum cost per m3 of water CFA Fr. 20 per m3 (CFA Fr. 300,000
for 15,000 m3 per year of irrigation
witer, which could only b.,
contemplat:d for double crowning
of highly productivo, quality
vegetablas or fruit.)

-quality of water ' Good, Mudium, Poor undor tho
California Dopartment of
igriculture classification.

it may bu doubted whether more than on2 to two billion m3 of
ground water could be drawn off for irrigation (About 10 ner

cent of the yields technically possible), corraspon-linGg to batween
60,000 and 120,000 irrigable ha used to grow highly productive
and quality crops, supplicd by 1,000 to 2,000 justallatiors.

It scems reasonablc to assume that the resources now capahle
of being used would supply little more than 10,000 to 20,000
ha within the next fow decad:s. -
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PART THREE

ADAPTING RESOURCES TO RFQUIREMENTS

I11.1 REGULATED AND UNREGULATED USE OF THE MAIN SAHEL WATERCOURSE
TRRIGATION

Utilisation without regulation

The aroas which can be irrigated from the main Sahelian
rivers without regulation of the flow have been calculated for quantitics
of water guaranteal by normal flow, four ycars out of five, and 49 ycars
out of 50, during the critical months; the figures have been taken from
the tables of mor.thly yiclds in the ORSTOM hydrological yearhooks, .
classified in inverse order of importancs, with any needod extrapolation;
quantities corresponding to the maintenance, during the same critical
months, of a sufficicent flow to cover water requirements of the riparian
populations and insurec survival of tho aquatic fauna and flora havce buen
deducted,
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Thusu winhimun d ag follows:

- for the SENEGAL, Upper NIGER and Middle NIGER (1), at about 30 m3 por
second, or roughly 50 million m3 per month;

- for the LOGONE and thc CHARI, at about 10 m3/sccond each (2), or
roughly 25 million m3 per month; .

- for the Upper BANI, at b m3 per scé¢ond, or roughly 12 million m3
per month, !

Regulnted usc:

The simulatced managemept mevhod mentioned in the introduction
was applied to all reservoirs for the threo main Sahel watorcourscs and
the WHITE VOLTA, thc dimensions of ‘which were ascertained with an
accuracy compatiblc with use of thu mathematical model,

Assessmonts were based on information available regarding the
GAMBIA watcr rescrves. ’

(1) For the Middle NIGER, account must also bo taken of the nocessity of
maintaining a minimum flow in the "Njgerian" reach,

(2) Thus representing 20 m3 per second downstrcam of their conflucnce
at N'DJAMENA, :

Best Avallable Document
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1I11.1.1, USE_OF SENEGAL WATERS FOR_IRRIGATION

111.1.1.1. UNREGULATED USE OF THE SENEGAL

Unrogulatod use of the valley land
T

The pedologically irrigable land in the Senegal Valley lios
downstream of KAYES, and mainly downstrcam of BAKEL (1); it is subjoct
to flooding by the river to a depth of about 1-4 metros, al though
this figure varies over the ycar and from yecar to year; in addition,
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 (sce section 1.3 above,page..), and
- development by intonsive irrigation wou.d call for large basin checks
protected from the river floods by a system of levees, and irrigatced
by pumping from the river, Asg the cost of such facilitics per hectare
is high, it is an economic n2cessity to practisc the doublo cropping
systom, which is possible in thosc latitudes, either growing two rico
crops with a long time interval betwecn them (systom 2. sec page )
in the northern part of the valley, or two ricc crops in quick succussion
(system 1, page ), in tho South and upstrcam of the valley towards
BAKEL, or more probably two rice/whoat crops (system 3).

Of these systems the one which scems likely to be most widcly
adopted in the river valley arc systom 1 (rice followed by rice) and
system 3 (rice followcd by wheat).

The c:itical month for system 1 is March, when irrigetion of
the second rice crop requires 6,300 m3 per ha, whereas the discharge of
the Sencgal at BAKEL in March amounts to 94 million m3 and 32 million
n3 in years with an 80% or 98% frequency of at least this amount of
discharge respectively., If the volume of wator Lo be maintaich in
the river bed below BAKEL, i.o., 50 million m3 is deducted from these
figurcs, the quantitics available for irrigation are 44 million mJ
and O respectivoly, depending on the frequency figuro.

The irrigable areas beaging two crons of rice a year bolow
BAKEL would thus amount to about 7,000 ha and O . Respectively,
according to whether the aim is to practise irrigation four ycars out
of five or 49 ycars out of 50. '

(1) Wo shall refer honceforward to discharges at BAKEL, which have buen
the subject of more intensive annlysis than thoso at Kayes, and which
are also groater as the Senogal is fud by the KARAKORO and,still
more important, tho FALEME between the two points,
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The critical month for systen 3 is Fcbruary, when irrigation

of the socond wheat crop requires 2,200 m3 por ha, whoroas tho dischairge
of the Senogal at BAKEL in Fobruary, in a dry year with a five-ycar
return poricd is 157 million m3, and in a dry year with a 30-ycar
‘yeturn poriod 73 million m3. Duducting from these figurcos the amountsa

 of water which must be maintained in the river bed below BAKEL , 50
million m3, it will bo secn, that quantities actually available for
irrigation in February arc somewhere around. 107 million m3 four years
out of five, and 23 million m3 49 ycars out of 50,

Tho irrigable areas growing twc crops-0 yoar (rice/whoat)
immediatoly holow BAKRL, without regulatcd use of the river, thus
amount to some 49,000 ha or 10,000 ha, according to whether thc-aim is
to guarantee irrigation four years out of fivo or 49 yoara out of 50,

In actual fact, thesc figures arc probably somewhat gcssinistic.
as field water application efficicncy considcred in the study on
irrigation water requircments was taken o be 0.5, which is not necessarily
accurate in a medium-sized system, if well manoged, The systems
corresponding to thc arcas recommcnded can in fact be rcgarded as
medium=-sized,

’ THE MAXIMUM LR:IGABLE AREAS GROWING TWC CROPS A vEAR BRI
_BAKEL, WITHOUT REGULATED USE OF THE WATER THUS VARY ACCORDING TO THE
NATURE OF THE SECOND CROP CYCLE AND THE IRRIGATION GUARANTEE REQUIRED,
AS FOLLOWS: : .

Crop Guarantced Crop guaranteod
: 4 years out of § 49 years out of 50
Two rice crops 7,000 ha 0
Two crops: rice , -
followed by wheat 49,000 ha 10,000 ha

It should be noted that the minimum irrignbie arcas with onc
crop por year, for which the critical months arc July and Octohur, arc
probably much larger, but as we have seen, thcy have no economic
Justification whatcver in the case of the Scnognl Valloy.,

Unregulated usc for double cropping without rcgulated usc of tho delta land

Such utilisation is impossible with two ‘irrigated crops a year;
tho dischargo of thc Sencgal is, in fact so sluggish that during the
greater part of the dry scason the river is invaded by a tonguc of salt
water from the Atlantic neoarly up as far as DAGANA,

In these circumstancus, any attompt to irrigate the sccond
- crop would bring in salt wator unusable for irrigation,



111.1.1.2. REGULATED USE OF THE SENEGAL

A, Rogulniion downstrear: DIAMA GUIERS, n'K12 and AFTOUT ES_SAHEL

. The most urgently needed regulation is in the delta, where
‘the irrigated arens bearing onc crop por yuur are now tending (1975)
to rcach their maxioun extent, while thosc bearing two crops per year
cannot be developed further owing to the proscnce of the "salt water
tongue" in the river during the dry scason,

There can be no question of creating a reservoir to ensure
 supplies all the year round on the Sencgal downstrcam; as the rescrvoir
would be extrecmely ghallow, most of tho valley would be flooded in the
rainy scason, while in the dry season cvaporation would éry up the
greater part of the watcr rescrve,

The oxtremely high éost of the dam would not be offset by
- any advantages, and thc drawbacks would be considerablc,

The method proposcd would consist in building a dam with
sliding sluicc-gates storing a shallow deopth of water (+#1.5 or.+ 2.5m)
letting through the nain tlow duriny ihc spate perind from August to
November, the sluicc gatus subsequently boeing closcd so that the water
would be at maximum height about 1st February.

The rescrvoir would thrus allow a sccend rice or wheat crop
to be grown, the first being irrigated by the flood water, Thu reservoir
would not be called upon to discharge the minimum flow into the river
below the dam in the dry season, as this would be invaded by the
‘'salt water tonguc.

A rescrvoir limited to a depth of+1.5 or +2.5m would involve
only slight drawbacks for pastureland. The potential was calculatid on
a forward planning basis for a decennial dry year, when the river
discharges some 14.3 billion m3, with tho following results:

- +1,5m
., amount usad in a decennial dry year 385 million =3
. irrigablec aron 21,250 ha

- +2.5m
, amount uscd in a dccennial dry ycar 680 million m3

., irrigablec aroa 37,500 ha

These figures reprosont a vory appraciable incroage over tho
presont maximum, .

63.



To theso arcas must bo addod those which could be irrigable

" from the threce main distributarics downstroam of thu Scnugil, 1,0,
AFTOUT ES SAHEL, Lako GUIERS and Lake R'KIZ:

1.

THE AFTOUT ES SAMEL, a right bank distributary of tho Scnegal, ha
a capacity of about 1,4 billion m3 at + 1,5m :

The AFTOUT can be used up to about o,5m,, to ensurc that there
no marine infiltration, as the river is separated from tho ot
only by a belt of dunes; the forward planning figures in a
decennial dry year are:

- Bouthern hal{f:

. amount usecd 120 million m3
. irrigated area 10,000 ha

- Totality: .
. amount used 280 million m3
. irrigated arcas 20.000 ha

A detailed study of the SOGREAH for double cropping, but with other
rotation courses, puts thc cultivable arcas at 14,000 ha in all,
This is the figurc wc shall adopt,

Utilisan*ion of GUIERS lake, a lef:-bank distributary of the Sencegal,
now provides for the irrigation of the RICHARD TOLL basins, switched
to sugar canc cultivation over an area of about 5,000 ha., Scveral
studjcs have mentioncd the possibility of increasing this area to
10,000 ha by filling Lake GUIERS to a depth of 1,5 m from DIAMA,
Lake R'K1Z, a distributary on the right bank of thc Senegal, would
enable some 2,000 ha to be irrigated, provided it was fillud to a

depth of 1,5 m {rom DIAMA,

"Lastly, regulation downstroam at what now seoems to be the most

likely dopth of 1.5 m from DIAMA, would make it possible, in a
docennial dry year, to irrigate:

21,157 ha + 14,000 + 10,000 ha + 2,000 ha = 47,250 ha,
amounting in practicc to nearly 50,000 ha bearing two crops a yoar,

Regulation upstrcam

Regulation upstrecam has beon considered on six of the main

sites namod, on a year-by-year system, basod on actual flows during
66 ycars, with the following results:

64,
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Location Dam Dam }Amounts . % of vogulated Irrigable
' height |rogulated for dischargo arca undor
|irrigation doublc
purposes, . cropping
(billions of my
the BAING, GALOUGO 46 12,2 70% 450,000 ha
orking upstream! MANANTALI 38 8,6 75% 340,000 ha
T . BOUHEYA 5 EX % [260,000 T
: "KOUKOUTANBY 55 ~ 3,0 7% 120,000 ha
On the FALEME [GOURBASSI ~ 1 22 "1~ "2, 464 70,000 ha
[071"'tbe BAKOYE :E’ﬁ)’b‘um'—"”'T" €0 59 75% 150,000 ha |

Drawc(fs have been calculated for irrigating two crops per ycuar
throughout the river valley, from KAYES to the delta, the drawof{f timctable
boing 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 planncd from GALOUGO and MANANTALI

have been made subject to the constraint of a minimum flow for navigation
(300 m3 per second), which would nvove’ no great handicap, as it would moan
drawing-off about 2% of the volume regulated at GALOUGC and of '14% for
MANANTALI , ' '

It can be secen from the above fipures that it is thoorctically
" possible to regulate the cntire discharge of the Senegal at BAKEL
(24 billion m3, yearly average) by a nicely calculated utilisation of
only part of the above dams. ' '

In actual fact, complete regulation is not nccessary if it is
dosired to irrigate only the land which is clearly suitable for irrigation
from the pedological aspuct (alluvial soils in the valley and delta),

The geographical

area of these soils is some 1,250,000 ha,

consisting of 950,000 hn of alluvial deposits with no salinity problcms
(including 270,000 ha in JAURITAMIA) and 350,000 ha of deposits with
salinity problems (including 190,000 ha in MAURITANIA),

Howover, 50 to GO per cent of the deposits without salinity
problems should, according to the study made by the UNITED NATIONS
SPECIAL FUND, be oliminated, for topographical reasons, or to allow
the maintenance of permancnt channels for fishing or navigation,




: The glluviul gsoils with no salinity problcms which are really
suitable for davelopment thus cover 360,000 to 450,00C ha,

o Deposits with salinity problems actually suitable for dovelopment
cover only GO,000 to 150,000 ha,

Finally, the ir1igable areas cover between 450,000 and
600,000 ha, probably necarer the first figurec than the second.

In these circumstances, the following combination seems to
be attracting most attention:

- FIRST GENERATION DAMS (about .00 - 2050) o
. 1st Phase; DIAMA (+AFTOUT ES SAIEEL + GUIERS + R'KI2) 50,000 ha

., 2nd Phase: MANANTALI 340,000 ha
, 3rd Phase: GOURBASSI 70,000 ha
motal Pirst Generat’nan _ 460,000 ha

- SECOND GENERATION DAMS (after 2000 - 2050)

. BADOUMBE, regulating the BAKOY would allow the
arca to be increased by 150,000 ha, giving in all 610,000 ha

it Bedudes )

Reogulation would enable all the iand actually suited to
irrigation to be watered, with a rogulated volume of some 15 billion md
out of a discharge of 24 billion m3, Nine billion m3 would still not
be regulated; the utilisation of this quantity is hardly conceivable
unless it is planned to extond irrigation to largely unsgui tod soils
such as "Dicri” which cannot reasonubly be envisaged ior a fow more
generations,

~ Bost Available Docugzen!



111, 1. 2 - USE

1RRIGATION

11, i,

a) - Upper Niger and Bani Valleys

_OF_THE_NIGER AND_BANI WATERS_FOR_

2.1 - UNREGULATED USE CF _THE NIGER AXD BANI

- > o = o - P - G wn U 8 GO TR A G W PR W W G0

and the Bani, its tvibutary, for intensive double crop irrigation,
involves a similar cal.ulation to that made for the Senegal at Bakel,
the critical month being March (second crop) for a type 1 system,
with a water consumption of about, 4,300 m3 per hectare.

3

The resnlts are as-follows:

The utilisation downstream ol the Upper Niger

t
!
of.

DRY YEAR WITH A 50-
YFAR RETURN PERIOD

!
!
s
14

DRY YFAR WITH A 5-YEAR
RETURN PFERIOD

-

|
§
! River ! ! ¥
! {Volure ; Irrigable !Volume used in Irrig;ble aroas,
} fused in | arcas fMarch (millions!(hcctares) !
! !March 1 (hectares)!of m3) | 1
' f(millions ! ! !
! { of m3) 1 ! 1 1
| ! 1 1 1 1
:NIGER AT : : : : :
'KOULIKORO | 36 (1) { 8 500 ' 110(1) ' 25 000 '
t — 138 -+ t 1
1 BANI AT 1 ! ! ! !
1 DOUNA ! 8(1) I 2 000 ! 23(1) I §5.500 1
1 ! ! 1 1 !
[}
1 TOTAL : 14 : 10 500 : 133 ' 31 500 :
1 ! 1 ! !

opinion sometimes expressed, a d in actual fact these aroas erc¢ wuch

Very small arecas arc this involved, contrary to the

spaller than those now cultivated in the Office du Niger area und>r
the cortrolled basin checl systen

€7.

(1) Figuros given after subtractin_ amounts of residuai flow to be left
in the rivers, i ¢ 50 million m3 for the NIGER, below KOULIKORO, and

12 million m3 for the BANI, bolow DOUNA



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 somo 5,800 m3 per ha

. Controlled flooding far the basin chock s&stcm has to
be effocted from the July and August flows, thosc two months being
required to furnish about 20,000 w3 per ha.

A similar calculation carried out for both types of

irrigated crops naturally gives much higher figures than those alroady
quoted i e:

FOR _IRRIGATION OF A SINGLE CROP PER YEAR

'DRY YEAR WITH A (O0-YFAR : DRY YEAR WITH A S5-YEAR

RIVER RETURN PERIOD i RETURN PERICD
{ Volume used ! Irrigable ; Volume usedl Irrigable :
! in July { areas 1 in July areas 1
(millions of , (hectares) (millions og (hectares)
! n3) ! f n3) !
1 ! | ! !
NIGER AT : 1.200 1§ 206 COO \ 1.900 l 328.CCO .
KOULTRORO | ' ; o e !
BANI AT DOUNA' ! ! ! !
! 135 ! 24 CcOO ! 320 1 57 000 1
1 1 H t 1 g 1
1 TOTAL 1 1 335 1 230 000 ! 2 220 1 385 000 1
1 1 ! ! ! !
FO:t 1RRIGATICN BY (UNTROLLED FLCODING WITH
THE BASIN CHEGE SYSTEM
! 1 ! ’ . 1
' -YFA DRY YEAR WITH A S5-YEAR
1 RIVER IDRY YEﬁET“h§”PQRf8DYF R ! RETURN_ PLRIOD !
! !Vorume used .1Cultivable 'Volume used 'Cultivated !
f : 1July/August farcas(ha) tin July/ larcas
{ t(millions of {August t(hectares)
4 a3 L ' s
INIGER AT ! !

10.000 1 5C0,000

:
1 KOUL1XORO ! 4. 400 1 220.000
4 1

!

IBANI AT DOUNA! ) 500
K (e )

13.000 | 650.000

[

IR U R R

1
1
3
75,000 ' 3.000 150,000
1TOTAL ! 5.900 1 295.000 1
[] : 4

Theso tnbles make no allowance for ‘amounts of residual flow, which are
marginal by comparison with July and August dischargos.



1t is interesting to note the limits to progross
imposed on short-term trends, which can probably be suamed up
‘'as follows: ' .

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

-rapid, large-scale dovelopment of the basin chock
systen. .

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

NIGER:

60,00C ha under annual crops managed by the Office )
du Niger (of which 8,5C0 ha might Le used for double)

cropping) . : ) all guaranteed 49

and about 200,000 ha used for the basin chech system) Y273 out of 5¢

)

or,

60,000 ha under annual crops managed by the Cfficce. )

du Niger (of which 26,000 ha might be ugsed for double )all guarantaed 4
cropping and about 480,000 ha under the basin chech years out of 5
system . )

BANI :

75,000 ha under the basin check system ) guaranteed 49 years out of 50
or 150,000 ha under the basin check
‘system ) guaranteed 4 years out of 5

In actual fact, the real figures are probably lower,
if it is desired to maintain a mininum flow in the Niger for navigation
and the downstreanm section of some 300 to 6C0O m3 per second,
corresponding to a draw-off of about 1,600 million to 3,200 milliun
m3 for the months of July and August

If the Office du Niger area is maintained at GO,000 ha,
this constraint would reduce tho arca of the basin chech systen
guarantced 49 vears out of 50 to somewhere between 4C,000 and 120,000
ha for the Niger valley alone, and to somewhore between 115,000 and

195,000 ha for the Niger and Bani valleys as a whole.

) Having regard to the current basin check programmes,
representing 150,000 ha for the two valleys of the Niger and the Bam,

. the problem of inter-anrual regulation would hence arisce in the short-
torm. '

69.



(b) Unregulated Usc of the MNiger at tho 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 aroa up-
to-date irrigation systems ensuripg complete water control would
have to include large-gcale flood protection and water diversion
projocts which could probably not bc 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 river training upstream.

At the tip of the central delta and the northernmost part
_of the river bend, consideration might be givon to the institution
of small to medium irrigation areas, drawing wator from the river by
punmping according to the time of year), and bearing two crops per
year Any extension in the size of thesc areas would depend on the
river flow, :

Bet
p

would be poss

een DIRE and ANSONGO, three double cropping systems
1

w
bles

-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 lincs of the "N'GUIGMI" system 3 for which June
is the critical month (flooding or the tirst rice cfop);

-rico-vogetables on the lines of the "NIAMCY sys<cm 4", perhaps with
a slight time shift to allow for the difference of latitude, the
cr’tical:-month being July (flooding or first rice crop).

A recent study by ORSTOM shows the probabilities of
exceeding the monthly discharge at TOSSAYE, month by month, giving,
. aftor conversion into quantities 52, 13 and 26 million m3 guarantced
49 years out of SO for the months of May, June and July respectively.
For the same months, nmounts guarantecd 4 yoars out of 5 ar~ 215,83
- and 182 million m3 respectively - '

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

71.

-Critical Usable [ Irrigable Usable Irrigated
month amounts during| areas bcaring| amounts aroca bearin
- Unit the critical 2 crops per during the |2 crops per
discharge month guaran=- year ‘guaran- ; critical year guaran
(n3 per ha) teed 49 ycars | tecd 49 years| month tved 4 yoar
out of SO out of 50, | guarantecd jout of § in
(millions of | in ha (areca | 4 years out(ha (arca
m3) rounded to of 5 rounded to
nearest (millions |necarest
1000 ha) of m3) 1000 ha)
> spaced out - Nay
ice crops £2,900m3/ha 2 2,000 165 57,000
(marginal)
Rice/\Wheat - June
- 5,700m3/ha O (=37) v) 33 0,000 .
Rico/Vegetables | - July
~ 7,200m3/ha ! 0 (-24) 0 132 18,007

latitude,

and rico/vogetablc systems.

Local food and farming habits, and the gencral economy of
tho region, a»w 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

Itthus seems that the latter systom would be little practiced,
and the maximum figures similar to those advanced for the rice/wheat

The maximum irrigated areas for doublo

cropping without regulation would thus be about 18,000 ha guarantced
4 years out of 5, while the arcas irrigated for rice/wheat or rico/
vogetable double cropping could not bo'guaranfced 49 out of 50,

months would substantially limit pumping capacity (inlets oxposcd)

In actual fact, water depths observed during the critical

honce thg areas thooretically irrigable, above,
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¢) - Unregulated usc of the Middle Niger in the NIGER Republic,without
regulation ' ’
For the Middle Niger, above and LClow NIAMEY, much the same

problem grises as for the northern river bend., A simiiar calculation
gives the following results:

el
-Critical , Flow Trrigable | Flo¥ Arcas 1rrigatcd“'
month during arcas bearing during during critical
- Unit critical 2 crops per critical month guarantce
discharge month year guaran- month guaran= 4 years out of j’
(per ha.) guarnnteed teced 49 ycars tced 4 years (hectarcs)
49 yecars out of 50 out of §
out ot 50 (hectares) (millions
(milliops o om3)(1)
of m3)(1)
2 gpaced outj -~ May .
rice crops - 2,900 m3/ 50 17,300 220 76,000
ha e
RiceAVheat - June :
‘ -5,700 m3/ha 0 (o] 50 9,000 \
Rice/ 2= July 0 i v 40 6,000
Vegotables -7,200m3/ha '
}

Finally, failing any incontrovertible assuption as to the
distribution of the three systems in years to come, it would seom wiso
to adopt a figure closcr to the maximum calculated for the rice/wheat
and rice/vegetnhle systoms,i.e. soma zigpo_gg,_for a two-~crop gystem

with the ser.ond crop guuranteeq;ggly four yoears out ot :five.

Attention must be drawn to the impossibility of praccising
jirigation for rice/wheat or rice/vegetablc double cropping with any
high degre¢ of sccurity if therc is no prior regulation of discharge
in the middle river valley.

Notn that the unregulated drowffs in the Mali on reaach
botween DIRE and ASONGO cannot be added to. those from the Nigerian
reach, where the rate offlow is almost tho same, with a timolag of 2
{fow weoks., :

The irrigablc arcas for the two reaches cannot therafore be
aggrogntod.

pouble cropping arens irrigable without rogulation along the
Niger River up to the Nigerian {frontier must thercfore bo taken as 8 rough
indicatiorn, pendeng the possibtlity of calculating them with a mathematical
modol, Tho urgency of constructing such a model is underlined by the
nocessity of ascertaining the effects of the multi-purpose dam projoct
doplt with bolom.

(1) Aftor de ducting gnounts of residual flow to be left in tho Middle
Niger bed, i.e. somo 50 million m3.
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111.1.2,2. - REGULATED USE OF THE NIGER

At the present time only figuroes are available for the
resorvoirs ol SELINGUE on the SANKARANI, an affluent on the right bank
of the Upper.Niger, and thosc of TOSSAYE and KANDADJI, Thoy are only
vory roughly approximate in the case of these last two. :

a) - Regulation by the SELINGUE Rescrvoir

The SELINGUE rerservolir would hold slightly more than
2 billion m3 at + 14.5 . above the present water jevel, subjoct to a
mean annual discharge from the SANKARANI of somc 12 billion m“.

located in an arca where cvaporation is relatively slight
(for Africa) and where rainfall ovor the reservoir arcd is oconsiderublo
it has the advantage of being littlc subject to ¢vaporation, On the
. other hand the amount of water evacuated by spillway would bo substantial,

Forward management planning over a period of 66 ycars as
rogards discharges calculated from ORSTOM data and amounts of wator uscd
for two rice crops per year shows the following results:

(%30 B

- Amount lost through evaporation in on average year 0,33 villion m
- Amount discharges in an average year over spillway 8.26 bLillion m
~ Amount rcgulated for irrigation purposes 340 ]

w

. villion ®

Under these conditions, if alono uscd and solely for
irrigation purposcs, 110,000 ha of riceficlds yierding two crops a year
could be dqvolopcd. .

This figure is however given only for guidan<o, since the
following eonstraint must be allowed for if a more roalistic picturc of
future conditions is to be obtainod.

The SELINGUE dam would have to bo used for gencrating
hydropower and for navigation, ~ather than for irrigation alonc.

A study of dam cnpacity at SELINGUE from such f multipurposu
standpoint shows that it would bo possiblo to irrignto 62,000 ha of
double-crop land from SELINGUE and morcover to obtain an oxtra crop on
40,000 ha of 1and in the Office du NIGER arun, Tho degreo of probibality
would be high: some 40 years out of S50.

Theso arc the figures it is proposed to adopt.

1t may bo pointed out that tho entire Upper Niger and the
Bani would quito concoivably be trained Ly building resorvoir dams in
the valley upstrcam of this river, in Southcrn MALL and especially GIINEA
as rogards the Upper Niger, and in IVORY COAST or Southorn MaL1 as regards
tho Uppor BANI (actually the BAGOE and RAOULE, which join to form thu
BANI),



Various cursory feasibility studies suggest that such river
training is possible, at least in the very long term, and that sonc
three fourths of the average annual discharge of these two rivers could
thus bo madc. available for irrigation upon entry into the Sahel arca,
i,e., approximately 45 or 50 billien m3 for wepring over a million
hectares of land yiclding @ double rice crop.

Lack of detailed informnntion precvents any further analysis

of these projects, which would require such a huge capital outlay that
thoy could not be carried out beforc 2000-2030.

b) - Regulation at TOSSAYE

Training the Niger downstrcam from the lake area is n

. problcm.which.urisos owing to the snall amount of land otherwise
availablo for double cropping, bascd on the calculation of discharge
amounts during the critical months at TOSSAYE (sco 111.1.2.1.b, abowvu),
It so happens that the area in thc vbend of the river is fairly under-
privileged comparcd with the remainder of the Republic of MALI, so that
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the population might well suffer scriously from any recurrence of drought.

qne necd io afiuid GoCe3s By the populetion 7o nn aeri-
cultural output which is cffeetively puaranteced cven during dry yciars
has causcd ambitious perennial irrigation targets to be set in the arca;
these may even exceed the strict rcquircments of the present population,
in order that nomacic herders can be supplied in case of drought.

The cxact dimensions of the TOSSAYE rescrvoir are not yet
known, but various nassumptions can be based on certain figures available
regarding the longitudinal scction of the NIGER.

The situation at TOSSAYE can b summed up as follows:
taking low-water mark as + 252, by raising the wator surface to + 260 a
yoservoir cxtonding over a distaner of 350 kn upstrean of TOSSAYE ncarly
as far as DIRE would be obtaincd.

This rescrve amount of water would have thc ngvnntngc 0!
fil1ing scveral lake basins which are offshoots of the Niger, where
perennial irrigntion now sccms difficult owing to their irregular filling
by the river.

Morcover, the riparian population in the northern bend
could irrigate its fields by punping.

On the other hand tho reservoir, by flooding many grazings
at BOURGOU, might scriously interforo with present stockfarming
‘activitics,
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1t is thus unlikcly that the spillover figurc at TOSSAYE
can be put at + 260 upon complution of the project studies, and the
forward planning quantities calculated for + 260 and + 259 (i.c.
respoctively 1500 and 80O million m¥) are given with sorious reservations
as to accuracy.

Nor could irrigation be 1imited to the useo, whother by
punping or diversion, of water stored from April to July (low-water

poriod) in the reservolir upstrean of the dam,

1t would seem only fair to reserve part of those quantities
to tho population 1iving downstrecam from the dam, Hence forward planning
calculations have been rade by assuning that downatrcam frem the TOSSAYE
dam a flow of 10V n% per socond would be maintained, of which 800 13 por
second would be available for farnicrs using irrigation nmcthods, the
remainder, i.c. 20 0 per seccond, peing maintained for "ccolopical
roasons', .

On such a basis, the forward-planning model yields the
following results for a double rice/wheat crop:

e e e e bl Irrigable [ Total |
from = | below 1 i
e e e s ol ¢ "EEEQF!°¥§_""L___BE§9£Y9iﬁ. ———— et =
At + 260 30,000 ha | 36,000 ha | 66,000 ha
, |

At + 259 ‘ 14,000 ha ' 36,000 ha 50,000 ha

L

— o —————— e bt =

and for a double rico/vegetable crop:

Irrigable Irrigable Total
fron below
Reservoir Reservoir
At + 260 20,000 ha 29,000 ha . 49,000 ha
At + 259 10,000 ha 29,000 ha 39,000 ha

Owing to the uncertainty as regards the cxact anounts of
discharge from April to July and as regnrds'the exact dimensions of the
roservoir, and in vicw of amounts to be wanaged for hydropower encerition,
i1t would scem wiscr to adopt a figure of sorc 20,000 or 30,000 ha, an
arca morcover apprecinbly matching the good irrigeble soil potuntinl
available botweon Tossaye and ANSONGO (again for a double crop of thu
rico/wheat type and espooinlly rice/vegetavble.

Best Availabie Document
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d) - Regulation by the KANDADJI Reservoir '

Much as for DIAM)\, the reservoir which could bo built at
TOSSAYE would only have & limited cffect on annual regulation of the
NIGER and nonc on interannual regulation, a fact foresccable owinyg to
the disparity between its volume (1.5 billion mS at + 260, which is
probably too high a fipure, and 0.8 billion m3 at + 259, the mest likely
finurc) and quantities discharpged by the NIGER (annually averaging
30.2 billion ), : :

Oowing to these conditions a dam would be absolutcly nceded
downstream from TOSSAYE for training the Niger scction of the NIGER river,
whether for irrigation, navigation or hydropower generation,

While the dimensions of KAND/ADJI reservoir are not coxactly
known, with the inform tion available it could be studied from a forward=-
planning aspect.

For a height of 30 m the volume of the reservoir would
apnear to reach some 9 billion m“. a forward-planning model covering
37 years of quantities actually yiclding the following results:

- Double_croppin:; of the rice/wheat or_rice/vegetable typo:

---------- B e e e o o o o v m  * e S e o 0 e 2 e 0 B e e

. Average quantitics discharged 30.2 billion m3
. Amount discharged over spillway 6.8 billion rr
. Evaporation 1.3 billion m
. Amount which can be rezulated solcly for

22.1 billion m3
irrigation 1 ;

The volurie of water trained for irrigation corrcsponds to
a theorcticnl irrigation capacity of §§9.000.hn for a double crop of the
rice/wheat or rice/vegetable type and of 500,000 ha for the ‘doublc
cropping of ricc

Areas suited to irrigation in the Niger section of tho NIGER
valley however probably amount to no more than 800,000 ha,

By making use of the KAINDADJI rescervoir to a height
possibly under 30 n, irrigable land in the Niger section of thc NIGER
River could be completely watered, while nnv;gation downstrcam could be
improved, large amounts of hydropower generated and considorablo
regulatod quantities of water supplied to NIGERIA,

Best Available Document



131.1.3 - USE_OF CHA\RI-LOGONE-CH/D WATERS FOR_IRRIGATION

The double cropping of rice can boe practised in the lowor
plains of the LOGONE and CHARI: in thc upper part of these 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 typs can
be raised,

a) - The LOGONE

The critical nonth for irripating a double crop of ricze
from the LOGONE is March, when the required dischaerge rate would oc
4,300 m3 per second for a guarantced flow of sone:

- 95 nmillion m3 49 years out of 50
- and 140 nmillion m° four years out of five.

From these figures must he subtracted a quantity
corresponding to a residual flow for the riparian population and for
ecology of some 10 03 per sccond, i.c, 20 million'ma. “fmounts available
for irrigation 1n March would therciore huve iu ruvach suwe 70 million o
49 years out of 50 aad 115 million md four ycars out of five,

Irrigable surfaces would nence amount to some 16,000 ha

guaranteed 49 years out of 50 and 27,000 ha guarantced 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 CAMEROON side, which has
a8 right to half the discharge, Theorctically, thercfore, North CMEROON
.would be able to irrigate §,0C0 ha for a closely spaced double rice crop.
The actual figure is somowhat lower (5,500 ha), since a minimum water
height must be available at pumping stations, while the rocent extremcly

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

the limited irrigation capacity of tho LOGONE without river training.

b) - The Lowor CHARI

Unregulated development of the Lower CHARI can be planncds

b.1 - For raising a double crop of the rice/wheat type downstrecam
from N'DJ/MENA, The Sritlcul month is June, when the required
flow would be 5,700 m“ per ha, .

Under thoso conditions, the irrigable areas without any
regulation of flow would be:
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b.2 -

= Guaranteed irrigation 49 years out of 50: a flow of some
470 million m3 and of 445 million mS after deducting a.
residual flow of sonc 10 m°
cnable 80,000 ha to be arrigated,

= Quaranteed irsigat!on four ycars out of five: some
$70 million m° of flow and 545 million m3 after deducting
residual flow, cnabling some 96,000 ha to be irrigated.

For raising a spaced double crop of rice botween SAHR and
N'DJ/MENA 4,000 mY per second would be nceded in Jipril, the
critical month, i.c, an'irrigation capacity anfter deducting
25 million m3 for maintaining the residual flow, of:

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

- 285 r.illion nd irrigating 71,000 ha 4 ycars out of five,

1t should be pointed out that these figurcs cannot be added
together,

por sccond, This amount would

78, -



|111,1.3.2 - THE_CHAR_AND_LOGONE_AFTER REGULATION

a) - Regulation of the LOGONE

In view of the forcgoing facts it would seem indispen=
sable in the short term © undertake regulation of the lower 1OGONE,
where any expansion of irrigation may woll be “blocked" in-the near
future, :

In the upper basin of the LOGONE two sites have boen
the subject of fersibility studics: GORE on the PENDE and KOUBAM on the
VINA,

Fbrward'plnnning exercises have boen undertaken for a
- 32-year discharge sequence, yielding the following results in thc case
of a double crop of rice:

GORE KOUMBANM

by the reservoir 95 poo ha ;cn 120,000 ha

i Catchmont basin : 8,340 kn2 . 11,680 kn2 |
. Height of dam ! 29 m 54 1 :
Vvoiune of sescivols i ca.3 billion Y lca 2,600 bikéicd
titi 4 o 5 ica 3500 !
: Quantities used i ca %ifqgon md f 30%ion 3
"'Aroas which can be irrigated |
!

characteristics marking the use of these rosorvoirs arc
therefore well worth noting, owing to their shape and their location in
a roiny area (1,200 to 1,300 mn), C

Ono of these dans, particulnrly at GORE, whore the cost
‘per irrigatcu hectare would appear to be the lowor, should therefore be
promptly built, especially as irrigable soil is found over extonsive
arcas on oither bank of the LOGONE downstrecam,

In the short term, the problem which ariscs is whether
it would not bo well in a first stage to build dams of lesser capacity
but at lowor cost, which could cnsurc irrigation devolopmont during tho
noxt ten tofiftecn yoars, '

'b) - Rogulation_of The CHARI

: Regulation af'the CHARI is by no mcans as urgont as that
of the LOCONE, since tho irrigation cciling wj thout river training’is
much highor, reaching some 70,000 to 80,000 ha,

79.
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The fact is that to our knowledge no topographical
survey, :even of a cursory kind, has bevn made of possible large-scale
reservoirs on the CHARI and its afflucents; while the creation of such
reservoirs is belioved quitc feasible, it would be risky to extrapulate
the shape of the basins, The geology and general topography at m~st
suggest that a reservoir of no graat heizht but considerable size could
bo created downstream fror. SAHR, provided & levee several kiloneters
long and oxtensive ancillary installations werc built besides,

Within the next few decades no-'developnent 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 thc GiA\RI and LOGONE cvaporates, as A resorvoir
for irrigating polders along the edge,

A forward planning cxercisc covering 39 years of
discharge into Lake Chad shows that approximately each year 9 billion n
out of the 39 billion n of water annually pouring on average into the
lake could be withdravm, Such withdrawals would enable 375,000 ha
planted with a double crop of the cotton/whcat type to be irrigated,

3

) owing to these arounts withdrawn, the level of the lake
would be maintaincd between narrower limits than it now is, since the
approximate altitude recorded for maximum water level arount 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 lcvel would restrict
- pumping capncity for irrigable surfaces.

Another schome for using Lake Chad is theoretically
poasible, This would consist in separating the north-eastern from the
south-western soction by recans of a dyke one to cight metres high, built
roughly at thr sito of the Great Barrier, Tho southwestern scction would
then bo used as a roservoir far irrigating the northeastern soction,
which covers some onc wmillion hectares. Forward plapning shows that
discharges ovor a spacc of 42 years would cnable 18,500 willion m of
water to be drawn off for irrigating somo 750,000 ha growing a double
crop ecach year,

The maximum figure rcached is some 283,72 n, without
any spillover, suggosting that a levee suited to the system could bu
built to + 285m. No such work could bo contemplated bofore the poriod
following 2000-2050, '
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I11,1.4 - USE_OF THE_VOLTA_RIVERS_iND_THE_G/MBl;_FOR_IRRIGATION
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‘ Neither the Voltas nor tho Ganbia can be compared to
the three major Sahelian rivers, as much smaller auantitics are
discharged,

Yet their use for irrigation rust bc considered -~ the
Voltas because they provide the leading water resource of a country
largely dcvoid of any such assets, and the Ganbin bacause its use would
effoctivoly add to the potential ot the Senegal, which may well be used
to full capacity within a fow decades,

I11.1.4.1 - UNDEQULOTER.USE

Unregulated use of the Voltas for double cropping 1is
impracticable, as the amount of discharge by the Black Volta. is cxtrcne-
ly small during the critical month and all the water nust be used for
drinting purposcs in KOUDOUGOU and OUAGADOUGOU, while during the same
month the White Volta has practically no [low and the Red Volta none at
all from January to June,

Unrogulated uso of the Ganbia is conceivable, since
the flow is perennial, For irrigating two closcly spaced rice crops the
critical month in Gaabia would be March, where the low amounts discharged
(probably with a 50-ycar return period) would secn to approximate 8 to Y
million m3. As the sccond rice crop during this month calls for 6,000 n
per ha, the trrigable arca for double-.rop purposes would be linited to

1,500 ha,

a) - Regulated Usc of the VOLTAS

The VOLTAS arc the main water resource of the Reputilic
of UPPER VOLTA,

Their regime is still not very well known; its special
character has to do with the northwest/southcast orientation of these
streans, with tho exception of the upper branch of the Black Volta which
is oricnted southwest/northeast,

Becausc of this oricntation the amounts discharged by
those rivera increasc rather rapidly, beyond isohyut 800 mm, North of
this isohyet, low reccharfe and hydrological degradation limit the doepth
of runoffs to a fow millimotres, South of this isohyet, the recharge
is much heavier, hydrological dogradation tends to disappear and depth
. of runoff amountsto several centimetres,

Their wator regiwe may accordingly be presonted as
follows:
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- THE WHITE VOLTA AT WAVEN:

. Catchmc 1t basin 20,000 km?,

. Mean annual rainfall varving from 400 to 750 mm, with a goographic
mean of about 675 mm. :

. Depth of runoff: 6mm, or 120 million m3 recharge.

= THE WHITE VOLTA AT BAGRE:

. Catchment basin 33,000 kme,

. Mean annual rainfall 400 to 850 mm,

. The 13,000 km?2 of catchment basjn from WAYEN to BAGRE receive 250 mm
of rain on average and the runof{f depth npparentlg correspends’ to
nearly 68 mm, or a recharge of some 884 million m¥, added to the
preceding figure, this gives a recharge of about onec billion m3.

. The catchment area was multiplled by less than 1.7 and the recharge
was multiplied by over 8,

The considerable advantage to be gained from regulating
these rivers as far south as possible can hence be scen, particularly
since, dimensions being cqual, cvaperation on:reservoirs is much lower
and rain inflow nuch higher,

Interannual management of the BAGRE reservoir ould
give the following results: )

= Mean annual recharge 1,000 million m
- Spillover 60 million m3
- Evaporation 200 nillion nd
- Volume utilized 740 million m°

This volume woula make it possible to irrigate 25,000 to
30,000 ha with double-cropping.

- THE RED VOLTA is located in an arca of relatively high rainfall - 880
to 1,000 m - but its catchment basin on the southesn fronticr of
UPPER VOLTA does not exceed 9,J00 k¢, Mcian annual runoff at the NOBERE
station is about 250 million ma. (Adequate irrigation of 5,000 ba with
180 million m3 of watcr).

« THE BLACK VOLTA has two lLanches:

. The uppcr branch ericnted southwest/northeast as far as the SOUROU,
is subject to heavy hydrological digradation, but receives abundant
precip:tations in the 1200-800 mm zonc, giving rise to high runoff
of tho order of scveral hundred million md from a few ten thousand k.
Agz the upper BLACK VOLT\ crosscs extoensive alluvial plains, it is
roasonnble te assunme that a dam built near SAMANDENI, could irrigate
between 10,000 and 15,000 ha, corresponding to a water consunption of
400 to 500 million m°® (for 2 annual rice/rico, sorghum/vegotiuble or
rice/vegetabloe crops).

The urper BLACK VOLTA flows into the SOUROU which has its omn catchuent
basin of 30,000 kn2, but a rainfall of 400 to 800 rn, so that its own
rochargo is very small,
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The uso of the regulated effluent of the BLACK VOLTA wohld‘novor-
theless mako it possible to irrigate between 10,000 amd 15,000 ha on
the SOUROU,

Te lower branch of the BLACK VOLTA starts with a low recharge due
to losses fron hydrological degradation .in the northeastern part of
the upper branch and on the SOYROU but recharge conditions become
nore and more favourable as it flows Suuthward,

Unfortunntely there is not much irrignble land in this lower valley,
Addan is planned at NOUMBIFI,, towards the GHANA frontier, but its
reservoir can probably he used onlv to a very small extent - or not

at all - for irrigation (0 to 5000 ha),

In short, the BLACK VOLTA, including the SOUROU, should
meke it possible to irrigate 20,000 ha at least, and 30,000 ha at most,

In all the irrigation capacity of the VOLTAS would be
oftho following order, the figures being subject to considerable
reservutions since the real capacity of the RED and BLACK VOLTAS is
inadequately known: ' '

| ! Maximum | Mintmun

{WHITE voLTh ! 30,000 ha 25,000 ha

i RED VOLTA ; 5,000 ha (?) | 0

. BLACK VOLTA . 30,000 ha 120,000 ha .

T ; ﬁ'
TOTAL i 65,000 ha ' 45,000 ha ‘

b) - Regulated Use of the QAMBIA

Discharge figures for the Gambin are only just beginning
to be known,

varies from 2,540 million m3 upstream towards Kt DOUGOU to 5,050 milllonrm
downstream towards GOULOMBO, the margin of uncertainty being + 15%,

A Prelinminary Study has beon made of certain dam sites;
one of the most interesting of these yeems to be SAMBANGALOU, which for
& storage level of 79 m would provide a roserve supply of about 4,500
nillion mY,

In the absence of prociso dimensional data, no forwnrd
Planning has been attempted fo this site, but it may be assumed that
approximntely 90% of the upstroam flow oould bo regulated,
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The. reservoir would be located in an area of heavy
rainfall and its total volume amount to nearly twicoe tho mean annual
. discharge.. In these circumstances it would nllow the irrigation of
- 60,000 ha of double~crop rice, which is less than the irrigable area in
the lowor valley, ‘

At very long range - beyond the years 2000-2050 - total
regulation of the GANBIA socms feasible by building onc or two additional
dams, which would thon make it possible to irrigate 150,000 ha on a
.double-cropping basis, : : )



111.2 - USE OF MHE SAHEL CATCHMENT BASINS FOR IRRIGATION

¥e heve already noted the "potential" 1mportnnco‘of the

Salhiel's own short-distance runoff for developing irrigation in the S:h
countries, . ’

We have also mentioned that in the short and ped;um Lerm

long-distance runoffs (1) would probably prove the more advantageous to
use, : ! .

A study of runoffs on 11 geogrnphigul areas in the Sahel
itself yields the following approximate results:
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Catchment Mecan Annual Feasible Use ilrniguted Arca

-AREAS Basin Area ; ‘Discharge Rogulation < Double=crop
‘ I in kn® {millions of n3)(millions of m );Suited to Geog,
! : ! Rogion
| Area 1: ! i ! X
© Loft bank inflow to | : ; N
Sahelian Scnegal | 26,800 km2 ; 10 (7) 5 ¢ Negligible i
! (Perlo) : , (about 1GoO hn)(z)g
‘Area 2; g ; } i
SALOUM Region | 32,300 ke? | 50 (?) 30 1,000 ma !
i M _'
Area 3: g : :
Right bank inflows ; . | .
. to GAMBIA from . ‘ !
NIOKOLO-KOBA to 25,000 kn? 710 . 525 12,500 ha ’
" SANDOUGOU : . i
Area 4: , :
' Malian inflow to ' . ’
1 Scnegal, from 132,700 kn? 3,300 2,090 50,000 ha (2)
i . 5 o0
} BAGULE to MORVAVIL s £3688%m0nLE) W n829 BAOULE)  «Z1nS0Y WRoure)
'Aron o i ' .
Mauritanian inflows : }
to Scnegal, from © 60,400 kn2 1,100 530. .. 13,000 ha
KARAKORO to GUELOUAR |, ‘
CARRY FORWARD 277,200 kn? ' 4,970 3,180 76,500 ha
; i ’ (17,500 ha

et R LS

. without BAOULE)

(1) Ia other words, the runoffs used downstroam of catchmont basins of at least
1,000 kn? total area,

(2) In hydrological terms the Baoule is capablo of irrigating 29,000 ha but {t is
dcubtful whethory thore is that much irrignble land in its lower valley, It is
theroetore preferable to reseorve its flow for the Sencgal,
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i , Catchmoent Mean Annual Feusible Use Irrigated Area
AREAS , Basin Area Discharge Regulation . Double=-crop
' . in km (millions of m3)(nillions of m3) Suitcd to Geog.
‘ ~_Region
CARRY FORWARD ;277,200 km2 ' 4,970 3,180 High 76,500 ha
"1,590 Low , (47,500 without
: Baoule)
hrea 6: '
Voltan inflows to .
Niger, from GOROUOL | 115,200 ki’ 1,580 2?3 2;“" ?2'882 z;gh
to TAPOA | o0 Low OO0 Low
irea 7: i :
Southeast Voltan | ) 900 kn? = 1,520 11,020 High ' 34,000 High
narigots, from | ] ' 610 Low 17.000 Lo
PENDJARI to BITOU . : | : v h v
marigot i ! , ' :
Arca 8: . !
Marigots of Centril 2 . _ ]
Upper Volta, except | 49,000 km 850 ; 440 High " 15,000 High
Red, Black and Vhite i 220 Low ' 1,500 Low
Volta ! :
Area 9: : ‘
Left bank inflows to 2 !
Niger, from NIAMEY to 64,100 km : 50 : 0 i 1,000
VALOL MAOURI P ! ,
Area 10:
Central vivers of 2
. ,000
the Republic of l 91,400 kn 120 190 . 6
NIGER | |
. '
Arca 11: i
: , i 20,000 ha
S4-THa and i 135,000 kn 1,110 590 (?) P 20 e
BAHRAZOUN IAD . . : ( 3,000 without
H { (CHAD) i ' ‘ BAIRAZOUM)
. — ,
TOTAL 732,800 km2 9,220 , 6,350 . 136,500 ha High

:(excluding 32,000
' for BAOULE add

| BAHRAZOUM)

t 97,000 ha Low

. r——— e
- .




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.,

"Higﬁ" and "low" figures have thercforc been suggestoed
for Areas 6, 7 and 8, ‘

Moreovor, the interannual irregularity of recharrce, the
high lovel of evaporation on frec water, and the difficulty of finding
irrigable land urge caution in this type of calculation and the area
effectivoly irrigable from Sahclian runoff may thorefore be put at under
100,005 ha, excluding the potential of thc BAOULE and the BAHRAZOUM
given here for guidancce and whose discharges would seem to be put to best
use if allowed to rejoin the Senegal and the Chari.
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111,3 - USE OF GROUND VATER FOR IRRIGATION

A map (scale 1:5,000,000) was preparcd of arecas in the
Sahel wherc irrigation fro: ground water is technically and tcononically
feasible, This map was drawn from three basic rnaps appearing in the
above nentioned study by the Burcau des Recherches Géologiques ot Minidr¢
on the ground waters of the African Sahel, i.c. ’

1 = Map of Ground Vatcr Capacity

All areas wﬁere rates of flow as defined by the B,R,G.M, arc less
than 550 m3 per day, or 6,5 litres per second ner hectare, were
disregnrded,

Where this ratc of flow is attained or exceeded, it is Fassible to
put an area of at lcast 10 ha or so, under intcnsive fruit or
vegetablce cultivation, which seems to bc a minimum figuro,

2 - Map Showing Average Cost of Ground Water Catchment and Utilisation

All areas where the cost per m3 of water (including deprecintion 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 uepreciation, the other half, i,e. 10 CFA franc¢s, would
remain chargeable to growers, who would therefore have to look for
enterprises 1iknly to chow o nct profii aiver tne allocation of
150,000 CFA francs oach yeilr for irrigation costs,

Only highly intensive fruit or vegetahle zrowing would cnable such
expendi ture to be written off, an awount which for the timo being is
an absolute ceiling for African farmers making usc of irrigatipn.

"3 - Map Showing Suitability of Water for Inrigation

All arcas where ground water is not of ezcrllent, good or acceptable
quality for irvigation, as defined in the classification of the
California Department of Agriculture were vliminated,

On the above bases the attached map shows that the arcns
wherc irrigation is "possible" (it would be botter to say "conceivable"
in viow of the limite adoptcd) cover only limited geographical areas,
1.0, approximately: )

= 160,000 km2 in the western part of the Sahel, possibly in the sund duncs
the nlluvinl soils of the Senegal valley and the water tables of the
Contincntal Terminal and Macstrichtian systems, Referring to the table
on page » the available supply on this arca will be scen to amount
to soveral billion pd coming mainly from the Macstrichtian water table
tthe table on page shows 6,500 million m3 "technically" posaible
cach year; in fact, part of this amount is located outside tho
"tochnically and cconomically” feasiblc areas),




-180.000 km2 in the ccntral part of the Sahel mainly on
‘the alluvial soils of the Niger and thue water tables of
.Tegama sandstones and the Niger Continental Terminal.

Annual availability (table page...) from thc purely
technical standpoint amount to some 5 billion m3. Barcly
half of these, mainly from the Tegama sandstone water
table, are likely to be technically and econdmircally
usable.

- Lastly, about 100,000 km2 in the castern . part of thu
Sahel, mainly on the Koros water tables and the plio-
quaternary water tables in thc centre of the Chad Repub-
lic.

Annual availabilitles (tapie, pagé...) arc thought to bu

some 1,500 million m3, of which two thirds would comc
from the Koros water tablc in a region with relatively
abundant rainfall and surface water.

Hence the aauual volume effectivaly usable for irrigation
from ground water in the castern part cf the Sahel
presumably would ba:rely exceed 500 million m3.

Areas where irrigation is technically and econom-
ically feasible, in the extremely wide sense, would therc
fore cover 440,000 km2, or less than 10% ofthe total
area of the Sahcl countries. Conceivably some 6 billion
m3 might be drawn cach ycar on thesc arc~s (3 billion in
the West, 2% billion in the Centre and % billion in the
East).

In theory this figure is quite congiderable 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 vory many drillings
that would have to be donc, and thc state of the markct
for very intensive crops {thc only ones that could carry
the accepted economic constrairty it seums likely that
at best 100,000 ha might be developed by the year
2000-2050. )

(1)

This figurc may scem low. It corresponce to very high ficld

watcr application cfficicncy, valid only for very small
areas irrigated by modern methods: sprinklings, localised
irrigation. - :
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IIXI.4. USE OF GROUND WATER FOR PEOPLE AND LIVESTOCK
A map was prepared of the aréas where livestock
could be supplicd from ground water, according to the
B.R.G.M. maps of water capaciiy and quality.

On this map four types of arca werc identified:

1) Arcas where watering of livestock is impossible

~ either because the‘operating flow of recovery
installations is less than 20 m3 per day (and more oftcn
nil), so that not more than 600 to 700 cattle per day
could be watercd and it would thercfore be necessary to
increase the number of installations and raise the price
of water; ' , :
~ or bacausc the quality of the water is not
' suitable for livestock.

These arcas secm fairly limited in cxtent. . Tﬁny
are mainly locatzd in the Republic of Mauritania, where

- they appear in the form of "dry bevels" covering somc

100,000 km2. The usc of grazings in the souther part
of these dry bevels therefore means thai wherever possibl
-artificial ponds or else "feclers" from more productive
watering places would have to be dug.

2)_Areas wherc watering of livestock is difficult bccausc
the operating flow is between 20 m3 and 50 m3 per day-
which limits the number of cattle to 1500 head.

These arcas cover much larger tracts - several hundred
thousand km2.

However, a distinction should be dragn Here between:

~ areas located well to the south (rainfall over 80Qmm)
whi¢h should permit the watering of livestock without
difficulty from artificial ponds;

-~ arcas lying between isohyets 200 and 800 mm, which
would make the use of artificial ponds feasible but less
certain and involve greater cost; '



- areas in regions with a rainfall of under 200mm. Here
the use of artificial ponds to make up for inadcquate
ground water does not secm guncrally feasible. However,
thesc areas contain only scanty pasture often of such
poor quality that very fcw nomads come there and the wat-
ering of livestock should therviore 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) Arcas wherc the presence and possible characteristics
of ground water are still unknown. They cover more

than 1,000,000 km2, mainly located in the North Sahara
part of the Sahel. It would be well to know any
groundwater rescurces in these arvas, which might

at least be used by their inhabitants, and possibly by
miring installations and transit stations on the Noxth
African route. But as their use by livestock would nor-

mally be excluded, this gap would have no notablc influence

on the future development of animal husbandry.

4) pastly, arcas where. the watering of livestock is
considered "possible without spccial aifficulty"because
the unit flow of recovery installations is always above
50 m3 per day and the yater quzlity is satisfactory.

These arecas 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 watcr supply
available for humans and livcstock from ground waters.

We shall merely note that these requircments
as determined in paragraphs I.l. and I.2. above apd
recapitulatcd in the table on page... represent 2,500
million m3 for humans and only 500 million m3 for lives-
tock at the ycar 2000. :

: The water supply for the population will be
obtained without difficulty from ground watcr. However,
very large towns and notably somc 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 posblbilities of
supply from continuous or intermittent water tables,
as the case may be, except in certain regions where it
would bc necessary to use surface water collected in
ponds or hill lakes, despite the disadvantages to health .
that carelass use of this resource might cause.



III.5 - RECAPITULATION OF WATER RESOQURCES 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 I Second ger.er-
flow. Double of dam and recpv-| ation of dam
cropping ery facilities and recovery
guarantecd facilities
49 years out beyond 2050
of 50
Between 0 and
Senegal |10,000 ha, 460,000 ha 610,000 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 prospeéts 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 hectarcs;

- the overall irrigation potential of the Sahel
amounts to between 2.6 and 2,7 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 requircments
of people and livestock to be met, as well as
irrigation needs, over an extensive perlod well
beyond the target date 2050.

In principle, therefore, the problem of
water should be no obstacle to the economic and
social Gevelopment of these areas.

To carry out these programs will however be
a considerable task lasting several generations,
yet one s0 urgent that it should be undertaken as
premptly 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 rcgulate the
major Sahelian rivers has beer emphasized in order that
irrigation capacity can be rapidily developed.

The cost of building dams will certainly be high.
Focr this reason in most cases the dams should be planned
as multipurposz projects: for irrigation, generating
hydropower and improving navigation.

The cost of irrigated areas will be higher still
and their development will requirc many types of extrem-
ely complex supporting action to be undertaken: managems-
ent, training and supervision of farmers, marketing of
praducts, 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, thrcugh
the preparation of master development plans such as that
drawn up by the OMVS for the Scnegal 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 alrcady, including all typcus of water
utilisation: requircments of large towns, rural popul-
aticas, livestock , agriculture and industry.
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