
PROJCT SENERIZ : DEVELOP ,ENT OF THE 

AJA!B BASIN' 

5U.-MIiiaY AND CONCLUSIOI.JS1 

Cereal grains form an important part of the diet of most 

3enegaleseI and the consumption of cereals, particularly of rice, 
maize, and wheat, is increasing over time. However, domestic pro

duction of cereals has increased less than consumption, necessitating 
importation of, on the average, 31% of the cereals consumed. Rice 
has figured co~nptcutsly in this importation, its value making up as, 
much as 50P%of the deficit in the national balance of payments. Pro

jections of future demand for rice indicate that consumption of rice 
will at least double betveen 1974 and 1931, because it is the preferred 
cereal and people will have more money to spend for it. 

Project SENILIZ was conceived to increase domestic pro
duction of cereals, especially rice, and if possible to make Senegal 
self-sufficient in rice. This study was commissioned to develop 

and evaluate a plan for the first portion of that project. 

The site for the first realization of Project SENERIZ was 
to be selected within the Departments of V41ingara and 1Kolda in the 

Upper Casamance. The land in these departments shows little vari
atimand little basis for choice of a site, in topography, climate, 

vegetation, or population. The Anambe basin was chosen as the pro
ject site on the basis of its soils and its hydrology. The soils are 

better adapted than those of most other areas, and a site was found 
on the Kayanga River where construction of a dam would provide a 
measure of flood protection for the Anambd basin and simultaneously 
provide water for its irrigation. In addition, the local populace are 
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aware of their re~ions potential as a development site, and they desire 

strongly that a project be locate"- there. 

The basin is roughly circular in shape, with its center at the 

confluence of the Watma and Anambd Rivers. The coordinates of the 

center of the basin are 13 °01' 1,orth latitude and 14*00 ' 'lest longitude. 

The basin lies about three-quarters in V6lingara and one-quarter in 

Kolda Department. 

In geologic ages, the basin was a lake, and lake-bottom deposits 

of silt and clay produced heavy-textured, dark-colored soils in the 

center of the basin. Agricultural use of these soils will require some 

protection against the flooding which taIkes place each rainy season, 

as the engorgement of the Kayanga River prevents drainage from the 

Anambe. Topography is relatively flat and thus well adapted to large

scale cultivation. 

Study of the sc ils of the b asin reveal that three-quarters of 

the basin - some 00,000 hectares - would not be adapted to irrigated 

rice culture because of the light texture and excessive permeability 

of the soils. Of the renvining area, perhaps 7,300 hectares (the 

flooded portion) would be well saited to rice, given control of the floods, 

while the balance appears to be moderately well adapted. Low soil 

fertility and susceptibility to ssion are constraints on all of the 

basin soils, particularly the li'Pht er-textured upland soils. 

I-lear the center of the basin is the Anambe Classified Forest, 

a wooded area of 6,200 hectares that includes some of the best soils 

in the basin. SODAGRI recommenAs that the project area exclude the 

classified lands, and that their status as a protected resource not be 

modified at this time. 

Current land use in the basin is for crops of sorghum, millet, 

maize, rice, peanuts, and cotton, for which perhaps one..fifth of the 

basin is in use at one time under a pattern of shifting cultivation. 
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Except for peanuts and cotton, which are raised as cash crops, agri

culture is almost totally oriented to s elf-sufficiency. 

Excluding the Anamb4 Classified Forest, 25,000 hectares 
are available to be cleared and developed for mechanized cultivation. 

Cultivation by peasants. may be stabilized end expanded by about /0/, 
from the current 21,000 hectares (estimated) to about 30,000 hectares. 

The Anambd basin is located within the limits of the Sudano
guinean semi-humid tropical belt and south of the Sahelian desertic 
climate zone. The principal meteorological characteristics of the 

region are : 

- a rainy season of four months Qune through September) of 

erratic but relatively dependable average precipitation, preceded and 
followed by months (L.ay and Cctober) of light transitional rainfall! 

- a six-month dry season; 

- a temperature regime featuring maximum highs in May before 

the onset of the heavy rains, declining values during the rains, a 
secondary high in November, and a relatively cooler season durine 

December through January; 

- a decline in rainfall from south to north. 

Study of available climatological data reveals the importance 
of drought. In recent years, precipitation has been consistently less 

than the long-term averaCe : total rainfall is less, and more and longer 

rain-free periods are encountered. While these data confirm the need 
for irrigation, they also raise the question of adequacy of rainfall 

to yield enough runoff to fill a reservoir, should the recent drought 
continue. The Kayan.a River, with a large watershed located in a 
zone of heavier rainfdll, isless likely than the Anambd to experience 
disastrous droughts. 
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Temperature is near-ideal for groving during the rainy season, 

in the winter, :night-time low temperatures -approaching 10,.C in De-. 

cemeber and Januaryi limit selection of varieties, or lengthen 

the growing season. 

The Anambe basinis relatively remote from the main population 

centersof Senegal, and no paved roads serve the .area.s Both difculty 

of access and lack of localinfrastructure will affect projectdevelop
ment costs. 

The main centers of population in the basin are Vlingara and 

Kounkand4. The population of the basin is estimated at 25.000 or 
about 23 persons per square kilometer, one-third more dense than the 

average for the upper Casamance. 

The majority of the people in the project area (820,) are ethni
cally Fulani (Feuhl). They are organized into family compounds, each 

of which may contain up to about a dozen househoulds. Each house

hold operates independently in raising crops, on land allocated to it 
by the village chief. V/hen land is abandoned in the cycle of shifting 

cultivation, usage righlsrevert to the village. The local people strongly 

favor implementation of a development project in their region. Their 
chief concern is that pasturage for their cattle be available to replace 
the common lands in the basin that will be brought under cultivation. 

Alternatives that were considered for hydro-agricultural 
development of the basin included (1)an earlier proposal for a re

servoir in the center of the basin and a series of impoundments in 
small shallow valleys around the periphery of the basin; (2) con

struction of a reservoir between two dams in the valley that connects 

the basin with the Kayanga River; (3) a dam on the Kayanga River 

do-vrnstrearn of its confluence with the Anambd River; (4) irrigation 
from drilled vells, without construction of a reservoir; and (5) 

a development program based on rainfed agriculture and aid to local 
farmers, without provision of irrigation facilities. 'All of these 
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alternative project structures were rejected because they represented 
partial and ineffective development of the available resources (1 and 
5); they would be too expensive to build and operate in relation to their 
potential production (1, 2, and Z); and/or they contained technical 
difficulties that seemed impractical to surmount (2 and 3). 

The selected engineering solution calls for construction of an 
earth-fill dam on the Kayanga. River near Niandouba. The dam will 
have a crest length of 2.2 kilometers and would create a reservoir 
having a maximum normal water storage capacity of 388 million m3 ,
 
with 240 million e available for irrigation. Delivery of water from
 
the reservoir will be by pump and gravity-flovw to the Anambe basin.
 
A drainage system in the basin, plus the reduced engorgement of 
the egress route for Anamb6 waters, will reduce flooding and per
mit development of most of the heavy rice-suited soils in the floor 
of the basin. 

Agricultural development and use of the basin's best soils
 
rill be progressively implemented. Only lands not used by local
 

farmers will be taken for use by the agro-industrial complex; these 
lands are the heavier-textured soils that are too difficult to plow 
with animal power,*,echanized tillage using large rubber-tired 
tractors and wide tillage implements will cope with the multiple 
problems of difficult tillage, yield response to reasohably deep plow
ing, and need for timeliness in soil preparation and planting. Suffi
cient irrigation Water is expected to be available for 15 to 17,000 
hectares of crops. Irrigation will concentrate on the best lands, some 
of which can be developed ad used only after the flood control 
program is effective. Crops produced at the outset will be primarily 
rainfed rice, sorghum and maize. ,Ls irrigation water becomes avai
lable, emphasis will be on irrigated rice, with lesser areas of rain
fed sorghum and maize. In the seventh year of the project and 
thereafter, rice yields averaging 3.5 tons per hectare for each of 
two crops on 17,000 hectares will permit production of 119,000 tons 
of paddy rice or 115,000 tons beyond seed requirements. In addition, 
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over 26,000 tons of sorghum and maize will be produced (beyond seed 

requirements) for a total, cereals net production of 142,000 tons. 

Millet has been tentatively eliminated from the cropping program 

because it is a lo-wer-yielding and less profitable crop than other 

rainfed crops. Cotton and peanuts will not be raised, as their in

clusion would dilute the project's impact on cereals. 

The yields of crops produced by the complex are expected to 

begin at a modest level and to increase as problems of adapted va

rieties, locally suited technology, skill of personnel, etc. are solved. 

A reasearch program will be carried on to solve these problems and 

to explore alternative crops such as soybeans, sugar cane, vegetables 

for canning, fruits, etc. 

The agro-industrial complex will be administered and operated 

from a project headquarters which will include offices, lodging for 

administrative personnel, maintenance and repair facilities, a trans 

port unit, water supply and electrical power facilities, and the ne

cessary installations for handling all the crops produced. 

1. cereals center will be provided, vith storage capacity for 

50,000 tons of grain. This facility will be able to receive, clean, 

dry, and store the cereals crops produced by the complex and also 

by the neighboring farmers. A seed plant with five tons per hour ca

pacity will clean, dry, store, test, treat, and prepare for distribu
tion quality seed of improved varieties. A rice milling plant of ten 

tons per hour capacity will produce a superior quality of milled rice 

from the paddy rice grown by the project. A feed mill, having a capa

city of five tons per hour will use industrial by-products and other 

ingredients to produce a feed supplement for cattle. This feed supple

ment, plus by-products of cereals stalks and straw from the fields 

of the complex, will permit up to 10,000 young cattle from the sylvo
pastoral region of the Sahel to be "growin out". Similar feed s;upple

ment plus rice bran and hulls and by-product forages will serve to 

fatten up to 5,. Wfeeder cattle each year. 
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A program of teaching and assistance (T end A) for local 

farmers will broaden the impact of the improved technology introduced 

by the complex and refined by the research center. Trained infor

mation agents will teach farmers new ways and demonstrate new va

riettes and new techniques. The inputs of seed, fertilizer, etc., 

necessary to a farmer to permit him to implement the new methods 

will be available on credit through this T and A program, which is 

expected to reach 1,500 farm families in the seventh year of the pro

ject and to increase their production of cereals by about 30,000 tons. 

Senegalese employees will be trained as technicians in a com

prehensive program of on-the-job training. Training abroad will be 

offered to sclected employees, to prepare them for certain technical 

and administrative posts. Senegalization of top level posts will be 

carried out as rapidly as personnel are qualified. It is intended that 

all expatriates will be replaced by Senegalese nationals in the seventh 

year of the project. 

The implementation of this development program will begin 

with research and data collection to fill voids in knowledge about 

the resources of the Anamb6 basin. At the outset, meteorology sta

tions in the basin will be established or upgraded to provide data on 

temperature, humidity, wind, evaporation, etc, Stream-flow gauges 

will be installed on the ALnamb4 and Kayanga Rivers. Exploratory 

drilling of deep wells will reveal the feasibility of using ground 

water for irrigation. A study of tenure and land use will improve 

data on land ownership. S oil surveys will show, with much greater 

precision than has been available to date, the area and location of 

the various soil types, to permit improved planning for Irrigation 

and crop production. Agronomic research, to fine-tune the techniques 

to be introduced, will begin. 

Topographic mapping will be started, as will geologic data 

gathering. The information so gathered will permit detailed design of 

a dam and reservoir, an irrigation network and drainage system, and 



a netw6orkof roads that will permit access to all; partsof-the basin, 

to the damsite and to sources of construction materials (sand, gravel, 

rip-rap , etc.), needed for the dam and other civil works. 

If the program of data gathering is begun promptly, the design 

work can be done in the second year, and construction done in the 

third and fourth year. This will provide flood protection for the law

lands of the basin, and irrigation water for the same lands, in the 

fifth and subsequent years. 

A number of the characteristics of the project and the costs 

of the components of the development plan are summarized in Summary 

Table A. Annually, the investment increases from 232 million CFA 

in the first year to 10 546 million in the fourth year, and totals 34524 

million CFA in six years. Replacement of equipment calls for 1011 

million CFA average annual investment after the seventh year. Of 

the total investment, 17 472 million CFIL, or 50%, represents foreign 

costs, the balance being local costs payable in Senegalese currency. 

Revenues of the project arise from sale of cereals, from fees 
charged to ONCAD for handling of cereals and milling of rice, from 

sale of cattle, and from sale of seed and cattle feed to local farmers. 

These revenues begin (at 13U million CFA)inthe second year of the 
project, and increase to c 995 million CFA in the seventh and sub

sequent years. 
Operating expenses have been calculated based on estimated 

inputs, labor requirements , etc. Variable costs of crop production 

increase to 1 252 million CFA in the seventh year, while cattle pro

duction costs reach 571 million CFA annually. Costs of the agro

industrial complex amount to 2 303 million CFA per year, while fixed 
cost or overhead for the project stabilizes in Year 8 at 1 435 million 

francs. Total operating costs are 5 511 million CFA per year be

ginning in Year 8. 

Project -cashflow is negative for the first several years, 



being negative by as much as 10 777 million CFA in Year 4, then 
becoming positive in Year 7 and stabilizing at + 3 473 million CFA 
per year in Year U'. Cumulative cashflow reaches a negative maximum 
of 32 350 million CFi. in Year 6, becomes positive in Year 16, and 
generates a cumulative cashflow of 52 090 million CPA (208 million 
dollars) over the thirty years. 

The internal rate of return CRCR) for the project as it has
 
been described in 7.5.31,. 
 This means that if all money expended re
quired an investment payment of 7.53%annually, the project cashflow
 
would "come out even" - at exactly zero - after 30 years. 

The foregoing situation represents the "base case" for the
 
project. The effect of a number of possible changes has been cal
culated. For example, 
 if yields were 10%higher than previously
 
calculated, the RCR would be increased to 9.25%, and if yields were
 
106 lower, the ROR would drop to 5.66%. This sensitivity analysis 
showed that the greatest impact on ROR would come from elimination 
of grain handling, storage and rice blending fees, which in concert 
would give a negative rate of return (ROR = -. 73). Reduction by 
50%of land development costs would permit the most profit CMOR = 9.7%), 
while 10% higher variable costs would cut ROR to 6.04 percent. 
Miost of the eventualities considered, including delayed and accele
rated implementation, expansion of area and elimination of the T 
and .Aprogram, modified the ROR by not more than + 2 percent. 

Financing for the project is bein sought. Various lenders 
have expressed interest and made oral promises, but firm commit
ments must await the availability of this report on the pre-investment 
study. 

x
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SUMMARY TABLE A : Project SENERIZ : Physical and Economic Characteristics 
by years (in tons, units, and millions of francs CFA). 

YEAR OF PROJECTProject targets : 2 3 4 5 6 7 " 
Cropland developed, ha. 1000 2000 4000 5000 7000 6000 - -Cropland in use, ha. 0 1000 7000 12000 19000 25000 25000Complex rice net production, tons 0 1 342 5 988 13 806 22 660 105 463 115 260 115 260;' other cereals net production, tons 0 751 i 599 6 144 13A 504 14 622 26 752 25 762calves and cattle sold 0 50 600 1 600 000 101 000 15 000 15 000Participating farmers, number 0 100 200 400 600 1000 1500 1500cereals production (increase) tons 0 242 443 2 894 7 134 15 154 30395 30 "95calves, and cattle (increase) 0 11.3 150 697 1 640 3 419 6 743 6 743Project employees, number 0 250 350 570 700 1000 1200 1200 
Investment (106 CFA):
Data collection and research 154 50 0 0 0 0 0 0Irrigation and water supply 153 500 3 450 3 450 0 0 0 0F lantation development 600 1 225 2 400 3 000 4'200 3.600 .0 0Equipment 358 589 553 665 959 774 0 768Industrial facilities 1530 505 1560 3 150 410 0 0 243Training programs 27 36 19 20 0 0 0, 0Working capital 0 173 224 11 63 01 0 0
Totals J 0 1=5 1U S -- f -T 
Cperatin costs (106 CFA):
Variable costs , crop production 0 27 65 200 3499 1 101 1 262 1262Variable costs, cattle production 0 9 35 80 197 511 511 511Var. costs apro-industrial complex 0 198 422 669 1 0.37 2 207: 

. 

2 303: 2 303Fixed costfOverhead 0 250 453 693 1067 1Z35 1536 1435Total operating costs 0 4" 995 1642 2650 5254 5512 5511 
Gross cashflow (10 CFA) 0 -346 -447 -231 -125 3 32 43' 4464Project cashflow -2833 -3424 -8 50C -10777 -5757 -1051 43S3 34473Cumulative Project cashflow -2 833 -6 257 -14 755 -25 5412 -31 299 -32 350 -,27967 -24 494 
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CHAPTER 1.
 

CE.EALS IN SENEGAL
 

THEIR PRODUCTION AT USE.
 

1.0. IRODUCTION.
 

The rural.econoy of Senegal 'i's based on cereals .Despite
 

the vaunted and acknowledged importance of peanuts in providing employ.
 

ment and in"'earning 'foreign exchange, it is the' cereals that prbvide
 

the real foundation of 'rural life and population supportCereals" occupy
 

' '
the:majority of the Senegalese farmers'ero land. iand they provide the
 

majority of foodstuffs eaten by. the Senegalese people.
 

As an ,illustration:of this importance of cereals, Table
 

1I.-A. shows tL area and production of the leading crops in the'depr

tment of Velingara. Of the six most important crops four are cereals,
 

and 'they account for 55 Z: of both area and production.
 

Furthermore, the balic,system of organization in rural 

areas is :subsistence agriculture s productlon by the'family to meet 

its'own'needs, and limitation or constpption to tnat wnicn is produced 

by the family. Thus the importance of- the .cereal,crops is even.greater 

than indicated by their proportion of-area, value,_becau

se these crops represent food and therefore life to itheir producers, 

the rural habitants who make up 70 %of Senegale lation. 

Nonetheless, given the erowine urbanization and increasinR
 

modernization of the country, the importation and sale of cereals on a
 

massive scale must be taken into account.
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TABLE 1.O.A. Relative Importance of the Leading Agricultural crops,
 
Department of Velingara.
 

Hectares Z Tons 

Sorghum 13300 24,6 1693 27,2 
Peanuts. 12800 23,7 12672 21,4 
Cotton 11500 21,2 13800 23,4 
Millet 9400 17,4 8460 14,3 
Maize 4138 7,64 4904 8,3 
Rice 2970 5'5 3178 5,4 

Total 54108 100 69107 100 

Statistics on the imports of cereals in Senegali wirness to the
 

importance of imported cereals. Imports of cereals have increased from
 

1760ee tons in 1961 to 292000 tons in 1974 -. an increase of 66%. During 

the same period total consumption of cereals increased by 45%, while the
 

indicated domestic production increased by only 38% (Table f.O.B.)
 

To make matters worse, the $alue 6fthe imports"hasInceased out of
 

proportion to the quanti:y, averaging in.1971-74 about 270 percent of
 

the 1961-65 average.
 

In the context of Senegal Isneed to import manufactured
 

goods as well as foodstuffs, and with limited exports, the importation
 

of cereal,:roducts contributes importantly to the foreign exchange prob

lem. Ricewhich has made up nearly 60.percent'ofntbo tonnage of cereal
 

imports, has in certain years represented up to 50 percent.of the defir
 

cit for the entire balance of payments.
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TABLE .O.B. Total lmpo ts and Total Cereal, 191tiO, 1974' 

Net Cereal Imports (1) Total Cereal Consumption 2 Imports
Calendar 

Year Tons % of Base year Tons % of Base year of Total 

Consumption 

1961 
1962 
1963 
1964 
1965 
1966 

'.175 913 
177 143 
190 221 
254 757 
252 607 
228 234 

in0 
101 
108 
145 
144 
130 

647 164 
670 55 
710 977 
847 522 
903 628 
873 122 

100 
104 
110 
131 
140 
135 

2792 
26,4 
26,8 
30,1 
28,0 
26,1 

1967 
1968 

224 372 
242 044 

128 
138 

844 644 
995 740 

131 
154 

26,6 
24,3 : 

1969 324 379 184 907 412 140 35,8 
1970 255 084 145 971 295 150 26,3 
1971 363 996 207 912 633 Il 39,6 
1972
1973 

290 175450 453 
165256 

9n2 354876 002 
139135 32,251,4 

1974 291 928 166 941 180 145 31,0 

Average 265 808 151 857 447 132 31 

61/74 

(1) Calculated according to statistics of the Statistical Economic Bul

letin of Senegal. In the net import column, wheat has been conver

ted into its wheat flour equivalent by a coefficient of 1.43, and
 

paddy rice into its treated rice equivalent by a coefficient of 1.43
 

(2) Imports (internal production consumed : 3/4 production of tfid agricul

tdral season t - S/t + 1/4 production:of the season t/t + I)
 

Actions Planiferes de Production Cerealiere.
Source : 


MinistfYlol'Rural* .velopment and Hydraulics.
 
December, 1976.
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It must be emphasized that the primary role.of cereals 

is the.nourishment of the human population and that cereals represent 

"a least cost" solution to nutritional needs. Thus, no austerity pro-, 

gram can be applied to reduce cereals requirements. On thecontrary,
 

the key to solution of the problem lies in increasing the domestic,pro.
 

duction of cereals crops.
 

Such an increase in cereal production is the objective of
 

project SENERIZ. The report of which this chapter isa:patt discuss e A in 

some detail the resources available for that project, the constraint
 

on use of these resources, and their organization into a development
 

project to achieve the objectives".
 

In this chapter, the cereal situation is presented in rela

tion to historical context and to the neds of the Senegalese people, 

both rural and urban. This is followed by a forecast ' of the future 

needs of Senegal in cereals and the rationale for a new project for the 

increase of the production of cereals in Senegal. 

1.1. CEREALS IN HISTORICAL PERSPECTIVE.
 

To gain a perspective of the cereal production situation in 

Senegal, one must look at area, yield and production of the various a

crops singly and in combination. Table l.l.A. presents basic data for 

anlysis of the situation, and Figures 1.1.A. et 1.1.B. present grapht

cally inform.: ion on area and production. Several observatil.es chn'lbe. 

made, based on these data.
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Graphique 1. A
 

Figure .1 A.
 

Superficies des C~r6ales Principales au Sn gal. ;1960-1975
 

Area,of Principal Cereals in Senegal. 1960-197'5
 

(graphique des bandes cumulatives)
 

(cumulative:'band. chart) 
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Table 1 or,Annex, Chapter 1.
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Figure 1.1 B
 

Production des Ceteales Principales au Senegal, 1960-1975
 

Production of PiFncipal Cereals in Senegal, 1960-1975
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Total area and production of cerealsIon'both trending'
 

toward increase. The effect 'ofthe treni n the
 

case of millet and sorghum production., However each of the series,
 

shows extreme variation'from one year to another. Variation is par

,ticularly evident for producion'because of the wide fluctuations of
 

yields depending on rainfall and other weather factors. Yields-in
 

any one year may vary from the 1on -term average by as much as 37%
 

for rice,'and 67% for millet and.sorghum (Table I.I.B.): and of course
 

yields of individual farmers :vary far more than .that.
 

Sorghum and millet. desnite their-variabilitv of pield.
 

make up the great.majority oft.Snegalese cereal area and nroduction
 

'
about 89% of area,_ and 79%1!of production, over the 16 year 0ld :perio
 

1960-1975.
 

Senegalese cereal production is heavily dependent on
 

weather. ,The depressed and widely fluctuating production in the late
 

1960's and early 1970'sf,vasuftdotbtedly.at basea function of weather,
 

Oarticularly rainfall. Since rainfall:ns not subject to significant
 

control, the desirability of irrigation projects to moderate the
 

fluctuation in productldn is evident.:,..
 

1.2. THE ROLE OF CEREALS . RICE, MILLET$AN SO UM,-MAIZE AD.WHEAT. 

At the present: time, the use of cereals as feed for liver
 

stock or in industry is significant ; cereals in Senegal serve almost
 

exclusively for the satisfaction of human nutritional needs.
 

,.,... 

http:1970'sf,vasuftdotbtedly.at
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Figure 1. 2
 
Consommation des Cereales et des Produits
 

C6realiers au Senegal, 1961-1974
 
Consumption of Cereals and Cereal Products
 

in Senegal, 1961-1974
 
(graphique des bandes cumulatives)
 

(cumulative band chart)
TOHN. 
1000 	 - -- -

MIS( 1,4OL ' 
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19a1 "2 r.; G4 Ir @ @7 GB 9 70 71 72- ?1, 74 
La largeur de chaque bande r~pr~sente la consouI'tion de ce produit-ia. 

The width of each band is propoxrtional to the consumption of that product. 

Source: 	 Tableau 3 de "'Anniexe 1/1.

Table 3 of Annex, Chapter 1.
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TABLE 11loA. Cultivated Area. Yields and ,Production of the Principal 
Cereals. 

1. Millet -Sorghum. 

Calendar Production Cultivated Area Yield 

Year (1000 T) (1000 ha) (Kg/ha) 

1960 392,4 762,2 514, 
1961 406,5 830,8 489,K 

1962 424,1 864,7 490 
1963 478,4 959,4 498

1964 531,8 1 010,9 526 

1965 554,1 1 069,4 518 
1966 423,2 996,7 424 

1967 654,2 1 155,4 566 

1968 450,0 1 053,7 427 
1969 634,8 1 037,3 612 

1970 400,9 972,2 412 

1971 582,7 974,6 597 

1972 322,9 936,3 344 

1973 510,8 1 093,5 467 

1974 777,0 1 155,3. 673: 

1975 630,0 715,5 880 

2. Rice 

1960 81,5 67,8 1 200 

1961 83,8 72,9 1151 
1962 90,4 71,9 1256 
1963 105,8 74,8 1 415 
1964 108,8 86,9 1,252 

1965 125,2 82,6 1517 
1966 125,2 87,9 12.424. 

1967 134,5 101,4 1 327 
1968 58,8 77,5 1317. 

1969 140,8 104,3 1 349 

.1970 98,7 93,3 1 1.0518 -
1971 108,2 83,7 1242 
1972 43,6 50,3 866 
1973 64,3 64,6 996 
1974 117,0 85,6 1 366 
19775 144,0 89,2 1605 

,... e 
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Table ll.A.: Concluded
 

3. Maize
 

Calandar Production Cultivated Area Yield 
Year (1000 T) (1000 ha) (kg/ha) 

1960 27,2 30,5 889 
1961 28,3 32,2 885 
1962 26,6 31,5 847 
1963 26,6 32,6 815 
1964 37,2 47,2 788 
1965 40,8 54,3 751 
1966 41,8 53,8 777 
1967 56,8 71,7 792 
1968 25,3 36,3 696 
1969 488,8 554 881 
1970 38;7- 50,6 765 
1971 38,5 48,9 '787 
1972 20,2 32,3 625 
1973 33,8 39,2 862 
1974 43,2 48,6 888 
1975 45,2 46,7 968 

Source : Actions Planiferes de Production Cerealiere.
 
Ministere du Developpement Rural et de l'Hydraulique,
 
Decembre 1976.
 

Table 1.1.B. Long Term Average of Principil Cereals, and Variations f
 
from Average.
 

Millet-Sorghum Rice ' MIze 

16 year average of yields 527 1 364 813 

Maximum Yield - Year 880 (1975) 1 605(1975) 968 (1975) 

Mnimum Yield - Year 424 (1972) 866(1972) 625 (1972) 

Percent Variation +-67, - 20 + 18, 37' + 19, - 23 

Source: caculated fvm'data of Table 1.l0,A,
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Of alt the cereals consumed in Senegal, rice Is the basic and
 

preferred foodstuff for urban pbpulations. In certain regions of Senegal,
 

notably in the lower Casamance,1rice is also consumed asthebasic foods
 

stuff, Consumers in general both urban and:rural show a preference for
 

rice.
 

Asshown in Table lO.B, total consumption of cereals in
 

Senegal uncreased'steadily during the decade of the 196n to a peak in
 

1968, with irregular decreases since abetter understanding of the pat

tern of change can be had from figure 1.2. During the period of increase
 

it was rice that increased the most striklingly. In the period since 1968,
 

wheat has increased wtile other.cereals decreased, and in most recent
 

years has exceeded maize in importance. It is particularly significant
 

that both grains showing increases in consumption are imported wheat
 

is hardly produced in Senegal, and increases in rice consumption are 

mostly due to increased imports. These increases in rice and wheat 

consumption are essentially urban phenomens. Imported rice is Durchased. 

not home-grown, monetarily gainful employment which implies urban dwel- ' 

ling is a precondition for its purchase. As for wheat, it is above all 

in the urban centers that consumption is increasing. The total consumption 

of wheat flour per capita is greater, in certain years, than that of maize 

flour. Imports of wheat flour in the period from 1971 to 1974 doubled in 

compnTtrsn.to the period from 1966 to 1970, and equqlly important, the 

consumption of wheat flour per capita doubled from 1965 to 1974. This 

leads to the assumption that consummrsishow a preference for wheat (or 

more precisely for bread) just ns they show a preference for Tlc: 

.6.go. 

http:compnTtrsn.to
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The consumption of maize is small in comparison to the other 

cereals. and its role in the diet of city dwellers is very restricted, 

Nonetheliss, maize has its place in traditional cuisine. Consumption is 

on the rise, largely as a function of its availability. Significant 

progress in the production of. this crop, above all in the Sine-Saloum. 

n tne toasamance) and 311n
eastern Senegal, has resulted from exanded rise
 

of animal powered plowing and chemical fertilizers, and these factors
 

are subject to further large increases in the future.
 

illet and dorghunre the most-consumed of all cereals. They
 

are the traditional basic foodstuff, especially in the rural environment.
 

Their traditional role, however, is threatened by other cereals. Yet there
 

is no danger of millet an sorghum becoming redundant. Cereal production
 

in Senegal has not yet reached the stage where it supports a major mil

ling industry (the exception is two wheat and maize flour mills in Dakar,
 

which mill fairly large amounts of these grains). Industrial processing
 

of cereals and their use can accomodateq.s tlties of cereal far larger
 

than currently available.
 

1.3. CASAMANCE : ITS ROLE IN CEREAL PRODUCTION. 

The Casamance isa very important agricultural region of
 

Senegal, having an immense potential because of its resources of soil,
 

water and climate. More than one fourth cf the nation's total cereal
 

production comes from the Casamance, and about three-fourthsof the nations
 

rice production. (Table 1.3.)
 

. ./.1. 



TabL: 1.3. Compared Production of Cereal :
 
Casamance/Senegal.
 

1. Millet and Sorghum. 

Tsar: Senegal Casamnance % C/S 

69 - 70 634 833 121 415 19 % 

70 - 71 400 876 100 316 35 % 
71  72 582 713 90 509 15.5 % 

72 - 73 322 865 74 771 23 % 

73 - 74 510 793 84 333 16.5 Z 

74 - 75 795 045 101 935 13 % 

75- 76 620 966 79 050 13 % 

Average 552 584 93 190 16,9 % 
of 7 years 

2. Rice. 

69 - 70 137 746 103 377 75 % 

70  71 90 545 68 486 761% 

71 - 72 108 166 73 010 67 Z 

72 - 73 36 686 26 584 72 % 

73 - 74 64 340 49 154 76 % 

74 - 75 116 975 86 360 74, 

75 - 76 115 707 97 397 84% 

Average 95 738 72 053 75.3 2 

of 7 years 

3. Maize. 

69 - 70 48 840 28 162 58% 

70 - 71 38 746 18 549 48 % 

71  72 38 503 17 145 44. 5 % 

72- 73 20 210 9 726 48% 

73,- 74 
74 - 75 

45 308 
43 294 

13 929 
16 470 

31 % 
38 % 

75 - 76 48 900 16 470 34 % 

Average 40 543 17 207 42.4 % 

of 7 years 

4. oal 

69- 70 830 419 252 954 30 % 

70 - 71 530 167 187 351 35 % 

71- 72 729 382 180 664 25 % 

72 - 73 379 761 111 081 29% 

73 - 74 620 441 147 415 24 % 

74 - 75 955 314 204 765 21 Z 

75 - 76 785 573 192 917 24.5 % 

Average 635 900 182 450 29..7 % 

of 7 years-

Softe :Mihigtry of Rural Development and Hydrauilcs. 
• otsxuale: from 1969 - 1970 to 1975 - 176. 



The proportion of millet and sorghum produced in the Casa

mance has declined-somewhat in recent years, and the proportion of
 

maize produced there-has dropped'significantly. Rice production, however,
 

has held Its own, at least in relation to the total produced in Senegal.
 

An actual decline has occured:'in quantity of millet, sorghum and maize
 

produced there. One hypothesis advanced to explain this phenomenon is 

that the Casamance has suffered from neglect; and that lack of investments, 

scarcity of support for development programs, and the continuing exodus 

of the rural people toward the urban centers may actually be related in 

a causative way to the stagnation of cereal production. 

%hathav or not this hypothesis is the real explanation, one 

can hardly doubt that the Casamance has the p',tential for regaining'its 

rank in cereals production and perhaps even for domination of that field of 

endeavor. The question of suitability of resources for production of
 

rice and other cereals will be addressed in detail in a subsequent chap

ter.
 

1.4. FUTURE CONSUTPTION OF CEREALS. 

Consumption of cereals can be projected for some future point 

'in'ttime based on known present consumption (calculated,on-aper capita 

basis), with adjustments of inditidual consumption reflecting the elas

ticity of demand for cereals and changes in per canita income. Three 

important variables - population growth, income, and elasticity.- thus
 

control the projection and determine 
its accuracrI
 

.. . . 
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sme.as cLpreaUCrxor
It should be emphasized that a projection is not the 


and that the effects of a governmental policy or any 'other
tincentive 


t
o influence consumption were not taken into account 
in the cal

progrem 


culations. which are thus a reflexion 
of current trends only,
 

The following projections ofconsumption are those of the 
5th:Plan, as
 

presented in the report of the Ministry Rural Development 
and Hydraulics
 

entitled Actions Planiferes de Production Cereal1ere, 1977 A 
1985.,: All
 

data are quoted from that report.
 

PP61fa-iot 'cirowth
is-projected 'as follows:
 

860 000
Population base (1974 


26 1 1
Annual growth rate 


Projected population, 1981:5 816 000
 

Projected population1985:6 445 000
 

Per capita income is projected at rates that-would 
resulti1n tripling
 

2.5,% per year until 1951,tlien
of &969 P1. capita income by 2001 


:
3.3. . The data may be summerized as follows 


Base for projections : per capita
 

income in 1974 (F.CFA) 51 005
 

Annual growth rate, 1974-81 2.6 %
 

Projected per capita income,198160 936
 

=Revised annual growth rate
 
3.3 %:
1981-1985 


Projected per capita income
 
68 901
1985 


1. Annual growth of 2.6 % from a 1974 base of 4 860 000 
would result
 

in 1976 population of 5 116 000. The 1976 census reported 
a population
 

of 5 085 388, suggesting a slower rate of population 
growth of about
 

2.3 X.
 

* o ./.o.o 
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To provide a check on the reasonableness of the foregoing
 

projections, SODACRI offers another set of projections of consumption
 

of cereals. These projections are far less sophisticated, being based
 

on only two assumptions : (1) that consumption and the changes in
 

consumption over a period of time can be sumnnarized by and expressed
 

as a "trend line" (a linear regression line fit by the method of
 

leasti squares) ; and (2)that the, trend line will continue to express
 

consumption in the future.
 

Trend line projections of cereal consumption are given
 

in Table 1.4. To emphasize that a trend line shows only general pat

terns rather than precise estimations, trend line figures are given
 

for the first and last years of the series being projected, that is
 

from 1964 to 1974 ; it will be noted that they do not "tally" exactly
 

with historical data. It should also be observed that the projected
 

total consumption is a projection of historical series of data ; the
 

"total" for one year is unlikely to equal the sum of projections ba

sed on component historical series.
 

Projections for 1981 and 1985 made by the two different
 

systems are reasonably close, except for rice where the Ministry of
 

Rural Development and Hydraulics projection is far higher - 71% higher
 

in 1981 and 88% higher in 1985. These higher figures reflect the
 

assumptions built into their projection, noncernimg other.r-GaP1~i
 

income and the Senegalese consumers preference for rice if they can
 

afford it. In other words, the Ministry of Rural Development and
 

Hydraulic, projection shows that demand for rice will increase in
 

the future.
 

o . /1.o. 



lhble 1.4. -Tre'ndLine Projections of Consumptiob of CerealsAin. 
Senegal. ( Tons ) 

Millet and Rice Maize Wheat Misc.- Total
 
Sorghum
 

ktual Corliumption
 
651 396
1961 398 883 157 633 36 656 52 705 4 522 


1974 560 574 226 387 71 427 61 371 15 430 935 189
 

Trend line projections
 
1960 462 258 191 788 39 201 26 942 (2 486) 717 991
 
1974 540 707 245 397 73 864 92 256 21 219 Q73 328
 

1981 579 931 272 201 91 195 124 914 33 071 1 100 997
 
287 517 101 098 1 173 950
1985 602 345 143 575 39 844 

306 663 113 478 1 265 142
1990 630 362 166 902 48 310 


190 228 56 776 1 356 334
1995 658 380 325 809 125 857 

344 955 138 236 1 447 526
2000 686 397 213 554 65 241 


considerably faster than it has increased in the past. If this is true,
 

s seems reasonable, the importance of efforts to increase domestic
 

production rice is again underlined.
 

In the projections of cereal products consumption, the
 

elasticity of demand used in the calculation is based on studies of ,
 

urban consumers. Table 6 shows the elasticities and the projected
 

wnsumption vf products made from cereals. These figures are converted
 

tD their equivalents in raw cereals, which are shown in the following
 

mbles. Thus, it can be seen that according to the calculations made 

b1 the Ministry of Rural Development, expected consumption of rice in 

81will be 289, 202 tons, which will require a production of paddy 

ride of of 465,000 tons per year, 1.61 times the amount of milled rice. 

o* .I/ . 
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Table 1.5. Projected Net Domestic Supply of Cereals.
 

1974 1975/76 1980/81 19R1/86 

Wheat 0 10 24 830 53 000 
Paddy rice 133 000 95 400 260 000 312 000 
Maize 38 000 35 700 119 700 151 000 
1illet 491 000 462 300 630 500 672 000 
Total 662 000 593 400 1 035 030 1 188 000 

Source : Ministry of Rural Development and Hydraulics.
 

Table 1.6.A. 	 Elasticity and Projected Consumption of Cereal products.
 

Product Elasticity Total Consumption (T)
 
1974 1931 1985
 

Wheat flour 0,7 73 722 99 933 120 683
 
Rice 0,4 225 588 289 202 335 174
 
Maize flour 0,3 56 907 71 521 81 588
 
Millet flour 0,2 296 005 342 905 372 700
 
Total Products
 
from cereals 652 222 803 561 9:0 145
 

Table 1.6.B. Calculated consumption of cereal equivalents.
 

Product 	 Factor of Product needs (T)
 
Transformation 1974 1981 1985
 

Wheat 1,25 92 000 124 500 151 000 
Paddy rice 1,61 363 000 465 000 539 500 
Maize 1,17 66 500 83 500 95 500 
Millet 1,66 491 000 569 000 618 500 
Total cereals 1 012 500 1 242 500 1 404 500 

1.5. " . ' 7". UP'.......T cr ' P?.EALS.
 

In the other side of the coin, net domestic supply of 

cereals is shown in Table 1.5, which prescu.. -ong terms trand pro

jections to 1981 and 1985. 

. ./ .
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Comparison of projected supply and demand. (using the Minis'
 

try ,of Rural Development and Hydraulics) indicates that a serious shor

tage will be encountered with respect to wheat, paddy rice and maize.
 

Only in the case of millet will projected supply be adequqte, but the
 

surplus of -millet is far from being adequate to substitute,for: the.
 

other cereals. Aain. the imDortance of increasing production at a,
 

rate faster than'i. the past underlined.
 

1.6. TH NEED FOR INCREASES IN DOMESTIC PRODUCTION.
 

To meet the production needs correspondig to the projec

ted consumption, shown above,the Itinistry of Rural Development and
 

Hydraulics has established targets. According'to these targets the
 

four cereals should be increased, as follows :
 

Grain Average present Goal, % of increase, 
situation 1981 where 100 : present.situation 

Wheat 5 ha. 10,000 ha. -
Paddy rice 83,000 ha. 125,000 ha. 150% 
Millet-
Sorghum 979,000 ha. 1,080,000 ha. 116% 
Maize 48,000 ha. 87,000 ha. 181Z 

The areas devoted to rice should thus be increased by
 

50 Z over the present areas and other cereals should follow suit.
 

At the same time, yields should be improved. A target for rice yield
 

aims 
is established thatgat an increase from the present official ave

rage yield of 1,336 kilograms per hectare, to a yield in 1981 of 2,400 

kilograms per hectare* Major yield increascs are also targeted for the 

. 604000
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other cereals. 

For the Casamance, an expansion of the areas under rlce. 

.cultivation by 15,000 hectares isplannedfor the upomilng agricultural 

.1977-78
cpai -n, 


,All of these targetS and.plans for,action indicate not

only strong awarencsa on the part of'the'Seneaalese government or tne
 

prospective difficulties in respect to cereals production and consump

tion, buta firm-intent to meet the challenge.
 

1.7. CONCLUSIONS.
 

The overall sftuation in cereal production and consumption
 

in Senegal shows clearly that steps must be taken to-increase natlonai
 

: to better r'ih the
production, fora variety of related reasons 


people of Senegal .to insure thlh 1th and livelihood of this and 

future generations-';to improve Senegal's position vis-&-vis its com

mercial deficit and place it on more competitive footing with other
 

nations in the modern trade community, and to provide a firm base for
 

expansion into other domains, both agricultural and industrial, with
 

the concomitant creation of jobs and increases in per capita income.
 

Steps properly taken will open new vistas for the exploitation of the
 

natural resources of Senegal.
 

Project SENERIZ is designed 'c participate in the lmple

,metntion of the national policy ained at reducing the imports of
 

..... I" L/~ 



cereals and reinforcing the Senegalese economy inits most fundamental 

aspect. The'exact increasesin production expected to result from the 

project, as well as constraints, technijques, 8chedules, ' and financia3 

aspects, are presentedin the following chapters.
 

x x
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Table l; Area of Principle Cereal Crops in Senegal 1960:'1975
 
Progressively eumulated (1 000 ha.)
 

Millet and Rice Subtotal Maize Totalh 
Sorghum 

1960 762.2 67.9 830.1 3005 860.6 
1961 830.8 72.9 913.7 32.2 945.9 
1962 864.7 71.9 936.6 31*5 968.1 
1963 959,4 74.8 1034.2 32.6 1066.8 
1964 1010,9 86.9 1097.8 47.2 1145.0 
1965 1069,4 82.6 1152.0 54.3 1206.3 
1966 996.7 87.9 1084.6 53.8 1138.4 
1967 1155.4 101.4 1256.8 71.7 1328.5 
1968 1053.7 77.5 1131.2 36.3 1167.5 
1969 1037.3 104.3 1141.6 55.4 1197.0 

1970 972.2 93.3 1065.5 50.6 1116U1 
1971 974.6 83.7 1068.3 48.9 11.17.2 
1972 936.3 50.3 986.6 32.3 1018.9 
1973 1093.5 64.6 1158.1 39.2 1197.3 
1974 1155.1. 85.6 1240.7 48.6 1289.3 
1975 715.5 89.7 *05.2 46.7 851.9 

Source : Table l-l.A.
 

Table 2. Production of Principal CerealCicrops in Senegal 1960-75
 
(1000 tons)
 

Millet and Riee Subtotal Maize Total
 
Sorghum
 

1360" 392.4 81.5 473.9 27.2 501.1
 
1961 406.5 83.8 490.3 28.3 518,6
 
1962 424.1 90.4 514.5 26.6 541.1
 
1963 478.4 185.8 584.2 26.6 610.8
 
1964 531.8 108.8 640.6 37.2 677.8
 
1965 554.1 125.2 679.3 40.8 720.1
 
1966 423.2 125.2 548.4 41.8 590.2
 
1967 654.9 134.5 789.4 56.8 846.2
 
1968 450.0 58.8 508.8 25.3 534.1
 
1969 634.8 140.8 775.6 48.8 824.4
 
1970 400.9 98.7 499.6 3S.7 538.3
 
1971 528.7 108.2 636.9 38.5 675.4
 
1972 322.9 43.6 366.5 20.2 386.7
 
1973 ..'.8 64.3 585.1 33.8 618.9
 
1974 777.0 117.0 894.0 43.2 937.2
 
1975 630.0 144.0 774.0 45.2 819.2
 

Source : Table 1,1.A.
 
•• . 9: 
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TabW6 3. 	 Total Senegalese Consumption of Cereals and Cereal products
 
1961-1964 (progressively cumulated by category) Tons.
 

Millet Rice Maize Wheat Misc. Total
 
Sorghum
 

1961 398 883 157 633 36 553 52 705 4 522 651 396
 
1962 424 741 172 787 40 217 32 744 2 280 672 769
 
1963 460'688 157 235 47 040 45 193 3 746 713 902
 
1964 512 072 256 206 40 401 38 182 2 746 849 607
 
1965 559 849 254 823 54 687 34 299 2 256 905 914
 
1966 524 516 241 738 51 037 51 037 11 225 879 549
 
1967 484 446 239 447 65 479 52 431 4 438 846 241
 
1968 606 678 264 011 84 307 40 020 3 197 998 215
 
1969 535 003 201 336 72 448 69 079 25 215 903 081
 
'1970 576 528 212 788 51 331 83 995 6 087 930 729
 
1971 476 599 251 127 71 534 105 350 6 265 910 875
 
1972 528 157 230 403 44 295 95 218 4 221 902 294
 
1973 411 249 221 280 77 938 105 422 51 353 867 142
 
1974 560 574 226 387 71 427 61 371 15 430 935 189
 

Source t Actions Planiferes de Production Cerealiere. 
"Vlnistry oT Rur4al Developinnt nd Hydraulics,
 
Decemer .197.
 

X xxx
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CHAPTER 2 

THE ANAMBE BASIN AS A PROJECT SITE 

2.1. CRITERIA FOR THE CHOICE OF'THE SITE 

Project Seneriz has for its principie objective increasing
 

domestic production of rice in Senegal 'to.such a level that importa-i
 

tion of rice would be eliminated or greatly reduced. Thus, the selec

tion of the site for carrying out Project Seneriz should be related
 

very closely to the suitability of the region for increases in rice
 

production.
 

Other obje .tives for the project also exist, either speci

fied in the documentation of the project, or implied by the government's
 

overall development policy. These objectives include iprovement of
 

the foreign exchange balance, economic benefits and a higher level of
 

living for rural habitants, and provisior, of emplpyment opportunities.
 

This complex of project objectives Implies that the criteria
 

for judgement of the project at the design stage or during implemen

tation would also be complex, and that an assortment of criteria for
 

evaluation of the site for the project would be needed.
 

SODAMZ's contract for the Seneriz study specifies that a
 

site for the project will be chosen within the departments of Kolda,
 

and Velingara. Sites in Lower Casamance, Senegal Oriental, or north
 

'
bf Cambia are thus eliminated from'con'sideration.oChoice among the
 

possible sites in Kolda and Velingara departments might utilize the
 

following criteria:
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Climate': 	adaptability of temperature, rainfall, humidity, 

e tc. to rice production 

Topokraphy : adaptability to water storage, water control
 

and water use, and minimum cost for levelling.
 

Soils : adequacy of area suitable for cultivation, amena

bility to development, and potential productivity.
 

Vegetation : feasibility of clearing the land or of control

ling noxious vegetation.
 

Water : availability and cost of water of satisfactory
 

quality and dependability for irrigation.
 

Human Resources : interest of local population in develop

ment, absence of institutional constraints, avai

lability of agricultural laborers.
 

Remoteness : sufficiently remote from the centers of popu

lation to quolify as a developmemt project, but
 

with reasonable access to major consuming areas.
 

Current Developmemt : a level of development amenable to
 

significant improvement.
 

2.2. APPLICATION OF CRITERIA AND JUSTIFICATION OF THE CHOICE.
 

Application of the listed criteria to the potential sites
 

in the departments of Kolda and Velingara results in selection of
 

the valley 	of the Anambe in preference to any other site. Following
 

is a step-by-step justification of this conclusion :
 



While no region is completely homogeneous, and while some
 

amount of variation must be expected in any geographic region, 
the
 

departments of Velingara and Kolda present little variation 
in terms
 

of topography, climate, vegetation, population, etc. The 
general
 

flatness of the region is unbroken by any outstandingly superior'site
 

for a water storage reservoir. The variation in temperature, 
rainfall,
 

solar energy and cther climatological features between 
north and south,
 

east and west pars of the region are not such as to make obvious 
any
 

differences in adaptability to a project of this nature. The 
popula

tion density does not vary greatly from one end of the region 
to the
 

other. These characteristics can be seen in the available 
data, and
 

were confirmed by the SODAGRI study team by visits to various points
 

in both departments by surface transport~and by overflying the 
entire
 

region.
 

The conclusion to be drawn from these data 
(within limits)
 

any one site in-the region is closely comparable to any other 
site,
 

viewed from the macro-geographic and demographic points of 
view.
 

Thus, other criteria of choice must be applied.
 

The exceptions to the general principle of homogeneity
 

are in respect to soils and surface hydrology. The soils 
resources of
 

the best suited to cultivation usingthe Anambe basin are among 

indigenous technology ; this is apparent from maps such as "Carte
 

de l'Afrique de l'Ouest, l:2(O,OO0, 142" by Institut Geographique 

Nationalt., 'aris, that show obvious concentration of villages 
and
 

ring surrounding the flood-plains of the
 of cultivated land in a 


Anambe River. Such concentration is also apparent to the aerial
 

. .../ 



2/4
 

viewers Potential soil productivity is another matter," and detailed
 

study and analysis are.needed to differentiate soils by potential for
 

raising crops. However, the Anambe Basin has large areas of the heavy

textured soils believed to be relatively high in pbential productivity.
 

As for surface hydrology, the interior of the region is'
 

characterized by few:;perennial streams, whereas, more impgrtant ,rivers,'
 

are located at or beyond . the margiis of,the region. The Casamance
 

River near Kolda, the upper Gambia River in Senegal Criental, the
 

Roulountou River which flows into the Gambia, and the Kayanga River
 

in the southern •part of thedcpcrtment of Velingar- are all perennial
 

streams. Therefore, thevpossesc significantly more potential as sources
 

of irrigation water than-the wet-weather streams of the interior which
 

cease to flowduring the Ary'seds6n.
 

Despite this obvious superiority,of Ithe
reglons: adiacent
 

to these perennial rivers from the standpoint of hydrology, three of
 

the four potential sites must be rejected. The Gambia River is outside
 

of the region of this study. The Koulountou River is so located that
 

its development would be at least partly outside the'region. Possible,
 

development of the Casamance River is the sublect of other r" es,
 

ard some competition or conflict between this project anC others
 

downstream might arise, should the waters of the upper Casamance be
 

withdrawn for irrigation. However, the Kayanga River appears to have
 

potential as a source of irrigation water, and to be relatively free
 

of problems in its development.
 

I . ./ . 1. 
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The basin of the AnambeRiver has several characteristics 

which place it in a category apart from'all other possible development 

sites. Because of its location adjacent to and..connecting with the 

Kayanga River, possibility of irrigation development is better,than 

most sitesn In addition, "thebasin" is perceived by the local populace 

and by admimistratorsI inthe government as beingIdemarcatedsas-a-unit, 

and as possessing an individuaity as:a potential unit for development. 

Previous'studies~ofthis basin (including the GERCA study in 1962 and
 

the SERDA study in 1976) have confirmed this demarcation, and have
 

legitimized.the idea ofdevelopment there. The local populace is 

aware of and sharesin the perception of the basin.as a development 

unit, and they feel that a major development scheme in that region 

is not only appropriate and.desirable, but is their,right.' 

The Anambe Basin Project .Site, compared to other' sites 

within the departments of Kolda and Velingara, is uniquerin-that it is 

neither preempted for some other project nor excluded from selection
 

for some valid reason. Its-soil and water resources are probably
 

-
superior to other sites. Finally, even if appraisal of the physical.:
 

resources were inconclusive, the existence of past.,studies and the
 

general acceptance of the pattern projected by those studies, virtually
 

dictate the. choice of the Anambe Basin for a developmentproject.
 

19 

http:basin.as


CHAPTER 3 - AN OVERVIEW OFTHE ANAMBE BASIN 

3.1. PHYSICAL ASPECTS
 

1.1. Location and c.ze
 
1.2. Geology
 
1.3. Topography
 
1.4. Climate
 
1.5. Hydrology
 
1.6. Soils
 
1.7. Adaptation to cultivation
 
l.e. Current land use
 

3.2. DEMOGRAPHY
 

2.1. Population
 
2.2. Distribution of the population
 
2.3. Characteristics of the population
 
2.4. Attitudes
 

3.3. INFRASTRUCTURE
 

3.1. Roads
 
3.2. Ports and shipping
 
3.3. Telephone
 
3.4. Air transport
 
3.5. Domestic Water supplies
 
3.6. Electricity
 
3.7. Construction materials and cormodities
 
3.8. Constrained areas : the classified forest.
 



CHAPTER 3
 

AN OVERVIEW OF THE ANIME BASIN
 

In this chapter, backgroi,4 information iis given about the
 

physical, demographic and infra-structural aspects of the Anambe Basin.
 

Succeeding chapters deal at length with the subdivisions of climate,
 

soils, and sociology, so only a summary of those topics is found in
 

this chapter. However, for geology, topography and infrastructure,
 

somewhat more detail is given in this chapter.
 

. PHYSICAL ASPECTS 

3.1.1. 	Location -


The Casamance Region forms the southern section of,Sene~al.
 

It is bordered on the south by Guinea-Bissau, on the south-east by
 

Guinea and on the north by the Gambia. The revion takes its name
 

from its principle watercourse, the Casamance-RiVer.
 

The Casamance has an area of 28,300 square kilometers-and'
 

a total population of about 795,nnn persons. It is divided into
 

three sub-regions , 
Lower, Middle and Upper Casamance. Lower Casamance,
 

also called, appropriately, 9aritime Casamance, is extensively dissected
 

by tidal rivers and inlets )f the sea, and the climate is heavily influen

ced by the ocean. The maximum elevation of the land is only a few meters
 

above sea level.
 

Middle and Upper Casamance are successive steps in a progression
 

they are less maritime and more continental in climate' ;:they are less
 

dissected by waterw!ya and less well watered by rainfall, 
and their
 

elevation is somewhat higher.
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Upper Casamance includes the Pepartments of Kolda and Velingara.
 

It is within these departments that the site of project SENERIZ is found
 

The Anambe Basin, the site of project SENERIZ, is understood
 

to mean the watershed or drainage area that contributes to or is drained
 

by the Anambe River. The Basin is a roughly circular area, of which the
 

geographic center is the juncture of the Anambe and Watma Rivers, at
 

the extreme North-East corner of the arrondissement of Dabo, Department
 

of Kolda. The center is located at 13001' North latitude, 14081 West1in

gitude. The periphery of the Basin is the divide or ridge separating the
 

flow of rainfall toward or away from the Anambe river. The Basin has.an
 

average diameter of about 37 kilometers, and-an area of 1.100 km2
 

(110,000 hectares). Since the extreme outer fringes of the Basin, along
 

the divide are for the most part sparsely populated and little cultivated,
 

an error of one or two kilometers would make but little difference in the
 

total of cultivated lands or 
of population included in the Basin.
 

About 74%, or 
81,500 hectares of the Basin lie in Kounkande
 

Arrondissement, Department of 
 Velingara. About 26%, 
or 28,500 hectares,
 

are found in Dabo Arrondissement, Iepartment of Kolda.
 

A source of irrigation water having been chosen outside the
 

Anambe Basin itself, the site of the dam and artificial lake must also
 

be included in the project site. This is an area about 5 km by 20 km
 

lying eastward from Niandouba and straddling the Kayanga River. The part
 

south of the river is a part of the Kayanga National Forest. The part north
 

of the river is sparsely populated an has only a few villages. Adminis

tratively, the area is entirely within the Department of Velingara, with
 

about 60 percent in the Arrondissement of Kounkande and about 40 percent
 

in the Arrondissement of Bonconto.
 

. os./oe. 
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3.1.2. Geology -

A general but brief description nf the geology of Senegal follows, 

to provide perspective for subsequent discussions of the Anambe Basin, 

the availability of construction materials and the development of deep
 

aquifers.
 

Geological History of Senegal - Structurally, the most dominant
 

feature of this part of West Africa is the Senegal-Mauritania sedimentary
 

basin. It extended as much as 500 km inland from the present coastline,
 

and from Guinea-Bissau in the South to Port-Etienne in Mauritania in the
 

North. In the project area the original bed-rock, although now somewhat
 

altered and also having been subjected to igneous activity, outcrops
 

forming the south-easterly limit of the Basin.
 

As a general rule, the age of the sedimentary deposits decreases
 

from West to East, while the extent of the bed increases and the thick

ness of the stratum decreases. From these observations, it has been conclu

ded that the Basin was subjected to successive advances and retreats
 

of the sea, during which time the deposits were laid down.
 

A stratigraphic succession is described below. It is noteworthy
 

that the Maestrichtien stratum is the sandiest of all the strata, which
 

may indicate a fluvial environment. However, this idea seems difficult
 

to accept when the extent of the "faestrichtien beds in Senegal is consi

dered.
 

Tectonic activity has been limited to recent periods and its
 

magnitude is small. A fault exists, very approximately running North to
 

South on the 15015' meridian.
 

Stratigraphy - Four major groups are recognized t the bedrock
 

and the secondary deposits.
 

. ee./oeo. 
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Bedrock -
The bedrock of this region has often been referred
 

to as schists, but more detailed information reveals the diverse nature
 

of these rocks. From deep borehrles and from surface outcrops in the
 

Southeast of Senegal, many rocks have been recognized ; white granite,
 

metamorphosed schists, quartzite,diorite, basalt, rhyolite and micro

granite. This divergence of rock type suggests the presence of extensive
 

igneous activity at some period.
 

Secondary - Secondary deposits are of varying thickness through

out Senegal and are normally found below 500m. They have been classified
 

as Albian, Turonian, and lower Senonian. Typical deposits include calca

reous sandstones, black sands, clays and limestones.
 

Also included in the secondary group is the Maestrichtien,
 

which deserves special mention
 

- Maestrichtien : -
 Three different facies may be recognized 

- To the west of 170 15' W. - principally clayey with occasioral 

saims of sandstone. 

- Between 170 15' W and 160 W - sands and sandstones, often
 

with calcareous cement, often traversed by beds of black clay
 

and sandy clay of varying thickness. The sandy deposits are often
 

extensive.
 

-
To the East of 160 W - principally sands, with some regional 

variations. 

Tertiary - Five periods are recognized : - Palecoic, Lower 

Eocene, Middle Eocene, Upper Eocene, and Contental Terminal.
 

The older four periods typically contain marl and limestones.
 

The Upper Eocene is represented in Lower Casamance by chalky clays,
 

limestones and y, low sands with clay.
 

* . ./ . . 
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Deposits from the Continental Terminal period 
cover most of
 

Senegal today, and are typically represented by clayey sandstone, clays
 

with red sand, and mottled clays. In many areas of the Upper and Middle
 

Casamance, lateritic rock outcrops appeaL=. The maxinum thickness of these
 

deposits - 150 meters  is found at Tambacounda.
 

Quaternary - Found principally on the Altantic coast, these 

mos't recent deposits form the older red and more recent white sand dunes. 

The formation of the A ambe Basin 
- At one time, the Anambe
 

Basin was the site of a lake, which probably remained from the submersion 

during the Ccntinental 7'ninal period. C" ~roc1. eahldng, this hap

pened very recently. Dcsp&te t: vc:y lcw relief, an exit ralley frcm
 

the la!ze leaiing to Lhc K River Valley was fcrr.d. Today this
 
valley still provides the nnturnl surface draincae un.y. 
 It is kno;'n as 

the Vendou or Ancmb3 Valley. W. "n the past few thousand years, the low
lying backwater regions of the Anambe Basin hav.'e been su>Jected to deposits 

of allu-;i-n. 

3.1.3. 

The general relief of the Upper Cac..ance precents a very flat
 

aspect, situated at 60-70 m elevation. This flat relief is broken only
 

by river valleys, notably the valleys of the Gas*ia in the lNorth, the
 

Koulountou in thi East, and tho Kayanga go the South. The Anambe Basin
 

forms the most extrnordinary topographic feature of the region. The 

typica elevation of its central lowest section is 21 m and thus an 

average slope of 1.2
c is eCtimatcd. 

During the dry season, particularly when viewed from the air,
 

the relief of the basin is barely noticeable. Howcver, the wet season
 

and the attendant flooding em;hasize the relief of the basin. Flooding
 

. oo/I. oo 
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or z. meters depth occurs in the central section, extending over 75 km2.
 

Natural drainage is towards the centre of the basin, whence
 

flood waters flow from the Basin via the Anambe Valley or Vendou. This
 

valley has lateral slopes of 1.250 and a natur'A rAd- .2ARO in A tnn 

section, steepening to .750 leading southwards towards the KayanRa Valley.
 

The KayangaRiver rises in higher lands, at 80m elevation in
 

the border country between Senegal and Guinea. After descending to
 

Velingara Pakane, the Kayanga continues at a grade of '.270 to the
 

Niapo Bridge, and afterwards at a 
grade of 0.079 to Hissira Kaone. Down

stream from Niapo Bridge the River is extremely sl 'ggish. Aftar 140 km
 

in Senegal, the Kayanga crosses the border into Guinea-Bissau. It is then
 

known as the Rio Geba, and continues to flow in a south--t--., ly direc

tien to the sea.
 

The Anambe Basin may.be considered briefly in three parts,
 

according to elevation. The'highlando constitiue 650 
W of the basin and
 

are situated higher than 3Pm elevation. They are distinguished by sandy
 
lateritic ao.s typical of!t'- surrounding pl teau. This highland belt
 

is crossed by several very shallow valleys, radially dieposed to the centre
 

of the Basin. in previous literature these ,have been called thalwegs,
 

although indistinct drainage ways wou".d be a 
more apt description. 

A circular belt of 300 km2 lies between the 38m and 23 m
 

elevations. Typical slopes vary between .50 and 1.50. This area is
 

subject to some flooding in the wet season, the upper reaches for only
 

short duration during periods of heavy run-off, but the lower levels
 

being completely flooded at the end of any exceptional wet season.
 

The central section of the B3sin is situated below the 23m
 

level an!.is subjected to regular seasonal flooding to a 
maximum depth
 

of two and one-half meters.
 



3.1.4. Climate.
 

Rainfall between the equator and the:200 parallel along the
 

wet coast of Central Africa follows two'distinct patterns,:both,'of which 

appear to be spawned in the Gulf of Guinea. The first:pattern begins in 

February and moves northward form the: gulf in aniorderly progression 

towards the southern Sahara Desert. The second pattern starts "later in 

the year and moves in and out along theequatorial belt n anorthnastern 

direction in two rainy seasons. The later pattern is responsible for the 

heavy rains along the coasts of Gabon and Cameroun (3,000 to 4,000mm 

per year) and throughout central equatorial Africa, 

The first pattern brings the annual single rainfall season
 

to Senegal and the northwestern portion of Africa. The front normally
 

enters southern Senegal during May, peaks in August, than rapidly recedes
 

and exits completely by November. The heaviest rainfall from this pattern
 

centers around Conakry, Guinea, where on the average, over 4,000 m per
 

year are recorded.
 

Figure 3.1.4. A shows-annual isohyetal lines, based on a 30
 

year period ;of records (1931-1960) for that portion of the West African
 

Coast directly influenced by these two patterns. Figures 3.1.4.1. (A)
 

through 3.Le,4 . (L)which are included in the Annex'to this report, give
 

monthly isohyets for this period and clearly shothe described patterns.
 

Figure 3.1.4.B. which follows, gives annual isohyets and averagedays
 

of rain per year for Senegal for the period 1931-1960 and shows the apprOX

imate location of the Anambe basin. It can be seen on this vigure, hlat
 

the project area lies between the 1,100 and the 1,200m precipitation
 

lines and, on the average, receives recordable precipitation 78 days
 

per year.
 

These figures, while providing effective /tal.patterns for
 

a 30-year period of relatively normal rainfall, do not reflect the period
 

o. S.1. .. 
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of unprecedented drought which began in 1968 and, with the exception
 

of 1975, is apparently continvng. The very severe drought conditions
 

which affected the entire Sahel Region between 1970 and 1974 caused wide

spread famine and demographic migrations towards regions of more depen

dable precipitation and towards riversvhich maintained perennial flows.
 

Figures 3.1.4.C. and 3.1.4.D. show isohyets for the years of 1973 and
 

1974 for that portion of the West African Coast under study ; these are
 

representative of conditions during the drought.
 

Climatology - Simplistic Pattern - T e Anambe Basin is located 

wi. hin the limits of the Sudano-Guinean semi-humid tropical belt and 

mouth of the Sahelian desertic c"mate zone. The principal meteorolbgi

cal characteristics defining the general region are : 

- a rainy season with four months of erratic but relatively 

dependable average precipitation (June through September) preceded and 

followed by months of light transitional rainfall (May and October) ; 

- a six month dry season very infrequently interrupted by 

light rainfall of no agricultural significance ; 

- a temperature regime featuring maximum highs in May before
 

the onset of the heavy rains, declining values during the rains, a se

condary high in November and a relatively cooler season during December
 

through February ;
 

- a decline in rainfall in a clearly defined relationship
 

vith latitude (from South to North) with a secondary decline eastward
 

away from the coastal influence ; and
 

- a precipitation whidhdoes 'not appear to be related to
 

elevation, probably due to the absence of dominating geographical 

variations in t:.,ography in Senegal.
 

... o/.ooo
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3.L;5 Hydrology.
 

The hydrology of the Anambe Basin is directly influenced by
 

the regimes of twostrems,,'the Kayanga River and 'its affluent, :the
 

Anambe. The Kayanga isnormally a perennial stream with a base flow
 

of between 0.8 and 1.0 cubic meters per second near the point of dis

charge zro the Anambe Basin, and an average of about 13 cubic meters 

per Usecu..ine maximum recorded flow was 135 cubic meters per second,
 

but W.-c larger flows are known to have' occurred. Both rivers reach 

peak flood stage during September and October when the Kavanea flow 

blocks the Anambe discharge and causes increased floodingwithin the
 

Basin. It has been observed that an early rise in the Kayanga, if not
 

coinciding with high flows from the Anambe, will push Kayanga waters
 

back into the Anambe Basin.
 

3.1.6. Soils.
 

In general, the soils of the Anambe Basin are low in fertility
 

in comparison to major agricultural soils of the, wor.1. But they compare 

favorably to soils in other regions of Senegal, and must be considered
 

as good enough to support major agricultural development.
 

The soils of the Basin range f.-om light textures and rapid
 

permeability at the rim of the basin to heavy, relatively impermeable soils
 

in the center. The latter soils have the highest potential productivity,
 
given protection from flooding, ade~quate drairage and proper management.
 

3.1.7. Adaptation to Cultivation.
 

In general, the Mnambe Basin would be readily adapted to culti

vation due to favorable topography.
 

. . . /. o 



Much of the Basin is forested and would have to be cleared
 

before cultivation.
 

A sizable area of the lower portion of the basin is sublect
 

to flooding and adequate er:' . facilities would have to be provided
 

before cultivation could beRin. In addition, some 1ocalized drainage
 

would have to be provided in the upper part of the Basin to prevent
 

areas of water 	impoundment.
 

The suitability of the soils to indigenous cultivation is
 

apparent from their use. However, it is only the lighter textured soils
 

that are ti'led by the natives, the heavier textures being too difficult
 

to plow with available power and tools. The heavier soils are hovever
 

suitable for cultivation rit tractors and mechanized equipment.
 

3.1.8. Current 	land Use.
 

The area of crops end the land uce..of the Anambe Basin canbe
 

estimated from study of maps and aerial photos, and comparison with
 

regions for which statistics are available. This procedure has been
 

followed to produce the follouing table :
 

Table 3.1.8. :	AreR of Crops and Land Use in Kounhainde Arrondis
sement and Anambe Basin. Project Year 0 - (Hectares)
 

Crop 	 Kounkande Arrondissement (a) Anambe Basin (O)
 

Sorghum 	 9,600 
 5,500

Millet 	 4,400 2,600

Maize 
 2,800 	 1,700

Rice 
 1t 
 800
 
Peanuts 
 10400 6,000

Cotton 7,600 4,400
 

Total area of crops 36,200 21,OO0

Total land area 255,000 110,000
 
Z of land used for crops 14 % 
 19 Z
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(a) - Including a part of the Anambe Basin
 
Source : Kounkande : rounded average of 3 years, 1974 - 1976
 
Anambe : SODAGRI estimates.
 

(b) - Including parts of Kounkandf and Dabo arrondissements. 

3.2. DEMOGRAPHY 

3.2.1. Population.
 

The Anambe Basin is a geographic rather than an administrative
 

region. For this reason official statistics of population for the Basin
 

are not available. However, they can be estimated.
 

The economy of the Upper Casamance is basically an economy of
 

self-sufficiency and subsiseence agriculture'- with onlya.small propor

tion of the agric..tural output being shipped out of the area. Under
 

such conditions, the distribution of population and the'cultivation Of land
 

are necessarily very closely correlated. This is the basis for estimations
 

of croland area based on census of population.
 

The relationship is used to estimate the population of the
 

Anambe Basin from the foregoing measures and estimates of cropland in
 

the Basin.
 

If coefficients of cropland per person and size and characte

ristics of family that were observed elsewhere hold true in this region,
 

population of the Anambe Basin must be approximately 25,000 persons, of
 

whom about 16,000 persons are economically active, and who areldivided
 

into about 1,700 families, each having an average of 14.7 persons and
 

9.6 "actives". 

O . .1... 
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3.2.2. Distribution of the population.
 

Calculated density of population for Kounkande arrondissement
 

is 17 inhabitants per square kilometer. The calculated density for the
 

Anambe Basin, based on Sodagrils estimates of'ipopulation, is somewhat
 

more dense, about 19 persons per square kilometer. This greater concen

tration is to be expected, given the concentration of agricultural crop
 

production in the Basin.
 

Large areas of the Basin are totally ...-"- d. T:e'*ambe 

I';blonal Forest and the central part of the Basin that is regularly flooded'
 

are among these uninhabited regions.
 

On the other extr-*, the two villages of Velingara and Koun

kande have between them probably a third oi Lne region's popuiarion. Lne
 

remainder live in ,-allervillages ldigtributed for the most'part in a

circular band following the higher elevations and the lighter, moreeasly
 

cultivated soils around the rim of the Basin.
 

Coincidentally, the main rcads of the region are in this popu

lated band, which ouggects that dibtrlbution of population may be a
 

function of access**bility.
 

3.2.3. Characteristics of the population.
 

Ethnically, the great majority of the people are Fulani, also
 

called Peuhl or Fulbe. The Handingo are the most numerous of the mino

rities.
 

Migration is a phenomenon common to this region. The Fulani
 

migrated to this region from what is now Guinea and immigration continues
 

from that source. The people have not completely lost their former
 

semi-nomadic habits, and occasionally move within the region. In addition,
 

god"o*
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it is common for young men to leave the region seasonally or even
 

permanently in search of employment.
 

The extended family system is the basis for organization of
 

this patriarchal polygamous society.
 

The population is young, more than half being less than 20
 

years of.age.
 

Considerable detail on socio-economic organization, division
 

of te-zs, property righto, and other characteristics of the society
 

is presented in Chapter 6 o -* rcport,
 

3.2.4. Attitudes.
 

Rarely can people be induced to cooperate effectively and
 

to participate efficiently in a program or a project that they do not
 

approve or do not want. Recognizing this, the Sodagri team studied
 

carefully the attitudes of the people of the Anambe Basin toward deve

lopment in general and toward the proposed project in particular.
 

It was found that the people of the project region are strongly
 

in support of the projcct, becauoe they envision benefits to themselves
 

in terms of local availability of employment, the oeans for better
 

yields and greater income, and a better life. These anticipated benefits
 

are, of course, squarely in accord with the expectations of the desi

gners of the project.
 

oo*o.I. . 



3.3. INFRASTRUCTURE. 

3.3.1. Roads -

The Casamance is relatively isolated from the rest of Seneeal.
 

both geographically and infrastructurally. The intrusion of Gambia to
 

a depth of almost two thirds of Senegal's width, coupled with the absence
 

of a bridge accross the Gamvia River, complicated and delays transpor

tation by road of both personnel and freight destined for the entire,
 

Casamance region.
 

Project Seneriz, being located in the Casamance, will share
 

its difficulties of contacting the capital city, Dakar. To this burden,
 

must be added the difficulties of travel and communication within the
 

C:'amance. 

The 	principal routes of road communication to the project site
 

are 

a/ 	Route Nl, Dakar - Tambacounda - Bakel, Bitumen surfaced from 

Da!zar to Maleme-Hodar, 280 km. Laterite road f - Maleme-Hodar 

to Tambacounda, 260 km. 

b/ Route N6, Ziguinchor - Velingaral -Tambacounda, Bitumen 

surfaced from Ziguinchor to Kolda, 188-km. :Laterite road 

from Kolda to Velingara, 130 km. Laterite road from Velin

gara to Tambacounda, 105 km. 

c/ Route Nl-N4, Trans-Gambia Highway : Dakar - Raolack - Fara

fenni - Georgetown - Basse - Velingara. Bitumen ourfaced 

from Dakar to Kaolack, 192 km. From Kaolack to Yaratenni, tsy Km.
 

Good laterite road from Farafenn to ferries across the River.
 

Gambia at Georgetown, 70 Km. Good laterite road from George

town to Senegalese!Gambia Dorder at Badiara, 140 Km. Poor
 

ooo./ ob
 



dirt road to Velingara, 10 km.
 

At present, the shortest route from Dakar to Velingara by
 

car is via the Trans-Gambia Highway. The route via Tambacounda is
 

certainly longer, but if travelling with commercial goods avoids waits
 

for ferries and customs in the Gambia. It is reported that the laterite
 

section of the N6 from Velingara to Tambacounda becomes very difficult
 

in the wet season.
 

In the Anambe Basin itself, roads are very limited. The N6
 

which skirts the southern limit of the Basin to Kounkane and then turns
 

north to Velingara is the only road of any consequence. It is an all',
 

weather road, protected against flooding by an adequate bridge over the
 

Anambe River, 2 km, west of Kounkane. A series of large diameter corru

gated iron and concrete culverts have been installed on the N6 where the
 

road crosses drainage ways between Kounkane and Velingara ; these appear
 

quite adequate, with one exception. The exception is South-West of Kandiaye,
 

where the road was overtopped in 1975 ; the height of the road embankment
 

at that point should be increased by 1 m. and more culvert sections
 

installed.
 

No other routes which deserve the name of road exist in the Basin.
 

Tracks lead from Kerevane (West of Velingara) southward via several
 

villages, situated on the western side of the Basin, including Poula Pissan
 

(locally known as Kedougoudikory), Darou, Sare Mankoto (locally known as
 

Mountoumba), Awataba, Anambe and Kabendou, where they meet the N6 highway.
 

The former Kounkane to Velingara road still exists, but is now nothing
 

more them a track virtually impassable during the wet season. In the east

west direction there are no tracks which cross the Basin, although at one
 

time Sare Quinor and Toungoulel were linked. This track has become disused
 

and overgro*- since Toungoulel was abandoned owing to flooding.
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To the South of the Basin only one all weather laterite road
 

exists ; construction was completed in 1975 on this road which leads
 

from the N6 just south of Kabendou to Wassadou, crossing the Kayanga
 

River with an adequate bridge downstream of the Anambe-Kayanga confluence.
 

This bridge was constructed by SATOM.
 

Tracks, normally only passable in the dry season, lead from
 

Kounkane to the Niapo Bridge and the proposed dam site near Niandouba.
 

The best route to the proposed dam site leaves the N6 3 km. east of
 

Kounkane and heads S.S.E. to Missira Mamadou Ibrahima, and then north
 

towards Niandouba for 2.5 km. A walk of 1.5 km takes one to the proposed
 

dam site.
 

3.3.2. Ports and Shipping.
 

Velingara and the project site are linked by'road to Ziguinchor
 

and Dakar. When the Seneriz Project reaches the construction stage, faajor
 

items of machinery and other imports will pass through one or the other
 

of these ports. Looking to the future, these ports will also handle exports
 

of agricultural produce. The following facilities are available :
 

Dakar is a large international port capable of dealing with all
 

project needs. The only details deemed noteworthy are : 

- Lifting capacity : - a/ 6 T cranes normal. 

- b/ 1 60 T crane mounted on a floating 
barge 

- c/ 1 125 T crane mounted on a floating 

barge is available for hire from a pri

vate company SOFRA T.P. FOUGERELLE. 

- Customs : - Normally allow 4-5 weeks, but in the 

case of emergencies matters can normally
 

be expedited.
 

* O.. 
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Ziuinchor : is'a secondary port of Senegal. whose harbour 

may only be reached by firstcrossing "a-bar. 

a/ At low tide, a maximum of3.6 m of water 

b/ At very best"conditions, a maximum 

of4.5..,m:of water, 

c/All ships must"pass via Dakar to 

collect a qualified pilot. 

d/ Customs if necessarv all- formalities
 

can be.dealt -with.
 

e/Unloadoingand Storaze
 

.340m of wharf
 

22.000 m. open storaRe
 

2,400 m" of covered storage. No
 

cranes available, only Hysters.
 

- Existing.'Shipping - Dakar '-i.served by many European lines. 

Connections with the U.S.A. are a little more tenuous, but Delta Steam

ship Lines run from.the 'Gulf ports of the:U.S.A., and a French company. 

C.M.C.R. (Compagnie Maritime des..Chargeurs Runis) is believed to have 

a filial company'with runs from the Eastern seaboard. 

Some seventy foreign boats, typically 1500,-250 T D,W. visitea 

Ziguinchor in 1976. Most of these boats delivered to other West Atrican 

pbrts and for the re: un cargo picked up oil cake bound for Europe. 

A passenger/light cargo boat owned by COSENA pays weekly
 

visits to Ziguinchor from Dakar. Its lifting capacity is limited to
 

a 5 T ciane.
 

*po.o.1 
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3.3.3. Telephone
 

T"e ea~ g I d
......m an Ti bacou a a e
 

Telephone links fro Velingra tounda are
 
installed, but the service functions poorly. Communications o Dakar
 

may be achieved.with patieice, but any linternational cal1.from :Velin

gara should not be attempted seriously.
 

3.3.4.-Air Transport.
 

Air Senegal operates daily services to Ziguinchor, several',
 

flights per week to Tambacounda and oc:asional flights to Holda. This
 

service is quite efficient, but the IC,
ng drive from any.of the airports to
 

reach the project site diminishes the advantages of such flights, No,.
 

in Velingara Department.
maintained.airstrip e:.:As 


3.3.5. Domestic .i- . .
 

All villages in the Anambe Basin are supplied by hand-dug
 

wells'tapping the phreatic water table, the walls being typ%,1.,;:
 

,3-13 m. deep, with static water levels located 2-12 m. f='- ground level.
 

Yields of 3 m3/hr are the best that can be expected, water being hand
 

drawn. Many of the wells are concrete lined and-some are equipped with
 

a cattle trough
 

Static water levels fluctuate seasonally. Many wells are of
 

inadequate depth and go dry during the period preceeding the onset of the 

rains. 

Two kownhand dug weils in the area are equipped with pumps,
 

one at the CER :in Kounkane has a hand pump. At Velingara, SONEES, a
 

rj 
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private water company working throughout Senegal, operates a commercial
 

well supplying the town of Velingara from a dug well. 

Details of this facility : 

- Well : hand dug : 2.5 m dia. 12.2 m deep. Concrete lined. 

- Pump : 380 V submerged electric. Believed to be 5 h~p. 
3

Total head 37 m. Maximum discharge 30 m /hr.
 

- Water tower : reinforced concrete. Elevated storage at
 

approximately 10 m.
 

- Other equipment : a manometer, hand throttling valve, flow
 

meter and accumulator, a water softener which was not opera

ting owing to lack of chemicals. 

- Normal operations : 2 x 2 hours/day, giving a total daily 

discharge of 100 m3.
 

- Water price : 104.5 CFA/m3. Each user is equipped with a
 

water meter.
 

One 8 inch (20.3 cm) bored relltapping the Continental Terminal
 

is installed at the Sodefitex factory at Velingara. It is believed to
 

be 50 m. deep and to yield at best 35 m 3/hr, the pumping period being
 

unknown.
 

These exceptional cases apart, the typical farmer and his
 

family in Anambe Basin are obliged to draw water by hand from hand

dug wells. However, the quality of tasted samples was reasonable.
 

3.3.6. Electricity.
 

Throughout Senegal, electricityis produced and sold by
 

SENELEC. Their plant at Velingara was inspected and was found to be
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clean and,apparently well maintained.
 

Details of.their equipment follows :
 

- 2;Diesel Alternators : 

1 x 3 cylindersat 45 KVA 

1 x 4i cylindersat 60 KVA 

- LPM 1.000 

- 3 Ph. 220/380 V Delta or Star 

- 50 Hz 

- Power factor : 0.8 

- Service Factor : 1.0 

- Voltage . Town supply 220'V. 

Cinema and SONEES : 380 V. 

- Operating schedule : 1 hour in the morning 

2 hours at midday 

5 hours in the evening. 

- Distribution- overhead cable 

At the Sodefitex factory at Velingara, Diesel generating
 

equipment is installed as follows
 

Noof unit 1 2 3 

KVA 275 225 50 r 

KW 220 180 40 

RPM 1,500 1,500 1,000 

Hz.' 50 50 50 

Ph 3 3 3 

Power Factor 0.8 0.8 0.18 

Delta/Start V. 380/220 180 / 220 Unknown 
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At the Kerevane "Centre de Perfectionnement Agricole"
 

a small generating set, 2 x 5 KVA, had at one time been installed,
 

and apparently, it had been used to prov:,ide power to provide power
 

to administrative buildings, workshops and a small submersible well
 

pump. At the time of the SODAGRI visit, it was broken down, beyond
 

reasonable hope of repair.
 

Thus, electricity from S,=."EC is the only source available
 

to the local inhabitants, apart from any private generators which may
 

exist.!
 

3.3.7. Construction Materials and Commodities.
 

Diesel, Fuel, Gasoline and Oil. Imported crude oil is refined 

in Senegal by the Societe Aricaine de Raffina3.It is distributed by 

B.P., Esso, Mobil, Texaco, Total and Iransan, the latter being a recent

ly established company that took over Shell's distribution network in 

Dakar. 

Typical 1977 prices of basic products were : 

Tax Free With Tax
 

- Premium Gasoline 59.98 CFA/1 97 CFA/1
 

-.Regular Gasoline 55.98 CFA/l 91 CFA/l
 

- Diesel Fuel 46.39 CFA/1
 

Note : - these are tax-free negotiable prices. 

For a maj6f consumer, B.P. will install storage tanks, of
 

capacity as required up to 10,000 1, free of charge. Other companies
 

may offer the same service. A variety of oils and lubricants are
 

available in Senegal.
 

http:Raffina3.It


Cement. Cement is produced for the Senegalese market by
 

SOCOCIM at their plant at Dakar.-


The plant's total capacity is 400,000 T cement/year;.
 

Present output is about 350,000 T cement/year.
 

Three types of cement are produced, all of which,-accordLng
 

to SOCOCIM, are compatible with international standards.
 

a/ Cap Vert C.P.A'. 325 (325 Kg/cm2 at 28 days).
 

b/ Super Cap Vert C.P.A 400 (400 Kg.cm2 at 28 days)
 

c/ Cap Vert Maritime C.P.A. 325 (325 Kg/cm2 at 28Ldays)for
 

marine use.
 

All three types are packed in 50 kg triple-ply sacks,
 

Price in Feb. 1977 was 10,265 CFA/Ton at the factory, or
 

approximately 18,000 CFA/Ton delivered to Velingara. Normal trans

port costs are 12 CFA/Km/T.
 

Aggregate and Construction Stone. The principal source of
 

aggregate in Senegal is the basalt quarries of theLCap-Vert region,
 

near Dakar.
 

Prices at the quarry in 1977 are as follows
 

3
 
- 3/8 inch 3,550 CFA per m

- 1/2 inch 3,570 CFA per m3 

- 16/25 inch 3,200 CFA per m3 

These prices and the cost of transport to Velingara are.
 

prohibitive, and the use of alternatives must be considered.,
 

'
 The use of lateritic gravels as aggregate in low quality
 

concrete in normally allowed •only for low strength/durability domes

/ 
.., ,."
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tic use-. As a rule it is not recommended for water retaining concrete
 

because of the rather dusty and ftiable nature of the laterite grains.
 

b/ South-East of the Project area, older metamorphic and
 

igneous rocks outcrop. No commercial quarries are known to exist at
 

the moment. This area is 80 km. from the Anambe Basin and is a poten

tail source of ror'dstone, rip-rap and aggregate.
 

c/ Laterite boulders are available in certain parts ofthe:
 

Project area
 

Sand and Dirt. Deposits of high quality,clean 'sand are to
 

be found !h Velingara Department and these sands would be suitable for
 

all general construction use.
 

Laterite soils of various qualities are available in the
 

Anambe Basin. It is believed that carefully chosen borrow pits would
 

provide sufficient fill for the dam.
 

3.3.8. Constrained Areas - The Classified'Forest.
 

A number of "Forets Classfes" (protected forests) have'been 

established in the Departments of Velingara and Kolda. One forest$ 

The Anambe Classified Forest, is located midway between Velingara and 

Kounkande and lies wholly within the Anambe Basin. The forest is an 

irregular hourglass shaped area stretching from the Velingara-Kounkande 

road in the East to an undefined border abutting the Anambe River in 

the West. A total of 6,200 hectares, or roughly 6% of the basin's 

gross hectaragc are enclosed within the boundaries of the reserve, 

which includes pirtions of each major soils association. 
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In subsequent chapters of this report, development alterna

tives and a recommended future project structure are proposed.
 

The alternatives for the future of the Anambe Forest are
 

continuation as protected forest land, or inclusion in the area to be
 

developed for agricultural production.
 

Continuation as forest would continue 6,200 hectares in its
 

present and relatively unproductive use, to save the resources for
 

future generations. However, it would also preserve the forest as a
 

physical barrier to irrigation canals and access an,
 

would significantly reduace the area of the tatter, pote..tially more
 

productive soils evailable for development. This in turn would'reduce
 

the benefits of the project, and the number of ben'lficiaries,
 

The developient altereative, in the other hand, would-reduce
 

the total area of classified forests in Senegal by.6200 hectares, but
 

since most of the land now in the forest could be irrigated, the poten

tail cropland area gained (under double cropping) would be twice the
 

area (t he forest taken. Decl~coification of the fc:'..-t also would
 

eliminate a major obstacle and impediment in the eventual installation
 

of an irrigation system.
 

SODAGRI feels that the economics of the choice are clearly
 

in favor of declassification. However, rMAGMI also recognizes that
 

sentiment and the conservation cthic are strong in Senegal, and that
 

considering probable opposition the process of declassification is
 

likely to take considerable time. Any conflict over declassification
 

would divert energies from productive work, and might interfere with
 

prompt approval and implementation of the rest of the development
 

project.
 

,,°/o°,
 



For these reasons, SODAGRI proposes that the Anambe Basin
 

Protected Forest remain as such for the present, and that the Project 

SENERIZ be implemented with minimal interference or damage'to the 

forest. At some future date,.when benefits .from intensive crvp pro

duction in the Anambe Basin are self-evident, the question of declas

siflcation'of the forest can be reconsidered, 
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AGROMOMIC AND SOILS CONSIDERATIONS
 

0 ODUCTION.
 

The SENERIZ project in the Anambe basin originallX in the 

conceptualisation phasq planned for the development of 30,000 hectares 

of cropland, of which the major portion would be devoted-to rice
 

cultivation. 

Can this ambitious goal be achieved ? An answer to this
 

question based only on the results of this aoils study would be pre

mature. The answer, on the basis of the different observaticne and
 

data gatheredo would seem 
'to depend more .n the hydraulic and human',,
 

possibilities than on other 
factors. 

From a scriccly pedological viewpoint, Constraints exist.
 

but in most cases theylare not impossible to correct. Once corrections
 

have been made, It is potentially possible to develop for the diffe

rent proposed uses an area approching the planned 30,000 hectares.
 

Naturally, these proposed uses are conceived in relation to soils

related, ecological, and other characteristics. The potentialities of
 

the different zones and the agricultural practices and techwques for
 

their optimum use arediscussed in this chapt at.
 

4.1. SOILS INVENTORY. 
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A general soil map published In the GERCA report Amenagements
 

Hydro-Aricoles en Casamance et Haute Gambia, (W.T -ILACO.967)
 

was the best source found for genaral sofl oup .1elineation and it
 

was used asa basis for soil observations and sampling. Based on these
 

observations and laboratory analysis of the samples, the GERCA boils
 

MR was revisal and corrected. This map is presented in annex. 

Drescription of the soil profiles are presented in annex '
 

chapter.
 

Nine soil groups are shown on the SODAGRI soils map.
 

Their descriptions are as follows.
 
.Group 1. Leached tropical ferruginous soils with patches
 

of precipitated free iron oxides.
 

Group 2. Soils with partial hydromorphia at lower levels :
 

located on the lower glacis of the Upland soils
 

of the basin.
 
Group 3. Soils evolving to gley soils: located onthe
 

sandy lower glacis.
 

Group4a. Soils evolving to gley soils, coaser-textured.
 

Group4b. Soils evolving to gley soils, finer-textured'
 

Group 5. Pseudo-gley soils with a permanent deep undergrouna
 

water table.
 

Group 6.-Pseudo-gley soils, with coarse surface texture..
 

Group 7. Pseudo-gley soils, with fine surface texture.
 

.,..1.., 
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402.s' LABORATORY ANALYSIS OF SOILS SAMPLES: 

Samples taken from 'these various areas were analyzed in the 

laboratories of ORSTO( and ISRA, Analytical results-are presented by.r
 ,
 

soils group in the following section, with commentary and conclusions 

of the pedologists. 

TABLE' 1. Analytical Results of Aoil 

Samples from Zone 1. A : NULOMETRY 

GRANULOMETRY IN Z 

SAM!PLE NUMER
 
AND HORIZON Clay- Fine Silt Coarse Silt Fine Sand Coarse Sand
 

A 6.0 4.4 11.93 47.8 29.2
 

LB 7.3 4.1 11.6 .48.0 27.5
 

7.0 7.4 4.1 37.0 43.1 

19.8 6.0 3.10 -29.5 '39.4 

9.0 37.5 36.513 7.69A 


99 28.4 6.4 7.0 28.4 26.3
 

,OA 7.5 6.3 6.0 38.4 39.7
 

lOB 21.0 6.1 2.7 28.8 39.0
 

14A 7 ~ 14 6.
 

* ...... 

6l( 
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TABLE 1. continued (Zone 1) 

B 	: PHYSICAL CHARACTERISTICS. 

Sample Moisture Porosity Permea- Wilting Wilting Wilting
No. and in Z in Z bility Point 31 Point 4.2 Point 2.5 
Horizon cm/h 

1A 0.6 - 2. 2.5 6.2 

13 -0.6 2.4 3.4 2.5 5.2 

8* 0.6 34.7 .1.2 4.9 3.0 7.3 

OB 1.0 28.8 2.2 8.3 -6.3 11.1 

9 0.8 40.5 3.8 5.9 3.8 9.1 

9B 1.6 36.7 2.0, 11.A 8.6 14.1 

10A 0.7 37.3 1.6': 4.9 3.2 7.6
 

1OB 1.2, 37.2 1.3 8.4 6.5 11.0
 

36.7 1.7 


14B 1.2 41.7 3.2 9.5 7.5 .12...
 

0.6 	 14A 4.7 3.2 7.2 

1 	The values corresponding to the wilting points (p or point 
fletrissement) are the rates of available moisture in 2, and thus. 
represent field capacity. 

0,0...
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TABLE 1, continued (Zone 1)
 

C : ORGANIC MATTER, PHOSPHORUS, IRON
 

Sample No.
 
and Horizon
 

Organic matter 

A 0,9 

1B 0.3 

8A 1.1 

8B 0.5 

9A 1.3 

9B 0.9, 


;OA 1.0 

'10B O.9 

14A 0.9 

14B 0.6 


Total Phosphorus 

10, 

13 


8B 

9A 

9B 


10A 

10B 

14A 

14B 


TotalIkoIn 

A 

1B 

8A 

8B 

9A 

9B 


IOA 

lOB 

14A 

14B 


Carbon : C Nitrogen:.N C/N relationship
 
5.00 

1.56 

6.20 

2.92. 

7.31 

5.40' 

6.00' 

5.32 

5.00 

3.32 


Total P205 

0.100 

0.120 

0.260 

0.150 

0.235 

0.180 

0.135 

0.205 

0.465 

0.08. 


Total Fe203 

.46 


0.39 

0.78 

1.00 

1.05 

1.9: 

1.48 

2.12 

0.95 

1.24 


0.36 14.2
 
0.13 12.0
 
0.47 13.2
 
0.26 "/11.2
 
0.46 15.9
 
0.4. 13.5
 
0.38 15.8
 
0.37 14,4
 
0.32 15.61
 
0.3 11.9
 

Available P2 C5
 
0.009
 
0.009
 
o.O )7
 
0.004
 
0.041
 
0.09
 
0.047
 
0.006
 
0.039
 
0.009
 

Free F82fl
3
 
0.21
 
0.19
 
0.38
 
0.58
 
0.89
 
1.64
 
1.22
 
1.67'
 
0.49
 
0.72
 

" .oo o0 
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TABLE 1, concluded (Zone 1)
 

D : EXCHANGEABLE CATIONS. CATIONIC EXCHANGE 

EXCHANGEABLE CATIONS: 

IeOdK + Na+ Sum : S 
IA 1.33 0.23 0.02 0.03 1.61 
1. 0.93 0.18 0C0! 0 L 4.44: 
A 1.85 0.33 0.05 0.03 2.26 
8B 1.00 0.80 0.05 0.01 1.86
 
9A 1.94 0.93 0.18 0.02 3.07
 
9B 1.50 0.75 0.5 0.03 2.78 

1OA 1.00 0.50 0.27 0.03 1.80 
10B 0.78 0.70 0.19 0.04 1.71 
14A 0.48 0.35 0.09 0.03 0.35 
14B 0.40 0.38 0.03 0.03 0.92 

T: Exchange capacity Z S/T pH water pH KU1 
1A 2.70 60 5.3 4.5 
1B 3.80 30 5.8 4.6 
8A 2.30 78 6.4 5.6 
8B 4.00 .47 7.1 5.6 
9A 5.50 56 7.0 5.9 
9B 4.20 66 6.7 5.1 

1OA 2.90 62 6.6 5.3 
10B 3.70 46 5.6 4.4 
14A 3.20 30 5.6 4.6 
143 3.60 36 5.1 4.2 

. 1. 
eelel 
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4.2.1.. C0amentary :and Conclusions on Soil Samples from Zone 1.:
 

The examination of the different characteristics of these"
 

soils which appear in Table 1A through 1B revedl' the following :
 

1- Their texture is essentially silty Ito clayey sand. The
 

surface texture is silty sand, where the clay present does not exceed
 

8Z. But once into B horizon (between.40 and 60 cm indepth), the
 

amount of clay present reaches 20 to 30%.Differences (without,.however,
 

statistical value) do exist between the textural classes, according
 

to whether the samples were taken in millet fields, in peanut fields,
 

or in cotton fields.
 

Thus, the sample which was taken from a millet field appears
 

to be richer in clay : almost 28.42 in the B horizon.
 

2-.In conformity with' their nature as described above,these 

soils are fairly permeable, with average porosity. Both of preporties 

diminish at deeper levels. It should be noted as well that the field 

capacity, the usable (or available) moisture, and the permanent wil

ting point exhibit the pattern expected from the more clayey nature 

of the B horizon, which at the same W.P. (wilting point- same suctin) 

retains more water than the A horizon. 

3- The soils bf Zone 1 are not,fundamantally lacking bio

chemical influences. Thus, in comparison to the "dior" and beige 

soils of Senegal studied by Nicou in 1975,1 the amounts of carbon(C)
 

and Nitrogen (N)present are fairly great.
 

. ......
 

1. Nicou, R ."Caracteristiques principales des sols sableux et sablo
argileux du Senegal : problemes agroInmiques de leur mise en valeur" 

D.GOR.S.T. - C.N.R.A., 1975, p.9.' 
00/..O0
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At the surface level, the amount of carbon varies from 8 to 

52, and the amount of nitrogen varies from 0.47 tc'0.36%. Nicou gives. 

Values which range from 1.12 to less than 2% for carbon, and from 0.82
 

to 0.15% for nitrogen.,
 

Naturally, these values decreaze at deeper :levels,idu'to.the
 

lessened influence of the organic mattr.r.
 

The carbon/nitrogen relationship, which varies from 16 to 12
 

for the different samples tested, Y,y be considerd as average, consider
 

Ing the rapid decomposition of organic'matter in troDical soil.
 

On the other hand, the amount of phosphororus presnt bears 

witness to the reputation of these soils for'being extremely poor in 

this element. Thus, the values found for available P205 less than 

(0.052! are clearly lower than average values mentioned by Nicou1 ,
 

although licou somestimes shows which are less'.than 50%.
 

The values obtained for potassium are comparable to the
 

values shown by Nicou (between 0.03 and 0.20 meq/lO0 g).
 

Elsewhere, the weakness of the cationic exchange capacity,
 

which barely reaches 5.5 meq/100 g,reflects the relative poverty of
 

these soils in clay, whose kaolinitic nature accentuate this property.
 

The relatively high amount of exchangeable calcium, about 

2 ueq/l00 g, respects the general tendency of neutrs3. -pH soils with an
 

average saturation rate of generally less than 80% but greater than 25%.
 

1. R. Nicou, op. cit.,p.9.
 

ooo/o1oo
 



As for the values; shown for the amount,of iron present, 

they seem to be normal for these soils) but are rather high in relation 

to"the very small plant needs for this element. 

Conclusions on the'soils of Zone 1
 

The characteristics surveyed for these soils, which are
 

essentially sandy-silt in nature, show their relative poverty from both
 

the hydraulic and the chemical viewpoints. These two faults constitute
 

two limiting factors, which, however, are not impossible to correct. 

This topic will be taken up in the section on agronomic recommendations, 

.. e/e~le
 



........ 4A ... 1u.1C Or Set5 SAMPLES FROM ZONE 2.
 

-1 .-- -• 

G¥ANLYt4ETY IN 

Sample'Number : Clay Silt Sand 


And horizon*, 2 2-20 20-50 


32A 	 7.8 3.8 13.0 
32B 14.8 6.8 11.9 
33A 11.3 5.5 25.6 

12.5 6.0 12.2
33B 

34A 22.5 10.8 22.3 

34B 21.5 10.3 17.9 

35A 	 6.8 3.3 15.9 
35B 9.5 4.8 15.1 

36k 8.8 3.8 15.6 

36B 11.8 5.8 16.4 


TABLE 2..continued (Zone2)
 

B : PHIICAL CARACTERISTICS.
 

Sample Number
 
And Horizon
 

' o" turb Petosity Pe~msiailty 	Wilting 
point 
1.9
32A 

4.6
32B 

2.5
33A 

3.7
33B 

5.7 

I5.8
34B 


1.8
3SA 

35B 
 2.7 

36A -2.0 


3.2
36B 


Sand Sand 
5L'-200 200-2000, 

44.7 30.2 
36.5 30.0
 
39.4 17.4:
 
31.1 38
 

29.7 14.0 
31.0 192
 
41.9 31.8
 
43.9 26.6 
40.3 32.0 
37.9 28.0
 

Wilting Wilting 
'' point 3.0 point S,t 


5.7 8.3
 
9.1 11.4
 
9.6 14.4
 
9.2 10.7
 
17.4 20.5
 
14.1 17.2
 
4.7 7.7
 
5.7 8.7
 
5.5 9.2 
6.8 10.4
 

*Oe/s'O ,
 

34 



TABLE 2. continued (Zone 2)
 

C :ORaNIC MATTER. PHOSPHORUS, IRON.
 

Organic matter
Sample Number 

Nitrogen : N C/N relationship
C
And Horizon Carbon : 


12
0.48
3.68 

32B 1.50 0.26 6
 
32A 


11
0.59
6.54
33A 
 6
0.23
1.39
33B 
 11
0.73
8.09
34A 
 5

34B 1.37 0.27, 


12

35A 4,a97 0.'43 


8
35B 1.28 0 l1 

11
36A 6.18 0.54 

9
36B 2.17 0.23 


Total Phc.porus
Sample Number 

Available PeO0 (ppm)
And Horizon Total P0. 


4
32A 0.17 

5


32B 0.15 

8
0.15
33A 
 6


33B 0.17 

9


34A 0.15 

4
34B 0.15 

4
35A 0.17: 

4
0.07
35B 
 6
0.17
36A 
 2
0.12 


Total Iron
 

36B 


Sample Number 

Free Fe203
And Horizon Total Fe 203 

1.4
4.1
32A 
 1.8
5.8
32B 
 1.0
3.6
33A 
 4.1
8.3
33B 
 20 4
7.2
34A 

3.8
34B 9.7 

.8
3.6
35A 

1.4.
35B 3.8 

2.2
3.8
36A 
 2.8
5.3
36B 


O
 
o.oi'.
 



TALE 2.. concluded (Zone'2) 

pH.D : EXCHANGEABLE CATIONSCATIONIC EXCHANGE CAPACITY 

Sample Number Exchangeable cations : 

And Horizon Ca 4 4 Mg-+'+ K + Na Sum: S 

32A 1.36 0.18 0.03 0.006 1.58
 
0.02 0.06 1.18
32B 0.64 0.46 

0.06 0.06 2.04
33A 1.64 0.28 


2.15
33B 1.56 0.54 0.03 0.02 

5.00
34A 3.98 0.90 0.08 0.04 


343 2.46 0.52 0.03 0.08 1.09
 

35A 1.42 0.38 0.0040.05 1.85
 

35B 0.58 0.12 0.0040.02 0.72
 
0.04 0.14 1.44
36A 0.98 0.28 

0.09 0.04 0.89
36B 0.62 0.22 


pH .eater pH Kel
Exchange cap. : Z S/T 


72 6.3 5.4
32A 2.2 

32B 2.0 ;89 5.8 4.5
 

76 5.8 4.9
33A 2.70 

83 6.2 4.8
33B 2.60 

71 6.0 4.8
34A 7.0 

58 6.0 4.3
34B 6.30 

84 6.3 5.5
35A 2.20 

40 5.5 4.3
35B 1.80 

72 6.2 5.3
36A 2.0 

40 5.1 4.3
36B 2 20 


http:0.0040.02
http:0.0040.05
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4.2.2. Commentary of Soil Samples from Zone 2.''. 

The soils of Zone 2, from the study of'the analytical resultl, 

present essentially a slightly clayey sand texture, except for Sample 

34, which has a good amount of clay present. 

The available xoisture at the different Wiltlng points C.W.P.) 

conforms to the fairlyVcoarse of the soil, with-moderatly good ,ater 

retention. 

The cationic exchange capacity, which fluctuates around 2
 

to 3 and is never higher than 7, is consistent with the small clay
 

content and probably also with the nature of the soil.
 

These soils of Zone 2 show an average amount of carbon
 

present at the .surface level, and a very small amount at the deeper
 

level. As to the amount of potassium-and phosphorus present, they are
 

both very.simall for these.soils,
 

The pH remains comparable to the pH values presented by 

the other soils, that is, acidic soilswith a neutral tendency.: 

. .1...O 
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TABLE 3 . ANALYTICAL RESULTS OF SOIL SVTLE&.FRO9. ,0E ta, 

A GRANULONETRY. 

R KTRY IN Z
 

Sample Number Clay: Fine Coarse Fine Coarse
 
And Horizon - silt -silt sand sand
 

4A 7.5 24.0 20.6 34.4 10.2
 
4B 31.5 19.4 5.9 22.3 20.0
 
5A 18.3 19.6 31.6 21.4
080 

3B 19.11 17.4,1 9.1 30.8 20.5
 
15A 7.0 12.0 13.7 42.9 22.2
 
15B 
 8.8 14.1 13.9 40.3 20.9
 
16A 10.5 12.3 38.2
10.0 28.0
 
16B 27.9 11.1 22.6
9.7 25.2
 

TABLE 3.Eonttpued.(7sr.4,)
 

: PHYSICAL CHARACTERISTICS.
 

Sample Number Moisture Porosity Permeability Wilting Wilting Wilting

And Horizon in % 
 in 5 in cm/h poift:3 peit.4.2 point L5 

4A 1.1 
 0.7 12.8 3.0 19.7
 
4B 0.9 19.0 0.2 15.2 11.3 20.6
 
5A 0.8 30.5 0.5 3.5
8.9 13.5
 
5B 1.4 1.0 10.1 5.7 14.5
 
15A 0.9 39.0 
 1.3 6.6 3.4 11.2
 
15B 0.8 35.7 0.8 6.1 
 3.5 10.9
 
16A 0.9 34.7 
 1.0 6.6 3.5 10.5

16B 2.6 33.2 1.3 8.0
11.3 15.5
 

see/***
 . . .. ./
 



TABLE 3, Continupd (Zone A) 

. OANIc MATTER, PHOSPHORUS, IRON. 

Sample Number Organic matter Carbon Nitrogen C/I relationship4 
And Horizon 
 C N 

4A 1.7 9.60 0.67 14.3

43 0.4 2,40 0.20 12,O
5A 1.4 8.10 0.46 17.6
5B 0.5 2.88 0.26 
 11
15A 
 1.3 7.4 
 0.46 16.1
15B 
 0.3 2.00 0.19 
 10.5.


16A 
 1.0 5.70 0.43 
 13.3

A 0.5 ,; o,0 1..44

Total Phosphorus Total P205 Available P205
 

4A 0.105 0.17
4B* 
 0.070 0.007

5A 
 0.105 0.MO
53 


0.090 
 0.014
i5A 
 0.120 0.009
 
153 
 0.885 0.001
16A 
 0.115 
 0.009

163 
 0.050 0.001
 

Total Iron Total Fe2e3 Free Fe203
 

1 
 0.48 
 0.09

43 
 1.62 
 0.67

5 0.43 
 .0.12

SB 
 0.67 
 0.27


15A 
 0.74 
 0.07

153 
 0.31 
 0.10

161 
 0.40 
 0.15
 
16B 
 0.93 0.61 

..... ,
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TABLE 3. Concluded. (Z,,e 4)
 

D :EXHAGMALE CAIS CATONIC EXKQMACr APACITY1 pW.
 

Sample Number 
 Exchangeable cat 
ons :

And Horizon Ca 4 + 
 Hg 4 K + Na + Sum: S
4A 
 2.28 0.50 0.09 
 0.04 2.91
4B 
 5.90 1.80 
 0.09 0.17 
 8.96


5A 
 1.41 0.44 0.06 0.03 1.94

5B 1.08 0.48 0.05 0.03 
 1.64

15A 
 3.34 0.69 
 0.05 0.06 
 4.14

15B 0.92 0.44 0.06 0.03 
 1.45
16A 
 1.77 
 0.65 0.04 0.Ot 0.09

16B 
 2.30 
 1.15 0:02 0.06 4.13
 

Sample Number Exchange cap. : 
 .rS/T pH water pH Kel
 
And Horizon 
 T
 

4A 
 3.30 
 88 6.1 4.9
4B 
 10.00 
 .90 6.4 4.5
 
5A 
 3.00 
 65 5.9 4.8

5B 
 3.00 
 55 5.4 4.2
15A 
 4.50 
 :92 7.1 6.1
15B 
 1.70 
 85 6.5 5.0


16A 
 3.30 
 64 6.2 5.0
 
6 fte 


17 
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4.2.3. Commentary and Conclusions on Soil Samples from Zone 4.
 

Thc soAi of Zone 4 like the soils of Zone 1, have more clay
 
in the B horizon than in the A horizon. Although the percentage of clay
 

at.both levels is practically the same as the percentage found for the
 

soils of Zone 1, the percentage of fine and coarse silt appears to be
 

much higher for the soils of Zone ,4.
Thus, thrreds an evolutien O1fthe
 

texture here to sandy-to-clayey silt.
 

.This texture does not seem to affect very much the porosity
 
of thesa soils in comparison to the soils of Zone 1.The porosity re

mains practically the same, that is to say, average  between about
 

20 and 40%. Nevertheless, as the texture here is less sandy, the per

meability ofthe soils of Zone 4 drops, and varies between 0.2 and
 

1.3 cm/h.
 

This finer nature of the soil texture also means better
 

water.retention by these soils. Thus, field capacity almost never
 

drops below 10%, while the wilting point of these soils varies between
 

a
minimum of 3.0% and a maximum of 11%. However, these results, even
 
if they do show the general tendency, are not perfectly homogenous.
 

Thus, differences of 10% may exist between the A horizons
 
of two different samples from the same zone.
 

*lswhere, it must be noted that the soils of Zone 4 
seem
 

to be richer in surface organic matter than those of Zone 1.Thusv
 

the amount of carbon present here varies from about 10% to 6%,.
 

whereas it did rot reach 8% in.Zone 1.
 

,.. ... 

no 



The amounts of carbon and nitrogen present and the C/N. 

relationahip, however, remain comparable to the amounts found for the 

vbeige and "dinr" sO ls of Senegal which ere already mentioned. 

Iron, just as in the soils of Zone 1, is present in larger
 

quantitiesin theB
Bhorizon than In the A horizon', with the relationship 

betwveen them from 1.5, to 7.5. 

Considering the amount of cations present, the soils Of-


Zone 4, like those of Zone 1, are comparable to other soils, without
 

changes in the acidic tendency of the soils. The values for exhange.
 

able calcium (Ca) vary between 3.34 meq/100 g and almost .meq/100 g,
 

whereas for certain profiles, the cationic exchange capacity reaches
 

10 meq/100 g. This factor should be placed in the context of the greater 

influence of organic matter on these soils. As far as the nature of"clay
 

present is concerned, its 'influence is certainly less marked. 
,
 

Conclus!ons on the Soils of Zone 4.
 

Compared to the soils of Zone I- the oils of Ze 4eem 

to be potentially more productive. Their finer texture, their water., 

retention properties, and their richer chemical composition are all, 

factors whith work together in favor of this greater potential produc

tivity.
 

* e/l.. 
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TABLE 4. ANALYCAL RESULTS OF SOILS SA.PLES FR'. ZO , -

A: GRANULOTY. 

Sample Number Clay Fine Coarse Fine Coarse
 
And Horizon silt silt sand sand 

12A 10.5 9.8 12.5 43.5 21.2 
lB 43.5 10.0 10.5 20.8 10.1
 
12A 6.9 8.9 13.5 49.8 18.6 
12B 1.59 8.6 1396 41.9 17.6
 

TABLE 4, continued (7.e 5) 

:PHYSICAL CHARACTERISTICS.
 

Sample Number Moisture Porosity Permeability Wilting Wilting Wilting
And Horizon in % in % In cm/h point 3 point4.2point2.5
 

11A 1.0 30.2 0.7 7.2 3.9 10.4
lB 4.0 38.4 3.4 16.3 12.4 20.2
 
12A 0.7 32.8 2.1 5.6 3.2 9.7
 
12B 1.3 37.5 2.5 7.9 5.5 11.6
 

I. Wilting point : Field capaaity 

.. e/... 



TABLE 4i Contitudd (jne 5). 

C : ORGANIC MATTR PHOSPHORUS, IRON.
 

Sample Nuber Organic matter Carbon Nitogen C/N relationship 
And, Horizon C N 

11A 1.4 8.10 0.48 16.9 
11B 0.7 4.24 0.46 9.2 
12A 1.4 8.00 0.46 17.4 
12B 1..1 6.10 0.41 14.9 

Total Phosphorus Total P2 05 Available P2 05 

1.A 

11B 

12A 

12B 


Total Iron 


11A 

11B 

i2A 

12B 


TABLE 4, Concluded (Zone 5).
 

0.115 
0.140 
0.080 
0.110 

0.006 
0.003 
0.009 
0.004 

Total Fe23 - Free Fe203 

0.50 
0.20 
0.49 
0.75 

0.25 
0.90 
0.20 
0.38 

D : EXCHANGEABLE CATIONS,CATIONIC EXCHANGE CAPACITY, pH
 

Sample Number 
And Horizon Ca J4 

- 1.33 
lB 2.28 
12A 1.33 
12B 0.78 

E.xchangeabDe cations : 
Mg +,+ K + Na I 

0.59 0.05 0.04 
0.15 0.04 0.11 
0.62 0.26 0.03 
0.12 0.12 0.04 

Sum: S 

2.01
 
2.58
 
2.24
 
0.38
 

Exchange cap. : ZS/T pH water pH KCL
 
T
 

1lA 3.40 59 6.0 4.7
 
11B 5.30 49 5.6 4.1
 
IIA 2.70 83 6.4 5.3 
12B 3.10 32 5.4 4.1 

.O ..O'
 



4.2.40 Commntary and Conclusions on Soil Samples from Zone 5.
 

'Z.eexaminntion of the.mechanical analysis for Zone 5 Table 4
 

shows that these soils contain large quantities of silty or clayey fine 

sand, even if the results are not homogenous at the level of the two 

profiles examined. The phenomenon of increasing clay with increasing
 

depth is also present here.
 

We have here a case of soils of average porosity (37% on
 

the average) . However, that this permeability should in some cases be 

greater than the permeability of Zone 1 does not appear to be consistent
 

with reality.
 

As far as the water retentionproperties of these soils at
 
the different wilting points is concerned, they are consistent with
 

the fine sand texture of these soils.
 

Otherwise, in relation to the beige and "dior" soils already
 

mentioned, there is a 
high level of organic matter, as the amount pre

sent is
never less than 4%, and at the maximum reaches 8.10%. Nitrogen 

is also at a high level,being present in amounts never below 0.40%, 

with a maximum of 0.48%. 

The same observations made for the soils of Zone 1 and 4
 

concerning the presence of phosphorus are valid here. This is also true
 

for the presence of iron.
 

In those soilsthe calcium present is preponderant among the 

exchangeable elememts, with an average rate of 1.2,0 meq/100 g, whereas 

the amount of potassium present varies from around 0 05 to 0.15 meq/1O0 g 

according to the profile. 
O00/O f 
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The tendency of the soils to be neutral in pH is miantained 
for the surface horizons. Acidity appears to be more marked at deeper
 

levels.
 

The cationic exchange capacity, considering the textural
 

;ature of these soils, remains within the norm. It fluctuates around
 

3 meq/100 g. The effect of organic material on this exchange capacity
 

does not seem to prevail over the effect of the clay content, as the
 

values found for the cationic exchange capacity at deeper levels re

main slightly higher than those for the surface levels.
 

As for as base saturation is concerned, it is average.
 

Conclusions on the Soils of Zone 5.
 

The two profiles sampled from Zone 5 do not show homogeneity
 

as to the different characteristics examined. Additional study proba

bly would reveal different sub-zones in Zone 5.
 

However, the agricultural possibilities of this zone as we
 

know it 
are very real. It remains to assure the means of optimizing
 

these posibilities.
 

"'.. ... 
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TABLE 5. ANALYTICAL RESULTS OF SOIL SAMLES FROM ZONE 6'. 

A : GRANULOMETRY. 

GRANULOMETRY IN Z 

Sample Number 
 Clay Fine Coarse Fine Coarse
 
And Horizon 
 silt silt sand sand
 

6A 11.3 18.0 20.2 31.7 
 16.4

6B 28.8 15.3 16.3 23.9 12.7
7A 8.0 9.4 5.3 
 37.3 38.5

7B 48.9 10.6 
 3.9 18.4 14.3
 

TABLE 5. Continued (ZONE 6)
 

B : PHYSICAL CHARACTERISTICS.
 

Sample Number Moisture Porosity Permeability Wilting Wilting Wilting
And Horizon in 2 in % 
 in cm/h point point point
 

6A 3 4.2 2.5
1.1 
 - 0.8 8.8 4.7 15.36B 2.0  2.1 12.4 8.6
7A 0.7 29.7 0.6 6.1 
17.1
 

3.2 9.0
7B 3.1 
 - 2.7 18.1 14.4 21.7 

ooo/oIoe.
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TABLE 5'. Contin~ued (Zone 6) 

ORGANIC MATTER, PHOSPHORUS, IRON.
 

Sample Number Organic matter Carbon Nitrogen C/N relationship
 
And Horizon C N
 

6, 1.5 8.70 0.61 14.3

6B 
 0.9 5.04 0.43 
 11.7
 
7A 1.1 6.40 0.45 14.2
 
7B 0.8 4.60 0.49 9.4
 

Total Phosphorus
 
Total P205 Available P 0
 

2 5
 
6A 0.120 0.014
 
6B 0.085. 0.009
 
7A 0.155 0.009
 
7B 0.160 0.006
 

Total Iron
 
Total Fe.0, Free Fe203
 

6A 0.58 0.25
 
6B 0.91 0.37
 
7A 0.59 0.29
 
7B 1.36 0.63
 

TAf.Y-.5. Concluded. ?"i7.e 61 

D : EXCHANGEABLE CATIONS, CATIONIC EXCHANGE CAPACITY . pH.
 

Sample Numbor Exchangeable Cations :
 
And Horizon Ca +1 Mg+ K + Na 4 Sum: S
 

6A 2.05 0.69 0.10 0.03 2.87
 
6B 1.78 0.18 0.06 0.08" 2.10
 
7A 1.00 0.55 0.11 0.02 1.68
 
7B 0.78 0.38 0.06 0.04 1.26
 

Cationic exc. cap. :T ZS/T pH water pH XCI
 
6A 4.60 62 6.1 5.0
 
6B 3.90 54 5.4 4.8
 
7A 4.40 38 6.0 4.8
 
7B 7.30 '17 5.0 3.9 

@.....
 



4.2.5. Commentary and Conclusions on Soil Samples from Zone.6.
 

GranulometrIc anaT-sis of the soils of Zone 6 shows that
 

they have a clayey-silt texture.s
 

Their Permeability ispractically the same as that for the
 

soils of Zone 5. The same is true for the possibilities of water reten

tion or drainage. The observations made previously concernink these
 

subjects are also validhere.
 

As for as.the chemical characteristics are concerned, these
 

soils fail within the range of the valueifound and commented on for 
the soils of Zone 5. From this point ofview, itmust be said that the
 
soils of Zone 6 show Just about the same potentialities as those of 

Zone 5.
 

Conclusions on thezSils of Zone 6.
 

The chemical analyses done on more than two samples certainly
 
reveal the great differences thatexist between the two zones. It
seems
 
that at this stage, the reason that there is a 
longer period of standing
 

water in Zone 6 is due to its toppographical location and its less
 

permeable texture, especially"at the surface level.
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TABLE 6. ANALYTICAL RESULTS OF SOIL 
A : GRAIULOMETRY
 

GRANULOMETRY IN %
 

Sample Number Clay Fine Coarse Fine Coarse
 
And Horizon silt silt sand sand
 

17A 49.3 14.9 15.7 10.4 3.4
 
17B 51.3 14.9 13.3 9.8 3.6
 

TABLE 6. Continndd (Zone 7).
 
B : PHYSICAL CHARACTERISTICS.
 

Sample Number Moisture Porosity Permeability Wilting Wilting Wilting
 
And Horizon in Z in X in cm/h point 3 point4.2point2.5
 

17A , .4.6 39.5 1.6 19.3 14.5 25.4 
17B 5.0 35.2 2.1 15.2 15.2 26.2 

TABLE 6. Continued
 
C : ORGANIC MATTER, PHOSPHORUS. IRON.
 

Sample Number Organic matter Carbon Nitogen C/N relationship 
And Horizon N
 

17A 1.6 9.00 0.72 12.5
 
17B 1.1 6.50 0.50 13.0
 

Total Phospborus
 
Total P205 Available P2 05 

17A 0.190 0.015
 
17B 0.125 0.006
 

Total Iron
 
Total Fe203 Free F020,
 

17A 0 66 0.3"
-.

17B 0.74 0.38
 

e../, e . 
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TALE.6T Concluded 
D : Exchangeable Cations, Cationic Exchange Capacity, pH. 

Sample Number Exchangeable cations :
 
And Horizon Ca 4 + Ng + + K4 Na 4 + Sum : S
 

17A 6.34 1.73 0.09 0.10 8.26
 
17B 5.40 1.06 0.05 0.11 6.62
 

Exchange cap. :T 2 S/T p water p KC 

17A 12.20 68 5.8 4.2
 
17B 14.80 45 5.5 3.
 

4.2.6. Commentary an Conclusions on Soils Samples from Zone 7.
 

The mechanical analysis done on the soils of Zone 7 shows
 

them to be essentially clayey soils; the percentage of clay is 50%.
 

The texture can thus be characterized as being very clayey silt.
 

The texture favors good water retention with field capacity 

of 15Z. The permeability does not appear to be diminished in.compa

rison to the soils of Zones 4 and 6. 

Elsewhere, although the amount of carbon present does not 

appear to have greatly changed in comparison to the soils already 

examined, the amount of nitrogen present, on the other hand, is sligh 

ly higher, and at the surface level reaches 0.72%, against 0.501 in 

the B horizon. 

.O..1O. 
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The ,amount of available phosphorus is not significantly
 

Changed, and remains low, between 0.006 and 0.15Z,
 

The observations already made concerning the iron content 

re n valid here as well. 

In terms of exchangeabldccations, the soils of Zone 7 are 

relatively rich in exchangeable calcium (Cat+), The amount of excha,* 

able calcium' n'rpmnt flctuates around 6 meq/100 9. 

The cationic exchange capacity (C.E.C.) is'also relatively
 

high, .falling betwecn 12 ani 
15 meq/100 g. This high level of exchange
 

capacity is more due to the nature of the clay than to the organic
 

matter. In effect, from a morphological point of view, this clay seems
 

to have a different aspect and seems more rich.
 

Paradoxically,ithese soils have"a pH which tends to be mer 

acidic.
 

Conclusions on the Soils of Zone 7.
 

All the factors 
- texture, nitrogen content, exchangeable
 

Cations and the C.E.C. 
-
indicate that these soils are relatively more
 

fertile than those already examined. Other limiting factors, if they
 

exist, wil. be treated further on in the text.
 

S.,.1... 
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TABLE 7. AAYTICAL RESULTS OF SOIL stc.mS F.a: Za , 
A : GRANULOKETRY. 

Sample Number Clay Fine Coarse Fine Coarse
 
And Horizon silt silt sand sand
 

13A 38.9 15.4 9.3 15.6 12.8
 
13B 33.0 9.8 12.6 20.3 18.9
 

TABLE '. Continued (Zono 8). 
B ,: PHYSICAL CHARACTERISTICS. 

Sample Number Moisture Porosity Permeability Wilting Wlting Wilting 
And Horizon in % in 2 in cm/h point 3 point4.2 point2.5 

13A 5.3 33.8 0.8 21.1 25.1 29.8 
13B 4.2 21.0 0.9 15.4 11.9 19.8 

TABLE 7. Continued.
 
C : ORGANIC MATTER. PHOSPHORUS. IRON.
 

Sample Number Organic matter -Carbon Nitrogen C/N relationship
 
And Horizon C N
 

13A 2.8 16.20 1.28 12.7
 
13B 0.4 2.50 0.26 9.6
 

Total Phosphorus
 
Total P205 Available p2 

13A 0.220 0.025 
13B 0.070 0.009
 

Total Iron
 
Total Fe203 
 Free Fe2
 

13A 0.86 0.46
 
13B 1. 17 0.56
 

. .. /.o. 



TABLE 7. Concluded.
 
D : EXCHANGEABLE CATIONS, CATIONIC EXCHANGE CAPACITY * PH. 

Sample Number Exchangeable cations : 
And Horizon Ca + 4 Mg f K + Na + 4 Sum: S
 

13 A 5.90 1.00 
 0.14 0.15 7.19
 

13B 6.78 0.63 0.07 0.24 
 7.78
 

Exchange cap. : T 2 S/T pH water pH KCL
 

13A 13.90 52 5.6 4.1
 
13B 11.10 70 6.0 4.2
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402.7. CL.'enrtcry and Conclusions on Soil Samples from Zone 8. 

The soils of Zone 8 are also characterized by a clayey to
 

very clayey silt texture. However, the quantity of clay present seems
 

to be less. It was even observed that this layer of clay rests on a layer
 

of coarser-textured material at a deeper level. 

This clay, from a morphological vewpoint,,behaves like, 

montmorillonite- expanding clay vhich cracks as it dries outs 

The possibilitiesof water retention are comparable to the
 

values given for Zone'7, with a field capacity which fluctuates around
 

29 and 20% according to horzon.
 

As far as permeability is concerned, the values foundvO.B 

cn/h and 0.9 cm/h according'to the different horizons, lead to the
 

conclusion that the permeability conforms to the clayey nature of the
 

soil as defined e'yove.
 

The amount of surface organic matter present in these soils
 

the highest seen so far eaching 16.20% for carbon and 2.8% for
 

organic matter.
 

The amount of nitrogen present at the surface level, 1.28%
 

also bears witness to the influence exercised by.the organic matter, which " 

in this zone is essentially composed of .'mlmmceq, 

. . /1.. 



4/28 

These soils remain deficient in phosphorus, like the.others.,
 

Asfar as the iron content Is concerned, the values are normal for
 

these soils but are nonetheless relatively high when plant needs in"
 

iron are considered.
 

The cationic exchange capacity is alsofairly high, with
 

exchangeable calcium present at a rate of around 6 ne",lg.
 

The increase in the exchange capacity at surface (2.14 as
 

compare!.to 11 meq/100 g) may be due to the higher amounts of organic
 

matter present at the surface.
 

However, it was also observed that the texture at lower
 

levels is coarser than the surface texture. This may also explain the
 

higher cationic exchange capacity at the surface.
 

The pH is cose to the value for neutrality, with a 'slightly
 

acidic tendency.
 

.OuilslonS on the Soils of Zone 8.
 

The soils of Zone 8 are just as promising as the soils of 

Zone 7. Their characteristics closely approximate each other in real 

value. The problem in eventual development of these soils lies in'the 

difficulty of drainiing thm 

O00 /O.
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4,2.8. General'Observations on Laboratory Analyses. 

The examination of the whole of the results of laboratory 

analysis of soil samples from the different zones should be made in the 

light of the following general observations : 

Firstly, it was fipossible to take the mme number of samples 

in all zones. The zones do not have the same possibilities nor the same 

facility of access. For certain zones, such a& 7 and 8, which are prac

tically inaccessibie, it was not possible to take more than tmtrepre

sentative samples.
 

Secondly, variation in the different characteristicsexamil
 

.edis often evident from the analyses themselves.
 

This variability supports the need for precision in establi

shing a more detailed soils map than is currently available, because of
 

the need for accuracy in development program.
 

4.3. ADAPTATION AND AVAILABILITY OF SOILS.
 

4.3.1. An Improved Soils Hap.
 

Based on observations of the field and a study and comparison
 

of the laboratory analysis of numerous samples, certain corrections and
 

improvments of the basic soils map were found to be necessary.
 

//



The indicate4Ahanges produced the map presented in Figure 4.3.1.
 

The modifications suggested on the attached map are in no
 

way defnitive nor complete. They are, however, soundly based.
 

To clarify the meaning of the map, a symbolic legend is in

cluded which gives an indication of the developmental possibilities of
 

the different zones. This legend, which draws on the Belgian classifica

tion, takes into account the texture, the drainage class, and the pro

file development of the soils. These three factors are the ones which
 

most affect hydro-agricultural development, especially drainage and
 

irrigation i. 

4.3.2. Zones Amenable to Rice Culture.
 

The map shows those zones are more amenable to irrigation
 

for rice cultivation, in the order of their importance :
 

1 - Zone 4b (Ec x - Ed x,- 18 000 hectares) has light clayey
 
texture and moderate permeability. This zone has fairly deep soils
 

whose compactness, however, does not permit their effective exploitation
 

by traditional equipment. The solution to this situation lies in the
 

use of more sophisticated plowing equipment.
 

2 - Zone 6 (A ex - E dx"-'5,500 hectares). This zone has a
 

fairly clayey textures with rather poor drainage for a certain period
 

of the year, becoming well enough draindd later on.
 

* .e/Isee 
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These are deep soils which would need development before
 

the installation of an irrigation network'. The developmeu, needs would
 

include preparation of the soils for better water evacuation.
 

3 - Zone 7 (Ed x - E ex)l,800 hectares. This zone, with its 

very clayey texture, is flooded fora good portion of the year. The 

development needed would essentially concern the possibilities for
 

drainig this zone in order to undertake the preparation of cropland
 

for cultivation. The installation of a drainage network should certain

ly be envisaged.
 

4 - Zone 8 (Ud:x- Ue x) 1,100 hectares. This zone has hea

vy clay at the surface level. The development required would be the
 

same as that for Zone 7.
 

For both of these zones, the major limiting factor'is the
 

fact that they are flooded during a part of the year, and parts of
 

Zone 8 are almost continually under water.
 

5 - Zone 2 (Sd x - Ad x) 5,200 hectares. Parts of this zone 

peticularlydownbtreat, from the villages, could lend themselves to 

tice cultivation. In thbse areas, the texture of the soil is very close 

to that of Zone 4b. Other parts of Zone 2 
are too coarso - textured and
 

would require excessive amounts of water for irrigation of rice.
 

6 - Zones 4 and 5 (Lex) totalling 7,800 hectares are similar
 

in their sandy-silt texture, They could be used for irrigation for rice
 

cultivation, with greater water requirements, and proper choice of the
 

irrigation method.
 

OO. /1.. 



It can be seen "from this brief examination of the different ,
 

zones that most of them do'present possibilities for irrigation for
 

rice cultivation. However, certain najor limiting factors do exist,
 

notably the presence of semipermanent water in certain zones.
 

Nonetheless, from the point of view of both the texture and
 

the richness of those soils and from the possibilities of improving this.
 

richness, we have here zones which do lend themselves to rice cultivation,'
 

if good varieties arie chosen and p e ractices followed.
 

4.3.3. Availability for Development.
 

In the Anambe Basin, as in any area of c0mparable extent,
 

there are scattered areas that for various reasons are not avaiilable.
 

for development as agricultural land' Such areas include unusual top

graphic features, geologic or pedo1ogical oddities, and areas already
 

claimed for higher uses :villages, roads, etc. No attempt has'been
 

made to estimate these areas because their proportion of the total
 

surface is small, and in view of the imprecision in ovevall measure

ments, can be disregarded.
 

However, one parcel of land of significant size is unavai

lable for agricultural use • the Anembe National Forest. For reasons
 

presented and discussed in chapter 3, section 3.3.8. SODAGRI choses not
 

to press for declassification of this forest land at the present time.
 

. . /1.. 
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Th forest contain 6,20' hectares. Estimated area by soil
 

group is shown in Table 4.3.3.A. About 5.700 bectares 90 percent 

of the total- is in soil groups 4b, 5, 6,and 7 that are suitable for 

rice cultivation. Subtraction of the forests' 6.200 hetares-leaves 

available 103.800 hectares in the basin.
 

SCurrent and potential use of the land in the Anmbe Basin
 

is'shown in Table 4.3.3.B. Assuming that the peasants will continue
 

to cultivate the lighter, mnre easily tilled soils, adequate scope 

is available for expansion of their fields by 40 percent or more,, 

while, improving their practices and their yields. Assuming that the 

heavier soils, notruited cultivation by the local farmers with hand 

or animal-powered tillage, will be reserved for use by the Seneriz project 

and mechanized cultivation ;.some 25.000hectares remain suitable and 

available for incorporation in an agro-'industrial complex focussing 

on rice production. 

TABLE 4.3.3..A. AniambeP.asin and Classified Forest Areas by Soil Groups. 

Area in Balance non-

Soil Group Area in-Basin Classif.Forests Classif. area
 

1 68.00n 	 68.000
 
2 	 5.200 100 5.100
 

3 	 2.600 - 2.600
 

4a 2.200 200 2.000
 

4b 18.0on 1.500 16.500
 
1.500 	 4.100
5 	 5.600 


6 	 5.500 1.700 3.100
 
600
7 	 1.800 1.200 


1.100
8 	 1.100 


TOTAL 110•000 6.200 	 103.800
 



TABLE 4.3.3.B. 
 Current and Potential Land Use in AnambeBsin by
 

Soil Groups.
 

(Excluding'6 200 hectares of Classified Forest)
 

Area in Hectares
 

'.-eils . :ea Current use Potential --3e Projet Target(Arr :Group
 

1 68 000 Shifting Stabilized and
 
5 4 100 Cultivation improved culture
 
2 5 100 21 000 ha 
 .y peasants 
 30 000
 

.COps
 
77 200
 

3 2 600 
 Little Mechanized
 
4a 2 000 Used Cultivation 
 20 600
 
4b 16 500
 

21 100
 

6 3 800 	 Seasonal Mechanized
 
7 600 	 flooding Cultivation 
 4-400
 

Cattle pasture
 
4 400
 

8 1 100 	 Seasonal Occasibnal flooding and
 
flooding cattle pasture 
 1-100
 
pasture and
 

1 100 water storage
 

Total 103 800 
 Total available for Mechanized
 
Cultivation : 
 25000
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4.4. AGRICULTURE IN THE ANAMBE BASISI.
 

4.41. ' Crops and Yields. 

A report on the major crops grown in the department of'
 

Velingara follows official data for the Inambe Basin', a geographic
 

rather than-administrative region, are not available, but the distri-,
 

:bution,of land area among the crops and the yields of crops may be:
 

assumed to apply to the Basin.
 

Cron Area ' Yields Production. 
Ha Kgs/ha M. T. 

Sorghum 13.300 :21.6 1.210 16.093
 

Peanuts 12.800 23.7 9qO 12.672
 

Cotton 11.500 21.2 1.200 13.800
 

Millet 9.400 17.4 900 8.460
 

MaTze 4.13 7.6 1.185 4.Q04
 

Rice 2.97t 5.5. 1.070 3.178
 

TOTAL 54.108 I00.0
 

... ,..
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4.4.2.- Q:nral Crco Production Practiceso
 

In the Ananibe Basin, the-largest concentration ofvillages

and cropland is located around the upper edge of the basin on solis
 

very modest sprinkling of villages and agriculture
of group 1, with a 


in a relatively narrow'barn.! at anintermediate level around the'basin
 

(Soils igroup S).
 

'in the
About the same enrphhsis is given to the same cro....."s 


basin a3 in the departmcnt of Velngara.as a whole, and the cropping
 

,,pattern is relativaly unifom throughout the basin. Apart 
from rice
 

rulture, ab3ut clul E,.phasis is given to cash crop (cotton cn pea

nuts) and food crops (sor-hum, millet and maize).
 

The seasonality of rainfall dominates the climater picture
 

rend controls the arriculture of . :region. The growing of crops is
 

imitcd to the rainy sesson, Except for very limited areas of lowland
 

(swazp) rice and a fe-+ irrilgted vegetables, there-is no crop 
grown
 

durin-s'tb2 clty se =cn.,
 

Most of the land preparatlon is carried out by using oxen.
 

be do-e only ,afterthe first rains have provided enough
Plowing crn 


moisture to allow%penetration and turning of the soil. The depth 
of
 

,plow'ing is very shallow, estimated at 7 to 10 cm.i plowing,is fallowed
 

by harro-ing in some cases, but mostly for cotton.
 

A meneral agricultural calendar for four crops is shown as
 

follows 

http:Velngara.as
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Agricultural Calendar. 

Dates Cotton Rice Millet Peanuts
 

March lurning, Layout. Soil prepara- Soil preparation.
 
to 
 brush clear- Vton, grading
 
May ing, layout plowing 

:May Sowing Plowing Piy fioWng. of Sowing 
and basal fer-
June tilizer appl. 

harrowing. 

June, End of Sowing Replanting of Fertilizer
 
and Sowing aisfing hills, after weeding
 
July weedings.
 

Fertilizer Weeding Fertilizer
 

August Insecticide Fertilizer
 
and treatments Insecticide,
 
September whin needed.
 

September Insecticide Harvest and Beginning of
 
and treatments. sale harvest.
 
October
 

October Wdrvest and :arvet-add Harvest
 
and sale. :ale.
 
November
 

164*0
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Weeds 'and their control : Certain prevalent. weeds, which'
 

are :coent to all crops, have been laentri.ea TKney,.are ;
 

-Striga Senegalensis : A perennial, Striga Senegalensis 

reproduces asexually by stolons (runners) as well as by sexual repro

aenin'nn. Th{ a varv serious competitor to all crops* 

- Cenchrus Biflorus : This annual grass, one of the Grami

:naceae, isvery difficult to control because of its close resemblance 

tr i n it is at an early stage of development. 

- Andropogan Gayanus :Another member of the Graminaceae 

species, this grass comphtes with lowland rice. It has a greater access 

.. to light than rice because of its superior height. 

-.,Oryza Barthii and Oriza Breviligulata:Respective;y.a
 

perennial and an annual this weed has been identified in certain
 

rice paddies.
 

-Water lilies ; Found only in s&quqtic rice paddies, these
 

do not constitute a serious proble*.
 

gone of ,the Cyperacea (the sedge family) have been 

.identified, although in certain ponds Scirpus Maritimus is found. 

Weed control : Stria. is normally rooted up and burned. 

Other weeds are simply rooted and by hand or hoed with a daba.
 

YSS 

http:laentri.ea


Chemical herbicides are not yet used, except for cotton 

SODEFITEX uses Cotoran. However, it would seem that Stamf 34T and 

Avirosan (C 288) are appropriate herbicides for future use in rice paddies. 

oe.o1 . . 



Ala, 

4.403. Rice 'Culture."
 

Three varieties of rice are planted. They are : TS 123,302b.
 

and V': Kong Pao. 

Characteristics of these rice varieties are shown in the following table,
 

TABLE 4.6.3. Agronomic characteristics of rice varietiesTS 123, 3o2 G,
 

and I Kong Pao (Source : SODEFITEX, Velingara).
 

Characteristics TS 123 302 G I Kong Pao
 

Origin Taiwan Sefa 1970 Taiwan
 
Selection TN1 x Tunsart -

Classification Japonica Indica Indica 
Duration 100 days 100 days 110days 
Photoperiod 
ielksitivity - Low 
Height 115 cm 85 cm 85 cm 
Rlant type Upright Upright Slightly curved 
Panicle aspect Curved Semi -curved Curved-compact
 

compact 
Tillering ability - Good Good 
Drought resistance - Low Low 
Lodging Susceptible Resistant Isistant
 
Hardiness Fairly good Poor Medium
 
Grain characteristics 

- ingth 9.1 8.8 mm '7.1 
- wiith 3.9 mm 209 i 3.3 mm 

Weight of 1000 grains
 
34.5 grams 25 grams "28 grams
 

Milled rice 62% 
- translucency - high medium
 
- cooking quality - good good
 
- gelatinization - low low
 

temperature 
Blast resistance Low good good 
Fertilizer response Good good 
Potential yield t/ha. 

3.5 t/ha Irr. 8t/ha Irr. 6.9 t/ha.
rain-fed, 5 t/ha rain-fed, 5,5 t/ha
 

Source : SODEFITEX, Velingara.
 

. ./o. 



4/41. 

Rice fertilization practices recommended by SODEFITEX are as
 

follows : 1504per hectare of 8-18-27 as a basal fertilizer to be
 

applied before or at seeding ; an application of 50 kgs; of urea 40
 

days after sowing and 1.5 units of sulphur applied 8-10 days after
 

sowing. It was reported that farmers do not like to use fertilizer on
 

rice and that for the Casamance.region, an average of only 6'Kgs./ha.
 

of 8-18-27 is used. Thus, the typical rice crop 'does not receive
 

Sfertilizer
 

Seeding of rice i 
usually done by hand seeding in,'rows with
 

20-25 cm. spacing and at the rate of 100kgs./ha. of Seed.
 

Weedingi is usually done by hand pulling and in some instances
 

byshoeing between the rows.
 

The major insect pest reported is a stem borer (sesamia).
 

"Damage to rice grains by what appeared to be stink-bugs was observed in
 

rough rice samples. It was also reported that a species of cricket
 

attacks rice during the vegetative stage. An insecticide, HCH, is
 

re'ended for control of insect pests.
 

Blast or pericularia oryzae was the only disease of rice
 

reported prevalent in the area. As this disease is frequently mention

ed in several rep.orts'and is known locally,; it is likely to be a
 

major importance in rice production. 
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Rice.Is grown in the Anambe basin only as a rainfed crop ;
 

full irrigation with addition of water whif needed is not practised.
 

The greatest single problem associated.with rice production in the
 

department of Velingar tand the Anambe basin was reported to be the
 

absence of a depondable rainfall pattern during the growing season
 

which would provide the high levels of soil moisture throughout the
 

period necessary for a rice crop. There was some indication from verbal
 

reports that in years when rainfall was satisfactory'for rice, the "
 

yields of rice were higher, while the yields of cotton, peanuts, sorghum,
 

and some other crops were lower than usual, and that during years with
 

good yields of cotton, peanuts, sorghum, etc., the yield of rice was
 

lower than normal. This reflects the higher moisture requirement for
 

rice compared to most other crops.
 

4.4.4. Rice-Research.
 

Current situation :ISRA (Instituti Senegalais de Recherches
 

Agronomiques), with headquqrtersin Bambey, is responsible for agrono

mic research in Senegal. ISRA has a small unsophisticated experimental 

station, a PAPEM (Point d'Appui d'Etudes ultilocales), located appro

ximately 2 km. southeast of Velingara. No permanent buildings exist
 

..and a very minimum of equipment is available. The staff consists of
 

one general agriculturalist who carries out work plans designed in
 

Bambey. Occasional visits are made by technicLans from Bambey who
 

supervise the experiments, assess the data, etc. In 1976, the rice
 

experiment consifted of different methods'and depths of land preparation
 

1.0 
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plots. The yields of rice under the various treatments during 1976
 

varied between 450 and 1800 kgs./ha. Tt was reported that a period of
 

low rainfall occured out on some other crops including peanuts, dorn,
 

and cotton. In the peanut experiment, yields ranged from 2200 to 2700
 

kgs/ha. in the different treatments.
 

No experiments on rice were carried out at other locations
 

in the Anambe basin.
 

The major part of the rice research for the Casamance region
 

is carried out at Djibilor and Sefa which are located long distances
 

from the Anambc basin. The general environment and the soils are quite
 

different from the situation existing in the Anambe basin, and the
 

results of research work from these two centers cannot be applied
 

directly to the Anambe basin. An attempt was made to gather sufficient
 

renearch-based information to assess the potential of rice production
 

determined that the needed informationin the Anambe basin, and it was 

does not exist.
 

:To provide research-based answers toResearch program needs 

many questions and problems in production of rice and other crops 
in
 

the Anambe Basin, a program of applied research is needed, Desirable
 

components of a research program to support rice production are 
given
 

below. 

A. Soil moisture.
 

Optimum soil moisture or its lack appears to be the single
 

.. 0/e
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greatest limitation to higher yields of rice. Investigations should
 

be made as follows :
 

1- Methods of land preparation and cultural practices that
 

would increase the water holding capacity of the soil.
 

2- Construction of levees or dikes in and around rice fields
 

to trap rain and drainage water.
 

3-	Impoundment of water in non-cultivated areas that could
 

be used for supplemental irrigation during extended periods
 

without rainfall.
 

4-	Testing a large number of drought-resistant lines of rice
 

that have been developed by 7RI,IITA, and elsewhere for
 

the po ib'lis' of selection of varieties that could endure
 

longer periods of no rainfall than the presently grown
 

varieties. WARDA (West African Rice Development Association)
 

'vould be a good source of material for testing.
 

B. Fertilizers.
 

Insignificant amounts of fertilizer are currently applied
 

to rice. The soils of the Anambe basin are low in the major elements
 

N, P, and K, and it is reasonable to expect a profitable return from
 

the use of optimum rates and rations of comnmercial fertilizer. The
 

following investigations should be made :
 

o.o/ooo..
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1-	influence on yield.of different rates and ratios of N, P,
 

and K.
 

2-	Influence on yield by different times of application of,
 

fertilizer elements, especially N and K.
 

3-	Economic analysi, of the results of the above studies.
 

for rain-fed rice and for irrigated rice.
 

C. Insect Pests and Diseases of Rice.
 

Investigation is needed to identify the major insect pests
 

and diseases of rice and to determinate to what extent they are limiting 

to the production of rice. The following studies are needed 

1- Identification of the major insects and diseases. 

2-	 Determination of: the extent of damage., 

3-	 Methodsiofcontrol including varietal resistance. 

4-	Economic analysis of using chemicals or other methods.
 

for controlling insects and diseases.
 

D(. Varieties.
 

Tremendous advances have been made in development of rice
 

varieties adapted to a rane of conditions, resulting in varieties s 

*. ..... 
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with cold tolerance,jhigh temperature tolerance, drought resistance,
 

tolerance to above-normal amounts of iron,, aluwinium, etc., resistance
 

to 	specific insects and diseases, and other special characteristics.
 

To 	obtain the best possible varieties of rice for the Anambe basin
 

area, it will be necessary to obtain pertinent lines and varieties
 

and 	to test them for adaptibility. The best source of varieties for
 

testing would W.A.R.D.A. (West African Rice Development Association);
 

is
 
as 	SenegalVa member of W.A.R.D.A., it should be easy to get their
 

assistance. W.A.R.D.A. is continuously obtaining material from IRRI,
 

ITTA, other contries of the world and from research programs in dif

ferent contries in West Africa where they are involved in rice breed

ing 	and testing programs. This organization is in a strong position
 

to assist in establishing investigations needed to assess the potential
 

,of viable rice production in the Anambe basin.
 

Research station :To carry out a good research program that 

4ill.backstop the project and sustain long term production of rice at
 

good levels will require the establishment of a research station in 

,the Anambe basin. A location should be chosen that is representative 

of 	the major soil areas on which rice is to be grown, The outstanding 

requirements. will be 

A- Land - Approximately 25 hectares. 

B-	Buildings - for offices, laboratories, storage for seed,
 

fertilizers, insecticides, and equipment.
 

9*e 	 oo.. 
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Water for irrigation from one or,more veils
 

reservoirs, with pumps, pipes, canals, etc., for delivery.
 

:D- Equipment- 1. Laboratory equipment. 2. Vehicles. 3. 

Tractors or animals for power.4.VM implements, includ 

.ing plows, harrows, thresbers, etc. 

E- Trained personnel:
 

1. Rice Varietal Improvement Specialist.
 

2. 	 Rice Agronomist 

3.Rice Entomologist.
 

4. Rice Pathologist.
 

At least one of the first two listed should!be full time
 

and 	in residence. If necessary, part time or shared pere
, 

sonnel in'the other cases would be preferable to their
 

omission.
 

'-	 Non-Scientific personnel such:as farm manager, tractor-7 

drivers, laborers, etc. 

Trained personnel are .sually, scarce in develoPihgcountries 

.ver but several international agencies have facilities and 

offer assistance in training in rice research and produc

tion at different levels. Three of these organizations
 

are 	W.A.R.D.A. with headquarters in Liberia, ITTA and
 

IRRI.
 

,, 	0,; 4A 
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4.4iS, tin.itations inLind Ptodbeti~ity,
 

The characteristics of Agriduiture that appear to-be mat 

iportant in fixing Unic on land productivity ai be wmartsed as 

£*llovs
 

Methods of Cultivation-: There is no mechanized farmiag in C 

the Usin I the moll preparation and cultivation is earded out by 

h" methods ahd by animals with limited ifplements. Thia situation 

limits the land areas that can be farmed to the lighter boil types 

that can be more easily tilled. 

A long established custom in the Agriculture in the .area Is 

shifting cultivation, which consists of cultivativU a given area of 

laed for a few years and then abandoning this area for a long period 

of tise before cultivating it again. Reasons for this practice are 

probably related to the inherent low fertility of the soils, erosion
 

ssceptibility, noxious weed competition and possibly compaction problems. 

Surface and internal drainage :Flooding and poor drainage of 

certain areas of the basin precludes crops that will not tolerate high 

moisture conditions, whereas, these areas may be better adapted to the 

production of rice. On the other hand, areas of the basin that have 

ood surface and internal drainage resulting in drought susceptability 

during periods of low rainfall are not be well adapted for rice produc

tion but would be well adapted for low moisture tolerant crops such as 

sorghum. 



Fertility . In general the soils of the Anambe basih would be"
 

classified as low in fertilit- .This indicates that for sustained 

production of good crop yields, relatively high rates of fertilizers 

will have to be applied. At the same time, due to the lw base exchange 

capacity of the soils, there will be a limit to the amount of.,coimercial
 

fertilizers applied that will give an economic return. The actual limi

tation can be determined only through research.
 

Organic matter : Maintenance of an adequate level of organic
 

matter under intense cultivation will be a continuing problem. Every
 

effort possible should be made to incorporate all available organic
 

material into the soil at the earliest possible stage. In addition to
 

the incorporation of crop residues, it may be necessary and desirable
 

to make certain crop rotations. The actual crops-and :their sequences
 

should be determined by applied research.
 

Erosion : Sol erosion is a major problem In agrIcuixure, 

around the world. it will also beia major problem in agricultural 

development of the Anambe basin, due to periods ofvery intense rainfall 

which result in vast quantities of water movinitoward lower elevations. 

dutlbg a ohdrf OfitdH of time. 

Soil erosion cannot be eliminated but it can be 8lowed to a 

large extent by the use of soil ,nservation practices such as terracing, 

contour row cropping, strip cropping, vegetated drain'ageways and maintain

ing good soil structure. Insofar .as possible, the land should be convered 

with some typ6 of vegetation during the rainy season. 

foo/SO.
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The'soils of the Anambe basin ca'nbe classed as fragile
 

soils in that a high percentage are light textured in the surface, low
 

in 'organic matter with poor structure. These factors, along with the
 

fact that most of the soil makes it necessary to giva serious conside

ration to.utilizing every known practice to minimize soil erosion.
 

The practices used for prevention of soil erosion will also
 

assist in improving moisture retention in soils during periods of low
 

rainfall and in irrigation of crops durini the dry season.
 

4.5. SU A ,r.FAGRONOMIC AND SOILS 'CO,'TArINTS.
 

The major constraints on project design from the point,.,of 

view of agronomy and pedology are as follows
 

1-Absence of sufficient information on the occurance of
 

different soil types and the production potential of the,soils. This 

will require a more detailed soil survey and agronomic research inclu

ding yield tests on the different soil types. 

It can be assumed that the soils in the lower part of the
 

basin, soils group 6 and 7, approximately 7,300 hectares, would be best
 

adapted to irrigated rice production, if flooding can be controlled.
 

It can also be ass'imed dhat approximately 80,000 has. of
 

land in soils group 1 and 3 would not-be adapted to irrigated rice due
 

to the very permeable, light textured soils.
 

\Ll 
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A sizable area of soil groups 4 and 5.appears ,to be adapted
 

to irrigated rice production on the basis of topography, texture, and 

permeability. Exact area can be determined only by more accurate surveys 

and level of yields can be only estimated in the absence ,of yield tests. 

Low soil fertility is an important constraint that has to be 

considered in project design, especially in projecting yields and inten

sity of-cropping. Applicationsof fertilizers can correct low fertility 

to varying degrees, depending onithe individual soil. It may not be 

economically practical to attempt high yield production based on appli

cation of commercial fertilizers, This point can be resolved only by
 

intensive experimentation.
 

3. The present methods of cultivation by man and anima. power 

limit the soil types that can be worked, the depth of tillage. Even in 

the light textured soil areas that are presently cultivated, the present 

depth of plowing is quite shallow. This constraint can be overcome by 

machinery and proper implements, which would present new contraints such
 

as maintenance, costs, trained operators, etc. The desirability and
 

economics of available methods of cultivation can be determined through
 

experimentation.
 

Erosion and its control should be given consideration in all
 

agricultural operations, regardless of location. Most of the land in
 

the Anambe basin occurs on relatively gentle slopes and the problem
 

of erosion would not be as severe as on steeper slopes, but due to the
 

physical and chemical characteristics of the soils and the very intense
 



erosion control should be kept in
rainfall that occUrs occasionally'ii 


mind in'the project design.
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TA LU RECAPITULAI : Aalyses Physiguos at Chimigues do 17 Echantillons 

TABULAR Si2MARY : 
des Sols du Bassin de l'Anambi. 
Physical and Cheminal Malysis of 17 Soil Samples 

Taken in the kiamb4 Basin.
 

1
DE SOL NO. 

SOIL GROUP NO.*
 
OR -PE 

9A 9D
8A 8B
Profile NTo./1orizo1 .15
15.450-15 15-50
Profondeur/Dep-h cm 


GRJtWiTRY
 
G .0,8
" 0,6
Humidit/Moistue 


SA
7e0 9
Argile/Clay 
 7.6 6.4
7.4 610
Limon fin/Fine silt 
 9.0 7,0
4.1 3.0
" .-.orrier/Coarse " 

37.5, 28.7
 

Sable fin/Fine sand 37.0 29.5 

36.5 26.3
43.1 394 , grossi.e,.. 
 05:: 1'.3 0.9I*rr''.. -":/:g.matter 1.1 

99.3
99.2 10190
100.3
Total 


ATrEM .GAMIQUE
 
OGANC 14tXM~E %
 

7.30 5.40
6.20 2.92
Carbone:Carbon C 

0,47 0,26 0,46 0.40
 

AzotL.'Nitrogen 1 
13.2 11.2 15.9 
 13.5
 

0/11 23 5
0b 0,180
0,260 0"150
TotL'. % P 0,009
0:004 0.041 

Ass/vlb 2f0 7.1 7.0 6.7

j~icau/water 1Z,5 59 5.1
3.6. 5.6
p1l' Cl 


CAT'ONS ECHk+GE AB7Z.S
 
EXCE, CATIONS
 

1,85 1,00 1.94 1.50
Calc1. Cc+ 

080 0.93 0.75
 

s033 + o.0
Claciesn C 0.18
005
005 0'
Potassium Y.+ 

Oao0 0.01 0.02 0.03
 

Sodium + 

2,26 '1.86 3e07 2.78
 

Todu (S) 
 4.202,90 4.00 5.50

C-.o. (T) 
 66
78 '47 56

S/T ( 


YS.CIfARA.
CARAC PIM UES/P PPS 

PHYS CH/tTERISTICS
 36.7
 
Porosity/Porosite % 34.7 Z8.8 

.9 11.1
 
40.5 


s - 3 49 9.3
Field Capacity/p 8.6
63 3,.0 

Field Capacity/pF 4,2 3.0 

14.1
.3, 1..'.

Field Capacity/pF 2,5 

9.1 
2.0
2.2 3.,


Permgabilit4 cm/h 1.2 


0.7 1,OC 1.05

Per/Iron Fe2a3 Total 

1.96
 
0.5 0089 1.64
0.3
Fee03Libre 


e 0A A.1che le70. . .0 
Hum*rots selon la carte pedologic 

map of the 
Soil group numbers accordi3 to the 1:709000 soi s 

GERCA Report. 
see/***
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TAB S... I -l~A 

nCRT.r-,& DU SO1 
boLL arCfli11..Profile No[.,lorizon 
Profondeur" /Dopth cm 

Humidite/loisture 
Argile/Glay 
Limon fin/Fine silt 
" gross ior/Coarso " 
Sable fin/"ine sand 
" Bos-,,c. oarso,, 
1tr organ.que/0-egematte 

Total 


Ca6=z :...:L), n 0 

AzoZC/,'Ti'L-: 3 en IT 

C/175.8 

Totr % •.,

'"/a",b.i520 i 

.i Q~u/ ,a.: 1/2,5 
pE k-l 


EXCT. AR 

Calc'An Ca+ 

Magncc.u.x 1.-

Pctass.r. K:-

Sodt..il-.-

Total (S)
CoE.C, (T)
S/T % 

Poronity/.rosite % 
I'eld Carac:y/pF 3
Field Capacity/pr 4,2 
Field Capacityipr 2,5 
Permtabilit4 cm/h 

Fev/lron Fe2 03 Total 
Fe203 LMbre 

10A 

0-15 

0.7 
7.5 

6.3 

6.0 


38.4 

39.7 


,O
0 

99.6 


6900 
0.38 

0,135 

0.047 
6.6 

5.3 


1.00 

0.50 
0*27 
0,03 
1.80 

2.90 

62 

373 

4*9 

32 

7.6 
1.6 

1,48 
1.22 


(Buite) 

(Continued)
 

ICC 
15"50 

1.2 

2190 

6.1 

2.7 


28.0 

29.0 
009 


99.7 


532 
0,37 
14.4 

0.205 

0,006 

5.6 

4.4 


0.78 
0,70 
0.19 
0.04 
1971 

3,70 

46 

37z,! 
8.4 

6.5 


11.0 
1,3 

2.12 
1.67 

1 

14A, 14B 
0-15 15.50 

0.6 

7.0 

6v4 

7.9, 

40.1 

7*, 

09 


100.8 


5.00 
0.32 
15o6 

0,165 

04,: 
5.6 
4.6 


0.48 
0.35 
0,09 
0.03 
0.95 

3.20 

30 

36.7 

4*7 

3.2 

7.2 
1.7 

0.95 
0.49 


1.2
 
22,1
 
7.1
 
7.5
 
26'9
 
34.0 
0.6
 

VI 

3,32 
0.28 

11.9
 
0.085
 
0.009 
5.1
 
4.2
 

0.48 
0.38 
0.03 
0903 
0.92 
3.60 

26 

41.7 
9:5
 
7.5
 

12.2 
3o2
 

1.24 
0.72 

* lue.=aot solon la carte p~doloique l tWZ'Aa c-elle 1*70*000 
Soil goup nnbers according to the 1:7OO00 soils map of the 
GIMCA Ropro-t. 



TAD IMI REA UMr 

TABULIR SMt22RY :
 

9ROttPEDEE ."jNot 

SOL G.,OUPN * 
Profile Noe/llorizon 
Profondeur/Depth cma 


M:-T'M % 
11=hirmt4ilioisturc 

tgile/Glny 

Limon fin!F..nc silt 
" -Toss-e /Coa-De it 
Sable ftn/F.ne sand 

" gossicriCoarse " 

-litr. o-an.qu3/OrgS,:tte 
' .al 


: ( 

Az L.!:i g n ii
.
0/11 
Total % '20 

A . I 

PR.mu/ rat~e: 1/2,5 
pi I 

0A'I2"'.3 V.'A!.S..,IL.,
 

EDO..1: ,-.;1, 

0alc:'-.,:G,-

X+;+ 

Sod:'l.a + 

Total 'S, 

CO.E.O. ( 
S/T % 


.. ~~j -AC9W ipT-MOtIFl 

viae GC:)aCfty/pF PL3.d luapac.ty/p 4,2 


Field Cnacity/pr 2,5 

Penc 6bilit6cM/h 

'er/T n e 203 Total 
Pe203 Lik's 

2 


2A 
0-20 


2o0 

5.6 

4*3 

3o7 

36.8 

46.6 

0.6 
99.6 


3930 

0.23 

14.3 
0,165 


09039 


7.3 
6.1 


1,33 

0.50 

0.17 
0.03 

2.03 

3,30 


62 

.*3294 


4.0 

2.2 

0.05 
0.57 


2B 

20-40 

"9 
1 9 

1696 

46 

4.4 


30,0 

42.8 

0.4 

99,7 


2.32 

0.20 

" 

0195 

0,053 

7.0 

5,3 


0.70 
0.55 

0.32 

.,03 
1.68 

3.60 


47 

609
5,6 


9.1 

0.7 


1.17 

0,54 


4 

3A 
0.30 


05 

0*5 

399 

1594 

11,1 

43,0 

25.2 

0.6 

(*7 


3.40 

0.26 


1%i. 
0.075 

0.006 


6,4 

5e2 


0.78 
020 
0.06 

0.03 
1.07 

2.60 


41 

2.3 


10.0
 
101 


0.36 

0010 


3B
 
30-60 

02
 
0.2
 
1.3
 
6.0
 
9.0
 

50.2
 
32.3
 
0.1 

99.1
 

0,32
 
0.03 

10e7 
09040
 
0.004
 

6.0
 
5.6
 

0,05 
0005 
0.01 
0.04 
0,15
 
1.50 
10
 

1.9
le3
 

1,2
 

0.22 
0.06 

SNtm6rot.: celon la carto pdologique OM,A A l'6challe 1870.000 
Soil grou, numbers according to the 1:70,000 soils map of the
 
02741, ReIort. 

060/00
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TASMEAMlEAP=LLATIF 

TAcuIdf, SrLUY a
 

'. DE SOL No. 
SOIL GROUP NO. * 
Profile No,/Horizon 

Profondeur/Depth cm 


TY
GRtMMO12M. 

Humidit6/'.:oisture 
Argile/Olay 

Limon fin/tine silt 
" grossier/Coarse " 
Sable fin!Fine sand 
" grossiet/Coarso " 
U-Itr.organique/Orpnatte? 
Total 

OG:NC 14&"=-I~% 
Carbonc:Carbon C 
ote/:;-ooen N 

C/ 

Tot2 . -205 

9
Ass.1 v b1. 205 


p1 	eau/wate- 12,5 


CA~TIVS ZMIA'MDAB7S 

0 	Zi.'a
a.-2,28 


,-. 

Potessi-am V-1-

ScdAi'A .r+ 

Total (S) 


iMagnc=i'.i ',-

c.c. ( ) 

S/T % 


CARAC. '8.:SUES/PHYSCHARd.A 
PHYS CETMRU..,ISTICS 
rorostyj/c:,on-t6 % 
Fi'.ld Cop.city/pr 3 
Field Capacity/pF 4#2 
.Field Capn ity/pF 2,5 

Pe=m5a'.lit4 cm/h 


Fer/Ir.on Fe, 0 
3 Total 


Fe203 LM.b.e
 

4 


4A 

0-30 


1.1 
7s.5 


24.0 

20,6 

34.4 

10.2 

1e7 

99.5 


9.60 

0.67 


1403 

O.105 

0.017 

6.1 

4,9 


0.50 

0.09 

0,04 

2.91 

3.30 


88 


12.8 

5.0 


19.7 

0.7 


0480.09 


413 

30-40 


0,9 

31,5 

18.4 

5.9 


22.3 

20,0 

0.4 


99.4 


2.40 

04,13 
12.0 

0.070 

ooo7 

6,4 

4.5 


690 


1.80 

0.09 

0.'.7 

8,,96 

1000 


90 


19.0 

15.2 

11.5 

20.6 

0.2 


1,62
0.67 


4 

5A 5B 
0-20 20-35 

0.8 1.4 
8.0 19.1 

18.3 17,4 
19.6 1921 
3.6, 30.8
 
21.4 20.5
 
1.4 0.5
 

101.1 9808
 

8.10 .88
 
0,46 0.26
 
17.6 11.1
 
09105 0.09
 
0.010 0014
 
5.9 5.4 
4.8 4.2
 

141 1008
 

0.44 0.48
 
0.06 0.05
 
0.03 0.03
 
1.94 1.64
 
3.00 3,00, 

65 55 

30,5
 
8.9 10.1
 
3.5 5.7 
13.5 14.5
 
0.5 10
 

0,43 0.67
0.12 0,27
 

* 	 l.:r0t~s elon la carte pedologiquc GERCA b t1c16elle 1,70O00 
Soil gro,. numbers according to the'1.70,000 soils map of the 
GEflA Ropor t. 

toe/S
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TADLEAU RECAPITELATI7. 

TAULAR St14A'LY z
 

4GROUPE DE SOL No. 4 
SOIL GROUP 1N0. * 
Profile No./lHorizon 15A 15B 16A 16B 

Profondeur/D'pth em 0-..5 15-40 0-15 1535 

GRANU1OIET,Y
 
GR TULCIETRME %
 

2.6Humidit Hioistu=c 
27.9
ArguleiGlay 

1161
Limon fin/Fine silt 

" grossie/Coarse " -9.7 
22.6
Sable fin/Fina sand 

25.2
"1grossier/Coarse" 
0.5
Ntr .organiquo/Orgema tter 

99.6
Total 


MATIERE CROMMUE 
ORGAIC VATTER % 

7.40 2.00 5.70' 3.O8Carbo.e:Carbon C 
Azote/litrogen N 0.46 0.19' 0.3 0.27 

10.e5 1.3 11.4C/N 
0.050
Tota ,P252 0.120 0.00 0,115 

0.001 0,009 0.001Azs./avlbl. P 05 0009 

p1 oau/water 1/2,5 7.1 6.5 6.2 6.5 

PH IKOL 6.1 5.0 5.0 ' 4.9 

CATIOIS E£.1AGEZABIES
 
EXCHl. CAT1L7CS 

Calciura Ca+ 3.34 0992 1.77 2,90
 
0.65 1915
Magn3s.ium.1g. 069 0.44 

Potassi=U- oQ.05 0.06 0.04 0.02 

Sodi-, 1-- 0.06 0.03 004 0.06 

Total (S) 4.14 145 2.50 4.13 
3.90 8.60C.E.C. (T) 4.50 1,70 


85 64 48SiT % 

CARAC. PMMSDUES/PIYS ,CHARA .
 
PHYS CUKARACTMISTICS
 
Po.osity/Porosit6 % 39.0 35.7 34.7 33.2
 

6.1 606 11.3
Field Capacity/pr 3 6.6 

3.5 8.0
Field Capacity/pF 4,2 3,4 3.5 


Field Capacity/pF 2,5 11.2! 10.9 10.5 15.5
 

Permiabilit6 cn/h 1.3 O8 1SO 1.3
 

0,40 0.93
Fer/Iron Fe203 Total 0.34 0.31 


Ve203 Libre oO7 0,10 0,15 0.61
 

SlKmrotgs selon la carte p6dolosique GERCA A 1'6chelle 1.70.000
 

Soil Group numbers accordina to the 1.70.000 soils map Of the
 

GERCA Report.
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ATABM RECAMflT 

TABtW.,M SULRY
 

l0UTE DE SOL N 

SOIL GROUP NO. * 
Profile No./lorizon 

Profondeur/Depth cm 


GAN.LMETRY
 
MXtRWMV=h % 
llumidit6/Iloisture 
Argle/lay 
Limon fin/Fine silt 
" grossior/Coarse " 
Sable fin/Fine sand 
" grossier/Coarsell 
Mtroorganique/Org. matter 
Total 

CRGMNIC HA"IR % 
Carbone:Carbon C 

Azote/Nitrogen N 

CIN 

Total % P205
TtlP205o 


00:009 

Ass./avlb. P205 

pH eau/wator 1/2,5 

PH KOL
 

CATI,!TS ECHAMEA IES
 
EXCel. CATI(DIS
 

Calcium Ca+ 

Haenesium Mg+ 

Potassium Hf+ 

Sodium 1a+ 

Total (S) 

C.EoC. . 

S/T % 


CAnCI PIYSIQUES/PMYS., CHA 
PHYS CHtPMITYPSTICS
 
Porosity/ orosit(: % 

Field Capacity/pF 3 

Field Capacity/pF 4,2 

:Field Capacity/pF 2,5 


-'-i..: cm/h 


Fer/Ixon Fe203 Total 


Fe203 L bre 

5
 

07 


0.6 

'600 

4.4 

11.3 

47.8 

29,2 

0.9 


100.2 


5.10 

0.36. 


14,2 

01b
lbo 


5s3 


4.5 


1.33 

0.23 

0.02 

003 

1.61 

2.70 


60" 


e
 

1 
6. 

2.5 

6;2 

2.9 


0.46 

0.21 

27.50 


0.6 

7.3 

4.1 


11.6 

48.0 

27.5 

0.3 

99.4 


1.56 

0.13 

12,0 

O,
00130 

0.009 

5.8 


46 


0.93 

0.18 

0.01 

0,02 

1.P4 

3.80 

30 


3.4 

2,5 

5.6 

2.4 


0.39 

0.19 

1lA 11B
 
0-45 15.40 

1.0 4.0
 
10.5 43.5
 
9.8 10.0
 
12.5 10.5
 
43.5 20.8
 
21*21 10.1
 
1.4 0.7
 

9909 99.6
 

8.10 4.24
 
0.48 0.46
 

16.9 902
 
01.00,14
0011M 0.140
 
0*006000
 
6.0 5.6 
4.7 4.1
 

1.33 2.28
 
0059. 0.15
 
0.05 0.04
 
0.04 0.11
 
201 2.58
 
3040 5.30
 

59 49
 

30,2 38.4
 
702 16.3
 
3.9 12.4
 

'10.4 20.2
 
0.7 3e4
 

0.50 1,20 
0.25 0.90 

* Nix-rotds selon la carte p6dologlque GE=OA I 106cholle 1.70PO00 
Soil group numbers according to the 1.70000 soils map of ti 
GERCA Report. 
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TALAU RECAPITULATIF 

TABULAR SUI .Y t 

ROU M SOL No 
SOIL GROUTP NO. * 
Profile No.fHorizon 
Profondeur/Depth cm, 

GRANUILhBM'Y 

idit/Moistu
A9gile/.l1 
Limon fin/Fine silt 
" frossier/Coarse " 
Sable fin/Fine sand 
,, ossier/Coarse ,, 
Utz otganique/Org. matter 
Total 

HAT7= RE 4t=UE 
ORGANIC IItTrER %. 
Carbone : Orbon C 
Azote/itroen N 
CIN 

Total % P0
2o5 

pH eau/water 1/2,5 

M! KOL 

CATIONS EMLWGEtDrLES 
EXCH* CATIOIS 

CalcittA Cc+ 

1ngnesi i1-


Potassium 1+ 

Sodium No+ 

Total (S) 

C.E.C. ) 
S/T % 

cAR* PIsIUES/PHYs. CHAM. 
PHYS CH=RXmISTICS. 
Porosity/Porcsit6 % 
Field Cepacity/pP 3 
Field Capacity/pF 4,2 
Field Cepacity/pF 2,5 
Permabilite cs/h 

Per/ron Fe203 Total 


7e203 Libre 


6 

12A 12B . 6A 6B 
0.1,5 15-30 

0. 
69 

1,3 
15.9 

1. 
11,3, 

2.0 
20.0 

89 8.6 1810 :593 
13.5 13.6 20.2 16.3 
49.8 41'.9 -317 23.9 
10.6 17.6 16.4 12.7 

1.,4 1'1 1.5 0.9 
99.0 100.0 100.2 99.9 

.00 6.10 8.70 5.04 
0.46 0.41 O" 0.43 

17.4 14.9 143 11.7 
008 0.11' 0.12 O.085 

"64 
.3 

000.004 
5.4 
41 

o.o146.1 
5.0 

0.095.4 
4.0 

1.33 0.70' 2.05 1.7 
.0062 0.12 0,63 1.18 

:0.26 0.12 0.10 0.06 
0.03 0.04 0.03 0.00 
2.24 
2.70 

0,90 
3.10 

2.07 
4.60 

2.10 
3.90 

83 32 62 54 

32.8 37.5 
5.6 7,9 So 1294 
3.2 505 ..7 0.6 

9.7 11.6 15.3 17.1 
2.1 2.5 0.0 2,1 

r0.49 0*75 0658 0.91 

0020 0.38 0.25 0.37 

* Nunrots saolon la carte pdologiquc O1flCA & l'chello 1.70(00 

Soil group numbers according to the 1.70#000 soils map of the 
GRCA Report. 
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TABIEAU flECAPrI'LATIF 

TABULAR SUMtMYt 

CROICIPE DE SOL No
 
SOIL GOUP NO. * 

Profile No./Horizon

Profondour/Depth cm 

ORANLCMTRY
 

Humid it tIoistur c 
Argile/Olay 

Limon fin/Pine silt 

" grossier/Coarse " 
Sable fin/Fine sand 


grossier/coarse , 
U.tr, orgar' que/Org.matter 
Total 


HAT=~R CLIANIUTE
 
LW TIC 14AT %
 

Carbono:Carbon C 

Azote/Nitrogen N 

c/N 

Total % P2 05 

Ass./avlb. P205 


pH eau/water 1/2,5 
PH KCL 

CATIONS EOTAMEABLE S 
EXCH, CATIONS 

Calcium Ca+ 

1.anesi, H + 

Potassim M-

Sodium Na+ 

Total (S)C.E.C. '') 

S/T % 


CARC, PHYSIQUES/PHYS, CHAR,.
 
PHYS CIARCTERISTICS 
Porosity/Porosit6 % 

Field Capacity/pF 3 

Field Capacity/pF 4,2 


.. %FieldCapacity/pF 2,5 
Permabilite. cm/h 

Fer/Iron Pc203 Total 

7003Lir 

6 
7A .7 

0-20 204O 

0.7 314.6 
890 40.9 
9.4, 10.6 
5.3 3.9 

37.3 18.4 
38.5 14,3-
1.1 00G 

100.3 100.0 

6.40 4.60 
00.49 

14.2 9.4 

0.5 0160,1 


90.006 0,006 
6.0 5.0 
4.0 3.9 

1.00 0.70 
0,55, .000B 
011 0.06 
010.02 0.04 

1.68 1.264.40 7.30 

38 17 

29.7 

61 101 

3.2 144 
9.0 21.7 
0,6 2.7 

0.59 1,36 

0.29 0063 

7 
17A 

015 
17B 

15.40 

5.0 
49.3 51e3 
14.9 14.9
 
15.7 13.3
 
10.4 9.0
 
3.4 3.6 
16 1.1 

99.9 99.0
 

9000 6.50 
0.72 0,.50

12.5 13.0 
0.19 0.125 

0.05 


5.0 5.5 
4.2 3.9 

6.34 5e40 
1.73 1.06 
0009 0.05 
0.10 0.11 
0.26 6.62

12.20 14.80 

60 45 

39.5 35.2
 
19.3 19.7
 
14.5 15.2 
25.4 264 
1.0 2.1 

0.66 C*"4 

0.34 0.l38 

Num6rot6s selon la carte p6dologique GOIERCA ldchelle 170.000 
Soil group numbers accordind to the 1.70,000 Soils L p of tho0 
OEfRCA Report. 



TA....XAU IECAPflULATIF 

TABULAR SIARY 

(RIOPE DE SOL No 
SOIL GOUP N0. * 
Profile Nj.o/Hor izon 
Profondeur/Depth cu 

Humidit6/1loisture 
Argile/Clay 
Limon fin/Fine silt 
" grossier/Coarse " 
Sable fin/Fine sand 
" grossier/Coarse " 
Mtr. crganique/Orgematter 
Total 


VIATIE CRCANQUE 
ORGAI:C IIA % 
Carbcna:Oarbcn C 
Azote/Nitrogon N 
C/1127 
Total % P2 05 

Ass,!avlb. P2 05 

p~1ean/water 1/2,5 
PH KCL 

CATIOM3 ECHAMACABIES 
EXCII. C.'ZiC'S 

Calc ir Ca+ 
Hag',m'ilum Ig+ 
Potassium .1-1-

Sodiun. 1:--
Total (S) 
C.E.C, (T) 
S/T % 

CAR. PRYSBTJES/HYS. 
PHYS C.{ARALTERISTIC S 
Porosity/Pcr'.it6 % 
Field Capacity/pP 3 

2, 


CHARM. 

Field Capacity/pF 4,2 

Field Capacity/pF 2,5 

Perme'abilit6 cm/h 


Fer/I:on Fe203 Total 


203 Libre 


.8
 

13B 
0-20, 20-,50 

5.3 4e2
 
389 33.0
 
15.4 	 9., 

.9.3 12.6 
15,6' 2093
 
12,8 18.9
 
2.8 	 0.4
 

100.1 	 99.2
 

16,20 2.50 
''1.28 0'66 

9.6
 
5
 0.220 	 00070 

0.025 	 00009 

5.6 	 6.0
 
4.1 	 4.2
 

5,90 	 6.78 
1.00 	 069 
0:14 	 0*07
 
0.15 	 0.24
 
7.19 	 7078
 

13,Q0 11.10 
52 70 

33.8 	 21.0
 
21.1 	 15.4 
15.1 	 11.9
 
29.8 	 19.8
 
08 	 0.9
 

0.86 	 1.17 

. 

SNumhrotL: solon la carte pddologique GEEA A l'dchelle 1,70,000
 
SoIl grou. numbers accordint to the 1.70,000 soils map o he
 

GEP.CA Report.
 



ANNEX
 

Annex 1 :- )escription of Soil Samples.
 

SOIL PROFILE; NO. 1
 

LOCATION Approximately 4.5 km. south of Kerevane a long road from
 

Kerevane to Kedougoudikor.
 

HISTORY , It was reported that rice had been planted by'villagers
 

several yiars ago but was abandoned.
 

VEGETATION : Intermittant low-growing trees* All grasses and young

plants had been destroyed by fire.
 

SOIL DESCRIPTION:
 

0-27 cm'L .ht greyish very fine sand,, r,fine 'saad, with iome
 

b3Videfice of-orghnic matter in the surf ace.,
 

27-50 cm Very light color of whitish-yellow,fine sand with some
 

moisture present.
 

SOIL PROFILE NO. 2.-


LOCATION : Approximately 2.5 km. south of Velingara in a cultivated
 

area of the village Sar3 Djimini. This location was near the 35 m
 

contour line.
 

HISTORY : Land had been cropped for several years and was planted in
 

-corn during 1976. Yield estimates could not be obtained.
 

VEGETATION Dried cornstalk residue left from cattle grazing.
 

SOIL DESCRIPTION •
 

0-20 cm Very compact dark grey very fine sand.
 

20-40 cm Very copact yellowish sand.
 



ANNEX/12
 

COMMENTS : This location is in the Soil Group 2 shown on the soils
 

map. This village plants,peanuts for seed multiplication for the
 

.department of Agriculture
 

SOIL PROFILE 1NO. 3.
 

LOCATION : Approximately 1.5 km. south of Sare'Djimini along old.'
 

road from Velingara to Kounkane.
 

HISTORY Rice was grown in this area in 1973with yields of about
 

0.95t/ha. It was reported to have standing water intermittently du

ring the rainy season and that during periods of no rain (in July,
 

August, and September) the soil remains saturated.
 

VEGETATION * Low-growing trees..All grass'and other vegetationhad
 

be~n destroyed by fire.,
 

SOIL iDESCRIPTION:
 

0-30 cm 'Whitish fine sand with no profile development.
 

30-60 cm Whitish fine sand grading to slightly more coarse
 

material. A modest amount of moisture was observed
 

beginning at about the 30'.c depth.
 

SOIL PROFILE NO.4.
 

LOCATION Approximately 2.5 km. south of Sare Djimini along old road
 

from Velingara to Kounkane.
 

HISTORY : According to the best information available, this area has
 

never been in cultivation due.to very heavy soil that cannot be 'lowed
 

with the oxen thatifarmers .have and due to weed control being toi dif

ficult. The excessivePweed problem was said to be duelto very poor Yand
 

preparaion.
 

VEGETATION : Low-growing .trees with only an occasional tuft of tall
 

Andropogan-type grass.
 



0-30 cm 	Grey sandy or silty clay, very compact. Thes surface was 

characterized by numerous small mounds somewhat conical 

but irregular in shape, approximately 22-25 cm in diame

ter at the base and 15-25 cm high. At first glance, it 

appeared that the land had been roughly plowed but closer 

observation showed that the mounds were a natural phe

nomen.,
 

30-40 cm Greyish silty clay, extremely compact, impervious.
 

COMMENTS :It was reported that this area has stagnant water standing
 

on it throughout the rainy season. The soil area may have been a slight
 

depression in relation to the surrounding soil areas. It was located
 

in the center of a large area of Soil Group 4 on the soils map.
 

SOIL PROFILE NO. 5.
 

LOCATION : Approximately 4.5 km. south of Sare Dlimini along old road 

from Velingara to Kounkane. 

VEGETATION : Low-growing trees. All grass and other vegetation had 

been destroyed by fire. 

SOIL DESCRIPTION 

0-20 cm 	Light grey silt with some clay material, compact.
 

20-35 cm Greyish silty clay with traces of yellow mottling.
 

COMMENTS This soil location is in an area shown in the soil map as
 

Group 4. If this sample is a good representation of Soil.Group 4 and
 

if it extends more of less on a contour arouiid theAambe basin..as 

indicated on the soils map, it would represent the largest single
 

soil area in the basin.
 



MM4E/ 4' 

SOIL PROFILE NO, 6 

LOCATION : Approximately 1 ,1m.south-southwest of the Village Toungoulel 

(the village was abandoned at the time of this visit). 

HISTORY : No signs of past cultivation were observed. A villager at 

Sare Djimini stated that this area was flooded during the rainy season 

and that fish could be seen jumping in the water where the village is 

located, and that the people had all moved to a lo-ation near Velingara. 

VEGETATION : Low-growing trees with very little other types of vegetation.
 

There had been no fire, but cattle-grazing had been so intense that the
 

ground was almost bare.
 

In the process of digging a hole for this soil sample, several fleshy
 

tubers about the size and shape of an onion were observed. Even though
 

the soil was very compact and dry, the tubers were full of moisture and
 

would probably emerge with the first riins, and due to density in number
 

of tubers, might be a dominant species of vegetation during the rainy
 

season.
 

SOIL DESCRIPTION.:
 

0-15 cm- Grey silty clay, extremely compact.
 

15-30 cm- Lighter grey silty clay with a considerable amount of
 

yellowish mottling and containing a few small iron concre

tions. Some moisture was observed at the 25 cm depth.
 

COMHENTS : It is determined that this location was below the 25 meter
 

contour level and estimated to be approximately at the 23.5 meter
 

level. According to the soils map, this soil was located in Group 6.
 



SOIL PROFILE NO. 7 " 

JAr',N : Z Acm. southest:ot-Sare Quinor'along the road from Sare Quinor 

to Darou and 1 km. south of road down the major drainageway shown on all 

maps.: 

HISTORY : This area showed no indication of having ever been cultivated.
 

A villager reported that this area did not flood continously during the
 

rainy season.
 

VEGETATION ; Low-growing trees with considerable amount of different
 

thorny bushes.
 

SOIL DESCRIPTION
 

0-20 cm - Light grey sandy or silty clay. 

2n-&fn m - Lighter grey silty clay with a small amount of red 'mottl

ing and very compact
 

COM4ENTS : This location was in the Soil Group 6 according to the soils
 

map. The onion-like bulbs observed at the location of Soil Sample NO. 6
 

were also observed at this location.
 
Numerous termite tunnels were observed:on the round surfae which Rave
 

a crust-like appearance.
 

SOIL PROFILE NO. S 

LOCATION :200 m from the crossway Kounkande Koulandiklan. At the edge 

of the road to Koulandialan. Peanuts cultivated this yes. 

DESCRIPTION: 

0-15 cm - Texture : silt-sandy
 

Structure: not very developed
 

Permeability -:permeable enough.
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Colour : grey
 

Organic matter: great influence of humus
 

15-20 cmi 	 Texture : silt clay 

Structure : not very developed - with some concretions 

Colour : grey yellowish 

Organic matter : little influence of humus. 

SOIL PROFILE 	NO. 9.
 

LOCATION : In Koulandialan, under millet and corn field.atthe end of ,

the road. 

HISTORY : The farmer reported.that this field.had been cultivated with 

millet and corn for more than 20 years. 

DESCRIPTION 

0-15 cm - Texture : silt sandy.-


Structure : structure not develoPed
 

Colour : grey
 

Permeability: quite permeable 

Organic matter : great influence of humus with small roots 

.in this horizon. 

15-45 cm - Texture : silt clay 

Structure : dev4l ped - more compact with few concretions 

Colour : yellowish red 

Permeability : permeable
 

Organic matter : some influence of roots but little humus.
 

.9... 	 U 



SOIL PROFILE NO. 10..
 

LOCATION : Under cotton field*-from 50 m of millet field. (profile 11)
 

in 1976.it was millet field.
 

DESCRIPTION
 

0-15 cm 	Texture : silty clay
 

Structure : not well developed
 

Colour : reddish grey or yellowish
 

Organic matter : iow
 

Permeability : permeable
 

SOIL PROFILE NO. 11.
 

LOCATION.: 2 km. from Anambe in the direction N N E
 

CONDITIONS : Local inhabitants report that during rainy season this
 

area is flooded to a depth of 80 cm.
 

VEGETATION : Very tall'grasses (1 m 50 - 1 m 70)
 

DESCRIPTION
 

0-15 cm 	Texture : silty clay to clay
 

Structure :.well developed enough
 

Colour : grey
 

Permeability : not permeable, very little organic mat

ter,presence of some onion - like tubers. 

15-40 cm Texture : silt clay
 

StructureF: developed
 

Permeability : more permeable
 

Organic matter : little influence
 

Moisture : below 30 cm
 

#*.I/.. 



SOIL PROFILE NO. 12. 

LOCATION ; 1 km. "distant from NO.11. The same physical characteristics 

as NO. 11 were found except that the suaface (A)horizon was not so thtck. 

SOIL PROFILE NO. 13.
 

LOCATION : 5 In. from Anambe M 14 E direction - in the deep valley. 

CONDITIONS : Highly organic soils - with some water. Aftei dessication, 

Polyks ei -,oils with 3 an wide cracks. 

High grasses - lm7Ocm to 2 m. 

DESCRIPTION : 

0-20 om - Texture : silty clay
 

Structure : good structure
 

Permeability : in permeable
 

Colour : grayish black.
 

Organic matter : groat influence of partially decomposed
 

organic matter. 

20-50 om - Texture : anrly Ailt
 

Colour : reaaisT ".ith light spots
 

Structure : not very developed
 

Permeability : very permeable
 

Organic matter : some small roots 

SOIL PROFILE NO. 14. 

LOCATION . PAPEM (ISRA research station), about "1 km SE from 

V6lingara. 

* oo0/0oo 
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DESCRIPTION .,
 

0-15m Texture sandy 

Colour : gray-

Organic matter : fragments of roots 

15-50 cm,- Texture :,sandy,clay. 

Colour : yellowish'.- reddish 

Organic matter root fragments. 

SOIL PROFILE NO. 15.
 

LOCATION : 200 m from Tamacounda at the right edge of the road in.a-..
 

cotton field.
 

DESCRIPTION
 

0-15 cm - Texture : silt clay 

Structure : good structure 

Permeability : permeable 

Depth : deep soil
 

Moisture : dry soil on the surface
 

Colour : gray
 

Organic matter : presence of rootlets
 

15-40 cm - Texture : sandy silt
 

Structure : good structure
 

Permeability : permeable
 

Colour : gray reddish gleyification spots not very evident
 

Organic matter : very few rootlets.
 
of
 

GENERALITIES ; According to the inhabitants/the village of TaCOunidi
 

has only exist d since 12 years ago. The inhabitants came from the vil

lage of Sare Bessel, which still exists.
 

. .. 
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The agricultural producti are 
:rice, peanut, millet, corn, etc 
...
 

The problems are the rapid infiltration of water. Some rivers did not
 

have enough water this year (1976) because after about 5 or 10 days the
 

water infiltrates completely-;
 

A well-digger has told us that whwn digging the wells at th 
beginning
 

of the rainy season he finds water at 7m deep.
 

The inhabitants say that apart from the problem 
f water, theirsoils
 

show a good fertility.
 

SOIL PROFILE NO. 16
 

LOCATION : 
About 1500 m from Tamacounda underi 'ice-field'
at the
 

right edge of the road.
 

DESCRIPTION
 

0-15 cm - Texture : silt clay
 

Structure : very compact on the surface
 

Permeability : ow,permeability
 

Colour gray
 

Organic matter : 
presence of numerous rootlets
 

15-35 cm + Texture :silt clay, more sand
 

Structure : moderately wa1l developed
 

Colour : spots of gleyfication very neat
 

Organic matter : low
 

GENERALITIES : According to the farmers, the standing-water in this area
 

reaches a depth of 15 to 20 cm and stays at that level 5 to 10 days ; it
 

infiltrates after that.
 

.. .1O.0 
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'
 SOIL ;PROFILE NO. 17.
 

LOCATION : 6 km. from Mountoumba in the S.E. direction. 

DESCRIPTION 

0-15 cm : Texture : clay.- heavy soil, 

Structure : a good structure due to the presence of 

organic matter in humus. 

Permeability : less permeable.- soil with partial 

hydromophia. 

Colour : gray, dark gray. Gray soil at the bottom of 

the slope. 

15-40 cm Texture : clay
 

Structure : good structure
 

Colour :ochre gleyification spots
 

Permeability : poor permeability
 

Organic matter : presence of numerous roots at lower
 

depth.
 

GENERALITIES : We took this sample at 50 mm of the shallow standing
 

water which remains at this level and extends up to Teyel.
 

This soil is characterized by the presence of large clefts and
 

break-ups on the surface. Probably these clefts are due to the presen

ce of swelling clay. (montmorillonite).
 

X X
 



CHAPTER 5 CLIMATOLOGY AND HYDROLOGY 
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5.1. CLHE 

501.10 Climatological: Stations 

Three third-class weatl.or stationsof iportance are 

currently inoperation within the project area, but they record
 

only daily rainfall data. These stations are as follows i
 

Station Elevation roordinates Recording Period
 

Velingara 40 m 13091N - 1407qW 1932 to present 

Kounkande 32 m 12o56'N,1..11W 1965 to present 

Kerevane 44m 1308'N- 14010'1W 1971 to present 

Three first-class weather stations operate near the
 

.basin and ar important to the study. These synoptic stations 

record data'on rainfall, wind, temperature, radiation, sunlight 

hours and evaporation. They are as follows 

Distance Data Obtained 
from Basin Elev. •location for Periods of 

station Center (kmn) (m) Coordinates Observation 

Kolda 87 35 120531 N 1922 Intcr ittently 
140 581W to presnut 

Tambacounda 92 49 13046VN 1919 interm.ttently 
130411W to present 

Kedougou 20 178 12"VIN 1918 intermittently 

120131W to present 

Data from these stations are sent to the National He

teorological Service (ASECNA) at Yoff 'drport in Dakar, from 

which sourc#A-st of the,information used in this report vas 

obtained.
 
S..'... 
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The Velingara station'is of primary lmortancc to the projet
 

studies due to its location at the northern edge of the basin
 

and its length of rainfall records. Kounkande station is'of Im

portance due to itslocation near the southern edge-of the bas'in,
 

for its period of record in common with that of Velingara, (11 years),
 

and as it reflects the increased rainfall received by the southern
 

portion of the basin as compared to the Velingara area of influence.
 

Data from the Kerevane station, located approximately 7.5 kilometers
 

due east of Velingara, is important as its values when compared to
 

daily and monthly recordings in common with Velingara demonstrate
 

the variations in point rainfall as compared to mean areal precipi

tation.
 

Data from Kolda and Tambacounda stations, and to a lesser
 

extent from the Kedougou station, were utilized to construct syn-:
 

thetic values representing average meteorological conditions, except
 

for rainfall, within the study basin.
 

5.1.2. VYlgngar.'Prcipitation 

Daily precipitation data from 1932 through 1976 are available on 

computer print-outs from ASECNA. Most years are complete; however, 

there is a gap in recordings for the period between July, 1959 and 

June, 1961. Table 5.1.2., which follows, shows monthly and annual 

totals for the official Velingara station which ismaintained by 

the Sector Agricole office. Averages for months of records have 

been assumed for the missing months (with the exception of entire
 

1960) in order to compute long term averages and probabilities of
 

precipitation. Based on 44 years of records, the average rainfall
 

in m for Velingara is as follows : 



Table 5.1.2. : 
Tableau 5.1.2. 

Velinzara Rainfall (mm) 
Pluviomfitrie de V'linfara (mam) 

Year 
.nn . 

J A: 
.3-A 

Mayi l 
MaI 

Jun 
Juin 

Jul 
Juil 

Aug 
&,Ot 

Sep 
Sept 

Oct 
Oct 

N-D 
N-D 

Annual 
Total 

Z 'of 
Normal 

1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1947 
1948 

1949 
1950 
1951 
1952 
1953 

2.0.-
0.0 
0.0 
0.0 
0.0 
0.0 

21,0 
0.0 
0.0 
0.0 
3,5 
0.0 
0.0 
2,0 
0.5 
0.0 
0.0 

0.0 
0.0 
Co 
0.0 
0.0 

593 
4.0 
0.0 
0.0 

127,3 
000 
8.2 
12,9 
4.4 

152.7 
25.0 
28,0 
4.0 
8.0 
000 
0.0 
5.6 

15.3 
28.2 
38,2 
104.0-
0.0 

115.5 
(130.8) 
185.0 
260.8 
152.8 
77.4 
78.i 
1' 
148.6 
191t5 
133.1 
98.0 

213.0 
66.9 

170.2 
106.0 
189.4 

Z29,2 
71.9 
97.7 
126.5 
110.2 

210.3 
(214.3) 
351.7 
187,8 
171.6 
128.3 
135,4 
193.4 
159.8 
320,9 
253.8 
153.0 
152.0 
167.2 
276.0 
236,9 
169.2 

194.9 
177.3 
287,9 
293.5 
374.6 

352.8 
270.0 
782.5 
287.8 
515.5 
284.7 
334.9 
310.3 
274.6 
360,,9 
250,0 
2r7.5 
145.0 
392.6 
359,1 
338.8 
242.5 

317.6 
568.0 
394.9 
77.5 
204.3 

310.5 
411,5 
781.5 
25.3 
177.4 
175,3 
293.2 
326,1 
34ww-
240.1 
299.0 
428,0 
261,0 
240.0 
231.0 
247.6 
264.3 

183.4 
210.4 
353.0 
373.2 
197.4 

9.5 
23. e 

204.6 
50.3 
72.5 
103.0 
14,2 

136.9 
215,0 
21,6 

121 0 
131,0 
9500 
65.4 
96.3 
73.2 
101.4 

52.7 
148.5 
224.2 
188.1 
93.7 

0.0 
26.0 
0.0 
15.8 
1,4 
0.0 
0.0 
0.0 
0.0 
0.0 
1805 
0.0 

25,0 
6,2 
0.0 
2.2 
0.0 

8.0 
19.0 
32.0 
0.0 
0.0 

Total 

1067.9 
1079.7 
2305.8 
1055.8 
1218,5 
769.5 
83541 
1140.8 
115i.7-
1287.7 
103,9 
1135.5 
89500 
948.3 
1133.1 
1004.7 
972.4 

901,1 
1223 
1428.f 
1162.8 
980.2 

. 

% de 
la normale 

99.6 
100.7 
215.0 
984 

113.6 
71.7 
82.5 

105.4 
107.4 
120.1 
102.9 
105.9 
83.4 
88.4 

105.6 
93.7 
90.7 
84.1 

108.4 
91,4 



(suite) Table 5.1.2. : VMlingera Rainfall (n) 
Tcbleau 5.1.2. : PluviomAtrie de Vglingara (mm) 

Year J-A -lay Jun Jul. Aug Sep Oct N-D Annual 
Annge J-A Mai Juin JuL!l. Ao~t Sept Oct 1; D Total No-.Ial 

Total Z de la 
Annuel normale 

1954 4.0 2.0 82.5 141.1 289.4 204,0 36.3 !8.6 777.9 72.6 
1955 
1956 
1957 
1958 
195. 
1960 
1961 
1962 
1963 
1964 

29.0 
0.0 
0.0 

( 2.6 ) 
0.5 

(1) UIA/ND 
(2.6) 
0.0 
0.0 
67.4 

43.1 
244 
010 

(25.5) 
44.0 

NAIXD 
(25.5) 
26,5 
10.7 

108.7 

-.6 
V' 0.6 
136.9 
196.5 
93.5 

I.A/ND 
152.3 
152,8 
66.1 

230,.6 

48.7 
223.4 
154.4 
175.0 
(214.3) 
NPJi-
277.2 
239.4 
173.7 
329.8 

283.2 
295.4 
468.0 
608,2 
(319o7) 
:M!ii;,) 

6 
30.8 
31. 

310.2 

25C.4 C9.6 
23. 63.2 
45G. 1,.556 44 532 
2-1 41.9 
I2.*:.9)(,, 

342 .2 7, 
21 o.1- ; 
23319 it " 2 
45.49 5 

000 
5.3 
..5 

37°0 

1! 
(9,1 
-. 
00 
0.0 

125516 
53,4 

1323,6 
. 

1"i.-/" 
4 

:1.ir,' -
934,,9 
. 1 

117.2 
" 

3 
123.1 
97. 

i.0 
9059.4, 
0.2 

1965 
1966 
1967 
1968 
1969 
1970 

0.0 
0.0 
0.0 
11.9 
3.6. 
0.0 

3.7 
19.6 
24.8 
20.7 
6.7. 
16,5 

49.4 
218.2 
192.7 
142.6 
47.9 
120.5 

238.2 
160.0 
190.7 
148.1 
106.6 
153.5 

-39.1 
i3.9 
2554 
1"9.1 
360.5 
257.6 

2C!.6 
295.9 
3r7 1 
28"/11 
181.9 
199.8 

87,,11 
W12,2 
7"4,0 
t:,.38 

i 
26.4. 

19.0 
0.0 

( 5.7 ) 
0.0 
0.0 
0.0 

92'4 
I"31, 8 
11-1.2 

81:6.3 
665.3 
774.3 

852 
96.5 

102.7 

76.1 
80.8 
72.2 

1971 
1972 
1973 

0.0" 
0.0 
0.0 

6.9 
10.8 
r56.3 

182.0 
84.9 
126.7 

135.2 
220.7 
242.9 

247.3 
175.6 
279.2 

225.7 
125.6 
130.1 

13.6 
82.8 
34.7 

0.0 
0.0 
0.0 

810.7 
700.4 
869.9 

75.6 
65.3 
81.1 



----------------------------------------------------------------- ------------------------------

Table 5.192. : Mlingara Rainfall (am)
 
(wuite) Tableau 5.1.2. : Pluviom6trie de Vlinaara (mm)
 

Year : -A May- Jun Jule ,Au Sep Oct N-D .Anual % of 
Ann~e J-A iAL Juin Juilo Aoot Sept. Oct. N-D Total Normal 

Total % de ia 
Annuel normale 

1974 0.0 2.1 46.7 222.9 206.3 166.7 55.4 3.6 703.7 65.6
 
.1975 0.2 3.8 61.4 238.8 332.7 392,2 12.0 0.0 1041.1 97.1
 
19976 12.9 - 14.5 101.5 184.1 164.9 286,9 52.1 0.0 816.9 76.2
 
A. 3.7 25.5 130.8 214.3 319.7 281.9 90.8 58 1072.5 100.0 

Notes- : ) Iounts shown In paranthesis, indicaftinS.the() scifreenepantes 

absence of date, are assum d as the average (-ui indi-uent le manqu de donnfes) 

of other years of records. sont estims com .&tant la moyenne 

des ZUtr.- MV,. des donn.es0 

( 1) No data is available for -1960 

(1) oLeo-do..es pour 1960 ne sont 

pas disponibles.l 



: Veaingara' Station Rainfall (n) 

Jan
ueJ July igust Sept. Oct. R ; nual 

37 25.5 130.8' 214.3 319,7 281.9, 90.8 5.8 1072.5 

Averages of rainfall by decades are shown below and indicate
 

the depressing effect of the prolonged period of drougtht durinR,
 

the last decade&
 

Velingara Rainfall D desof Years: 

Decade Aver, for Decade - of 44-year Average 

1976- 1967 850.1' 79.3 

1966 1957 (1) 1205.0 112.3 

1956 1947 1067.1- 99.5 

1946 1937 1045.1 97.4 

1936 1932 (2) 1345.4 L25*4z 

.1)less 1960 (2)5-year average 

From 1968 through 1974s' rainfall in,.Velingara averaged 791.7mn
 

per year which is74% of normal, for an-average deficit of 281 mme 
1972 and 1974 recorded 700.4'un ad 7039, respectively, or about 

65of the average. 

Aproximately 88M%of annual rainfall occurs during the four

month period June through Septeubere By including the transitional 

months of May and October into a six- month wet season, over 99% 

of annual rainfall is accounted for The very' Infrequent showers 

.. /...
 



which occur during the dry Season (November through April)
 

are agriculturally unimportant and: are usuaV less than daily
 

evaporation.
 

5.13. IKouncandt Pr..cipitatione
 

Regular rainfall recordings were begun in Kounkande by the"
 

Centre d'Expansion Rurale in August, 4.963. 
They'were discontinued.
 

during 1964, but have been continuous since January, 1965, until
 

the present time. Discounting the partial year of 1963, 12 complete
 

yearsiof data exist. Table 5.1.3., which follows, shows monthly
 

and annual totals and averages for the period of,record. This data
 

is swnarized as follows 
.
 

Kounkande Station'Rainfall (mn) 

Jan-3 
SprM June July August Sept. Oct. vDec Total 

O.9 23.5 119.2 218.6 232.7 272.0 85o6 4M9 958.4 

Average annual totals for the period in common with Velingara 

'are .hownbelow for 1965 - 1976. 

Aunual Average,
 

Kounkande- 958.4'=
 

Velingara 823.7 TM 

It can be assumed from this comparison, which covers the recent
 

,droughtyyears, that Kounkande which lies 32 kilometers south of
 

Velingara, on the average will receive at least 100 tun more total
 

annual p.'-ecipitation than Velingara. Conversely,the northern half
 

Io/e
 



Table 5.1.3. : 
Tableau 5,1.3. 

Kounkande Rainfall ( mm.)
: Pluvioma trle de KounkandM (n). 

Year 

eA 

J.A -ay 

Hai 

Jun-ig 

Juin 

Jul 

Juil, AoOt 

Sap 

Sept. 

Oct 

Oct 

N-D 

N-D 

Annual 

Total 

. of.-

Normal 

Total % de In 
A'nnuGI normale 

1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

0.0 
0.0 
0.0 
5.0 
0.0 
0.0 
0.2 
0.0 
0.0 
0.0 

4.9 

8.1 
26.0 
11.6 
7.9 
" 

36.0 
2.8 

34,,9 
Ic:.1 
25.1 
0.2 
12.1 

34.1 
203.0 
144.3 
187.6 
96.8 
95.4 

194.0 
93.9 
82.1 
43.3 
14.2 
112.3 

215.0 
113,5 
291.4 
121.8 
24-3.3 
197.9 
149o5 
211.0 
172,7 
350.2 
385,6 

170.5 

387.3 
136.1 
240.3 
133.9 
217.8 
227.8 
331,3 
183.3 
336.2 
193,9 
221.0 

182.9 

211. 
326.Y. 
308,6 
247.9 
278.9 
332.4 
328.3 
165.3 
126.0 
178.2 
462.4 

297.5 

94.7 
204.4 
132.-
86,5 

140.4 
24.5 
39,7 
125.6 

8.5 
67.1 
55.7 

59.8 

0,7 
0.6 
0.0 
1.4 
0.0 
0.0 
0.0 
0.0 
0.0' 

0.0 

0.0 

997.4 
1010,5 
1133,5 
792.0 
992.5 
914.0 

1045.8 
814.0 
827.6 
067.1 

12686 

840.0 

_ 

104.1 
105.5 
118.3 

82.7 
103.6 
95.4 

109.1 
85.0 
86.4 
90.5

132.4 

87.7

,Average
Hoyennes 

0.9 23.5 119.2 
. . 

218.5 232.7 272.0 86.6 4.9 958.4 100.0 



of the Ananebe Basin normally receives notably less rainfall than the
 

southern half of the study area-. This conclusion is further supported
 

by previously mentioned isohyetal lines shown on Figure 3.1.4. B, which
 

represent 30-year precipitation averages. Koundande area experiences
 

an average of 80 days per year of recordable rainfall, and thus has a
 

slightly longer growing season for rainfed crops than Velingara which
 

averages 75 wet days per years
 

5.1.4. K-.
rov-fnc Proc -pitation.
 

In 1971, the Centre do Perfectionnement Agricole in Kerevane,
 

located 7.4 kilometers due vest of Velingara, began recording rainfall
 

data using a standard gaugs. The gauge does not function from December
 

through April as rainfall in excess of daily evaporation is extremely in

freruent during these months. For the purpose of this analysis, rainfall
 

values for the missing months were assumed to be zero. With the en:ception
 

of the dry months, records are complete and are continuing.
 

Monthly and annuwl totals and averaees for the six-year
 

period are given on table 5.1.4. The averages are suunarized r.I compared
 

to Velingara and Kounkande records for the same period (1971 through 1976)
 

as follows :
 

tmambe Basin Rainfall Averages for 6-year Period (1971 - 76) (um)
 

Station J-A M 3 3 A S 0 N-D Total
 

Kounk.ande 0.9 29.5 111.5 239.9 241.4 259.6 S9.4 1.6 943. 8
 

Velingara 2.2. 15.7 100.5 20794 234.3 221.2 41.8 006 823. 7
 

Kerevane 0.O. 3.1 117.1 177.1 198.1 237.2 48.2 1.8 782. 6
 

.0O/... 



Table 5.1.4, : Kir vane Rainfall (tm). 

Tableau 5.1e4. : Pluviome'trie de Kounkandg (mam) 

Year 
Annse 

J-A 
J-A 

may 
mat 

Jun 
Juin 

Jul 
Juil. 

twg 
toOt 

Sep 
Sept. 

Oct 
Oct 

N-D 
N-D 

Annual 
Total 

. 6df 
normal 

Total . de la 
Annuel normale 

1971 000 0.0 219,8 105.0 250.5 224.5 10.0 00 809.8 103.5 
1972 0.0 0.0 52.5 213.5 140,9 125,5 88.7 0.0 621.1 79.4 
1973 0.0 15.8 131,7 166.0 290.4 111.0 28.0 0.0 742.9+! 94.9 
1974 0.0 0.0 61.0 166.0 163.0, 162.0 57.0 4.0 613.0 78.3. 
1915 0.0 3.0 91.0 233.0 235.5 544,0 29.0 0.0 1135.5 1451.1 
1976 000 0.0 146.5 179,0 10805 256.0 76,5 7.0 77305 98.8 

Averages 0.0 3.1 117.1 117.1 198.1 237.2 48.2 1.8 782.6 100.0 
Moy nneso 
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Table 5..4B gives a breakdown on the above totals to;indicate 

the vaga rities of thi monthly distributions. 

501.5i Additional. Rainfall Datae, 

In addition to the official weather.stations previously 'mentioned,. 

rainfall data at locations within, or iciediately adjacent to, the Anam. 

be Basin have been"recorded by SODEFiTEX and published in their "Rapports 

kinuaires sur la Culture Cottonnire au Senegal". The SCDEF'EX cotton 

ginning complex is located approximately one kilometer rorth of te 

Velingara Station and has intermittent rainfall data sin.e 19649 

Short-term data is available from Link rings IKounkande, Pakour, Debo,* 

and,, Kolda,.. 

During 196Z,. UERGCA, as part of their "Study into the'fydro-Agricul

tural Developpement in the Casamance and Upper Gamble Regions", conduc

ted a pluviometric survey in the Anambe, Gambia, loulountou, Kayanga, 

Casamance and Sougrougrou Basins* Temporary rainfall gauges were instal

led in several pertinent locations to supplement existing information in 

each basin and to pro ide a h sis for estimating run-off coefficients and 

stream flows. This additional data has been collected and analyzed to 

illustrate the variances In spacial distribution and point as ccnpared 

to areal precipitation, but has not been included in the report* It is 

available in the documents referred to above* 

Figure 5*1.5. shows the location of most of the stations utilized
 

for this-report and partially defines the approximate limits of the
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Table 5.1.4.B. : Monthly and Annual Precipitation in umu for 
conmaon Period Velingara, Kounkande and 
. -'ations. 

Tableau 5.1.4.B. : Pluviom6 trie Mensuelle et Annuelle en mm do 
VClinnera. Kounkand6,_et KVrevane pour la 

MCnme P4: .odce 

Year Statton. J-A May Jun Jul Aug Sep Oct N-D Annual TotalAnnie Station J-A Juin
flai J.Al Aot Sep Oct N-D Total Annuel
 

V971 Kounkande 0.2 2.8 194.0 149.5 331.3 328.3 0.03907 10458Velingara 0.0 6.9 
 182.0 135.2 247.3 225.7 13.6 
 0.0 810.7
Kerevane (0.C. 
 0.0 219.8 105.0 250.5 224.5 10.0 (0.0 809.8
 
1972 Kounkande 0.0 93.9
34.9 211.0 183.3 165,3 125.6 0.0 
 814.0


Velingara 
 0.0 10 3 84.9 220.7 175.5 125.6 82.0 0.0 70C.4Kerevene (0.0) 0.0 52.5 213,5 140.9 125.5 (0.0)88.7 621.1 
1973 Kounkande 0.0 102.1 82.1 172.7 3362 126,0 8.5 0.0 827.6 

Volingara 
 0.0 56.3 126.7 242.9 279.2 130.1 0.034.7 869.9Kervano (0.0) 15.8 131.7 166,0 290.4 111.0 20.0 (0.0) 72.9 
1974 Kounkande 
 0.0 25.1 43.3 350'2 193.9 170.2 67.1 
 9.3 867.1
Volinvara 
 0.0 2.1 46.7 222.9 205.3 166.7 55.4 3.6 703.7 

Kerevane (0.0) 0.0 61.0 166.D .163.0 162,3 57.0 4.0 613.0
 
1975 Kounkando 
 0.5: 0.2 143.2 385.6 221.0 462.4 55,7 -;0.0 1268,6Velingara 0.2 61.43.8 238.8 332.7 393.2 12.0 0.0 1041.1

Kotrvane (0.0) 3.0 91.0 233.0 235.5 544.0 29.0. (0.0) 1135.5. 
1976 Kounkande 4.9 12.1 146.5 170.5 182.9 297.5 59.8 0.0 840.0Velingarna 12.9 14.5 101.5 184.1 164.9 286,9 0.052.1 816.9.Keravane (0.0) 0.0 146.5 179.0 108.5 256.0 7.076.5 773.5
 
Aver* Kounkande 
 0.9 29.5 111.5 239.9 241.4 259.6 
 59.4 1.6 943,8

Noyenne Velingara 2.2 15.7 100.5 207.4 234.3 221.2 41.8 0.6 823.7 
Kerevane 0.0 
 3.1 117.1 177.1 198.1 237.2 48.2 1.8 782.6 

() =estimated values 
= valeur estim~e 



501.6. hwmabe Basin Precipitation-'and'Probabilities.
 

Baiin-wide rainfall patterns have been constructed for purposes
 

of estimating basin run-off and calculating drainage and irrigation
 

reouirements. long-term data available from Velingara, weighted with
 

data from luinkane, were utilized as the basis for these analyses and
 

treated to probability rating determinations. A 50% probability of
 

rainfall Inthe basin had been taken as being more representative and
 

more conservative for calculating irrigation renuirments, while avcrages
 

have been used for determining run-off and drainage recluirements.
 

Selected probabilities for the basin are compared to 44-year averages
 

as follows I
 

Probabilities of Ansube Basin Rainfall (m)
 

Probability J_A 14 3 J A S 0 N-D Total 

90% 0 0 65 150 161187 20 0 5M 

75% 0 5 89 174 247 21553 0 783 

507. 0 19 131 211 295 275 89 0' 1"0201 

Avrage 3 32 133 233 318 297 1C 10 10128 

Figure 5.1.6.A., which follows, graphically illustrates 

uonthly rainfall probabilities and atverages at Velingarae Figure 5*1.6.3.o 

shoms the probability of Velingara annual rainfall being equalled or 

exceeded inany year. Based on Figure 5.1.6.B, a 1%probability of, 

annual rainfall at Velingara, or 1 year out of 100, would be apprwci

mately 2,685 mm which compares to the 2,306 = recorded in 1934. By 

utilizing the developed relationship between Velingara and iuncande 

station data and averaging the results for the imambe Basin, the 

folloin. pattern merges j 
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MANDE BASIN RAMMALL 

Oe Year '.out of 100 Probability of Rainfall (in)i 

Pobability -A H . 3 A S 0 ND Total', 

.1%. 45 181 :313 564 757 721 221 14 -2,816, 

The highly+errtic' nature of rainfall in the ;An e--asin-+and-

Its effects on existing flooding and rainfed agriculture vii be 

analyzed ina later section of this chapter. 

51 7. Temperature.
 

.As r.as could be determined, no temperature statistics
 

exist for the hiambe Basin. Three first-class synoptic stations.
 

near the area have been operated Intermittently since 1918
 

(see Section 51011.). Temperature date from two stations Tamnba 

counda and Kolda - have been used to estimate a synthetic tempera

turelpattern for the basin.
 

The 1974 M(RU report, "1,1Etude Hydrologicue du Bassin Conti

nental du Fleuve Gambie", suarized monthly and annual immi, 

uinimz, and comiputed averages +iT)for Tambacoundal using, 

a 23-year period of observation (1951 through 1973)9 This data, 

in degrees centigrade, is as follows : 

p+61
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Tambacounda Temperature (C) 
Average 3 7R4 A 11 J A SAnN D nual 

axijm 35 
 37 39 40 40 36 32 3132 34 36 34 35 

.in:m= 16 18 21 3 26 24. 23 2222 22 18 15 21 
Average 25 -28 30 ::132--' "33 ., 30-27 '27 a2827 "282725 -

Kolda temperatures for a 3 0-year period(1932 ,!961) have been 

averaged In the,.GRA report, published In 1962, as shownbelow : 

Kolda Tepratu e.
 

Average 
 ' . J3 -== -==-- 3 A S 0 N D Annual- -ua-

maximum 34 37 40 40 40 363231 32 3334 33 35
 
Mini== 13 
 16 20 2 23 24 23 23L23 23 20 15 20 
Average 24 27 30 7.1 32 30 27 27 27 2728 24 28 

Itmay be noted that recorded temperature averages at both sta
tions 
are nearly identical although they are approximately 165 kilo-

Unters apart@ Tambacounda is at a 
higher elevation than Kolda (92m
 
and 20 m respectively) and about 00531 further northe 
Tambacounda 
temperature averages are slightly leh'r 'by less than Oe5 degrees, 
Which, s likely due to its greater distence from the coast. 

True average monthly temperatures are estimated to be less
 
than the mathematical average between m=xum and minimum, Iby up 
to 3 degrees. Thus, Anambe Basin average temperatures my closely 
approximate the following pattern : 

ooeeloog
 



Itti=ated kme Dsin'Temoerature, ....r 

Average J Hr A J JM M S18 001 ' D wal 

Kazi... 34 37 40 4 40 36 323132 33353335
 

inimn 13 1620 22 23 24 
 232 3 23 320 15 20 
Average 21 24 27 +28 2 2 7 ... .2 25--25 6 21 25 -

Absolute maximum annual temperatures normally occur in May when
 
vatuea in .eess 
 of 43oC my be anticipated* AbqolUte+minizum recor. 

dings are registered in January but rarely fall below 10o C. Th.e 
diurnal range in absolute temperatures is in the order of 33'.C; In
 

average temperatures, it is 270 C.
 

Following the Hay high, average temperatures declin'e'durinig the
 
rainy season and rise again in Octoberand Nove6ber a'nd notabl 
lito
ver during Decewer through February@ The Anmbe Basin should niVer
 

experience frost.
 

The effects of the temperature regime on planned agricultural
 

developments 
will be covered in subsequent -iaction of this chater. 

5.1.8. Insolation. 

Average monthly hours of sunsnne have been recorded at Tambacoun. 

da and are considered to be representative for Anambe Basin cond,.4 
rictus. Miaximum Insolation occurs during March and April and doeera44s
 

during the vet months to a low in August*
 

The average tralues are given below i 

Icy
 



.,Hours of Sunshine 

'Average 3 r7 A M J 3 A S 0 N

88 1 9 254 250 156 151 147 191..' 2041!6 217 174 

•% g-'-fI : Humidity'. 

Honthly averages of relative humidity recorded at Tambacounda 

and Kolda have been averaged to represent the estimated relative 

humidity for the project areas Humidity is normally about 95% at 

6 AK during the rainy season roiulting in heavy dew fall. It lovers 

to less than 30%at 6 R1 during January through March. Average va 

lues are shown below : 

Relative Humidity
 

Station,-J F 14 AM 3 A _S 0 N D
 

28 30 29 3449 68 78 82 - L- 58 -' 41Tomba 80 73 - .- - - -.-

Kolda 44 4040 42 506678 82 7978 70 54
 

Project 36 35 34 38 45 67 78 82 79 75 64 48,
 

5.110., vaporatlon. 

Piche evaporation is recorded daily at Tamacounda and Wolda sta

tions. Data from these two stations have been averaged and weighted 

in estimating an average piche evaporation applicable to the Amnbe 

Basin. Shown below are the daily and montly estimates considered re

presentative for average basin conditions i 



Hours of Sunshine 

eJ A Mea '3 -_ 
S 

- -m 
N!F ----

J A 
-

0 

188e 7 199. 25 25 217 156 151 147 174 191 204
 

5.109. fl/ztekh: Humidity.
 

Monthly averages of relative humidity recorded at Tembacounda 

and 1olda have been averaged to represent the estimated relative 

humidity for the project area. Humidity is normally about 95% at 

6 AH during the rainy season resulting inheavy dew fall, It lowers 

to less than 30. at 6 PH during January through March. Average va

lues are shown below : 

Relative Hnumidity 

Station J F -MMAAAS 3 3 0 N D 

Tanba 28 30 29 34 49 68 78 82 80 73 58 41 

rilde 44 40 40 4 50 6 78 82 79 78 70 54 

Projct 36 35 34 38 45 67 .78 8 79 75 64 48 

5,1.10,. Evaporation. 

'iche evaporation is recorded daily at Tambacounda and Kolda sta

tions. Data from these two stations have been averaged and weighted 

in estimating an average piche evaporation applicable to the iamnbe 

Basin. Shown below are the daily and montly estimates considered re

presentatYve for average basin conditions t 

0 00/000 



Zstiinted Fiche Evaporation - MAmbe Basin (U) 

SO N D hmualA H 	 A 

W3 6,9 637
Daily 8,3 9.9 M0,7 108 10.2 6,2 2.8 2'0 1.9 2.6 

280 332 324 316 186 87 62 57 81 129 214 2,325MonSh,257 

no reliable formlam for coi'werting piebhz ~eaoatioflThere are 

values 	into USA Weather Bureau Claws A pen evaporation. Kedougou station 

installed a Class A pan in 1974 and have been Intermittently recording pi

the period of rche and Class A evaporation since that date, Data for 

cord comonto both methods is uhbow below i 

Average Evaporation an Temperature, 1edougou, 1973 - 1976 

(me) 	Class A (am) Ration (1)Tmpeaature( 2 )
Piche 


Daily Total Daily Total 7% ( 0) 

,90 21.4
8.1 251Jan." 9.0 279 
255 o92 24.6Feb. 	 9.9 277 9.1 


344 	 9.9 307 089 26.1Miars 11.1 
Apr. 9.4 282 (7e9) 237 o84 27.8 

Hay. 5.8 180 (692) 192 1.07 27.9 
5.4 162 1.38 260Jun. 	 3.9 117 

65 	 140
Jul. 2.1 	 4o5 2914 28.1 

47 3.6 112 2,40 28.0
Aug* 	 1,5 
Sep. 	 1.8 54 4.8 144 2.67 28.8 

87 501 158 1.82 28.9Oct* 	 2.8 
201 	 1.14 25.2NOV. 5.9 177 6.7

229 . 211 9229Dec. 	 7.4 

. N- 

5.9 	 6.5 ..... 1.11 26.5Averr 

Total 	 ..... 2,138 . 2,370 ---

(1) 	 Class A Ratio (7,) 
Piche
 

(2) 	 Average of ammzim and minimum 
values aown inbrackets ar estmated 
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The veat!!er station at =RAt's Dj~Ibelor vice. -research center,, 

near Ziguinchor and approimately 50 kilometers from the coast, has 

recorded evaporation by both method. simultaneously for the.last 3 

years (197"1976) The relationship between th: twomet developed 

at Djibelor is shown below t 

Average Iraporation and Teperature, Djibeior, 1974-1976 

Piche l(-) Class A Pan Ratio(1 ) Mg at (2) 

Daily 'Toal DaIly Total % (O0) 

Jan# 1O.6 334 4.7 147 .4" 24sO 

hbo 11,5 325 5.6 157 048 26o2 

mar. 10.8 335 6.5 203 .61 27.3 

Apr. 9.9 296 7.4 222 .75 27.8 

lay. 7.2 222 '6,9 215 096 28.0 

Jun. .6 169 -6.1 182 1.08 28.7 

Jul. 3.7 115 3.7 116 100 27.6 

Aug. 2.3 70 3.1 96 137 26.8 

Sep. 2.5 76 3.7 112 1.47 27.2 

Oct. 3.0-, 94 L4*0 124' 1.32 27.8 

Nov. 4.9 146 4.1 124 .85 2697 

Dec. 7.9 245 3.8 119 v49 2491 

Aver. 6.7 --- 5.0 ---- .75 26,8 

Total$ .. MW2,4 -....- -.-.- 2 7 1,817 ""' 

(1) Cla' A 
- Ratio () 

(2) Averasge-of sat and uinimun
 

lIn 1962, OM0A installed a: tin Im "pan,, bt ed to ground
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level, at Goundaga near the confluence of the Anambe and Kayanga 

Rivers. Daily evaporation was recorded from June 1962 until January 

1963. The values obtained -were am follows i 

Pan Evaporation at Coundaga In m 

(June 1962 - Jan. 1963 - monthly mwnthly Total) 

Jun Jul Aug Sep Oct Nov Dec Jan 

Daily 4.4. 4o4. 3.7 3.6 4.3 5.0 5.9 6.4 

'' Monthly 132 136 115 108 132,- 150 183 202 

By extropolation with Tambacounda results, OERCA estimated an 

annual pan evaporation in the magnitude of 2,300 m for the 1962/63 

year at Coundaga, which lies at the extreme south of the basin. This 

data compares favorably with Kedougou recordings, but, as expected, 

would be higher during the dry seqson primar!ly reflecting decreasing 

relative hwuidity from south to north. 

In addition to the above information, SODA Thas analyzed 

empirical date established for other areas with similar meteorologi

cal conditircs and at similar longitudes. 

- ° A analytis of all information studied*-s resulted in tlie 

structuring of synthetic pan evaporation values as follows, which 

are estimatd to be representative values for the study basin. 

.o~lee.
 



Betimated Pan Evaporation in the Maimbe Basin (-) 

J F H A M J-3 A & ~ na 

Dily 7.0 10.3 10.7 9.7 79.2 5t 4.9 3.93.9 4.9 .6 6. 6.6 

Total 217 291 332 291 223 159 152 121 117 156 168 2&t2425' 

rv tion, in tl e Imbe Belln.5,1,11. r.tnnti:L Evaotrin 

Total evaporation and transpiration, or evapotranspiraticn, 

repremnts the total water loss, minus run-off and deep infiltration, 

from a surface area. Potential evapotranspiration is the maximum 

evapotranspiration that would occur on an area totally and continual

ly vegetated with an ample supply of soil moisture for plant use., In 

any given climatological regime, potential evapotranspiration is tres

fore affected by the type of soil and vegatative cover, but expe

rience under mixed climatic and semi-humid conditions have shown that 

in the abdence of empiric data, lake evaporation may be used as a 

reliable estimate of potential evapotranspiration. 

The conversion of pan evaporation to open water (or lake) 

evaporation depends upon the type and location of pan used, elevation 

and cllatic variances. Coefficients for the USA range from 0.60 to 

0.90 based on US Weather Bureau isopleths. For conditions similar to 

ihe nambe Basin, coefficients average 0.75 and this factor has been 

used to estimate the basin's potential evapotranspiration, sham below: 

'oo./
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.otential Uvapotranspiration *Ab'r in
 

(mn per month)
 

H A, 1D7N J 0 J7 A. SSN h ual. 

.218249 218 167 119 114 91 88 114 126 152 1-89 

5'1-12' PP:'- ~ ... -,.:*D.- Site'. 

The oERCA pan evaporation recordings at Coundaga are considered 

to be reliable:indications of existing conditions in the area vhich, 

would be flooded by the storage and floodcontrol structure which is 

to be discussed subsecuently in this report* As potential evapo-rans

piration closely approximates lake surface evaporation, SAD I bhas
 

estivoted potential reservoir evaporation losses to be:
 

-stimated lake Evaporation - Kayanga Reservoir (am)
 

H : J A. 'F A . J S 0 :N" 'D------------- .. -mm 
,inual

- -m 

152 219 244 218 165 99 102 86 . 1 99 113- 137 1,710: 

3. ol Oture ,Alegirne for the Anfte Basins 

By comparing the 50I.probability of monthly rainfall estimated. 

for the mbe Basin vish the estimated potential evapotranspiration, 

'thefollouingmoLsture regime merges: 

.,.,/...
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Available'Moisture Aiiame 3asin ) 

J F it 'A M J J A S 0 N D Anual 

0 0 0 0 1131211295 275 89 0 0 1,80 

Etp- 163 218.249 218 167 119 114 91 88 114 126 152 1,819 

l : ........... 12 .97 204 187 . ...
ne 


Def - 163 218 249 218 148 --- .-- --- --- 25 126 152 799 

p - Precipitation 
Etp = Potential Evap transpiration 

Ex = Excessive Hoeture (including run-off):! 
Def - Moisture Dekiciency 

From the above comparison, it can be assumed that 50 %
 

probability rainfall will always be more than sufficient to
 

cover potential evapotranspiration during July, August, and Eap.
 

tember; it is frequently sufficient during June and October; and
 

always insufficient from November through May. If average rainfall
 

is compared, the evapotranspiration is usually covered by rainfall 

in June. On a 75 % rainfall probability (oi 3 years out of 4) rain
 

always exceeds potential evapotranspiration inJuly, August and
 

September, but is always insufficient the balance of the year.
 

5,2. Clirmtic Constraints. 

5,e2.1 Oorl.Clir.tic Pattern. 

A study of long-term rainfall data (1932-1976) available from 

Velingara Station indicates that until 1968, annual recorded pre

cipitation values had generally been uniform and dependable# Consi

dering only the period between 1932 through 1967, 26 out of 35 years 

!'
 



(or74%) recorded in excess of 907. of a-eage rainfall and 30 out 

of 35 (or 86%) recorded 85% or iaore of nOrmal 0On the average, loe 

than I out of 6 years could be enp.cted to yield iusufficient total 

precipitation to in-ure normal crop hervost. 

Rr .:'-.spite of tho re.inb-lity of gross annuafl 

rainfall, all previous meteorological and ag.'.culturnl repcrto on 

the basin agree (and this report ccnc-:.s) that the .potial cistri

bution of rain during the Juno thvough Octcb-.r fa-. ing vescn, is , 

more important to crop m.turaticn rnd yic!d thna c.nMua1' total,, 

study of da-1y rainfall, p.ttc-ns as ebhon chccr,.:- i 
outs, re'cnls that cC=3ctple~ y u?.. " i•
.' • t" 


ii 'days hat-e ocrurci at .a 21 ti=s 4 ho .t € ""-.d-"-+n., c1 

ming seascn within the last 4e4 yen::-v and that C-.:ya rpe"UscF 4to 7 

days are comen o . ea dry periods ere freqmcntly jrcedc oL fol

lowed lifht shv-1 'u"fficby a "n c f iilyc 

reqc.irments and all c'"p:,evcn,.C e.te UNioh ae drought res. 

suffcr ,-aricus deIr.e, of stress 1o res, 

n rocont year., rtce yieldt are reporocl to lo-ve been belw 

normal, particularly dunu 3 1g73 r.n 1974a 7n 1 a 1.0-day rain

less rp.riod occured firoa the 10"". through the 19; of July %;-ArIn

tillerage rtage, fo.lowed by . 9-day raInleis. period In l-tta Sep

tember during grain f ono M_.4, was considered a dicaite: ycr 

for rice in the 'Aenbe 3asin, From mid-une to eazly July, Vhilo 

seedings were being estab.ished end when res u.l soil mott re was 

*.@.eoe 



minlmn-.l, only 7.6. mm of rain were recorded during a 23-day period 

and those rice plants which survived were severely and permanently 

st"'nted. 1975 was the only year since 1967 to record near normal 

rain. The rice yield per hectare was better than average due to 

heavy rains in late September which provided a high phreatic water 

level near or at the surface and a saturated soil resulting in suf

ficient residual ground moisture for gzain formation and filling. 

Uoght showers in early October further assured a reasonable yield. 

' S a - "'". - greatest 24-hour rainfalls observed in Ve

lingara during the 44 year period were 237.5 M (9.4 inches) on'.
 

September 1933, and 218M6 m (8.6 inches), on 3 September 1964. 24-hour
 

storms in excess of 100 m (3e9 inches ) have been recorded on more 

than 21 occasions. The maidari 48-hour duraton storms were obser

ved on the 2nd and 3rd of September 1964, when their "mbined total 

reached 241.8 (9.5 inches). Other heavy 48 hour storms were 237.5n 

for 8-9 September 1933, and 234,5 mm for 18-19 August 1950 when 

consecutive 24 hour storms ove- 100 M were recorded (103.0m 

126.5 mm per day respectively). Significant 72-hour' " n accumula

tions have occurred in 1934 (322.8 imnon 15-17 September), 1944
 

(260.1 um on 3-5 September) and 1950 (242.1 on 10-20 August).
 

7-day duration storms have exceeded 300 m (11.0 inches) on at
 

least five occasions since 1932, the msimm being 498.1 M
 

19.6 inches) between 12-18 September, 1974. 

Data from Kounkande and Kerevane show equally erratic patterns
 

of precipitation as Velingarao This information when compared to
 

oool)
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1962 recordings by GERCA, gives €mphasia to the conclusion that 

areal rainfall is considerably different from point rainfall, and 

even when seasonal totals are relatively uniform, monthly,distri

butions may vary widely within short distances. Datly precipita

tion during periods of common records for Velingara, Kerevane 

(7.5 kilometers west) and SOWITIEX (U kilometer north) show un-.

pected extreme variances, especially notable during heavy storms.
 

Other climatic characteristics do not exhibit such drastic 

annual or monthly variations, and the slight changes which are 

recorded are agriculturally unimportanta Average monthly imaimr 

and minfuim temperatures seldom vary more thnn 2D C from year to 

years Insolation, relative humidity and evaporation annual and 

monthly fluctuations do not vary over 15 %plus or minus from the 

norm* 

5.22. Reinfall Gcnntr-aints, 

As previously stated, average monthly rainfall totals are, 

usually sufficient to meet potential evapotransportation recu-ments 

dting June, July, August, and Scptemer, are usua'.ly insufficient 

during October and always insufficient the rest of the year. All
 

agricultural practices are dependant on the onset of the heavy rains,
 

and farmeirs traditionally will not plant until they are confident
 

that steady rains will follow.
 

A study of probability of onset of dependable rain, based 

on Telingara records, indicate thatin three (3) years out of four 

(4), farmers could prepare their land and have seed in the ground 

ij 0 
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by the 20 th of June and expect to have continued sufficient Mois

ture. Traditionally farmrs are conservative and the loss of seed 

in even one out of four years might prove to be an extreme hardsLip, 

so seeding is normalIy delayed by two or three additional weeks*
 

The growing season is, therefore, shortened and an early recession
 

of the rain front in Saptember is equally damaging to yields. Wi

thout irrigation, the possibility of lengthening or altering the
 

growing season is nil,
 

irrigated agriculture is entirely unknown in the basin, and
 

peasant farmers are totally inexperienced inwater control, drains

ge, and flood protection princip3ls and benefits# The farmers are
 

wholly dependaut upon the vagaries of the erratic rainfall pattern
 

for agriculture. A year of heavy late rainfall may result in a
 

good yield on rice and a loss of cotton and peanut cropso During
 

the recent drought years, hectarage allotted to rice has been dras

tically reduced and replaced by increased land in groundnuts and
 

cotton.
 

.
5.2.3, ...--. :_- P-tstraintsf
 

Thereiare few, If any, major temperature constraints affecting 

traditional rainfed agriculturee During the wet season, night tem

peratures are generally warm and daytime temperatures near 400 C 

are common and the diurnal range between average daily highs and 

l ws is minh.rnl. Thus from a thermal pers"ective, growth conditions 

for adapted crops are near ideal, 

006/000
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The introduction of irrigated agriculture, including the provi

$ionlof major drains and flood control measures, will force the impact
 

of drastically altered cultural practices upon the farmers who pratice
 

riation a 17easibility will primarily be dependant ""pon the farmer's 

acceptance of adjusted cropping patterns and increased work load. !n 

psAncipSA, the future dry-season cro? may become the most Important as 

water will be fully controlled. 

Dry Gzason and winter temperatun'es have a much wider diurnal 

range than experienced during the gunner rains. Night time lows du

ring Decuber and January which approach 100 C will have a constrai

ning effect on some crops, notably tropical rice varieties, and say li

mit the selection or lengthen the nornal growing season for others. 

Frost should never be experienced. 

5.2,4. Oter Clin.ntic'Constraints,
 

The introduction of dry season irrigation, especially from
 

lake storage, and wet season drainage has a direct and measurable
 

Impact on an area's climate. Relative htnidity is increased and ave

rage temperature slightly lowered during the dry season without cons

traint to crop maturations
 

Bxcessive cloudiness during the rainy season, causing'iborter 

hours of effective insolation, may lengthen the maturity period for 

usny rice varieties but adapted varieties have already been Introdu. 

ced into the basin. 

*s .,I** 
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5.3.6 SURFACE WYAT#fl fESWORdESO 

This report will consider two major potential water sources 

for de-veloppcaInt into irritation supplies the Xayanpa and 

the Anambe Rivers. Possible alternative sources also discussed_ ,, 

are the shallow water table and the unexplored deep aquifers 

beneath. the Continental Terminal. 

A last alternative for future consideration, would Imply 

developing the Koulountou River - a major contributor to the 

flow of the Gambia River - and providing for inter-basin trans

for to divert additional flow into the Kayangag It is beyond 

the scope of this report, and not enough information is presen

tly available on topography, fl ws, water requirements and poten

tial irrigation demands to evaluate this latter alternative at 

this time, but at some future date such investigations and stu

dies may be justified*
 

5.31. Sources of Data on Surfac' Hydrology. 

The field studies conducted by SOD I covered a 6 -Week 

period between early January and mid-February, 1977, during a 

tim of low flow in the Kayanga and the drying of the Anambe. 

Discharge measurements were not taken and would have been in

conclusive at best# All data utilized in this report have been
 

taken from three pertinent previous studies : 

1. "Hydrogeologie de la 14oyenne at Haute Cassmance (S64ngal)", 

P..,...I 
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preigired for the Direction de flEnergie et de l'ydriiuli

que in 1967 by JC, Mapias of MMU 

2. 	 "Hydrolosical Studies In the Casamance" prepared by QRSTOH 

In 1969.: 

3e "ydro-Aricultural Development in the Casamance and the 

Upper Gamb l a" published by CIRCA in 1962.o 

Hydrographic Stations.
 

Stream runoff in the habe Basin was observed by ORSTM be, 

ween 1967 and 1969. Gauges were installed on the Anambe River at 

the bridge on the Kounkande - Kolda road near the village of Kaben

dou and on the Kayanga River at the Niapo bridge. The stations we

re abandoned after 1969.
 

New automatic recorders have .recarybeen Instflled by CtS24 

at Niapo and at the new Esyange bridge 15 kilometers dowstream on 

the Kabendou - Wassadou Road, and are now functioning. OSTGH 

plans to re-equip the kiambe Stream with a similar recorder on 

the Kabendou bridge in the near future. 

In addition to MST t's masurements, flow rates were intermit

tently taken on both streams during 1962/3 by GIRA. 

0.../o. 



5/25
 

5,3*2. Ku. an.s fiin ,Unof.. 

1he Uyanga River rises in northern uinea, Just south 

of the frontier with Senegal and at the western face of the
 

Fouts Djalon, a series of low hills dividing the aliba and
 

Rio Geba watersheds* In its beginning, the.Kayanga grains se

veral swampy areas at the foot 
of the Pouts Djalon lying on. 

nearly level topography at approximately 80 meters elevation*
 

After the stream becomes clearly identifiable, it flows in
 

a general northwesterly direction. -It enters southern Sene,
 

gat near patim Kouta and the slope Increses notably.
 

Near the village of 'Sansankoto, the stream bears to 

the west and follows that general direction for most of its
 

course through Senegal# turning southward as it approaches
 

the uinee-Bissau frontier. The Kayanga merges with the
 

Anambe River near Niapo, approximately 75 kilometers down 

stream from its source. At this point, the ground elevation 

is 28 meterse Between Niapo bridge and the new bridge on
 

the rayanga some 15 kilometers downstream, the ground slope
 

Over this route, the streambed is fairaverasoe 0.270e 


ly clear and would allow for rapid evacuation of heavy runoff.
 

Beyond the new bridge, however, the bed flattens, forest and.
 

underbrush encroach into the bed, and flow becomes clogged.
 

Between the new bridge and Kaone, some30 kilometers fwrther,
 

the slope is only 007.
 
1.,.,I.,,.
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The riveO.eadirs for a total of 140 kilometers in Senegal 

and exits into Ouinea-Biasau where it becomes the Rio Geba and 

flows past Bisau into the Atlantic. The Geba Is navigable for 

almost 80 kilometwo unstrear from. tts mouth and Is nearly 10 

Kilometers wide at Biasau. 
Dry sasaon flow in the ayanga origirates from a poorly yielding 

LotiG*utn aLppeaBCng eastigrd from Velit 'arasIakane. Do 

tream from Niapo, the porous sediment of the exposed Continental 

Terminal is more favorable and yields an increased supply of bank 

storage into the river from the upper groundwater table. 

The K yanga Basin above Niapo is approximately 1,755 square 

kilmeters in arzag Precipitation data covering the basin is scar

c a, but the isohyets shown on Figure 3. 1. 4. indicate that vtft

6b. annual rainfall would range between 1,200 m and 11350 =4 

Monthly and annual average runoff of the Sayanga River at 

Niapo (based on a 3-year ORSTG. observation) is shown on Table 

.3.42 in cubic meters per seconds As shown on this table, the mean 

annual runoff for the three-year period was 7.04 cubic meters per 

second representing an average yield of 126.5 millimeters from the 

drainage area. The annual average flows were • 

1o i.3*51 no/of '4'12 W/3s. 

The maximum daily flow during te period was 135 cubic meters 

per second recorded on October 7,, 1967 ; the lowest flow was 0.62 

cubic meters per second on lay 26, 1970. Based on Table 5. 3. 2., 

total annual runoff volumes and basin yields are estihated, as follows. 
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.werage Kayanga Runoff at Niapo, 1967 - 70 (=3 /.) 

mm_ 1967-68 1968-9 196970 

2.88 2.29 2.30 2.49 

JIL 5.71 3.60 3,97 5009 

13 6.26 4.52 4.50 5.09 

SIP 30.64 12.4 13,44 18.87 

COT 66,03 9.21 t.38 35.21 

NCT 14.84 3.15 5.88 7.96 

qm. 5,24 1.81 2.05 3,03 

JAN 3.30 i.38 1,33 2.00 

P1B 2.55 1,12 1.07 1.58 

ILAR 194 0.99 0.96 1.30 

APR 1.42 0,82 0.82 1,02 

1.17 0.69 0.72 0.86 

AVERAG 13.50 3.51, 4.12 7.04 

Source :OBTM 

i,,,o/.,,.
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Date, Total Runoff 

(million cubic-mters) 

Basin Yield 

(Ma) 

6167-5/68 

6 1685/69 

425 

111 

242.0 

63.2 

6/69-5 70 
Aver r age 

130 

.vroe222, 
22L126 

74,. 

126.5, 

These notable variations in annual runoff and basin yield 

are directly related to total rainfall as well as to intensities and 

durations of major storms. "Data on daily rainfall representative for 

the catchment area during the period 1967-190 to noavailablee Using 

rainfall data from Velingara and Kedougou, SODAGRI has estimated the 

precipitation and runoff coefficients to have been :
 

Year Total Rainfall Runoff Coefficient 

(Hydrologic Cycle) (Mm) (%) 

1967-1968 t251 19.3 

1968-1969 956 6.6 

1969-1970 L016 7.3 

Rainfall during 1967-68closely approached the estimated long

term average based on Velingara and Kedougou analyses, while the subsequent 

two periods were the beginning of the disasterous drought years. Figure 

53.2. is a graphic illustration of the relationship established between 

total annual rainfall and the corresponding runoff coefficient as projected 
for 

0000/0000O OI
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a Coefficient ragge'between 6 and 20L. In effect, Figure 50302. Indi

cates that total ra1.fall of less than 1,000 ', with a no.al distri

bution yieUa low basin ruuoff, as &ost precipitation is lost in 

evapotranspiration. Runoff coefficients increase by roughly 2% for 

each incremental increase of ma in annual total rainfall. 

The GERCA study during 1962/63 included-a calibration curve 

for the Kayanga River at Niapo bridgebased on 7 measurements made 

between . July 1962 and 21 Jari.v'ry 1963. Based on both observed and 

estimated values, CERCA contructee the following monthly flow 

pattern for that period i 

Monthly Flows - Iayanga R±.7ar at Niavo Bridee T962/63
(T I1s). 

H J J A S 0 N, D J YF 1.! A AV-MPZE 
0.7 1.3 5.2 17.6 10.0 51.5 T4'T 5.6 3.7 2.7 .498 1.0 13,.25 

sowte I GERCA. 

CIRCA estimated that rainfall on the basin during the period. 

totalled 1,390 millimeters, Data available to SODARI, including 

weighted consideration to Kolda, Velingaj-a and Kedougou totals, indi

cate that the average basin-jide precipitation would have been in the, 

vicinity .of 1,250 am during June throuph October 1962. 

.../...
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Based on;this presumption, basin flow data for 

the 1962/63 hydrologic year may be expressed as shown below +: 

2
Watershed area at Niapo"bridge - ,755 Kln 

basin m,Asstmed rainfall "n - m 

. 425 milloll,,Total Runoff 


Coefficient of Runoff - 19 % 

+Average stream flow -13.5 M /second 

Average basin yield 7.7 literalsec/lb2 

The relationship between total annual rainfall andthe
 

runoff coefficient fits well into the Kayanga pa ttern shown on 

Figure 5.3.2. and supports the validity of the curves thereon.+ 

5.3.3. .Antr-ho Basin Runoff. 

The Anambe Basin, as previously described in this report,
 

is a large depression separated from the Gambia watershed to
 

the north, the Kayanga watershed to the south and east and the
 

Casamance watershed to the west by a ring of almost impercep

tible low ridges that, with the excception of the outlet to the 

Kayanga, completely surround the basin*
 

%,rphologically, the basin isa recent evolution. 
The vast areas of weathered psuedo-gley soils found inithe 

basin lead to the conclusion that until the early cuartenary
 

period, the basin was closed and contained a permanent lake.
 

The lake slowly began accumulating deposits of shallow alluvim
 

and volcanic ash forming anaerobic sleys on the floor of the
 

6 S/GOil 



depresslon.. In recent geological'history, either a Collapse 

of the substratumor erosion from overtopping of the lake pro

vided the tasin with an outlet to the Kayanga. The lake was
 

drained, exposing the gteys to weathering and soil formation 

processes, but depressions deeper than the outlet remained as 

evaporation ponds during the dry season.
 

The surrounding ridges average between 65 to 70 meters in
 

elevation and enclose an area of approzimately 1,100 scuare 

kilometers. 
The basin is drained by a network of shallow Mari-

Sots whose beds are very broad and difficult to distinguish.
 

Side slopes are on the average from 0.5 to 3O0 while the north

south slope is considerably leas on the basin floor, dropping
 

7ly?
meters in 15.kilometers.,. The basin narrows on the sou

thern rim and measures 1,040 square kilometers at the Kabendou
 

bridge.
 

Runoff flows from the periphery towards the center of the 

basin. Flow in the Asambe River occurs later than In its affluent 

marigots, as considerable runoff is reruired to fill and connect 

the various deeper depressions in the center of the basin befo

re sustained flows can begin. Thus, Anaibe runoff coefficients
 

may be lower than expected due to the ruantity of storage and 

surface evaporation within the basin. 

The CERCA study includes results of 5 naznbe gaugings at 

the Kabandou bridge station, The flows were periodically measu

red as follows : 
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hAkmbe River Runoff 6-1962 

Date Plood Teel ow Speed Basin Yield
 

(M) (m/sec) 

23.8.62 21, 1 0.10 8
 

3.10.62 23.0 0.06 39.3 

27.10.62 2202 0.09 26.7
 

7e12.62 20.5 0.18 1.0
 

24.1,63 20,2 0.09 "0.1
 

Based on statistics and other observations, 

GRCA estimated the 1962-63 AMambe runoff as follows r 

Agambe Runoff - CRCA Report (1962/63
 

A Sep Oct Nov Dec Jan Feb-July Average
 

8.4 31.3 33.7 10.5 0,5 0.2 0.0 7.1 

Values shown .reo cb,jc meters per second. 

Ti.pra.y rain ,avste. installed by OM A'during1962 

indicated an average bas4n rainfall of 1,200m,.mBased on this 

precipitation and, the estimated runoff Phown above,the following 

conclusions were obtained : 

: :*2 , + 
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1, 4 l
1,040.Basin area at Kabendou bridge 


Runoff flow volume = 223 Millionl 

or eruals = 214 m basln yield 

Runoff coefficient 17.8% 

The basin runoff coefficient compares very. favor

e:y with the coefficient assumed for the Niapo Sta

tion on the Kayanga. SODA1I calculf.tions estimate 

a somewhat lower average rainfall for the Ambe basin 

in 1962, but the variation does not materially alter
 

the results* Runoff percentages vary :annually and not 

only reflect total pluvioaetry but also the intervals 

between heavy rains and the. intensity and duration of 

major storms, Figure 5.3.2. shows the relation ip bet

ween the coefficient of runoff curve -%nd the annual rain

fall for the basin.
 

5.3.4. Anvbe Basln Floods. 

Runoff from the basin is restricted by a combi

nation of several factors --the'very, slight north-south 

slope in the floor; constrictions in the outlet .(a 10 

kilometer long effluent r connecting the basin to the 

Kayanga); and generally higher flood surface levels 

in the Kayanga at the point of discharge. Therefore, 

the basin floor is annually flooded up to approximate

ly 3 meter depth for a period of between 3 and 4,tnths 

•o@/lS.,@S
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The OEflA study provides the only known sourcei of 

technical data for estimating the extent and volume of the 

annual floods. During the flood season of 1962 (d year of 

near normal rainfall) the flood level was reported to have 

reached the 24.5 meter elevation at the northern edge of 

the basin floor. it was 23.07 at Kebendou bridge discharge 

point and had a surface slope of 0. 1%. 

The flood peaked in October when an area approndmately 

15 kilometers long and 4.7 kilometers wide was innundatedo 

The flood surface at that point covered appro:-imately 75 

sruare kilometers, or some 7,500 hectares of potential agri

cultural land, and held some 100 million cubic meters of
 

stored volume.
 

The flood waters that accmlate in the iie Basin 

and particularly what remains in depressions after stream

flow ceases constitute a readily available source of irri

gation water, needing only to be pInped to ,dJacent fields. 

The shallow depth of these stagnant pods and the :'Ligh rate 

of evaporation place rather severe although undetemined 

limits on the quantity of water available from this source. 

594* TLHE BIALW WATER TABIE IN THE AABE BASIN. 

The 1962 GERA report and the 1967 ]M report by 

I* C. Napias provide detailed information on the behavior 

of the shallow goundwater table. The geom-hology identi

fies several basic materials in the crust; recent thin al

luvium deposits of heterogenous sand; sand and argillaceous
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sandstone of the Continental Terminal; several layers of laterite in 

stages of weathering and thickness, and clays* The Continentalvarious 

Terminal rests, inplaces, on thick chalk layers pertaining to the 

Miocene Periode In the bottoms of depressions, heavy vertisol clay 

deposits are comon* Except for the expanding lattice clays and the 

remain. nS true gley deposits, the cther materials are fairly porous 

and fractured and are reasonably permeable.
 

In the'GERCA report, a total of 150 shallow wells investigated, 

100 being tied into known elevation levels. These shallow wells were 

all hand dug and ranged beween 5 to 15 meters depth* The report concludes 

that, w1th minor exceptions, the shallow water piezometric level is 

a true match to surface topography@ The water levels begin ri-ing 

after the first heavy rains "nd recede quickly as the basin drains 

inNovember, Underground drainage follows a similar pattern as the 

surface drainage except that in the northern rim, the ground-water 

lany shallow wells are completelyslope is towards the oabia Basin. 


dry by mid-February. As expected, the water- table isnearer the
 

surface in the southern portion of the basins 

It may be furt*.-:r concluded that the phreatic level of the
 

shallow groundwater table is directly tied to the surface water level
 

in the depressions* Observations indicate that volumes of water
 

available from the shallow sub-surface storage are insufficient for
 

consideration as a dependable source for large scale irrigation in 

the dry season, but small areas such as farm gardens, particularly in 

the southern portion of the basin, could be irrigated from this source.
 

Goes. 
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Insuffic.ent information is available on the deep arui

fers to. assess their possible use as a source of irrigation 

.supply - either as primary or supplemental source. 

-The water supply for Veling' , is taken from a shallow 

concrete lined well 17 meters deep (55.8 feet) and 2.5 meters 

diameter. SODARI I nspected the well in January, 1917, and 

were Informed that the water level was 7.4 meters below the 

cover plate level before piwiping and reached a static level 

of 9.2 meters depth after one hour at an average pumping 

rate of 22.5 cubic meters per hour (99 gals. per minute)* 

The well is pumped for only two hours at midday and two 

hours at evening to provide !elingara reruirements (90 cubic, 

meters or 23,800 gallons per day). 

The SO[ZFITEX cotton gin is e-uipped with a bore 

hole with an 8 inch casing to a depth of 50 meters. The 

well was reported to yield 37 cubic meters per hour but 

drawdown was not determined. The well operated only inter

mittently and for short durations to supply the requirements 

of the industrial complee However, b th of these wells tap 

the shallow groundwater table@ 

The deep aquifers lying under the Continental Termi

nal offer a possible reliable source for irrigation exploi

tations Based on information obtained from the Service de 

Mines et Geologie in Dakar, the sub-strata of the Anambe 
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Basin would likely k.ve the follpoing' str tigaphy 

Depth below surface Description 

(mters) 

0 - 100 Quatw':ary alluvium and Continental 

.100 250 Terminal 

250 -450 Eocene marl, and limestone 

450 600 Paleozoic sandstone and limestore 

600 below, Weestrichtian aquifer, sweet water 

Bed rock, probably birrimans 

This stratification is very tentative and has been established 

from logs of deep wells drilled at considerable distances from the 

basin. While there are reasonable prospects of developing product-fn 

wells by taring ae ,difers of good cuality water in the Eocene and 

•Paleorific deposits, no assessement can be made of Ootential yields. 

?Wo drilling companies operating in Senegal, SOHAI1.M and
 

..'.TFwere approached as to the cost and feasbility of deep water
 

wells in the Project area 

Neither group thought flows of 100 m3 he could be 

ottained from wells of less than 250 m depth, and they doubted that 

ouch wells svould be economically soun considering the drilling 

and equipping costs.
 

both ampa favored shallower wells, 50-70 a deep, 

In the Continental Terminals Yield of such wells miLht reach 

60 u 
3
/ hr. SC~h!rM costs for drilling and.lining were t 485 
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rper meter of depth, estimate of and*SASIF estliate of costs 

for drilling, lining'and testing exploratory b'reholes..were 

$153 per lineal meter. 

Considering.the theoretical case when all the Irriga

tion.supply was to be obtained fr om deep well ptT.ps iee., 

200 million m3 (actually 24million W), 

Number of wells reruired - 1.111 
(operating 20 brs/day for -

5 dry months, 60 n/hr) 

Drilling & lining cost 
 C 1.111 X 70 X 485
 

$37;718,450
 

Pups to 1,111 wells at estimated 820, 000 each
 

#22,220,000
 

These high initial costs and the inflated operational
 

costs owing to high power reouirements - approxmizLrly' 

double the pc:'ir requrements of the preferred reservoir andri.. 

gation canel plan indicate the f-isultability of wells for
 

th. r.,pply of irrigation water. 

However, several yells should be drilled in the first
 

phase of the project, in ordec thoroughly to investigate the
 

potential, or: lack thereof, of this source of water* These 

wells can be used to provide water to experimental stations.
 

To be considered feasible for economic 

irrigation development, wels* should yield in the magnitude 

of 200 or more cubic meters of water per hour* Until such time 



as in situ experience from exploratory drillingjad pUMp 

drw-down and recovery tests are &vailable, the only depen

dable source of irrigation water suptly appears to be from 
storage of stream 1flow - on the,Kayanga or possibly the Anao-

The complete cycle of water regime within the Anambe 

Basin is complex and unusual, As previously stated, the Basin 

was formetly occupied by a large permanent lake without 

a surface outlet. Anaerobic gleys were formed from volcanic 

ash sediments in the lower depressions and expanding lattice 

clays (Vertisols) were .deposited at r- .t, depth. Coarser maw.
 

terials including sandy colluvins espc.c ',ere ec.-u!ted along de 

shallow edge of the lake. The remnants of these ruaternary de

posits and the vestige the lake provide the key for determining 

c:y"c:, pr,.
t.he -prese.nt el©,-:.,, . -n.rily,. conside

re precipitation, actual evapotranspiration (ETA), the use

ful water retention capacity of the various soils (bank
 

storage), deep, percolation, all lake storage, runoff into
 

the lake end lake discharges into the Anadbe River channal
 

(total runoff) which connects the '.0.nwith the Kayanga
 

River.
 

'"Is..
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The movement of water through the dc .p aquifers have not been 

considered in this analysis as they cannot be evaluated at this time, 

As no watqr.is .curyrerxly being extraced from this source 
within the Basin, it may be presumed that inflow and outflow 

are thus in balance. 

For the water balance analysis presented below, the historic 

period covering the May, 1952 through April, 1963 Hydrologic Year has 

been used, and is considered representative of average Basin conditions. 

imabe River discharges Covering this period were measured and estimated 

total monthly flows developed in the GkRCA report (see Section 5374 ) 
that report provided the runoff date. The rainfall has been constructed 

based on Velingara recordings for the mama period* 

5M6el Precipitation for the 1962/1963 Hydrologic Year 

Ey utilizi g the established relationship developed between 

Velingara and Kounkanda precipitation, data r corded at Velingara between 

May, 1962 and April, 1963 have been adapted in order to construct a 

synthetic pattern representative of average basin-wide rainfall during 

that period* The precipitation estimates used in the water balance 

analysis are shown below in millimeters per month t 

H J J A S 0 N D 3-H 
27f =6 33 D 0129-36Y= 

The annual total of 1117 millimeters is near mthematically 

perfect for the estimated aver-age Basin rainfall and the distributional 

pattern very rlosely approximates the monthly averages shown for the 

http:watqr.is
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8Mambeai n necinn sili.:x_ 

.*6.3.. Acdtual Valpottiniriatl , 

In Section 5.1.11, the potential evapotranspiration (ETP) 
for the Anube Basin is given. The annual total is shown to 

be 1,819 m which is 62% more than the average total rainfall.
 
Dowever, (potential) ETP can only occur when an area is -m-M 
pletely covered with a short fast growing crop such as alfalfa 

and when the soil remains at mximm field capacity continuous

ly. Considering the wet and dry cycle of Basin weather,it 
is apparent that potential ETP would be likely to occur only 
during the mouths of August and September when the entire
 
basin is covered with growing vegetation, the soils are 
clo
se to saturation, and the lake is near its Mnaziu, size. The
 

months of July and 
 October have a slightly lower evapotrans
piration reruirement and ETA is 
 somewhat lower than ETP, but
 
for the balance of the year, 
 the actual monthly values are
 

considerably lower 
 than the potential. 

Following the annual recessionof the rain front, crops 
are ruickly harvested, the upper layers of ,d.l rapidly dry,
 
all annual vegetation dries and becomes completely dormant.
 

Fires are ignited to burn crop residues, trash, and dry foliage, 
.nd the only plant 
species to continue to transpire
 

are deeply rooted evergreens. Evaporation is limited to the 
ever-reducing surface of the remaining shellow water in the 

deeper depressions which do not drain into the Shyanga due 

feel***
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to elevation blockage.e 

For the above reasons, the datan ETP pivn inSec

tion 5e1.11 have been revised to reflect.an estimated actual 

avapotranspiration (ETA) for the Basin during the period used 

in this water balance analysiS, The revised ETA values total 

581 mAistributed monthly as follows • 

M J 3 A S 0 N D J S H A 
~ 88 6503
 

5.60. Water Retantion Capacity of the Solum. 

A four meter depth of soil has been taken as represen

tative of the solum and being, for practical purposes, the 

greatest depth of root penetration by most of the evergreen 

plent species. 

As discussed in Section 4.2, the Basin's soils range 

from permeable sandy loams and crumbly fracturfid laterites 

,to Vertisols and nearly impermeable clays and Cleys. By 

weighting the extent of each soil group within the Basin 

and estimating their effective water retention capacity
 

( water which can be extracted by plants ), an average t|

us, of 100 an of useful water storage per meter of soil 

has been assumed as representative of field capacity. 

oo./...
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5.6"4*L. Deelpercolation. 

Considering the geoorp~hlogy of,the Basin's soils, It 

can be assumed that with the eeption of the re perme" ble 

soils along bhe upper rim of the area, deep percolation1will 

be very limited over the entire area. A total of 22 millime

tars ecuivalent, or 2 percent of the total rainfall, will
 

gravitate below the root zones, and eventually reach the up

per 	eouifers-of the Continental Terminal and will be unuti

lized in the Basin. More than half of this loss will occur 

during July and Agust before the deep cracking clays and
 

the 	fractured laterite .formations have been sealed*
 

5.6.5. 	 Lake Storage 

During each wet season, the lower dep°essions'r'in the 

Basin fill with runoff frm higher elew.tione and base flow 

firom the bank. They unite and begin to flow down the establi

shed channel into the Keyanga River as boon as the surface 

elevation of the lake exceeds the grounde level under the 

Kounkande-Kolda road bridge at Kabendou. The flow does not
 

begin for sometime after the onset of the early rains and 

the 	maximm flow occurs after the heavy rains are eninge.
 

This 	phenomenen is primarily due to the blockage of the
 

lake's outlet by higher water levels in the Kayanae River 

at the point of onfluence.
 

off/***
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Aim the Kayanga flow recedes, the lake's drainage flow 

Increases rapidly., Flow usually starts in August, pe.*k3 

:in October and effectively terminates in December. Water 

remaining in the inland depressions is gradually consumed 

through evaporation however, there isalways carry-over 

lake storage when the rains return the following year. 

At.maxiimflood stage, the lake covers-an arga of 

approximately 75 sruare kilometers at an averages depth 

of 1.5 meters -the erutvalent of about 118 millimeters 

of runoff from the Basin. At low stage it is estimated 

that the shallow water surface covers about 11.5 sc'uare 

kilometers holding some 3.5 million cubic meters of stora' 

gee
 

5.6.6. Runoff.
 

All Basin runoff is channeled towards the inland depres

sions which must fill and connect before the Anambe River
 

channel begins to flow. Runoff from early rains issiniml
 

(14 and 15% coefficients for June and July respectively) due
 

to the dryness of the solum and the rapid percolation into 

the loose top soil. As the soil reservoir begins to fill 

and the rains become more intense, runoff coefficients increase 

to 27% In Septerlbr and 66% in October*
 

5.6.7. Water Balance alysis for the Period
 

Figure 596.7, which Follows, gives the annual water
 

balanca for the hydrologic Year under reviewo The analysis
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assues an amount of soil moisture (bank storage) and lake storage
 

equivalent to 23 and 15 millimeters respectively as carry-over water
 

ressources from the previous wet season. 

Figures 5.6o7. A through 506o7.L, which are presented in 

the Annexes to this report, are monthly balance sheets for Hey through 

April respectivaly and show the monthly breakdown of the total values 

shown r 1igure 5.6.7. 

The annual water balance equation may be summarized as
 

follow : 

Ma 12962, Water Balance (Figt,5*6*7A,.) 

Inflow (mm) Outflow (Mn)
 

Precipitation 1117 ETA 881
 

Carry-over bank 23 Runoff to the 214
 
storage Iayanga
 

Carry-over lake 
storage 15 Lake storage 15
 

Deep parcolation 22
 

Residual soil 23 
Moisture 

Total Inflow £155 Total Outflow 1 155
 

Early rains begin inMay (22 in) but runoff is not expected and,
 

with the exception of a 2 mn evaporation loss, the balance enters
 

the top soil and Is rapidly removed by ETA. By the end of the month, 

@oO/ooo
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the available soil moisture in the upper 4 meters of solwm isnearly 

exhausted and the lake is at its lowest volume due to ETA being in 

excess of the rainfalls Base flow occurs in a minimum smnt (Iam) 

as the lake surface lowers to its final elevation. 

June 1962. Water Balance (Fin. 5.6.7.30 u recipitatIon 

increased in June (163 un) and runoff Into the lake has begun (23 n). 

As ETA hap been calculated at 50 mm, there is a nt gain inwater and 

the lake rises perceptibly* Base flow into the lake has ceased, reflect. 

ing the paucity of bank storage at-the beginning of the months Tbere 

is no runoff into the Kayanga as the lake surface has not reached the 

elevation of its discharge under the road bridges
 

July 1962, Water Balance (Fig. 506.7*C.) i Rainfall in 

July totaled 249 mu and ETA increased to 1(03 ume Deep percolation 

through cracks and fissures reduced the net monthly gain to 143 moo 

Resumed base flow and Increased runoff to the lake combined to raise 

the lake level to near discharge elevation and the soil's water. retention 

capacity is nearly 50% filled. 

August 1962, WaterBalance (Fig. 5.6.7.D.) : The highest 

precipitation of the year occurs inAugust; runoff into the Anmbe 

River channel downstream from the bridge begins; and the lake approaches 

its maxinum levels Soil moisture (bank storage) is at 86% of field 

capacity. 

0oo/o0o
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s.epteme 1962, Water Balance. (Fig. 5.6.)>.) Although 

"
precipitation is waning, the ,':.e.- .ned ftl *it 

capacity and saturations Runoff and base flow into the take
 

is at its. heaviest, but, due to drainage restriction cauf.d 

by Xa~ang5a Iie~,~ n1~~k int:)Vt!~e 1ic ow tnri 

be channel, lake discharge is constrained and the lake rr..

aln;tnr its maximum volume while discharging a monthly total 

of 78 S 
(33.7 cubic meters per second everane.)
 

October 1962, Water Plance (Fii. 5.6ly)Prcipitation 

has decreased to 133 m but inflow into the lake from runoff 

and base flow, combined with the effect of a lower level
 

on bhe Kayanga River to increase the 87 m (33.7 cubic me

ters per second). Increased ETA plus reduced rainfall be

gin to lower soil moisture and the top stratum begins to 

dry. Thelake level'is drastically reduced by month'send..
 

November 1962, Water Balance (Fig., 56.7O.):Rainfall is of 

no importance during this month and no runoff to the lake 

occurs, The lake continues to flow into its dielmase chan

nel fed only from base flow return. ETA is supplied sole

ly from lake evaporation and l.8otation respiration dra".Ing
 

UsV"',uerl.YAfi 

dried and annual vegetation and IectIduem plants have be-

Sun to dry. All crops are harvested and ETA is decrs sing. 

from e!41 dualj soil. %wae hat 

Ose/**.
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(Fig. 5.6.T )$Precipitation has:December 1962,. ater Balance 

:eased and effective rainfall will not occur-again until 

again re-entersthe following l.:ay when the humid front 


southern Senegal@ Lake discharge ceases during this month 

and the lake slowly loses volume as evaporation exceeds 

return flow from bank storage. Transpiration depends entire-. 

ly upon bank storage ,ticb has nov been reduced to' 

-

sligh.tl over 60f7.,of solum capacity. Total'ETA is reduced 

as only deeply rooted evergreen trees and sbrubs continue 

to transpires 

January - April 1963, Water Balance'(FiR. 5.6.7 I..through 

the balance of the dry seasio,;TA'continues to5s6.7L.): For 

deplete the only sources of moisture in the Basin, lake
 

end bank storage (excluding deep aruifers, which have not
 

been eonsidered In this analysis as they cannot be eva-


Base flow into the lake is minimalluated at this time). 


but continuous, as groundwaterfrom higher elevation drains
 

towards the basin. By the end of April, the ramaining 
lak-e
 

and bank storage balaee with the quantitfes assme1d
 

at the start of the analysis. If ay 'precipitation ..
 

delayed or is apprealably less than average, many a~rgreen 

phsnts will enter into a pdrunnent viltine stage 

and will perish. Evidence of deadwood is plantiful in the 

Asambe Classified Forest, primarily young tress or those
 

with shallow fibrous root systems, which have not sur

vived the recent drought years.
 

.. 09/O-,
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5.7. 	PROJECT STRUCITEE AND DEVEWLRENT i LANS, AS DCTATED DY' 

CLIMATE AND HYDROLOGYs 

5e7.1. Climatic Dictates*
 

Effective precipitation represents that portion of total 

rainfall available for evapotranspiration on agricultural land after 

inmediate runoff and deep percolation 'have been excluded. Dased on 

Umall Vatesh5ed runoff measurements conducted by CERCA, an order -of

magnitude coefficient of 7.7/. has been accepted for conversion of total 

or probable rainfall into effective precipitation.. By applying this 

factor to 501% and 75/.probabilities of monthly rainfall occurrance as 

shown in Paragraph 5.1.6. and comparing the results with potential 

evapotranspiration values for the Aambe Basin, as shown in Paragraph 

5.113p.it is clear that in three out of four years (or 7S7. probabil-


Ity) there is sufficient moisture available for rainfed agriculture 

only during ghe months of July, higust, and September. 

In order to justify the capital outlays required for all land 

preparation, flood control and constructionof the proposed agro-indus

trial complex, it will be necessary not only to increase the productive 

capacity of the arable basin lands, but concurrently to inctease the 

percentage of land utilization by reclamation and irrigation. Without 

irrigation only one crop can be expected per year on land presently 

under cultivation, and in one out of four years, this crop may receive 

insufficient rainfall for production of an average yield. 

Vithout drainage, the potentially most productive lands in the
 

Basin cannot be utilized except for dry season livestock 7tetat"
 

Therefore, joe to climatic constraints, future development
 



of advanced-type agriculture in the Basin, reuires the combination
 

of irrigation and drainage natworks, which vpuld vastly increase 
 the
 

ezisting low level of arable land utilization*
 

5.7.2. Hydrology Dictates. 

The results of field studies and surveys, and the analysis 

of existing technical reports, lead to the conclusion that the develop

ment of'the Wsyanga River would be the logical means for providing the 

basin with a dependable source of irrigation supply. A dem site has
 

been provisionally selected upstream from the Niapa bridge, where topo

graphy appears to be more favorable for construction and storage than 

other alternative. sites investigated* The dam will be described in 

preliminary terms in later Chapters of this report* 

Storage and controlled releases of Iqanga flows would pre

vent blockage of the nainbe discharges where these two streams convere, 

and would in itself greatly reduce the depth and extent of annua 

flooding in the Basin. 

The provifon of A system of collector and primary drains, within
 

the Basin would facilitate rapid removal of runoff and would allow for
 

paddy rice cultivation on 7,000 to 10,000 hectares of heavy-clay soils
 

presently unavailable to agriculture,
 

Therefore, hydrologic considerations dictate a future pro

jet structure incorporating storage and regulating fecilites'e on.tihe 

Kayanga River upstreom from Niapo bridge and drainage structures wit.in7 

the Basin* 
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CHAPTER 6 SOCIAL OeGANISATIoN, 
INSTITUTIONS AND ATTITUDES IN THE ANAIBE BASIN, 

6.0. WMODUCTION. 

The resources for development in the teamb6 Basin include
 
the people of the region, with their strengths, their weaknesses and
 

particular characteristics. 
 In order that the design of the project
 
could adapt itself to the sociological necessities or limitations of',
 
the local population, a team of sociologists st"'"c. re'-:1 aspects of
 
the region, This chapter reports their findings*
 

6.1, OBJECTIVES, FRhI ORK, ITHODS, AND LMlITS OF THE STUDY
 

The obectives of the study. The sociological studyiwas
 

designed :
 

-to inform local communities of the objectives of the project.
 
-to define the characteristics of local communities and the
 

system of land tenure in relation -to project requirements. 

- to define constraints on development and the attitudes of 
the populations concerned to the project* 

The framework of the study. 
The project for the development
 
of the Anamb6 basin principally affect the Kounkand6 district (depart.
 
mont of Vdlingara), the Dabo district (department of Kolda), and a few
 
villages in the Bonconto district (department of V6lingara). Essentially,
 

the project will reach :
 

-
villages located within and bordering on the Anambd basin.
 
- villnges located in the proximity of the Kayanga,
 

- a few villages which, although not within the limits of
 

the valley, use the basin as a watering-spot and pasturage
 

for cattle during the dry season*
 

The methods of the study mission, The sociological study team
 
stayed in V6lingnra for two weeks, from the 27th January to the 11th
 
February 1977. 
 02 this time, the team spent three days consulting basic
 



official and agricultural extension services : SODm1=-X (SociatS du
 

DSvoloppcment de Fibres Textiles), the C.E.,. (Centre d'Expnnsion
 

Rurale) in INoutncande', the Livestockc Service, the Forestry Comnission, 

O.1?C.A9D. (Office National do Cooperation ct Assistance au DIvoloppo

mont), the Labor Office, and the border police in Kounknnd6.
 

The balance of the tlme was spent in investigations in ton 

villages : Dialakegni, i!ountoumba, Sarr6 Ouinor, Dlimini, Diaob6, Hayl 

I.arevo, Niandouba, Anamb6, Candin, and Kabindou. The meeting at Kandia 

assembled delegates from nineteen other ha-lets and villages : from 

Sara Boulel, fSouriol, Sar6 Bouln, Voloto, Sar6 Yale, Sare Thiorno, 

Banakour Sambnyel, Banakour Baknry, Pitiana, Sarc Kurtiba, Sara Bassi, 

Sare Fily, Nato, Sar6 Sambacoumbol, Sare Yoro llita., Bourto, ladina Samba 

Diallo, T6mcnto De.a, ainbidou Dicoris The meeting at lXbindou assemibled 

deloates from the villages of Sard INoutaycl, Sore' Sadio, and Soutour4e 

'bus persons representing at least 32 villages and hamlets within
 
the project area were contacted in this study.
 

The li-mits of the study: There are several topics of interest 

that wore not investigated, Chief nong then are marriage patterns 

and the inheritance patterns of lowland rice fields by wormn. Whnt 

kind of marriage strategy will people therefore pursue to minit-ize 

the tensions inherent in dependence on the ability of a number of 

potentially unfar.ilitr women to work cooperatively in the family rice 

lands for a certain amount of mnterial well-boins? 

In additiong the team was not able to explore the question
 

of formal co-operative organization to the extent desired* The internal
 

organization of the co-operatives in the area, and hcw those co-operatives
 

might be adapted to the demands of large-scale rice production were not
 

explored* The administrative re-organization scheduled to be carried
 

out in the area in 1978 will doubtless serve as a fraework for re

orienting r.many government services. The peasant rice farmer will have
 

to make a concoiaittant re-orientation of his responses to the Administra

tion. Without an understanding of the present co-oporative structure,
 

it is not possible to suggest the inpact of the refor'. on the co-operatives.
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Tn order to
tiven to local corimnities IThe infomration 
zone, the following


determine the reactions of the population of the 


elements of informataion were given out at the village 
level.
 

the 
I, SODA RI plan. to undertake mechanized production 

of rice in 

bed of the Anarbe'basin,
 

which is flooded during the rainy
 - by draining the basin, 

season, in order to cultivate the land during this 
season, 

and 

. by constructing a dam on the Kayanga River, to 
store the 

water necessary for irrigated cultivation during 
the dry 

season* 

for the familya program of agricultural extension2. SODMtZ plans 

production units in the zonep
 

by providing the assistance necessary for theImprovement
-


of the existing system of cultivation,
 

by offering work to the local population in employing
-


salaried laborers, and
 

by offering to those farmers who show interest the 
possibility


-


of irrigated cultivation during the dry season.
 

3a A socio-oconomic study is presently being done in the 
zone,
 

in order to determine the social and economic feasibility
 

of the projectp 

- and particularly to determine the positien of.the populations 

affected as regards the project. 

FOULADOU.6*2. i~ 1TISTC.L COMIZ OF THEu 

The'Fouladou, which includes the eistricts of ,V61ingara 
and
 

Kolda, occup..es the territory coronly known as the upper Casarnce.,
 

According to different historical sourcesp the Fouladou 
was
 

originally inhabited by the Dainouk people. :The Dainouk were driven
 

fro. the center, and
 
out and replaced by the Handingo people, who came 
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who in turn were progressively ini ltrated by, fianl .irato.ns 

primarily from Boundou and Hacina.
 

The Fulani placed themselves under the protection of the
 

Mandingo. Profiting from the liberty that the imensity of the vacant
 

lands and the vast pasturage afforded them, and thus the possibility
 

of practicing food-crop agriculture without abandoning their pastoral
 

vocation, the Fulani settled side by side with the Mandingo and adopted
 

Handingo agricultural techniquds and dietary customs.
 

During the sixteenth century, the region belonged to the Man

dingo Empire, within which indigenous Soss4 and sedentary Fulani lived 

in mutual understanding : the Sossd served in political, administrative, 

and religious capacities, and the Fulani filled the subordinate roles 

of herdsmen, warriorp, and artisans. 

In the meantime, the gradual infiltration of Fulani herders
 

into the area continued. They now cane from several different areas
 

but the majority owed their origin to the Fouta Djallon in the present
 

Republic of Guinea. By the mid-nineteenth century, they were in a
 

strong enough position to launch a series of holy wars against the
 

Handingo to create a I'lani-dominated theocratic state comparable to
 

those created by other Fulani groups in other parts of the West African
 

Sudan at the same period.
 

Within the last 40 years, a new element has been added to the 

local population : a more recent wave of Fulani Ifmigrants from 

the Fouta Djallon. 

6.3. E CHARACTERISTICS OF IXAL COMIUTIES. 

6.3.1. Socio-de.ographic data.
 

Ethnic groups : During wartie, many of those in the Fouta 

1. A nunber of different names are used to designate these people i
 
Fulani, Fulb6p Peulh, Fulakunda, and Fula, Their name for themselves 
is Peulo (sigular) or Fulb6 (plural). 



Djallon moved into tba Fouladou. Once peace was re-established, the
 

wave of inmigrations continued, notably other Fulani ziigrations coming
 

from Gabou (the,present-day Guinea-Bissau).
 

A. 	In the Fouladou, the Fulani constitute the large majority.(82 .)
 

The Fulani fall into four principalgroups.
of the population. 

- the "Firdou" or Fulakund. Fulani who claim to be 'originally 

from lacina (25%). 

- hc Gabou Fulani (87.). 

the Diayab6 Fulani, descendants of the captives of the 

Fulakunda Fulani (53%). 

- the Fouta Fulani, originally from the Fouta Djallon (the 

present-day Guinean Republic). (14%). 

The tandingo are the most numerous of the ethnic minorities, making
 

up about 7% of the total population. Their former principality, the
 

Ferdou, has been completely absorbed into the present-day Fouladou,
 

Several villages i. the area date from the period of Mandingo dominance;
 

Hountoumba and Knbindou, for example, have Mandingo-spoaking majorities.
 

In fact, any village whose size surpasses a small Vroup of related
 

com,.pounds will necessarily be a multi-ethnic commnity*
 

C. The other ethnic minorities, which are the Badiaranke, the Sonink6 ,
 

the Diakhan6, the Toucouleur, the Wolof, and the Diola, are for the:
 

most part recent i.aigrants. In general these groups show a preference
 

to settle along the border zones of the Gambia and Guinea-Bissau, although
 

there are nonetheless a few families scattered throughout the region*
 

Within the Foulndou, a certain uniformity of structure is apparent
 

Tbis
on the lineuistic as well as un the cultural and economic levels. 


arisbs from the fact that all of the groups composing the present-day,
 

Fouladou are either 	Fulani in origin or have been profoundly influenced
 

by the Fulani. However, none of the peoples in the Fouladou is endowed
 

with a true rv. "civilication" t the Handingo and the Fulani are
 

But at the present
traditionally either .illet cultivators or herders. 


1. Enq-'.2e CIht -	 SJrESA . La Casamancc, Etude Rdnionale. Publige aar 

Bompard/GeIAe, Dakar 1960. 3 tomes.
 

goge/poo 

http:Enq-'.2e
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tirm, thcFulaniof the Fouladou, of whatever origin' they'may be, are
 
sedentary and practice both ariculture and livestock raising at the 

Sam time,
 

The pther important aspect is tat the integration of the Fouta 
and the Diayab6 Fulani (who form the large majority, roughly two-thirds, 
of .the Fulani population) into overall Fouladou society meets a certain 
resistance on the part of the Firdou and Gabou Fulani. The Firdou and
 
Gabou Fulani rclegate the Fouta and Diayabg Fulani to a secondary role,
 
considereing the Fouta Fulani as "foreigners" and the Diayabe Fulani
 
as the "property of the foreigners".
 

According to our information, there is no intermarriaCe among
 
the Fulakunda, the Fouta Fulani and the Diayabe Fulani, Even if it is
 
occasionnaly permitted that a "devient" Fulakunda man may marry a Fouta
 
Fulani woman, or a freed Dinyab6 woman, the reverse situation would
 

never be allowed,
 

6.3.2. The 1*ligration Phenomenon
 

4igration into the region : There are two types of migration
 
into the Anarb6 basin* First are the permanent migrants, principally
 
Fulani from the Fouta Dallon. They have been coming regularly for
 
the last 40 years, although their rate has picked up recently in response
 
to growing political tensions between the Fulani and the central govern. 
ment of the Republic of Guinea, The attraction of the AnanbS basin 
is its sparse population nnd the opportunity it offers for mixed farmingi 
One may cite the example of 1Mayel lHareve, a small village of seven house
holds, whose rembers cane to the area shortly before Sgn'gal became
 

independent. About ten years ago, they dug themselves a well, a sure
 
staterent of lonS-term intentions. Their main interest is still the
 
welfare of their herds, but they cultivate the full range of food crop
 

and soe cash crops.
 

A second type of irinirant comes only for the seasong and then 



.,.. 67/'
 

He usually cones in April or May when preparations for
 returns home. 


Most stay through the
the year's cultivation arc seriously under way. 


harvest before returning home or continuing their trek in other regions
 

of Senegal or the Gambia. They, too, are mainly Fulani from the Fouta
 

At first they sock lodgin- with relatives who have settled
Djallon. 

villager. It
permanently in the area, or they may rent a room with a 


is hard to tell whether the level of seasonal migration is increasing,
 

decreasing or remaining stable; the villagers themselves give contradictory
 

responses to this question.
 

Moreover, the high number of applications for employment made
 

degree the impact which the project
at the Prefecture already shows to a 


is likely to have in the region. The creation of a "development pole"
 

in a region which may be considered as a pioneer zone may attract a
 

This influx could interefere with the
spontaneous migratory influx. 


activities of the "Terres Neuves" program, which is responsible for
 

.the reasonable settlement and development of vacant lands in the
 

V4lingara district.
 

Migration out of the region : Up until recently there was
 

a strong seasonal movement of people, young unmarried men principally,
 

out of the area toward the peanut basin in the Sine-Saloume
1 The young
 

men left usually toward the end of the rainy season to help harvest peanuts
 

in the peanut basin. Peanuts have to be harvested before the sun bakes
 

the ground hard shortly after the rains stop. Since the rains in the
 

peanut basin stop before the rtins in the Upper Casamance, 
it was possible
 

to earn money harvesting the former without in any way jeopardizing the
 

interest in the peanut crop at homes
 

At one time, almost all young men left to look for unskilled
 

work. The level of Wolof fluency among the more mature men of the area
 

is a memento of their travels. Now, many fewer leave. The level of
 

For one thing, the
seasonal emigration has dropped for two reasons. 


spread of cotton as a cash crop obviates the need to look for income
 

1l Within 16 v!llages, we noted 16 seasonal migrants, of which three were
 

talib6s (studentn of Koranic schools). The CINAI-SERESA survey shows thati
 

this form of migration touches between 5 and 14% of the population (CINA1-


SERESA, op, cit. Dakar, 1960).
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out of the area. loreover, cotton cultivation does not permit worker's 

absence. Secondly, the Increasing mechanization of peanut cultivation 

in the Sine-Saloum has reduced the need for such itinerant rural labor. 

Nonetheless, seasonal migration continues to exist, as the threshing 

of peanuts is still done by hand, and not all family farms are equipped 

with peanut lifters. 

The most keenly-felt result of this migration by young Fulakunda 

is the reduction of active labor, which delays the harvest of peanuts 

and cotton in the Upper Casamance. This causes a slowdown in the threshing 

of peanuts and the sorting of cotton, which in turn slows down the process

of debt reicrsement and marketing of the crops. 

However, if full-time occupation for the youne Fulakunda could 

be provided by rico cultivation, during th& dry season by family production 

units and/or salaried employment in the a ro-industrial complexp a notable 

reduction in seasonal migration can be foreseen. 

6.3.3. Population. 

The population analysis is based on census data for the Kounkand6 

district, which is to a large degree continuous with thaproject area.
 

The year of reference is 1970p at which date the last list of the villages
 

of Singgal was made by the Statistical Direction. A.pyramid by age and
 

by sex for 1970 establishes that the population of that year was roughly
 

comparable to that of 1976.
 

The Kounkand4 district covers 2,534 square kilometers, and has
 

a population of 43,469 inhabitants distributed throughout 342 villagesp
 

and residing in 2,964 fLmily compounds. The official population of the
 

district oscillates over time in a saw-toothed pattern, as is shown by
 

the following data :
 

- in 1963 : 40,355 inhabitants
 

- in 1965 44t,177 inhabitants
 

- in 1967 1 41,117 inhabitants
 

- in 1970 : 43,469 inhabitants 

... 0...
 



-in, 1975 44,440 inhabitants
 

in 1976 43,843 inhabitants.
 

The population is young, with 59% being under the ago. of 25. 

it is an active population, as 57% of that total feil between the ages 

of 15 and 64 years. The division by scx shows 22,886 men to 20,583. 

women. This overall disparity between the sexes (111 males for 100 

females) exists at the level of different age groups as well : 

- from 0 to 14 years : 9,507 males and 8,074 females, or 

118 ales per 100 females* 

- from 15 to 39 years : 8,615 males and 8,710 females, or 

99 males per 100 females.
 

- frot and • 4,764 r. 3,799 fales,
40 years over mlos and or 

125 rales per 100 feales. 

The analysis of the population reveals certain characteristics'
 

(and perhaps anomalies) which raise questions.
 

1. Population density is 17 inhabitants per square kilometer. EHocwvor,'
 

this figure has very little significance, due to the fact that the
 

population is very unevenly distributed over the territory, being
 

highly concentrated around Kounkand6 and south of Vlingnra,
 

2. The population increases and decreases from period to period. Is
 

this situation the result of migratory phenomena, or due to imperfactions
 

in the administrative census?
 

3. li-en are more numerous than women. Is this characteristic due to 

the fact that most of the migrnnts who settle in the region are men? 

Or is this n natural phenomenon? 

4. Ilen have a longer life span than women. Actually, for the generation 

aged 55 years and over, 166 males arc counted for 100 female. Is the 

mortality rate higher among women? If this Is true, why ? 

What effect may the demographic situation have on the project? 



Generally in soclo-econonic terms, the youth of the population and the
 

active character of the hrian resources are considered as positive factors.
 

But on the soclo-cultural level, If the disparity between the scxes is 
real, and being helped along by the system of polygamy, in the long run
 

social problems in the marital domain could arise : rivalries resulting 

in heavy expenditures, a prolonged bachelorhood for young men# adultery
 

and marital mobility, unless the men decide to seek spouses outside
 

of the region. 

6.3.4. The social framework of life and development in the hamlets 

and the villaaes.
 

In the Fouladou, the mobility of individuals and family groups
 
is related to the foundation of the hamlets and the villages,.
 

The village, composed of family compounds or groupings based
 

on kinship ties, constitutes a form of social organization, a framework
 

for coruunal liviin and collective developments The creation of the
 

village is either authori=ed or confirmed by the representatives of
 
authority, both under the domination of the Handingo or the Fulani and 

under colonial and Senealese administration.
 

Each village is led by a chief. The village chief is in general
 
the oldest descendent of the founding family. Lineal families live
 

in cormunities and may or r.my not have kinship ties or conmon origins 

with other far.iilles of the same village. The heads of the family 

compounds form the village council. In many villages, the order or arrival 

in the area serves as a reference for the establishment of a certain
 

order of precedence or hierorchey among the families, the notables, and the
 

*elders.1 

In the same way, the spatial organization or layout of
 

I* During village meetin-s, it was observed that the village chief and a
 
few of the family compound heads (notables or elders) take the lead in
 
the discussions; younger len are present but do not participate in the
 
discussions; women are absent from these meetings.
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the village - if heterogenous - often depends on social or ethnic cr1

zone is the Fulani,teria. ,As the predominant ethnic group in the 

the dispersed type of village characteristic,of the Fulani 
is the type 

Each village appears as a group of compoundsmost :frequently encountered. 

Each compound is
less distance between them.
spread out with more or 


The passage-way between compounds
generally enclosed by wattled panels. 


is often large enough to admit auto traffic. Sone compounds are separated
 

from each other by large open spaces, probably indicative 
of the social
 

distance between the residents.
 

In 1970, the district of Kounkand
6 consisted of 342 villages
 

and hamlets grouped around 198 administrative villages; 
the average
 

number of inhabitants was 129 for a hamlet and 219 for 
an administrative
 

village.
 

the size distribution of administra-The following table shows 

tive villages.
 

Number of Villages Population
 

Size (population) absolute % %
 

13-49 111 5.6% 

50-120 45 22.7% 

129-218 62 31.3% 

Subtotal 118 59.6%7 37% 

219-399 64 320.3% 3/5% 

400 and up 16 8.1 28. 

Subtotal 80 40.4% 63% 

Total 198 100O7.0. 

|m "
 



In relating the villages to the population, it is found that
 

59.5% of the villages contain 37% of the population, while 40.5% of the.
 

villages contain 63% of thn population, and of this 63%, 28% live in
 

the 16 largest villagcc, that is, those villages with more than 400
 

residents, This shows a tendency for the population to concentrate in 

the larger villages. This should be qualified by the additional ob

servation that 144 "associated harrlts"are attached to the administra

tive villages, although these hamlots consider themselves independent 

villages. Thus the concentration is somewhat less than indicated by 

the official data.
 

The villages in the Anamb6 basin are scattered along the 

upper rim of the basin, The lou-lying areas in the center of the 

basin are unoccupied and uncultivated. The villages range in size from 

two compounds such as in Snr Ouinor to 35 to 40 compounds as in KAndia 

and Diaob, the two largest villages, to the town of Nounkand6, the
 

largest concentration of people in the district.
 

Each village has its alloted farm lands. Every exploitable
 

square inch of the basin, whether presently cultivated or not, has
 

been allotted to one villager or another.I The only exception to this
 

rule is the Anamb forest reserve, which by government order cannot be
 

exploited by any of the villages. The farm lands of any one village
 

abut those of other villages on all sides, The lo -lying areas in the
 

center of the valley are, however, not exploitable* They are flooded
 

during the rainy season and during the dry season they serve as common
 

pasterland for the local herds.
 

6,35. Inter-village relations.
 

There is no long-term stability to the number of compounds
 

in a village or even to the number of villages in the basin. Compounds
 

split off from their parental villages to move closer to the farmlands,
 

or to avoid rising flood waters, or to resolve intravillage tension.
 

Whole villages like Toungoulel and Sa6 Ouinor have moved to now sites,
 

Is The land allotted to a village may not always be assigned to an individuals
 

particularly if it is not exploited.
 

so*/""*$
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in these two cases in response to flooding from heavy rains about 15 

years ago. The latter site has been occupied for the last seven years 

by another group which has split off from its home village. In spite 

of the movement, there arc a limitod number of village centers which 

have given birth to a larger number of satellite hamlets, Hany of the 

smaller villages in the basin are offspring of the larger villagc centers
 

and preserve their family tics with the parent villages. These are not
 

family ties in the abstract historical sense, but kinship ties between
 

specific families in different villages in one zone.
 

This type of living arrangement, with a central nucleus and
 

dispersed family compounds, has the advantage of eliminn,'.ng overcrowding
 

and insuring the polarizing role of the center, while at the same time
 

safeguarding the nearby farmlands and cattle.
 

The Kounkande district is composed of the three former
 

cantons of Pathiana in the south, Bissabor in the center, and Pctim

kandia in the north, which are identified with the so-called "homogenous"
 

zones recognized by the local administration.
 

As a function of the establishment of collective facilities
 

(schools, dispensaries, collective warehouses, central stockyards, etc.)
 

the partitioning of the zone into 37 cooperatives, and the size of the
 

villages (16 villages of over 400 residents), the departmental administra

tion has proposed, by zones, the hierarchy of the villages according
 

to the folldwing schema •
 

Zones Central villages Large villages 

Wassadou Diattel 

Pathiana Paroumba 
Knonot Pakour 

Moussacounda 
Boya 

(south) Payoundgou 
Patim-Kouta 

* eoiOe@ 
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Zcnes Central villages Large villages 

Pathiana .ssadou Mlattel 
(south) Paroumba .oussacounda 

Kaone, Pakour 
Payoungou 

Boya 

Patim-Kouta 

Bissabor Kounkand6 Goundaga, Kandiaye
 
(Central) Teyel, Diaob6 Temento Madia
 

Niandouna Sari Madia, Sari Coly
 

Patim 	 Kandia Sournel, Kandoby
 
(North) 	 N'mataba Mountoumba
 

Kerevane Lambatara
 
Sari Bassi Ste Jeanne d'Arc
 
Doubirou
 

This proposal of the departmental administration raises ques

tions concerning
 

-
the form and the nature of relations freely established and
 

experienced by the local communities.
 

- the perceptions held by local populations of the administratively
 

.i hedtablfifedcrelations. 

- the other forms of traditional organisation and the way in which 

local leaders exercise their influence upon a group of villages. 

These questions were not addressed by the SODAGRI study. However,
 

a study team of the Direction of Territorial Development is operating in the
 

asamance region laying the groundwork for the future partitioning of the
 

rural communities and the deternination of the central villages. It may
 

be presumed that these questions will be considered by the latter'team.
 

The existence of central 	villages and the stability of village
 

satellites facilitates on the one hand the establishment of collective
 

facilities, and on the other hand, the expression of community life and
 

development within the framework of ft,'ur" rural communities and inter

village cooperatives. 	 ,... 



A final aspect of intervillage relations, an aspect not explored
 
to any depth, is the-forcc of common religious institutions. Every
one in the Aiamb' basin is at least a nominal lluslim. Almost everyone 
is a menber of the Q'adir brotherhood. The most influential Imam, or 
religious leader, in the area is Shorf Dakar Haidara, the lxi of
 
V4lingara. In addition to his religious functions he is currently
 
chief of one of the quarters of the tcrn, he is president of the local
 
parent-teachers' association, he used to be chief of the town of
 
Vlingara, and he is 
an officer in the local courts. His nephew is
 
Iraam of the village of Diaob6, Islam is a force for the coherence of
 
the basin and a cernon denominator facilitating many hinds of inter

changes.
 

6.3.6. 
Basin social structure : the family compounds. 

The family compound constitutes the basic social and residential
 
unit of the village. In .aost villages, the family compounds are
 
grouped according to fmmilial or ethnic affinities*
 

In the field, the family compound (or "Calle" in Fulani)
 
represents tbe patrilocal residence of yesteryear which grouped the
 
overall family of 50 to 100 or more persons. The largest compound
 
visited contained 14 households. 
Each compound is led by a man, generally 
the senior member directly descended from the founder of the compounds 
The other merbers of the compound have some kind of kinship to him 
Usually they arc his sonsp their wives and children, and on accasiono
 
their daughters, their husbands and children. 
The latter case is more
 
probable in cases of new econcmic opportunities opening up where the
 
son-in-law is willing to forego his patrimony for the access to the
 
more pr'omising resources that attacinent to his wife's family offers.
 
To this cormvn core group other kin may add themselves : close cousins,
 
poor relatives, family retainers of canted origin, captives, or even,
 
in the case of iLraigrants, people merely born in the smae village as
 
the compound head, or itinerant laborers temporarily engaged in the
 

fmily fields. 

911 , "?J 



Under pressure of political and economic changosthis type

of family grouping has gradually dissolved to give way to more restricted
 
family units,
 

In 1970, the Kounloand6 district nurabred 43,469 percons,

distributed over 2,964 family compounds, which represnts on tho
 
averae' 


.
 
- 8.6 compounds per hcmlet or 15 compounds per adr.inistrn.
 
tive villace;
 

- 14.6 Individurl.s per compound,
 

Observations of the SODAGI study were in line with officlal
 
data, Observation of 35 compounds and 114 households showed i:
 

- 3.25 households par compound and 496 individucls per house
hold (1 to 10 households per compound), 
- 15 individunls per compound (varying between 2 and 40
 
individuals per compound),
 

The head of the compound, in consultation with the head of
 
the me ber households, allots cultivation rights in compound lands
 
among the .meber households annually. Hc decides who will cultivate 
where and hat, 
His main considerations are his knowledge of the
 
individuals of the compound and his years of experience 
 on the family
 
farmlands.
 

lany compounds, especially those in which the kinship tics
 
among the households are particularly close, work in a common field for
 
food crop productions Compounds that cultivate together tend to own
 
agricultural cruipment in cor.aon, 
 They rany store the harvest in a
 
cormon granary, in which case the compound head administers the daily

food distribution to the households in the compounds 
 Each household,
 
however, generally prepares and consumes its mals separately, 
On the 
other hand, cash crops such as rice, peanuts, and cotton are cultivated
 
seaparately by individual mao,.bers of a household, 
The cattle of the 
compound, while oftc: herded as a mroup by the early adolescent males 

.. e./.eg 
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of the compound, are owmd by individuals who have complete control 

over the disposition of tho.. and their by-products, 

6.3.7. Inter-houschold relations within the co pounde 

Each household in the conpound generally consists of an 

adult male household head, his wife or wives, and their urarried 

childro, Rarely is an urmarried adultuaale a household head. A woman 

rmy be the household head if she is a widow pact her reproductive period* 

There may be sc.e ur.iarried siblings of the husband or even of the wife 

attached to the household. The household head represents the members
 

of the household in compound affairs. Ile is responsible for seeing
 

that the household is able to cultivate as .uch farm land as itneeds.
 

He is responsible for the internal order of the household and for
 

representing it in compound political and judicial affairs.
 

To supplement this general picturc, an inquiry was made into
 

the population structure of specific households*
 

The village iueeting at Djimini provided a list of 35 male

headed households. Accordin" to this list, two household heads wore 

unmarried, while the remaining 33 household heads had a total of 39 

wives. The list proved to be somewhat inaccurate or out of date; we 

visited a compound in which we expected to find eight households and 

found fourteen. Thc fourteen men in the compound had seventeen wives 

and 37 unmarried but economically active co-residents, This particular 

compound was not representative of the village of Djfiini or of the
 

nar.nib basin. Itwas far larger than most, nd had proportionally 

far more unmarried economically active t.etiors than most. It was com

posed entirely of people born in the Fouta Djallon. 1lany households 

had arrived only recently and wore not permanent, nnd many of the un

married rmcmers were transients. 

The village mooting nt Dialakegni furnished a list of 36 

male-hoaded households, In each of two conpounds visited, there . 

#9 
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were eight unmuarried household heads. 
 In the first compound there was a
 

total of nine wives and three adolescent workers. 
In the second compound
 

there was a total of twelve wives, two of whom had been so recently married
 

that they had not yet come from their parents' house, and nineteen un

married workers.
 

Within the Sabaly compound, at Dialakegni, three types of
 

households could be identified :
 

- 2 guardian households.
 

- 3 autonomous households.
 

- 3 dependant households, of which two immigrant families were
 

under the guardianship of another household. 
The other was under the
 

jurisdiction of an older brother. 
These eight households included 37
 

individuals, almost all of them having kinship ties. 
 Socio-economic
 

relations among these individuals are described in detail in an Annex
 

to this report.
 

In the much smaller village of Sara Ouinor, a visit to one
 

compound revealed three married men, three married women, and five un

married women workers. A fourth adult male was too old to work in the
 

fields.
 

From this limited data, certain statements can be made with
 

some confidence. Most men have only one wife. Only one man we met had
 

three. 
Most compounds tend to have slightly fewer unmarried economically
 

active members than married ones. These unmarried workers are not
 

necessarily the children of the married ones; they can be younger
 

brothers (more often than younger sisters who would be married shortly
 



after they reach maturity) or cousins.-
 They can be,,as in the case of 

a compound we visited in Djimini, simply born in the same Village in 'the 

Fouta Djallon as tbe head of the,compound.
 

A man and his wife or wives generally work the household
 

food crop fields together. 
They store the grain in a common.'granary.
 

Unmarried children begin to cultivate in their mid-teen years, turning,
 

over their harvest to the household granary. Several years after he
 

gets married, the young male moves out of his father's-household to
 

create a household of his own with an autonomous granary, but usually'
 

within the same compound.
 

In contrast to common activity for food crop production, within
 

the household as within the compound,' cash crop production is done by
 

the labor of individuals working on their own account. 
Each individual
 

cash crop 
producer has complete control over the disposition of his
 

harvest and its revenue. 
This is true for adult males as well as for
 

their wives and their unmarrried sons. 
The only exception is unmarried
 

daughters who work with their mothers until their marriage when they
 

generally leave the household.
 

If the household cultivates independently, it may choose to
 

buy its agriculttral equipment itself. 
Sometimes, however, it is
 

more economical for the compound as a whole to buy the equipment and have 

the households, even though working individually, share it. This seems 

to be the general case in practice. 
In this way, the compound may be
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transforming itself into a rudimentary co-operative.
 

The distribution of mechanized equipment, like the .
use of
 
money and commercial exchanges, has facilitated the individualization<
 

of cultivation, of needs, and of goods. 
 This system has modified the,
 

relationships between production and consumption in the following way
 

even if certain features of community living are maintained at the'
 

level of the 'familycompound, it isnotable that the individual efforts"

tend to surpass those made by the collective group. The use of money
 

makes it possible for each producer to personnally possess the product of
 

his labor, and more and more, social relationships are becoming in

direct, due to the intervention of money.
 

In the evolution of social relationships, tb solidarity of
 
the extended family tends to diminish and the network of kinship ties
 

progressively loses its original impact. 
Brothers now differentiate
 

themselves from cousins. 
 The nuclear family tends to replace the extended
 

family.
 

In its present-day structure, the family compound, as a
 

social unit, is simply a group of nuclear families whose heads are
 

unified by kinship ties.
 

In each autonomous household, the head of the household

normally the oldest man - traditionai.y has the sole power to make 
decisions both in terms of production qnd in consumption. This 

authority of the-oldest man is progressively disintegrating and 

to/ fe
 



declining ''toward a role as.... consultant on social or personal problems.
 

From the analysisof basic social structures, it is evident ,* 

that the family compound constitutes more a framework for family 1-fe 

than a structure of communal action. The compound is above all character

ized by a shared desire for communal living between relatives, friends,
 

and dependents" a simple disagreement is capable of provoking the departure
 

of a household from the compound. 

The evolutionary ch nge of, social and'familial structures is 

continuing. In the long run, the household is tending to-ard fundamental
 

and functional .identification as a family production unit (FPU). 
 The,
 

modernization which the SENERIZ project will provoke in relation to the
 

FPU's should be guided so as 
to promote their economic and social
 

expansion. 
This should tnke pl.ce in the larger framework of community
 

and cooperative developmental structures.
 

6.4. LAND TENURE IN,,TE ANAMBE BASIN. 

Everywhere in the rural environment in Senegal, the rights 

of land-clearing and cultivation, as well as pasturage rights, are
 

the most important. They can be disttiguished according to the
 

ecology,' the ethnic group, the socio-political system, and the activities
 

of the region.
 

In the region of the Fouladou, where the people live in the
 

territory is strongly influenced by the hydrographic network : rivers,
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valleys, loiwlands, etc..
 

6.4.1. Agro-pastoral Land Tenure in the 'Vendou 
: History.,
 

The floodplain .at the center and lowest part of the Anamb
 

ba~in is. kno6wn.locally as the "Vendou"O
 

According to oral tradition, the chief Moussa Moi accorded
 

the primary right to the Vendou to Koliyel.Diao, Koliyel, of the village,
 

of Diaobf, used the valley to vater his livestock.
 

Rights to land at the time were In accordance with customary
 

regulations applied in pastoral zones, where-control of water points gives
 

effective control of the entire region.
 

Thus, the Vendou was both;a region for the watering and the.
 

pasturage of cattle, and a rice cultivation and fishingi zone for -the,
 

local population; the rights of usage were accorded to those using-the.
 

zone by the Diom Vendou Koliyel Diao, who in turn collected dues for
 

these rights.
 

Since the colonial conquest, this customary land tenure
 

applied in the Vendou was abolished.
 

At the present time, the Vendou and its borders are used
 

freely and without charge by the village people of the zone.
 

1. Ancestor of Mr. Salif Diao, second deputy of Vlingara,
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6.4.2. Toponymie of the Basin.
 

The basin of the Vendou is composed 'ofnine secots: Kovane',
 

Thlev, Louguire.Gabi, Kankadfla, N'goyrou, Niougntian, Kocour, Dialafara,
 

et Boutou,
 

This toponymie is known by all villages which cultivate the 

edges of ,theVendou. Amoni gthese Are the followingvillages. 

In the V6lingara zone : Soutour6, Kabindou, Aldara, Marevi, 

Sari Bassi, Sari Koutayel, Sara Sadio, Kolda Molo, Sari Bamako, Me'dina 

Patel Kounkand6, Sari Bouram, Sari Oumar Coly, Sari Pat,: Sar& Yorn Soudy, 

Namara, Sari Yerodji, Tianfara. (This toponymy is also recognized by.the 

villages which use the Vendou as pastUre land). 

in the Kolda zone Only the village of Anmb6 cultivates the 

fringes of the Vendou, whereas Sari Bouti, Sancagne, Sar6 Yaba and Ninnokidji
 

use the Vendou basin as pnoture land for,their cattle.
 

6 113.3The Originof Rights. 

In the region of the Fouladou, the establishment of the territcry 

of villages is linked to the foundation of the hamlets and the villages 

themselves. A village which establishes itself defines the limits of.the 

agricultural and pastoral space which is for the exclusive use of its 

inhabitants. This territorial unit, placed under community jurisdiction,
 

is at the disposition of the entire village community which exercises
 

...... 
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within this unit its fundamental collective right nder the auth t 
.... ighs under the a hority 

and the responsibility of the village chief.
 

This righis essentially based onfirst occupation.
 

6-4"4.- Toponymy and Oc'upation of the Village Lands. 

A village's farmlands:
re recognized toponymically, thn.t
 

is to say, discrete sectors of the village farmlands are assigned nmes':by
 

which they are known to the villagers. 
A given field is defined in
 

terms of 
 .ist nce from the village, its soil quailites, and its
 

previou~s cultivation history! these characteristics determine to what
 

use the field will be put
 

There are three types of farmland rotating land, pasture
 

land, end rice land. 
Villagers cultivate millet and maize perenially
 

on the lands closest to the village. Cattle droppings help ma..ntain
 

the soil fertility from year to year. 
Cash crops and periodic fallowinn
 

usually appear on the lands in a crude concentric circle past the
 

perennially cultivated nucleus. 
Villagers prefer to use their more distant
 

fieldo for pasture. 
They are willing to cultivate there only if the
 

nearest fields are exhausted. 
Rive lands are the hollows and depressions
 

into which water drains and in which it remains. The largest portion of
 

the village farmlands have rotating crops and pasturage (which may mean
 

bush in the long term). 
 Rice does not often come into the rotation with
 

other food grains, although it is possible depending on the variety of
 

rice cultivated.
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As an illustration of to;Ionymic recognition, the farmlands of 

the villhge of Anambe include nineteen sectors, which are cultivated as 
followsi:i 

- 77 ilands cultivated in rice : Sinfandi6,, Tiabouli Gadiadji, 

Don:ui. Ncnvid6,- Vingkoba, Batanto, Louguere Koyli.
 

rrnl.nds cultivated in millet, maize, peanuts, and cotton
 

--' Bali, Toi-boung, Sari Sikou, Toumb Yoro Gano, Kayda, V6l6 N'Guer6,
 

E:llSib,'r6, Bit..".el, Gorol Tabadie'. 

Lend.3 reserved as pasture : Vendou, Koba, Walmj 

-.. aunted,' land3 used as pasture but not cultivated : Diata Mara I , 

Tabav.al' .. 

:,3 v...llrgc families have'their fields dispersed through the 
di-fc-en : cecto,:. To have all the lands of a family concentrated in one 

r .ctor uu..d be unusual. 

T'ordcring villcges rec-Mnize the traditional limits of 

each ."i'se'ef.-mlandn. 3hould the limits of the farmlands be contested,.

the herd of the d.strict, assisted by the notables of the concerned 

villages, d-Zermines,the new limits. 

In allof the villages visited, the local communities -stated 

thnt there Wr3 still uncleared land in. their territory. , 

1. Diata tlara has been timidly cultivated since 19"' 
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6.4.5. 
 Land Clearing and Usage Rights and their Inheritance,
 

It is on the lands appropriated by the village that
 

families and individuals exercise their land rights by clearing and
 

using the land.
 

In the past, when a man needed land, he took a tour of the
 

village's then uncultivated lands. 
He chose the most promising area.,
 

and asked the chief for an authorization to clear and cultivate the land.
 

The man could be a new settler asking for admission in the village, or
 

he could be an older resident whose lands had ceased to be productive.
 

Every compound, every household, and every individual
 

who clears a piece of land has the right of usage of the land as long as
 

he occupies and cultivates the land effectively. ,In other words,
 

usage .hts are considered permanent.
 

In the case in which the compound holds this right, It iE
 

the compound head who is responsible for the management of the land,
 

which has been cleared in common. 
He decides the distribution of the
 

land between the collective food-crop fields and the cash-crop fields
 

which are cultivated by individuals.
 

Any parcel ab.-Ooned by an individual or a family may be
 

used by another resident of the village, or it may pass under the
 

jurisdiction of the village chief. 
The right to use of lands left by
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the death of the head of a household passes to theheirs of the'deceased
 

or to the members',of his compound. According to custom, a woman has no
 

usage rights except for those which are given to her by her husband. She
 

may not inherit land. If she is a widow she may cultivate the land granted
 

to her sons. Should she remarry, it is her new husband who provides her
 

with land for cultivation.
 

Land rights in principle are passed from fatehr to son.
 

Orthodix Muslim law prescribes that a father's property be divided equally
 

among his sons at his death, with each daughter getting a half-share.
 

The law is not applied in the Anambe valley. Since there is no shorta-e
 

of land, it is still possible for sons to clear as much new land to they 

think they will need. Only the hollows and depressions su'itable for rice 

cultivation are in short supply. They are, infect, often divi.eed among. 

a man's heirs.
 

At the present time it is becoming generalpractice to
 

petition:.the chief as the case may be, before going to the govern-ent
 

Forestry Commission offfice in V lingara for authorization to clenr the
 

land. The chief may or may not be informed before this petition.
 

A departmental commission then goes out to the lands ln principle) 

inspects the indicated zone, and authorizes the clearing of land, with 

the condition that trees useful for their wood or as wind breaks be 

spared, and that the need for the land is truly justified. The 

authorization by the Forestry Commission is sufficient. 
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Briefly, two principal types of land tenure exist in the zone
 

1) Collective land tenure by the village, which is managed 

by the village chief for the benefit of the community, and
 

2) Cultivation rights based on actual accupation, which are
 

inalienable for every member of the village collectivity.
 

In principal, cultivation rights which are impermanent or
 

subject to repeal do not exist in the region as they do in the peanut
 

zone, nor do land rights which are subject to the payment of rent or
 

otherkind of dues. 
In certain cases, land, howver, can be lent or
 

rented, which amounts to the same thing., An outsider, say a resident of
 

Vfilingara, who has no land of his own but would like to supplement his
 
income with some cultivation, comes to the village to ask for a plot of
 

land. 
A resident of the village, after some negotiation, lets the out

sider cultivate part of his family lands. 
 In exchange, the tenant,surren-_
 

ders a negotiated fraction of his harvest to the family. 
The fraction
 

varies according to how much ir how little clearing the tenant has to do
 

to prepare the fields for cultivation, but it never ex-eeds one-tenth.
 

It appears that the system of land tenure applied in the 
zone
 

generally conforms to the princinles which govern the national domain.
 

:The negative aspect of this system is the practice of shifting,
 

cultivation. 
The system of authorizations for land-clearing given by 
administrative authorities is designed to restrict thislabuse .until such 

time as the rural co'ncils are established.
 



6.4.6.: Shifting Cultivation.
 

IAlthough al 
of the exploitable land in the ba.. sin has been
 

allocated to one'village or another', it cannot11be said that there is 
a
 
land shortage. 
There is still enough land available to allow the continu

ation of extensive cultivation with long fallowing. 
 There are areas,
 

as well, that are never'cultivated. The largest uncultivated area is the',
 

center of the basin, which is flooded during the wet 
season. Moreover,,
 

there is a government forest preserve in 
te basin. Lastly, there-are
 

several fields which are not cultivated becausethey are haunted. 
Cattle
 

graze in them nonetheless. (SODAGRI should approach cultivat9
'' in the
 

haunted areas gingerly.) 
 In short, all, land is allocated but little if
 

any is exploited intensively.
 

Because of the abundance of uncleared land. the enntrn1 
Olat
 

village comunities 
are able to exert on the land is-Irather weak. 

After a plot is cleared, it becomes involved in a sequence
 

of cultivation that leads to a long fallowing period before the cycle
 

begins c~ain. 
 The first year, the farmer plants either peanuts or
 

millet. 
The second year, he alternates with the crop he did not plant th 
the first year. He continues this annual alternation for six years if th
 

the plot was cleared from woodland, or for four years if the plot was
 

cleared from bushland. 
Then he leaves the land fallow for about five
 

years. 
He can then resmne the crop alternation for another three yearn
 

before he must let it lie fallow again. He may substitute cotton for
 

peanuts.anywhere in the cycle. 
At some point, the plot becomes so 

(\P 



exhausted that 'it must be retired to lie Ifallow for fifteen to twenty
 

years. At the end of that period it 
can be cleared and the whole cycle"
 

begins again. As the plot lies in fallow, the farmer will look for other 

fields elsewhere, either clearing virgin land if that -isavailable or
 

clearing land previously cleared by members of his family but now lying,
 

fallow. Obviously, the area of land that a family actually cultivates is
 

but a small part of the lands in which they hold cultivation rights.
 

Shifting cultivation is influenced by location as well as
 

technology. 
The system of manuring the fields by folding the livestock.,in 

them is only practiced on the land situated near the village,,but this 

manuring permits continued production in those fields. 

6.4.7. Impact of the National Domain Law and the Reform of 1978.
 

According to the Law of the NationalDomain of 1964, all 

untitled land in the country belongs to the national government. Un

titled land means virtually all rural land. In legal terms the peasauzL 

of the Anambfibain, therefore, 'are continuing the practice of their 

system of land rights at the goverment's pleasure. The government has 

the right, under the law, to evict them if it can propose more efficient
 

use of the land, more efficient in the sense of more productive.-


The implications of this law have not yet penetrated the
 

Anambfi basin. 
The law has not yet had any practical application'here.
 

The administrative reforms proposed for 1978,will, however, impress the
 



law on the whole Casamance region. 

Under the administrative and territorial reform of 1978, the
 

part of the Animnbf basin that lies in the Kounkandi district will be
 

divided into seven rural coinunities. These rural communities will'be
 

Kandia, K6r~vane, Sari Bassi, Teyel, Niandouba, Kounkande, and Diaob6.
 

The administrative center of each of these coummunities will be in th 

village giving its name to the community. 

Each community will be a territorial unit, in many ways'simi

lar to townships in.the American Midwest. 
Each unit will contain not-oniy
 

the core village, but any number of satellite hamlets that exist within
 

the territorial boundaries at a given moment. 
These satellite hamlets:,
 

many of which are also satellite hamlets under the current system, will
 

depend'on the central village for administrative services of all sorts.
 

Administration of lands within the rural communities will
 

•pass .to the coamunity governing bodies. Thereafter, all questions of, 

land rights and cultivation will have to gain the approval of the'local 

government, whose ties to the national government will be much more direct 

than the present chieftaincy/council-of-elders system, or its Forestry
 

Commission alternative.
 

6 5.,CONSTRAIlTS ON DEVELOPMENT OF THE ANAA4BE BASIN. 



6.5.1. Constraints on Resources and their Use.
 

The beginning of work on the development project for the
 

Anamb basin has both geographic and agrarian implications.
 

The Kayanga River, known in the region as the "Thiayanga",
 

floods the Vendou during the rainy season and supplies the depressions of
 

Hounetiada, Soutoufing, Tioungayel, and Niandoubayel with water.
 

These depressions serve both as water points and pasture land 

for cattle during the dry season, and as'a rice cultivation zone during 

the rainy season, for the inhabitants of the villages of Mayel*Harfve, 

Mayel Patim, Niandouba, Sari Mamadou, Sari Yoro Ba, Sinetian Tibo, 

Koumbadan, DarSalam, Lila, Pourfgua. 

Relocation of villages. A reservoir constructed on the Kayanga
 

River would inondate certain villages located on the fringes of the
 

Kayanga's present floodplain. These villages have three main interests
 

that the rising waters will affect : the village sites, the farmlands,
 

and the pasture lands. The village response will depend on the extent
 

to which these interest must be sacrificed to the new lake.
 

In the case of individual villages- where the lake at its 

full extent would consume only a small part of the settlement ,and/or 

its lands, thought.should be given to diking to allow the villagers to 

stay put. 

In cases where diking is not feasible for one reason or
 

• , .. . i , ' i . ... . ... 



another, villages will have to move. The villagers' first preference, as 

they will be sacrificing their homes for the sake of intensive rice 

cultivation, is to be integrated into the Anambg basin project. How

ever, they will not want to be limited to exclusive rice cultivation there. 

They, like'the present residents of the Anamb. basin, will want t0 continue 

their strategy of diversified agriculture mixed with livestock raising.,1 

The advantage of the Anambe basin project 1"' them is that it'is another 

basket, in which to put some eggs.' 

Those people who have to leave -'-ir flooded villages will 

either disperse or seek resettlement elsewhere. Dispersal is the normal 

strategy for nomads in times of social or ecological pressure.' The people 

in the Anamb6 are not completely sedentarized, and some of them will cer

tainly invoke their ancestral response to crisis when continuation in 

their present sites is no longer feasible. 

The people who de',de to resettle, whether within the perimeter 

of the SENERIZ project or without, will need assistance. They will need 

housing, water, and food until their first harvest comes in. They will 

need farm lands where multi-crop cultivation is feasible.. They will need 

pasture land, too, for their :livestock'.
 

Release of the Anambf forest. The Anamb6 forest reserve covers 

6,200 hectares if the Arambd basin. At the present time, it is not cul

tivated. If this land were to be put under rice cultivation, it would 

have to be released from its reserve status. Accomplishing the release 

will require a series of bureaucratic manoeuvres at the departmental, 



regional, and national levels. In addition-to satisfying coimissions
 

at the various levels of the advantage of the release, the Forestry
 

Comission must be able to identify a forested area twice as large as
 

the released area that can be put into the national reserve as 
compen
 

sation.
 

Relocation of cattle :-
At the present time, the central de

pression of the Anambg basin is not cultivated., During the rainy season
 

it floods. 
During the dry season, however,..tis a reservoir of fresh
 

grass and water for the local cattle., Assuch, it is a value'' resource.:
 

In order not to threaten the local farmers' interests in their herds,
 

provision should be made for water and for pasturage away from the
 

central part of the basin.
 

6.5.2'9 
 The Cbh-ging Roles of Men and Women in Rice C.,ltivation.
 

Before 1969, virtually all of the rice grown in the area
 

was cultivated by women in the damp hollows and depressions below the
 

villages. Production was consecrated exclusively to household con

sumption. 
In 1969, SATEC (Societi d'Aide Techni-ue) began to intro

duce more intensive cultivation of "plateau rice" to the men in the
 

Upper.Casamance. 
:The village of Anambi was among the first villages in
 

the basin to be ogganized for this purpose. SATEC, however, was less
 

intereo.ted in the department of V4lingara than in the department of
 

Kolda iumediately to the west. SATEC abandoned the area in January,
 

1974. PIDAC.(Projet Intfrimaire de Dfveloppement Agricola en Casamance)
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tok .over its responsibilitiestwhich it maint: ainiedunt October of
 

that year at which time SODEFITEX (Societe de Developpement de Fibres
 

Textiles) began to take over the organization of rice production in the
 

area.
 

In 1973, the Area undeI r rice cultivption in.the Kounkandfi
 

district was 627 hectares. By 1976, the area had grown to 1,621 hectares.
 

The growth is due to the fact that more intensive methods of cultivation
 

have made time spc-.t !i men in rice cultivation as remunerative as time
 

spent elsewhere. Previously, time spent cultivating the damp hollows
 

was an extrr.-igance for men who could be much more productive in the
 

larger, more open plateau fields.
 

The women are cultivating much less lowland rice than they.used
 

to. The drop in the aver,-e rainfall in recent years has,virtually
 

meant the end of the women's :stock of seed.. Women hardlyl participate in
 

cotton.production at all.
 

A number of women pursue vegetable garden.ng. They cultivate
 

such vegetables as lettuce, potatoes, onions, tomatoes, cabbage, okra,
 

and hot pc ers, little of which finds its way to the market. Insofar
 

as women are able to cultivate a field of their own, they dispose of the
 

receipts themselves.
 

6.5.3. Crop Production Strategy in a Subsistence Economy.
 

http:garden.ng
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The Fouladoutiss region where agriculture-is relatively diver

siflied. Millet,' sorghum,.maize, rice,peanuts, and cotton are all culti

vated in the region, and to a progressively lesser extent, manioc ad yams.
 

All of these crops, however, are cultivated during the period limited"
 

by the rainy season. All agricultural operations ~are carried out by the
 

family production-units,,many of which do not yet have modern agricultural,
 

equipment.
 

A sample of twenty households polled by the SODAGRI sociologists
 

contained 98 economically active adults in two villages, and cultivated an
 

aggregate . 48 hectares. That is slightly under a half a hectare per
 

economically active adult. The aggregative area devoted to the most ex-.
 

tensivel-, cultivated,crop was fifteen hectares given to the millets. Next,:
 

came about ten hectares of cotton, an equal area of peanuts, 6.50hectares
 

devoted to maize, then slightly over four hectares for rice, and finally
 

1.5 hectares for va ,'vsgarden: vegetables
 

,This study team did'not get ',.r seek to get) enough concrete
 

data on actual production to make a statistical statement., What data:,
 

we- gathered support the local administration figures of around 1000
 

kilograms of millet per'hectare (depending on the variety), 1100 kilo.

grams of maize per hectare, 1000 kilograms of rice. ,otton, or peanuts
 

per hectare. There are fluctuations in the yield from year to year,
 

but the averages are fairly stable. The yields in food crops are by
 

and large not sufficient to carry the household through to the next
 

harvest. Revenue from the cale of cash crops is used either directly
 



or indire -.ly there are several"credit: strategies possible tto wipe
 

out the deficit when the :need: arises.
 

The villagers' first interest is food crop production. If
 

they were not able to maintain all their crops properly, they would
 

soonersacrifice a cotton or peanut field than a food-grain field.
 

Villagers prefer peanut cultivation to cotton cultivation in the abstract'
 

becausecotton cannot be eaten. But other considerations such as price,
 

availability of credit, y- .- d per hectare, also influence a cho:tce

between cotton or peanut cultivation. Most pecpl'e produce either pea

nuts or cotton: few do both.
 

If people prefer to growi food crops and they arIenot able
 

to produce enough food to feed themselves throughout the year, why do
 

they not increase the area devoted: to food crops at the e--nense of
 

that devoted to cash crops? 'For one thing, cr' crop cultivaticn is
 

much easier. It is mechnnized to a.con3id .rable degree. In fact: it
 

is thM increasing penetration of mechanization in cosh crop cultivation
 

that is responsible'for the expansion of the oveall cultivated surface
 

of the district in recent years, the expnnsion has taken place solely
 

in the area of cash crops. Secondly$ cash crop production gains the
 

villager accesr a credit line. Villagers are knon to eat some or
 

even all of the pea.nut or rice seed distributed to tb2m just before
 

planting, the beginning of the hungry season,, hoping to beable to
 

repay in kind by borrowing from relativ'-i, or in cash from cotton sales
 

at harvest time. Finally, there is a gamble involved. A villager tries
 

to grow exactly th amount of food he needs for the year. A surplus
 



is of little use to him as a deficit. He would prefer any surplus pro

duction to be expressed in cash crops. as they are far more profitable.. 

If he has a food deficit but a cash'crop surplus, he can invest in cattle:
 

whichhe can "cash n" if need be when the hungry season comes.
 

6.5.4. The Agricultural Calendar.!
 

The annual agricultural,cycle begins in March as the deciduous
 

trees dry out and lose their leaves. At that time, the men decide what 

fields they would like to cultivate that year and they begin cutting
 

down'trees and clearing brush. Sometimes the clearing is done communally
 

but this can be costly to the work-party host. The work group expects
 

refreshment at the end of the day. More often, the prospective farmer
 

does the work himself or with the aid of his family. Since clearing
 

can continue as late as mid-May, only a man's endurance and that of his
 

assistants determines how much land he can clear. Moreover, men often
 

help women clear their fields depending on time available. Toward the
 

end of the clearing period, the bush and felled trees are burned. The
 

ash residue that is left is the only fertilizer for most parcels,
 

especially for parcels destined for food crop cultivation.
 

The first rains come during the last week of May or the first
 

week in June. The farmers plant millet immediately. When it rained more,
 

they used to wait until late June, until after they had planted maize
 

before planting millet. But millet takes longer than maize togrow and it
 

is a more important crop, so farmers now try to take advantage of the
 

0 0 Off.a 
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first rains to-begin millet cultivation. Maize is planted after the
 

second or third soaking rain, about mid-June.
 

By late June, if the rains are 'falling regularly,-it is time,
 

to.plough"for and plant rice. 
Many people work the rice and cotton fields 

alternately during the same period.- others leave cotton until after rice. 

The final crop is peanuts which are planted in late July. At one time, 

people in the area planted a lot of manioc. In the last several.years, 

the' manioc has been attacked by a-virus that has left the tubers inedible.I
 

Very few people still cultivate it. When It rained more in past years,
 

people also planted a fast-growinp millet.crop at the end of August in 

the maize fields Just after the maize harvest.
 

Maize ripens first., The harvest is 75 days after planting.
 

Millet ripens in four to five months after planting, depending on the

variety. The lowland rice variety cultivated by women ripensin four 

months. 
Theplateau rice furnished by SODEFITEX isa shorter-season,
 

variety and can be harvested with the earliestmillets at the beginning
 

of October. 
Peanuts take four months from planting to harvest.
 

Ploughing and sowing are not serious problems. Most far

mers own, -borrow, or rent (20,000 CFA per season for a team) a team-of
 

oxen to help them plough. They are normally able to plough and seed 

all of the land they cleared. The problem comes in weeding. This is 

a laborious opert,tion that can become more time consuming than profitable.
 

A farmer who cannot weed all his fields normally elects to maintain his
 



food crops to the detriment of his cash crops, only a bachelor would do
 

the contrary. Of course, abandonment of cash crops in such a situation
 

means difficulties for the farmer in reimbursing his debts to oNCAD and/or
 

SODEFITEX, from whom he acquired his seed, fertilizer, and equipment.'
 

By the beginning of January, the last crop, peanuts, has been
 

harvested and threshed. The farmer then has a two-menth slack period
 

in which he can gather thatch to repair his house, repair his equipment,
 

or leave the area to look for work elsewhere until the.March clearing
 

begins.
 

6.5.5. Cattle Raising and its Rationale.
 

During 1976, 54,817 head of cattle were vaccinated in the dis

trict of Kounkande. The government livestock service estimates another
 

14,00head of cattle in the district which it was not able to vaccinate.
 

Of those it eid vaccinate, there were 2,101 bulls, 4,805 oxen, 5,956
 

adolescent males, 3,794 young males, 28,333 cows, 5,659 adolescent females
 

and 3,969 young females. Apparently, three-quarters of the adult males,
 

are sold and transported to the urban centers of 'coastal Sfnigal for slaugh

ter.
 

During the wet season, farmers have their cattle watched by
 

cowherds during the day and have themftied to stakes in their compound
 

at night. They do not want the cattle wandering through the fields
 

eating the grain. During the dry season, after the harvest, the cattle
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are set loose to forage whcre they will. 
They tend to wander toward the
 

bottom of the Anamb6 basin where there is water and fresh grass for the
 

larger part of the year.,,As-part of the grazing cycle) the cattle eat the
 

millet straw and maize stalks in the perenially cultivated fields near'
 

the village, fartilizing the fields with their consequent manure*
 

?ost compounds have one or more 
teams of oxen at their disposal.
 

Usually the oxen come from cows belonging in the compound but they can
 

come as well from ONCAD, the government agency interested in commercial
 

agricultural development, for 5f,ooo to 60,000 CFA per pair. 
 The oxen
 

have a working lifetime of five to six years. 
Farmers train them themselves
 

but prefer to keep them for only two to three years. 
 At that point, the
 

farmer can sell his team for a'substantlal profit. Moreover, a well

trained team of oxen is a tempting prize to cattle thieves. Cattle theft
 

is a major problem. Oxen are especially'highly regarded. A well-trained
 

ox in 2n easy prize. They are stolen in thera.ny season when the de

mand for draught animals is the highest, They are often stolen to be sold
 

in the Gambia, the Republic of Guinea, or Guinea-Bissau for meat. Cows
 

are stolen less frequently because their liquid value is less. 
Thefts
 

of cows are most likely to occur in the dry season, while they are wander

ing unattended through the bush. 
Cows are rarely slaughtered for meat.
 

Unless the thief 
can smuggle the cow across the frontier, he risks dis

covery from her brand.
 

What is the value of these cows, then? They provide no meat
 

to speak of. 
 They provide enough milk to offer an important dietary
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supplement, They provide male'offspring from time to time, which may
 

be seen as interest on an investment. It is, in fact, best 'to look at,
 

cattle owning as the object of the farmers' capital investment. If he
 

has the, money, an early choice will be to buya cow. If he cares for
 

his investment well, it will yield interest in the form of cattle by

products, including offspring, Cattle ara As much liquid assets as they
 

are a comon stock. They can be turned into cash whenever the need arises.
 

They farmer often buys cattle with the expectation of selling during'the

hungry period at the beginning of the f6Llowing rainy season.
 

The fact that the inhabitants are sedentary and practicesimultane

ously extensive agriculture and livestock raising, without integration
 

of the two, is another aspect characteristic of the rural environment in the
 

Fouladou. This pattern, which is associated with the abundance of the
 

land, has the effect that uncleared land and pasture are utilized in 
an
 

unorganized and inefficient fashion.
 

Actually, the association between ranching and agriculture has
 

,not been consciously made, despite the fertilization of the fields by
 

the folding of animals in them or the use of oxen for'animal traction.
 

On the other hand, agriculture contributes very little to ranching. In
 

realit,,Y, the two activities coexist within the frmework of the.amily;
 

production unit and on the same farmlands.
 

In the future, with the improvement in animal and human health
 

and theprogressive expansion of agriculture by animal traction and the
 

IO
 



cultivation,of as crops, and the non-integration or livestock into
 

the persisting market circuit, it,viy happen that in the long run there
 

will be:
 

-firstly, 
a large increase in both livestock and population;
 

- secendly, renewed clearing of agricultural lands and over

grazing of pasture zones.
 

Within this perspective, the future'rural communities should,
 

as soon as they have been established, foresee such an evolution and plan
 

the development of their rural space with a 
view to achieving integrated
 

and balanced development of ranching and agriculture.
 

Within this same perspective, the promoters of the, SENERIZ
 
project should orient their agro-pastoral assistance efforts to 
avoid an,
 

economic duality between the two sectors, a phenomenon which would harm the
 

harmonious development of, the zone.
 

6.5.6. Markets intheAnambe Basin. 

To aidunderstandinp of the current role of markets and the
 

market economy In the area, description follows of the markets at VMlin

gara andrat Diaobe. 
There markets are dynamic, characteristics reported
 

were observed in February 1977.
 

The, Vlingara market is by'far the biggest market in the area. 
It m ts every day. The majority of the floor space Is taken by sellers 

e0 \ 
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of cloth and used-clothing, hardware, and bicycle parts. Food sales
 

take up only a small area. 
 Tomatoes (locally grown) are the most common
 

vegetable. Onions are in plentiful supply; they are imported from
 

Holland. No maize and very littlemillet was offered for-sale. Ther
 

was one seller of rice. 
Peanut: products were offerent inseveral forms.
 

Animal protein sources available included-some live chickens (but notmany)
 

fresh fish trucked in from Kolda on the Casamance River (one seller), a
 

lot of dried fish, and one butcher who was mobbed by beef and mutton
 

customers., No dairy,products were in evidence.
 

The Diaobe market, which meets every Wednesday, was founded four
 

years ago, 
Since that time it has become one of the most important
 

weekly markets in the area. The village founded the market as a con

venience. With increasingrevenues in the area from increasing cash'
 

crop production, it is much easier to have the merchandise come to the
 

villagers than to have them travel to commercial centers in.search of..
 

it. Most of the stallkeepers in the Diaob6 market come from Kolda, al

though some come from V6lingara. Diaobe is a distribution market
 

people come from villages throughout the area, even from Guinea-Bissau$
 

to stoc.k Up on merchandise for resale in their home villages.
 

Cloth and used clothing again'take up the largest area.
 

Bicycles, bicycle parts and hardware are second. 
Popular hardware items
 

are enameled housewares and all sorts of devices made from worn-cut
 

automobile tires. Food sellers occupy a relatively smaller area of
 

the market, 
Again, tomatoes are the most common locally grown vegetable.
 

The onions are still imported from Holland. No rice, millet nor
 

.*..,! . 
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maize was'on sale. The most important food items sold in Diaobg are 

sugar, salt, bread, candy, and dried fish. Sometimes there is fresh beef 

or mutton at the market although there was none on the day when ihe SODAGRI 

team visited. 

6.6. A'LJ.Tu ur tKIW rUL'ULATLON TOWARD THE PROJECT.' 

SODAGRI's sociologists endeavored to learn the attitudes of the
 

local.people toward the project. 
Their findings are reported here. The
 

first three subjects were seen as problems by the villagers, who re

peatedly posed questions'about their lands, their cattle and indebted

ness. 
The remaining subjects were raised by.SODAGRI.
 

6.6.1, Inregrity 'ot the Traditional Farmlands. 

It is very important- to respect the present division of farm--* 

lands. An attempt to reallocate village lands would be ,'
 aninauspicious
 

beginning of the project. 
People in village meetings stressed that they
 

would not be happy to cede control over their' land to the project. :They 

would like the project to drain and developrthe presently uncultivated
 

areas of the bottom of the basin. Even if cultivable, these areas are
 

too far away from the villages to be exploited by them ,without serious
 

inconvenience., In addition, the villages would like the project to develop,
 

a certain number of their plots for intensive rice c'ult 4vatton, and 
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leave these plots for' the villagers toexploit.
 

6.6e;26 Displacement of Cattle from the Vendou,
 

Farmers, while not cultivating the bottoia ofthe basin, do
 
have use for it in the dry season. It is a source of food and water for
 
their cattle. If the SENERIZ projectlachieves year-round cultivation,
 

it will therefore threaten an important local resource. 
The solution
 

is to move the cattle out of the bottom area. 
In principle, there is
 
pasture land available at higher elevations; These lands only need
 
water points to be acceptable substitutes for the bottom land. 
 This
 
problem war discussed in every village visited. 
There was universal
 

agreement that the villagers would experience no great inconvenience in
 
moving their cattle to higher ground if provision for water were made
 

there
 

Another aspect of the Anambe ba"in cattle herding practice is
 
relevant to theproject. If there is 
to be tub-season cultivation, cattle
 

cannot continue to wander aimlessly looking for forage during the dry
 
season. Their movement will have to be supervised. This will beas
 
much in.the interest of the local farmers doing off-season cultivation
 

as of the SENERIZ project's industrial exploitation at the bottom of
 

the basin; the people recognize this.
 

If one assumes 
cnat there are water points at.the uover levels
 

.1./..
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of the basin, 'the question of rest icting cattle movement could-be re

solved by hiring herders. Villagers will be willing to do this if their
 

return from the rice is great enough. Their first choice would be to'
 

have the herders move the cattle back and forth betweeni the water points
 

and pasture in fields where forage crops are cultivated. If the SENERIZ
 

project's lands must fo through a fallow'period, they would, like to, 

graze their cattle in the fallow fields.
 

The villagers will make sure that their cattle do not' penetrate
 

their own fields but cannot guarantee that they will not penetrate the 

SENERIZ project's fields. They!suggest that the project surround its
 

installation with fencing. When it was pointed out that fencing is very
 

expensive, people said they understood, but were hoping to minimize
 

the levying of fines against the owners of cattle transgressing the
 

perimeter of the project. Hopefully, assuring all,of the cattle's needs
 

away from the bottom of the basin and keeping them under cofnstant sur

veillance vill be as effective insurance as a systen of sanctions, which
 

should be avoided as much as possible. On the other hand, if serious
 

conflicts over cattle arise, there is a strong possibility of Phya
pthe 


cal departure of people from the area.
 

6.6.3. Indebtedness and risk. 

Under the present system, organized by SATEC, the farmer contracts 

a debt of 284 kilograms of rice, 11,786 CFA at the current price of 41.5 

CFA per kilogram, for each hectare I of rice he cultivates. Wile there is 

talk of yields of two metric tons a hectare, in fact the'people in the 



6/48
 

Anambe area are getting'around one metric ton per nectare on the average.
 

The return is still great enough to make rice cultivation a worthwhile
 

venture from the farmer's point of view.
 

The SENERIZ project, if it is able to extend irrigation to the
 

lands cultivated by the villagers, wil1 add.another wrinkle to the debt.
 

fabric : water charges. Farmers were very concerned that they and the
 

project share water, that their fields not risk parching:in the'dry
 

season because the project has a priority claim on thewater. Secondly,
 

they wanted to emphasize a point that hardly needs-to be stated, that
 

there is a point at which water charges can become so heavy that it will
 

not be profitable for the farmer to continue his participation. He will
 

then forego rice cultivation under the project aegis.
 

The burden of risk is largely on-the peasant if he decides to
 

cultivate rice in a given year, In principle, he is obligated to: reimburse
 

SODEFITEX his full debt whet'-r he harvests five tons or five grains.
 

The farmer feels that this is unfair. He feels SODEFITEX or the govern

mcnt ie willing to absolve the peasants only in particularly dry unpro

ductive years. Of course, if the SENERIZ system is able to bring the farmer
 

ample water, the risk will be'greatly reduced, and the probability of
 

perennial debt repayment kind with a substential reserve or safety
 

margin of food or cash crop will be much greater than under the present
 

system.
 

6.6.4. Salaried employment.
 

The under'-employment of the rural population is very high among
 

men, especially at the end of'the agricultural season. This "free" period
 

is used by the men for the repair of their houses, for travel, or just
 

for rest.
 

ooo.Io.. 
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It is for this reason that the prospect of salaried employment
 

which would be offered by the SENERIZ project is generally welcomed,
 

not only in the villages affected by the project but above .all by the
 

townspeople of Velingara.
 

As of the 8th Febraury 1977, theLabor Officeof the Prefecture 

of Velingara had registered 783 applications for employment, distributed 

as follows: 

- agricultural orers .......... ..... 645 82.4' %. 

-extension agents....... 119 15.2
 

-domestic personnel.................. 11.... 1.4
 

- drivers and machinery operators 80..... .01.. 


783 100.0
 

The analysis of the 119 applications for employment .as extension!
 

agents provides significant indications of the place of birth, current
 
residence and ap
 

- Percentage distribution byyplace'of birth 

Velingara department ........ 80.6%
 

Other depat's , Casamance ..... ,6o8 % 

Other than Cas& ance ............. 2.6%
 

100.0 2 
- Percentage distribution:by-crrnt residen f i 

Town of V.elingara .............. ,. 60.50 2
 

Arrondissement of Kounkande..... 30,25 %
 

Arrondissement of Bonconto....... . 9.-25 %
 

Inl.O0 %
 

. . . /~ . . 



-Percentage distribution y_Aj p.o_ 

- 12- 17 ( born 1960  1965 ) ....... .. 3.4% 

118 27 ( born 1950--199 ).... ...... 7.773 i 

-28 - 47 ('born 1930 - 1949 )1...3.... g-.3 % 

100.0 % 

The analysis of the above tables reveals that 

-BW% of-the candidates were n in the department of 

Velingara-and'60% of the candidates are presently residents of the town, 

of Velingara..This corresponds with the desire of political officials, 

who would like local residents to have priority at hiring time. 

- 77: % of the candidates are in the 18 -27 age group : most:e 

candidates are young. 

The age of these candidates for employment as extension workers
 

suggests a need to screen them carefully. Many farmers prefer rural
 

extension agents who are mature men belonging to the rural environment,
 

rather than young, untried agents who come from an urban environment. And.
 

in fact, some younger extension agents have tremendous difficulties in
 

being accepted in an environment where they are ignorant of the under

lying realities and have no feeling for the surroundings.
 

Of the laborer's applications we examined 214 for place of
 

birth and 209 for their present residence. Slightly over 75 % of the
 

applicants were vorn in the Kounkande district. Only 6.5 % of the
 

applicants were born in Velingara itself. Slightly over 25 % of the
 

applicants live there at the present time. The average age for the
 

applicants is 32.5 years. The oldest applicant was born in 1917 and the
 

youngest in 1966. All these applications were from men.
 

.. $ .. 
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6.6.5. Agricuitural training and assistance for the family production
 
Units.
 

Although local cultivators gave a favorable response to a
 

proposed program of farm training and assistance managed by the project,
 

this response is nonetheless qualified by rather important ovservations,
 

such as
 

- tne farmers give priority to self-sufficiency in food crops, 

e.-.ove all other things.
 

- the'- are extremely wary of any form of disguised or obligatory
 

indebtedness.
 

- they condemn a lack of respect for the dignity of the farmer
 

and for the character of the rura development.
 

Farm extension programs organized according to the crop produced
 

may encounter serious difficulties in the coordination of efforts made
 

separately by di-7.erent intermediary agencies. Demands on the farmer from
 

one such agency often conflict with demands from other agencies. The
 

farmer, who does not understand the schema of organization of the techni

cians, cann ' manage the situation, especially when he has neither the
 

equipment nor the education for applying the instructions of the exten

sion agents.
 

6.6.6. Probable uses of increased "3osable income.
 

If the farner had a bit more money, he would pay off debts
 

and pay .taxes. His first purchase would be clothing for the family.
 

and then cattle. Cattle can be seen as money invested for a rainy.day,
 

to resolve difficulties at the time of the year when the previous har

vest has been eaten and the current one not yet ripened. After cattle,
 

the farmer would ')uy a bicycle, the most common means of transportation
 

in the area, and maybe some furniture like a metal bedfr-me.
 



6/52 

If he had a lot of money, he would build:a rectangular cinder-block
 

house with a fibro-cement roof. lie currently lives in a one-room circular
 

dwelling, having wall of wattle-and-daub and a roof of thatch. After,
 

building the house, the farmer might think of setting up.a younger brother
 

in commerce.
 

6.7. CONCLUSIONI. THE PROJECT ENVIRONMENT ATD THE POSITION OF LOCAL COMMUNITIES.
 

A review of both the favorable factors and the obstacles to
 

development at the local community and land tenure level serves as a
 

general conclusion for the sociologicalstudy.
 

On one hand, the cultural and economic homogenity of the Fouladou,
 

as well as its young and active population, can be generally considered
 

factors favorable to development. The tendency of the
as 
individual house

holds within the framework of the family compounds to 
 bcome more indepen

dant is also a positive factor. Furthermore; there is an adequate supply 

of laborers for the project, if we are to judge by the number of applica. 

tions presently registered at the prefecture of Velingara., 

The land tenure system currently practised is in general
 

accordance with tie law of the national domain. No customary land rights
 

whatsoever exist in 'he Anambe basin, which is freely used-by all the
 

inhabitants of the zone. Otherwise, at the village level, the rights or
 

land tenure belong to the whole of the cornnunity, andwithin the frame

work of the households, the rights of land usage.are inalienable for all
 

those members old enough to work.
 

On the other hand, the socio-cultural context contains certain
 

. . . .... 
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factors which are capAble of slowing down development. In Fouladou
 

society, social cleavage between different social groups takes place
 

in the framework of a social environment strongly influenced by ine

quality between the sexes, the migratory phenomenon, the mobility of
 

the villages, and the domination of women and young people by their
 

environment.
 

.-
On the agrarian level, the negitive aspect of'shifting Cultiva-'
 

tion and free-ranging livestock has thc effect of subjecting 
orest zones
 

to an anarchical type of deforestation, and pasture zones to disorgani

zed usage.
 

Generally speaking, all.the villages consulted are favorable
 

to the development proj ct'of the Ananbe basin. In ,the hope that the
 

project will bring an improvement in their living conditions, they even
 

desire the immediate beginning of operations.
 

Nevertheless, in order to establish a favorable climate of
 

Cooperation, within which a satisfactory solution to the constraints
 

and the problems posed by the environment can be found, it is essential
 

that an appropriate means of comnunication be established between the
 

initiators of the project and the local communities, and that provision
 

be made for the coexistence of the agro-industrial complex, the family
 

production units., and livestock.
 

In this perspective, it appears that the intermediary agencies
 

and local groups should readjust their relationshipsand engage in a true
 

dialogue in order to attain concerted action, within the framework of
 

adequate structures of support, education, and farm extension which
 

are indispensable to the achievement of any developmental operation in
 

the rural environment.
 

• . -.
' "o
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Overall, the people are very happy with the prospects of the
 

SENERIZ project. It offers them clear advantages, : increased food pro

duction, increased cash crop production, opportunity for wage labor.
 

In fact, one of the themes that was encountered repeatedly in discussions
 

with the villagers was dismay and even despair at the length of time it
 

is taking for the project to get under way and to affect their lives.
 

They have been hearing about the project for some time now, and<
are
 

impatient to see something concrete.
 

x Xx x x 



ANNEX I : Description of socio-economic relations in the 
family compound of Landing Sabaly,
 

This annex is an example and an elaboration of the 
general socio-economic relations among families in the SESNRIZ 
project area,
 

As in 
most of the regions of Sdndgal, there is a
 
tendency for original family compounds (or extended families)
 
to disintegrate3 
which results in the constitution of aut6no-.
 
mous households (or nuclear families)*
 

To illustrate this phenomenon, we have examined con
cretely the situation of the socio-economic relations among

the households within the family compound headed by Landing
 
Sabaly, on the following levels : 

I - on the basis of kinship*
 
II - on the basis of agricultural production*
 
III - on the basis of the consumption of agricultur

al products and revenues.
 
IV  on the basis of livestock*
 

We have excluded relations concerning the exchange
 
of gifts,.work or mutual assistance, or sentiments,
 

Information was supplied by Mssrs. Dioumayel Diamanka
 
and Bakary Sabaly, as the head of the compound, Landing Sabaly,
 
was ill. 

References in the text such as LHH Noe I refer to 
.. the diagram and the code shown on page 2 of this Annex* 



Population and Agricultural.Equipmen -by ousehold.
 

LHH No, . 

Men*'. .. 
Women:...**.* 

ge... 
. ... 

TP'{ 

2 

-------------------
AR ' 

Ploughs..........e.2 
Carts...... .6..00102' 
Pairs of oxen.oo..oe , I 

I../ -
- -,. 

DHH.2 -TP 
Men......1 
Women,..,,1 
Girls....1 

DHH3 TP LUHH4TP 
Nven.....2 1en.....3 
Women...1 Women...2 
Boys,,,,l Boyse#9*2

"5 1 Girls...5 

LH6 TP 
Men.....1 
Womene...1 
BOYS644001 
Girls.. ..2 

LH8 TP 
Men... 
Women,...lIt 
Boys...,. 

J 

AR 
None Heno.•o.1 

----------------------------

AR APAoughs
None Pogs2 Ploughs..1

Seeder..1 Pr oxen..1 
'Hoe.....1 
Carts...2 
Pr oxen2 
Horses..2 

en.... Hn•••• Men...•1 Ploughs,,1
Rented 
draught
animals. 

no•o 

DHH4 5 TP 7 TP LNT 

Women....1 
7 

Women.....1 
Boys • , so1 

-----------------------
None None 

CODE:
 

ANTI : Autonomous Household head - 3 
SH - 3: Dependent Household Head 

LHU : Leading Household Head - 2
Total (of which 2 polygamous) -
TP : Total Population  37p of which 19 are active.''

AR : Agricultural equipment - 6 ploughs, 3 carts3 1 seedr.
1 hoe 
 4 teams of oxen, 2 draught horses.,
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Kinship ties between the compound head and the househid
 

heads. 

1.1 The compound and household head Landing Sabaly
 

(LH- No* 1) is the guardian of the household head Ousmane
 
M'Ballo (DHH No. 2) and the household head Sandigui :Kant6,
 
(DHH No. 3), who are his adopted sons.
 

1.2. the household head Dioumayel Diamanka (LHH 
No. 4) is the older brother and guardian of Bocar Diamanka
 
(DHH No. 5). They are children of the same mother and the
 
same father. They are cousins of the compound head (LHH No.
 

-I1).
 

1.3. The household head Ousmane Baldd (AT No. 6) is 
the older brother of Ydro Bald6 (ARM No. 7). They are chil-'
 
dren of the same mother and father. They live together in the
 
same living area, but the households are automous. They are
 
the nephews of the compound head. (LHM No. 1).
 

1.4. The household head Bakary Sabaly (AM No. 8)
 
is the brother of the compound head (LHM No. 1). His house
hold is autonomous. He returned to the compound in 1970,
 

after having lived at Kandia,
 

II. Relationships on the production level.
 

2,1. Pod production. 

2.1.1. The food crops of millet and maize are cultiva
ted collectively by LH 1 and DH-s 2 and 3, in fields considered 

to be the virtual property of LHH 1; and by LH 4 and DMH 5, 

in fields considered to be the virtual property of L4Hi 4.
 
The AHHs 7 and 8 have their own distinct fields for food crops.
 

2.1.2. Rice is cultivated both by traditional
 
Q%0
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methods and under the "encadrement,, program. Traditional rice
 
cultivation is done by women in the low-lying .area 
while
 
rice under the SODSPITEX farm extension program is grown by
 
the household heads on higher ground, Since 1969, rice grown
 
under the extension program is a cash crop as well as a food
 
crop*
 

2.2. Production of industrial crops.
 

All the 	household heads have their individual 'fields
 
of cotton and/or peanuts. Within each household, the women
 
may have parcels of peanuts and/or cotton, as do the boys,
 
from the age of 15 and over.
 

2.3. Organization and utilization of the family
 
agricultural labor force.
 

2.3.1. Work in the food crop fields is done
 
collectively. This work is of priority nature and is directed
 
by LHHs 	I and 4, from the preparation of.the fields upuntil
 
the-end-of the harvest,
 

2.3.2. 	 Work in the cash crop fields of the leading.
 
household heads.
 

DHRs 2, 3, and 5 each give two days of work
 
for the fields belonging to LI-Hs 1 and 4, who, for their part,
 
spend all of their time working in their own fields.
 

2.3.3. Work in the cash crop fields of the depen
dent households.
 

DHs 2t 3, and 5 use all days except those reserved
 
for the cultivation of the food crop and cash crop fields
 
of the leading household heads, They also use afternoons for
 
their own profit.
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2,3.4. 
 Work in the w men's fields.
 

Women work with their daughters in their own fields,
 
They are assisted by their husbands in ploughing the rice
 
paddies and in harvesting the peanuts, They in turn help
 
their husbands during the sowing and the harvest of certain
 

Crops,
 

2.3.5, Work in the boys' fields.
 

In principle, the boys work mornings in the fields
 
of their fathers or the LHRs, 
They work in their own fields
 
in the afternoons.
 

294o The distribution and use of the means and
 
the factors of production.
 

For Peanuts, the compound head (LHH 1) receives
 
the seed supplied by ONCAD for the members of the compound,
 
He then distributes the seed to the eight different house-.
 
holds,
 

.For rice-or for cotton, every farmer working under 
the tencaerement"1 program - household head, woman, or young 
boy -,receives 
his or her seed directly from SODEPITEX..
 

2.4.2. Fertilizer and pesticides.
 

Each household head who wants to obtain fertilizer';:
 
from ONCAD makes his own order for the fertilizer. Fo.
 
SODEFITEX fertilizer and pesticides, obtaining the products
 
is tied to the distribution of seed.
 

2.4.3o Agricultural equipment,
 

LHHs 1 and 4, as well as lDis own agri6'and 8, 

cultural equipment. DIIHs 2 and 3 use the equipment belonging
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to the LHH 1, and DHHI 5 uses the equipment belonging to LUH
 
4, Husbinds use this same equipment when they help their
 
wives.
 

2,.4. Draught animals.
 

LHHs I and 6 
have each one pair of oxen. LHI 4 
has two pair of oxen and two horses. ARH 8 has a large num
ber of cattle, but rents his draught animals. 

2.4.5, Cropland,
 

The farmlands of the compound are collectively
 
cleared by groups of households : one parcel is olearedyby
 
the households LHH 1 and DH4s 2 and 3, another by the house
holds LHH 4 and DHH 5, and another is cleared by the AM4 8,
 
which benefits as well from the allocation of free fields.
 

After clearing, the compound head LH4 1 divides
 
the land into fields for the common food crops and fields
 
for the individual cash crops. 
LIH 4 does the same thing,
 
whereas IHs 6, 7, and 8 each have autonomous fields. Each
 
household head then distributes the land among those members
 
old enough to work.
 

Should a DHH - No. 5 for example - make himself
 
independent, L14H 
4 would give him a portion of the communal
 
food crop fields. The women would receive some of the crop
land belonging to their husbands.
 

III - Relationships at the consumption level,
 

3.1. Food consumption.
 

3.1.1. Common granaries.
 



Harvests from the collective food-cro'p fields are.
 

stored in granaries which are under the responsibility of'and
 
Wnaged by LHHs I and 4. Every morning, the heads, of these 
two hou:seholds re-supply their wives and the wives of house

hold heads 2, 3, and 5 for the daily meals. The women take
 
care of 	the treatment and the cooking of the products.. 

.3,1.2. 	 The rice harvest. 

The harvest produced by the women is in principle., 

dividedinto two parts : one is. held in reserve for family 

consumption, and the other is sold for personal needs.,- Each 
woman manages her own stock of rice. 'The household heads 
who cultivate rice operate in the.same way. 

3.2. Agricultural revenue. 

,
3.2.1. 	 The agricultural revenue of the women.,
 

The cotton and/or peanut harvests are sold by"'their
 

husbands. In principle, all of the return should go to the
 

wife, who disposes of the money as she pleases. However,
 

husbands sometimes take a portion of the sum. Traditionally

cultivated rice and animal products (milk, butter) are on.
 
the other hand sold directly by the women who keep the-re
turns from the sale.
 

3.2o2. 	 The agricultural-revenue of young boys.
 

The peanut and/or cotton harvests are sold by their
 
father or by their guardian, who keeps the returns on the sale.
 
The young boys then draw on this sum in accordance with their
 

needs*
 

,3.2.3. 	The agricultural revenue of the .dependent, 
household heads. 

O's./... 
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2Bach'dependent household head sells his''own crops$,
 
keeps the returns himself, and spends the money as he wishes.
 

IV "Relations 
on the level of livstoqk,1
 

4.1. The common herd.
 

LHH 4and DHH 5 have a common herd, a part of which
 
is an inheritance from their father, 
This livestock is.
 
placed under the responsibility of LKH 4,
 

4.2.. -Individual livestock.
 

Among the other household heads, each man is respon
sible for his own-cattle,
 

4.3. Dowry cattle.. 

The cattle which women receive as a dowry are in
tegrated into their husband's herd. 
The husband, however, can
not dispose of them, 
The wife may obtain income from the pro
ducts of these cattle, but is not authorized to sell the cows
 
which she has received as a dowry.
 

xx•X. X:,
 

1. Our informers did not want to reveal the exact number oflivestock that each household,owns" nlb
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CHAPT M 7 S CONC lICS OF
 
PRlODUCTION AND 1AI&UTING
 

If Projet 9EN_-IZ were proposed foilimpl6mentation
 
through investment of private capital, the economics of production end
 
marketing would assume dominance over many, perhaps all, other factors
How'ver, in the present context - a government owned project, to be 
undertaken for 
reasons that are at least partly political and social w
economic justification of the project may be considerebly less important.
 
For that reason, the economic aspects of development of the Anambe basin
 
that will be emphasized in this chapter are inter-project economics :
 
relationships between inputs and outputs, and among elements of the
 
project. Considerations of a 
more global nature are confined to be
 
role and stature of the region and the pToject in the economy of Senegal,
 
and potential efficiency of production there in a worldwide perspectIvd,
 

7.1. KRODUCTION OF AGRICULTURAL COPS.
 

7.1.1. The Economic Base Lines'
 

The impact of a development project should be measured.
 
from a base line representing the value of production in the regiong before
 
development begins* It would, therefore, be desirable to assess the
 
current value of production in the ,nambe basin. Comparisons could then
 
be made to the production, per capita income, or other indicators for
 
the same region after the development program has had its effect. Unfor
tunately, no official statistics are kept for geographYcal regions such
 
as the Anambe basin. Ex Post measurements of economic growth in the
 
project area and of impact on the economy stemiing from the project will
 
have to be made for a larger area, such as the departments of Velingara
 
and Kolda combined, or for the entirety of the Casamance. Such
 

• oo/eq
 



an evaluation, when it is dcMp undoubtedly-will use as its "base line" 
or starting point, existing official statistics on area, yield produc.
 

tion, and other attributes of the political/administrative region that 

includes the project area.
 

7.1.2. Quantities produced.
 

et-e on area and avr'o~e yield of six staple crops In *a
 
Department of Vlingara are shown inTable 7.1.2. These data# while
 
not constituting an economic base, are useful for the insights they
 

permit into relationships among the crogs. 

Of the six ptincipal crops in the department, the greatest
 

area, on the average, has been that of peanuts, which has been the prin

cipal cash crop and the main source of monetary income. The greatest
 

increase in area has been that of cotton, which has shown an increase
 

in every year. It is probably important that the greatest area and the
 

fastest growth have been accorded to cash crops, for which a dependable
 

market ismaintained.
 

Of the four cereals, sorghum Is the leader in area by a
 

wide margin, while rice has the least area, also by a respectable margin.
 

The area of each of the crops has fluctuated greatly above and below its
 

average, with each of the cereals declining in area by about one-half
 

in some years, and increasing by about half in other years.
 

Variations in yiel& per hectare parallel those of area, 
although they are less extreme. Rice has the greatest variation (55/., 
.58%) as well as the highest average yield. Hillet is the least varia

ble, and maize has the lowest yield. These characteristics will be 
seen ina later section to be of importance in the role of the respc
tive crops in the local economy. 

*../..e
 



TABLB i 7o1.2o kea and Yield of Principal Crops in.Velingara Depart, 1964 

to Vresent. (in hectares and kg per ha).
 

Peanuts 
 'Cotton 
 Rico
 

-- Yield Area eaArYield Yield
 

1964-65 .15656 1000 .
- 2333 1250
1965-66 17323 1000 - 4677 1250
1966-67 
 13227 1000 167(-99Z) 961 1350(-55%) 1250
1967-68 18540 1100 537 1'2 4600(+617.) 1250
1968-69 13500 1000 1000 .2.. 2550 50(-o)"0(+230) 
1969-70 21183 1250 1777 1495 3149 * 1857 *
 1970-71 23535(-.487.) 1020 2939 
 1350 4171 * 923 * 1971-72 16215 1050 497? 1300 2183 * 1277 
*
 1972-732" .....
 
1971-74 13220 1500(+397.) 9291 1426 2173 1190

1974-75 12225(-237.) 1012 10900 1137 
 2640 1117

1975-76 13271 
 960(-111%) 10995 800(-34%,) 1695 1440

1976-77 12816 
 100 11500(+1137) 1200 2971 
 1070
 

Average 15893 1081 
 5231 1220 2974- 1198
 

Notes :
 
1. Percentages show deviation above (+) or below(-) the loo.
term average.
 
2. Data not available for this year.. .
 
* Combined data for two categories of rice production.

Available data combine millet and sorghum,. 
 Sourcea Secteu agricole, Vielingara 



TABLE: 7.1o2. kea cid Yield of Principal Crops in VblIiara Department, 1964 

to presente1 (in hectares and k1 per ha). - continued 

millet Sorghun maize 

kea Yield 
 Area Yield 
 Aea Yield
 

1964-65 .10553 800 18749(440%) 600(-42 7.) 
 1757 650 (-21%)
196--65 9880 
 850 140C0 800 6849 650 .

1966-67 ALC97 
 850 5183(61.) 800 2031(-517.) 650
1967-58 10500 950 
 14700 900 8040(+937.) 700

1966-59 
 3500 650
1969-70 12801 
 742(-227.) 15798 1379(+347.) 4134 750
1970-71 13076(4467.) 1200(+26%) 15734 
 1060 5480 
 930
1971-72 0967 1140 
 11936 1100 
 3445 890
1972-732 


4.1973-74 7909 
 1025 1218n 1125 
 3485 967
1974-73 9400 
 1117 12900 1145 
 :3170 1163 (44C7)
1975-75 4898 
 935 12582 1180 3968 1163

1976-77 4837(.46%) 900 13306 
 1210 . -_ 

Average 8929 
 .955 13370 1027 
 469 033 

Notes
 
1. Percentages shm deviation above (+) or below-11 t-he long .bm average 

2. Data not available for t1his year.

* Combined data for two categories of vice prodtction.


Available data combine millet and sorgbum. 
 Source.: Steur atcolo, 1lingara 
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Table 7.1.3. Aereiie Yield of Rice in Selected::Countr'ies 

:1960-61 to 1976-77. 

CCV!!LY etric :Tons iushels 
Per Hectare Per Acre 

Peru 4.034 79.99 

El Sctlvidor 27657.021 

Colombia 2824 56. 

Nicaragul 51.0 

Dominica.,'t. 2.471 49.0 

Venezuela I11U 42 .0 

Guatemala 2403 40,25 

Guyana 1.970 39.2 

Ecuador 1:0964 39.0 

Costa Rica 1,706 38.42 

Honduras 1.518 30.09 

Brazil 1.5M 28083 

Philippines 1.429 20.33 

S6n&gpl 1.22 24.21 

061nea. 0.99C 19.70' 

Source : Foreign Agriculture Circular, United.,States 

Departnt of Ariculture-M 1-76/Ucy 1975 



7.3• International Perspective on Yields of Rice.
 

The yield per hectare obtained by farmers or by dn agri

cultural production complex isone of the critical parameters determzinig 

profitability of the enterprise. Yield is also important as an indicator 

of success, widely used and understood although not fully reliable as a 

measure.
 

The long-termn average yield of rice in a number of coun

tries is presented ,inTable 7.1.3. It can be seen from the range of yields# 

roughly one to four tons per hectare, and with Senegal being near the bot

tom of the range, that there isconsiderable scope for increase inyields 

of rice. Itcan also be seen that the yields foreseen for Project SENERIZ 

(which rise to about 3.5 tons per hectare) are within the ran of country 

averages, and thus appear feasible. 

7.20 PRICES AND 1'!ARITETfG OF CROPS. 

7.2.1. Commodities that are sold.
 

In order to provide an assured market for cereals and other
 

crops produced by Senegaleso farmers, the goverment has authorized and
 

empowered certain organizations to act as sole buyers for specified crops.
 

ONCAD thus is the purchasing agency for all cereal grains and peanuts;
 

Prices offeved by these
SODEFITEX serves the same function for cotton. 


agencies are uniform throughout a region# with no differential on account
 

of location or transportation problems. Prices are also uniform with
 

respect.to the quality of the product, except in the case of cotton and
 

rice, where discounts are applied for lack of quality.
 

All of Project SENZRIZ's production of cereals will of neces

sity be sold to ONCAD.
 

Prices for cereals crops are fixed by the Goverrment. Current
 

(1977) levelsof these prices are Ishown
In the following table* I
 

OI 21 I 
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TABLE T.2.1. Producer Prices of Mricultufal Conmoditiesa. 

Oommodity Triec 

CPA PE s 

Paddy rice: first quality (less than 15%7 r-ed rice)i: 41.50 

Paddy rice: second quality(more than 157 red rice): 38.50
 

Sorghum 1 35.00 

Millet 1 35.00 

Isis. I 3500o 

Peanuts 1 41s5o
 

Cotton i first quality 47100,, 

secondquality 1 22.00
 

Project SMENT IZ does not plan to produce all of the fore

going products, abstainine from peanuts and cotton in order to avoid any 

possible sonflict with existing programs. However, the prices may be 

used to shovi interesting relationships in the economics of alternative 

crops* 

The prices fixed for the farmews are not adversely affec

ted by "bumper crops" and overproduction, as they are incountries where
 

the free market sets the price. Neither do ONCAD's prices to the farmer
 

go up if there isunderproduction or a shortago of a given crop. By the
 

nature of the fixed-price market, ONCAD must buy any amount of a given 

crop that isproduced and presented for sale, zithout modification of the
 

price. "Elasticity" does not exist, in principle. This simplifies planning 

for a productionuoriented project such as SENERIZ, although it does not 

necessarily simplify the planninC or carrying out of ONCADts role and func-, 

tion. 



74462 Coimmodities used at home
 

Under some circumstances one may wish to consider or cal

culate the value of cereal crops in other agricultural products that ara 

used for family foods rather than being sold. The value of these crops 

may be considered to be$ as a minimum, what they would have comiunded ted 

they been sold at harvest-time (at w.holesale, seasonally low prices) rather
 

than being kept for home use. The maximun value that the crops could be con

sidored to be worth would be the replacement prico if purchased at retail 

when the prices were seasonally the highest* Where in this range the price 

should be fixed depends upon the nature, objectivos and assumptions of 

the analysis.
 

7,2.3. lerketin. Structure. 

ONCAD's charter as sole buyer of cereals confers upon 

the agency not only a monoplistic opportunity but also a heavy responsibi

lity to provide an outlet - a market - for agricultural production. ONCADVs 

duty, whether explicit or implied, is still clear : the organization must 

place itself in position, or develop the capabill'.ty, to purchase, pay fort 

and handle the cereals output of Project SENMRIZ. In view of the stated
 

objectives and plans for the project, annual production in encess of
 

100,000 tons must be foreseen and planned for, from the Mamb6 basin. The 

point of these observations on ONCAD's situation is to indicate t.he proba

bility that ONCAD will be willing to negotiate arrangements under which
 

Project SEHRIZ would render assistance in carrying out OICAD's obligation 

to buy and care for all that Brain. 

Such assistance to ONCAD might be rendered under arrange

ments delegating to SENITRZ the responsibility and authority to buy and 

store for clCAD's account the grain produced by the project and by local 

might supervise and nominally administerfarmers. Alternatively, ONCA 

http:capabill'.ty


the cerOal handling facilities of the projeot whith Would function e*a 
traln buyer and warehousemen under the aesis of OMdADI but ewoloying
OMRIZ personnl, Othc pothible arrangentgn: could b6 dwvised, 

Wile no arrangements ot agreemontd have been made at 
this time beticen CtOAD and SODAIG, it appears natural and proper that 
a way would be found to continue LUCADto role inmarketin and at the
 
same time t facilitate coordination of activities, including handlin
 
apd ptocesping of cereals, within a majot project suoh &I RM4Z
 

etail distribution of Projoct 8ENMIZts finished product 
utailled, consuner."ready rice .r is obviously not to be under SODWRZ or 
SB3ERIZ control whilo OtMAD retains its charte, e Row'everl CUQAD may wish 
to consider and investigate tha possibility of packaging, of even of
 
parboiling and then packaging, some fraction of the rice to be produced
 
and processed by Project SENXRXZ, 
This would permit further import 
substitution, as all of the premiwa quality "prestige product" rico sold 
in Senegal is imported at presentt
 

7.3, AL=NATV E ORG.I.ZATION FOR FRObOIC , 

7 t3 ,l The role of large and small farms. 

Traditionally, family farms have been subsistence level 
operations* ftall surpluses above family needs have been used for 
bartering in local markets for spices, oils$ medecines and small tools, 
Food shortages have been met through employment on larger farms or in 
nearby towns, or through liquidation of accuaulatdd wealth such as
 
cattle herds, 
Only inrecent years have the small farmess been intro
duced to comnercialized agriculture - fVewug a pooduct for cash sale and 
using the profit to buy food rather than raising it. Despite this inci
pient metamorphosis, the small family darn continues, and undoutbtedly 
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w1il cottinue for some time to come, to plaM some portion leof tti.s 

to food Grai 
, even though they may yield poorly and have little market
 
values as a 
measure to insure subsistence*
 

The impact upon the national economy from surplus returns
 

generated by small 
 family farms in a new agricultural development is Mini.. 
male Surplus production rarely moves further than the naxet small town
 
markets and does little to alleviate food shortages in the major popula.
 
tion centers or to reduce the vationts dependency upon Imported foods
 

For a number of reasons it is desirable to continue the
 
dominance of Senegalese agriculture by family- based productLon untse
 
In order to protect the sociological and political stability of the 
project area and at the same time to preserve the ethnic chracter of
 

the region to the maximum extent possible, it is desirable that project. 
SENERCZ should permit the family to remain as the basic unit of produc
tion. The majority of the farziand -in the retion shbuld .O iain in family 
farms, and the bulk of the crops produced should come from such production 

units,
 

At the same time that one defends the family farm, one 
should recognize its drawbacks or disadvantages as a vehicule for rapid
 
increases in agricultural production. It is difficult to generate surpluses
 
in the small family farming conteat lioderate increases in production
 
are likely to be absorbed by a higher level of consumption, i ee a.
 
redefinition of "subsistence level", 
Hajor increases in production nor
mally can be obtained only by increasing the number of productive unite
 
increasing the scale of operation of ecisting units, or 
increasing the pro

ductivity per hectare. 
But the same stability, subsistence orientation
 

and resistance to change that make the family farm a precious national
 

resource preclude the prompt increase in numbers, major increase in average
 
size, or rapid adoption by family farms of new and different enterprises
 
and techniques and the coma ercial organization that is needed to boost
 
Senegal's rice prz.duction significantly within a few short years* 
To
 
achieve these diffe'ent abjectives, different organizational forms must
 

be used.
 

.., ,/, 
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The organizational form that is suited to this ned is 
an agro-industrial complex or large mechanized farm. Such an organization 
could be tstablished promptly and expanded within a faw years to provide a 
significant proportion of agricultural production in the project area, hulo 
retainig .the ability 
to respond imnediately to governmental requeots,
 
taking the lead in usinZ and dexionstratine new teclmology, devaloping 
even better methods through research and experimentation, and movin, rapi
dly toward the development and use of large areas of under-utilized land.
 

SODAMI recognizes both needs, and feels that bot!h Unds 
of production units have their place in a development project such as 
project SEIMP.IZ. Both ave in fact planned, with characteristics and 
program described in the followin, sections, 

The existence of a large mechanized farm or agro-industrial 
complex is not necessarily competitive to or in conflict with family 
farms in the same region. The two types of units may exist amicably 
side by side, and may in fact benefit each other. The complex will deve
lop and introduce new technolo.y, some of which will filter divn and 
be adopted by the local farmers, The complex may produce quality seed 
of adapted varieties, may act as distributor for fertilizer, farm chemi
cals, feed supplements for livestock, or other agricultural inputs, or
 
may have surplus machine-, and power available for "custom work" for 
neighborhood farmers. On the other hand, the complex will have ne~d 
of both permanent and seasonal employees, and members of these local 
farm families are ideal candidates to meet the personnel neods of the 
complex while benefittinC themselves with secure emplo3ment. 

7.3.2. amall farms and familynutrition.
 

1 a subsistence - oriented family farm, priority Is 
given to production of food crops. However, as discussed in Ohapter 
6.5.2., a surplus over actual need for food crops notis desired. 
Therefore, number of persons in the family is a major factor establishing 

• o,/,,
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the food requirements of the family, and determining both the mini=n qua. 

tity of food crops, needed and the maxl=i desired to feed the family. The 

number of economically active personsp on the other hand, fixes the amount 

.of labor available; and thus establishes the maxfru= area of all crops that 

can be produced witI, a given kind of technology. 

The typical size of family in the project area is taken as 

9 family members, of whom 5 are economically activeb This typical sie
 

is based on study of families in the project area by SODLMI's social solen%
 

tists. In SODAMIts typical project area family, 677. of the members are
 

economically ttves. T.is compares closely with the proportion shat by 

official population figures for the Kjunkande' arrondissement- 65 percent, 

or 28,311 activasout of 43,043 inhabitants, If the typical family size 

holds true, there are about 4,900 families in the Kounkandg errondf.scente
 

While eac. . fiily, rT.presentsa tuxiber o, .a.iw9, it is normal 

for an individual to make decisions for the fEmily and for the family 

to act as a unit. Thus, it is appropriate to use the terms "e faauly", 

"a farmi', a fmily group interchangeably when spealking of th.eorgani-a

tonal unit inagriculture.
 

The succdss of the family group relative to the objective
 

of producing adequate food sen be shown by calculating the calorie value
 

and the protein content of the food crops produced by the average fmily.
 

Gsing crop area per family observed in a sample studied by the SOD1GRI"
 

t am and average yields in Velingara departent, 6.,736 kg of food crops
 

would be produced (Table 7.3.2.). After allowing 10% for next ysars' seed,
 

30% of rice and peanuts for hulls, and half the remaining peanuts for
 

marketing, 49207 kg of food crops would remain available in an average
 

year 'to feed the family. This amount of the specified crops contains about
 

16 million calories and about 555 kg of protein of which about 169 kg
 

would be assimilable. This would provide over 4,900 calories and 82 grams
 

of assimilable protein for each of the 9 family members.
 

... / .,. 



TABLE 7.3.2. Calculation of Nutritional Adequacy of Family Food Production 

'Crop Area of Yield Pro- Addumed Calories Calories Protein Gross Net pro- Net proicrop per kg/ha duc- avatlability per available g/100 gfamily (ha) protein tein utili- tein'assi.tion for fao. ,con- kg avibi. sation mileblekg sumption for cns. CNPU)% 
Cotton 1 .2 1220 2220 _ _ 
 _

Peanuts 2.6 1081 2-11 835 5640 4991400 260 230. 100 42.7 93.3Sorghum 1.7C 1027 1.23 145 3320 5451400 110 130.950 0 90.5i~llet 0.7 955 66oE 601 3270 1965270 99 59.V99 5-Maize 0.78 833 650 535 340 2035800 89 52.065 55 2c.5
Rice 0.65 1198 779 491 3630 1782330 67 32.897 57,2 1..8 

Total -.33 8956 4207- 1236200 555.511 29.5 

1. Production less 10%Y for seed, less 30%of rice and peanuts (for hulls) less one-half of peanuts (marketed 
2. Estimated. 

Source: Calories, protein content: "Watt, B.K. and _.erriul, AOL., USDA Hdbook No... Ctidn. oUF 
1963
 

NTU : Amino Acid Content of Foods and Biologica-iData on Frotei,, FAO/UN, Rome 1963. 



Nutritional requirements may be estimated, using a hypo
thatical but probably typical composition of the family. Caloric require
ment ranges 
from 1?300 for a child of 1-3 years to a maximum of 3#000 for
 
a young man, while protein need ranges from 23 grams for a 
small child
 
to 56 grams for 
 a mature man ai. 78 grams for a pregnant woman. The weighted 
average requirement for a typical family is about 2300 calories and 501
 
grams of protein per person.
 

Trs there appears to be neither-caloric nor protein
 
deficiency in an average family in an amerage year. 
 They probably could
 
sell half their production and still be adequatl- fed, assuming 
 additions
 
to the diet of some meat, milk and vegetables. In years of low production,.
 
of course, a different situation prevails. It is protbably for precisely
 
this reason that millet and maize remain important crops In the economy
 
of the region i their yields do not fluctuate as much - particularly, they
 
do not drop as 
 nuch in bad .-nnrs - as the other crops. 

7.3.3. Characteristics and ccmmity impact of larieofarms. 

In constrast to small family farms, large fully mecha
nized units are totally oriented toward maximizing production and pro
fit* The agro-industrial complex of Projeet SENERZZ will be such a 
unit,
 
operating with experienced management and efficient equipment* 

The complex foreseen for the Basin would provide storage 
and drying facilities for grains, as well as primary processin. Ut..mately 
In the period beyond the scope of this development plan, fina- processing 
and packaging might be added to the functions of the projet. 

* I./.. 



The abor needs of the complex will be met bypermanent
 
employees, who will become customers o-
nearby markets, increasing the de
mand for locally produced food and meats. 

The employment provided by the large mechanized farm 
ma? have the effect of encouraging and aiding tho indepen-.-nce of sot-a
 
of the employees. To some of the employees, their salariec or wages will
 
priode capital with which they can expand their owm agricultural produc

tionp launch otber business ventures, or provide more education or other
 
benefits to sons and dauShtors, Local employment, whether full- time or 
seasonal, will also have an effect on the migration patterns of the local
 
people. The magbitudo of Project SEIMTZ's effect on the rural exodus 
would be difficult to determine in advance, but it is certain that the 
large meciIzed farm will offer an attraction that will at least tend to 

counter the attraction of the big cities. 

The large farm would carry out research and experimental
 
activities and vazipvty . ptovement trials. .71 , . ,ot.o s 1?:rk will 
have effects beyond th.e farm itself, as the varieties and other technology 
developed may be used by local farmers, and entire new horizons may be 
opened up by success of planned introduction and experimental culture of
 
vegetables for canning, sugar cane for sugar production, etc...
 

7.4. CROP AND ENTERPRISE SEIECTION, 

7.4.1. Budgets for small far. 

The role of food crops in the nutrition and'solf sufficiency 
of a typical family in the project area has been discussed. The monetary
 
value of the product did not enter into that discussion. Yet in view of the 
increasingly comercial orientation of the farmers, especially as it relates
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to sale of food crops surplus 'to heir Immediato needone should evaluate 
the'cropson a comercial or'sale basis* 

Under the most primitive technology, crops are produced
 
withIno out- of.pocket costs being incurred, Unpaid family labor does
 
.the work ; seed is saved from last year's crop ; no fertilizer or other
 
purchased inputs are used, 
The value of the crop is the product of yield
 
And opportunity prices 
The opportunity price might under some circumstances
 
be the cost of purchased replacement of these crops by other cereals, but
 
because Senegalese villagers who would practise such costless subsistence
 
production do not have m.netary income with to buy food, the price of such
 
food is irrelevant* Therfore, opportunity price in this case is the price
 
at which the crops could be sold, L*o.,p tho gocrrment.controlld price.
 

Average yields in Velingara and gaovorment prices give
 
the following values per hectare
 

Rainfed rice 49?800 CFA 

Millet 33,250 
Sorghum 36?050 
Ilaise 29050 

These values of a hectare's production in the local
 
context permit an explanation of cropping patterns, Despite the high
 
value of rice and local preference for it as a family food, production
 
cannot be incteased with primitive technology because only limited areas
 
of suitable land are available, The relatively high return from rice
 
helps to explain the increasing interest of men in the production of a
 
crop previously considered to be strictly the domain of women* 
The low
 
yield of maize ispartly explainod and offset by the harvest of green
 
corn for consumption as a vegetable. Mtillet and maize tend to yield
 
better (1e,.,their yields decline less) in adverse years than is true
 
of sorghml'or rice, In addition, a preference for the taste of millet 
and maize over 3o-_' hum may have the effect of increasing the value of 
these crops* Thus the distribution of cropland among the potential crops 
seems to be rational.
 



Under Improved technology, a different set of budgets must
 
be considered. Table 7s4.1. presents such budgets, which include labor
 
and power requirements of Le 1,odele "4 Sf' a Pronramme lineaire pour lea
 
exploitations agricoles du Sine Saloum au 
sud du Sansal, a study by J.eP.t
 
Richard et al, of Institut de Recherches agronomiques tropicales (IWAT),
 
This study is based in an agro-climatic zone that is different from the
 

naembe 3asin, and certain of the costs shmm are estimated from other data.
 

Consequently, the results do not neo:eiqarily parallel the findings of
 

the 4wS study and are only illustrative of relationships for project
 

SEHIZ,
 

In the illustrative budgets of Ta1la 7.e41., crop yields 
are higher than for primitive technology, but the increases are not uniform 
for the different crops. Costs are increased in proportion to additional 

inputs. The surplus of return over costs noy favors maize by a wide margin,
 
with rice intermediate and millet and sorghum about equal.
 

Considering the budgeted profitability of maize with
 
improved technology, one is hard pressed to justify continuation of millet
 

and sorghum culture wherever the budgeted relationships prevail. Zn many
 
parts of Sdn6gal, there is in fact increased interest in culture of maize,
 

but hardly to the extent that this budget of costs and returns would support.
 

To reasons are evident. One is that the out-of-pocket expenses are ap
proximately 50. higher than those of the traditional crops of millet and
 
sorghum, and farmers who are incompletely orientei to coumercial agriculture
 

may be reluctant or even unable to make such an investnent in the more
 

profitable crop. The other reason is that the production resulting frm
 

the package of practices represented by this budget does not seem to be
 
appropriate* Iaize has the potential for yields of 31500 kg per hectare,
 

but sorghum can also yisld well, and it is doubtful that the improved
 

pratices would quadruple local average maize yields while only doubling.
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TABLE 7.4.1. Costs and returns in production of cereal crops on small farms (synthesized data). 

Labor and -power 
inputs (ho q) 

RICE 

Labor 

(Ratnfed) 

Power 

.ILLET 

Labor Power 

SORGMUM! 

Labor PowCr 

HAIZE 

Labor Power 

1:ERJCE 

Labor Power 

Preparation 12 
Plowing 60 
Spread fertilizer 17 
Apply seed 12 
Cultivation 
Ueeding 
illing up 

Earvest 260-
Threshing 200 
TOTAL : 561 

' 6 
30 

6 
-
-

-
-

42 

12 
60. 

'17 
18 
12 

170 
180 
569 

' 6 
30 

. 
6 

-
. 

.42 

12 
60 
17 

6 
12 

100 

265. 
200 
672 

-

6 
30 

. 
3 
6 
-

-
-

45-

12 
60 
17 

6 
12 
80o" 
16 

250 
105 
558 

6 
30 

. 
-3 
6 

. .8 
-

53 590 

-

45,5 
.-

CASH COSTS : 
PWer 
Fertilizer 
Seed 

8400 
3625 
4150 

84001 
.3625 

255 -220 
4500 

060 
6000o 
1600 

TOTAL CAME CGST. 6175 12290 1A3720 18200: 15096 
Yield, k" 2000 1800 2000 3500 2325 
Value- crop, B3000 63000 70000 1225C0 84625 

Largin/cash costs 56825 50710 56280 104300 69529 
Return/hr of labo 119 09 84 187 120 

1) Cost of a team of bullocks and the Implements estimated at 200 CPA ver hour of use. 

C;) 



yields of other crops. Limitatios,Imposed by lak of rainfall in some 

years would hu.t maize relatively more than it would hurt the drought-rstam 

sorghum. 

At any rate# the justification for expansion of production 

is evident, as each additional hectare would give an average of about . 

85.000 CPA return in excess of cash expenses, which amounts to, on the 

average, 120 francs per hour of work. Also, this budget shows that the 

best crop, and the crop which should receive emphasis and major attention 

In the contect of cormerUillidd agriculture may not be the same crop that 

was accorded priority at the subsistence level. 

7.4,2. Qof/ce of crops for large "farms. 

Just as there was observed to'be a different set of costs 

and a different array of preferences for crops between subsistence and 

commercial agriculture on small farms, so is there a different set of costs 

for large commercial farms. To evaluate the costs and to compare profitab.

lity of alternative crops under agro-industrial conditions, the following 

budgets are preseuted (TABLE 7.4.2.) which show the calculated costs of 

operation of the agro-industrial complex described in chapter 10. The costs 

shown here are not identical with those presented in chapter 12, as they 

are based on preliminary estimates; yields, fuel costs and other elements 

were adjusted later. Those changes would modify the level of cost, return 

and profit per hectare, but they would not change significantly the rela

tionship among these figures, which is the important matter for the present 

analysis. 

TABLE 7.4.2. 	Cost and returns in production of cereal crops on
 

ago-industrltl complex. (In CPA per hectare).
 

Despite the use of a quite different approach to calculation
 

of costs, and 	different assumed yields of crops, the results are In agreement ,0 

' 	 C...I..
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with earlier presented figures as to the value of millet. 
At expected 
yieldsp probable production costs and govermuent - fixed prices, millet 
is not a competitive crop. Its value is so low that its inclusion in the
 
cropping plan cannot be justified@ Discovery of this fact led to complete 
iborganization of the cropping program for the agro-industriel complex, 
In the revised program millet w1Ls excaud - rainfed rice - th, second 

lowest value crop - was eliminated after significant production of irri. 
gated rice was achieved, and the balance between sorghum and maize was 
shifted slightly to favor sorghum. 

TABLE 74.2, Costs and returno in production of cereal crops 
on agro industrial comple: (in CFA per hectare)
 

Rice Rice Millet Sorghum Maize 

ITI r Infed %nd*'' 

Seed 3320 41TO '210 280 1200
 
Fertilizer, Mixed 37501875 1875 1.. 2500 

Urea 1750 , 35005250 2!-. 
Chemicals 50CO 5000 -5000 5000
 
Machinery Costs 8293 0293 8293
8293 8293

labor 1 -...... 

Total Cost 29905 36200 27759 27829 30249
 

Yield of crop# kg/ha 2200 3110 2000 3000 3000
 
Value of crop 
 9-300 129065 70000 Ji"000 105000
 
Return over Costs 61305 92C65 42241 
 77171 74751
 
Profit rarking 4 1 5 23 

1) Under mechanized production, labor is assumed to be uniform cost fora 
all crops; its omission merely simplifies calculations.
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7. 5. EONW~IC ANALYSIS MN P1RW=C Xre{WSTRATNO 

The example in section 7.4.2. of the use of economic
 

analysis in modification of a program or a project is illustrative of the
 

way that management of project SENERIZ should and will operate. Even the
 

most carefully made forecasts or estimates will be subject to review, and
 
operating decisions will be subject to change based on the, easults of econo

mic analysis.
 

The budgetary figures in table 7.4.2., yields as well as
 
costs, are only estimates* When production gets under way, actual produc
tion records can be substituted for the estimates, and reevaluation may restore
 

millet to the otation, subordinate sorghum or maize, or justify emphasis
 
on a crop such as soybeans or sugarcane that will be tested. I tio imuvietis
 

research program.
 

Economic analysis should Also be applied to the choice 
of technology, and to decisions on how much of certain inputs to use. For
 

example, despite the plan for harvesting all grains with self-pro~elled
 

harvesting machinery, the project should and will perform field-scale
 

trials of harvesting by seasonally employed labor. If costs are competi

tivep and if problems of labor availability, labor supervision and mana

gement# etc. are not too severe, project SEN-IZ should definitely opt
 

for the hand-labor atternative, which would have the banefits of providing
 

additional employment and reducing expenditures of foreign exchange for
 

machinery and fuel. The amount of fertilizer that should be used (or the
 
smount of sacd or irrigation water or labor or anything else) can and should 

be decided by applying economic principles i if more fertilizer (or seed# 

etc) increases the Sross return by more than it increases the cost, more 

should be applied. For these decisions, data from actual trials should 
be used. Estimations have been used in preliminary budgets, but estimates 

can and should be replaced by "hard" data when it is available* 

.. ./... 
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Another option that may be evaluated when actu.t

data are available is the crop on which irrigation water should be expande4. 

Plans are that practically all the irrigation water would be used for rice 

production. -erci:c.-2 counter-season vegetables, fruits, sugar.n-a, c. even 

irrigated maize and sorghtun may pose effectiv- competition to rice in terms 

of benefit to the project, In this ease, the economic analysis would pro

vide a bsis for the administrative (and political) decision of whether to 

produce rice in a project originally conceived as a rice project# cr whether 

to shift to production of another, possibly more profitable, crop. However# 

ecennics sannot make such decisions; economics only provides guidelines and 

evaluates alternatives, to help administrators make sound decisions. 

Constraints on the design of Projet SENERIZ from the 

point of viev of economics can be suined up in a few generalizations S 

I* Design of the projet must keep uppermost the real 

objectives of the project, and strite to maximi.- achievement of those 

objectives* 

2. Some of the objectives are monetary or financial,
 

but some of the objectives have very little to do with money and are dif

ficult to quantify. Stimulus to local development, impact on national
 

dependence on importation of food, and effect on health and well-being
 

of local residents are difficult to measure, but they are very important
 

reasons for and objecti.ss of the project.
 

3. Achievement of a project design that shows a reasonable
 

rate of vetuwn calls for focussing of resour.cos on high-value crops
 

and using resources as intensitly as feasible. Specifically, deletion
 

of millet from the list of crops grown seem to be dictated by economic
 

considerations. 

4. It should be recognized that during project im

plementation, decisions concerning enterprises selected, techniques of 

production employed, and proportions and amounts of inputs used must be 

• ..I,. 
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CHAPTEK 8
 

,REQUIREMENTS FOR DEVELOPMENT.
 

INTRODUCTION.
 

a region such as the.Anambe Basin requires,
The development of 

of integrated'and coordinateda multifaceted program includinga number 

activities. Major components of the basin development scheme will in

clude flood protection and drainage of the basin ;.provisionand dig

tributiou of irrigation water ; establishment of an agricultural pro

duction complex to produce crops on previously idle land ; agro-industrial.
 

a livestock
capacity for processing or treatment of crops as required ; 


production scheme ; and a far-reaching programof teaching and assistance
 

to farmers, to upgrade their technology and thus multiply their produc

tivity in respect to both crops and livestock. These needs are more or
 

some
less self-evident. How these needs will be met will be discussed at 


length in subsequent chapters.
 

The foregoing components must be accompanied by a number of
 

otheractivities that say be considered facilitating or even incidental,
 

and which for that reason may not be self-evident or may be overlooked.
 

These activities are nonetheless essential to the success of the overall
 

project of basin development. Included in this list of needs are im

proved.access to and communication with the region from major popula

tion centers ; internal communication within the region and among
 

different aspects of the project ; electric power and domestic water 

......
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supplies.; support of local poulation, in terms of governmental,th 

administration, medical care and health program ; schooln r 

improved markets, not only for selling locally produced commodities, 

but to meet increased local demands for goods fromoutside the regiots. 

.Brief comments on these needsfor basin development are included in 

the following sections. 

to note that a number of needs for project'It is important 

success are identified which .arenot proposed to be met by the project
 

itself. External roads, health programs, markets and school I"s
are
 

outstanding in this list. 

8.1. IMPROVED INFRASTRUCTURE.
 

The total benefits of the projectto the Department of Velin

gara and also to the Republic of Senegal will be far reaching. Some of 

the results will be immediate and tangible ; others may not be evident 

for some time and may be difficult to measure. For this reason, economic 

rationalization of certain parts of the program, taken separately, 

may be difficult. It is recommended that the project be considered as 

a package or entity, with all of its parts integral and inseparable.
 

8.1.1. Roads f or External ctmmunication. 

Communications with other parts of the Casamance will be
 

Improved by the metalling (scraping) of the Kolda-Velingara N.6. road.
 

• .1• *j• 
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The financing for this project has already been assured by the F.E.D.
 

and constricition is due to start in October 1977. It should be complete.d
 

by late 1979.
 

A similar project 'on the N.1. road from Maleme Hodar to Tamba

counda is badly nreded. It is to be hoped that finance will be secured 

promptly. The Miristry of:Public Works has indicated completion of this 

project: by 1979-1980: 

The section of the N. V. between Velingara and Tambacounda must
 

be metalled before the construction phase of the project.
 

These road improvement schemes, although not directly financed
 

by the project, do-complement the resulting development of.infrastructure.
 

8.1.2. Roads for Communication within the Project Area.
 

Such roads are to be constructed principally for the-benefit
 

of the project. However, all inhabitants of the Anambe.Basin and the
 

surrounding area will profit.
 

Although precise routes have not yet been chosen, a total of
 

approximately 150 km of primary roads are anticipated. Construction of
 

these roads is necessary and Justified within the project's budget,
 

because of the tremendous savings on vehicule and machinery replacement
 

and maintenance that will result.
 

,..... 
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..Secondary roads will" also kequired to give access to Al"cultiva

ted areas. These would not use imported fill, except in exceptional cases.
 

of boggy or vert sandy ground conditions, but would be cut out of the.,
 

existing topography,provided with camber and drainage ditches and,
 

where necessary, culverts,
 

In addition to these-'imediate,pro'j ect 'needs, -anall-weather':
 

road.to any proposed quarry site would be ,required.'
 

8.1.3. Domestic Water Supply.
 

Domestic water supply is anticipated as follows, in the-pro

ject headquarters and for any major processing factories. A water
 

treatment plant should be integrated in the factory design ;,one treat

ment plant may.serve more than one factory, if these are adjacent. This

supply is to be available ior all offices, housing complexes and any
 

light industrial use of treated water.
 

For major centers of population or influence,-water should
 

be drawn from the nearest irrigation conveyor and passed through an
 

adequate water treatment plant, probably a settling tank and gravity
 

sand filter, using diesel or electric powered pumps as necessary. Such
 

centers as Kounkanf, D1AQM and Anambf should be servedin this way. 



8.1.4. Power-Supplies. 

Central generating capacity will be provided by the project, 

for both industrial and domestic use. All domestic supplies will confrm 

to existing supplies inVelingara, i.e. 220 V. A.C. 500 HZ. Power for 

pumping stations and any other distant requirement will be carried by 

overhead hiah tension lines equipped with appropriate step-down trans

formers 

8.1 5.. Telecamunications. 

An internal telephone system within the project area will be 

installed for project use only. It will connect all project centers, 

including factories, principal pumping stations, generating station, 

and administrative headquarters. In addition, a telecommunication 

system linking the project administrative center directly to Dakar will 

be necessary ; radio and telex facilities should be provided. 

8.1.6. , Air Strip, 

A project-airstrip for useby light aircraft will be provided. 

This will serve many.purposes 

a/ Ease of transport for V.I.P.'s, including government offi

cials, visiting dignitaries, etc.
 

b/ Speedy evacuation of the sick or injured.
 

c/ Agricultural use, for aerial application ofphyto-'
 



sanitory products, aerial seeding, and fertilization, etc.
 

.d/ In the event of emergency breakdown and the needs fo
r' 
spa

res, they may be flown in from abroad via Dakar Airport and
 

,dispatched immediately to the project.
 

8.2. HEALTH rROGRAMSS.
 

802.1. Community Health Programs.
 

Frequently returns from large-scale capital investmentsin:
 

fail to reach their anticipated goals. Investidevelopment projects 

gations into numerous "less-than-successful" projects reveals that 

low attainment due to poor health is one of several common denominators. 

The project development plans presented in this report attempt
 

to address each of the constraints in evidence. A health center for
 

project employees will be a part of the project infrastructure. However,
 

in SODAGRI's opinion, the Ministry of Health should provide, from Its
 

own funds, support to the project area and to local citizens who are not
 

project employees, and should extend the health services presently
 

available in Velingara by providing first-aid and out-patient treatment
 

centers. Village extension agents could distribute anti-malaria drugs
 

throughout their spheres of influence and non-prescriptive medicines
 

in common usage, such as vitamin and mineral supplements, but trained
 

medical assistants should be posted in at least four major villages
 

within the Basin to care for more serious cases. Cases requiring surgery
 

or a doctor's attention, could be brought to the hospital in Velingara
 

for treatment.
 

. 1. 



Clearing new farmland, and ridding the impruved pastures of
 

low brush would, in itself, aid in the prevention of tsetse fly infes

tation in the area. Use of crop insecticides also aid; in controlt'of
 

flies and mosquitos. Providing access roads throughout the project
 

would greatly aid in transporting serious cases to Velingara or other
 

points where care would be available.
 

Of primary importance to good health would be the provision of
 

dependable and safe water, which can improve general sanitation and clean

liness significantly, and can drastically reduce water carried diseases
 

such as typhoid fever and cholera and water-borne parasites. Domestic
 

water supplies have already been referred to in section 8.1.3.
 

8.2.2. Livestock Health Programs.
 

Animal health problems also need attention in a development
 

scheme.
 

A veterinarian or a trained veterinary assistant should be
 

posted in the project and arrange for periodic dipping and vaccination
 

of all livestock within the area of the Basin.
 

Trypanosomiasis, while not presently a serious threat in the
 

Basin, is prevalent in nearby areas and could become endemic at any
 

time. Brush clearance is one of the most effective means of control
 

and may be augmented by hand sprayingvith a suitable insecticide.
 

... I.,
 



In addition to Trypanosomiasis, it is important to control 

such major animal diseases as Rinderpest, CBPP, Ia,2kleg and Anthrax. 

Internal parasites can be held under control with drugs, and external 

parasites and tick-borne diseases by periodic dipping and pasture 

rotation. Animal rabies, if a problem, can be controlled 
by eliminating
 

stray dogs and vaccinating pets annually. Such a program mounted by
 

the appropriate government agencies would both support and be supported
 

by the project's program of teaching and facilitating implementation
 

of improved technology.
 

8.3. MARKETS.
 

Markets for local production. The revenue of the project will,
 

Merl.Existing
be generated largely from the sale of rice and other 


institutional arrangements for .cerealsmarketing'in Senegal pro'ide
 

only one outlet for the cereals produced by project SENERIZ : ONCAD,
 

an agency of the Government. No other cereals marketing arrangements
 

are planned by the project ; the entire crop will be sold to ONCAD.
 

It follows, of course, that ONCAD's ability to handle the volume of
 

cereals produced and processed by the project is critical to the pro

Ject's success.
 

within the region. The project will give seasonal and
Sales 


year-round employment to a number of persons,-and participating farms
 

will be expected to have increased income from sale of crops. Both
 

groups of persons will thus have increased disposable income, and they 

,o,, ,,,
 



will want to spend this money.
 

,.Certain types of expenditures should be facilitated by the
 

project. Notable among these are expenditures that further increase
 

agricultural productivity: draft aninalsI implements, fertilizers, etc.
 

Expenditures for consumer goods -:clothing, household goods,
 

foodstuffs not produced in the region - are also perfectly legitimate 

desires ; however, the provision of such goods will be left to the
 

private sector, and local merchants will be encouraged to meet needs
 

of this type in the market-place.
 

8.4. SCHOOLS.
 

The opportunity for gainful participation in the family's
 

agricultural and livestock enterprises, and theopportunity for full
 

or part-time employment in the project, may be thought of as giving
 

to young people an attractive alternative to school. The choice(
 

between working and studying may arise for some. In reality, the
 

effect of the project is likely to be a significant increase in the local
 

need and even vociferous demand for schools. Disregarding any influx
 

of popu.ation at the farmer or laborer level, the local stationing of
 

project personnel- themselves better educated than average - will
 

result in strong demand for schooling of their children. The emphasis
 

on science and knowledge that the project will carry into the villages,
 

compounds and households will increase the desire of local families for
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schooling of their children.,
 

The Ministry of Education therefore can depend on a need to
 

increase the number and size of schools needed in the Anambe Basin.
 

Providing such schools should be an undertaking of the government,
 

which will support the project but will not be administratively a
 

part of the project.
 

x x 

X,
 



CHAPTER 9
 

ALTERNATIVES CONSIDERED FOR PROJECT STRUCTURE. 

9.0. INTRODUCTION.
 

9.1. DIFFRENT PROPOSED SOLUTIONS.
 

1.1. Serda Proposal,-
1.2. 	 K ouble ended dam on the Aname Valley.
 
1.3. 	 A dam downstream of the confluence of the Anambe
 

and Kayanga Rivers.
 
1.4. 	 Deep ground water development.
 
1.5. 	 A development program involving no major investments
 

in facilities.
 

9.2. SELECTED ENGINEERING SOLUTION.
 

2.1. 	 Maximum storage of run-off.
 
2.2. 	 Irrigation Supply.
 
2.3. 	 Drainage and flood protectionin the Anambe Basin.
 



CHAPTER 9 

ALTERNATIVES CONSIDERED FOR PROJECT 

STRUCTURE. 

9.0. INTRODUCTION.
 

Foregoing chapters have described and discussed constraints
 

placed on the design oroperation of the Anambe Basin 
development pro-f
 

ject for reasons of pedology, sociology, meteorology, etc. 
It remains
 

for the engineers to evaluateIthe resources available, 
the constraints
 

on their use, and the objectives of the project, and 
to design ways
 

of using resources that best achieve the objectives. In 
such process
 

of design, a number of possibilities are normally considered. 
That is 

indeed the case here ; six distinct and different 
designs were conside

red. Five of these were discarded, and the sixth was chosen for presenta

tion in greater detail in 
the following chapters. 

Because SODAGRI's
 

choice of basic project design is different from 
the choices of earlier
 

studies of the basin, it seems desirable to describe 
the other possible
 

designs that were evaluated, and to state why they were discarded.
 

Following sections 9.1. through 9.5. describe the 
altervatives.
 

Design Criteria. In certain chapters of this report, 
the lack of precise
 

data and.the need for improved measurements and additional 
investigations
 

Nowhere is this problem more conspiciously present
h8ey been stressed. 

than in respect to rainfall.
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The basic reason for gathering historical data is to predict
 

the future. But because of the crave and prolonged 
Sahelian drought,
 

the future is obscured.
 

During an interview in Mountoumba, a village.on the western
 

side of the Anambe Basin, a local 
farmer described the "exceptional"
 

flood of the previous year. Compared to recent years 
of 1968-1974,
 

for those years had only 65 to 80 percent
,
his assessment was correct 


of normal rainfall. But compared to the long-term 
average, 1975 was
 

certainly not an exceptionally wet year.
 

In outlining the design of the water storage and irrigation
 

.- '- project, one is faced with precisely the same
needs of the 


whether to assume that the Sahelian Drought will continue
dilemna 

or that in the long term climatic conditions as recorded 
in 32 of the
 

last forty years will return.
 

This decision becomes extremely important when the 
hydrogeo

logical regime of the area is considered. A reduction 
of rainfall to
 

20 % below average results in a 75 % reduction in 
runoff, and a lowering
 

of the ground water table. The volume of deep water 
percolation is also
 

reduced, thus affecting the possibility of using 
groundwater as a source
 

of irrigation water.
 

Another constraint on the overall design of the 
water storage
 

and irrigation facilities is evaporation.Earlier 
in this report an
 

estimated water surface evaporation for a reservoir 
on the Kayanga River
 

Cy 
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of 1,710 un has been suggested. Considering the storage capacity rating 

for any reservoir, this value of evaporation is critical. 

Despite the 'uncertainties,'the following hydrological criteria
 

are established for evalUation of the alternative project designs.
 

Rainfall (average)
 

Selingara 1,072.5 u m
 

77Kayanga Watershed1,250 

Storm intensity,
 

-Velingara -237
Department mm in 24 hours 

- 100 year deoign storm - 300 mm in 24 hours • 

- aximum run-off per 24 hours -60 % of 100 year storm, 

.at 40 %.run-off coefficient. 

SEvaporation 

- ,an A Evaporation (Anambo)-"Z,4Z5 mm/year 

-ActualLake Evaporation (Kayanga) - 1,710-m/year., 

9.1. DIflERNTIPROP0SED SOLUTIONS.
 

9.1.1. SBerda Proposal.
 

The essential hydrological feature of the ERDA proposal were
 

(1) a reservoir in the center of the basin, where water backed up from
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the Kayanga River would be contained by a dike 48 ki. long and requiring
 

earthworks of 3.5 million cubic meters ;
 

(2) a dam of 80.000 cubic meters at the'lower end of the Anambe River,
 

that could stop the flow of water in either direction as desired, thus
 

retaining water f r irrigation but avoiding excessive flooding from the
 

Kayanga. This dam would be supplemented by pumping stations to evacuate
 

excessive flood water from the Kayanga, should floods be insufficient
 

to fill the central reservoir' ;
 

and (3)'a series of dikes of 2 meters/height around the shallow upper
 

valleys (thalvegs) creating storage basinsfor irrigation water.,
 

Thefollewing difficulties are evident in this proposal:
 

(1) The proposed storage of 188.000.000 cubic meters of water
 

would not be sufficient to irrigate the proposed 32.000 hectares of rice.

(2) The ;depth of water in the central reservoir would average
 

about 2 meters.' Considering the Pan Evaporation rate of 2,425 mm (pro

posed by GERCA 1962 virtually all stored water would be lost by
 

evaporation. Supposing a little shallow water remained, the designing
 

of pump station inlet works for such minimal heads would be difficult.
 

(3)The storage basins in the upper valleys have a design
 

depth of 1.5 meter. Considering the permeability of the soils in the
 

upper part of the basin, losses to infiltration and evaporation would
 

leave little or no water for irrigation.
 

()The permanent flooding o the central zone of the basin
 



would prevent the use ofU at least 5,000 ha. of the prime agricultural
 

land. Although this land is at present undulating and hummocky, labo

ratory analysis shows this region to have the highest potential produc

tivity of any soils in the basin. 

In summary, insufficient water would be available f6r irriga

tion, and the best lands would remain unused.
 

9.1.2. A Double Ended Dam On The Anambe 1"alley.
 

In.the attempted overall design concepts, aimed to reduce
 

evaporation losses to a minimum, conserve available water and to make 

the maximum amount of good agricultural land available to the l!"TM-IL 

project, the possibility of a double ended dam-on the Anambe Valley 

was considered. (It should be noted that the Anambe Valley is considered 

as the broad valley, llkm' long,, which exits from the Anambe Basin to 

the Soth). 

At the south end of, the Anambe Valley', the mst-suitable dam 

site'is the slight natural constriction between Goundaga on the east 

and Bamako on the west. (Figure 9.1.2.A.). This site was quite rightly 

proposed previously by both GERCA and SERDA but at the north end no 

particular location seems favorable and thus the cross section at the 

northern l1mit of,the valley was considered.
 

Such an impounded reservoir with a maximum normal storage 

level of 28 m would give 100 million m3 of water (maximum) and using a 

,../.. • 
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normal freeboard of,2 m to give dam crest heights of 30m., would requi

3 at the southern and and 1 million m3 at the
 re earthworks of 320,000 m


northern end. If a detailed design were made, possibly the maximum total
 

storage could be increased to 130 million m
3 by a reduction ofnormal
 

freeboard, and without an increase in dam crest levels. In any case,
 

the stored volume would not equal the total average run-off of the
 

Anambe Basin, but the percentage of stored water lost by evaporation
 

would be reduced compared to the previous scheme.
 

Another advantage would be the reduction in flooding of the
 

central part of the Basin, and the liberation of the low lying lands 

for cultivation, assuming of course the installation of a drainage scheme 

in the basin.
 

The principal disadvantages would be the relatively small
 

volume of storage, and the pumping necessary to drain the Anambe 
Basin
 

and subsequently to fill the reservoir. These pumps would have to be
 

capable of pumping 31 m3/s at an estimated 13 m head,, giving power
 

requirements of 4.15 M.W. Pumping of such magnitude during the 
wet
 

season could hardly be justified economically in this situation.
 

It is possible that saving could be effected on initaal
 

investment in hardware by careful selection of the pumps to 
perform the
 

dual purpose of drainage and reservoir supply in the: wet season 
and
 

irrigation supply in the dry season. However, the annual operating 
cost
 

would still remain high, and considering that no cheap source 
of power
 

would be available in Senegal,' impractical.
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9.1.3. 	 A Dam Downstream of the Confluence of the Anambe and Kayanga
 

Rivers.
 

A dam on 	the ayanga between Sintian Maoundj and Kountada 

would create a storage reservoir extending into both the Kayanga ana
 

Anambe Valleys. A great advantage of such a scheme would be the collec

tion of the maximum amount of run-off, that is'from both the Anambe
 

and the Kayanga watersheds. In a normally wet year this could amount
 

3
to 650 million m .
 

However, investigation of aerial photographs and available
 

topographic maps indicate the lack of a suitable dam site. Any dam
 

sited within 5 km of the Anambe-Kayanga confluence would necessarily
 

be very long, principally because of the very gentle relief of the
 

South bank.
 

The relatively shallow reservoir formed would have great
 

evaporation losses, possibly negating the obious advantages of the high
 

storage potential.
 

The normal 	maximum storage level of the reservoir wuuld ex

ceed the ground level of the lower parts of the Anambe Basin. Thus,
 

dam and pumping facilities, with all the disadvantages as discussed
 

in the previous section, at the north end of the Anambe Valley would
 

be necessary. Thus, the combination of technical difficulties makes
 

this scheme impractical.
 



9.1.4. Deep Ground Water Development,,
 

In most parts of Senegal, wells tapping the phreatic water
 

table are commom. However, yields are very low being generally ade

quate only for domestic water use and for animal drinking supplies.
 

Deep water bored wells have been developed in many parts of
 

Senegal, the most productive deep ground water aquifer being the sands

of the Maestrichtien'beds.'It is noteworthy that,in-some more recent
 

cases, shallower deposits have given sufficient capacity.
 

General experience in Senegal has shown that an average deep
 

well, possibly up to 300 m deep,.may yield 100 m3/hr. When one considers
 

the cost of such wells and the number of wells which would be required
 

to produce comparable amounts of water to that which could be obtained
 

by reservoir storage, it appears most unlikely that the total water needs
 

of the SMRIZ Project could be supplied economically from this source. 

However, in the absence of detailed data on deep bored wells
 

in the Anambe Basin, specialist help should be secured and exploratory
 

deep wells drilled, and the exact potential observed.
 

9.1.5. 	 A Development Program Involving no Major Investments in Faci

lities.
 

Significant increases in yields of agricultural crops can be
 

obtained from application ,of improved farming techniques, such as better
 

.../e.
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land preparation'use of fertilizer, improved crop varieties, etc. The 

"Green Revolution" has testified to the success of this approach in 

a number of countries. A program of teaching farmers better methods and 

helping them to use these methods could be proposed as an alternatItve 

development scheme. 

The major objection to such a program in the Anambe Basin

is simply that it doesn't go far enough, and fails to take advantage
 

of existing opportunities or to use available resources to the limit
 

of their potential. In addition, a program of en'cadrement requires an
 

infrastructure which itself would be less than-fully utilizedby an
 

agricultural program limited to the rainy season.
 

Thus, despite the desirability of a program of teaching and, 

assisting !armers, a project design based solely on that concept, must 

be rejectrod simply because it leaves important'resources idle or under

utilized. The basic problems of flooding in the wet seAson and lack of 

water in the dry season can only be resolved by major investments -in 

a properly engineered drainage/storage/irrigation project.
 

9.2. SELECTED ENGINEERING SOLUTION.-

The ideal solution must fill the following criteria.: maximum
 

availability and proper delivery of irrigation water ;drainage and 

flood protection of the Anambe Basin. The solution for project SBNERIZ 

meets these criteria by construction of a dam and reservoir on the 

Kayanga upstream of the confluence with the Anambe, delivery of water, 

. . .1.:-2 



by pump and gravity flow to the basin, a d instalation of a drainage
 

system in the Anambe basin. Profiles of the Kayanga Vally at 2points
 

are shown in Figures ',9.2.1A. and 9.2.l.B.
 

90201.. Maximum Storage of Run-off.,
 

An earthfill dam on. the Kayang is proposed with a maximum 

normal water storage capacity of 388 million m3 at an elevationof 38 m 

Allowing a normal freeboard of 2 in. gives a dam crest height:of: 40 .m. 

3
 
The earthworks necessary for such a dam would be ,51 million m , the 

maximum dam height beirg 15 m above the valley 19 m above existing 

river bed level, crest length approximately 2.2 km., crest width 6 m., 

and provisional upstream and downstream slopes of:l in 3. Useful 

storage capacity,would 'be 240 million m. 

The provisional site for this dai is at the natural con-

Itriction inthe Kayanga Valley 2 km south of Niandouba. 

9.2'12. Irrigation Supply.
 

Pumping stations would be installed Just upstream or the ciam,
 

to,feed into a concrete lined principal conveyor channel. This would
 

be routed to the agricultural lands via a slight saddle to the W.N.W.
 

of the dam, and:then divide. The left hand channel would cross the north
 

end of the Anambe Valley near Kabendou by aqueduct or probably syphon,,
 

whichever proved the cheaper, and then continuemore or less on the
 

.1..
... 




contour and supplying to west side of the'Anambe Basin. The right'hand
 

principal conveyor would supply the eastern side of the AnambeBasin.
 

It is anticipated'that these two principal conveyor channels
 

will be of the gravity flow type, but should detail topography or the,
 

distribution of the agricultural land impose restrictions, provision
 

for intermediate pumping stations would be made.
 

A system of secondary and tertiary concrete lined canal
 

will be provided ; total length of principal carriers being 46 km ; of
 

secondary canals 47,5 km; tertiary canals 166 km.
 

Future development of the Project might include commercial
 

market gardening, in particular tomatoes. The use of doublevatled,
 

dr~p feed irrigation from a secondary low pressure system, smpl~ed
 

throughpups from the principal open flow gravity system, could be
 

envisaged.
 

The maximum yearly total irrigation supply will be in the
 

3
order of 240 million m . At this point in the discussion the question
 

of the Sahelian Drought must again be raised. In a typical dry year
 

3
 .
since 1965 run-off figures for the Kayanga Basin were 120 million m


Allowing 2 m for evaporation and infiltration, the useful reservoir
 

3
 .
 
storage and hence the total irrigation supply 

would be 60 million 'M


/,
...
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9.2.3. Drainage and Flood Protection in the Anambe':Basin.
 

Any drainage system in a developing countrywhich involves
 

the use of pumps must be regarded suspiciously, from the economic view

point. SODAGRI proposes: a drainage system that avoids the need for pumps.
 

The first step in draining the Anambe Basin, is to,prevent 

its .flooding. The dam on,the Kayanga, by retaining all or most of the 

run-off, will avoid the floods that backed up into the Anambe and 

permit more orderly evacuation of run-off waters from the Anambe. 

Considering the total retention of flow in a normal year in 

the Kayanga Valley upstream of the dam, flow in the Kayanga emanating 

from the watershed between the dam and the confluence of the Anambe 

and Kayanga would be 7.1 m3/s,and flow from the Anambe Basin would be 

31 m3/s.A flow of 38 m3/s in the Kayanga downstream of the confluence 

with the Anambe would result in a probable water level of 21,9 m. As
 

this would be a little higher than permissible, improved flow charac

teristics would have to be achieved both in the Kayanga Valley down

stream from the confluence,and in the Anambe Valley. This would be
 

effected by removal of the trees and other flow impeding vegetation
 

in the'.river beds, and in addition by grading of the Anambe'Velley bed,;
 

A collector drainage system would: be constructed in the
 

Anmbe Basin by clearing and enlarging the existing natural drainage
 

ways, and-possibly by increasing the grade onthe central drainage wayi
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If the latter step is necessary, a small dike would be essential
 

at the south end of the Basin, equipped with a pumping unit to
 

3/s). Detailed
operate at very low head (3m), but high volume (31 m


topography of the central basin 
will dictate thefinal design.
 

Additional detail on the dam and reservoir, the irrigation.
 

and water conveyance system, flood prevention and drainage is pre

sented-in subsequent chapters'.
 

X
x 

X,
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CHAPTER 10 : A PROGRAM OF 
DEVELOP4ENT FOR THE ANAMBE BASIN* 

1O. 0 INTRODUCTION* 

A program of development for the Ananb6 Basin is

proposed in this rePort, The program proposed is more than
 
an engineering plan for management of water resources, and
 
it aims for the attainment of broader objectives than merely
 
the production of cereals. 
SODAGRI envisions the development
 
of agriculture in the Anambd basin under both small, family
 
operated farms and large mechanized farms or agricultural
 
complexes, New crops and new cultural methods ill be
..

introduced. Irrigation, expansion of the area under culti
vation, and use of modern technology will significantly
 
increase agricultural production. After-harvest storage and
 
processing of cereals will be assured, 
Livestock production
 
will be increased, Opportunities for employment will be
 
made available to local people. Communications and contact
 
both within the Anamb6 basin and with the "outside world"
 
will be expanded. The project will result in significant
 
improvement in the levels of living and of health of the
 
local inhabitants.
 

In recognition of the probability that funds for the,.
 
implementation of this project will become availably in
cremently (iee, in steps), and thst the confidence to under
take and continue the proposed program will be a function of,
 
observed successes or progress, the program is designed so
 
that it can be implemented in phases,
 

The three phases of the development program are
 
natural divtsions in its implementation : preparation, contruc
tion, and use, for example, or establishment, expansion, and
 
intensification. 
These phases are not rigid divisions, and
 
overlap will naturally occur between the end of one phase and
 
the beginning of the next. For convenience in scheduling,
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a uniform period of two years per phase is assumed.. 

The first phase can be implemented without delay. As
 
soon as the funds are available, the several components of Phase
 
One can be undertakene This phase will yield information,
 
conserve resources, and train Personnel, thus Providing a solid
 
foundation for the later phases of the project. At the same
 
time it 
 will begin exploitation of agricultural resources in,
 
a manner consistent with available information.
 

The basic components of the first phase are three
fold :
 

1) The building of a foundation for sophisticated
 
agricultural and engineering works, through studies in the
 
fields of meteorology, hydrology, land tenure, soils, and
 
agronomy,
 

2) Civil engineering studies of topography and geology,

and design of a dam and reservoir, an irrigation and drainage
 
system, and a roads network serving the Anambd Basin.
 

3) Establishment of an agricultural productions

complex to exploit under-utilized agricultural resources, with
 
the nucleus of an agro-industrial complex, and
 

4) A training program to prepare Senegalese nationals.
 
for technical and administrative posts in the project*
 

The second phase follows naturally after the first
 
phase, beginning a program of construction and initiating new
 
Programs of resource use based on the information sought in the
 
first phase, and expanding the exploitation of agricultural
 
resources as justified by experience*
 

In the second phase, the basic components are as,
 
follows V, 

1) Construction of a dam on the Kayanga river 
making a reservoir to store irrigation water. 

2)".Construction of an irrigation system and drainage 

3' 
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to permit more intensive .use of the,'mostproductive soils Iof 
the basins 

3) Construction of a network of roads in the Anambd 
Basin.
 

0) Expansion of the agricultural production complex,

with development and cultivation of additional lands
 

5) Continued development of the agro-industrial
complex3 with addition of of facilities for milling rice and
 
preparing livestock feed.
 

The third phase adds a new dimension: to development

of the basin, with irrigation of crops using water from the
 
reservoir, intensification as well as expansion of,the agri
culture of the region, and greater benefits:for local residents
 
in the form of social and health programs.
 

The third phase of the development program includes
 
these components :
 

1) Accelerated development of the land resources of.
 
the central Anambd Basin, as a result of flood protection and
 
availability of irrigation water.
 

2) Intensification of the proaucrion of the mechanized
 
farm, with higher value crops and with livestock*
 

3) Senegalization of the project, including the top
level administrative posts and all technicians,
 

Each of these three phases represents a set of more
 
or less simultaneous events, 
These events, considered in their
 
normal time sequence, make up programs of actions 
 These
 
Programs will be described, component by component, in the
 
following sections.
 

10.1 * STUDIES AND-RESBARCIIG 

The design of the program for the'development of the
 

''heThep*ogra
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Anamb6 basin was hampered and limited by the relative lack of
 
dependable data on meteorology, surface and ground hydrology,

soils, and agronomic data on crops exotic to the region, 
The
 
first order of business for the projects therefore, is to up
grade the available basic information, in order to be able to
 
utilize that information base in design of civil engineering
 
and agricultural works,
 

100.1.1 Meteorology Studies.
 

A vital component of the proposed first stage devel
opment program for immediate implementation would be the estab
lishment of first-class weather stations in Vdlingara and Koun
kandd. 
The magnitude of the proposed investment, and the
 
prospects for eventual expansion, fully justifies this action.
 
Future refinements to the irrigation and drainage network op
erationss pumping requirements and dam storage release schedules,

and adjustments to crop selections and rotations require an
 
improved knowledge of the basin's present temperature regime,
 
pan evaporation, wind pattern and relative humidity, and
 
changes thereto following development. Permanent rainfall
 
gauges should also be installed at three sites in the catch
ment area above the Kayanga damsite; suggested locations are
 
at Vdlingara Pakane, Patin Rounka, and Linkiring.
 

These weather stations and rainfall gauges may

eventually be incorporated in the network of existing stations,

but their original installation and operation should be under
taken as a part of the Anamb6 Development Project.
 

Installation will cost 450,000 francs CPA, and opera
tion will cost 1,5OO,0 francs CFA per year,
 

10.1.2s Hydrology Studies,
 

3 )q, 
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Of equal importance would be an expanded program of
 
hydrologic investigations and measurements. 
ORSTOM has perma
nent automatic stream gauge recorders at the Niapo Bridge and
 
at the new bridge over the Kayanga on the Kabendou-Wassadou
 
road (which stations are respectively upstream and downstream
 
from the confluence with the Anamb) 
and on the Anamb6 River at
 
the bridge on the Rounkand6-Dabo road. 
These stations will
 
yield invaluable information on runoffs and provide firm data
 
for refining dam designs and calculating reservoir operation
 
curves. 
 In addition to these new stations, a temporary staff
 
gauge upstream from the Niapo Bridge at the proposed dam site on
 
the Kayanga should be installed immediatelyt to accumulate as
 
much short-term data as possible at that location prior to
 
beginning construction.
 

Installation of some of these gauges has been done
 
by ORSTOM, before the implementation,-of the project SENERIZ.
 
The cost of the remaining gauges is estimated at 700,000 CPA,I
 
with maintenance and operation costs of 900,000 CPA per year.
 

10,1.3. Exploratory Deep Wells. 

An inventory of subterranean water resources will
 
be undertaken, by drilling two small-bore holes in the basin.
 
These test wells will be so distributed in the basin, and
 
drilled to such depth (400 meters) as 
to permit full evalua-'
 
tion of the potential for supplying irrigation water in the
 
Anambd Basin frcm the Continental Terminal or Maestrichtian
 
or other aquifers. The drilling program and full pumping tests
 
will be supervised and the results evaluated by a qualified
 

hydrogeologist-


The cost of this work, as quoted by SASIP, will be
 
18,500,000 CPA for each well, subject to escalation. TWO
 
wells will cost 37 million francs.
 

These small-bore wells will subsequently be enlarged
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and equ~pped in a fashion appropriate to the,productivity of
 
the aquifers tapped, Assuming that aquifers lying no more than
 
300 meters deep are found to yield 100 m
3/h, the cost for well
 
enlargement, casing, and installation'of pumps will be 40
 

millions francs CPA.
 

In addition, four other wells approximately 70 meters
 

deep will be drilled. 
 In essence, these will be commercial
 
wells supplying water for the various tracts of the agricultural
 
production complex, but tests will be made immediately after
 
completion of the wells and before their commercial use. 
These
 
wells will in this way contribute to the inventory of subter
ranean water resources$ which will indicate the feasibility
 
of using wells as the source of irrigation water over large
 
areas of the-Upper Casamance.
 

The drilling and lining of these four wells will
 
cost 40 million francs, plus 36 million francs for pumps and
 
installation, for a total of 76 million francs. 
 The work should
 
be completed within five months of its beginning.
 

All these wells will serve a role continuing beyond
 
inventory. One or more of the wells will supply water for
 
irrigation of crops produced by that complex. 
 The widely
scattered spacing of the wells will provide irrigation water
 
that will facilitate research on crop production on soils
 
representing different parts of the basin, thus permitting
 
refinement of the design of the irrigation system planned for
 
the basin. Because of the importance of water in both infra
structure and irrigation, it is important that well drilling
 

begin as soon as possible.
 

Upon implementation of the planned gravity-flow
 

irrigation system using water from a reservoir, these wells
 
will be pumped to provide supplementary water for delivery
 
through the network of distribution canals.
 

371.2 



Where convenient, such wells may also supply water for
 
village water points or cattle watering stations.
 

10.1.4* Tenure and Land Use Survey. 

The system of land tenure should be studied and the land
 
ownership rights recorded. A cadastral survey using aerial
 
photography would document claims to land which will become
 
increasingly important as the potential value of the land
 
is increased through development. Analysis of farm structure
 
and scale will help to guide selection of participants in the
 
Teaching and Assistance Program, and will establish a benchmark
 
against which to measure change that may result from infusions
 
of technology in the basin.
 

The study of tenure and land use is estimated to
 
cost 25 million francs CPA,
 

10.l15, Soil Surveys.
 

The existing soil survey is 
at less than reconnaissance
 
level and only serves to indicate the relative location and
 
extent of major soil associations and their principal charac
teristics, An irrigation development project of the magnitude
 
proposed in this report requires, at the minimum, a semi
detailed soil survey identifying soils to the level of Grand
 
Groups within the guidelines of the USDA 7th Approximation
 
Classification System. These semi-detailed and detailed soil
 
surveys are indispensible for the final selection of the re
commended crop patterns, predicting future yields, sizing
 
irrigation canals and calculating accurate irrigation require
ments throughout the basin.
 

The final stage of soil mapping would be the prepara
tion of irrigated land use capability classification maps and
 
final land use zoning of the area commanded by the primary
 

aq• 1*aa 
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irrigation system.
 

Thesurvey and mapping of soils will be done under
 
contract, probably by ISRA (Institut S6n6galais de Recherches
 
Agronomiques) or by a privaecommercial firm. SODAGRI could,
 
alternatively, recruit its own team of soils specialists,
 
establish its own laboratory facilities, etc. Using the more
 
favorable approach, it is estimated that the cost of the soils
 
survey will be 35 million francs,
 

10.1.6. Agronomic Studies. 

To correct the severe lack of practical research on a
 
variety of crop production questions, a program of agricul
tural research should be undertaken, with sufficient facilities
 
and resident staff to permit real progress. Among the ques
tions to which well-researched answers should be sought on a
 
priority basis are the suitability and the response of various
 
crops to irrigation, the water requirements for irrigation of
 
crops, and the optimal combination or sequence of crops, under
 
local conditions and on the soils of the Anamb6 Basin.
 

Results of the research program, in combination with
 
soils mapping and topographic surveys, will permit the identi
fication of optimal cropping and land use patterns, thus
 
permitting design of irrigations systems and leading to
 
maximum efficiency and intensity or use of irrigation fAcil
ities.
 

The research activity will be carried out on the
 
agricultural production complex to be established, and thus
 

will.use land already developed and mechanical equipment al
ready available for agricultural use. Additional investment
 
of 10 million francs for research will be required for offices,
 
laboratories, and staff facilities. 
Annual operating ex
penses will be made up primarily of salaries and benefits
 
of personnel, plus modest amounts for supplies and maintenance,
 

.. ,1., 



These anua'! expenses are estimated at 5.5 millionS francs CPA. 

10.2. CIVIL ENGINEERING WORKS.
 

Development of the Anamb6 Basin in an engineering sense
 
meax the.construction of a dam and reservoir for flood con
trol and irrigation, provision of an irrigation and drainage
 
system, and construction of a network of roads. 
The program
 
of gathering more information and improving the data base,
 
described in sections 10.1.1. through 10.1,6. of this chap
ter, will permit detailed study, design and scheduling of
 
construction and installation of these engineering works.
 
The study and design constitute a first phase; the actual
 
construction represents Phase Two, and use of the resulting
 
facilities is the third phase.
 

10.2.1. Topographic Mapping.
 

'Existingtopographic maps are inadequate for detailed.,
 
dosign of the irrigation and drainage infrastructure for the
 
Ananb6 Basin.
 

For detailed layout of infrastructure, including
 
penetration roads and irrigation and drainage networks,
 
accurate base maps are required, at the 1:10,000 scale
 
with I meter contour intervals. For the dam site, pump
 
sites and along the route of principal canals and drains, maps
 
at the 1:1000 scale with 0.50 meter contour intervals are
 
needed,
 

New aerial photography and photogrammetry will pro
vide the necessary accuracy of contours for most of the
 
project area. Such work will be supplemented by ground sur
vey to give the level of precision needed at the dam site and
 
certain other locationsp including the routes of canals and
 



principal roads. Totaltcosts ftopographic studies and
 
mapping are estimated at 691500$000 francs CPA,
 

10.2.2, Geological Study.'
 

All sources of stone, sand, and construction fill -are.
 
to be investigated. Sand and laterite fill are known to be
 
available, but the availability of sound construction stone
 
is to be thoroughly researched.
 

At the dam site, test holes should be madep, and the
 
engineering properties of the soils of the dam site determined'
 
for both in situ and placed soil!.
 

The goological study is estimated to require equip
ment costing 25 million francs, and to have personnel costs of
 
20 million francs, for a total cost of 45 million francs,
 
or about; one percent of dam cost.
 

10.2.3. 
 Dam and Reservoir Design and Construction.
 

The annual flooding of the central br,-in has been
 
estimated to inundate 7,500 hectares lying at an elevation
 
lower than 24.5 meters during years of average precipitation.
 
SODAGRI's estimate, based on soil types, indicates some
 
89400 hectares of land subject to regular flooding. Some
 
of the flood waters come from the Kayanga River, and most
 
of the remaining flooding takes place because the flooded
 
condition of the Kayanga prevents the normal drainage of the
 
waters of the Anamb6.
 

Flooding of the Anamb6 Basin will be drastically
 
reduced by the construction of a dam on the Iayanga River,
 
Holding back the flood waters of the Kayanga to fill the"
 
reservoir will prevent engorgement of the Kayanga channel
 
below its confluence with the Anamb6. permitting better
 

g., 9/n.,
 



drainage and much less backing up of water in the Anambd
 

valley. At the same time, the reservoir will store water
 

for irrigation during the dry season. Since the capacity of
 

the reservoir will be less than the normal wet-season runoff
 

of the watershed, the best available predictions of the stream

flow must be utilized in managemrnt of the reservoir and 0o?
 

the level of water therein, in order to give the optimal com

bination Of flood control and water storage.
 

Reduction of the volume of water carried by the
 

Kayangawill prevent incursion of Kayanga waters into the Anamb6,
 

and will allow the waters of the Anamb6 to d:,cin out rather
 

than accumulate. As a result, the serious flooding that has
 

long characterized the Anamb6 basin should be reduced to not
 

more than 1100 hectares in most years. Thus, 7300 hectares
 
of land formerly flooded each year will be available for use as
 

cropland on a regular and dependable basis. Agricultural
 

development and ue of this land will be undertaken when
 

it has been Protected against floods.
 

Design of the dam and reservoir should begin in the
 

second year of the project and construction should be planned
 

for the third year. Costs of design and construction are
 

estimated at 6 billion francs. Additional details concerning
 

technical aspects of the dam and reservoir are presented
 

in Chapter 11.
 

10.2.4. Irrigation and Drainage System Design and Construction.
 

A system of water conveyance and delivery will be
 

designed that will utilize effectively the waters stored in
 

the Kayanga reservoir for irrigation of the Anamb6 Basin.
 

In general, the water will be conveyed from the reservoir by
 

a concrete-lined main channel to a point near Rounkand6i 

from which poiy:t two channels will convey the water north to 

the eastern portion of the basin, and west to the western

portion of the basin. The general features of this scheme 



can be seen in Drawing: 01,1143.2. in Chapter 11, 

A drainage system will also be designed to permit
.prompt drainage of floodwaters, and to facilitate avoidance 
of salt build-up in the areas of the basin that are to be 
irrigated,
 

Design and construction of the irrigation and drain
age system will follow a schedule comparable to that of the
 
dam and reservoir. Costs for the irrigation and drainage
 
system are estimated at 4 billion francs.
 

10.2.5. Design and Construction of Roads.
 

The difficulty of access into the basin has been one
 
of the obstacles to its development. This obstacle will be
 
reduced by construction of a network of roads. 
Pending

availability of soils and topographic data necessary for a
 
detailed Planning of roads (sec section 10.2.1.) a network
 
is suggested as illustrated in Figure 10.2.5, 
 This network
 
would provide for linking of the administrative centers for
 
the seven rural communities to be established under the reform
 
of 1978, and other strategically located villages. 
Construc
tion of these roads would place all of the agriculturally
 
usable land in the basin within about three kilometers of
 
an improved road. 
The network of roads suggested would re
quire approximately 150 kilometers of roads. 
The roads
 
should in all cases pass outside of the villages, so as to
 
avoid destruction of their African character,
 

The first stage of road development, after decisions
 
on location and design to be taken in the first phase,

should be construction of a reasonably straight and sloped

roadwayp with Provision for drainage of water from the road
 
surface itself and from the roadsides. This work can be'
 
done with earth moving machinery including bulldozers,
 



graders, and compacters. Surfacing of the roads with laterite
 
(or gravel if it is available) will also be done, and this
 
will necessitate a fleet of trucks and loaders. 
The basic
 
intention of this road Program is to establish for the basin
 
-aprogram of roads constructiont and for the project a nucleus
of road-building equipment that will construct as priority.
 
project the most important roads and will then continue to*
 
build new roads and to repair earlier-built roads as needed.
 

The roads could be constructed under contract, While
 
only crude estimates can be provided before location is deter
mined and design completed, the network would probably cost
 
at least 300 million francs, if constructed under contract.
 
SODAGRI's recommended program of establishing and equipping
 
a road-building unit would cost 60 million francs in original
 
investment, mostly roadbuilding equipment. Operations annu
ally would cost 40 million francs CPA.
 

10.3. LAND DEVELOPMENT AND CULTIVATION.
 

Development and cultivation of agricultural land is
 
central to the objectives of project SENERIZ; all the other
 
components of the project are either contributory to or based
 
on increasing the area and yield of agricultural crops, It.
 
is therefore appropriate to begin land development and cul
tivation as soon as possible, and to undertake cultivation
 
under a variety of combinations of soils, water mastery,
 
mechanization and project control.
 

1063i.. General Characteristics.
 

SODAGRI's land development and cultivation will in
clude the following features : 

clearing and levelling of the land to give a 
high level of efficiency in production. 
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- emphasis on using soils that the local peas-nts 
cannot use for crops.
 
- use of modern agronomic technology, to produce
 
high yields.
 
- continual refining of technology, and development

of better-adapted varieties and methods, through ex
perimentation and research.
 
- exploration of exotic crops which may broaden agri.
culture's base,
 
- use of irrigation to improve yields and reduce 
risks.
 
- double culture, or year-round production, to the 

maximum extent of the availability of water.
 

Production of agriculrural crops will be supported

by and carried out with the aid of a "farm center" or head
quarters unit, including offices, agricultural machinery and
 
transport facilities, repair workshops
, storage for supplies,

etc. 
This installation will be discussed under the next
 
section, the.Agro-industrial Complex.
 

10,3.2. Establishment and Expansion of Area.
 

Initially, 1000 hectares will be-demarcated for-the
agricultural production unit. 
Additional land will be added
 
later. 
The schedule for development of "raw" land into
 
cropland is shown in Table 10.3.2.A. 
 In that table, as
 
elsewhere in this report, the general terms "upland" and
 
"lowland" are used to refer to specific soils groups.

"Lowlands,,
are the soils of groups 6, 7, and 8, which have

been regularly flooded and which can be properly developed

only when flood protection is available, "Uplands" refers
 
generally to any non-flooded land, but in this context it

refers to land of soils groups 3, 4a, and 4b (see soils
 
map, Chapter 4). 
 All of the soil of these groups will be
developed by the project, giving a total of 25,000 hectares
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of landlunder control of the agricultural production unit,
 
Of .this area, a total of 17,000 hectares will .be irrigated,
 
15,000 using reservoir water and 2,000 using local sources
 
(see Table 10.3.2.B.).
 

Land development costs, apart from provision of
 
irrigation water, buildings, and infrastructure, are esti
mated at 250,000 francs CPA per hectare. Costs of 6,250
 
million francs CFA, as shown in Table 10.3.2.A.,will thus
 
be incurred over the several years during which the land,
 
is being developed.
 

TABLE 10.3.2.A,.Schedule for Development of Cropland
 

Anamb6 Basin (area in hectares).
 

Land development P R 0 J E C T Y E A R
by years : 1 2 3 
 4 5 6 '2Total
 
Uplands : Soils,
 
3, 4a, 4b 1000 1600 3700 5700 4300 4300 20600
 

Lowlands*: Soils 
6, 7, 8.  400 300 300 1700 1700 4400 

Total io 2000 4000 6000 6000 -6000 25000
 

Accumulated land development.
 

Uplands : Soils 
3, 4a, 4b 1000 -2600 6300 ,'12000 16300 20600 20600 

Lowlands : Soils
6, 7,8. - 400 700> 1000 2700 4400 .4400 

Total. 1000 
 3000 7000 13000 19000 25000 25000
 

Land development
 
costs (millions

of francs) : 
 250 500 1000 1500 '1500:1 1500 6260
 

* Major development of lowlands must await flood protection,
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TABLE"10.3'e2oB. Irrigated Land in the Anamb6 Basin.
 
(Area producing dry season crops).
 

Soil"s'group 
 Source of 
 P R O J E C T Y E A R
 
water. 1 
 2 3 
 4 5' 6


Incremental development :
 
4b 
 Local* 
 200 300, 500 1000 
 - -
4b, Reservoir 
 - - - - 6300 4300 

6, 7, 8 Reservoir - "  - 2700 1700 

Cumulative area irrigable :
 
Total-: 
 200 500 
 1000 2000 11000 17000
 

Local sources include drilled wells, dug wells,.Pits. and
 

river water.
 

Soils mapping will identify the various soils groups
 
or subgroups in the project farm, and pilot production plots'

will be laid out to determine the adaptability of the various
 
soils to mechanized agriculture. 
Cereals will be emphasized

in the cropping pattern, and a variety of agronomic practices
 
will be tested for Production of rice, sorghum, millet, and
 
maize. Soybeans, wheat, and barley will be grown experi
mentally. In addition, forage crops will be tested.
 

The program of adaptive research will be aimed at
 
any and all aspects of crop and livestock production that pose

problems : tillage methods, fertilization practices, crop

and variety selection, weed and pest control, harvesting
 
methods, soil conservation? animal health, animals for
 
draught or for meat or other purposes, or other topics.
 

Irrigation water will be available in limited
 
quantities from the wells drilled in the exploratory pro
gram. Additional water may be pumped from streams or from
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the shaliow water table, using shallow wells or pits dug
 
in the lowest areas of the basin* 'Using these sources of
 
water1 a limited areaof counterseason crops can be grown, 
An exploratory program will investigate various crops
 
including rice and other cereals, sugar cane and various
 
vegetables including tomatoes, to determine their potential 
for emphasis when completion of the reservoir makes water
 
available for irrigation on a commercial scale.
 

The exploratory program will include trials of crops
 
for home use as well as for sale, If crops such as vegetables
 
are found to be well-adapted, a program to popularize vege
table production for home use and sale will be developed.
 
Carrying out such a program would be a task for the Teach
ing and Assistance (T and A) unit to be described in a
 

later section.
 

It is estimated that an area of 1,000 hectares of
 
floodplain can be incorporated in the production complex
 
before completion of the dam and reservoir. This land will
 
be used for production of cereal crops, principally rice,
 
in the rainy season, using contour dikes to retain rain
water so that the effect of irrigation will be approximated.
 
When irrigation water is made available to this area, produc
tion of rice and other cereals on a year-round basis will
 
be undertaken. 
Testing of varieties of rice, fertilizer
 
treatments, irrigation regimes and other alternative pro
duction practices will be an integral and continuing part
 
of the program of the "Rice Branch" of the agro-industrial
 

complex.
 

As agronomic practices for cereals production
 
are found suitable for use on this farm, the area of each
 
crop will be expanded to the limits established by feasible
 
management, considering the seasonality of labor and machinery
 
requirements, the economics of alternative crops, etc.
 

,. .1/.. 



Planned areas of crops are sho.'
n inTable 10.3,2,C.It
 
must be recognized that any cropraised the same:year.that
 
the land is developed is likely ,to suffer from the,effects
 
of soil compaction, lack of.timeliness, etc, associated
 
with clearing, leveling, etc. of the land, resulting in
 
lowered yield or even failure of the crop in the first
 
year,
 

Because production of agricultural crops on the
 
production complex will be according to modern technology,
 
continuously refined and improved by applied research, the
 
per-hectare yield of crops produced on this mechanized farm
 
is expected to increase over time. Even initially, yields
 
will be higher than what local peasants normally get, be
cause of mechanized (and thus better) tillage and fuller
 
use of modern technology. As problems of varieties, ma
chinery adaptation, timing, etc. are resolved, the yield
 
obtained will improve and approach maximum potential yields,'
 
for the resources available. Table 10.3.2. D shows the
 
projected yields by years. Programs of training and techni-.
 
cal support for peanuts and cotton are already available
 
through ONCAD and SODEFITEX. These crops, therefore, will
 
not be accorded research or "encadrement" by SODAGRI.
 

10.3.3. Inten:4fication Phase.
 

When the dam and reservoir are completed and in
 

use, Iavery important expansion of area will be made in
 

the Agricultural production complex : the lowlands of the
 
basin will be converted to cropland. However, that giant
 
step made possible by flood protection will be dwarfed by
 
the simulteneous increase in the intensity of cropping
 
made possible through irrigation with reservoir water :
 
double culture or year-round production will be possible
 
on some 15,000 hectares, in addition to about 2000 already
 
irrigated from local sources.
 

http:10.3,2,C.It
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TABLE 10,32,.C. Projected Area of.'Crops by Years.
 

(in hectares)
 

YE9A R 0OP P R,0,J E C T
1 2 ~3 '55 

Rice, uplands
 
200
Rainfed 500 1500 3300' 16300 1500 

Irrigated 300 600 1000 8000 10000 
Dry season 200 300 500 1000 10000 12600
 

Rice, lowlands : 
Wet season -  - - 2700 O4400 
Dry season - 400, :700 1000 2700, 4400 

Subtotal, rice : 700 2500 5100 9300 24600" 32900
 

Sorghum 

Rainfed, 150 300 1000 2000 3000' 4000 
Irrigated - . 2000 

Millet : 100 100 300 600 1000 1000 

Maize : 
Rainfed 150 300 1000' 2000 3000 4000.1 
Irrigated - , - - - 2000 -

Research and 
experimental crops luu 0 100 100 100 100 

Total, all crops 1200 3300 
 7500 1400 35700 42000
 

Rainy season
 
nrops (ha.) iooo 2600 6300 12000 19000 25000
 

Dry season
 
crops 200 
 700 1200 2000 16700 17000 

Intesity of 
culture 120% 127% 119% 117% 188% 168% 
Rice, % of
 
total crops 58% 76% 68% 66% 69% 78%
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TABLE 10,3.2.D, Projected Yield of Crops on the Anambd 

Basin Agro-industrial Complex by Years.
 

(yield in tons per hectare)
 

Pre-project Y E A R P R 0 JE
0 F C T'
 

Cropy year 0 1 2 3 4 .5 6 

Rice, rainfed (A)

Soil group 4 1.0'.,8 .1 : 20 2.* 2.2 
 .2,2
 

Rice, irrigated
 
(B) : Soil
 
group 4 
 -- 2.4 2.6 2.8 2.9 3.0P 3o0 

Rice, irrigated

(C) : Soil
 
groups 6 and 7 2.4 2.6 2.8 3.,0 3,2 3.2*
 

Sorghum,

rainfed . 1.4 .9'0 23 2.6 2.8 3,0:
 

Sorghum, irri
gated (dry'
 
season) 
 --- 2.2 2.5 2,8' 3.1 33. .3e5
5 


Millet 0.9 1.0 1.2 1.4 
 .6 1,8 2.0
 

Maize o,8 2,0 2.2 22.6 2.8 3.0
 

* Rice in counterSeason .:;0.1 ton higher yield, 

.61.
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TABLE 10,3.2,B. Production of Crops by years., 

(in tons) 

P R O J Y EA R 
12, 3, 4 56 

Rice, uplands 

Rainfed 900 2850 6600 13230 2640 3300 
Irrigated - 780 1680 2900- 24000 30000 
Dry season 500 810 1450 3000 31000 39086 

Rice, lowlands : 
Wet season .. - - 8640 14080 
Dry season - 1080 2030 3100 8910 14520 

Subtotal, rice :-.-. 1400; 5520 11760 22230 75190 100986 

Sorghum 
Rainfed .210 570 2300 5200 8400 12000 
Irrigated ... 6200. 

Millet 100 120 420 - 96 1800-2000 
Maize : 

Rainfed 300 660 24'00 5200 8400 12000 
Irrigated 5600 

Total, all cereals 2010 .6870 16880 33590 105590 126986 

*.. I.. 
ee ".1I
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While the concept of irrigation will be introduced
 
to the basin as early as the first phase, using water from
 
drilled wellsp irrigation as a "way of life" and as a major

factor in agricultural land management will begin only when
 
water from the reservoir is available, Prom this time for
ward, the lack of water need no longer limit crop produc
tion activities in the areas of the project that are com
manded by irrigation canals* Ploughing and seeding can
 
be timed to take advantage of sunshine and warmth rather
 
than being postponed until rain has softened the soil, 
Mid
season dry spells need no longer result in crop failure, or
 
even in starting over with replanting the crop@ Early
 
cessation of rainfall need not result in poor filling of
grains. Crops can be produced in the dry season, whenj in
 
fact, certain aspects of the climate are more 
favorable to
 
high yields and profitable production than in the usual
 
cropping season,
 

The effect of irrigation can be seen in mul
tiple dimensions, 
The area of crops increases because of
 
double cultures (see Table 10,3,3o) The yield of crops in
creases compared to rainfed crops because of avoidance of
 
drought and because of high yields in the counterseasone
 
(see Table 10.3.2.D.).Production of crops (see Table 10.3.2,8E)

will increase drastically, Tho value ef crops will even
tually go up even more, as industrial crops possible only
 
with irrigation become more important.
 

10.3.4. Livestock.
 

Livestockp particularlycatt e p are..Amprtant in the
 
rural economy of the.Anambd basin. SODAGRI's development of
 
the basin will increase the importance of livestock,
 

'Livestock projects will contribute to the inten
sification of production* Initially, oxen will be kept
 
- even on this mechanized farm - so that research in
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agricultural technology can be adapted to the needs of local
 
farmers. 
An effort will be made to develop feeding programs
 
that will support the needed draught cattle from the by
products of culture : maize and sorghum stalks, rice straw,
 
etc. Forage crops in the rotation will be tested. Tests
 
will be made on the growing of young cattle on special
 
forage rations, and of fattening mature cattle on rations
 
based on by-products (peanut vines and hulls, peanut and
 
cotton-seed cake, molasses, etc.). 
 Livestock projects
 
found to be feasible and profitable in small-scale tests
 
will be expanded up to the limit of available feed supplies
 
and project capacity.
 

The most important livestock of the region being
 
cattle of the N'Dama breed, the main focus of livestock
 
projects in the agro-industrial complex will be cattle.
 
The most important livestock projects are expected to be the
 
growing of young cattle on 
forage, and the fattening of
 
mature cattle on by-product feeds. Projected scale of
 
these projects is shown in Table 10.3.4,
 

This table shows the total number of young cattle
 
that could be fed on the forage expected to be available.,
 
and the number of mature cattle that could be fattened on
 
by-product feeds, 
 Targets are established at levels far
 
below the maximum fixed by available feed supplies, to
 
allow for diversion of a large proportion of such feed
 
supplies to support of the local cattle population and
 
livestock projects undertaken by local farmers.
 

A number of additional livestock possibilities
 
suggest themselves, that will be tested on a pilot scale
 
and replicated if found feasible : dairy cattle, for produc
tion of fresh milk for project employees; poultry fed'on
 
low-quality grain or by-products, for production of meat
 
and eggs and for upgrading local poultry'stock; rabbits,
 

- - -*.g .... 
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TABLE 10.2,40 	Maximum and Targeted Number of Cattle in
 
Project Seneriz.
 

Y E A R O F PROJ C T 

1 3 4' 5 6 

Maximum Numbers :
 
Growing calves 
 280 75 236C 4850 1450C 16200
 
Feeder cattle 
 86 .340 727 1375 460C '6200
 

Targets
 
Growing calves 100 1000
-500 2000 5000 5000'
 
Feeder cattle 
 50 100 500 100C 2000 5000
 

Projected costs
 
for feed and labor
 

(in thousands of
 
francs CPA) 1800 7200 18000 36000 84000 120000 

fed on,by-products and forages, for production.of meat.
 

Intensification through livestock will be supported
 
arid livestock expansion facilitated by a feed mell, which will
 
prepare standardized livestock rations using locally
 
available ingredients and industrial by-products. This
 
feed mill will be established as a part of the agro-industri

al complex.
 

Few costs of the livestock component will be
 
identifiable as such, since the sought-for role of Xive
stock is supplementary. However, some of the buildings and
 
equipment and a portion of operating costs including manpower
 
can be charged to livestock, and are so identified in the
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costs of the project. Calves or feeder cattle for feeding
 
or fattening and resale do not figure in expenses or 
revenue 
of theproject except increment.y : the-additional feed or 
labor cost, or the increase in value of the animal. 

10.4. AGRO-INDUSTRIAL COMPLEX. 

.he agricultural production complex, which will
 
begin as a mechanized farm having a headquarters unit,
 
will expand and intensify and grow more complex. It will
 
be useful to separate out the headquarters unit, which
 
will also expand, intensify, and become more complicated.
 

In addition to the functiors necessary for a center
 
of operations (providing officos, housing, water and elec
tricity: transportation, agricuitural machinery, and self
maintenance) the farm headquarters will have a seed plant of
 
5 tons per hui.z capacity rn" an installation for receiving,
 
drying, and storing 50,000 tons of cereal grains. These
 
components of the program are described in some detail in
 
an Annex. The operational nucleus of the farm will be
 
enlarged as noeded to accomodate additional machinery,
 
more vehicles: more personnel, and vastly increased
 
quantities of cereals. In addition. new functions will be
 
added,
 

A rice mill will be installed, as a part of the 
complex,, Initially processing only upland rice produced dur
ing tV3 rainy season, the same rice mill is expected 
eventually to receive, treat, store, and prepare for
 
sale in the Senegalese market rice raised under irrigation
 
in both the rainy season and the counter-season. Its
 
capacity wIll be 10 tons per how. Deatils of the rice
 
mill are also presented in an Annex.
 

A feed mill will be installed, to support feasible 
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livestock projects and to Permit their expansion to com
mer.cial scale. 
 This feed mill will permit large-scale
 
productior 
(5 tons per hour) of standardized rations for
 
cattle, calves, Poultry, and other animals, both for use
 
by the Projects of the comple-x and for sale to local farmers.
 
Additional data on the feed mijl 
is given in an Annexo
 

The industrial aspect of the agi'o-industrial com

plex may be intensified beyond the amain sto-age, rice pro
cessing, seed handling and PeOparation of live0r, a feeds
 
already described, A 
 tomato cannery and a sugar e;:trac
tion plant may be added, depending on findings as to feasi
bility of production of tomatoes and sugar caneq and on desires
 
of the govearnment and nvailabilitir of investment funds. To 
include f.r~n p.ans io.- t - .. pants F. thz time ould be 
premat. :-n view of the highi.y p uZ.tve nature of large

scale tomiato product.ion. and t>]i ct 
tl:: s.gar r'cne is
 
not currsntly produ7d 
 -:.n th- na' 2a.in, 

Stich plants, if built, sho:.-.. proce:s the tomatoes
 
and the sugar can !)roduczd on t2e large mcchonzcd farm; 
but shom.C have design cap 
c ty n eq.Ial amount
 
produced by ,rnalz 
 -vor. on private. "cU.ngn The double
 
source of 
 sIp:Ly T'ou7.d i-73 :1--rabc: o- b'nntlts crd dvanta v.s, -mo,,.
a~no(U-.-.. lcadc and onst. .on of tech
nology by the mnchan:;.cied faii. 
 broad cI.3tribution of benefits
 
to private farm .*s, strong suppoit of the pivate sector 
and 
of the concept of s-a3.l holdings, with zunport o2 rmers 
through supply of inputs on credit by SODA-'.GRI, 

The rcanner, and sugar ail7. m.y I locatcd at some 
distance from the agro-industpial complo::, in order to 
distribute over a w.ider area-the c )ort-nity fo employment
of workerso 
 Such location should consiler the particular 
resource adaptability, so as to establish the processing
plants in the cente.r of the regions where the sugar cane 

~SA~j e/ 
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and tomatoes can be produced efficiently,
 

Estimated costs of each of the units or'combina-,
 
tions of the agro-industrial complex (offices, housing, 
water and electricity, transportation unit, etc,) -as to" 
original investment and expansion are shown in Table 1094, 

TABLE 10,4. Progression of Incstment of the Agro-industrial 

Complex. (in. millions of CPA)
 

Y E.AR 0F PR O J.E C:T 
1 2 3 4' 5 6 Total 

Headquarters unit 200  1200.190 - 500 
Cereals center 500 - 1000 1500 - 4000
 
Seed plant 70 
 - - - - - 70 
Rice Mill :50 100 - 300  - 450 
Feed Manufacturing - -. 5' - 1 
Plant 
 1 - 150 
Farm machinery 100 200 200 200 300 - 1000 

Total 
 920 300 140 3250 300 - 6170 

10.5. A PROGRAM OF TEACHING AND ASSITANCE TO FARMERS. 

The large scale mechanized farm to be established, 
expanded and intensified as described in the previous-sec- " 
tion will have major impact on the production of crops"and
 
livestock in the project area, 
It will also provide em
ployment for a large number of persons. However t it will
 
have no direct impact on the activities or the lives of the
 
majority of the inhabitants of the basin* Another aspect
 
of the Anamb6 Basin Development Project will bring modern
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agricultural techniques, higher crop yields, and new oppor
tunities to practically all of the families in the region*
 
This part of the project is called the Teaching and Assis
tance Program.
 

10.5.1. The Nature of the Teaching and Assistance Program, 

SODAGRI's program pf Teaching and Assistance (T and 
A) will be a program of providing technical guidance or 
training to farmers, to teach them better ways to raise 
crops, feed livestock, etc. and a program of assistance,
 
or helping the farmers to do what what they are being taught.
 
Assistance may mean distribution of supplies, or aid in
 
organizing into cooperatives or other groups that can more
 
effectively obtain supplies. Assistance mTy also mean
 
serving as an outlet or buyer fo-n the crops produced by the
 
farmers, or it may mean aiding the farmers to organize into
 
groups so they can more effectively market their own pro

duce.
 

The foundation of the T and A program is practical 
knowledges generated through research and experience.
 
SODAGRI's operation of the agricultural production complex
 
with its research activites will provide the practical
 

knowledge.
 

The techniques found feasible and profitable by
 
the research on the agro-industrial complex will be taught
 
to farmers in the basin. 
These farmers will be assisted
 
in applying the new technology; along with technical guidance#
 
seeds, fertilizers, plant protection materials and equip
ment will be supplied. The value of the supplies and the
 
equipment received by each farmer will be set up as a loan
 
for which the farmer's crop is security, and harvest-time
 
delivery of the crop (or a portion of it) to SODAGRI will
 
be necessary to liquidate the debt.
 



SODAGRI's T and A program will have many features
 
in common with "encadrement" as practisel by SODEFITEX for
 
cotton and by ONCAD for per-nuts. SODAGRI hopes to avoid
 
what it considers to be certain problems and disadvantages
 
of those programs, specificvlly their limits as to scope$
 
rigidities in proportions and use of inputs, and weak
nesses in accounting practices that lead to client dis
satisfaction. SODAGRI does not plan to require that
 
farmers cultivate a fi:ed area nor a fixed type of crop,
 
but will leave that choice to the farmer.
 

10*5*2* 
 Growth and Impact of the T and A program.
 

The T and A program will begin on a small scale
 
in the first year, involving perhaps 100 farmers. 
Con
tinued year by year expansion will result in near-saturation
 
in the sixth year of the Project, when most of the farmers
 
in the project area will be included in the program , It is
 
recognized that for various reasons one cannot expect and
 
need not strive for 100% participation in a program such
 
as this.
 

Farmers are typically wary of new practices and
 
seldom are they willing to participate fully at the out
set. 
 SODAGRI assumes that 100 farmers can be persuaded to
 
adopt recommended practices on half of their cropland area
 
the first year; and that succeeding groups of new partici
pants will also pass through a trial phase during which
 
they use recommended practices on half of their cropland
 
area. In succeeding years, these farmers will gain con
fidence on the T and A program and will participate fully*
 
In addition, because of the improved yield and increased
 
income that will result from the p-ogram, participating 
farmers are expected to"increase their scale of farming, 
with greater area of cr-ps .t,-. vnll as ?:-.!-ovcd 
yields* The calculated average area of crops por 
family
 

.137q 
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at the outset is about 12.5 hectares (1 .3 hectare !per active 

person x 9.6 activers per family). This area is expected 

to increase gradually to 20 hectares per participating family 

in the sixth year. While prosperity is likely to be followed
 

by increases in the size of some of the families, the agri

cultural methods that will be made available to farmers
 

will permit this incxease in cropland area without increase
 

in the number of laborers.
 

The impacv of the T and A Program on the agricul

ture of the project area is sumnmarized in Table 10.5.2.A. 

The number of participating farmers increases from 100 to 

15009 or 88% of total farmers. Area of crops subject to 

recommended practices will increase from 600 hectares to 

23000, or r:nm about 3% to 80% of the total area of crops. 

Estimated distribution of the area among the
 

adapted crops is shown in Table 10.5.2.B. Projected
 

yields of crops by participating farmers are shown in
 

Table 10.5e2.C. The yields shown are.related to those of
 

the mechanized farm (Table 10.3.2.,D.) being comparable at
 

the outset and increasing over time. Howeverl the increases
 

are slower and projected yields are always lower on the
 

farmer's fields than under the more rigorous control of
 

the mechanized farm.
 

Resulting output or production is shown ,in Table 

10.5.2.D. 

The foregoing figures refer to cultivation by local
 

farners in individual holdings. Crop production from the
 

land under direct control of the project is in addition
 

to this. Combined production from both sources is shown
 

in Table 10.5.2.E.
 



Table 1Oo5.2.A. Development and Effect of T and A Progvam 
Number of Farmers and Area of Crops,* 

PROJECT YEAR
 

1 2. 3 5 6 

No. of famers 1700 1700 1700 1700 1700 
 1700
 

New cooperators 100 100 200 200 400 500,
 
Established cooperators 
 0 100 200 400 600 1000 
Total participants iO0 200 400 600. 1000 1500 

T and A area : (in hectares)

New cooperators at 6 ha 600 
 600 1200 1200, 2400 ,i13600 

Established cooperators
(average area) 12.5 12.5 14 16 '18 20 
Established cooperators

(total) 0 1250 2800 6400 i10800 20000
 

Total T and A area (ha.) 600 1850 4000 7600 13200 23000 

Non T and A area : (in hece'-.res) 
New cooperators at 6,5 ha, 650 650 1300 1300 2600 3250 
Non-cooperators 20000 18750 16250 13750 8750 2500 

Total non-T and A area. 
20650 19400 17550 15050 11350 5750
 
Total area of crops 21250 21250 21550 22650 24550 28750
 

* independent of agro-,ndustrial complex
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TABLE 10.5.2.B. Area of Crops Produced by Farmers in Project
 
Area (in hectares).
 

P R 0 J E C T YE AR
•. 0 1 2 3 .
 5
 

Traditional farmers
 

Total area of crops 21000 20650 19400 17550 15050.11350 5750
 
Sorghum, 26% 
 5500 5407 5081 4596 
3943 2973 1506
 
Millet, 12% 
 2600 2557 2402 
 21,73 1863 1405 - 712
 
Maize, 8% 
 1700 1672 1570 1421 1218 
 919 465
 
Rice, 4% 
 800 787 739 669 573 
 432 219

Peanuts, 29% 
 6000 5900 5543 5014 4300 
3243 1643
 
Cotton,21% 
 4400 4327 4065 3677 
 3153 ,2378 1205
 

T and A farmers :
 

Total area of crops 
 0 600 1850 '4000 
 7600 13200 .23000
 
Sorghum, 30% 
 '0 180 555 1200 2280 3960 6900
 
Millet 10% 
 60 185 400 760 
 1320 2300
 
Maize, 25% 
 0. 
150 462 1000 1900 3300 5750
 
Rice, 10% 
 0 60 185 400 760 1320 2300
 
Peanuts, 15% 
 0 90 278 600 1140 1980 3450
 
Cotton, 10% 
 0 60 185 
 400 760 1320 2300
 

TABLE 10.5.2.ce Projected Yield of Crops Produced by Par
ticipating Farmers, Anambd Basin, by Years.
 

(yields in tons per hectare),
 
0 1 2 
 3 4 5 6 

Rice, soils 1 & 5 0.9 1,0 1.0 1.1 
 1.1 1.2 1.3
 
Rice, soil 4. 
 1.2 1,3 1.4 
 1.6 1.8 2.0

Sorghum 
 1.0 1.21 1.4 1.7 2.0 2.3 
 2.5
 
Millet 
 0,9 .1.0 1.2 1.4 
 15 1.6 1.7
 
Maize 
 0.8 1.0 1,3 1.6 1.9 
 2.2 2.4
 
Peanuts 
 1.0 1.0 1.0 1.1 
 1.1 1.2 1.2 
 q

Cotton 
 1.2 1.2 1,2 1.3 1.3 
 1.4 1,4
 

http:10.5.2.ce
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TABLE 10.5.2.D, Production of Crops by Local Farmers in ProJect
 
Area (inmetric tons).
 

PROJECT 
 YEAR
 

0 1 2 4 6
3 5' 


Traditional farmers.
 
Sorghum 
 5500, 5407 5081 4596, 3943 2973 1506

Millet 
 ?340 2301 2162 1677
1956 1264: 1

Maize 
 ..3 60 1338 1256 1136 974 735 372
 
Rice 
 720 708 665 602 389
516 197
 
Total berea:L 
 9920 9754 9164 8290 7110 5361 271,6 

Peanuts 
 6000 5900 
5543 5014 4300 3243' 1643
 
Cotton 
 5280 5192 4878 4412 
 3784 854 1446
 

Tand A farmers :
 
Sorghum 
 216 252 2040 456 9108 17250
 
Millet 
 60 '22 .
 "140 2112 3910
 
Maize 
 150 601: 1600 3610 7260 13800
 
Rice 60 185 440; 836 1584 2990
 
Total cereals 
 486 1260 4640 .1014620064 37950
 
Peanuts 
 90 278 660 1254 2376 4140
 
Cotton 
 72 
 222 520 988 1848 3220
 

All farmvers (total) :
 
Sorghum 
 5500 5623 5333 6636 
8503 12081 18756
 
Millet 
 2340 2361 2384 2817
2516 3376 4551
 
Maize 
 1360 1488 1857 2736 
4584 7995 14172
 
Rice 768 850 1042 1352 1973 3187
720 


Total cereals 
 9920 10240 10424 12930 17256 25425 40666
 
Peanuts 
 6000 5990 5821 5554
5674 5619 5783
 
Cotton 
 5280 5264 5100 4932 4772 4702 4666
 

L0
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TABLE 10.5.2.E Combined Total of Cereals Production by
 

Mechanized Farm and Local Farmers in Anambd
 

Basin (in metric tons). 

PROJECT YEAR 

1 2 3 4 5 6 

Rice 2168 6370 12802 23852 77163 104173 
Sorghum 5833 5903 8936 13703 26681 30756 
Millet 2461 2504 2936 3777 5176 6551 
Maize 1788 2517 5136 1C734 21995 26172" 

Total 12250 17294 29810 51386 131015 167652 

10.5. Livestock : T and A Pro&rLam. 

A T and A program oriented to livestock will be
 
essential at the time of expansion of dry season (irrigated)
 
crop production, because the irritated crops will use lands
 
formerly used by local inhabitants as cattle range. The
 
farmers must be taught the importance of restraining their
 
cattle to avoid interference with the irrigated crops, and
 
at the same time they must be taught and helped to provide
 

cat3- .
 
an alJ'3rnative way of feeding and/or managing thei-: 


The T and A program can help by encouraging production during
the rainy season of forage crops that can be used for cattle '
 
feed in the dry s'ason, and by helping farmers to modijy their
 
program -f buying, selling, and managing cat'le ' . : t 
n'i - .- :n I:*-- dry season. Additional stops requiring 
action'by the agro-industrial complex are : provision of
 
watering points for cattle at a distance from the irrigated
 
fields, thus providing alternative areas for cattle pasturep
 
and production of forage crops using irrigation, to provide feed
 

in the dry season.
 

A significant expansion of the local livestock 
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industry is foreseen as a result of SODAGRI's program of
 
training and assistance for livestock, Paralleling the program
 
for cereals production, 
Local farmers who have sufficient
 
feed available will be encouraged and assisted to expand
 
their cattle holdings. 
 SODAGRI will facilitate such ex
pansion by assisting the farmers in bringing young cattle
 
from the sub-Sahelian zone and assisting in the marketing of
 
the fattened cattle, as well as by teaching proper livestock
 
management and feeding and making available supplementary
 
feeds and animal health products. The increase in cattle
 
production that is expected to result from this program is
 
shown in Table 10.5.3.
 

TABLE 10.5.3. 
 Number of Cattle Kept by Local Farmers in the
 
Anamb6 Basin.
 

Y E A R 
1 2 

0F 
3 
P R O J E C T 

4. 5 6 

Growing calves, total1 2186 2217 2752 3676, 54-19 8,665 
Growing calves, incre
ment over base years 66 97 632 1,556 3296 6545 
Feeder cattle 2 , incre
ment over base years 47 53 65 84 123 198 

1. Maximum fixed by fodder production.
 
2. Maximum fixed by rice by-products.
 
See calculations in Annex 2 of Chapter 10.
 

10.5.4. Health Program.
 

The economic growth and increasing population ex
pected in the basin by this time should justify allocation
 
of increased resources from other agencies of the govern
ment. 
 It is reasonable to exp ot additional health centers
 
and schools to be opened in the basin by or during the third
 

o.gI/o
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phase of the development program. In addition to any such
 
installations set up by the government, project SENERIZ will
 
have health centers or dispensaries established to care for
 
the health of project employees,
 

The health centers of both categories will be re
inforced and their effectiveness increased by SODAGRI's program
 
of health and nutrition education. In this program, similar in
 
concept to the training and assistance programs planned for
 
cereals and livestock (except that no marketing program would
 
be planned) women will be taught - largely by women - how to
 
improve their families nutrition by better use of available
 
foods and through family production of vegetables, The teaching
 
of vegetable raising will be based on the research done by
 
SODAGRI at the agro-industrial complex.
 

The scope and impact of the health program is shown
 
in Table 10.5.4.
 

TABLE 10.54. Magnitude and Impact of the Health Programs
 
of Project SENERIZ, by Years.
 

PROJECT YEAR 

1 2 3 4 5 6 

Number of health centers 
in the agro-industrial 
complex - 1 1 2 3 3 
Paramedical personnel - 1 3 6 8 9 
Other personnel - 2 3 4 6 6 
Nutrition and health 
teachers - 2 4 7 10 
Client families per 
teacher - 25 35 50 50 50 
Client families, total - 25 70 200 350 500 

q0/.
 



10.5.5. Summar ' of -T.and A Personnel and Costs'...
 

To carry out the program of teaching and assistance
 

for farmers in production of cereal crops and livestock, and
 

for farm families in health and nutrition., a staff of extension.,
 

teachers and other supporting personnel will-.be required.
 

The number of this personnel is shown in Table 10,5.5.
 

TABLE 10.5.5. :Personnel-of:the Training and'Assistance Program,
 

Proj6et .SENERIZ.
 

Y E A R 0 P PR OJJEC T 
1, 2 3 4 5 6 

Agricultural Program : 

New farmer cooperators 100 100 200 200 400 '500 

Established farmer
cooperators - 100 200 400 .k600 1000 

Total cooperators 100 1200 400, 600 1000 1500 

New clients per 
teacher 25 30 .35 40 40 .40 

Established clients 
per teacher 50 60 70 80 :80" 

Total agricultural 
teachers 4 6 10 11 18 5 

Livestock teachers 1 2 3 4 6 8 

Supply and records 
personnel .2 .7 10 12 15 

Health and nutrition 
Program : 

Health and nutrition 
teachers 24 .7 10 

Support personnel -- 1 2 2 3 

Administration 

Supervisory personnel 1 2 3 4 5 6 

Office staff 1 2 3 45 6 

http:will-.be
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10.6. BUILDING TOWARD SENEGALIZATZON.
 

The level of technology that will be introduced into
 

an underdeveloped region, the eventual Senegalization of the
 

entire project, and the ambitious program of teaching and
 

assistance and health education planned for later stages
 

calls for training of Senegalese personnel in many skills
 

and at all levels, including skills and levels not available.
 

in Senegal. To meet ;the need for qualified personnel, a
 

training program will be implemented, beginning in the first
 

year of the project.
 

10, 6.1. In-Service Training.
 

A comprehensive program of training on-the-job
 

will be inaugurated. This in-service training is not seen
 

as a separate program, but as an underlying principle and
 

characteristic of employment throughout the project. Mech

anics, carpenters, equipment operators, repairmen, accountants,
 

etc. will all be developed through an informal but well-organ

ized apprenticeship program. Employees who show aptitude
 

and ambition will thus have the opportunity to work their
 

way to positions of more responsibility.
 

10.6.2. Training Not at the Project Site.
 

Success of this project will require personnel
 

having knowledge and understanding of agronomy, irrigation,,,
 

machinery, farm management, cereals processing, and other
 

specialities. In order to be assured of the availability
 

of personnel with the required qualifications, a program
 

of training must be undertaken at the beginning of the pio

jecte. A major portion of such training will be at sites
 

apart from the project site, and foreign training in Europe
 

and the U.S. will figure importantly.
 

Candidates for this training will be chosen by,
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the implementing agency of the project(SODAGRI) on the basis
 
of the applicant's previous academic records, performance
 
in a "concours" (written and oral examinations), previous
 
experience and employment if any, and recommendations from
 
previous teachers, employers, and others.
 

Training will be for varying periods of time de
pending on the subject matter, but ranging from a few weeks
 
to several years. 
Trainees will be registered as employees
 
of the project from the inception of their training and will
 
be paid appropriate salaries enabling them to contribute to
 
support of their families. 
Their entire expenses of the
 
training period, including subsistence, will be paid by
 
the project* The cost of training will be paid directly
 
to the training institution in most cases, while the trainee
 
will receive an allowance ffr living, the amount of which
 
will be tailored to the actual need. 
The support and finan
cing of the training will be patterned after the program
 
of USAID. 
Trainees will be required to sign contracts
 
committing themselves to employment in the project after
 
completion of training, for a period of time not less than,
 
and up to twice, the period of training,
 

The fields of training and the number of trainees
 
are shown in Table 10.6.2.A. 
All of these trainees will be
 
needed in subsequent stages of the project, and the training

is designed to synchronize the availability of trained per
sonnel with the need for them.
 

The cost of this training,program is shown in 
Table 10.6.24B0
 

I0.6.3. Senealization.
 

The final step in implementation of this.phased
 
development is its Senegalization, All-administrative and
 

Lfi
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TABLB ,10.6,2.A', Training Program of Project SENERIZ.
 

No. Specialization 


Operators ' 
2 Reservoir manage-


ment 

6Irrigation tech-

nology. 


Rice production 


2 Cereals production 

macniner" maintenance,,6 months 

year
Location. 1' 2 3 


Calif. 

USA
 

Calif. 2 1 .1 2 
USA
 

Philip
pines 2 2.
 

India/ 
Mexico 1 1
 

France 3 '3 

USA <1 

Japan 1 1 

USA 1 1
 

USA 1 1 

Texas 1 1 

USA 1 1 

'USA 3 4 4
 

Texas 2 2 1
 

USA 1 2 3 4
 

USA 1 2 1'.1 

18 23 13 13 

Duration 


9 months 

6 months 

12 months 

12 months 

2 Grain handling and 
Storage 

2 Rice Milling 

2 Seed Processing 

2 Feed manufacturing 

2 Livestock Health and 
Production 

2 Project Management 

T and A Program • 

15 Agricultural ex
tension 


5 Livestock extension 


10 Health and nutri
tion education 

5 Extension admini-
stration 

67 Total trainees 

Total months of 
training 

3 months 

3 months 

3 months 


3 months 

9 monthst 

12 months 

6 months 


6 months 


6 months 


12 months 


468 months 

400 



TABLE10.62.Bo Costs of Training:Program. (in francs CPA)I
 

Item Unit cost 
 No- Total
 

Travel 300,000 CPA per round 
 67 20,100,000
 
trip
 

School and 150,000 CPA per month 
 468 70,200,000

living
 
Preparation 50p000 perimonth x 4 6112,200 000
(language train- months 
 12,200,000

ing)
 

Total 
 1029500,O00 CPA
 

managerial Posts and most of the technical posts, which will
 
be staffed by expatriates during the early stages of the
 
project, will finally be turned over to Senegalese nationals.
 
Of course, Senegalese will be employed from the outset at
 
the highest level of post for which they are qualified, Those
 
qualifications will be continually improved through programs
 
including in-service training, informal apprenticeship or
 
trainee arrangements, and full-time training both in Senegal
 
and abroad. 
The products of these training programs - the
 
trained Senegalese - will be assisted to develop their com
petency by challenging assignments. Ultimately expatriate
 
management personnel will be phased out, as Senegalese with
 
sufficient competency are found or trained to replace them,
 

x x
 

http:TABLE10.62.Bo
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ANNEX li CHAPTER 10. Refer to Section 10,3,4.
 

Calculation of the Maximum Number of Grazing
 
Calves and Feeder Cattle in the Anamb6 Basin Project.
 

Fodder available
 
Rice production (tons) 

Other cereals (tons) 


Rice strawA (tons) 

Cereals stalksB (tons) 


Total fodder (tons) 


Rice by-productsC (tons) 

Feeder cattleD, maximum 

fixed by rice by
products
 
Feeder cattle, forage 

needs (tons)
 
Remaining fodder (tons) 
CalvesE maximum fixed,
 
by forage 


Targets 	: Calves 


:Feeders 


YEAR 

1 2 


1380 5450 

61'0 1350 


690 2725 

610 1350 


1300 4075 

138 545 


86 340 


34 136 


1266 3939 


280 875 


100 500 


50 100 


OF 

3 


11640 


5120 


5820 


5120 


10940 


1164 


727 


290 


10650 


2360 


1000 


500 


PROJECT
 
4 5 
 6
 

22030 73920 99260
 
11360 30400 26000
 

11015 36960 49630
 
11360 30400 26000
 

22375 67360 75630
 

2203 7392 9926
 

1375 4600 6200
 

550 1840 .2480
 

21825L, 65520 1731 50
 

4850. 14500 16200
 

2000 5000 5000
 

1000 2000. 5000
 

A, 	 Rice straw is produced at 0.5 ton per ton of paddy rice., 
B. 	Fodder (stalks of sorghum, millet and maize) produced at
 

I.O ton 	per ton of grain.
 
C. 	 By-products of milling rice in the amount of 10% of paddy 

rice considered as available for livestock feeding. 
D. 	Feeder cattle requirements per head.: 1.6 tons of rice
 

by-products, 0.4 tons of fodder, 100 kg protein-mineral
 

supplement*
 
E. 	 Growing calves requirements per head : 4,5 tons of fodder, 

100 	 kg of supplement.L.... 2 
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ANNEX 2, CHAPTER 10. Refer to Section 10.5,3.
 

Cattle Production by Local Farmers.
 

(in tons) 0 


Fodder available:
 

Rice production 

Other cereals 


Rice strawA 

Cereal stalksB 

Total fodder 

Rice by-productsC 


Feeder cattleD 

maximum fixed by
 
cereal products
 

Feeder cattle
 

720 


9200 


360 

9200 


9560 


72 


45 


forage needs ttons)18 

Remaining
 
fodder (tons) 9542 

CalvesE, maximum 2120 

fiwed by forage
 

Increase over base
 
year : no. Of oalves 

Y E A-R POF RRO B CT

1 2 3 4 


768 850 1042 1352 

9472 9574 111888 15904 


384 425 521 676 

9472 9574 11888 15904 

9856 9999 12409 16580 


76 85 104 135 


47 ,,53 65 84 


19 21,,. 26 34 


9837 9978 12383 16546 

2186 2217 2752 3676 


66 97 '632 1556 


6
 

1973 3187
 
23452 37479
 

986 1593
 
23452 37479
 
.24438 39072
 

197 318
 

123- 198
 

49 79
 

24389 38993
 
5419 8665
 

3296 6545
 

A. 	Rice straw is produced at 0.5 ton per ton of paddy rice.
 
B. 	Fodder (stalks of sorghum, millet, and maize) produced at
 

1.0 	ton per ton of grain.
 
C. 	By-products of milling rice in the amount of 10% of paddy
 

rice considered as available for livestock feeding.
 
D. 	Feeder cattle requirement per head : 1.6. tons of rice
 

by-products, 0.4 tons of fodder, 100 kg protein-mineral
 
supplement,
 

E. 	Growing calves requirement per head : 4.5 tons of fodder,
 
100 kg of supplement.
 

x 

x x 
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CHAPTER 11 : SUPPORTING DETAIL FOR THE 

THREE-PHASE PLAN 

11.0. INTRODUCTION. 

In the foregoing chapter, SODAGRI has presented the form
 
configuration of the proposed project for development of the
 

Anambd Basin. 
 luch of the detail has been deliberately omitted 
from .tat chapter, so as to avoid obscuring an overall view of the 
project. However, such detail is needed in order to support cal
culations of costs and benefits. 
 In this chapter, the supporting 
details are presented. 

11.1. FLOW CHARTS. 

The relationship among the various components of the pro
ject, in terms of preparation for subsequent steps, has been 
mentioned frequently in the foregoing chapter. Figure 11.l.A. 
shows the timing of the activities and events of the development 
program, and Figure 11.l.B. presents graphically the relationships 
among these activities. 



FIGURE 11,.A. IM;.PL1-EM2NTATION SCHEDULE FOR PROJECT 
SENERIZ 
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11.2. DAM't AND RESERVOIr 

A discussion of the merits of possible flood/drainage/iri-iga.

tion schemes was presented in Chapter 9 of this taxt. 
 The present chap
ter deals only with the engineering concepts of the proposed dum and 
reservoir, 

11.2.1. Site selection, 

The general terrain of the project area is of very limited re
lief and the possibility for natural dam sites are limited to the Anambd
 
basin, the Koulounto 
 valley and the Kayanga valley. As already dis
cussed, the problems of evaporation and the necessity to construct re
taining dikes to form a reservoir in the Anambd discount this possibility 
on cursory examination. Although the Koulounto River carries more 
water than the Kayanga, from the topographical maps available it ap
pears to have a very wide shallow valley which on initial appraisal

would involve extensive earthworks. Also, 
the long water conveyance 
network from the Koulounto valley to the project area would be a dis -
advantage in the economic analysis of such a scheme. Finally, the pro
ject area was 
already broadly defined as the department of Vdlingara. 

A storage dam in the Kayanga valley would obviously reduce 
the amount of flooding in the Anambd valley by decreasing the tailwater 
level of the Kayanga downstream of the dam, thus providing a greater
hydraulic gradient to the flood waters of the Anambe valley, and re
ducing the extent of flooding. 

Aerial photographs at 1:40,000 taken in 1970 were examined 
together with existing topographic maps at 1:200,000 and a partial 
map at 1:50,000. It was noted that the Kayanga valley is rather 
broad and flat, the river meanders but not so markedly as in its lower 
reaches downstream of the Niapo bridge, and natural constrictions are 
markedly absent. 

g .0/.. . 
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However, an inital proposed dam site was- chosen two kilo
meters southeast of Niandouba, at location 12*53'30" N, 13*57'30" W. 
At this point the Kayanga valley narrows, the western bank being a 
rounded spur whose highest point, at a little over 50 meters, is three 
kilometers from the valley bottom. From surface exploration, the 
subsurface would appear to be laterite soil with several outcrops of 
laterite rock, some appearing as boulders and others as intact lenses. 
No hard rock outcrops were visible and considering the general ge
ology of the area, would be unlikely to exist. 

The east bank of the proposed dam site differs considerably. 
A laterite ridge leading from the southeast narrows to 300-400 meters 
at the 40-meter-contour measured 600 meters from the valley bottom. 
Dropping steeply at 7%, this slope is made of developed laterite rock; 
occasional samples of poorly consolidated sandstone were found on 
the surface. 

In the flt valley bottom, the river bed meanders through its 
floodplain which is 400 meters wide on the average. One shallow 
trial pit was dug and showed continuous fluvial deposits of grey clayey 
silt over its depth of one meter. It should be noted that these deposits 
are expected to continue over several meters, but only more detailed 
investigations could determine this fact with certainty. The river 
bed itself is typically 55 meters wide and 15 meters deep with very 
steep bankles. It is very heavily encumbered by tree growth, and de
posits of organic matter cover the river bottom. The organic matter 
is mixed with fines, clays, and silts, indicating that even in flood 
the river is very slow-moving at this point. 

It is felt that any site on the upper Kayanga would have 
similar ground conditions, that is, laterite soils or rock on the 
higher slopes with a pronounced river bed and a floodplain covered 
with silts and clays, but this site, Kayanga No. 1, has the advan
tage of the most prominent constriction of the valley, coupled with 
readily available laterite soils for dam fill and l'.tcrite rock for 

@.0 /..0 
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rip-rap(it should be noted that this material is suggestedin the 
present, absence of any other economically available stone). 

The topography of the narrow ke of the east bankc, assuming 
that the countours of existing maps are reasonably correct, suggests 
that an overflow spillway might be constructed at reasonable cost, the 
excavated material being transported directly for use as dam fill. 

From an irrigation supply viewpoint, a principal canal would 
probably head from Just upstream of the dam site to the northwest, 
cutting across the Anambd/Kayanga watershed via a very indistinct 
saddle four and one-half kilometers west of Niandouba. 

11.2.2. Reservoir Characteristics. 

(N.B. : All figures are based on limited topographic detail). 
Using the Kayanga No. 1 as a dam site and the limited topo

graphic detail available on the Kayanga valley, a capacity rating curve 
has been developed. This shows total storage of 550 million m3 at 
40 meters through to 4.8 million m3 at 28 meter elevation. 

For a long-term average year of normal rainfall and runoff 
in the Kayanga, one can expect 425 million im-, measured at the Niapo 
bridge, but this is reduced to 388 million m3 because the effective 
watershed decreases from 1,750 to 1,600 km2 . 

Thus ,thenormal freeboard elevation would become 38 meters. 
Evaporation losses have already been estimated at 1,710 mm per annum, 
thus, an estimated total reservoir loss of 2 meters is assumed. 
Seepage losses in the lower elevations of the reservoir are likely to 
be low, but the magnitude of infiltration losses at higher elevations, 
i.e., in the laterite soils, should be investigated more thoroughly. 

Applying this loss of two meters most conservatively, i.e., 
at maximum normal storage conditions, useful storage is 250 million . 3 
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Allowances for minimum pump positive suction head are estimated at 
two meters and thus a total useful storage of approximately 2/40million 
m3 is achieved. 

The maximum surcharge storage available in times of excep
tional runoff would be 52 million m3 , this representing a one-meter 
increase to a maximum freeboard level of 39 meters. The provided 
spillway would also be operating at this time to evacuate the flood 
waters. 

According to local information, the strongest and most per
sistent winds occur from January through April, coming from the 
northeast. These winds are known as the Harmattan. At this period 
of the year, the reservoir would normally be at 31-33 meters elevation 
and the problems of wave action on the upstream face of the dam 
would not be serious, assuming adequate rip-rap is provided, and 
the problem of wave break over-topping the dam would be non-existent. 
In the wet season, the winds are predominantly from the west, which 
would blow along the length of the reservoir but in an upstream di
rection. Thus, general information indicates that wave action would 
not be a serious problem, except in exceptional circumstances. 

Although no detailed study has -been made, aerial photographs 
show that a considerable area of cultivated land lies beneath the 30
meter contou; and also many villages. All this would be lost, but 
the long-term social and financial benefits for the local people would 
more than offset their temporary loss. In years of exceptional rainfall, 
the flooding could reach the 39 meter elevation. 

11.2.3. Dam Desipn. 

Choice of dam type : The principal constraints of this 
choice are topography and construction materials, since the only 
construction materials presently knovwn to be available locally are 
laterite rock, lateritic soils, and sands. The degree of difference 

0e0/0
 



in engineering soil properties for the laterites available is not known,
 
nor is the exact availability of hard rock. 
 The need for investigations
 
cn possible quarry sites close 
to the project area cannot be over
emphsized. 
 Initial information would indicate a preliminary geolo
gical survey of the area between Carrefoir and Kankoyama on the
 
Tambacoun&Sambayel road. 
 The availability or otherwise of ig
neous 
rocks such as rhyolites and microgranites should be thorough
ly investigated. 
 The absence of available rock, or the aggregates
 
necessary for concrete, 
 virtually preclude the consideration of
 
a rockfll or 
any type of concrete dam. 

The rather low relief of the Kayanga valley and the limited
 
major construction materials available, 
 and the possibility of weak
 
foundation.%indicate the use of 
an earthfill dam to be preferable. 

General design considerations : Three typical earthdams
 
are available : the diaphragm, 
the zoned embankment, and the mo
dified homogeneous. 
 Both the diaphragm and zoned embankment types
 
seem unlikely possibilities because of the lack of suitable construc
tion material. Requiring an impermeable earth or concrete core
 
and permeable filler, and considering the present dearth of clay,

cheap concrete or suitable stone, the diaphragm dam can be dis
counted.
 

A zoned embankment dam still remains a possibility, but
only future engineering soils investigations could ascertain 
whether this or a rolled-fill homogeneous earthfill dam would be 
the most suitable. Cursory considerations indicate that the latter 
would be the most suitable. 

Fill material : Selected laterite soil compacted to the 
optimum Procter density at a specified water content should be laid 
in 15 cm layers. Any increase over 15 cm, with standard compaction
equipment, risks lenses of poorly compacted fill, which inevitably 
lead to undesirabld settlement. 
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Full laboratory tests on the soils must be undertaken, on 
samples from selected borrow areas and abutments# These tests 
should include in situ density, shear strength, gradation determina
tion of liquid v::d plastic limits, and relative density and Procter 
compaction tests. 

Earthfill quantities : For a preliminary design estimate of 
construction quantities, upstream and downstream slopes of 3:1 have 
been used. This is considered conservative, but in the absence of 
precise soils characteristics, its use is justified. 

Stripping quantities to a depth of 1.5 meters over the base 
of the dam have been allowed for in estimations of fill quantities. 

For a maximum dam height of 15 meters and total crest length 
of just over two kilometers, the fill volumes are : 

Western section 990,000 m3
 

Center section 364,000 im3
 

Eastern section 38,000 nx3
 

Stripping 123,000 m3
 

Total 1.51 mil 1ion m-

Final design quantities should be a little lower than this, 
because of increases in the embankment slopes, but considering 
that the fill used may be of poor quality whose shear strength is 
low and which thus tends to slo,,h easily, especially under rapid 
draw-down conditions, the reduction would not be great. 

Gravel drainage filters to reduce pore water pressure in 
the dam fill and to allow controlled seepage should be installed. 

Slole protection : Waves : As already mentioned, winds 
are generally from the west during the w,et season when the reservoir 

•*•o/•. 14 L4 
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will be full. Even should freak winds accompanying rainstorms occur, 

they would be unlikely to exceed 160 km/h. 

The site itself is just downstream of a sharp berd in the 
valley, which restricts the action of waves which may have developed 
several kilometers upstream. Such waves, using a fetch of 20 kilo

meters or more, could exceed two meters, but would be directed towards 
the western bank of the reservoir, not the dam w.all. 

The worst wave which might be considered to develop at 
maximum normal storage conditions would be produced on a short fetch. 

Example : Fetch Less than 5 kilometers 

Wind speed 160 km/h 
Wave height 1.2 meters 

Uprush factor 1.5 

Design wave 1.8 meters 

Under extraordinary flood conditions, with'mmulmum reservoir 
water levd under surcharge conditions, the minimum freeboard would 

be reduced to one meter below the crest elevation. This is considered 

satisfactory: 

Fetch 5 kilometers 

Wind speed 80 km/h 

Wave height 1.0 meter 
Uprush : overtopping due to uprush considered 

acceptable. 

Rip-rap on the upstream face : Laterite boulders are 
not the ideal material for rip-rap for many reasons , 

1. 	 Low density, resulting in thicker beds and greater 
volumes of rock. 

2. Slight tendency to abrade, due to rather friable nature 



of tle rockt. 
Slight tendency to break down in water. 

4. Rounded nature of the boulders, causing poor stability 
on steeper slopes. 

However, on many sites lateritic boulders have been used
 
successfully and certainly have provided the most economic solution.
 
Should a source of harder stone be found in the project area, a careful
 
cost comparison of the use of the two materials should be made.
 

Cn the dam of /40meters crest height, the total upstream
 
face area is61,500 m 2.
 

Were laterite used, a thickness of 90 cm wouldb.e necessary. 
thus, the total volume of laterite would be 55,000 m3 . 

This voLume could be reduced by 20 wiere a denser, more
 
lurable, more angular rock available.
 

Downstream slope protection: Although the planting of 
grass on downstream slopes is a normal and inexpensive practice, in 
the case of this dry, arid climate, puncttuated.by heavy rainfall, 
30 cm deep cobbles are recommended for a complete coverage. 
Difficulties resulting from drying cracks and then the possible ingress 
of water into the dam fill on the downstream face influence this 

recommendation. 

Storms and spillway, protection: Fast meteorological data 
indicate that in the V6liniara Department, a maximum 24-hour rainfall 
of 237 ram occurred. 

Extrapolation to the potential 100-year maximum tends 
to 300 mm. Application of this to the Kayanga, using a runoff co
efficient of // under these exceptional conditions and assuming that 
60%of the runoff occurs on the second day of the flood, indicates 

.../...
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that a total runoff of 115 million m3 would be experienced. 

Allowing for the surcharge storage capacity of 52 million 
3, the spillway capacity required would be for 60 million mI in 24 

hours, i.e., 690 rnj/sec. 

Other methods of calculating extreme floods include : 

A. The Creager Formula : originally developed in the 

U.S .A., after the study of many floods, this formula has been applied 

to rivers of West Africa, but with lower C values than those originally 

adopted.
 

The expression for the maximum peak flood is 

" ~(2-9),whr
C'- 1."43 C ( A )0.9.3 -0.043,where 

Q- Flow in m3 /sec
 

C- use 12.
 

A - Watershed, in km2
 

, but this 

is a point value. 
Thus, the maximum flood would be 1,440 /sec, 

B. Some designers have suggested the use of a broad 

rule of thumb : the anticipated maximum flood is equal to twice the 

maximum observed flood. Using the Kayanga runoff of October 7th, 

1967, of . ,.50 i-' /s:2-c,. , the anticipated maximum flood, by this rule, 

would be 267 nf/sec. 

However, such an estimate is considered low because of 

the lack of long-term flood records. In the light of available information, 

a spillway capacity of 690 1 /sec. is considered necessary. 

!,ore detailed investigation of the site and hydrological 



regirie of the valley will dictate final spillway design, but two possi
bilities should be mentioned : 

A. A side overflow broad-crested weir and chute spill
way, possibly located on the western side of the dam 
emban ment. This would be in concrete. 

B. A simple overflow channel 'ug out of the ridge two 
and one-half kilometers to the east of the dam center. 
This would discharge into the small valley Joining the 
main Kayanga valley over one kin doninstream of the dam site. 

Other engineerinp considerations : Earthquakes : Follow
ing enquiries at the Geology Department of the University of Dakar, it 
was reported that seismic activity is slight for the area, and should
 
not be considered as a design criterium. 
 A fault running from Lingu~re 
In the north do:mn to Kolda is known to exist, but no damage is known 
to have occurred from movement of this fault. 

Foundations : The exact nature of ground conditions beneath 
the dam is unknown, but believed to be several meters of grey clayer 
silt. It is undoubtedly unconsolidated because of its very recent 
fluvial origin. As a dam foundation, it is likely to allow little seepage, 
but because of its compressibility, settlement under the weight of the 
dam embankment will take place. Both the east and west lateritic 
abutments pose different problems; settlement might be minimal, but 
seepage more important. In future investigations, particular attention 
should be paid to the eastern abutment as it appears to be heavily wea
thered.
 

Sedimentation : Due to the total lack of information, no 
estimate of reservoir sedimentation has been made. During the future 
wet season, water samples from the Kayanga River should be taken 
periodically, upstream of the confluence with the Anamb. Using this 
and other field observations, estimates of the total bed-load and sus
pended load will be made, and life expectancy of the reservoir determined. 

e.*./...e 
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I1.3. IRRIGATION SYSTEMS. 

11.3.1. Irrigation Requirements and Potential. 

The total available water in the storage reservoir is envisaged 
as 240 million i 3 . 

Rice grown using the contour strip-method is not as waste
ful of water as small scale traditional paddy rice production, as
seepage from higher perimeters benefits lower fields, but nevertheless 
total irrigation efficiencies of 50%o would be expected. On thts basis, 
a total annual net irrigation requirement of 1,6 m is assumed, -and 
considering the available stored water, a maximum potential area 
for dry season rice cultivation of 15,000 hectares is obtained. 

Canal Capacity : The planned-reservoir will make available 
240 million m3 of stored water in an average year. If one makes the" 
assumption that the irrigation season will last five months , that water 
requirements will be distributed 10,- 25, 35, 24- and 5 percent during 
the months of December through April, and that-irrigaton will be 
carried on 12 hours per day, the irrigation system must have a-maxi
mum capacity of 38.8 m3/s. This capacity is necessary to'meet the 
February demand. Increasing-the irrigation period in February to 
17 hours permits reduction of required maximum capacity to 27-.5 m3/s, 
thus giving a constant demand -for January, -February, and March. 
Irrigation requirements are presented in graphic form in Figure 
11.3.1. 

11.3,2. Irrigation System Design. 

Bearing in mind the high price of imported oil, -a major 
consideration in the operating cost of power production or pumping, 
and theecpense of other imported hardware, an attemitwas made-in the 
overall system design to achieve a functional, economic, yet not 
overly sophisticated irrigation scheme. 

Figure 11.3.2.A. shows the schematic layout of this 

...... V/ 



irrigation network* Wherever possible, open canals have been 
recommended, but two sets of large-bore cast in situ reinforced 
concrete pipelines are-essential, one leading from the main pumping 
station to the service reservoir and the other operating as an assisted 
syphon to cross the north end of the Anambd Valleyi 

The pumping units used at this assisted syphon should be 
designed to operate as drainage pumps for the prtncipal-drainage way 
of the Anambd basin during the-wet season, and in the dry season to 
operate as a booster for the irrigation flow to the western side of the 
basin. 

11.3.3. Sizing of the Irrigation Network. 

The maximum theoretical net irrigation requirement-is 249 
mm/month during March. However, by this ttme some -ofthe rice will 
no longer require water, assumirga-100-diy rice planted in mid---
November. A design net irrigaton requirement-was established to-be 
applied at 50%overall-efficiency, and with a normal operating period 
of 20 hours per day during the pedk demand season; the gross appli
cation is thus : 4O'm/month on a 20 hour day. Design maximum 
irrigation flow is Q' - 27 0 3 /sec., equivant to 953 cfs or 427,680 
g.p.m. 

Maor Pipelines : Main pump station to service reservoir. 

Although expensive, as the scheme is presently envisaged, 
these cast-in-situ, reinforced pipes -are the only practical solution 
for obtaining a head to the primary irrigation c anals. Standard design 
procedures indicate : 

to carry 27 m3 / sec., use three-pipelines, each9' m3 /sect 
capacity. Required diameter for velocities - 2 - 2.5 m/see., 
-2.5 0. 
Distance of service reservoir from main pump station 

44 kilometers. 
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Thus, total pipeline required 12 kilometers 

The pipelines -hould be fabricated with a steel shutter for 
preference, or any other method which would. give C~ 140 (Mazen:
Williams Roughness coefficient). 

Service Reservoir : Such-a structure is considered ad
viseable as a 
flow regulator to both the outgoing,-and incoming lines 
and also as a limited storage in the event of emergency breakdown at 
the main pumping station. 

At maximum daily flow rates, such a reservoir would
 
have a capacity of 1,944, 000 m3 
(24 hour supply). "However, con
sidering that in the event of power failure ;-the western-branch of
 
the irrigation network would also be inoperative, then the required
 
storage would be 972,000 m3
 . 

A tentative size of 623 -aters 2 by25 m-deep-is suggested,

shallow dig material being used to construct a peripheraldyke-0
 
2.49 kilometers long and of cross 'sectional-area 16 m2 , requiring

40,000- 3 of fill.-
 The bottom of this reservoir, 388,000 m2 , is 
to be treated to prevent unnecessary leakage. 

irrigation Canals : The general layout of irrigation

canals is shown in Figure 11.3.2.A. Cross sections of typical
 
canals making up the system are shown in Figures 11.3.2;B. through 
11.3 .2.Di 

The sections of suggested canals are-Included not as final 
designs, but as a representation of-the conceptual design of the project
which may be used for initial budgetary purposes. 

All flow rates were proportioned't the maximum design
flow rate of Q - 27 m3 /sec., suchthat 'X', the secondary flow 
rate, was 2.7 rn 3/sec., and the lateral flow was 1X'/ 8, 1.e. 0;38 



ni/sec. -Slopes were chosen on the basis of available-topographtc
 
information 
- typically 0.0010 for primartes, 0;0020 for -secondaries,
 
and 0.0005 for laterals. These values 
are not representative in all
 
cases, 
but suffice for this stage of the design of the project, 

All irrigation canals should be -facedwith 50 to 75 .mm of un
reinforced Portland Cement concrete, 
 or similar material to achteve
 
a value of 0.0175 (Manning's coefficient). Field ditches are not in
cluded in this preliminary design. 

Total canals runs are as follows :
 
Primary- 46 kilometers --

Secondary 41.5 kilometers
 
Tertiary 166 kilometers
 

Also to cross -the north end of the Anambd River, an assisted
 
syphon will be necessary. Preliminary calculations indicate the ase
 
of a reinforced cast-in-situ pipe, three meters in diameter and three
 
kilometers long. 

11.3.4. Pumping .Pequirements, 

The main pumpin-g station, located on the western bank of Kayanga 
Dam Site No. 1, is described as follows : 

Lift : max. static lift 20 meters 
Column and pump station losses 5 veters.7 psi estimate) 
Discharge pipes 8 meters 

Total design head 33 meters (108 ft;, 47 pst)i 

Three interconnected-pumping-groups are required, allowing for 
repairs on any of the-groups or delivery lines. Each pumping group 
Is to be designed for the following needs : 

Rate of flow Q = 9 m3 /sec.
 
Total-design-head or TeD. 33 meters
. 



Efficiency 0.8
 
Power requirement-'-.6O-hp or 3.6"M.W /groupr,
 

Thus, station power requirements Are 	3 x36 . 10'8 M.\V.,., 

The pumping unit at the drainage/booster station,must satisfy 
two criteria: 

For drainage : Q - 3"1,3 m3 tsec. 

Head estimate 55 meters 
Efficiency or E 70/6 

Hp = 2933. 

For boosting irrigation supply head: 

Q = 13.5 m3 /seci 
Head estimate - 15 meters 
Efficiency or E - 70% 

Hp - 3780. (2.8 M.W.) 

" On first inspection;'it would appear that a pumping group, 
most probably low head centrifugal pumps, could be designed to meet 
both needs. 

Total power requirements are thus 136 rM .. 

113.5, Construction Quantities.; 

Quantities required for construction of-the irrigation system are 
shown in Table 11.3.5. Principal items are listed below. 

Item ,Quantity. 
For canals
 

Cut (dirt) 754,140 mW
 
Place and compact (dirt) 628,433 0
 
Place concrete 58,374 03
 
Lining of canals 	 1,047,690 03 of 50 or 

75 mm. slab; 

so.I. LfA§ 



For-service reservoir 
Borrow, place -and compact 
Place thin roller lining 

Reinforced concrete pipelines 
3 meters in diameter 
205 meters in diameter 

Pumping stations : 
Main pumping startion at 10X M;Wi 
Drainage/booster station at 2.8 M.W 

Power transmis ion •
 
Line (30 KV'A) 


Transformers 


11.4, AGRO-INDUS TRIAL COMPLEX, 

11.40i lntroductio.n,
 

40;O00 mn 

388,129 m3 

",000lin; m.
 

12,000 iun. m. 

1 stationcomplete 

1 station complete 

19 kilometer s 

1 set for 10;8 M.W. 

1 cet for 28 M.W. 

The development ofrica production Is-rhe top priority for 
Project SENBRIZ. but other crops such as sornhum, millet, and maize 
will also be produced. 

An ind'strlal complex which-will provide-a capability-for 
receiving, weighi:g, precleanin-; drying -nd storingrpaddy ricm and 
other cereals is a-. esser'dcl pr-rt of thes'proj-ect. -A rice mill, to pro
duce -od quality milled rice as a primary product; is also indispensable 
as a part of the industrial complex-; Since -paddy rice is the most 
delicate and diB~icult product to process, the basi . industrial com
plex should be designed and sized to process this mgricult-cral pro
duct, but the complex shculd also hove the capability for processing 

_
0i/g-ig Lj-



TABLE 11;3i5. Quantites Required for Construction of Irrigation System, 

Caa ype uantity kmantity km Total M 

QuantityQ kmCnleastide Quaty kmTtlWsSid- km 'nizm~cut-7 Concrete- slab Concretearea f Concrete slab. to pIce 
thickness lining 0-

TV. 6.5 	 15.5 22 P- 104,280 .075 cm 176,000 13,200"4X	 3 5 8 37,920 .075 cm 64,000 4,800 
3 5 8 M 29,04-0 .050 cm 54,000 2,700

A2-X1405 	 3.85 8 XL 2900 X50 cm 54,000 2,700 
yex' 	 20O5 21 41.5 60,590 050 cm 176,790 8,839 

(secondary) 
Laterals 2 84 166 116,200 050 cm 522,900 26,145 

Total quantites 377,07C 	 1,047,630 58,374 

NB The total qua}tity for m imum cut = 377,070 zm3 . Actual cut is estimated to be twice measurementor 754,140 nr' The latter figure is; to be used for budget. 



TABLE 113.6. 

%.rop Soil Group 

Rice 4 

6 

Sorghum or other 
low moisture resistant 
crop 

5 

Characteristics of Possible "Irrigated-A idr-ltural" Land. 

Useful ha. 

18 ,00Ox.6 
109800 

5,500 

12,000 
(total 
available) 

Soil as studied 
by SOIDAGRI 1977 

Heavie.r than an-
ticipated. Hassome rice poten-

tiali 

Silty-clay 

'2,000Heavy, clay 

Sandy, rather 
p"rmeable 
Pgrey-brown 

Soil as studied 
by GERCA. 1962 

Sandy-silt 

Silty-clay 

Clay 

Sand-sandy 
loam 

Typical 
slopes 

0.25% 

0.06%-
0.10% 

-
less 
than 
.05% 

0012%-
027/o 

Any other 
comments 

as viewed rather
 
light, but cultivated
rice was seen on
 

the soil.
 

Slightly., sandy first
 
6 inches-. vfer clay
silt, Drainage schem
 
necessary to prevent
Rooding.
 
P ermanent swa-nipy
 

Hummocks.
 

ThQp 3 0 cm loam fine 
sand, below 30 cm, 

sandy
clay loam. 
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the other agricultural products mentioned above. Overly complicated
 
systems are not Included, but in many instances 
excess capacity has
 
been provided to allow for equipment breakdowns and management
 
problems.
 

Following studies and assessments of the Anambd basin region,
and based in part on -the persona Iknowledge and experience of-members 
of the 	study team in other countries with similar climatic conditions, 
SODAGRI has attempted to design, size, and chcos-e the most appropriate 
and practical type of machinery and equipment for the industrial com
plex of the project. 

Harvesting of agricultural products may thn considered the rul
mination of the agricultural activities for any-particular crop. Har
ve sttv must be coordinated with-subs equent- proces sing activities because 
of critical characteristic requirements that must be observed, some 
of which are as follows : 

1. 	 Grain harvested must not remain-in Its original form 
either in the field or covered for a prolonged period 
of time. 

2. 	 It must not be violently dried; that is, the drying 
must be done in .rmooth multiple steps for obtaining 
optimum results -in quality of the-final product. 

3. 	 -Grain must be cleaned, and all trash-that 1s brought 
from the field must be eliminated before drying and 
storing. 

4. 	 It must be properly stored and-'periodically observed 
while in storage in order to prevent spoilage.

5. 	 It must be milled in an efficient manner to minimize" 
breakage of the grain, thus producing higher quality 
in the finished product. 

6. 	 When the dried product is going to be used for 'seed, 
the product should be properly dried, cleaned-, 
classified and graded and its germination must be 
determined and approved. 

... °.. 
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Incalculable losses occur in many countries of -the world during 
the harvesting, drying, storing -and-handling of paddy- rice and other 
agricultural products. Improper harvesting procedures, lack of 
adequate machinery and equipment for processing, storing; and 
milling the products, lack of knowledge and-training of personnel 
are the causes of these valuable losses. Projet SEWERIZ-sets-as 
its objectives the avoidance of such losses, -by providing-proper 
procedures , machinery and facilities, and training of personnel. 

The industrial complex recommended should be composed 
of the following units or departments : 

1. 	 A drying and storage plant for weighing i receiving, 
pre-cleaning before drying, cleaning after drying, 
and storing. 

2. A diesel-electric po-ver generatimg plant,- which 'will 1be 
the center Df all power requiremen-rs for "he com
bined agro-4ndustrial complex. 

3. A rice mill, capa.'_, -of processing the dry paddy
 
rice into a finished mrketable product. -"
 

4. A laboratory to test the incoming paddy rice and
 
other agricultural products, the finished product and 
other types of analyses"that will be of assistance not 
only to the pIrocessors, but also to the field technical 
team. 

5. 	 A seed processing and treating plant. This plant 
will be capable of -electtng the highest quality seed 
of the different agricultural -products and subjecting 
them to treatments that will retvin their quality until 
they are ready to be used. 

6. 	 A-feed mill. This plant will be capable-to process and 
proportionally mix ba: ancedl ratio,- from the several 
products and by-products, thus producing proper 
feed for cattle, swine, and poultry. 

0.01...o 



All above-mentioned plants are herewith tentatively sized-and 
6xplained in order to take-care of the incoming crops within a period
of time dictated by the duration of the-harvests. A reasonable -fa tor 
of safety has been taken into consideration for possible bumper crops 
within the economic parameters. Also, space has been provided 
for future expansion programs. 

The general administrative offices and the central-warehouse
 
will be placed within the industrial complex with the-purpose of ob
taining a more effective supervision and overall control.
 

Required Plant Capacit : When the land development program 
has been fully carried out and the program of teaching and assistance 
to farmers i in full swing, cereals production in the Aydamb4basin 
should be at a high level. The combination of programs described 
in Chapter 10 should result in the following amounts of production: 

Rice 104 173 tons
 
Sorghum 30 756 tons
 
Millet 6 551 tons
 
Maize 
 26 172 tons 

Total 167 652 tons 

These quantities of cereals dictate the size and otber-charac
teristics of the various elements of the-industrial romplex, with par
ticular effect on the capacity of the cereals renter and the'rice• mill. 
The size of the seed plant is a function of area of crops growr, since 
that area determines the amount-if seed needed. The size of the 1fee-d 
plant is determined by two interrelated factors : -the amount of by-pro
duct from cereals processing that is available for livestock feedingt and 
the numbers of livestock to be fed. 

11,4.1. General Description of the Dryng and Storing Plant. 

...I.e..
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The industrial complex for receiving, pro-cleaning;- drying, 
and storing paddy rice and other grains such as-maize, sorghum, and 
millet shall have the capability and flexibility for-processing an& 
storing several products- at the same time, with the least amount of 
mixing them during the process. 

Generally, in multi-crop projects, the harvesting-of the
 
different agricultural products is pre scheduled in order to avoid
 
handling several products at the same time in the industrial plant. 
Nevertheless, a certain amount of overlapping of crops always-occurs. 
This overlapping can be handled without difficulty by a double re
ceiving system to be incorporated in-this plant. By means rf this 
double receiving system, two-or more different products "Drvarieties 
of the same product could be received and pre-cleaned at the same 
time. 

. Products shall be received either -in bulk or in bags-. -A 
truck-scale (weightbridge) with an automatic ticket printer to register 
the incoming and outgoing products shall be located near the main 
entrance of the complex or near the main office. 

Vlb,.n products are received tn bags, these bags -shall-be 
unloaded, classified and graded before dumping them in the proper 
receiving hopper. 

Five (5) receiving-bins are located after the pre-cleaners 
and before the columnar-dryers. Products of different charactertstics 
shall be stored temporarily-in-these silos with aeration fans, before 
passing them through the dryers. 

The drying plant-shall contain three (3) columnar dryers, rather 
than one or two of larger capacity. The reasons for using three units 
are the following : 

1. Flexibility for drying two products at the same time. 

ooo/eoo.
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2. 	 Avoidance of serious delays, in case any drying. 

unit gets temporarily out of order. 

Tempering or working silos ,sized according to drying potential, 
are located near the three drying units. These -silos are located in 
two rows of about five silos each, ten silos-in total. They are 
hopper 	bottom silos , and are used to temper thegrain tn between 
passes. This -tempering or equalisation of moisture in the grain is 
explained later in more details. 

Several bucket elevators and drag-flight conveyors are used 
for handling --he product thraughout the plant. -This -handling equip
ment used for elevating and transporting the product -vhile being- pro
cessed shall also be used for storing the product in the different 
storage tanks, and for unloading the product from the storage tanks 
to the 	rice mill for shipping out in bulk or in bags. 

The storage tanks shall be placed in rows in an-approximately 
square configuration, to minimize the length of conveyors needed. 

The ,capacity of cuch tank, for the first phase of the project, 
shall be approximately 1,700 tons (paddy rice basis), which makes a 
total of 52,000 tons of storage. 

More tanks may be added in the future as needed, maintaining 
the flexibility of the plant. 

Each storage tank shall contain an aeration and temperature 
detection system. 

These systems shall enable-the operat-ors oi theplant 
to monitor the conditions of the stored-product and to aerate the 
product when necessary to preserve its quality. 

The product could be returned from tie storage silos to 
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main plant if required. 

The drying and storage plant has been designed th such'a
way as to permit not only the performance of several-operations at,, 
the same time, but actually two entire sequences of operations-at the 
same time. The following are the standard sequences of operations 
in a plant of this type : 

A Reception, prezcleaningi dr-ying; and storim_'-

B Reception, pre-cleaning, drying, and transporting to, 

the rice mill.-
C Reception, pre-cleaning; drying and transporting to, 

bagging tank to-bag the product; 
Do Reception, pre-cleaning and-by-passing the'columnar 

dryers vrhen the product is -received dried to be- stored.; 
E Transferring the product from one working silo-to another. 
F Transferring the product from any storage silo to another, 

to-the rize mill, or- to the bagging tank; 

G Transferring the product from any storage silo to the 
main plant. 

H 	 Transferring the product from any storage tank to the 
automatic hopper scale and then to another storage tank., 

This is done during inventory, 

The following combinations of operations can be performed 

simultaneously: 

A and F C and F 
A and G C and G 
A and H C and H 
B and F D and F 
B and G D and G 
B and H D and H 
E and F E and G 

E and 1-I 

Opt/eel 
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While the plant isnot receiving any product during the night
hours, several other operations could be performed.
 

Usually drying is done- during the whole day in order to have
 
the processing plant empty* for the following day.
 

All products received during the day (usually 12-hours receiving 
time), shall be cleaned, dried, and stored in approximately 24 hours. 

11.4.2. Drying and Storage Plant in Detail.
 

The following isa description of the installation and equipment 
of the cereals center and how it will operate. Reference-numbers 
refer to encircled numbers in Figure lb4.2. (Drawing 5-007-1), 
the flow diagram for the drying and storage plant. 

Receiving and "Yeighing : Paddy rice, and other agricultural

grain products, are received at-the industrial complex from the fields
 
in bulk by vagon,"trucks and carts.- Deliveries of products may also
 
be made In bags from the smaller lots.
 

A truck scale (weigh'trldge), Reference o. 1, witira capa
dity of 50 tons. Platform shall be approximately 15.24 meters-in 
length by 3.05 meters in width and shall have a deck of reinforced 
concrete construction. Weighing-indicator shall be a cabinet dial. 
Scale shall be furnished with a printer, equipped with electric time 
and date stamp. Unit of weight shall be kilograms (metric system). 

The trick scale shall be located at-an entrance near the 
main office, where all the incoming and outgoing trucks shall be 
weighed and i egistered. 

When receiving products from the field to be dried and stored, 
samples of the products shall be tahen. These -samples shall-be 
classified and the moistur -content shall be determined before 
dumping the load into the proper steel receiving hopper. 

$sl & 



•At the weighin -receiving office, aspace shall be-assi ned
 
for installing laboratory instruments such 'a electronic moisture
 
testers, sample divider; laboratoz,71 cleaner, balances, pans, and
 
other pertinent laboratory devices for testing the product at this stage. 

Three steel receiving hoppers (R~eference Nos. 3 and /4) shall 
be located under roof at the-receiving area. Thts receiving area shall 
be a one-sided open structure, to ser~re as cover-to the receiving area. 
The lengthwise open side shall be sufficientto permitthe unloading 
of three trucks at the same time when the product is received by bags 
and shall have sufficient area to accomodate the load of three trucks. 

Unloading and receiving procedures shall be the following ,: 

Unloading or baps from truck. 
Chec!king of vri ety and moisture content. 

- Weighing bf bags in portable platform scale-i (This is 
done i.f not weighed in truck scale, or if different varieties. 
are in the same truck). 

- T emporary piling of bags, four-or-flve bags 'high. Piling 
at the receiving area shall-be performed according to varteties 
and moisture content. Three to four different varieties are 
to be expected. 
- Opening and emptying of bags by varieties and by lots'of 
approximately equal moisture, into the receiving hopper. 

rhe unloading or receiving shed shall be designed in such a 
way as to permit receiving procedures during inclement weather. In 
designing the receiving shed, future bulk unloading shall be en
visioned. 

. The overhead truck lift (Ref. No. 2) shall have a cradle 
capacity of approximately 5.5 tons. It shall be complete with -" 

cradle assembly, reversing switch, electric cord, and steel track. 
It shall be operated by an electric motor. 



Each steel receiving-hopper shall have an approximate
 
capacity of 17.26 cubic meters, 
 which is equivalent to approximately 
10 tons of paddy rice. It shall be so-constructed that trucks can be 
driven over its grid. Internally, there shall be 50 desrees slope 
minimum at the valley angles. It shall be built of 11 gauge steel. 
Gates shall have remote manual operators located at ground level
adjacent to the truck hoppers, and shall include position indicators. 

Two of the steel receiving hoppers shall unload'Into-one 
chain drag type conveyor (Ref.- No. 5), -and the other stee"l receiving 
hopper shall unload into another chain drag type conveyor (Ref. No. 
6). 

Both receiving chain drag conveyors shall have crescent 
type f lights, and shall have a-capacity of 100 tons per-hour of 
paddy rice, All drag conveyors shall be furnished with the motor 
and drive components required as designed by the manufacturer." 
Motor shall have sufficient power to start conveyor from a stand
still position fully loaded. 

Receiving drag conveyor (Ref. No. 5) shall also discharge 
into transfer drag conveyor (Ref. No. 7). 

Belt bucket elevator, -(Ref; No. 3), called herein -"receiving 
elevator" shall be self-supporting, with-a capacity of 100 tons per 
hour-of paddy rice. It shall have a two-v ay discharge valve with 
hand-chain to be operated from ground level. Maximum belt speed 
shall be 152 m. per minute, In addition to the basic components, the 
following shall be furnished : service ladcler, machlnery inspection 
platform, extra boot hoppers as required, back-stop. Bucket 
elevator shall be furnished with motor and drive components 
required as designed by the manufacturer. Motor to have sufficient 
power to start elevator from a standstill position fully loaded. 
Spouting shall be 25.4 cms in diameter. 

Belt bucket elevator (Ref. No. 14) also called receiving 
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elevator shall bc similar to bucket elevator R.ef,i No , with -a' 
capacity of100 tons per hour, of pady rice, but shall have a two
way valve.
 

From receiving bucket elevator -(Pef No. 8); the product 
shall be able to be elevated and discharged to the garner bin (RZef. No. 
9) above the pre-cleaner (Ref. No. 10). 

The pre-cleaned product shall fall by gravity to the receiving 
tank (Ref. No. 12), and from here eitherto the bucket elevator 
(Ref. No. 13) or to the transfer conveyor (Ref. No. 7). 

From the receiving bucket elevator (Ref. No. 1-1), the, 
product shall be able to be elevated and discharged to the garner 
bin (Ref. No. 15), above the pre-cleaner (Ref. No. 16). 

The pre-cleaned product shall -fallby gravity to the receiving, 
tank Oo. 18) and from here either to the bucket elevator 07o. 19) 
or to the tranfer conveyor (No. 7). 

The drag conveyors (Ref. Nos. 20 and-21) shall- be similar 
in capacity to the conveyors Nos. 5 and 6 mentioned above, btt
shall have one inlet, four intermediate outlets, manually operated 
slide rack and pinion discharge gates, and one end outlet. 

There shall be five receiving silos, Ref. Nos. 22A, -B,-C, 
D, and E. Each receiving silo shall have a minimum"capacitof 125 ' 
tons of paddy rice and 50 degrees slope minimum in the hopper bottom, 
and corrugated galvanized roof and walls. The bin shall include an 
outside ladder with extension to manhole on the cone deck,--and a 
conveyor and catwalk support. Galvanizing shall be 190 grams per 
square meter per side, hot dipped. The silo shall include rack and 
pinion discharge valves. 

Each receiving bin shall be equipped ,rith an aeration system. 
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Fans shall be of axial type -with high limit humidistat control, and: 
shall be direct driven. Air requirements shall be 0.56 cubic meters 
per minute per ton of paddy rice. 

The chain drag'conveyor (Ref. '1o. 23)-shall be similar to 
the chain drag conveyors Nos. 5 and 6, but with a capacity of 90 
tons of paddy rice per hour, with five inlets and one end outlet. 

The belt bucket elevator (Ref.- No. 24) shall be similar to 
the belt bucket elevator No. P , but with a-capacity of-90 tons of 
pade,, rice per hour. It shall have a two-way discharge valve. 
Spouting shall be 25.4 cms in diameter. 

. Precleaniig tTo preclea-mrs (Ref. Nos. 10 and 16). 
The pre-cleaning of wet and dirty products, especially paddy-rice, 
is usually a delicate process, mainly because of the characteristics 
of the product at the wet stage and because of the required capacity. 

The pre-cleaners shall separate light trash, dust, -and 

chaff by scalping the wet an& dirty product by means of two-squirrel 
cage scalping reels and aspiration. A rotary mesh cleaner and 
aspiration could be used instead of the squirrel cage scalping reels. 

After passing through the pre-cleaner, the wet rough rice 
shall contain no appreciable amount of foreign material with any 
dimension greater than 13 mm (1/2 inch>.-- The pre-cleaned- wet 
rough rice may contain fine material notremoved by the Initial as
piration. - o bottom screen-or wire cloth shall-be used-to waste 
fine material during the pre-cleaning of the wet paddy rice. 

The pre-cleaner shall be supplied with a minimum of two 
squirrel-cage reels, and shall be constructed in such a way that any 
rough rice carried out with the roughage-from the first reels will 
be essentially all regained by passage through the second reel. 

The pro-cleaner shall be supplied with extra appropriate 



squirrel-cage reels for other grains such as maize, millet, and sorghum. 

The- capacity required for the pre-cleaning process shall be 
100 tons per hour. Two machines shall be required, eachr-having a 
capacity of 50 tons per hour of wet paddy rice with a motsture content 
of approximately 22% and approximately 5%of foreign material (by weight). 

The pre-cleaners shall include the proper exhaust fan, to 
use its owvn air system and cyclone (dust collector) Ref. Nos. 11 and. 
17r, as required. B quivalent equipment shall be accepted. 

From the pre-cleaners, the pre-cleaned product shall-be 
discharged by gravity or by means of a drag conveyor to the steel 
hoppertarks Ref. Nos.- 12 and i, and from the steel hopper tanks to 
the belt bucket elevators Ref, Nos. 13 and 19. 

Roughage and other foi'eign materials separated by the pre
cleaners shall be discharged to an outside bin o. steel hopper tabk 
to be removed by truck or other vehicle. 

rhe belt bucket elevator Ref. No. 24 is refirred-to here -as the 
"wet leg", and shall be similar-to the bucket elevator No. C, with 
a capacity of 100 tons of paddy rice per hour. It shall have one dis -
charge transition-with a 45 degrees slope. The maximum speed shall 
be 152 meters per minute. Spouting shall be 25.4 cms in diameter. 

The continuous flow columnar dryers (R-ef. Nos. 25,- .31, -and 
36) are practically the heart and the most important item In the drying 
and storing plant. The highest turnout and the utmost quality of milled 
rice can be obtained only if the rice is properly dried. When-paddy 
rice is dried very rapidly, the kernels will crack and-later break 
during the milling process. Rapid drying causes heat damage to 
the rice kernels. 

Drying with the continuous columnar dryers consists basically 

, l 
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in passing tho iraoduct through a coluin of heated air at ; pre
determined temperature and at'a pre-determined retention time. 
After the product leaves the dryer and is elevated by-a belt bucket 
elevator ("dry leg"), it is placed in one of the tempering or working
MUnS (silos,)-

The purpose of tempering is to permit the equalization 'of
the moisture within the kernel. 
 When-the rice leaves the'dryer, the
 
areas near the kernel's surface 
are drier than the center-of the
 
kernel. Tempering permits unlocking of the inner moisture-brthe
 
kernel in what is described as a "sweating" action. Failure to use the 
tempering technique result in a very large percentage of broken 
kernels in the milling process, which is unacceptable because it 
decreases the-commercial value of the milled rice. The tempering 
period may vary from four to six hours, depending on -operating 
conditions- and accumulation of paddy in the plant. After the-paddy 
has tempered, it is ready for the second pass through the dryer. 
The second pass iseffected in the same manner-as the first pass. 
The cycle is again repeated depending on the original-moisture, and 
until the final desired moisture is reached. The dry rice should 
have 13% - 1, moisture content, wet-basis. The last tempering 
period usually takes place at the storage silos. 

Afterthe last pass through the dryer, the productis cleaned 
in another-cleaner.- This second cleaning operation is more effective 
than the previous pre-cleaning because the rice ts now drted Mid 
more dense. The foreign materials wvhtch" are present in the rice 
are very light in weight and easily aspirated. 

After leaving the cleaner, -theproduct is weighed in bulkin -
a process scale which provides for inventory control of dried product 
receipts. The product is then stored in the storing silos-, loaded out 
for shipment or loaded out to the mill tank for subsequent milling. 

In backtracking the drying process a bit, it can thus be see 
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that the product is first elevated by the first belt bucket elevator of 
the "wet leg", the belt bucket elevator W1o. 24, and dischargedinto 
the top inlet of the first columnar dryer (Ref. No. 25) in order to 
receive its first drying pass. 

To give the required drying capacity, an also to accomodate 
parameters such as the initial moisture content, -the required number 
of passes, the tempcring periods, etc, vie have recomnended the 

use of three small dryers instead of one or two of greater capacity. 

This is a measure recommended when an industrial installation 
of this magnitude and capacity is to be installed in remote places. It 
provides a security factor in case one of the drying units suffers a 
temporary rupture. Also, it offers more flexibility in everyrespect, 
especially when different products are to be received, dried, and 
stored. 

The continuous columnar dryers shall be equipped with 
galvanized weatherproof baffles and specified as follows : 
total moisture reducing capacity in three passes shall be from 
22%to 13%; maximum temperature for air is 65.60C (150 'F), and 
maximum temperature for grain is /0.16C (105F), for paddy-rice. 
T'he dryer shall be able to heat the air up ta 104M (220*FL) for 
drying maize-, sorghum, and millet. The "put-&Tbugl' or feed 
rate of the dryer shall not be less than 90 tons- per -hourof pacldy 
rice. The dryer must be capable of 15-20'minutes retention -
time. Towers- shall be furnished complete;- with supply-garner bin;" 
access ladder, service platform and powered "line-bottom" discharge 
with variable speed drive. Fan house shall be furnished complete 
\'rith mandoors and lighting. 

The control -room shall ulso be furnished with mandoor a-and 
lighting. Oil burners and controls shall te furnished to operate' 
using commercial standard ftel oil numbers 1"and 2. The blower 
shall be a heavy-duty industrial type. Controls shall be furnished 
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complete including a factory pre-wtired control panel, with -push
button stop-start station and indicating lights i-nd a low-grainmlevet 

indicator. In addition, a grain level indicator and an exhausttemperi 

ture switch shall be provided. 

Each grain drTyer shall be furnished-with the motor and drive 

component required as designed by the dryer manufacturer. Bearings 
shall be anti-friction. 'Automatic moisture control shall be supplied 

with each dryer and shall be disconnected fronr the unloadling con

veyor. Automatic control shall monitor moisture content of the 

product only. 

By using three drying units, each unit having a capacity of 
approximately 70 tons per hour -per pass for-paddy rice, Mt about* 
20 minutes retention time, the drying- capacity of the plant shall not 
be less than 70 tons per hour-for three passe-s. This means that 
without considering the tempering time;- the drying plant shall be 
able to dry not less than 1,400 tons per day of paddy rice even when 
three passes are required. If the ortginal-moisture is less than 22%, 
and -only one or two passes are required, the capacity would be doubled 
or tripled. 

When drying other Arains, such as maize sorghum--and 

millet, which are not-as delicate to dry as paddy rice and far which 

the drying temperatures could be as high as 93 *C (200 'F) ,"the 

capacity of the three drying units shall be as high as 130 tons per hour 
or about 2,600 tons per day. 

Tempringp or WUorking Silos : There are 'en tempering 
silos (Ref. Nos. 28 and 34). The importance of using-the tempering 
silos when using the continuous columnar dryers for-the equalization 

of the moisture within the kernel, especially when-drying paddy rice, 

has been explained. Other grains also need a certain amount-of tem

pering before they are completely dried and conditioned for storage. 



For the required capacity of the drying ane storage plant, 
considering that several 'products and different varieties -f the same 
product shall be handled, two rows of five bins or silos are required., 
Each bin shall have a minimum capacity of 150 tons each'of paddy rice, 
and each bin shall have an aeration system. The first row of 
tempering bins is Ref. No. 28 on the flow diagram; the second -" 

row of tempering bins is Ref. No. 34, and their specifications are 
as follows : 150 ton paddy rice capacity bins, hopper bottom with 
slope of 45 degrees, corrugated galvanized roof and hopper. The 
bins include an outside ladder with extension to manhole on cone 
deck, conveyor and catwalk support; Galvanizing shall be not less 
than 190 grams per square meter per side, hot dipped. The bins 
also include rack and pinion discharge valves. 

Each bin shall be equipped with one aeration system. Fans 
shall be of the axial type, with high limit humidistat control, and- 

shall be direct driven. Air requirements shall be 0.56 cubic meter 
per ton of paddy rice. 

Chain Drap, Conveyors for Tempering Bins "" The two rows 
of tempering or working bins shall have their required top feeding 
chain drag conveyors, 'Ref. No. 27 for the first row and Ref. No. 
33 for the second row. 

The two rows of tempering bins shall also have their-re
quired bottom unloading conveyors, Ref. No'. 29 for the first 
row, and Ref. No. 34 for the second row. 

The above-mentioned chain drag conveyors"shall have a 
minimum capacity of 90 tons of paddy rice per hour, and shall be 
similar to chain drag conveyor Ref. No. 6 described above. 

Both top feeding conveyors and both bottom-unloadi "g 
conveyors shall have their required inlet and outlet discharge rack 

and pinion valves. 

0.0/... 
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Belt Bucket Elevators for,Drying nits : Each dryer shall 
have its required "wet leg" for feeding the dryer and "dry leg" for 
unloading the dryer. 

For the first dryer (Ref. No. 25) the "wet leg" belt bucket 
elevator is Ref. No. 24; the "dry leg" elevator is Ref. No. 26. 

For the second dryer (Ref. No. 31), -the "wet leg" belt bucket 
elevator is Ref. No. 30; the "dry leg" elevator is Ref. No. 32. 

For the third dryer (Rvf. No. 36), the "wet leg" belt bucket 
elevator is Ref. No. 35; the "dry leg" elevator is Ref. No. 37. 

All three "dry3,legs" and all three "wet legs", a total of 
six elevators used for drying, "shall be similar to the belt bucket 

elevator 8 cn 14r.1ready descrlbed, but with a minimum capacity of 

90 tons per hour of paddy rice, 

Second Head House for Clesning-and Weighing : As-It 
has been previously mentioned, the product shall be cleaned for a 
second time after the last pass through the dryer and before it is stored. 

It'was also mentioned that the product-shall be weighed in abulk-pro
cess scale which provides for inventory control of dried product 
receipts. 

The second head house shall contain cleaning machines 
and the bulk process scale. A belt bucket elevator (Ref. No. "43) 
shall be located after the dry leg of the last dryer and before the 
second head house. This bucket elevator shall be similar to the 
one described ab ve (Ref. No. 0), but with a capacity of 90 tons 

per hour of paddy rice. 

In the second head house, the following machinery and 
equipment shall be supplied : 

A 

.1. 
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- A steel hopper tank or garner bin above the cleaner
 
(R ef No. 38).
 
- A cleaner similar to the pre-cleaner-already described,
 
but with a capacity of 100 tons per hour of dry paddy rice.
 
(Ref. I-To. 39).
 

In this case, the product and -foreign materials are in a 
dry stage and the capacity of the cleaner shall be more than when 

cleaning wet product. The cleaner shall be supplied with exhaust fan 
and dust collector (cyclone) Ref. No. /0. 

A steel hopper tank or garner bin for the bulk process scale 
shall be furnished as well. The bulk process scale (Ref;-No. 41) is 
an automatic bulk scale, and shall have a capacity of approximately'
306 kilograms per discharge of paddy rice. It shall be supplied with 
a partial weight recorder, choke-proof inlet, automatic compensation 
and mechanical interlock to prevent simultaneous opening of Inlet 
gate and weigh hopper door. Weighing shall be done in kilograms. -
Another steel hopper tank or garner bin (Ref No. 42) shall be located 
below the bulk scale to receive the weighed product. The necessary 
spouting and valves shall also be supplied. 

Storage Bins, Complementary Drag Convoyors, and Elevators 
After the paddy rice and other grains have been properly pre-cleaned 
and dried, they have to be stored for a certain length of time. -Vrhile 
the products are in storage, thay have to be periodically observed ;'-
Each storage silo shall be equipped-for correct monitoring and control 
of the rice, by the use of temperature cables and aeration. 

The storage silos shall be provided with large volume air 
fans and motors which circulate ambient air through a perforated 
floor up through the grain and exhaust through vents in the tank 
rod. The temperature of the product inside the- silos -is checked 
at predetermined time intervals by means of thermo-cou:ples- fixed" 
to cables that are suspended from the tank roof. A readout instru
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ment is used to read,the temperatures which, are then entered into a 
log book. 

A reclaim system shall be provided to move the-stored":,
 
rice back to the drying part of the plant, to the rice mill, or to ship
 
out truckloads of the product.
 

Each silo shall be provided-irth a bin"svweep-and discharge 
auger which flows into reclaim conveyors .--The stored-produtt is shiped 
out via conveyors, into trucks or may be transforreO to the rice mill drn.r 
tank. The reclaim-system may also be operated in conjunction with *
belt bucket elevator to permit changing or "turning" of the product from
 
one 
 silo to another or trimming of tanks to fill them to full capacity. 

The total s ;orage capacity in the storage silos of-this 
plant shall be approximately 52;000 tons of paddy rice. For this 
total storage capacity and in order to have flexibility because of the' 
several products to be stored, the most practicat and economical dis
tribution shall be to have thirty (30) silos of approximately 1,700 tons 
each, arranged in six (6) parallel rows of five"(5) silos each (Ref. 
Nos. 56, 57, 69, 70, 80, "- 181). -Each storage silo shall be 
approximately 14.53 meters (48 feet) in diameter and 19.91 meters 
(65.33 feet) in overall height. 

The storage silos shall have corrugatecdalvaized steel 
roof sheets and walls. They- shall include sub-floor "ration ducts
with 13%of opening area anO round perforations, four roof ventilators, 
outside and inside wvall ladders, roof ladder- heavy-gauge inspection 
manhole, center and intermediate sumps with slide and unloading tube. 

Each storage silo shall be suppliee with the following 
complementary equipment : 

- Aeration fan (Ref; No. C.), omtrifugal type. Volunm 
requirement for aeration shall be 0. 17 cubic meter per 
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minute per ton of paddy rice& The transition between the-' 

fan: and the bin shall also be furnished. 
-Inspection detection system (Ref-. No. 85), consisting 
of ylon coated cables with thermo-couples at'about 1.7 

meters spacing. A centraltzed systenr liuked torthe main 
selector switch on the control panel for all 36 storage bins 
shall also be included.
- Heavy duty sweep screw conveyor (P.ef;- No. 86), with 

back-board motor mount and rubber clearance -wheel. The 

unit is to be for a capacity of 90 tons per hour of paddy 
rice. I 'otor and drive components required as designed 

by the manufacturer shall also be supplied. 
- Horizontal unloading ai'qer or screw conveyor-and 
tube cap (Ref. ITo. 06). Special well with-control gate 

handle, gear boxes, clutch and clutch control handle, 

special bin flange, and bin wall bracket for bin sweep. 

Portable horizontal power heads shall bL-furnishnd, to 
be completed for head and flight. 2ach drivC unit-shall 
be provided w,,ith electrical cable and complete with "Twist

lock" plug. 

Complementary Drag Conveyors and Bucket Elevator: 

About three-drag conveyors of approximately 40.23 meters 
long each shall be required at the top of each row of storage bins. 

For row No. 5, the correspondin-g'onveyo.-s are Ref. 
Nos, 50, 51, and'52. For rovrNo. 57, the corresponcelng conveyors are 

Ref.-Nos. 53, 54, and 55. For row No. 69 ;-the correspondingou-

veyors are Ref. Nos. 63, 64, and G5. For rovrl'o. 70, the carresponding 
conveyors are Ref. Nos. G6, 67, and 63. For row No. 80, -the'" 

corresponding monveyors are Ref. Nos;-74, 75, and 76; For row 
No. 81, the corresponding conveyors are Ref. Nos. 77, 78, and 79. 

These drag conveyors shall be for conveying the product 
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into the different storage silos in'each rw of tanksi Inbetweew each
parallel row of storage silos there shall be three drag-rornveyors,
 
approximately 40.23 meters-long each-. -These conveyors shall be
 
for unloading the product from each storage silo. 

The bin sweepers (Ref. No. 86) c.lr&txdy mcntioned abovM,
 
in connection with-the horizontal unloading auger or screw conveyor,
 
shall unload the product from the storage- silos and convey it to the
 
main unloading conveyors. The main unloading conveyors shall be the
 
following I 

- between row No. 56 and row No. 57, the corresponding 
conveyors are Ref. Nos. 5-8 59, and 60. 
- between row No. 69 and row No. 70, the corresponding 
conveyors ure Ref. Nos. 71, 72, and 73. 
- between row No. 80 and rw No . 81, the corresponding 
conveyors are Ref. Nos. 82, 83, and 84. 

The-unloading conveyors-between row No. 69 andtrow 
No. 70 (conveyors Ref, Nos. 71, 72, and 73) shall unload tnto the 
two belt bucket elevators Ref. Nos. 37 and 44, and also into the 
transfer conveyor Ref. No. 45. 

There shall be the following transfer drag conveyors for
inter-connecting the loading and unloading drag conveyor of the storage 
tanks: 

Loading : T-he transfer conveyors R-ef. -Nos.-46 and 62 
will transfer product to the first three top conveyors in rows 
Nos. 56, 57, 69, and 70; Transfer conveyors'Ref. Nos. 
74 and 77 will-transfer product to the other three top 
conveyors in rows Nos. 80 and 81. 

Unloading : Transfer conveyor Ref. No. 47 will transfer 
product from bottom conveyor between rows Nose 56 and 



111i43
 

No. 57 to conveyor No. 61. The transfer conveyor No. 
48 will transfer product from bottom conveyors between-
rows Nos. 69 and 70 to conveyor No. 61. The transfer 
conveyor No. 49 will transfer product from bottom convey
ors between rows Nos. 80 and 81 to conveyor No. 61. 

The transfer conveyor (Ref. No. 7) mentioned previously* 
at the receiving part of the plant, shall-be used for by-passing dryers 
when the product is received already dry, and shall--service the plant 
from receiving the product after passing through pre-cleaners to the 
last bucket elevators (Ref. Nos. 37 and 44). 

Belt Bucket Elevator for Storage, Shipping and Transferring 
to Rice Mill : This bucket elevator (Ref. No. 43), in conjunction with 
the bucket elevator (Ref. No. 0) which feeds the second-head house, 
shall be able to transfer product from the plant to tha storage-bins, 
transfer product from the plant to -the shipping -tank, -ransfer product 
from the plant to the mill day tank, transfer product from the-storage 
bins to the shipping tank, and transfer product from the storage bins 
to the second head house and to the mill day tank. 

Transfer Conveyor-from Storage Department toMIlAIDay 
Tank: This transfer conveyor (Ref. No. -61) shall receive-stored 
product from the storage bins and transport the product to the mill 
day tank for further processing. 

Warehouse for Bagging Precleaned and Dried Product,: 
A warehouse shall be provided for bagging the pre cleaned and dried 
product to be shipped out. This warehouse shall be approximately 
40 meters by 25 meters, and shall-include the following equipment: 

z A galvanized steel corrugated bin (Ref. No. 94). 
z A weighing and bagging scale (Ref- No. 97). 
z A sewing machine and-bag conveyor (Ref. No. 98). 

Portable bag conveyors (Ref. No. 99). 
- Portable stacking conveyor (Ref. No. 100). 
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Supplementary equipment such as portable platform scales., 
hand-carts for bags, etc. 

Fumip,ation system : It is particularly important that 
grain being carried over for a certain length of time be closely checked 
for the presence of ins ects and rodents. 

Grain should be fumigated periodically. -P.outine1fumigation,
of grain as an insurance measure Is a reasonable practiem, -but It 
should not be relied on at the expense of an inspection program. 

Phostoxin has proven to be an excellent grain fumigant
and has excellent penetrating and killing characteristIcs." It is easily
applied to grain as It is moved in mechanized silo storage, canrbe used 
effectively in fumigating static stored bulk grair. and sacked grairr
under gas -tight tarpaulins or in gas -tight enclosures.- It is- generally 
less hazardous to use than other fumigants, both from the standpoint 
of personnel safety and. maintenance of grain quality. 

It does not adversely affect the germlnatlor-of seeds-;

A fumigation system shall be r -commen,7.ed for the entire industrial
 
complex.
 

Intercommunication System: An intercommunication 
system shall be highly recommended for handling this large industrial 
complex. This system shall be very useful especially during the
training period. The intercommunication system-shall-be adequate 
for the whole industrial complex., including other-departments such 
as the rice mill, the seed plant, the wwehouses, etc. 

Fire .ktinuishinp9ystem : A fire-extinguishing system
is recommended and shall be included. All fire extinguishing devices-
shall be of the rechargeable dry chemical powder type and shall be for' 
use in areas where all types of fire hasards exist, such as paper, 
wood, flammable liquids, rubber and electrical apparatus. 

http:commen,7.ed
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Electrical Equipment : It would be difficult to describe in 

this type of report the electrical requirements for this- industrtal 
complex. At this stage it can be stated that the estimated electrical 
consumption for the drying and storage plant including lights, when 

fully loaded, should be approximately 425 KW (570 HP). 

It is recommended that the electric -generating-system' 

shall be distributed into three diesel engine-driven power plants, 
to provide facilities to manually synchronize the generating units. An 
auxiliary unit for lighting and other utility services shall be Installed. 

Miscellaneous Equipment : 

1. Steel spouting for all bucket elevators , 12 gauge steel. 

Al required welded connection flanges, with nuts and 
bolts, shvll be supplied. 

2. All reo.uired asphalt cement and caulking compound 

for proper scaling of hopper and flat bottom bins.
3. All rcquired bolts and nuts, steel bracketing, etc. 

for the assembly of bucket elevators. 
4. Level indicator units for upper and lower sections 

of flat-bottom bins. 

5. All required bolts, nuts, gaskets, etc. for assembly 

of conveyors. 
G. Adaptor cone, plate and accessories for assembly 
of aeration systems to bins and flat bottom silos. 
7. All sizesof nuts and bolts required for assembly of 
body sheet rings, roofs, hopper 1 tem sheets, ladders, 

etc., in receiving, working, and storage bins. Includes 
flashing for connections of perforated floor to walls, and 

fittinps for center -well and unlc'-ding tube. 

0. Nuts and bolts, trans 4ton plates, etc. for the com
plete assembly of columnar dryers. 
9. Complete steel sti-ucture with galvanized steel roof 
and walls for cleaners and bulk scales including all cor
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responding steel hoppers. 
10. Steel structural supports for all dust collectors or 
cyclones including all necessary ducting, elbows, and 
connections to cleaners. 
11. Steel transition between Loaaing conveyors- and
 
receiving working bins as well as transition between
 
the bins and the reclaim conveyor units.
 
12. Steel transition between loading conveyors and
 
storage or flat bott om bins.
 
13. Complete steel catwialk with hand-railing including steel
 
supports for all loading conveyors on top of working and
 
storage bins.
 
1/4. Steel transition between conveyors and bucket elevators,
 
as well as between conveyors,,
 

15. Discharge steel transitions for cleaners, bulk scales,
 
hoppers, etc
16-. Discharge steel transitions for the three columnar
 

dryers.
 

17. Guy wires, turn buckets and steel frames for
 
bucket -elevators.
 
18. Grating to cover inlet pit and main bucket elevator
 
pit. -.
 

19. Six sump pumps for drainage.
20. Electrical equipment and materials for the whole
 
plant.
 

11.43., Rice Liillin, Plant. 

Based on the planned rate of development of cropland in the 
SENERIZ project, the uses of that cropland, and the rields expected 
from the crops and technology proposed, the following production of 
rice is projected for the six years of the project : 

Year of proJect 1 2 3 4. 5 6 
Summer crop, T 900 3630 8200 16130 35280 47300 
Winter crop, T 500 1890 3.40 6100 39910 53606 
Total 1400 5520 11760 22230 75190 100906 
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The foregoing production targets guide the choice of
 

size of rice milling plant that is desirable. Not all of the production
 

from the agro-industrial complex will be milled, as some must be saved
 

for seed. In the other hand, the grein center expects to purchase from
 

local producers their marketable surplus of cereals, including rice.
 

finally, it is recognized that the large scale milling of rice by the
 

project will require that arrangements be made witi CKCAD. For planning
 

purposes, it is assumed that suitable arrangements will be made.
 

Ile rice produced will be of several different varieties 

that should be handled and milled separately.
 

A rice milling plant for Project at== is planned with 

a capacity of 10 tons of paddy rice per hour. An alternative considered 

was to have two rice milling units, each of 5 tons per hour capacity! 

however, some factors such as construction costs and personnel training 

were determining factors in the decision to have one large unit instead 

of two small units. It is possible to design the large unit in such a
 

way that only part of machinery and equipment will be working; thus,
 

the large unit will be able to workx at half capacity for small lots of
 

paddy rice.
 

Rice milling capacity of 10 tons per hour yields the
 

following theoretical capacities, i the mill operates 8,16 or 24 hours
 

per day t
 

Yours of Operqation per Day 

8 Hours 16 Hours 24 lours 

One Day 0 tons 160 tons 240 tons 

One louth (20 Days) 1,600 3,200 t 4,600 " 

Six Mouths (120 Days) 9,600 O f 19,200 " 28,800 " 

One Year (240 Days) $9,200 -0 38,200 " 57,600 " 

oooe04*
 



The rice muill planned does not have capacity to process 

all of the rice that the project is expected to produce in year 6, It is 

anticipated that other rice production projects in the Casamance will come 

into production before the production of SEMBIZ exceeds its milling ca

pacity, and that in this context additional rice milling capacity will be 

developed. Such additional mills could be incorporarti in the MAambe Basin 

Complax, or could be situated else-where, perhaps closer to centers of popu

lation. 

Description of the gies milLWnn processt: In this
 

description of the Rtee I.lilling Process, it should be understood that. the
 

raw material entering the mill is relatively cloan, dry (approximately
 

14. moisture) paddy rice. For the benefit of the end product of the milling
 

process, it is of great importance to classify the paddy rice into homogo

neous varieties, and to keep each variety separate from other varieties. 

The paddy rice entering the mill is the finished product of the drying . 

plant of the Grain Center, and the various varieties will be kept separate 

without mixing during receiving, drying and storage in the Grain Center. 

In case that different lots of paddy rice are bought from
 

other farmers, these lots shall be properly classified before milling.
 

Hoisture content of purchased lots shall be'tested in the laboratory, and
 

weight discounts as well as excessive amount of fotaign materials shall be
 

deducted from the price paid for the purchased product.
 

The basic stages of the complete rice milling operation.
 

are the followiing i
 

a. Cleaning e. Grading
 

b. Shelling f. Blending
 

c. Separation go Weighing and Bagging
 

d. Whitening (Polishing)
 

Certain intermediate operations, such as separation of 

weed seeds, dirt-lumps, small stones and pieces of metals shall also be' 

performed during one or more of the .oregoing basic stages of the rice 

milling plant.
 
*/... 
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.nthe following section, the componont units of theice 

mill are described and their functions dscussed. Rdfevences are made 

to theFlow Diagr•am, iure 11'44#30 

MiIl day tanks .(Ref. No. 1,2) : Hill Ay 'tanks with hopper 

bottom, with a capacity of approximately 240 metric tons each, shall be
 

located near the milling plant. Their capacity shall be sufficient for
 

one day of milling. The paddy rice from the storage bins shall bc weighed
 

at the gatomatic hopper scale of the drying and Storage Plant, and conveyed
 

to the mill day tawks.
 

Cleaning (Ref. No, 6, 7 ) " This first stage of cleaning
 

the paddy rice is alvays made, even though the paddy has been pro-cleaned
 

during the drying stage, because particles of foreign matter such as earth,
 

dust, immature grains, etc. have remained and the success of a good
 

milling depends on a perfect cleaning of the grain before it is processed.
 

A. It is alwayd very important to have a good sample
 

of of the paddy to be milled. Usually a laboratory analysis
 

of the paddy to be milled is made, in order to know the
 

percentages of foreign seeds5 pebbles and other foreign
 

mater. 

B. The Cleaning equipment includes the standard cleaners
 

(Ref. No. 6, 7). Those units are equipped with two screens,
 

an upper screen made of perforated metal and a lower screen
 

of woven alloy %rive. The screens are agitated by bouncing
 

rubber balls. Aspiration is at inlet and outlet, and aspi

rated material is delivered to dust Collectors (cyclones).
 

C. Because of the great amount of foreign seeds, stones, 

lumps of dirt, etc., that may be present, special cleaning
 

equipment will be provided for use when needed. Sets of
 

perforated Cylinders (Ref. No. 9) and Indented Disc Separators
 

(Ref. No. 10) will be installed. There shall be provisions
 

to by-pass the cylinders and discs, in case the paddy delivered
 

docs not have sufficient weed-seed or other foreign matter 

""I""A, 



content to Justify the use of: special cla ning equipment.
 

Atomatic Hopper Scala (Ref. No. 15,16) An automatic hopper
 

scale shall be installed insequence after the cleaning equipment. Weighing
 

shall be inkilogims. This scale shall a partial weight recorder, choke

proof inlet, automatic compensation and mechanical interlock to prevent
 

simultaneous opening of inlet gate*and weigh hopper door, and shall include
 

ticket printer device and count.r.
 

11iant : After the automatic hopper .scale and before the
 

paddy rice goes to the shellinZgmachines, a spout magnet (Ref. No. 97)
 

shall be installed. The flow of paddy shall be passed through the field
 

of a non-electric, permanent magnet, which is sufficiently strong to capture.
 

all iron or steel nuts, bolts, tools, scrap metal, etc. that may caule,
 

damaGe to the rice milling equipmient.
 

one magnet shall'be located at each of the following
 

locations a
 

A. LTfithe paddy rice strem immediately before Paddy
 

Shellero (Ref. No. 97)
 

B. In the milled rice stream immediately before the
 

first Polisher.
 

IC.
n the milled rice stream immediately before the
 

bagging operation. (Ref. No. 99)
 

Shelling : Imediately after cleaning, the paddy goes
 

to the Paddy Shellers (Ref. Nos. 21, 22, 23,.24, 25) to have the husk
 

removed.
 

The old method of shelling was done by means of shellers
 

with horizontal abrasive stones, one of them fixed, while the other
 

stone moved at fixed speed and sufficient spcee bet3een them so that
 

when the grains were subjected to the abrasive surfaces, the shell would
 

separate&
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The stone sheller has the disadvantage of breaking both
 

ends of the grains, especially when t1he machine has to be adjus.ted for
 

the shelling of the short grains. Also, the stone sheller does not have
 

an integrated husk separator. 

A more modern solution is the rubber roll sheller, which 
has the advantage of reducing the percentage of grains broken during the
 

shelling process. This has'been considered a major break-through in the
 

rice milling process. Shellers with rubber rolls, which rotate at two 

different speeds, shell the grains 6-romin the sides, needing only llght':ta 

pressure.
 

The modern rubber roll shellers are made in compact units 

composed of the sheller itself and a closed circuit husk separator working 

as one unit. The following advantages of the rubber roll sheller have 

been observed : 

A. It shells the grain by lateral pressure without 

requiring a previous grading of the grain* 

Be The husk separator may be delivered as an intograL 

part of the machine.
 

.C. The rubber roll sheller has a .larger capacity than the
 

corresponding standard else of the stone sheller,
 

Do It breaks fewer grains than the stone sheller.
 

.E. It does not require techmical know-how for the main-. 

tenanc3 of abrasive surface.
 

F. All wearing parts are easy to install aud replace,
 

Paddy Separation: When the shelling and separation of the
 

husk is done, approwimately 5 to 20 percent of the paddy, the proportion
 

depending on the type of shelling equipment and the con.ition of the paddy
 

rice, will Coma out unshelled. The rest is "shelled" brown rice* The 

separaticf of these two kinds of rice is performed in the Paddy Separators 

(Ref los, 32,33,34, 35, 36), which have to be adequate for the capacity 

of the shellers.
 

..O.1...
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There are different types of paddy separators, but the
 

priciple of separation is identical in all typos. A gravity or densi

metric type separator with 60 separating cells 'andvariable speed is
 

recommended, as this is one of the taost advanced and accurate paddy sepa

rators
 

The special oscillation, the specific gravity of the rice,
 

and the compartments make it possible to separate the brown rice from
 

the paddy rice@ The final separation takes the brown rice to the whiteners
 

(polishers), while the unshelled rice returns to the paddy sheller.
 

Whitening (Polishing): The brown rice, separated from the
 

paddy rice as described in the saction jiebovo, not goes to tio whiteners
 

(Ref. No, 44, 45,46,47, 48). These machines:rr-nave the o r lay:rs 

of the grain, also called rice bran, whitening it and delivering a com

pletely clean ,1iite rice. 

There exist tt.uo systems for the process of whitening the 

rice i the traditional way uses vertical cones of abrasive material; a 

new system uses whiteners (polishers) with hori'zontal steel cylinders 

or abrasive cylinders. In both cases, the principlo of whitening is 

that the frictio* removes the superficial coats of the grain. In the
 

abrasive cones, the friction is produced between the stone and the grain. 

In the case of horizontal steel cylinders, the friction is obtained by 

rubbing the rice Brains against them.selves inside the polishing ch nbers, 

Experience has ihown many advantages with the uses of
 
the horizontal whiteners with steel cylinders; some of these are:
 

A. Easier to operate.
 

B. It removes the rice shell, in case some unshelled grains
 

have been passed by the paddy separators,
 

C. less breakage of grains.
 

Da Better whitening Civos the rice its natu~al-color.
 

E. Easier to clean in case the rice is milled with more:
 

moisture than usual.
 



F# ilaintenanc oiseasinr and more economical.o 
Gcapacity with less space. 

The new type of horizontal abrasive cylinder shall in this 

case replace the old traditional vertical cone, thus decreasing grain 

breakage in the whitening process. The horizontal abrasive cylinder has 

four ventilation channels with a blower fan which rmaintains a low temperature 
in the whitening chamber. High temperature, is one cause of broken grainso 

It is not advisable to try to polish the Zice, in only one 
pass in the polisher, to do so would cause more pressure on the grains,
 

resulting in excessive heating and breaking of the grains. Horizontal
 

Steel Cylinder Whiteners (Ref. Nos. 51, 52, 53, 54, 55) shall be used
 
for the second pass. Two polishing passes should be used as a minimum,
 

and in the case of rice which isdelicate to polish, three passes are
 
reco muended, In this way, the whitening isdone gradually, allowing 

time for the grain to cool between one stop and the next, which results 
in a better finished product with a smaller percentage of split gral
 

The rice bran, by-product of rice which is obtained during 
the whitening process, is aspirated and exhausted to bran collectors 

(cyclones) (Ref. Nos. 60, 61) where it is baRped to be used for livestock 

feed. 

Gradlog : The next step after the whitening isgradlng, 
which is done in two operations t 

Horizontal flat sieves (Ref. Nos. 70,71)o
 

bdentcd cylindce (Paf. Nos* 78, 79).-


The rice is first put through the cycle of the Flat Sieve, 
which consists of two perforated metal sheets, the upper one of sufficient 

perforation to allow passage of the split grains and the lower one of 

.e.I./.. 



smaller pirforation which allots the passage of small,splitrice or
 

"brewerfs rice"' The whole grains will slide on top of the upper per

forated sheet and will go on to a grain tank.
 

The grains that have gbne through the upper perforated
 

sheet will pass through the Idented Cylinders, of which there may be
 

two or three, as the case may require. This cycle will make separations
 

of second heads (brokens) of large and small size, and simultaneously will
 

recover the whole grains which may have slipped through the flat sieves,
 

Blending : As the rice market requires different rice
 

grades, based on percentage of broken grains, there is included a Rice
 

Blending System (Ref. Nos. 87, 88, 89, 90) within the general structure
 
of the mill. This blending system can produce a final product that includes
 

only perfect grains, or only brokon grains, or any desired blend. The
 

market requirement and the desires of t!-..e
customer will determine the
 

blend or blends produced.
 

Weipainn, je-,a, ,andSewing Bags : A complete system
 
of weighing, bagging and sewirig shall be provided. The Bagging Scale
 

(Ref. No. 94) shall be gravity fed, automatically loaded, for rapidly
 

and precildly filling bags with a predetermined amount of mill.d rice.
 

The Bagging Scale shall measure weights in metric system,
 

and shall be supplied with a complete set of precise weights for its
 

operations
 

The Bagging Scele shall be equipped with a mechanically
 

actuated counter which records and indicates the number of weighings
 

by means of a dust tight, easily read indicator. The counter shall be
 

automatically indexed eacli time the hopper is loaded. The indicator
 

shall be composed of a six digit continuous register which resets itself
 

to zero after 99,999 counts, plus a thrce digit counter which can be 

manually reset to zero without affecting the six digit continuous registers 

.0./..
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The bag spout of the bagging scale shall be constructed 
to acconirodate paper, burlap or other fiber bags in si-os from 

45 to 100 kgs. The bag spout shall not incorporate any hocks or cls.ips 

which penetrate through the bag to hold the bags being filled. 

The rice processing plant shall bc:equipped with a Bag
 

Closing l~Iachine, which consists of a sewing machine head with a sewing
 

pedestal (Ref. No, 96) and a belt conveyor capable of handling bags
 

in sizes from 45 to 100 lcgs. (Ref. ITo. 95). The bag sewing machine 

shall be capable of seing at least 4 %ags per minute on a production 

scale. The sewing head sball be capabla of making a double tbread, douhlt 
locked stitch closure on paper, cotton, burlap, Jut*# plastic or any
 

other matorials normally used in making-bags.
 

keportant Notes : The previous items on the milling process
 
give only a general idea of the system, in order to reveal the function
 

and characteristics of each piece of equipment, capacities, and how each,
 

of the elements of the milling equipment operates individually and as
 

whole unit.
 

This would be a very long report if the characteristics
 
of each piece of machinery and equipment were described in full detail.
 

Detail4d specifications should be inclozded in a proposal and/or contract
 

type of report.
 

The complete rico milling plant, including all necessary 
machinery and equipment, shall have the capacity of efficiently milling
 

10 tons of paddy rice per hour.
 

A complete laboratory shall be included with the rice
 
mill. The complete laboratory shall be suitable for making complete
 

laboratory analysis of paddy rice, milled rice and seed rice*
 

.1.oo
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Uith the complete Rice Laboratory, the milling yields, 
germination of seeds, and similar type of analysis shall be predetermined@
 
Performance of the rice milling plant shall be able to be adjusted ac
cording to the laboratory analysis of any particular and independent
 

lot of paddy rice.
 

Rice -ilUl Performance and Ililling Yieldc s The performance 
of a rico mill is not something abstract, but it depends on the paddy vice 
that is being processed. It would be very difficult to confirm in advance 
the performance of any rice mill, or the yielding behavior of the product 
for any particular lot of paddy. Such parameters as the intrinsic varie
tal characteristics of different rice varieties, conditions of the parti
cular lot of paddy, previous treatment of the paddy during and after har
vest, imd pbysicoueamical properties of different vdrieties under par
ticular treatment, are a few of the important factor which determine the
 
yielding behavior of the product during the milling process.
 

Besides the characteristics of the paddy, mentioned in 
the above paragraph, there are also important factors such as the 
knowledge and experience of the Head l1iller, training of personnel, 
proper handling and maintenance of machinery and equipment, which play
 
an important role in the milling process, and could influence the results
 
obtained with respect to milling yields and quality of the end product.
 

Yields of Product and M33Product in the Rice Mlling Process: 

Using the world's beat and most modern machinery and equip
ment for rice milling, the yields obtained in milling a particular lot of 
paddy rice will vary, depending on varieties and conditions of the product 
entering the rice mill, within tho ranges shown in the followi-g table v
 



Table 11.4.3.NorranI Yields of Products and By-Products 'in the RICe I*lling 

Amount- Aver.,Yield BalancIa
 
ITs 10% 1 emai inp 

Dirty Incoming Paddy V10.01 102.6 100.1 U-12.16 g 

Foreign Materials:
 
(Chaff, strav,
 
weed-seeds, dust, stones
 
ete.) 1020 1.5 98.1-101.6 leg.
 

Clean Paddy 10 1000 (Base) 100
 

Hulls (husks) 21.0-24.5 23.2% 7680 

Rice Bran Y6.910.060.30
0.5% 

Brewer'. Rice 1,3-3,2 203% 66.0 

Largo Broken& 5.1-12,6' 0Is9% 57.10
 

Bmll Brokens 4.7-2291 13.4% 43.70 

Whole Grains 25.6-61.8 43.70. g-

Rice 111ing Yield Calculations s From the above table and 

from comparisnn of market rice characteristics in Senegal and olewhore, 

assumptions can be made about rice milling yields in Senegal. Beginning 
with paddy rice in good conditionp fairly clean, without a large percentage 

of foreign materials, and with well trained personnel handling the mill,
 

the following milling yield on 1,000 kgs. (one metric ton) of dry paddy 
should be obtained:
 

,.*/,..I 
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Weightt PercentaF, 

Paddy Rice1,0 cs107 

Bulls (husks) 220 kg 22.07. 

Rice Bran 80. kgs. 0a0M. 
Brewer's rico and screeninCc. 50 kgs. 5.07. 

Small Brokens 130 kgs. 13.0 

Thole Grains and large brokens 520 kgs. S2.0. 

The basic assumption is a I.fllin8 yield of 52.70, which 

means 52 percent whole grains and 70 percent all rice on the basis of 

mill dy paddy&. The 18 percent difference is assumed to be made up of 

brokens (13 percent) and brewer's-small brokens (5 percent). In addition, 

it is assumed that the remaining 30 percent is 8 percent bran and 22 percent 

husks. 

The bran and a certain amount of pulverized husks that are 

by-products of rice milling in this project will be used as cattle feed* 

Ifore detail on the amoucts involved is given in Chapter 103.4. 

It is assumed that the output of milled rice will go into
 

the domestic market, and that most of the output will be sold in lOckg.
 

bags, blended to contain 25 percent broken grains. The milling yield
 

assumptions shown above will permit production of 65 kg, of comercial 

rice (25% broken) per 100 kg. of dry paddy. A small mount of premium 

quality (whole grain) rice, 3 kg. per 100 kg. of paddy, as well as 2 kS. 

of Brewer's rice, will also be produced. The relationship between the 

milling and sales categories is shown by the following diagram. 

too/$*..
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Hlling and Sales Breakdown of the 

Pvoducts from 100 kis. of Paddy 

luilling- Category Per Cent Sales Category 

First Class Rice 3 k. 

- 10 

Whole Grain - 20 - Blended Rice 
Rice • 25%Broken 

52 kg -30- 65 kg. 

-40

50-
Broken Rice 

13 kg. -6 
., 

Brewer's Rice 5 kg.
 
___________________ -70 L Brewer's Rice 2 kg. 

Bran 8 kg. - Cattle Feed 10 kg. 

Hulls 22 kg. - 90 - Fuel, Fertilizer, or 
Waste 20 kg. 

-100 -

The above pattern appears to be the most lucrative in
 

the context of the Senegalese market, and is preferable to improving the 

quality by reducing the percentage of brokens and compoesating by selling 

more brewers or brokens as such. Should the market for rice of the first 

class (mbroken) be greater than the 3 percent assumed, it can be produced 

by compensating with greater percentages sold as broken or by reducing 

the quality of the rice. In order to produce the pattern recomended, 

good quality separation followed by skillful re-blending will be required* 



Rice lilling Fee : Observation of the rice sold in
 

Senegalese markets indicates the tradeoff between price and quality. 

A large proportion of the rice sold is of inferior quality, containing
 

a large proportion of broken grains nnd contaminants. Better quality
 

rice - well cleaned and not excessively broken - brings a higher price. 

The rice mill described in this report, when properly
 

operated, will produce a lower proportion of broken grains and far fewer 

contaminants than observed in rice on'sale in Dakar, Velinaara and other 

places in Senegal. The product of the rice mill of project SENERIZ being 

of higher than normal quality, and being worth more when purchased by 

the consumer, it is proper that the extra quality should be iewardede
 

Therefore, in the economic analysis of Project SENER19, it is assumed
 

that OeNeC.A.D. will pay a milling fee of 20 CFA per kilo of paddy riceo
 

at IOFA more than the standard milling fee. This differential is easily
 

justified by the higher quality of the product and the higher retail
 

selling price.
 

References I through 99 in the foregoing section refer 

to the lice )Il "Fb.i Dia-rcri", Dr*. ino-No, 34C07-2, Fi-uro 11.4.3. 

11,4o4. Seed Plant 

Introduction : The Importance of using pure or certificO 

seed, properly cleaned, graded and treated, for obtaining good crops 

has been explained and emphasized by world-famous experts inmany books 

and articles in many languages. Several Universities and Agricultural 

Experiment Stations all over the world have special courses and departments 

for teaching the technology of Seed Processing and Handling, 

Because of this background, the importance of providing
 

pure and properly conditioned seed in adequate quantities is not at
 

issue. We accept that it is essential, and focus on meeting the needs
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Ths bead plant propoted here is designed to meet the seed.processing
 

needs of $Vojet SE=lI9, Ad with other components of the projects final 
deuipo specifieations could modify thd capacityp depending on the needa 

One of the first steps ina program of improved agricultu-lal 
technology is to produce and distributo to favm-rs in the different 
agricultural sectors of the dauntry, pure seed of the best varictiae 

available, What vtEicties are beat ia always subject to chonae# pending 

time-onsaf4ti breeding and field testinS of still better varieties# It 
had been frequently believed that ten or more different varieties are 
necessary to meet local conditions in any particular :ount!ey. In reality, 
only a fm varieties are usually needed t Cne, two or theree varieties 
should be selected that best fit the principal production areas and which
 

are acceptable to consumers9
 

The Experimental Stations in Senegal are already doing a
 
praiseworthy work producing, testing and distributing several different 

vevieties of paddy rice and other agricultural seeds. This Governemntal 

service should be encouraged and expanded to serve those farmers who 
are financed by Government Institutions. 

It has been observed that ingeneralp in several regions 
in Snegalf different varieties of cereals are badly mixed after harvestb 
Mixed varieties create many problems, not only in pr .'-I-J6n but also 
intillina and marketing, Some of thes3 problems are the following t
 

1) When the varieties are mixed, uneven ripening 
results because of uneven maturity dateg Some 

over- ripe grains shatter before they are harvested;
 

other grains are imnature at harvest. Both shattering
 

and immaturity result inreduced yields per hectare,
 

and immature Brains are of poor quality.
 

.0.1... 



2)Ihed 
varieties delay the harvesting period because
 
the farmer must wait for the late maturing varieties
 
to mature, this lengthens the period when rice is subject
 
to bird and rodent damage.
 

3) If locally produced rice is to compete with imports in
 
the urban markets or if Senegal contemplates the poten
tial of exporting its good quality rice, it is Imperative
 
that a well milled uniform product be produced.
 

4) When the seed to be planted is mixed with foreign materials,
 
such as straw, weed-seeds, stones, etc*# a larger quantity
 
of seed is needed per hectare, in addition to the problem
 
of planting weed seeds in the fields.
 

5) When the seed is not properly cleaned and graded, and has
 
not been tested for its germination, some of the seed-
perhaps even half or more-. will not grow and the field
 
may have to be replanted. 
Sometimes replanting is difficult 
or impossible because of the season, and the field may be 
lost for the year.
 

6) Even if the seed is pure in terms of variety, there are
 
contaminants that must be removed from the raw seed: weed
seeds, seeds of other crops, imnature grains, s6nes, dirt
 
lumps, etc., can seriously affect production if they are
 

not removed.
 

Other problems exist, but the foregoing are among the most,

Important. 
The importance of varietal segregation of seeds and of proper
quality control confirm the need for a seed plant to be properly designed 
and equipped to perform its functions. 
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The quality of the final product is directly related to
 
the processor's ability to remove contaminants and low quality seed,
 
to properly size-grade for planting, to treat the seed efiactively and
 
to prevent mechanical mixtures of the seed with those of other varieties
 
or hybrids. The productivity of the seed depends in addition on the
 
inherent or genetic capacity to produce. The task of the seed processing
 
unit is to make it possible for that inherent potential to be achieved.
 

The foregoing discussion supports the inclusion in the
 
industrial complex of Project SEMI 
 IZ of a seed processing plant. Tl e fol 
lowing section describes the proposed plant and its operation. 

Description of Seed Plant Operation i The Seed Plant
 
proposed tny be divided 
 into two sections t the receiving, drying and
 
storage section and the seed processing, treatinu 
 and bagging sections
 

Prom t.e description of this plant, a Flow Diagram, Drawing

Nos. S-077-3 and S-077-3A, has been made. This is presented as Figure

11.4.4. References in the following paragraphs are to that figure.
 

Receiving Section i Seeds of paddy rice and other agricultural

products, suc?' .s :,nit, are:iilln. and sorghtnn received at the Agro-

Industrial Complex from fields
the or from an agricultural station. Seeds 
may be received either in bags or 
inbulk, by means of wagon trucks or
 
carts, 
 All seeds should be weighed upon receipt. Bagged goods shall
 
be unloaded and dumped by hand. An overhead lift (Ref. 1)No. shall be 
available for dumping some sizes of trucks. 

The grain is dischanged over the receiving hoppers (Re', No.2)
which are equipped with steel grating on top, in order to pre ent large 
foreign objects from getting inside the receiving system. Samples of
 
grain flowing into the hopper are obtained at the time of unloading, and
 
sent to the laboratory for grading. 
The receivin capacity has been
 
designed for five metric tons per hour.
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A paddy type self-cleaning conveyor (Ref. No.3) will
 
move the grain to the rnceivrLng buchet elevator (Rof No.4) This unit 
will elevate it to the beginning of the Precleaning Sectiono
 

Pre-cleaninp Section t The seed travels into a steel
 
hopper tank (Ref. N o. 5) and flows into the inlet of the Pro-cleaner
 
(Ref. No. 6). This unit will scalp and aspirate the incoming grain,
 
The foreign material is removed in 
two steps: the first consists of
 
scalping of all sticks or oversized material as the seed passes over
 
a rotating "squirrel cage" scalping reel with wire mesh screen, or a
 
similar machine. The proper sized product goes through the reel while
 
rejected material passes over it to a discharge outlet*
 

The second step consists of aspiration of light or fine
 
maturials such as : 
chaff, dust, empty husks, etc. leavier particles
 
settle out of the air stream in an expansion chamber, while the extre
mely light dust material is collected by means of an auxiliary dust
 

collection unit or cyclone (Ref. No* 7).
 

The Pre-cleiner may be adjusted to remove a maxium 
amount of foreign materials without carrying over sound kernels of 
seed. The pre-cleaned seed is ready now to flo into an inlet steel
 
hopper tank (Ref. No.8) prior to entering a Weighins Section.
 

Weighing Section i 'he weighing of the pre-cleaned seed 
is affected in the Automatic Receiving Bulk Scale (Ref. No. 9). Wils 
unit has a choke-proof inlet plus compensation and mechanical interlock 
to prevent simultaneous opening of inlet gate and weigh hopper door* 
A counter, ticket printer device and a residual weigh beam for weighing 
partial drafts are also standard accessories with this weighing units 

After all the raeivid grain is passed through the scale
 
and any residual draft is wmilhed, a ticket, in triplicate, is printed
 
in the unit, 
Spaces are presided in this ticket for required information
 



suci- as producer's name, variety of grain, moisture content, test
 
weight, and percentage of foreign materials, 
Sonm of the above mentioned 
inforation is provided frot the laboratory and based on the samples
 
previously taken at the Receiving Section. 
 The original of the three
 
tickets is issued to the producer by the scale oc:erator. The other 
t.o 
will remain for the plant records. 

After leaving the ICale, the seed is dumped into a incel
 
dump receiving hopper (Ref, No, 10). 
 From there, it Sces to a bucket 
elevator (Refs No. 11), which moves or elevates the grain to the Receiving 
Bins (Refs No. 13) by means of paddle conveyor (Ref, No. These12). tsio 
(2) Receiving Bins, or WorkinS Silos, shall be steel hopper bottom, center
 
draw type with 45 degree slopes, corrugated galvanized steel walls, and
 
plain galvanized roof and hopper.
 

From these working bins, the. seed is transported to the 
Drying Section by means of a paddle type conveyor (Ref. No. 14)&-bucket 
elevator (Ref. No. 15) and distributing paddle type conveyor (Ref. No,16). 

Dryinj Section : In commercial drying of grain for seed
 
purposes, two methods commnonly used.are One method makes use of columnar 
dryers with working bins for tempering the grain between passes. The 
other method uses in-bin drying. Each of these methods has its mexits,
 
and there are many commercial plants throughout 
the world which use one 
or the other method.
 

For the proposed Seed Plant, bin drying is recommended. 
The in-bLn drying method recoinended includes "stirring devices" inside 
the drying bins. 
These devices have solved the major drawback of in-bin 
drying, that is, over-drying of the bottom layers of grain, specially 
when diesel burners are used which can not be started and stopped constantly
 
as the gas burners can. Diesel burners must stay on for long periods
 
of time, and the danger of aver-drying at the bottom layer is increased,
 
with the consequences of killing the germination quality of the seed.
 



Stirring 
devices have. greatly minimized, if not eliminated,
this problem. Furthermore, stirring devices speed up the process ofdrying. As the mass of grain is in continuous movement, compaction ofthe mass is avoided, thus decreasing the friction to the air flow, giving
way to a 
decrease of static pressre, which in 
turn increases the air

flow with a decrease in drying time,
 

These drying bins (Ref. No@ 17) 
are four bins i round
flat bottom type, made of corrugated metalj 7.3 meters diameter, 23 cr,.
air chamber, 5 meters shell height and 7 
meters overall height. Capacity
at shell level shall be approximately 119 tons. 
Corrugated perforated
metal drying floor, gauge 18,with flashing and hardware and center unloading
for tube well* Additional features include ring with air entrance collar
and transition for fan, one-hinged hatch roof opening, inside and outside
ladders, and tube-well bin unloading system and Stirring Device System

as explained above (Ref. Nos, 19, 20). 

Each bin shall include a 
Fan Unit (Ref. No. 18) with a
76 cm, diameter wheel, backward curved blades, about 22.37 kwe, delive-'ing 11658 cubic meters of air per minute at 
20,32 cm, 
 of static
water pressure, with a 
diesel oil No. 2 burner capable of delivering
up to 527,600 1c 
 per hour. Fumes from the burning diesel oil must not
 
go through the grain.
 

After the grain is dried in any of the four drying binsp
the dried grain shall be transported through a reversible paddle(Ref. No. 21), to conveyor
a bucket elevator (Ref. No. 22) to two working silos(Ref, Nos 24) for processing in tho Seed Processing, Treating and Begging
 

Section.
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Seed Processinn, Teating and Bagging Section : The main.
 
purpose of a seed processing plant is to produce a stock of thoroughly

cleane,! and treated grain kernels with as much uniformity as possible

in their lengthe thickness and weight. 
Therefore, in order to produce

a seed of such quality, a stock of good grain must go through the following
 
basic steps •
 

a* Cleaning by screens and air : 
 To remove a,,y xorcgn product which is lighter than the grain, and also the foreign producto that
 
are heavier than the grain.
 

b. Length grudin, o To remove all the products shorter than
 
a given length. 
The product removed consists largely of small whole
 
grains, broken grains, grass seeds, small stones, etc,
 

c. Thicknessgrading s 
To remove such products that while
having the same length as the Crain kernels in question, are thinner.
 
Host of the product removed consists of thin grains, shelled paddy
 
kernels, and immature grains.
 

d. Gravitygrading, 
To remove such products that while
 
having the same length and thickness as the Crain which 
has been,
processed, are heavier or 
lighter.
 

Go AijX1t~s To give a final air cleaning to the ood 
stock of the good quality seed,
 

f. .kzOAJIMa: To apply to the seed a coat of chemicals-for
 
its protection,
 

The matter of good seed is so important to 'the success.
of this project, that the plant must not have any limitations 
that
 
could jeopardize the quality of the product*'
 

.. o/.. 6,
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Description of Classifying and TreatinM Section : The grain
 
leaving the working silos (Ref. Ni. 24) will be conveyed through a paddle
 
conveyor (Ref. No, 25) to bucket elevator (Ref. No. 26) to be dc, -. 'ted 

into steel hopper tank which will feed the heavy duty clecane. (Ref. No,28) 
This unit will remove rough-ae on top sievethe equipped with reciprocal 
motion to convey materials to th end of the screams.
 

The cleaner is also equipped with slow travel retarder
 
brushes which control'the flow of scalpings and residue over the tall
 
end of the top sieve.
 

A major-.portion of material passes through the lower
 
screen which is used for removal of dust, sand, and other similar fine
 
materials, 
The ball type sieve cleaning method assures uniform screening
 
operation because the bouncing balls keep the screen clean', 
Heavier
 
particles aettle out of the air stream in 
an expansion chamber while
 
the extremely light dust nmterial is collected by means of an auxiliary
 
dust collector unit or cyclone (Ref. No* 29).
 

The cleaned grain seed leaves the cleaner and is elevated. 
by bucket elevator (Ref. No. 30) to steel hopper tank (Ref. No.3l) 
which feeds the Indented'Cylinder Separators (Ref. No. 32). 
 This
 
unit is equipped with not less than six indented cylinders mounted in
 
two rows. 
It will remove the long, and short foreign material, including
 
crossebroken grains of seeds, wild seeds, straws, etc. 
 In general, it
 
Sakes separations by length quickly and easily. 
The separation results
 
in a product of unifor length. 
Zhe length of tle material being sepa
rated can be controlled by means of an adjustment screw, raising or
 
lowering the setting of t*'e seperxction. 

A system of several Disc Separators could be used instead
 
of the Indented Cylinder Separators, but the discs in the Disc Separators
 
are more difficult to interchango than the indented cylinders*
 



After the seed is classifLd properly in the Indented
 
Cylinder Separators, it is discharged by gravity to feed two precision
 
grader units (Ref. No, 33) 
located in parallel.
 

Each Grader is equipped with a rmachanical feeder and
 
will effect a separation of the grain by thiclness, width and diameter.
 
The product is fed to a machine which has cylinders with slotted perfo
rations (6 cylinders in two rows of 3 units per machine). 
The iumnature
 
and thin seed goes through perforations and falls into the trough below.
 

Via good seed is conveyed to the collection end of the Precision Grader,

while the rejected material is gathcred by a vibrating conveyor and
 
conveyed to 
one end of the unit for discharge.
 

A revolving cleaner keeps the perforations from becoming
 
clogged, 
Rubber stripe gently tap out over-sized materials that have
 
collected in the perforations, T'erefore, micnrni 
capacity and accuracy
 
is always maintained.
 

After the grain leaves the Precision Graders it will flov 
by gravity to a Stonerator (Ref. No. 34), This machine removes stone
 
glass, metal pieces, dirt, fertilizer and other contaminants from the
 

seed.
 

In this unit the grain is fed across the. full width
 
of the deck and separation is affected by weight. 
The grain floats
 
above the deck on an air stream. Heavier objects sink to the dock
 
and are conveyed to be discharged. The product or seed flows down
 
the deck to the discharge chute and dust is carried away to the dust
 
collector or cyclone (Ref. No. 52).
 

After the Stonerator, the seed is discharged to the
 
steel hopper which feeds the Du,'-Aspirator Units (Ref. No. 35).
 

This machine 
iill effect the final separation by

weight, removing the light weight or undersized kernels, Ito design
 

6IL 



permits two-stage aspiration# for greater efficiency. Air flow inthe first aspiration duct is adjustable to allw the operator to
determine exactly the weight of product 
 to be serparateds 
 The productenters the maehine from the hopper and a feed roller evenly distributes 
it to the air stream. 

The large and heavy seeds drop by gravity from the airstream and are discharged while the lighter seeds are lifted into an
expansion chamber where the heavier rejected material is settled out
and the dust and chafr are vented to a 
dust collector (Ref. No. 36)0 

After leaving the Duo-Aspirator, the grain will
into the inlet hopper 
flow
 

of bucket elevator (Ref. Hoe 39) to be elevatedand discharged into paddle conveyor (Ref. No, 40). 
 This unit 1will
transport the grain into either of the two storage bins (Refe Noe 41)

for its st.-'a-o and subsequent treatment. 

Alternatively, after leaving the Duo Aspirator, the
seed could go directly into the inlet hopper of bucket elevator (Ref.No39); to be elevated and discharged into steel hopper tankc (Ref. No.
 
47) which feed the Treater (Refe No. 461)o
 

The Seed Treating System usres 
an exclusive mist chamber
application to provide the highest efficiency and finest results in
liquid seed treatinge 
The seed flows f:uto a stainless steel chamber

which applies cbemical. Continuous flox 
process type metering tank,
gear reduction motor and feel control handle are standard accessories,

A 190-liter stainless steel liquid pre.-mix tank, equipped with circular 
paddles, pump and operated by independent electric motors, is

connected to first described container for supply of chemicals.
 

The seed will travel to a connecting stainless steel
conveybr furnished with blending rods which gently turn end rub
 

oa1./oe 6* 
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the seed to provide an even fi! coating. This last unit has Independe* 
drive system. 

The treated seed flouys to the inlet hopper of Automatic
 
Bagging Scale (Ref, No. 49).
 

Stovae BinLs , n the section above, it was mentioned
 
t.hat the seed, after being cleaned and classified# could be stored in
 
two Storage Silos (Ref. No. 41) 
 before treatment with chemicals.
 

The two Storage Silos are flat-bottom round type bins, 
made up of corrugated metal and having the following characteristics s
 
diameter about 11 meters; 9 motors shell height; 14v3 meters cverall
 
height, 23 cn. air chmiber; 505 ton capacity (shell level); they shall
 
have corrugated perforated 1 
 gauge metal drying floor, with flashing
 
and hardware and center unloading for tube well, with foundation
 
ring with air entrance collar and transition for fan. They shall be
 
equipped with one hin-cd roof hatch opening, inside and outside lad
ders and roof ladder.
 

Additional equipment shall include tube well bin 
unloading kit, with bin unloading-augers; axial fan for aeration, 
with eapacity for 170 cubic meter of air per minute at 7.62 cm. 
Siatte pressure; and 3 cables for temperature detection having 
senstag elements spaced at 1.03 n, intervals (Refe Nos. 42p43t /4)9 

From the Storage Silos, 
the seed could be transported by

the unloading system of the uilos, into the steel inlet hopper of
 
bucket elevator (Ref. No. 46) to be elevated and discharged into steel 
hopper tankc (Ref. No. 47). which feeds the treater (Ref. No. 48) The 
process of treating the seed wth chemicals has already been explained. 

Xf treatment of tho seed is not recuirod, the treater
 
could be by-passed and weighing-bagging of the seed could be effectedq
 

*.O/600
 



Weighing and BaSging Section t A modern weighing and
 
bag filling and sexiing machine completes the cycle of the plant.
 
This unit (Ref. Nos. 49, 50, 5W. accurately woighzo fills, and conveys
 
the bag, neatly sews it and delivers it to a pallet or trucks The
 
operator places a bag on the scale bag spout and pulls down the feed
 
gate handle. When the correct woight is in the bag, feeding stops
 
automatically. The bag is released into the conveyor and is stopped
 
automatically by a limit switch after clearing the filling location.
 
The operator places another bag on the filling spout to start a 
now
 
weighing cycle, then turns to the bag on the conveyor, and presses a
 
two-stage foot switch restarting the conveyor. The foot switch is
 
pressed further to start the swing head drive. 
 During the sowing
 
operation, the scale will bave automatically completed weighing the
 

material into the next bag.
 

Generalities i The diffarent processing machinery of the
 
Seed Plant shall be furnished ,ith several sieves, indented cylinders
 

and perforated cylinders, with indentations and perforations suitable
 

for processing different types of agricultural products such as paddy
 

rice, maize, sorghum and millet.
 

The arrangement of the conveyors, elevators and various
 
other elements of the seed plant shall permit alternatives in routing
 
of products through the plant* For example, as showm in the Flow
 

Diagram (Figure 11,4,4.) after bucket elevator (Ref. Nog 30) there 
is a by-pass by which the grain could be routed either to steel hopper 
tank Rafe No, 31 , or to steel hopper tank Ref. No. 37 which feeds 
a Disc Separator machine (Ref. No. 38). From this machine the product 

can flot to the Stonerator (Refs No. 34) or directly to Duo-Aspirator
 

(Ref. No, 35),
 

Undersized grnins, as well as broken grains and other
 
by-products from the seed plant, such as shelled rice (brown rice),
 

split kernels of main-e, etc. shall not be discarded but shall be bag

ged and taken to the rice mill or to the feed plant for further
 

processing.
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11,4*~5* 
 Peed I-ll 

Introduction 1 Encouragement of livestock production
and regional distribution of meat and dairy products have been concerns
of the Goverment of Senegal for come ti. While roJect S isnot primarily a livestock project, it is nevertheless desirable that
assistance from the project to achievement of the overnments livestoccgoals should be exploited to the extent feasible, 

Cattle raising in Senegal Is primarily a nomadic or semi
nomadic occupation# using techmiquos derived from family traditions
 

Losses 

1Iost of the cattle are moved between grazing fields and watering locations.
in the cattle sector from mortality and lowered productivity 
as
a result of diseases and insects have plagued the industry.
 

New land areas wyith availability of waterbe selected for controlled cattle raising on a regional basis. 

;ill have to 

Meat
ond dairy production should be matched with population projections
and estimated constmption. 
FA.ed and water studies should be made to
determine nutritional valves and proper feeding progrz=,s,
programs have Breedingalready been undertal:cn to improve the stock under control
led conditions,
 

Locations of processing plants will be dependant on the

availability of raw material and the distribution channels that are
established,
 

Project SENERZ has not studied and does not make recmnen. dations on the Scope, timing or location of all necessary facilities
for the Implementation of beef cattle dairy cattle, poultry and swine
production. Hovever, in the development prcf4ct of the Anitibeundgrtaken Basinby JODAGRI, the availability of water and raw materialssuch as maize, maize cobs, rice by-products, borghum, millet and other
grains creates an important opportunity to augment local cattle produc.
tion. 
In order to facilitate the prograra of grot.rin, calves and feeding 
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cattle, a Feed 11111 is included in the projects The cattle production
 

activities of Proj.ot SENMI-IZ could serve as a first step for tho
 

Implementation of a regional Project for meat and dairy production.
 

Goneralities : Anftal Feed factories could vary from
 

a simple, small, compact unit which consists of tho reception grindingp
 

mixing, molassing and sacking-off, to a large sophisticated, push-button
 

system with apportioning bins or silos, pro-mixing, pellet production
 

systen, and several bins for the storage of raw and finished products.
 

Determining the right site, choosing the appropriate mathode
 

of productionp and the proper size and output of a plant are factors to
 

be carefully studied. In addition to the financial and cormmercial aspects,
 

technical questions have to be considered regarding communications to the
 

site, origin and delivery of raw materials, product to be manufactured
 

and the use of the finished product.
 

Many alternative layouts eve possiblo when planning a mixed
 

feed mill& always with possibilities for future expansion at minimum expense.
 

The Feed lill recommended consists basically of -afeed 

factory to produce 5 metric tons per hour of mixed cattle feed from maine, 
maize cobs, sorghum, rice by"products, other grains and molasses. The 

plant includes facilities for the preparation and addition of mineral 

solutions salt solution, and molasses to the feed. It also includes storage
 

facilities for feed ingredients.
 

Process Descript._ion : In the followlg paragraphs, reference
 

numbers of equipment refer to Drawing No. 5.007-4p which is presented as
 

Figure 11,4.5.
 

1 Maize and other feed stuffs will be received from trucks
 

or by other means, end dumped into a grating covered receiving hopper
 

(Ref. No. 2). Grain will be conveyed by drag-flight conveyor (Refs No. 3)
 

.. ./ooo 
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and balt bucket elevator (Ref. No. 4) to the pro-cloanine department.
 

2. The pro-cleaning department consists of a grain
 

receiving garner bin (Ref. Noe 5), a pre-cleaner or scalping unit
 
(Ref. No.6) and an automatic hopper scale (Ref. No. 9)
 

The pre-cleaning unit will scalp and aspirate the
 

incoming grain. The foreign material isremoved by scalping all the
 

sticks or oversized material as the grain passes over a rotating 'squirrol
 
cage" scalping reel with wire mesh screen (or similar machine). This
 

is followed by aspiration of dust and other liGht-weight foreign materials.
 

After leaving the pro-cleaner, the grain isweighed in
 
bulk process scale, which provides for inventory control.
 

3. After the product has been pre-cleaned and eiyghed,
 

it is elevated by belt bucket elevator (Ref. Ho 11) and directed by
 
a rotary distributor (Ref. Ito. 12) to one of the five receiving tine
 

(Ref. No. 13) or to a large grain storage tank (Ref. No. 37).
 

The above mentioned receiving bins and the large grain
 

storage tank could simultaneously food the gravity hmmer mill feod
 

hopper (Refs No. 14)
 

4. There are four gravity hammer mills, tqo right 
handed and two left handed (Ref. No. 15). These hamuer mills will 

triturate and reduce the different product. to the pre-determind ,sized 
particles of the feed. 

5. The Hammor Hills will discharge the milled products
 
into two drag-flight conveyors (Ref. No. 16, 17) which will transport
 

the product to bolt bucket elevator (Rof. No, 18).
 

6a From belt bucket elevator, the milled product will
 
go by gravity to a stol hopper tank (Rof. No. 19) above the vertical
 

mixers (Ref. No. 20). Ifdosirod, the milled product can by-pass the
 
hopper tank and go directly from the elevator to the mixers.
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In the Vertical l.ixors the various products will. be thoroughly 

mixed in the pre.dotermined proportions before they aro conveyod to the 

molasses mixev or conveyed to the bagging department. 

7. The mixed feed is conveyed to the Molasses Mixer 

(Ref. No. 24) when mixing molasses, salt solution and(or concentrate
 

solution into the mixed feed is required.
 

lolasses is stored in a tank, (Ref. lo. 31). and pumped by
 

a reciprocating pump through a meter, Salt and concentrate solutions
 
will be prepared in agitated tanhand pumped by reciprocating pumps
 

through a metering device.
 

8. A system for adding concentrate feed to the raw materials
 

has been provided (Re. No. 34). The Concentrate Feed, after proper mixing,
 

will be elevated by Screw clev.tor (Ref, No. 35) into steel hopper tank
 

(Ref. Noe 36) which feeds the gravity hatmmer mill feed hopper (Ref. Ho. 14),
 

9. The fortified mixed feed from the molasses mixer is
 

dropped into a belt bucket elevator (Ref. NO 25) and elevatod into a
 

Bagging tank (Raf. No. 26) or into a Bulk Shipping Tank (Rafe No. 30).
 

From the Bagging Tank (Ref. No. 26) the final product will
 

go nto the bagging and wleghin3 system (Raef. Nos. 27, 28, 29).
 

Conclusions i A compact feed mill plant is recommended*
 

This plant could be designed and built according to the unit-composed
 

systemp whereby Individual parts and machines oan be exchanged, or the
 

whole plant can be extended at a minimum cost. The plant could be used
 

as a pilot plant for production of livestock feed in the Anembe Basin*
 

see/***
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11.4.6. Projet Headquarters and Infrastructure 

The Headquarters Unit for the agricultural Production Complex
 
will provide offices for the project administrative staff; housing for
 

expatriates and other upper level administrative personnel; workshops and 
garages for maintenance and repair of vehicules, agricultural and road 

building machinery and other equipment as needed; and the infrastructure 

(electricity, water supply, sewerage, comunications, etc.) to permit proper 

functionlag-of the entire complex. 

The following section describes each of these elements-in the
 

Headquarters Unit.
 

Offices : A centrally located administrative building will 
function as the "nerve center" for the project. Itwill prc.ide offices 

for executive and advisory personnel, secretariat, accounting and record

keepinS departments. A Conference Room, a storage room, and rest rooms 
will be included. The main scales (weigh bridge) for the cereals center
 

will be adjacent to and controlled from the office buildings
 

This building will be of one-story construction with double
 

roof or heavily insulated roof, and designed to permit good air circulation,
 

thus minimizing the need for air conditioning.
 

Appropriate furnishings and equipment will be provided for 
these offices, including desks, chairs, filing cabinets and related furniture
 

as well as duplicators and the like.
 

Housing: Because of the remote location of the project and
 
the lack of urban development in the immediate vicinity, it will be 
necessary for the project to provide housing for upper level administrative 
personnel and for all expatriates. Current plans for staffing the project
 

indicate the needs to provide housing for 23 persons, about half Senegalese
 

and half expatriates. Upon the departure of the expatriates, their houses
 
will be available for additional local personnel.
 ,5? 
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Two types of housing will be supplied i Bungalms for 

full-tine staff employees with families, and duplexes for staff members 

not accompanied by families. 

The project does not plan to supply housing for personnel 

of grades lower than level 8 (See personnel, data, 'in chcptr 11.), 

OwerMet Officials have insisted that employment in Project SEH=RIZ 

be reserved for local residents to the extent possible, and local persons 

will of course have hheir oim residences. 

The houses will be located in a park-like residential 

center, outside but convenient to the Agro-Industrial Complex. This 

arrangement will facilitate electrical, water and the utility installations, 

will foster security, and will permit provision of the best possible 

residential enviroenmt. 

Bungalow type houses will be durably constructed with 

concrete foundations and subfloors, 20 cm. sand/cement blockwork wallsp 

and asbesto~emont sheeted roofs. The houses will be wired, plwabed 

and fitted to modern standards suited to the climatic conditions* Each 

house will have about 110 square meters of floor space, including living 

room, dining room, kitchen, three bedrooms, bathroom and two toilets.0 

It is expected that 15 of those houses will be required. 

Duplex type houses will be similarly well oonstructed 

and equipped, but they will be smaller, each having about 49 square 

meters of floor area. This space will be divided into living-dinina 

room, bedroom, small kitchen, bathroom/toilet and large closet. Tuo 

unito will be constructed together, back to back? 3 units (four pairs) 

are planned, 

1_t1it.t : Water will be proitdod to all parts of the 

complex from a common source. One or more of the wells drilled for 

exploration of the water table will be used as the source of supply. 

e0... 

I: 
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The water will be troated, ir. n.cessary, to mac it safe for hluman 

consumption. A water to.er will provide pressure for distribution 

through underground pipes.
 

Electricity for residences and offices will be available 

from the project generating plant that will also provide electric pomer 

for the agro-industrial complox. Diesel-pos.ered generators will 

supply electricity which will be distributed through a network of 

overhead lines with stop-down transformers at appropriate points. 

Electric consmnnption is estimated at 10 IVA during peak load and 

21VA minimum per bungalow, , and half that per duplex. Thus the total 

requirement of the residences will be about . 200 kVA and 38 kVA 

during peak and Iow requirement periods, respectively* 

Esti ated electric requirement for the various units 

of the Agro-Lndustrial co .plex are shl.nm below : 

Administrative Offices 100 ICVA i l),'OA " 

Maintanace and Repair Unit 100 IIVA
 

Cereals Center 400 kVA
 

Rice Uill 400 WVA 

Seed Plant 100 kVA 

Feed 200 . kVAHill 

Subtotal 1 300 kVA 

Residences 200
 

Total 1 .500 kVA 

The foregoing needs are normal max-fia, for full 
operation of the equipment. Such needs will continue 24 hours per 

day for the four main plants of the agro-industrial complex, during 

certain months of the year. The needs of the project -disregarding
 

need for powrer for pumping irrigation or drainage water - can thus
 

be met by a group of five_ diesel powered alternators of. 250 

ij. a a d 
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KV each, One or more of those units wouldbe in operation at all t= 

ho actual nubers depending on the need. An additional nit should be 

in stand-by. 

-rnitation%7illbe provided by use of one ov are centtal 4vctic 

tanks. The effln-3nt '-f.1:.-. rC-.=., tr-.ot! litc :1n t., o:. t:'o :.'3 eav 
in tt-.m r-esdonti.-l cnnto.:- -:.ll. in,:int.) 1.cen.-1.septic ton!: ... 

The liquid will be
he microbiological destruction of organic wastes. 

*e d to leaching beds at suitable disposal units. 

WorshoRps a-d reo.' fmt'l1*4.n A large and fully 

equippe4dafteuwe and repair center will be established as part of the 

homwar. unit. This center will be subdivided as appgarziat into 

an engine and mechanical repair shop; a tire repair shop; a Wel64s and 

body shop; a wood-working = soentry siop; a paint shop; a tool room 

and parts warehouse; a refueling, lubrication and gervice center for.ears 

and trucks with storage for gasoline and d4i*o fuel. Eqnuilpt needed 

for this Yepair complex will include welders1 atr awproe sors, hydxaulie 

and electric hoists, ate cleaners, etc.., and a. xat1ar t _pla=l :e
 

of metal s and wood - working machines.
 

Blecause of the need for the ma itenanca and repair
 

center to serve machinery in the cereals center and elsewhere in the complexp
 

that cannot be brought to the workshop, one or more mobile crews vill be
 

omganized and equipped with portable tools, transpot, ota, to permit 

rapid and efficient response to any need that may develop. This mobile
 

unit will also repair agricultural and road-building machinery In the
 

field, and will provide emergency Load aercie -dpaaspa)fat caa and 

trucks.
 

Repair and maintenance of buildings, including lodgingog
 

will also be the responsibility of the Maintenance and repair unit$ and
 

a mobile crew will be organized and equipped for that purpose.
 

Warehouses and storage Structues- Sheds will be 

provided tot the protected storage of certain cateciea ol .*aL 

oee~g ..o 

6.
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that should have protection from rain and sun. Seeding and harvesting

machinery is important among such OLVipmente The availability of a 
large storage area under roof will add to the efficiency of the agricul

tural operation by reducing "down.time" resulting from equipment failures 
and will also add greatly to flexibility in planning and conducting service 
and Vepair operations during inclement weather* 

Warehouses will be provided for storage of agricultural
 
supplies, especially fertilizer and agricultural chemaicals (phytosanitary
 

materials). Adequacy of warehouse space will make possible off-season
 

'delivery of purchased materials and will ensure their preservation in 

good condition until needed. Because Projoet SERITZ will serve as a 
center for distribution of agricultural supplies for local farmers, it 
is essential that warehouse capacity be adequate, 

The volume of materials to be received, unloaded, stored,
 
reloaded and delivered dictates mechanized equipment., Tusp the warehouse
 

floor should be of smooth concrete to permit the use of fork-lift trucks
 

capable of handling heavily loaded pallets*
 

11.5* LAND DEV3L74M I1D AMITMAL" 1OOX~T; 

Agricultural production is the "'raison d'ttre" for the
 
entire SE /RIZ Project. The preparation of land to be used for production
 
of hish yielding crops of cereals is therefore critical to the success
 

of the whole eff.rt.
 

The land rescurces of the Mnambe Basin are characterized
 
by relatively level topography. While some areas of the basin are occupied
 

by forests of mature trees with close spacing, most of the basin is
 

forested less heavily and will be relatively easy to clear. The difficulty
 

of the land preparation tasks therefore, derives not from difficult vege

tation but rather from the sheer scope of the job - 25000 hectares - and
 

fee/***
 



the particular requirements of the portion of that area that wVill be 
irrigated, 

110501, 1iode of operation 

Land prepararation will be uMnertakenl 1.k.tially" on a 
contract basis* Private firms will be asked to bid on clearing of specific 

tracts of land, with fixed schedules for completionp and with the possibi. 

lity of continuing contracts for firms that perform satisfactorily. 

Land preparation will also be undertaken by SODKUIM, on a 
limited scale at first* Complete and accurate rarordit of costs and 

ratep of accomplisment, will be kept. Analysis of these records as to 

unit production costs and rates of ac.omplishment will indicate whether 

SODA I'S Rand preparation unit should be expanded to handle the entire 
task; whether SODAIGRIS unit should be phased out in favor of private 

contractors, or whether the unit should continue on a small beale as a 
way of monitoring the work and the costs of the private contractcs, 

11*5.2. Schedule
 

The remote location of the project site, the nature and 
number of roads leading to the area, and the lack of infrastructure there 

add to the difficulty of the land preparation task* For this and other 

reasons, a schedule has been established for land preparation that permits 

a relatively small beginning with progressive expansion of the seals and 

speed of operation. 

The land cleared and prepared in any given year is expected 
to be brought into agricultural use in the following years The following 

table and Figure 11.5.1. show the targets for land preparation and use as 

cr opland. 

3e0/**a 



Year 6f p*J~ct and calendar year
 

12 3 4 5 6.7 

1918 1979 1 1980 1981 1982 1983 1984 

Upland 1000 1700 3700 4600 3600 6000 . 

Lowland-- 300 300 400 3400 

Total 1000 2000 4000 5000 7000 6000 

cemrmlative 
Total t 1000 3000 7000 12000 1900W 25000 25000 

Cropland in
 

Use 0 1000 3000 7000 12000. 19000 25009 

"Upland" in this table, refers to land of Soil. Groups I through 

5 as described in Chapter 4 and delimited in the soils map, Figure 4.1. 

"lowland" refers to Soil Groups 6,7 and 8 in the same sources. In generalp 

lowlands are the regions that have traditionally been subject to annual 

flooding. 

Because of the hard and heavy nature of the lowland soils,
 

they have not been used for crops by the local peasants. In the Upland
 

regionst shifting cultivation has been practised, so that some of the
 

land is in brush, in process of self-reforestation, and thus could be
 

easy to clear.
 

However the intent of ftoject SENERIZ to to makb use of lands 

that have not been and are not being used by local farmers; thus lit

tle brush land will be found In the tracts to be cleared for the project. 

On the other hand, much of the lowland area is grassland, with few or 

no trees. 

.. 0/.oo
 



As an indication of of the scope of the clearing operation, 

an appreciation can be gained by expression in terms of daily targets. 

If the land clearing is to be achieved during the 7 months that are sub

tantially free of rain, and if the work precedes on a 6-day week or an 

average of 25 days per monthb 5.7 hectares must be cleared every working 

day. This daily quota will increase year by year to 40 hectares per wor

king day in year 5, which is equal to 4 hectares per hour. 

11.5.3. Land development, costs. 

The main components of land development, considered apart
 

from the provision and delivery of irrigation water, access roads,
 

Infrastructure etc., are the clearing and grubbing costs (removal of 

trees, roots, rocks, etc.); levelling and smoothing; drainage; and 

construction of dikes, field divisions etc. It is obvious that the 

cost of land development will depond on how much of each element is 

necessary. 

For clearing and grubbing, of course, a complete job must
 

be done0 The land to be irrigated must also be levelled. The amount 

of soil to be moved in levelling depends on the slope and irregularity 

of the land, and this can be determined in advance. However, the 

precision of levelling and smoothing that is needed or permissable, and 

the need for installation of drainage Bush as underground tile drains, 

depends on factors less in evidence. Host of the heavy soils in the cen

ter of the Anambe Basin appear to have relatively impermeable clay on 

the surface, but with sandy texture below. Levelling operations must 

not remove all of the impermeable layer, or the suitability of the Boil 

for rice culture will be drastically reduced as its water-holding capa

city is reduced. Where levelling can be achieved with only shallow dis 

turbance of the coil, the need for water retention ditches and field 

division barriers is also reduced, because very large fields can: be 

.0/*..
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used@ Some drainage channels must be cut to permit drainage in ponded
 

areas# but because of the permeability of the subsoil very little under

groed tile drainage is likely to bc needed. The real need can be do

termined only by field testing and experimentation*
 

The upland soils are known to'be subject to erosion because
 

of thd intense rainfall and the high coefficient of runoff, host of theup.
 

land soil"Amhbuld be farmed on the contour. Additional erosion control measures,
 

such as terraces, divisions, etc., may be needed, but this need can be
 

determined only by careful and detailed observation of the results of
 

alternative measures installed on experimental or field test basis.
 

The estimats used in the Economic Analysis, and shown as
 

Level A in the following table assume that moderate investment will be
 

required for levelling, drainage, diking, and erosion control structures*
 

To measure the effect on the profitability and the financing of the
 

project if lesser or greater measures are found to be required, alter.
 

native levels of expenditures are considered in the sensitivity Analysis*
 

Levels B and C respectively show near maximum investmentp with extensive
 

need for drainage, and lowY-cost land development vith minimal expenditures
 

for drainage and reduced costs of levelling.
 

CFA per Hectare
 

Level A Level B .Level 0 

Clearing, removal of roots and 
rocks, 275,000 .1,,1o 275,000 200,000 

Grading and levelling 75,000 1W 150,000. 50O00 

Drainage and erosion control 
structures 200,000 500 425.000 25,000 

Dikes 50,000 .oo 50,000 25,000 

TOTAL 65O OOO L,,LioO 900,000 300,000 

,OGeO t
 



11.5.4. t5ricultural operations 

Project SEI RIZ plans to install in tbe Ancube Basin an agris
 

cultural production complex which will uc.mechnnized techniques for pro

ducing large areas of crops knoim to be adaRted to the region, zuyt will
 

add to mechanization the use of irrigation to produce evon larger areas
 

cf rice, including countorseason production&
 

Because the agricultural production technology used in 

Project SEIHRIZ will include so much that is now, it is appropriate to 

present some information on that technology. However, such advance des.. 

cription van be at best concepttal, and many'dotails will be subject 
to change as indicated by results in the field* 2lhe agricultural ope. 

rations will be pragmatics what succeeds will be followed; what does 

not succeed will be abandoneds Tho prastices described below are gene

rally used and are highly successful in producing rice (and similar 

crops) in the United States, but some of the details may have to be
 

modified to fit Senogalese conditions.
 

a. 	 Land gradinn, Following the initial grading of cropland done 

as a part of project development, individual fields will be 

graded to form a surface having a planed slope, Use of land 

plane or leveller is the final step in this operation which 

should result in a smooth surface and a slope of about 1%9 

b. 	 Seedbed preparation, A mellow, firm, weed-free seedbed is 

important. A turning plow can be used to bury the previous 

crop residue. A field cultivator or dish harrow may be used 

instead of or in addition to the plow, particularly if burying 

crop residues does not pose a problem. The land plane may be 

used as a tillage tool under some circumstances* A total of 

3 to 7 times over the field will usually be necessary. Large 

rubber-tired tractors pulling wide implements will accomplish
 

these operations rapidly, Most tillage operations can be done
 

on a round-the-clock basis, with several shifts of drivers for
 

the tractors.
 

000/*0 



c. 	 Levee .onstruction, levees or small dikes are constructed
 

using a tractor-dwn levee plow, which moves the soil in
 

to the center from both sides. Several passes are usually
 

necessary to construct a levee of proper dimensions.
 

The location of the levee is determined by surveying, to lay 

out the line for the levee following the contour of the land. This results 

in a curving or snake-like levee which is a uniform vertical interval 

(usually 30 to 60 m) above or bclow the adjacent levees, but the horizon

tal interval varies depending on the slope of the lend. If a vertical
 

interval of 30 m were used on land with a slope of 0.1%, a 1 km-w de
 

field would have 33 levees, approximately parallel and spaced at distan

ces averaging 30 meters. Along the length of such a level, if it is 

accurately placed on the contour, there will be no slope. Thus a flood 

of 120 cm. of water retained by this levee would give a minmum depth 

of water of 60 ml adjacent to the next levee on the uphill side, and a 

range of 60 to 120 m in the entire "paddy" which could easily be 1 kme 

long. Levees can be constructed either before or after seeding. They 

must of course be constructed before irrigation. 

levee gates are installed in the levee (usually one per 

levee regardless of length of levee) to control the depth of water, Levee 

gates may be of metal or plastic. Theiv installation requires some hand

labor*.
 

Water is normally introduced into the area above the 

upper-most levee in a given field. When that "paddy" is filled to 

the depth controlled by the setting of the levee gate, water flows 

cvr the gate to the next levee area downhill, and successively on 

to the rest of the field. Overflow from the lowest levee area, if any, 

runs into the drainage ditch. 
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do 	 Seeding methods. Rice san be successfully seeded either 

with a seed drill or by broadcasting. Drill seeding normally 
will be used better to control the depth of seed placement. 
If timely seeding cannot be accomplished with available seed 
drills, broadcasting can be done$ using somewhat more seed; 
the field will then be harroved lightly to cover the aeed. 

Levees are seeded just py.ior to the final pass of the levee 
dish, to Insure the beat stand on the levees. . 

a. 	 Seeding rates* Under average conditions$ 100 to 130 kilograms 
of seed 	will be applied per hectare. This will be influenced
 
by size 	and density of the grains, the germination rate, soil 
conditions and method of planting used. The objective is to 
plant enough seed to obtain a plant population of 130 to 160 
plants per square meter. 

Lu 	 Seeding dates. The seeding dates for rainfed rice grown the 

Casamance are tied to the beginning of the rainy season. Where 
Irrigation is praticed, the date may better tied to temperatures 

Amean daily temperature of about 70OF (218C) is necessary 
for germination and seeding growth. Hontly averages of daily 
mean temperatures in the kiambe basin are estimated in Chapter 
5 of this report; there is no month when average temperatures 
are not warmer than 216c, so there appears to be no tempe

rature constraint on date of seeding rice. Therefore, seeding
 
dates will be selected to mature the crop during months
 

when dry weather for harvesting is likely. Thus, planting 

will normally occur in late June or July, depending on the 
length of season of the variety. 

For rice production in the counterseason, there exists an 

evf Broatee lck of date to guide soloction of a s oding dote bocau
as thars o uo local experience vith,winter-saaon rices" 

'eel... 



H 	 m overnight temperatureu normally encounterod in Domber and 
January are Qoolor than ideal .for rice p.ooducftiu kp r statiou 

will be necessary to eveal 	the best planting date, but i.t 
appears that delaying planting until' mid-January and using 
a midseason or shortseason variety would escape coldest weather
 
and still permit completion of harvest before the onset of 

rains@ 

g. 	 Varieties. The varieties of rainfed rice that hame sceeded 
in Upper Casamance are TS 1239 302 0 and I Kong Pae These 
varieties will be used by the agro-productlon c€Vle aut other 
varieties from a number of sources will also be trieds The 
modern technology that will be used includes better pexparation 
of the land before planting# better water control (eves for vainfed 
rice) thorough levelling and diking, heavierand fertilization, 
Taken togetber, these 	features will create an envirowwat fog 
the rice crop so different from that of the usual local plot
 
that no one knows Just hoe 
the "adopted" local varieties will
 
perform. 
Exotic 	varieties with adaptation to some of the new
 
environmental features, such theas American varieties Noa 
75 and Lobonnet, may perform better than the traditional waretiesp 
and they will be given the opportunity to demonstrate ther 
suitability to Anambe Basin conditions. 

h. 	 WaterIlanagement. The principles presented here apply to 
irrigated rice. For rainfed rice, practices should approximate
 
as nearly as possible the conditions desired for irrigated ricep
 
recognizing that addition of water depends on rainfall or on
 
runoff from fields at higher elevations. 

After 	seed is drilled, the rice field will be "flushed" 
(thoroughly wetted, but not kept flooded), This gives seedthe suffi. 
cient moisture for germination, and avoids custing of the soil that 

aM aPoeoU*o 
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When soodlings are 10 to 15 cm. tall, which i usnally 3 

or 4 weeks after seeding, rice may be flooded* Grassy weeds should be 

brought under control with herbicides, and early season nitrogen should 

be applied, before the rice in flooded. The depth of water is increased 

gradually until it reaches 10 to 15 cm, depths The flooded condition 

will be maintained until a fortnight before harvest, except as nocessary 

to drain the field to combat chlorosis or to control certain weed, insect 

or disease problems* Draining the field permits the soil to dry and
 

become firm enough to support harvesting machinery. 

i0 Faytilizatin.* Supplying of sufficient nutrients to the 

rice plant to enable it to produce high yields, iscomplicated by problem 
of timing and of balance among the elements. 

Relatively large amounts of nitrogen must be available to 

the rice crop in order to produce maziuum grain yields. Excessive rates 

of nitrogeni, howevers may lead to increased lodging and disease Inci

dence, delayed maturity, and poor quality grains Proper timing is the 

key to reducing most of the problems associated with high rates of nitro

gen fertilizations 

Rice plants need sufficient nitrogen during the vegetative 

stage to produce optimum tillering, A small carryover of nitrogen Is 

needed about midway in the growing season in order to promote the develop

mant of panicles with an optimun number of florets for high grain 7ields. 

As rice plants enter the period of reproductive growth, large amounts of 

nitrogen are needed for eevlopment and filling of florets (grains). 

On soils low in organic matter, 35 to 55 kgo/Ha. of nitrogen
 

should be applied preplant or just prior to the first floods This will
 

provide adequate nitrogen for the vegetative stage of growth*
 

. /
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A system of timing midseason nitrogen applications based
 
on plant development will be used to minimize lodging and increase
 
yields. The proper time to make 
 the midseason nitrogen application is 
determined by splitting the rain stems of representative rice plants 
and measuring the length of the elongating intetnodes. Optinmum internode 
lenths for nitrogen application vary accord1bg to variety grown, Nor. 
mally, if the midseason nitrogen rate is more than 55 kilogram per hec
tare, one-half is applied at the proper internode length for the variety 
and the remainder 10 to 14 days later. Timing of midseason nitrogen 
applications is especially critical for some vatlietiese 
Nitrogen applied
 
too early will increase lodging; applying nitrogen too late will be of
 
less benefit and may delay maturity. 

Rates of nitrogen will vary with soil type, variety and 
crop history, Total amounts used will generally range up to 130 Kgo/Has 
of 41trogeng and local experience will guide the decisions on amounts 
to be applied. Phosphorus is esset~tial for optimum yield, but require
ments are rather small compared to nitrogen, Phosphatic fertilizers 
will ba used in mcdest amounts until local research determines the res
ponse of rice to application of phosphorus.
 

Potassium plays a key role in developing rice plant's
 
resistance to lodging and disease. 
 It is necessary for development
 
of lignin and cellulos which give strength to stalks* Also, potassfVZ 
contributes to plant vigor and disease resistance and helps plants 
manufacture and transfer food, The production of 3000 kg. of paddy 
rice removes only about 12 to 13kg. of potassit m* Therefore, vesponse 
to potash application has not been dramatic as for as increased yield 
is concerned, On soils testing low in potassiunp a dose of 9(G r /Ha 

of YO will be applied. 

Sulfur will be applied to neutralize iron and prevent iron 
toxicity if it is a problem. 

oo0/o* 
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J. Control of Weeds. 
Weeds interfere with the production of rica.3
 
by competing for water, nutrients, and lightp Weeds reduce
 
yields, increases the cost of harvesting, drying and cleaning;
 

and reduce quality which lowers market value of the harvested
 
crop. Weed problems, if not controlled, may make rice production
 

unprofitable.
 

Traditional weed control in the tsumbe basin has been by pulling
 
up the weeds by hand or hoeing them out. To these time-tested ways,
 
Project SENERIZ will add preventative treatment through use of weed-free
 
seed, more thorough tillage before seeding, irrigation as a weed control
 
measure, and the use of chemicals.
 

The first step in developing a satisfactory weed control pro
gram is to begin with weed-free seed. Once weeds infest a rice field,
 
they are difficult to control. 
Project SENERIZ will produce its own
 
seed, and the seed processing will include the most careful and complete
 

cleaning to eliminate all weed seeds.
 

SGedbed preparation has already been discussed, 
The normal
 
tillage operations planned, performed by heavy-duty implements maintained
 
in good condition and pulled by powerful .tractors, will be sufficiently
 
thorough to eliminate most weed competition before seeding*
 

Irrigation, especially when adequate water is available to
 
maintain a constant flood of adequate depth, is a powerful weapon against
 
most weeds. 
 It will be used in Project SENERIZ, as the entire project
 
is structured around the planned availability of irrigation water*
 

A number of chemicals are available for use in the battle against
 
weeds. The chemical that has proved most useful  the broadest spectrum
 
of weed control combined with the least injury to the rice crop 
- is pro

panil. 

*60/000
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Propanil (3', 4' - dichloropropionanilide) is a selectivo
 
postemergence herbicide that will control many grass and broadleaf weeds
 

if applied when weeds and rice are in the early stages of development.
 

From 3 1/2 to 6 Zg. per Has of propanil will be considered normal, routine
 

treatment in Project SENEIZ 
 Other chemicals being developed and eva
luated *ill be careully wateheds and these may also be adopted for general 

or specialized use. 

ke Disease"and insect control. 
The control of rice diseases
 
is based primarily upon prevention. Thereforeq control measures can
 

best be employed before seeding times 
The control measures to be used
 
should be selected based on occurrence of diseases in previous years and
 

on soil fertility tests.
 

Hamy serious disease losses may be avoided by using good
 
seed of varieties that have resistance to the diseases. 
The seed should
 

be properly treated with a recomuended fungicide f6r further protections
 

Proper management (including timing) of seeding# fertilization, water
 
application and removal will avoid most diseases and minimize the Impact
 

of the remainder.
 

The nature of the insect problem in irrigated rice, like
 
other problemsis likely to Evllow the pattern observed in other commercial
 
rice producing areas. The chemicals or other measures found effective
 

in control elsewhere will be applied here. At all times care will be
 
taken that the poisonous mat.erials used for insect control do not contami

nate rice that is to be used for foods
 

Insects cause major losses to rice in storages, but the 
Cereals Center of Project SENERIZ will be able to give effectively 

perfect control of itisects in storod grain. 

1 Harvest. Rice will be harvested with self-propelled 

cowbiness when the moisture content of the grain is between 17 and 23
 
percent* 
At this stage, the heads have turned downward and the kernels
 

OO~e/eO2
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in the lower part of the heads are in the hard dough stage. Earlier 
harvest would result in light weight grain and lower yields, while delays
 
beyond this stage may give serious losszo frou shattering of the grain&
 

Rice harvested at the reconmended moisture content cannot
 
be stored safety, It must be dried, and the Cereals Center of Project
 
SENERIZ will have the facilities to dry the rice and maintain it in per
fect condition until it is shipped or milled*
 

m. Rotations* Continued proouction of rice is planned in those 
fields to which irriAtion water is supplied, This plan for rice 
monoculture will maximize the production of rice, and ft follows 
the practice followed in most countries where climate and iriter 
availability permit it. 

If difficulties such as build-up of weeds or diseases are
 
encountered as a result of monoculture, it may be found necessary occasictm 
ally to follow certain fields or to use them for other crops.
 

The problems of erosion, compaction and general impoverishment 
of the soil that is observed with the traditional agricultural methodsp 
and that result in shifting cultivation, will not be encountered. Land
 
levelling and 
 irrigation management will forestall erosion. Addition of 
chemical fevtilizers will more than offset the removal of nutrient elements 
by the harvested crops. Structure and C.'.* *... r.a.t o'7 b-'"na .Jvi!tvav.td '.. 
of the soil is likely to be improved by the combination of proper tillage
 
and addition of large quantities of organic matter "humus" - the- in roots 
and stems of high-yielding crops#
 

n. Other crops. tIuch of the foregoing descrirtion of rico 
production technology is also applicable to crops of sorghum, 
maize, sugarcane or whatever may be produced. The major 
differences are listed below.
 

Seeding of sorghum and maize will be by drill or by special
 
row-crop planter in rows approximately '/5 cm. apart. Amount of seed 
used will vary with the variety but should give a plant approximately 

,. ! *O0di ~2 
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every 15 to 25 cm. in the row. For rainfed crops, seeding date will 
depend on the onset of the rains. Study of the rainfall data for the
 

region indicates in 3 years out of 4, crops planted by 20 Juno will have
 
sufficient continued moisture, 
Based on this finding and on observation
 

of farmers'practices, Juno 1.15 is set as the target planting date for
 

sorghum and maize.
 

Much experimentation on varieties remains to be done for
 
sorghum and maize. The low yields obtained from indigenous varieties
 
in comparison with yields obtained in certain other countries indicates
 

a need for introduction of now genetic material.
 

Weed control in so..uni and maize is facilitated by culture 
in rows. Tractor-mounted cultivators will be used to eliminate weeds 
between the rows@ Chemical weed killers will be sprayed to kill weeds 
between the plants in the rows, Hnd wooding or hoeing should rarely 

be needed. 

Harvest of maize and sorghum will be done by self-propelled
 
or tractor-drawn harvesting machines. While the rink of loss from shat
tering if harvest is delayed is less with these crop:n than with rice, 
te
 
practice of harvesting moist grain will be followed t-o permit adherence
 

to a schedule for mechanized harvest. The grain will the be dried in 
the Cereals Center, as for rice*
 

Crops of sorghum and maize can be alternated in the same
 
field. With proper measures being taken against erosion,, and with use
 

of adequate fertilization and avoidance of excessive tillage, it
 
should not be necessary to practice shifting cultivation. Occasionally, 
it may ba desirable to leave a field fallow for a year, or to iise a 

crop of "green man,re" that can be incorporated in the soil by plowing. 

Exotic crops - sugarcane, fruits, vegetables - will be 
produced experimentally on the research plots of Project SENIERIZ. The 

objective of this small- scale production will be to determine the 
feasibility of largerscale, commercial production, and to develop 
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appropriate technology for such production, If such crops are found
 
to be feasible, modifications of the project should be made _o 
!:-or

porate alternative crops and processing facilities for those crops*
 

11.6. PERSONEL 

11,6o Introduction and Gcncralitios:
 

1'"ct 33.MRIZ wh.- in full opc_-:ticn, -:.l ::-*.! :iojer 
CP@loyto : C . ":. , ' ..- Cc-'thc" '. 

frcm the t-baval .anagement down through the ranks, 

Local staff will be hired for all levels of work, including
 
senior management, to the extent that qualificd individuals 'an be found.
 
Because of the introduction of technology and equipment that are unfa
miliar to local persons, technical assistance from expatriate personnel
 
will be required at the cutseto 
A training program for technicians and
 

administators Is designed, in conjunction with proper in-the-job expe
riences to produce Senegalese that are fully qualified to take over the
 
project from the expatriates by about the seventh -,cnrof the project.
 

The overall organization of the project is shown
 
schemati?ally in Figure 1106cO,
 

11.6.1. Grades and costs of personnel
 

To facilitate estimation of labor costs for the various
 
elements of the project, Table 11.6.1. has been developed. This table
 
presents employer's costs for salary and allrwances as well as 
for taxes
 
and other expenses, for each of 12 grades of personnel. Nine grades
 
('identified as grades 1,2,.. 4) are established for Senegaleso employees.
 

• .. 01,0 
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Figure 11*6.0, Organization of Project NERIZ 
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TABLE 11.6.1. Employer's Cost per Employee, By Grade 

Grade, Title A-?re(e Average Contribu- Caisse de Retire mentn-m.:thly yearly tion forfai- s~curitd (vz
1. Worker, SeneTlese 2!0 

salary taire 2 - 46% sociale 4.87%000 000. -7- 0002. Chauffeur, " 14Z0035 000 420 000 8 400.3. Employee, " 50 000 600 000 
29 400 20 160

12 000- 42 0004. Technician, 28 800" 65 000 780 000 ',-15 100" 50400 345605. Foreman, " 80 000 960 000 19 2006. Supervisor, 50 400 34560" 100000 1200000 24000- 504007. Engineer/Mvianager, > 560" 10 000 2 160 000 43 200 8. Civil Engineer, 300 000 3 600 000 
50 400 34560

72 0009. Director," 500000 50 I0 345606 000 000 120000 50 400A. Expert expatriate 300 000 34 5603 600 000 144 000 -B. Expert expatriate rO0 000 345606 000 000 240 000 - - - -C. Expert expatriate 800000 9 600 COO 34 560
384 000 - - - - 34560 

Retirement Expa'&-. wo: ces Total Annu- Rounded An(executive) Vacation Other al cost to nual cost,3.6% trai ImpleycrI. Worker, Senegalese millions CFA- - - - -il341o400ns2. Chauffeur, . _ _ ...  417960.3. Employee, 7 .5 
- - - - 6826 82800-90 .74. Technician,5. Foreman, - - - - - 8-- - - - 880560- .9- - - 1064160-6. Supervisor, " . 1.1 

- - - 1308960,7. .Engineer/Manager, 77760 43 
- - - 2365 920,8. Civil Engineer," 77760 - -

2.4 
- - - - 3834720, 3.89. Director, " 77760 - -- - -- 6 282 720' 6.3A1. Expert expatriate 77 760 900 000 1 000 000B. Expert expatriate 77 760 5 756 320 - 5.8900 000 1 000 000 7 352-320 7-4C,4"C. Expert exatriate 77 760 900 000 1 000 000 11 C_25 - 0 

-

12.0Notes : 1. 2'%for Senegalese, 4% for expatriates. 2. Senegalese only : 7% of salaries up to o. 'liing3. 4.8% of salaries, up to ceiling of 60 000 CFA/m. of 60 000 CFA-/x
salaries, 4. In executives with salaries over 100 000 CFA/m :up to ceiling of 180 000. 5. 3.6%of 
6. 

Cost of round trip class Y to mid-USA for average family of 3 meniL.:rs.Rounded average of serveral observed cases in West Africa. 



These grades parallel the grades established by Senegalese labor
 
laws, but they are not identical. It must be recognized that different
 

persona employed to do comparable work ine:vitably come at varying costs,.
 
because of different education or talntna, differing age or experiencer,
 
different allowances and variations in bargaining pcwer.
 

This table establichds an estimated average cost for each
 

grade of employee, with a salary somewhat above the minimum established
 
by Senegalese law, and other costs based on that salary.
 

The three grades (A, B.2 0-1 C) established for expatriates
 
cover the range from.technicians through project directors, and their
 
estimated cost to the employer includes the standard expatriate allowances.
 

11.6*2, Personnel requirements by division i
 

' . t""" -e-'-

tM orni~tion chart (M'i_ 


"" ... • ' ."isions at,- in 

1116,0) 1?M h~vle it..-, 0:rn nco for por-onnol. 

Thaspo ncods are sh'orn in lict form -ri~tho -ada fo cach post or typobm 
of .ork,,ith the of c.plo".ea in the scvannth yearrnd ostfm-.tcd ?nber 

of the profcct 

a. Prolect Administration '
 

Project Director Level 10 
 1 Required
 

Assistant Project 
 " C 1 " 

be Business 11anaement Division : 

Administrative Offier 
 Level 9 1 " 

Office 11anager " 5 1 " 

Secretary - typist " 2 5 " 

CI,!-f Accountant " 5 1 " 

Accountants Lc-I 3 5 " 

Personnel offic-. .... 1 
Clerks 7t 4 " 
Chief of Secnrity " 13 " 

• JI
 

http:c.plo".ea


Watclmen 5 10 

Paramedical Personnel 

Division Total 

"-

1 

3 

9 

6 

1dL 

t 

ct Engineering and Construction Bivision i 

Director of Contracts 

Engineers 
sipervisoras 
Foren 
Technical Employees 

Equipment Operators 

Laborers 

level 

I3vel 

" 

" 

" 

" 

C 

7 
6 
5 

3 

2 

1 

1 

3 
3 
3 

2 

7 
60 

Required 

it 
it 
Of 

V 

Division Total ;79 

d. Production Operations 
Division 

Director of operations Level C 1 Required 

Director of livestock and 
research 

" B 2 

Asst, director, operations 

tt ,t operations 

and research 

t 

" 

A 

8 

I 

2 

" 

t 

Agriculturalista 

Foremen 

7 

5-5 

1 

52 

It 

V 

Labor and research technicians " A 3 " 

Equipment operatorvs 

Laborers 

" 

" 

2 

.1 

242 

514 

't 

t 

Division Total 819 " 

* Teaching and Assistanco Division 

Director and Asst. Director 

Unit Directors 

Level BA 

t 8 

2 Required 

3 It 

Assistant unit directors ' 7 2 " 

Supervisor 

Technicians 

" 

" 

6 

4 

1 

1 

o../o1.. 

it 

I 
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Encadrcurs 3 47 t 

Drivers 2 10 

laborers .11 2 

Division Total 68 

Grand Total 1218 

11.6.3. Aggregative Personnel Requirements 

Of the 1200 employees who will be needed in the sixth yea-t,
 

only 11 expatriates are planned, Numerically, over 99% of project employees
 

will be Senegalose in year 7, and the oxpatriates will be completely phased
 
out shortly after that. In order to obtain and keep the highly qualified
 

employees who will be relied upon for the management of this complicated
 

project with Its sophisticated technology and equipment al.d its need for
 

exactness and precision at all levels, it will be necessary to combine
 

training with incentives. The incentives, both financial and in kind, are
 

built into the cost schedule (Table 11.6.1.).Training is discussed below.
 

16.6.4. Selection Policies
 

hi anomaly of this project is that for personnel at the upper 
end of the scale it will be difficult to obtain the needed people and to 
persuade them to live at the project site, while for personnel at the lower 
end of the scale it will be difficult to choose from among a probable surfeit 

of candidates, and people will be eager to migrate to the site of employment. 

As requested by Govorment officals# eamloyment will be 
reserved for local residents. Referral by the prefectares at Volingara 

and or Kolda will be a requirement for employment on a permanent basis, 
and every effort will be made to utilize local residents to fill any tem

porary or seasonal employment needs. 

ooe /oo( 0
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16.6,5. Trainin& ftoEam and its Coots : 

In Chapter 10,6, the project's training program was discussed 
as to In-service or "on-the-job" training and training not at the project 
sites including foreign training. Costs of the foreign program, presented
 
in Table 10.6.2 B, amounted to 102.5 million CPA. 
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CHAIPTER 12: ECONOMIC ANALYSIS 

12. 1, INTRODUCTION 

The economic analysis examines the economic justification 

for the project, as measured by the internal rate of return, or econo

mic rate of return. This is calculated from the annual project cash

flows over a period of thirty years. 

The cashflow forecast is based on: 

a. An appraisal of the estimated capital investment require

ments for the agro-industrial complex; 

b. A forecast of revenue based on certain realistic assump

tions concerning the market prices for cereals and cattle 

and the charges to be made to local farmers and to C.N.C.A.D. 

for ther service to be performed by the complex; and 

c. An estimate of the annual fixed and variable operating 

costs for the complex. 

onIn addition, the sensitivity analysis reviews the impact 

the rate of return and on the project cashflow caused by changes in 

certain basic assumptions, e.g., %Lgher or lower prices, greater 

or lesser agricultural yields , delay or acceleration in project exe

cutionetc. This analysis examines the areas of uncertainty and re

veals which parameters of the forecast have the greatest relative 

significance to the project. 

An exchange rate of CFA 250 to one U.5. dollar has been 

used throughout the chapter. 

The years indicated in the various tables are 12-month ) 

calerdar vears. unless otherwise indicated. P roject Years 1 through 
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30 and years 1978,1979, etc. are used interchangeably, project 

year 1 being equivalent to 1978, year 2 being equivalent to 1979, etc. 

12.2. CAPITAL INVESTMENT 

12.2.1. Generals 

Total investment costs for implementing the project include 

all development expenses for erecting in the project area an agro

industrial complex capable of producing 115,000 tons of rice, 14,000 

tons of sorghum, and 13,000 tons of maize per year. In addition, 

the complex will raise 15,000 head of cattle for sale every year, 

produce feed for these animals and seed for the plantation, and 

dry, store, and process the various cereals produced. The 

plantation will be irrigated by construction of a dam al reservoir, 

and the whole complex will be served by a generating plant, a main

tenance and repair unit, central offices, and a residential center to 

house management personnel. 

Investment costs have been divided betw.een fixed assets, 

working capital, and intangible assets. The approximate and esti

mated breakdown between local and foreign costs is shown by 

categories. 

It must be stressed that costs shown are order-of-magnitude 

estimates or budget estimates, based on current une 1977) costs, 

and based on construction or installation of facilities in the agro

industrial complex under contract with the same contractor for all 

the component elements. Escalation and adjustment for inflation are 

not included. 

12.2.2. Fixed Assets. 

The technical report ha-- described$, various components 

0* 
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of the project. Table 12.2.2 shows the estimated capitel costs for 
implementation of the project based on the development schedule 
presented in Chapters 10 and 11, using current prices. All costs 
for imported materials have been calculated without duties and taxes. 
A 10%contingonqr has been included as an over-all addition to esti
mated capital costs. Capital costs also include installation expexse., 

It should be noted that the cost of the land has not been 
taken into accounts As indicated in discussions of tenure and land 
use in Chapters 4 and 6, the project will be developed on land 
not claimed by local villages and thus remaining a part of the 
Neational Domain. Since the project will remain the property of 
the Senegalese Government, use of the government-owned land 
will be obtained at no cost. 

12@2.3. Working Capital. 

To the extent that current receipts are insufficient to pay 
for inpats and other expenses necessary to operate and maintain 
the complex, circulating capital must be available to finance these 
expenditur.s. During the growing season, for example, expendi
tures must be made for fuel and labor necessary for cultivation 
before any crops are harvested and sold. During the harvesting 
season, grain will be accumulated and stored before and after pro
cessing at the grain center and the rice mill before being sold, and 
the costs of drying, processing, and storage must be paid. After 
the crops are sold, however, cash receipts will be likely to exceed 
cash expenditures. If a temporary cash dcficit is financed by the 
government or by SCDAGRI or by short-term borrowing from local 
banks, it seems reasonable to conclude that, on the average, an 
amount equal to the cash deficit ,/ould be needed for only half the 
year t the cash surplus after harvesting being used to reduce the 
short-term indebteOnes acquired earlier. This is the assumption 
used in calculating \'orkin3 capital, and it is shown as equal to 5%Y/o 
of the gross cashflow so long as the cashflow, is negative. 

. O0/OO0 
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12.2.4. 1;reproduction Expenses 

Preproduction expenses include operating expenses during
the development period, and consist of agricultural supplies (including 
Initial seed requirements), personnel and overhead costs. Although
certain aspects of Project SENERIZ will not be productive until 
some time later (the dam and major irrigation scheme, for example)
there will be some production of cereals in the second year. For
 
simplicily, preprodtction expenses 
are simply combined with other
 
capitalized expenses
 

12.2.5. Yearly Capital Investment. 

Table 12.2.5 shows the yearly capital investment of the
 
project, including fixed 
assets, working capital, and intangible assets. 
These are the same data used in the project cashflov analysis in
 
subsequent sections.
 

12.3. SALES REVENUES. 

Revenues of the project arise from sales of products of 
Its fields and its industrial complexI and from charges made for 
processing, Revenues are thus a function of production. 

Production of the complex and of local farmers is shown 
in Table 12.3.1. '.. 

Revenue from all sources is shown in Table 12.3 .B (parts
1, 2, and 3) along with other information to be explained further on 
in the text. It will be noted that revenues stabilize In Year 7 (1984)
and subsequently remain unchanged through the balance of the 3 
years shown in Farts I, 2, and 3' of Table 12.3.B. 



TABLE 12.2.5 Yearl Capital Investment (in millions of francs CFA) 

Year 1 Year 2 YeLr 3 Aear 4 Year 5 Year 6 
Data collection and research : 
Tenure and land use 10 15 - -

Soil survey 30 "3Agronomic research 10 - - - -

T opographic mapping 6 2..
 
Geological study 45"
 
';eather stations/ stream gauges 1 

Z~b-to*-4 #- 214" f4 --

--

- -

-



lrristation and wv ter supply : 2
 
Two deep wells 37
 
Well enlargement 40
 
Four shallow wells 76
 
Dam and reservoir : Design 250 .... -


Dam and reservoir : Constructio- 1500 1500
 
Irrigation system : Design 250 - - -


Irrigation system : Construction. 1950 1950 . ..
 
Sub-total K 3 -q 

Plantation develoment:
 
Roads design - 25 -...
 
Land development 600 1200 2 400 3000 4.200 36
 
Sub-total D 1 'l coo
 

Zquipment: 
Irrigation eq,_ipmemt 150 ... 
Road building equipment - 270 .-
Farm macbinery 130 270 500 600 100 700 

*e.e0s* 



TABLE 12.2.5 Yearly Capital Investment (continuied) 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 

Equipment. continued.: 
Transport equipment 
Sub-total 

78 
"3M 

49 
-5 

53 65 
5 

159 
9-7' 

74 

Industrial facilities 
Headquarters unit 
Cereals processing center 
Seed plant 
Rice mill 
Feed manufacturing plant 
Livestock facilities 
Sub-total 

400 
1 000 

70 
50 
--

10 

400 
-
-

100 

5 

400 
1 000 

-

15 
1 5 

400 
2 400 

-
300 

10. 

4 

-
10 

-

-

-

Trinp prog 27 36 19. 20 . 

TOTALS 2832 2905 7982 10285 5569 4374 



TABLE 12.3.A. 
TABLEAU 12.3.A. 

TABLE 1 

-
* 

(In units and tons) 

1978 1979-

!:'q I.ainfed rice net Production 0 442 
-' 1 Irrirated ric. net Production -""7-4 
Ij1 nrp.hi. net prductinn- 317mbqaize net nrndactinn 0 %34 
'rn ralves urca.ed 0 300:-5. C-alves sold 0 0!"q Feeder cattle 0 50 

1'vqf FARHIFR. PVif-aIfOp |S
-ln la;nfred rice net production 0 33i115 Sor;.%um net armductinn 0 119
1!fl ,t net rrodiction 0 20lx!j "'aire net prd|ctinn 0 70!32n Total cereals rnduction 0 212119A Fariq.rs cattle raised @0 113 

1980 19 I 

2923 61s 
-O:-'2 

73 "' 301 
156 3043 
Ann 1500 
300 o00 
300 O00 

g8 261 
-177 1113 

42 171 
480 13l4 
13 2291 
150 647 

BASE CASE 
CAS "I' BAlS 

1982 1983 191k 

12190 00 
'-"1 e--2ol3- 115268 
... I1- 7 1;I'1351 

6563 r%47$ 13141 
5000 1n0"" 10000 
1500 500n 10000 
1500 5000 5000 

526 1069 22P3 
2171 6526 13201 
169 1022 2197 

3163 1537 12716 
7134 15154 30345 
161 0 319 671k3 

1935 

0 
215269' 
13563 
13194 
10000 
10000 
5000 

22R3 
13201 
2197 

12714 
30395 
6743 

103 

0 
1152KB 
135s3 
1319k 
1000 
1000 
5000 

2233 
13201 
2197 

12714 
30395 

67413 

RAPPORT PROOIICTION Dil PROJECT SEERIZ 
(En unites et'tonnes) 

1937 

0 Ploductlnn lett. de Riz Pluvial115261 i4ductjnn ttt de Riz2rri2ue 
13563 Prndtctinn Nette de Sorxho
13194 nrnductinn ette de Flais 
10000 Yeaux achetes 
10000 Veaux vendus 
5000 Retail d'encraissoment 

PRODUCTION FER'IERS
2283 Production Nette de Riz Pluvial13201 Productinn l.tte de .Irxho 
2197 Production flette de i411

12714 Production Flett, de fats 
30395 Production '-itale de Cereales 
673 .etail ele,... par.les femlers 

'OTS: I) 

2) 

Production data for years
1- 1 47ar .identical tothose of laR7. 

t 
Production data For Most 
other cases are identical 

to the ase ca . 

o Asont 

2) 

)esDour de 140d-tnn 
Dour les onneeg )qo.?a ? . • 

ieentlques a ceimm Oe 1417. 
"o'eede production oour la 

olupart des cas son Identique 
au cas de base. 
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TABLE 12.3.B. 

TABLEAU 12.3.B.
 

TA3.X 2, MT I
 
PnlJECT SFNl IZ FI:ICFIA. QfrnRT BASE CASE
(in illions of CFA francs) RAPPnqT cINAN.IFR DU PROJECT SENERIZ
 

(En millions de CFA francs)
 
CAq ell BASE
 

1973 1970 1qPn 1q81 lq*2
inn EnrnPmI!e STRIICTtRF lo3 lp1 less 1q11C 1987
 
STRWTRE ECONOHIqUE

14fn'Sal-s receipts 
ifth lice sale% r 2 •--- I vEn EX *- -'l, ;..............

"h.n 'orhum sales q6 1 X 35 3,v# r entes-n*-.- de ens 

, 2n 1 261 -8 105 4;.le
'19 st; rns ieZ2 75 &75 175 !entes de sor4ho15 30 1107 23n 211 16? 4.62 462 462 Ventes de mats
Ih 'rttlerefvenue 
20 

it 3F 101 1Rq192 Fil erI
h'rl Fr-.se mill fees X 923)A3/0 27 
PF1 RF1 Pevenu du betalI122 721 198
1h75 Farmers Prain handling ?&3T CfAlroI 2 

IF4o Ir.n; ign 1no 1600 Cnenmission rizerle
h 1 24 vfl 127 551 "I carmers 

.25 255 255 Cnrission manutention grain (fermiers),Prainstorage C'qA "ev-rao. 0(1 1 5 13 77 Sg 5
1Ih. rnnplex grain handIing .ST C- r AeZIAo. 1 FA! 
54 $4 rommission stockage (fermiers)1lar 304 1017 1)"1470 r-,ri.,ex nrAin stnrage 1193 1193 11513 Com issinn mantitention (complexe)n 3 11 34 62 2114 211 211 241.?,;!n Cattleceed sales 241 Cmwnission stnckage (complexeln 1 7 1f 33 64 Fit All Sh Ventres de nourrIture Pour le betallZq. 11eT cente ale*_ 
 1_ - .  .
 ventes du Centre de Aemences
 

.2--13P 564-- 1411 252SSb -. *..77.qS- - 11995.. 99S 0'ENOIIE TOTAL1'f' rn""LEY VARIARLF COSTS 

I1rl f Infed rice COIOTS VARIABLES 11l COMPLEXE
a 7 35 7r 121 n1 n p!9!fn Irri.ated rice 0 0 Riz pluvial 
'c"q 'nr-.htm II 

"I;7 
6 7 25 51 

": 01'2 10@2 irripue * l Riz 
57 P PP i a Sornho 

I. SM ;;a ze 
59

.
a 0 25 51
_R7n cattle costs 
0 01 a2 q2 92 flais d197
35 fq 5.l 511 511
eee d mi 1 51! 511 rout du hetal 

*19-" ni-c mil 2 - li1 2?1 -3 ln!.i ,-p ... . II i2 100 If 1sine d'alimentation*Z-"--7
:r r-ramn center 0 5 .... P7 fCnuts variables de la rizerie
17 1S 
 5 ?55. lfl3-mJA
17ftf Seed plant 3 L'outs variables du centre de grains
0" 3 1n 
 17 ki C? _21 -2
Service ni:tsi OF1 
24Couts variables de l'usine de semences?


-6"1 
 -
 l nuts variables des 
unites de service 
.31 .3 1 94 . 151w .'0. - n76 4076 107f 

1I?" SSSTI"IAL, VARIABLE UMSTS--0 
z?:' rn:iPLFX fIXEri 5179 TOTAL PART'IEL, COUTS VARIABLESCOSTS-

A'i d prorram for farmers 
 1 1 R3 21 COOT FIXE DO CO'PLEXE31 54 01 71 5P SPI'?% cfnmnlex fixed expenses 5i Assistance aux fermiers
n 5i1 28 
 k52 710 82f; PA? P27 022 822173n coinnlex fixed overhead nepenses fixes du complexe
fl 31 35 isnp 52 55
174n narch 43.3 Frais'e and develnpent r.eneraux du comrplexen 1 11 in 1? IF 18 11 11 11 
 Recherche et developpement

1775 SCInTOTAL, FIXP C.TTS .. 9 2. 1 .i 7A 5p Sol = Sol Iprevus
0 2511 1453 A93 1067 1W5 153 
 1435 1135 
 1435 TOTAL PARTIEL, COUTS FIXES
0'-vu. 
 . -&- -i?RL 
 51;_L. .: :.,- S.l .c ...- Imf-....pEA ..--. _ 
!70' nQn0. CASIIFLO- 0 -3416 -117 -231 -]?S 3323 .Is3 4R11 Is11 F4 4481 rA'9FI.O'I RRIiT 
IPl" Investment, ar. develnonent 
 12S 236q 9418 7125 
 516Q 1137o 0I*%" Investment, facilities 7618 7it 798 Investissement, developpement agricole152n son 1inn 3235 hop 1%! 5 Training programs n 243 243 213 invest;ssement, installations21 39 10 n i n n101 'korkinp capital 0 n n Programmies de formation17.Z 24 12&_ _j
107! - n Investissement des fonds de roulementTOTAL CAPITAL INVESTIEFnT 
 ')513 311711 .261 154F tA2. 1371 n 111 1011 1011 If1VESTiSSF'ET TOTAL DES FONOS
 
IRE! PROJECT CASIIFLOIU 
 -2033 -3421 
 -5ftn -1n777 -5757 -1051 1111 4473 317313(11 CLrIIJLATIVF CASIIFLOW -1473 CAS'iFLOII 1io PRnJET* -2133 -97, 7. -157Fr; -71;€h 2 -312qq -3725n 7 7a97, -7'104 -21021 -17510
I.13 IIIILATIVE CASIIFLOn" i0LLARS 0110 -11337 CASHFLOII UMULATIF-7502' -5q t) -1071SP -12r-lar; 
-12qnn -113ftP -4%707 -X40814 -701q CASHFLOW CUMULATIF M1OLLARS. ,OO 

a...
 

.,' 
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TABLEAU 12.3.B. sJM 

Mfn.tECT SF-,rn-lZ Fi:t.%,r AL .'!FMt
(In MilIin ^f CFA fra,ncs) TAw 2, PART 2 

RAPPOV!T CIIAN'.IER OI PROJECT SENERIZ(En millions de CFA francs) 
RASE C45F 

"3' €.' 
'l al, 

tl . 
reeint. 

~ Tjl.pF 1q0A 1qon -n0u 

CAI 

In 

! eA5t 

nn3 1411,01111 .inns q 12007 
."n;,, a STR-rTI'RF ECnnlOttInUE 

" 
s anrl..,sales 

n::;r 'alp,% "43 4733 
b75 

%7"t
1&71; 117T 

%75 
jr
175 

1671;
67C 

1? 3h'Pdq 
1,710 3
h75 

&M
105 

111793
47r. 167?C 

qecutte. de ventes 
de rizVentesVentes efe srghn

nr5 em 

S e ' revenn r 2 F? he! F? hr? r ke. ven.. de b tail 
•r..ar.-t~, srain andlinr 
. " F.1r..r' .ro;n stnra,~erarir 
., rn- ,)jrx .rain haindling 

zs. rnn x -train strnrag
.'ttlr, Ej lr 

:S'': -n't..r 
:'~' -,l._7.i: 

strg 
11.' 
25 ;2.. 
51h 

1Q3 
2-,1 

1 
252 .S 
5 

1105 
211 

6E 

i; 
2S 

113 
'1.1 

7 

r 
, C1C 

55a 
113 
7k 

i1 
-_..2. 

l 1nn 
?-5 

1143 
2441 

F11 
Z 

lfl 
*ri55 

111 

0:4 
.... 

iAfl 
c 

113 

FC1 
__ 

7S, 
$c 

51. 

F4 
7 

1~ 
2,5521 

511 

F% 
.___1 

1lfn ronmmission r;zerie g
255 rc ,i sinn stockage ((erm i rs)5 nmmissinn ri; nlerention grain (fermlers] 

5 trnnission ntocntion coopexe
1143 rn.-nissi;n mmitention (complexe)

C.1'isian stnckare (comlexe) 

I Ventes vrf,nourriture pour le betall 
7 fentes did Centre de Semences 

1r-, 
!""I 
"'-: 

.r ,*f v 'ArlArtl.lr-d rice 
Irirated rice 
.rcenrn,, 

C.OSTS 

qqe0 

. 

nnni; 

n 
lf1P2 

qn--; 

p
10P2 

toqns 

n 
1nfe? 

.. 

"i'TS 
n 

1nt2 

n-;-5 

10P7 

qnn5 

n 
11.'7 

6 
lOP? 

q s 

n 
lqt2 

_ Zq0Ff4lF TOTAL 
VAQIARLES 

n t;Z pluvial
10E2 Piz irrijwue 

P11 CO!4PLEXE 

1S0n ".';7e 
attl c 
eni nil]at 

.r. c, nill 
-. r a entr 
.-.n Seee nlant 

qn42 
511 
1.1 
,77 

3nl2 
52 

p. 
02 

511 
211" 
87!7 

3n2 
2 

P 
a? 

511 
101 

xnl 
9;? 

42 
,;1 

3n2 
52 

-C 
07 
;1 
] 

30n 
52 

02 
.2 
11 
P7 

1n7 
€' 

47 
511511 

.nIn i 
:7 

3n2
5' 

0! 
11 
101 

7 
302 
52 

RE 
q2 

511 
101 
P7 
n 
52 

PR Snirin 
a 2 tais 

511 rout du betail 
In! lisine d'alirmentation 
P7 rnuts variahles de la ritzerie 

Cn,Couts variables du centre de grainsl;7 Couts variahles de I'usine de semences 
-'7!" Iri^.'vL. V7A 
1..1 S-11.T-nfAL, VAIA.LF rne-TS.' "-,q LF FIXn nrnS. 

SAnle'x fixed oxnenses 
Ifn7l; 

55 

hnTR 

51 

1 
4n7g 

0 

9..-I7.J 
407F 

55 

17r.? 
hfnl7 

1 7U 
516179 1,07F 

50 

_ 1.1 
hn7r 

5A 

.Z 171 
ifn7F 

50-

17f1 
4075 

5p 

rnuts variahles des unites de service 
TOTAL PARTIEL, COUTS VARIABLESCOIJT FIXE M!l COIIDLCXE 
Assistance atix fermiers 

17 ~ ~ ~ - 7. -1Fx f i-x ve rhead "17",n !,e.d-arch and rlevePnnr.entCn'E rcnt.v-.ency 
~ ~ '2-22fil11 

~ ~2q2 -07bx11 
~2 P2741311 

~21121116iti1 
01 -?-it11 

017C~J 
16311 

all's.d 
i 

721.7,11 
02h11 

nenrrnscs f'2 iies du comiplexe22 Fra s re ne raux du ctnr lexe43Frs enrxducrree11 Recherche et developpement 

!775 S:1fTl.-TAL, Fl ?Sfwjl 

?7O T'.TAL OP RATI-Ir 

?70n rl-!t -' CASHfFLO'1 

TS 

qiT-

Sol 

11.35 
5511 

611.51 

nO1 
11#35 
5511 

4111111 k 

;nl;nlL 
14.35 

511 

hh* 

... -cnn _n 
113 
5511 

1140M 

- Uk35 
5 l1 

JR101 

-- a 
1135 
551 

61.!bj" 

cni 

31.3, 
!E1 

IkkA& 

€ni 

'Ik.' 
S2l] 

bhp% 

521 
11.35 
5511 

Iht4 

snj 

1435 
5511 

4434 

Iprcy
triprevus 

TOTAL PARTIEL, CLITS FIXES 
.O1IT e TOTA .IX0'O PFRATIOIa 

rAW;IFI.0I RRUJT 

s55 

!7q 

n0Ifnvepstnent, a n.. evel n rnt 
IInvestment, facilit1is 
Tra in n g Prog ra s 
1e"r~'inr ca.;tal 
TOTAL CAPITAL I:JVESTZ1JT 

_ 

7 8 
213. 

-
n 

"1ll 

7:r? 
11., 

n 
n 

2011 7 

7 r* 7 AP 
1113 213 

0 n 
na n ui 

I 11111n0oljnll 

. r, 
IP43 

0 , 
n 

7 0 
143 

n 

2--

" 

n 

7f 
21.3 

- n 
n 

7 
24% 

n 
n 

7" O 
2.3 

P211 

7 P 
743 

9 
n 

0110 

Inv etisse. ent deve-l npeme at agricole
Investissement, Installations 
Pr ora m es e fomat ion 
Investissement des fonds de roulement 

IT"SF"Et. TOTAL DES FOHDS 
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;P1 C.'2ILZTI1,F CA IFL,4 
'1'3 1MItILATIvF CASI:FLO' DOLLARS 

* 

000 

3173 
-1k'70 
-5R3"n 

3 73 
-10602 
-4.25.OP 

317 1 
-712n 

-2P539 

3'.73 
-'r5 r 

-11. 

3173 
-1P' 
-'32 

3173 
320n 
IlIFn 

'1. 347 
X713 

?7P57 
fln23 

1nlfl1, 

9 
137nq 
5"3I F 
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17187 
EP72P 

CAS'!FLOi 
CAS'IFLOn'-
CIULATIF 
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rUtItLATIF 

CASHFL.-> C1 DOLLARS 000 
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qn.jECT SF"RrIZ FItNArICIAL 'EmPOT LAOLA z. PART 3 

(In ilions of CFA francs) 

,nnnRAPPRT 

ASE CAE 
FINANCIER DU PROJECT SENERIZ 

(En millions do CFA francs) 

iAnA 
:.'l 

al 
sales 

r STICTURE7
receipts 

lqqs 244 Pq0.1 
.. 

?qfl 

CA4; DI 
"9no? 

BASE 

7;n 200111 Wnr ?Pnc n 

lfi' nice sale%.1"n nnrrhun sales 
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12.3.1. Cereals Revenues. 

The various cereals will be qrorn on the plantation under 

carefully controlled conditions, using the most modern methods of 
mechanical cultivation. This should assure a high quality of product 

and an incresing yield per hectare as land development, irrigaton, 
and personnel training proceed.- After purchase of seed at the out

set, seed for the following year's planting will be derived from the 

current year's production. Revenues are therefore calculated by multi

plying the current yer's net production (after deducting next year's 

seed requirements) by the current official prices for the various 

cereals, that is, CFA 41.5 per kilogram for rice and CFA 35 per 
kilogram for the other grains. 

The facilities of the agro-industrial complex of Project 

SENERIZ will be the finest and the most modern in all Senegal. The 

services performed by the cereals center, the rice mill, and the other 

units will relieve ONCAD of the need to provide installations, personnelt 

and management for a major cereals producing region. It is clearly 

necessary to reflect in the revenues of the complex the services that 

are provided. Therefore, handling charges for the cereals received, 

handled, conditioned, and loaded out are computed and charged to 

ONCAD. The costs of storage of cereals are charged separately, 
as is the practise in the international grain trade, A rice milling 

fee is also charged. 

The revenues from the processing of cereals will be discussed 

in Section 12.3.3. The cereals production goals for the plantation 

(forecast to be realized by Year 7) will yield total annual revenues 

from cereals sales alone of CFA 5,720 million. 

The forecast yields are based on studies of local resources 

and conditions, by Senegalese and expatriate experts having a broad 

base of training, experience and observation. The studies included 

comparisons and contrasts with resources and conditions in the rice
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growing regions of the United States, South America, and other parts 

of Africa and several countries in Asia. The forecast yields are 

intended to be realistic. To the extent that actual yields exceed fore

cast yi4lds, realized revenues will exceed forecast revenues; to the 

extent that yields are lower than anticipated, revenues will fall short 

of forecasts. A number of possibilities are. examined inthe section 

on sensitivity analysis. 

12.3.2. Cattle Revenues. 

Cattle raised on the complex will utilize the waste products 

of the cereals operation and will provide an additional source of 

Both calves and mature cattle will be raised, the numberrevenue. 

of head being increased annually as the fodder production of the
 

cereals operation increases. In addition, the cattle will be fed a
 

protein-mineral supplement designed to balance the ration and fully
 

meet nutritional requirements, permitting more rapid gain tn weight
 

and producing a superior quality of beef. The assumption is made
 

that calves purchased in the current year will be fed for about 10
 

months and thus on the average sold in the following year, but 

that mature cattle will be sold, after fattening, in the same year in 

which they were bought. Calves will be purchased at 200 francs 

per kilo and sold at 225 francs, and they will gain an average of 

1/46 kilos. In the case of mature cattle, the profit from the operation 

of the fed animal, since theyderives solely from the gain in weight 

are assumed to be purchased at the current price per kilogram of 

225 and to be sold at the same price per kilogram. It is esti-CFA 
mated that each of these animals will gain 136 kilograms of weight 

during the period of feeding. A one percent mortality rate is assumed 

for both groups of cattle, for purposes of forecasting revenues. Since 

this type of operation envisions no breeding program, a fertility rate 

of zero has been assumed. 

Total revenue from cattle sales is estimated to- amount to 

CFA 861 million per year by Year 7. 
4 
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12.3.3. Processing_ Revenues.
 

In addition to the cereals and cattle operations, the complex 

will process the grains, produce and prepare seed for the plantation 

and for local farmers involved in the training and assistance program, 

and produce a feed supplement for sale to the local farmers. 

a. 	 -Rice Vill : The paddy rice will be brought to the grain 
This processingcenter and dried, and then milled at the rice mill. 


will result in a quality far superior to rice currently imported or
 

locally available from most sources. At the present time, ONCAD
 
buys rice from farmers at CFA 41.5 per kilogram. This rice is milled
C1,o . o w4l L-i 

under contract, the standard fee being CFA 10 per kilogram. If a 

milled rice yield of 70 percent of the origi 	 aI addy is assumed, the 

cost of the milled rice amounts to CFA 73.57 per kilogram. The 

typical product from this contract milling is, however, more than 

50 percent broken and is frequently dirty. Imported rice of a quality 

superior to the above sells at higher prices. The best grade of im

ported rice currently sells in Dakar for CFA 100 per kilogram in 
0'v/ ' 

bulk or even more in packages. 

Since the product of the complex's rice mill will be equal 

in quality to the best imported rice, it seems logical that this quality 

shoiid be reflected in the revenues of the complex. Accordingly, the 

assumption is made that *naddition to the standard fee for rice milling, 

an additional CFA 10 per 1ilo will be charged to ONCAD as a fee for 

blending the milled rice to ONCAD 's spucifications. Thus, the total 

revenue from the rice mill will be CFA 20 per kilogram for all paddy 

rice sold to ONCAD. If, as assumed, the complex's product can be 

sold for at least CFA 100 per kilogram, its market price will be 

CFA 20 per kilogram higher than the imported, badly broken, dirty 

rice. The additional value added by the complex, comparing S ENERI Z 

is thus far more than the additionalrice to the imported product, 


milling fee charged by the complex for blending.
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The rice milling fee of CFA 20 per kilogram results in a 

maximum revenue of CFA 1600 million per year, once the complex 

is in full operation. This maximum revenue is determined by the 

which is 00,000 tons perlimitation on the capacity of the rice mill, 

year. 

b. Grain Center : At the present time, 01CAD buys all 

the grain sold legally by local farmers. The prices established for 

the various cereals represent essentially "farm gate" prices (producer 

prices). After the producer delivers the grain to ONCAD, all sub

sequent handling, additional drying if needed, and storage is the 

responsibility of OIICAD. 

SODAGRI is assumed to act for ONCAD as a buyer and pro

of cereals for the Anambd Basin and Project SENERIZ, andcessor 

in this role will handle, dry, and store the cereals produced by the 

complex as well as by the local farmers. As compensation for per

formance of these functions, charges for handling and for storage 

are levied against ONCAD. The handling charge, applied to all of 

the grain, is based on the total cost per ton of performing the ser

vice of handling and drying. This cost, including amortiz-"tion of in

vestment, repair of equipment, pers oinel, energy charges and other 

costs, nnd a 10/. margin, is 7 635 F CFA per ton. Revenue for the 

handling fee reaches 1 148 million F CFA at full operation in Year 

7. 

The storage charge is based on the logical need for ONCAD 

to pay a reasonable fee for this necessary service, which will in 

fact substitute to some extent for ONCAD's planned but tardily 

implemented program of constructing storage where neealed through

out Senegal. The amount of the storage charge is based on the
 

in the rice producing
rate currently in effect in grain storage centers 

parts of the U.S.A., and approved by the Commodity Credi Cor

poration of the U.S. Government : 3 1/2 cents per 4-5 pounds per ?ionth 

for rice and 2 1/2 cents per 45 pounds per month for other cereals. 

.0 M/.1. 
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This is increased by,30 to adjust for storage problems in hot cli

mates and for higher enery costs in Oenegal. The adjusted charge 

converts to 6 636 F CFA per ton for rice and 3 502 F CFA per ton 

for other cereals. The planned pattern for use of the storage facilities 

is to store all of the current crop at harvest time, to deliver to ONCAD 

a steady stream of cereals (including milled rice) throughout the year, 

and to empty the silos just before the next harvest. Thus, on the 

average, rice vill be stored fir three months (half the time until the 

next harvest) and other cereals will be stored an average of six 

months. 

Revenue derived from storage charges is CFA 295 million 

at full operation. Thus the total revenue from handling and storage 
of grain by the grain center will reach CPA 1 743 million per year, in 

Year 7 and after. 

c. Feed M.;ill : -The feed mill will will supply a feed supple

ment both to the complex's cattle and to those of cooperating farmers. 

Revenue will be derived, however, only from sales to farmers. The 
price to be charged for this feed suplienent is equal to its total cost 

for purchased ingredients plus the prorated costs of operating the 

feed mill, plus 1%. This cost is calculated to be CPA C36.59 pef 

kilogram. The revenue from feed sales is calculated by multiplying 

this price ti mes 100 kilograms times the number of head of cattle 

estimated to be raised by cooperating farmers per year. Each 

animal would be fed 100 kilograms of feed supplement per year. 

Total revenue from this source amounts to CFA 4 million by Year 7. 

d. Seed Plant : The seed plant will prepare seed for next 

year's planting for both the complex and cooperating farmers. This 
seed will be of far higher quality than seed typically used in normal 

current peasant production, because it will be subjected to rigorous 

quality control during growing and processing, will be of movrn 
varieties and germinating power, and will be treated with appro
priate chemicals to rid it of parasites and to control certain plant 

.6/Of 
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12.4. 1. Variable Costs for Cereals Production. 

Lotor Fuel : Estimates for motor, fuel consunption have 

been t sed on the experience of farmers in the Delta of the Arkansas 

and Mississippi rivers in the state of Arkansas, U.S .A., in the late 

1960's. In this geographic region, rice, maize, and other cereals 

are important crops, and the technology and degree of mechanization 

of crop production is comparable to that planned for Project SENERIZ. 

While the nmachinerj used in Project SETIERIZ will be larger and more 

powerful than that used by individual farmers in the reference region, 

variations in size of machinery used make very little differrmce in the 

fuel required per hectare. 

Fuel requirements, as reported in the bulletin "Enterprise 

Costs and Returns on Rice Farms in the Delta, Arkansas" , Report 

Series 170 Qune 1963) Agricultural Experiment Station, Fayetteville, 

Arkansas, average 53.74 liters per hectare for growing, and 69.25 

liters per hectare for harvesting. M;ultiplying the figure for fuel 

consumption by CFA 61.1 per liter and adding W/ for lubricants pro

duces the estimate of CFA 3,611.87 per hectare for growting activities. 

This was then multiplied by the number of hectares in cultivation to 

get the estimate of total fuel costs of growing the crops. 

The costs of fuel for harvesting were converted to a cost 

per ton of cereals harvesting in Year 7, since the production of that 

year, when the plantation reaches its designed capacity, most closely 

resembles the Arkansas situation cited above. Harvesting fuel 

costs per ton, however, vary by crop, since yields per hectare are 

different for the various cereals. The estimates are as follows : 

Cereal Cost per ton 

Rainfed Rice CFA 2,115.59 
Irrigated Rice CFA 1,496.47 
Sorghum CFA 1,551.43 
M4illet CFA 3,337.15
 
MIaize CFA 1,551./ 3
 

$* / f
 

http:3,337.15
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Fertilizer : The quantity and analysis of fertilizers used 
differs from one cereal to another. Furthermore, the price of urea 
differs from that of other fertilizers. Consequently, the fertilizer 
component of growing costs per hectare differs among the various 
cerehls. The following table shows the derivation of the fertilizer 

cost estimates. 

Quantity per hectare of: Frice, CFA/kq Total fertilizer 

Urea Other fert. Urea Other cost7hiectare 
Rainfed rice 100 k-. 150 kg. 17.5 12.5 CFA 3,625 
Irrigated rice 
Sorghum 
Mlillet 
Maize 

300 kg. 
150 kg. 
100 kg. 
200 kg. 

300 kg. 
150 kg. 
150 kg. 
200 kg. 

17.5 
17.5 
17.5 
17.5 

12.5 
12.5 
12.5 
12.5 

CFA 9,000 
CFA 4,500 
CFA 3,625 
CFA 6,000 

Fertilizer requirements are based on information contained 
in Le Programme'45" : Programme lindaire pour les exploitations agri
coles du Sine- Saloum au sud du Sdndpal, published by the Institut de 
Recherches Agrononiques Tropicales et des Cultures Vivrires, in 

September, 1976. 

Chemicals : Chemicals include fungicides, insecticides, 
herbicides, and growth regulators. Chemical cost per hectare is esti
mated to be CFA 5,000. 

Variable Labor : Costs of personnel are divided into two 
categories. One, overhead labor, is assumed to include upper level 
personnel (project directors, engineers, supervisors, etc.) and other 
personnel such as the project office staff, whose cost should be borne 
by the project as a whole rather than by specific parts. Overhead labor 
is discussed in 12.4.7. The other category, variable labor, is the 
personnel needed for a specific portion of the project, the number and 
cost of whom depends on the activities of that specific portion. 

Variable labor requirements for cereal production vary 
with the amount of cereal grown. The requirements are somewhat 

90 



different for the various cereals. In general, rice requires more la

bor than the other grains , but irrigated rice requireIsmore than rainfed 
rice because of the necessity of maintaining levees and canals, control

ling the water, and so on. Three types and grades of labor were assumed 

to make upvariable labor for crop production : .(1) ordinary unskilled 

labor (grade 1); (2) tractor drivers (grade 2); and (3) foremen. (grade 
5). These three grades make up, respectively, 6 0 , 35%, and 5% of 

variable labor. The estimated labor costs per employee per year for 
A t ( o , 'J46

each grade are, respectively, CFA 400,000, CFA 500,000, and CFA 

1,100,000. Table 12./.1 shows the labor cost by grade of worker. 
j 4,400 

TABLE 12.4.1 Labor Cost by Grade of Worker (in thousands of F CFA). 

Average Taxes Total annual 
Yearly., and other cost to 

.aeneialese, variabli labor : Salary costs employer 

1. Worker 300 100 400 
2. Chauffeur 420 CO 500 
3. Employee 600 100 700 
4. Technician 730 120 900 
5, Foreman 950 140 1 100 

SeneRalese, Supervisory: 

6. Supervisor 1 200 100 1300 
7. Engineer/manager 2 160 240 2 400 
8. Chief Engineer 3 600 200 3 c00 
9. Director 6 000 300 6300 

Expatrate: 
A. Expert 3 600 2 200 5800 
B. Expert 6 000 1400 7 400 
C. Expert 9600 2 400 12 000 

The variable labor requirement per hectare for growing and 

harvesting of cereal crops is as follows : 
Hours IMr. a 

Cereal Gro. Ra Harvesttns 
Rainfed rice 22 7 
Irrigated rice 37 
Sorghum 10 8 
i,tillet 10 6 
Maize 10 8 
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Harvesting labor costs were converted to a cost per ton of 

cereals harvested- in Year 7, similarly to the treatment of fuel 

costs. The resulting unit labor costs for growing and harvesting are 

shown below 
Labor cost per unit 

Cereal Growing (per ha) Harvesting (per ha) 

Rainfed rice CFA 4,309 -.CFA 623.49 
Irrigated rice 
Sorghum 
Lllet 
Maize 

CFA 7,2/45
CFA 1,957 
CFA 1,961 
CPA 1,957 

CFA 503.67 
CFA 522.67 
CFA 591.50 
CFA 522.67 

Seed : Seed requirements after the first year will be supplied 

from plantation production. Therefore, only the first year's seed in

put requires a cash outlay, and th.i is treated as a capital cost in 

that year. 

Total variable costs for cereals production : Total variable 

costs per unit (including fuel, fertilizer, chemicals, and labor) are 

shown separately for harvesting and groN.Ing in the table below: 

Cost per unit 

Cereal Growina (per ha) Harvesting (per ha) 

Rainfed rice CFA 16,543.54 CFA 2,79.53 
Irrigated rice CFA 24,957.57 CFA 2,000.14 
S orghum CFA 15,063.87 CFA 2,074.10 
Millet CFA 14,197.37 CFA 2,918.65 
Maize CFA 16,56M.87 CFA 2,07410 

12-4.2. Variable Costs for Cattle Production. 

The variable costs of raising cattle consist of the purchase 

cost of the cattle, the labor for herding and caring for them, and 

the feed supplement to be fed to them. Only the first two costs will 

be analyzed here, since the feed supplement will be considered when 

the feed mill is discussed. 

http:16,56M.87
http:2,918.65
http:2,074.10
http:15,063.87
http:2,000.14
http:24,957.57
http:16,543.54
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Variable Labor: : It is assumed that one herdsman (grade 1) 
can care for approximately 70 head of cattle, and that one foreman 
(grade 5) is required for every 7 herdsmen. Labor costs per head, 
therefoxe, are CPA 7,381 per head for calves that are kept 10 months 
and CFA 2,214 per heed for feeder cattle that are kept only three 

months. 

Animal cost • Calves will be purchased weighing, on the average, 
70 kilograms, at a price of CFA 200 per hilogram, or a cost per head of 
CPA 14,000. Feeder cattle will be bought weighing, on the average, 
115 kilograms at a price of CFA 225 per kilogram, or a cost pdr head 

of CFA 50,625. 

123.2. Variable Costs for Processino Units. 

a. Rice .Mill : Variable Labor : In full scale operation, the 
rice mill will operate 24 hours per day, processing 10 tons per hour 
for 333 days per year. IMTaximum production will therefore be C0,000 
tons per year. At this level of production, it is estimated that labor 
requirements will be 12 ordinary unskilled laborers (grade 1), six 
technicians (grade 4), and three foremen (grade 5). This level of 
operation requires three shifts per day, each shift being manned by 
one-third of the above personnel. At employee costs specified in 
Table 12.4.1., a labor cost of CFA 16'.75 per ton is estimated.

40. oc 

Fuel : The rice mill will require 44 liters of diesel fuel per 
hour for milling. This is based on the power requirements for milling 
rice and the fuel requirements of comparable rice mills. At CFA 61.1 
per liter, plus 106 for lubricants, fuel costs will be CFA 295.72 per 

tons 

Bags : .lled rice for the Senegalese market is handled in 
bags. Assuming that a bag capable of holding 80 kilograms costs CFA 
300 and can be reused six times before being discarded and replaced, 

the bags cost per ton of paddy rice is CFA 625. 

. 1. 
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Total Variable Costs for Mmllnp Rice: The sum of these 

costs is CFA 1,0C9.47 per ton. 

b. 	 Grain Center The volume of grain handled and stored 

shown in Tablei12 4,3. A and the operatinr costt y the grain center is 

is shown in Table 12.4.3.B. 

Variable Labor : In full scale operation in Year 7, the 

grain center will process 176,656 tons of all types of cereals per year, 

grain of the complex and that of cooperating farincluding both 	the 

buy, and store 	the grain for deliverymers. It will receive, clean, 

24 ordinary unskilled workersto ONCAD. To operate this center, 


(grade 1), and nine foremen (grade 5) will be needed. Thus, a labor
 

cost of CFA 123.67 per ton is estimated,
 

Fuel : Fuel requirements of 25 liters per ton are estimated. 

diesel fuel price of CFA 61.1 per liter, this amounts to CFAAt a 

However, drying requirements for grains other
1,527.5 per ton. 

sorice are estimated to be only one-quarter of that for rice,than 


that the fuel cost per ton of all grain handled in CFA 1, 165.0.
 

P~ : 80 kilogram bags costing CPA 300 per bag will 

the bags:be used. If, as assumed, each bag is reusable six times, 


cost per ton is CFA 625.
 

The sum of these costs is CFATotal Variable Costs : 


1,913.67 per ton.
 

.,.....
 

http:1,913.67
http:1,0C9.47


TABLE 1204.3.A Grain Center Volume 

Year I Year 2 Year 3 Year 4 Year 5 Year 6 

Cereals handled: 
Total cereals (tons) 2 450 8 460 21 973 42 292 125 501 157 682 
Cereals other than rice, total 893 2 133 8 055 18 607 27 027 49 894 
Cereals to be dried 1 1780 6 860 15 932 28337 105231 120 262 

Average inventory of cereals stored (in 000 F CFA)" 
Rice 2' 16154 65643 144 399 245732 1021668 118300 
Other cereals 3 15 628 37328 140 962 325 622 472 972 873 145 
Total 31782 102971 285 361 571354 1494640 199144 

Footnotes:
 
1. An rice plus one-fourth of other cereals. 
2. One-fe-rth of total tonmage at CFA 41.5/kg. 
3. OzKe-1alf Of total tonnage, at CFA 35/kg. 



TABLE 12.4.39B. Grain Center Costs 

Year 2 Year3 Year 4 Year 5- Year6 Year 7 YearS 
CEpital costs (in CFA 000):
Blds., equip., and installation 1000 000 1000 000 2 000 000 4 400 000 4'400 000 4 400000 

Fix ed costs (in CFA 000):
Annuity (20 yr. life) 1 
Miobile crew (mntnce labor)2 " 

Electricity 3 
Spare parts 4
Interest on average inventory 5 

101 850 
3 465 
2957 

50 000
2 152 

101 850 
5 445 
3099 

50000
6 655 

203 700 
8 505 
3424 

100000
20 078 

452 224 
8 505 
3767 

220 000
41 916 

452 224 
11 475 
4080 

220 000
123 390 

452 224 
11 475 
4072 

220 000 
158 718 

452 224 , 
11 475 
4054 

220 000 
-

Insurance on average inventory6 

Supervisory labor costs7 

General project overhead8 

269 
21 80 

817 

832 
21 800 

1 330 

2 510 
28 000 

2 317 

5 240 
30 400 

3 244 

15 424 
30 400 
4592 

19 840 
30 400 

5 378 

19 840 
11 000 
3 941 

Total 183310 191011 368534 765 296 861585 902107 881252 

Variable costs (in CFA 000):
LatF (direct) 9 303 1046 2.717 5230 15520 19500 19500 
Fuel cost, drying 10 
Bags cost 111531 
Total variable costs--

2719 10 479 
5288 

24336 
13733 
40 7 

43 285 
26432 
74 

160 740 
78438 

- 69 " 

183 700 
98551 

3 7 

183 700 
98551 

301-751 
Labor cost/ton (F) 12,13 
Fuel cost/ton (F) 1 2  Per ton dried: 

126.54 
1125.53 

123.67 
1527.5 

Bags cost/ton (F) 12,13 625.00 625.00 
TVC/ton (F) 27717 
Total costs (Fixed+Variable) F 000 187 863 207 824 409 320 840 243 1 116 283 1 203 858 1 183 003 
Total cost/ton (F) 13 76 679 24565 18 628 19 867 8895 7635 7502 
Notes : 1. Annual charge that, at 8/ interest, would equal the amount of the original investment, compounded at 8%/ over the 
life of the equipment; i.e., the annual charge necessary to amortize the original investment, including interest and replace
ment at original costs. (Notes continued on p. 22) 
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Notes accompanying Table 12.4.3.B. Grain Center Costs (continued): 
2. 	 45% of mobile crew labor costs. 
3. 	 45% of offices and shops electricity use. 
4. 5o of capital cost.
 
5., Interest at No on value of stored grain.
 
6. 	 Insurance premium equal to 1%of value of average inventory of 

stored grains.
7. 	 Allocated in same proportion as total variable costs. 
8. 	 Allocated in same proportion as total variable costs. 
9 . Grade 1 through 5. Labor requirements in Year 6 for these grades 

used to compute variable labor/ton. This coefficient is used to 
compute labor costs in earlier years. 

10. 	F 1 527.5/ton on all rice and 1/4 of other grains tonnage (25 
liters/ton at F 61. 1/liter). 

11. 	 F 625/ton (bags at F 300/bag of 80 kilograms, reusable six times 
per year. 

12. For tonnage, see Table 12.4.3.A. 
13. 	 On all tonnage. 

c. Seed Plant : The volume of grain handled by the seed 

plent is shown in Table 12•4.3.C. and the operating costs are shown 

in Table 12.4.3.D. 

Variable Labor : The seed plant will process all the seed re

quired for the following year's planting by both the complex and co

operating farmers. In full scale operation in Year 7, six unskilled 

workers (grade 1) and two foremen (grade 5) will be required. A 

labor cost of CFA 989.23 per ton results. 

Fuel : Fuel consumption is estimated at 25 liters per ton of 

seed processed. At a diesel fuel price of CFA 61.1 per liter, the 

fuel cost will be CFA 1,527.5 per ton. 

a~s : 80 kilogram bags costing CFA 300 per bag will be 

used for the seed, as in the case of the grain center and the rice mill. 

The bags can only be used once per year, however, as the seed must 

be stored for the next growing season. The bags cost per ton, there

fore, is CFA 3,750. 

•. .fo.1. 



TABLE 12.4,3,C, Seed Plant Volume 

Volume (tons): Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 

Rice, Complex 248 752 1 294 3600 4200 4200 
Rice, Local farmers 15 32 60.8 105.6 184 184 
Rice, Total 263 784 1 354.8 3 705.6 4384 4384 

Sorgnhum, Complex 2.8 9.6 19.2 19.2 32 32 
Sorghum, Local farmers 4.4 9.6 18.2 31.7 55.2 

-

55.2 
Sorghum, Total 7.2 19.2 37.4 50.9 88.2 88.2 

00 0 0o- 0-Milet, Complex 
Millet, Local farmers 1.1 2.4 4.6 7.9 13.8 13.8 

Maize, Complex 6.0 18.7 37 .4 374 66.3 66.3 

IVaize, Local farmers 7.9 17 32.3 56.1 97.8 97.8 

Millet and Maize, Total 13.9 35.7 69.7 93.5 164.1 164.1 

Total Cereals 285.2 841.3 1466.5 3857.9 4650.1 4650.1 

Average inventory 1 in F CFA 000: 
Rice U 1bb 14 402 42 168 115 337 136 452 136 452 

1504 2932 3 998 6 985 6 985Other Cereals 583 
Total 8769 25906 45100 119355 143437 143-437 

Notes : 1. Seed will be stored from harvest until planting , and some e carried over. On te 
months storage is expected, so average storage invetory will be 3/4 of annual volume. 

average, nine 



TABLE 12.4.3.D. Seed Plant Costs 

Capital costs CF CFA 000):
Bldg, equip., installation 

Year 1 

70000 

Year 2-

70000 

Year 3 

70000 

Year 4 

70000 

Year 5 

70000 

Year 6 

70000 

Year 7 

70000 
Fixed costs CF CFA 000):
Annuity (20 yr. life) 1 
mobile crewi (mntnc.labor) 2 

Electricity3 

Spare parts 4 

Interest on average invntry5
Insurance on avrge invntry6 

Supervisory labor costs7 
General project overhead7 

Total Fixed Costs 

7130 
385 
.329 

7000 
630 

79 
3800 

632 

7130 
605 
344 

7000 
1302 

163 
3800 

630 
-

7 130 
945 
380 

7000 
2383 

298 
3800 

728 
2 63 

7130 
945 
419 

7000 
6805 

r65 
3 800 
1 440 

2 3 

7130 
1 275 

453 
7000 
9148 
114 
3800 

889 

7130 
1 275 

452 
7000 
9148 
1 
3800 

796 
3074ZM 

7130 
1 275 

450 
7000 
9148 
1144 
3800 

583 

Variable Costs (F CFA 000):
Labor (direct)
Fuel costs 9 
Bags cost 10 
Chemicals, testing, etc1 I  

Total variable costs 

282 
436 

1 070 
1 426 
37 

832 
1285 
3155 
4206 

4 

1450 
2 240 
5499 
7.332 

3816 
5892 

14467 
19 290 

4600 
7 103 

17 438 
23 250 

4600 
7103 

17 438 
23250 
5391 

4600 
7103 

17 438 
23 250 

Labor cost/ton (F) 12 
Fuel cost/ton (F) 12 
Bags cost/ton (F) 12 
Chemicals cost/ton 12 
TVC/ton (F) 1 2 

989.23 
1 527.50 
3750.00 
5000.00 

Total cost (Fixed+variable) 23 199 30452 39 184 71 855 83 230 83 230 82921 
Total cost/ton (F) '" 343 361196 26 719 18625 17 899 17 899 17 832 
Notes : 1. Annual charge for amortization (principal and interest) at 8%. 7. Allocated in same proportion as Zotal
2. 5%of mobile crew labor costs. variable costs.
3. 5% of offices and shops electricity use. 8. Grades 1 - 5. Labor requirements in Yea4. 10% of capital costs, each year. 6 for these grades used to compute variable la5. Interest at 8% on value Of stored grain., See Table 12.4.3.C. for per ton. This coefficient is used to computeaverage inventory, labor cost in earlier years.6. Insurance premium equal to 1%of value of average inventory. 9. F 1 527.5/ton (25 lit./ton at F 61.1/lit). 

- (continued next page) 



Notes accompanying Table 12.4.3. D. Seed Plant Costs (continued) :,' 
10. F 3 750on CF 300/bag of 80kg. usable once). 
11. F 5 000/ton. 
12. For tonnage, see Table 12.4.3.C. 

Chemicals € The seed will be treated chemically for control of 
insect infestations in storage and to Improve the viability of the seed 
after planting. Fungicides, either mercurials or Arasan (Thiram) 
will be used at recommended rates. Cost of chemicals for seed treat
ment is estimated at CFA 5,000 per ton. 

Total Variable Costs :The sum of these'costs! is CFA-'11',266.73' 
per ton. 

d. Feed Mill : The volume handled by the feed mill is shown 
in Table 12.4.3.E. and operating costs are shown in Table 12.4.3.F 

Variable Labor : In full scale operation in Ye.ar 7, the feed 
mill will produce 1,674 tons of cattle feed supplement per year, to 
supply both the complex and cooperating farmers, in addition to pro
cessing and mixing cereals by-products with the supplement. Labor 
requirements are ten unskilled workers (grade 1) and two foremen 
(grade 5). Labor cost per ton of supplement will therefore be CFA 
3,703.04. 

Fuel : Fuel consumption is estimated at 20 liters per ton of.' 
supplement feed. At CFA 61.1 per liter of diesd... fuel, the fuel cost 
per ton is CFA 1,222. 

Bags • In the early years of the project, Vhile cereals pro
duction is still low, cattle production and the resulting need for feed 
processing will also be low. At this stage, feed will be mixed on a 
hand-labor basis, and transported in bags. As the cattle operation 

http:3,703.04
http:CFA-'11',266.73


TABLE 1204.3.E. Feed Mill Volume 

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 

Tonnage (tons) 1 26.3 75.0 219.7 464.0 1041.9 1674.3 

Value of average iAven
toryCF CFA 00) z 145 413 1 208 2552 5731 9209

:Notes : 1. 100 kg/head of cattle of complex andloca1 T and A farmers. 
2. 10%of tonnage at F 55/kg*. 



CalMtat costs OFCFA 000)1 

Building, eqpmnt install. 


Fixed costs (F CFA 000)
innuity (10 yr.life) -
Mobile crew (mntnc.lalxr) 3 

Electricity 4 
Spare parIts 5 
Interest/ avrge.invntry 6 

Insurance/avrge.invntr-7 

Supervisor-j laborc.sts8 

General project overhead 

V;riable costs (F CFA 000):
F.bor (direc )9 

Fuel costs 1 
Bags costs 11 

Ingredients costs 12 

Total, variable costs 

Labor cost/ton(F1 3 
Fuel cost/ton (F) 
Bags cost/ton (F) 13 
Ingredients cq't/ton (F) 13TVC/ton (F) 

Total costs (fixed+variable) 
Total cost/ton (F) 

Notes : •
 

TABLE 12.4.3.F. Feed Mill Costs 

Year 1:'.. Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 

- 145000 145000 145000 -

21609 21609 21609 21609 
385 605 9A5 945 1 275 1 275 1 275 
329 344 380 419 453 452 450 

- - - 14500 14500 14500 14500 
12 33 97 204 458 737 737 
1 4 12 26 57 92 92 

3 800 3800 3 800 3 800 3 800 3 800 3 800 
333 457 847 1 261 1 300 1 872 1 371 

5243lb176T -2Z= 4383

97 278 814 1718 3 859 
- 567 1 273 

10 28 87 iT 
147 4131 12084 25 520 57305 

7 443 2 6 

3703.04 
-

37500 
55O.O55000.00 

-

6414 9 674 19 061 70656 106 084 
243 878 128 987 86 759 152 276 101 818 

6200 6200 
20/46 2 046
 
32 314
314 

92 087 92087 

3703.04
 
1 222.00
17.50
 

55 000.00 
55 00-0 


14 984 144 481 
86 594 86 293 

1. Feed mill will operate in unused space of grain center 3. 5%of mobile'crew labor costs. 
or rice mill with had labor methods in Year 1 - 3. 4. 5% of offices and shops electricity use. 
2. Anual charge for amortization (principal and interest) 5. 10/0 of cepital cats.." 
at 8%y. 6. Foregone interest on value of ingre1ients inventory atiS 

(notes continued next page) 



12/28'
 

Notes accompanying Table 12-4.3.F. Feed Mill Costs (continued) : 
7. Insurance premium equal to 1%of ingredients inventory. Fort nven
tory, see Table 12.4.3.Ei 
8. Allocated in same proportion as total variable costs. 
9. Grades 1 through 5. Labor requirements in Year 6 for these
 
grades used to compute variable labor/ton. This coefficient is used
 
to compute labor cost in earlier years.
 
10. 1 222 CFA per ton (20 liters of diesel fliel at 61.1 CFA per liter,
 
per ton of feed).

11. F 375/ton, first 3 years (all feed bagged, F 300/bag of 80 kg.,
 
usable 10 times).
 
12. F 55000/ton. 
13. For tonnage, seeTable 12.4.3.E. 

increases in scale, mechanization will be increased. The feed mill 
will be installed in Year 4, and at that time bulk handling of feed for 
part of the complex's cattle will be inaugurated. Subsequently, only 

half the feed will be bagged. Bags can be reused more often for feed 
than for grain; ten cycles per bag costing CFA 300 results in a bag 

cost per ton of CFA 187.5. 

Ingredients : The ingredients to be processed into cattle feed 
consist of cottonseed, peanut or palm oilcake or comparable sources 

of protein, to which will be added by-products of meat and fish pro

cessing industries, minerals, and salt. Molasses will also be used 
if available at a reasonable price. The foregoing ingredients will be 
purchased, and mixed with rice milling by-products and other suitable 
by-products of the agro-industrial complex. The cost of these ingre

dients is estimated at CFA 55 per kilogram. 

Total Variable Costs : The sum of these costs is CFA 

60 112.54 per ton. 

12.4.4. Variable Costs for Service Units. 

The service units consist of : the generating plant, which 
will supply electricity fo the entire complex; the maintenance and 

. 1../ 

http:12.4.3.Ei
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repair unit, which will maintain all the mechanical equipment of the 
complex in operating condition, including the agricultural machinery and 
the processing units; the transportation unit, which will maintain a 
vehicle pool to provide transportation of farm crops, complex personnel, 
and agents of the training and assistance program; the road building 
and repairing crew, which will build and maintain the roads linking the 
plantation and the cooperating farmers with the complex center; and 
the mobile crew, which consistsof mechanics who can be sent to the 
site of any mechanical failure to repair it, using the equipment of the 
maintenance and repair unit. 

a. Generating Plant : The capacity of the generating plant is 

presented In Table 12.4.4.A. and the costs in Table 12.4.4.B. 

The variable costs of the generating plant consist of variable 
labor and fuel. Labor requirements for this liant in Year 7 are 10U 
ordinary laborers (Grade 1), six technicians (Grade 4), and three 
foremen (Grade 5). This produces a labor cost of CFA 15 900 000 in 
Year 7. The generating plant willhave a capacity of 18 250 horse
power, which means 159 879 999 horsepower hours per year (24 hours 
per day, 365 days per year). It is expected to be operated, on average, 
at 50 percent of capacity. On this basis, labor cost per horsepower 

hour is CFA 0.2. 

Fuel used will be 0.3 liters of diesel fuel per horsepower 
hour at a price of CFA 61.1 per liter. The fuel cost, therefore, 
will be CFA 1 465 209 in Year 7, or CFA 18.33 per horsepower hour. 
Total variable costs, thus, are CFA 1 481 109 000 in Year 7, or CFA 
18.53 per horsepower hour. 

b. Maintenance and Repair Unit : The variable costs of the 
maintenance and repair unit consist only of variable labor. The parts 
that they will install and the supplies they will use are included in 
spare parts allo'vances for the various units they service, The 
shop crew will ineude a broad spectrum of skills providing capability 

s r / .r a 



TABLE, 12.4.4.A. Generatina Plant's Capacity-and Use 

-YearI.. ' Year.2 Year 3 Year4 Year 5 Year..6 

Generatinn Cagacity : 

Residdential use 1 60 80 105 .130 .150 150 
Offcesand shops 60 70 80 90 100 100 
Pups 1-000 3000 5000 8000 18000 18000 
Total capacity WH) 15I0I 2 IS2 

HP hours of use 2 4906 13.797 .22 710 36004 79935 79 935 

Notes : 
1. Power -equirement equivalent to 3 one-horsepower airconditioners for-each residence. 
2. 59 of capacity, 24 hr/day, 365 days/year. 



TABLE 12.4.4.B. Generating Plant's Costs 

Capital costs (FCFA 000):
Units of 50H in operation
Bldgs, electr.network iustlil 

Year 1 

3 
45 000 

Year-2 

7-
1051000 

Year 3 

11 
165 000 

Year 4 

17 
255 000 

Year 5 

37 
555 000 

Year 6 

37 
555 000 

Year 7 

555 000 
Fixed costs CF CFA a0):
Annuity (10 yr. life)
-obile crew (mntnc.labor)3 

S pare parts . 
Supervisory labor costs5 
General project overhead6 

6706 
1079 
4500 

-

19 472 

15648 
1690 

10 500 

26 385 

24590 
2463, 

16500 
1 300 

27 A53 

38003 
2463 

25500 
1 300 

30 159 

82711 
3380 

55500 
1 300 

30741 

82711 
3 380 

55500 
1 300 

27 539 

82711 
3380 

55500 
1 300 

20 180 
17 542M72 -Tr425 MO17U3w M7Z17 

Variable costs C CPA 000) :
Labor regt) 
Fuel costs 
Total variable costs 

976 
89 927 
9025N073 

2 744 
152899 

4517 
416274 

T 

7152 
659953-

1 S-

15900 
1465 209 
1 451 RU 

15900 
1465 209 

1 41109 

15900 
1465 209 
1481 IM 

Labor cost/HP hr. 
Fuel cost/HP hr. 

0.1989 
18.3300 

TVC/HP hr. -1 2 
Total costs (fixed+variable) 122 660 309 866 493 097 764 540 1 654 741 1 651 539 1 644 180 
Dist. of e lectricity cost 9
Residential AIC 
Offices and shops 
Pumps 

6571 
6571 

109 518 

7-870 
6886 

295110 

9986 
7608 

475 503 

12 091 
8371 

744 078 

13 600 
9067 

1632073 

13574 
9,049 

16289:5 

13514 
9009 

1621657 

Notes :
1. Estimated at F CFA 15 000 000 per 500 HP capacity. 6. 	 Allocated in same proportion as total variable costs.2. 	 Annual charge for amortization (principal and interest) 7. Grades 1 through 5.at 8%. 
3. 	

8. 50%of capacity, 24 hrs/day, 365 days/year., -0.3 lit/HP15% of mobile crew labor costs. hr. at F 61.1/lit.4. 	 10% of capital costs. 9. 	 Based on total use as shown in Table 12.4'4A.5. 	 Supervision provided by maintenance unit until Year 3. 
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for repairing almost anything that breaks down, In Year 7, labor re

quirements will be ten ordinary laborers (Grade 1), 20 drivers (Grade 

2), five clerical employees (Grade 3), 30 technicians (Grade 4), and 

two foremen (Grade 5). In earlier years, manpower requirements are 

smaller, and so, therefore, are labor costs, increasing from CPA 

11 600 000 in Year 2 to CFA 46 700 000 in Year 7. 

c. Transportation Unit : Labor required in the transportation 

unit in Year 7 consists of 50 ordinary laborers (Grade 1). Total la

bor costs lu Year 7 are, therefore, CFA 56 100 000. Since it is 

estimated that a total of 5 300 000 kilometers will be driven in that 
year, labor cost per kilometer will be CFA 10.58. The equipment 
inventory, fuel consumption, and the number of kilometers driven by 

each type of equipment are shown in Table 12.4.4.C. 

Fuel costs were estimated, using a gasoline price of CFA 94 

per liter, addi' 10%for lubricants, and applying this figure to the. 

data for fuel cc.-sumption per kilometer and the number of kilometers 
driven. The fuel cost per kilometer is estimated to be CFA 24.2 per 

kilometer. 

Total variable cost per kilometer is, thus, CFA 34.78. 

d. Road Building and Repairing Crew v Labor for the road 

building and repairing crew in Years 1 through 6 consists of 15 
ordinary laborers (Grade 1), ten drivers (Grade 2), and one foreman 
(Grade 5), for a total variable labor cost of CFA 12 100 000. In Year 
7 and thereafter, labor requirements are diminished to ten ordinary 

laborers, seven drivers, and one foreman, since maintenance of 
existing roads is the principal requirement after Year 7. Variable 
labor costs thus fall to CFA 8 067 000# 

Road building machinery required will have a total of 1000 

horsepower. It is estimated that it will be used 1500 hours per year, 

. . /... 
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TABLE 12.4.4.C. Transportation Unit: Eguipmant lnventory and Use. 

Equipment Inventory (number of units) I 
Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 

Automobiles 6 6 8 8 10 10 

Station wagon-
ambulance 

1 2 3. 4 4 4 

Land rovers 3 6 8 8 9 9 

Pickup trucks 3 .6 8 8 9- 9 

Busses 0 1 2 2 2 2 

Mediumtrucks 1 2 3 3 2 2 

Heavy trucks 4 6 8 15 32 40 

Mopeds 5 10 15 20 30 40 

Kilometers and Fuel Consumption 

Fuel ConsumIpion Kms driveaper year per unit 

Automobiles, station 13.3. lit/ 100 km 50 000 
wagons 

Pickuptrucks, Land 18 lit/ 100 km 35 000 
Rovers 

Busses, trucks 35 lit/ 100 km 60 000 

Mopeds 3 lit/ 100 km 25 000 

and that fuel consumption will be 0.3 liters per horsepower hour. Diesel 

fuel costs are CFA 61.1 per liter plus 10%for lubricants. Total 

fuel costs are CFA 30 245 000 per year in Years 1 through 6. There

after, they are reduced in the same proportion as labor costs. 

e. Mobile Crew : The mobile crew will consist, in Year 

2, of six ordinary laborers (Grade 1), three drivers (Grade 2) , 

three technicians (Grade 4), and one foreman. This team will be 

, ,0 o0*,
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it will include 20 laborers,increased each year until, by Year 7, 
Total variable labor 

ten drivers, ten technicians, and two foremen. 

cost will thus increase from CFA 7 700 000 in Year 2 to CFA 24 200 000 

in Year 7. 

12.4.5. Other Operating Costs. 

Other operating costs consist of supervisory labor and 

spare parts. Table 12.4.5.A. details the supervisory labor costs 

In Year 8, they are estimated to decrease substantially, dueby year. 

who will have been
to the replacement of expatriates by Senegalese, 


trained to take over management and operation of the complex.
 

Spare parts are estimated as percentages of capital costs 

They are shown in Table 12.4.5.B.that will be required annually. 


together wlith their method of estimation.
 

Extension and Training and Assistance Program.12.4.6, 

sinceThe costs of these programs consist entirely of labor, 

they will depend on other units of the complex (whose costs have al

and general
ready been explainied) for support in terms of repairs, fuel, 


The number of people involved in these programs will be
overhead. 


increased each year until, in Year 7, they will be staffed by two
 

ordinary laborers (Grade 1), ten drivers (Grade 2), 47 trained wor

kers (Grade 3), two technicians (Grade 4), and six supervisors
 

Table 12.4,6 shows the analysis of these costs

(Grade 6 through 8). 

by year. 

12.4.7. General Overhead Costs. 

the labor costs of the headquarters unit (in-These are 

ofce staff, health centers, supervision of concluding directors, 
and the ongoing agronomictract construction, and land development), 

***/too 



TABLE 12.4.5.A. Supervisory Labor Costs 
Year 7. Year 8Year 5 Year 6 

Year 2 Year 3 Year 4 
24 000 6 20024 000 24 00017.800 20 200 24 000 2 40Cereals 9 800 98009 8009800 9800

Livestock 7400 30400 30400 11000 
21 800 21800 28000 30400 

Grain center 3 800 3 800 3 800 
3800 3800 3 800 3 800 11 200 11 200 3 800

Seed plant 7 4 7400 11 200 11 200 
Rice mill 
 3 800 3800 3 800 3 800

3 08003 800 12 500 5100Feed mill 12 500 12 5007 400 8 700
I iaintenance & repair unit 7 400 2 400 2 400 24002 400 2 4002400 2400Transport unit 1 300 1300 

- 1300 1300 1 300 
Generating plants 2 400 2 40 2400 2 4
2400
2 400 2 400
Road building-repaircrew 1300
1300 1300 
- 1300 1300 
Mobile crew 


102900 102900- 43500 
74200 :-79000 96 700 102 900 

Total 



TABLE 12.4.5.B. Spare Parts Allowance (F CFA 000) 

Year 2 
Grain center 50 000 
Seed plant 7 000 
Feed mill -
Rice mill 2 100 
hM.ntnce.& repair unit 20 000 
Generating plants 4500Rd.building-repair crew 27000 
Transportation unit 7 830 
Cereals equipment 15000 

Year 3 
50 000. 
7 000 

-
6 300 

50 000 
10 500
27 000 
12730 
45000 

Year 4 
100 000 

7 000 
-

6 300 
80 000 
16 500
27000 
18 040 

100 000 

Year 5 
220 000 

7 000 
14500 
18 900 

100 000 
25 500
27000 
24 540 

170000 

Year 6 
220 000 

7 000 
14500 
18 900 

100 000 
55 500
27000 
40 400 

240 000 

Year 7 
220 000 

7 000 
14 500 
18 900 

100 000 
55 500
27000 
15 750 

300 000 

Method of estimation 
5% of capital costs/yr.
10/. of capital costs/yr.
10o/ of capital costs/yr.
101o of eqpmnt. cap.costs/yr.
10%l of capital costs/yr. 
101.of capital costs/yr.
10%of capital. costs/yr.
10%of capital costs/yr.
10%of capital costs/yr. C3 

Total 133 430 208 530 .354840 607 440 723300 778 650 



TABLE 12.4.6. Labor Cost of Training and Assistance Program. 

Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 

Support nit 8600 10 900 13 S00 20 900 22 800 24 900 11700 
Crops unit 6 600 8 000 13 200 13 900 18 800 23 700 23700 
Livestock unit 700 1400 5900 6600 8000 9400 9400 
Health unit - 700 1 400 9 000 11 100 13 200 13 200 

Total 15900 2 100 34 000 50 400 60 700 71'200. 58 000 
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research and development unit. Table 12.4.7. shows these costs 
by year. 

12.4.8. Determination of Total Costs of Processing Units. 

The total costs per unit of the grain center, the seed plant, 
and the feed mill were calculated so as to determine the charge to be 
made for the services of these units. In order to do this, the total 

costs of the generating plant had to be calculated as well, since the 
processing units use electricity supplied by the generating plant. 

In each case, the fixed costs were estimated as follows : 

1. An annuity was calculated sufficient to amortize the 
capital cost, based on the expected life and on interest 
rate of 8 percent. 

2. A certain percentage of the labor cost-of the mobile 
crew was allocated to each processing unit for repairs 

to equipment. 

3. A certain percentage of the generating plant's total 
costs were allocated to each processing unit, based 

on its anticipated use of electricity. 

4. An allowance for spare parts was made for each unit. 

5a Interest and insurance costo on Average inventory 
(where applicable) were calculated, based on an interest 
rate of 8 percent and an insurance premium of one per
cent of the value of average inventory. 

6. Supervisory labor appropriate to each unit was 

added. 



TABLE 12.4.7. General Overhead Personnel Costs (in F CFA 000) 

Project Directors 

Headquarters Staff 
Health Centers 

Year 2 

18 300 

12 200 
-

Year3 

18 300 

13 700 
2 500 

Year 4 

18 300 

16 400 
5400 

Year 5 

18 300 

20 200 
9 400 

Year 6 

18,300 

21200 
13 000 

Year 7 

18 300 

22300 
14100 

Year 8 

6 300 

22300 
14100 

Q 
Ao 

Total 30500 34500 40 100, .47900 52400 -54700 42.700 
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7. General complex overhead was allocated to each unit 

in the same proportion that each unit's variable costs bore 

to total variable costs. 

Tables 12.4.3.B., D., and F. show the analysis of total 

costs for each of these units, 

12.4.9. Total Costs. 

The sum of the variable costs of all units of the complex, 

the other operating costs, the training and assistance program costs, 
and the general overhead costs is shown in Table 12.3 .B. which illus

trates the "base case", i.e., the assumptions that are considered 
most likely in the development of the project. These total operating 

costs rise from CFA 144 million in Year 2 (the first year in which the 
complex will be in operation) to CFA 5,612 million in Year 7. They 
then decline to a permanent level of CFA 5,511 million, due to the 

Senegalization of the project. 

12.5. THE COMPUTER MODEL. 

12.5.1. Role of the Compter. 

In the foregoing sections, capital investment, reVeiies'z 
from various sources and operating costs of project SENERIZ he,-'e 

been presented and discussed. These elements are now assembled 

to show annual and cumulated cashflow over a period of 30 yars,. nd 
internal rate of return is calculated. 

In order to expedite the complicated and burdensome, but 
necessary, calculations, a computer was used. -The computer has 
the capability to make long, involved and difficult computations with 

extreme rapidity and without errors of calculation. This capability 
made it possible to determine the profitability of the program while 
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it was still being finalized, and to modify the project design so as to 
benefit from relationships and profit opportunities revealed by the 
computerized analysis. The same capability made it possible to 
determine the effect on cashflow, rate of retur and other economic 
measures of certain changes in the basic assumptions of the project 
design, and thus to analyze the sensitivity of the project design to these 
changes. 

12,5.2. DescriZion of the Computer Model. 

In order to identify the various inputs, intermediate pro
ducts and final results necessary to the operation of the computer, 
each element is identified by a line number. In subsequent tables, 
presentkg the results of the computerized analysis, line numbers 
are shown. The following section explains the meaning of the lines 
that appear in those computer-generated tables. Tables 12.3.A. and 
12.3.B. can be used as illustrations. 

The first table (Table 12.3.A.) shows production esti
mates for the complex and the cooperatirg farmers. 

- Complex production: 
Lines 1201 through 1241 show the net production of 

cereals by the complex. This is calculated by multiplying the area 
devoted to each crop by the yield per hectare and subtracting seed 
requirements for the following year's -.production. 

Line 1250 (calves purchased) shows the number of 
calves purchased each year. Line 1251 (calves sold) shows the num
ber of animals sold each year that were purchased as calves in the 
preceding year. Line 1255 (feeder cattle) shows the number of mature 
animals purchased each year, It is articipated that mature cattle 
can be fattened for sale within the same year that they are pur
chased, so that this line shows the number of mature cattle sold 
Aie,_tA -,e'l ir c 'uu 11_ 



12/42 

-Farmers' production: 
Lines 1300 through 1315 show the net production of farmers 

cooperating in the training and assistance program for each of the 

cereals produced. They are calculated in the same way as complex 

net production figures, i.e. , by multiplying total acreage by yield 

per hectare and subtracting seed requirements for the following year. 

Line 1320 (total cereal production) shows total net tonnage 

of cereals produced by cooperating farmers, and is the sum of lines 

1300 through 1315. 

Line 1360 (farmers cattle raised) shows the total number of 
cattle raised by cooperating farmers each year. 

The second table (Table 12.3 .B.) shows the economic structure 

of the project. 

- Sales receipts : 
Lines 1410 through 1440 show the revenue derived from the 

sale to O.N.C.A.D. of the various grains produced by the complex. 

in each case, net production (lines 1201 through 1241) is multiplied 
by the market price of the grain in question. 

Line 1450 (cattle revenue) equals the annual revenue derived 
from cattle sales . It is calculated by multiplying the number of calves 

and the number of feeder cattle each by the average weight of animals 
of that category sold, adding the products, multiplying this total by 
99%to give effect to the 1%mortality estimate, and then multiplying 

by the market price per kilogram. 

Line 1461 (rice mill fee) equals the annual tonnage of rice 

that will be milled, multiplied by the CFA 20 milling fee. A maximum 
revenue of CFA 1600 million is established, to correspond to the 
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maximum capacity of the rice mill, 80,000 tons per year. 

Line 1470 (farmers' grain handling) is calculated by multiplying 
the total cost per -ton of grain handling at the grain center, plus 10 per
cent, by farmers' total net cereal production (line 1320). 

Line 1474 (farmers' grain stordge) is calculated by multiplying 
the storage fee applicable to each grain by the average quantity of that 
grain stored for farmers. 

Lines 1475 and 1479 (complex grain handling and storage) 
are calculated exactly as lines 1470 and 1474, except that the fees 
are applied to complex net production and storage. 

Line 1480 (cattle feed sales) is the result of multiplying the 
total cost per ton of feed at the feed mill, plus 10 percent, by 100 
kilograms per animal, by the number of cattle raised by cooperating 
farmers (line 1360). 

Line 1500 (seed center sales) is calculated by multiplying the 
total cost per ton at the seed center, plus 10 percent, by the total 
quantity of seed required by cooperating farmers for the next year's 
production. 

- Complex variable costs : 
Lines 1610 through 1650 show the variable costs of harvesting 

and growing the various cereals. In each case, the labor, fuel, fer
tilizer, and chemicals cost per hectare (for growing costs) and per 
ton (for harvesting costs) were calculated for Year 7, and these same 
unit costs were assumed for earlier years. 

Line 1660 (cattle costs) is calculated by multiplying the sum 
of the labor costs and purchase costs of the animals by the number of 
head purchased (line 1250 and 1255). Costs of cattle feed are not in
cluded here, since they are shown separately as the variable costs 
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of the feed mill. 

Line 1670 (feed mill) shows the costs of labor, fuel, bags, and 
feed suppl ement ingredients used by the feed mill. 

Lines 1680 through 1700 show, similarly, the labor, fuel, 

and bags costs of the rice mill, the grain center, and the seed plant. 

Line 1710 shows the sum of all the labor and fuel costs of 

the service units, i.e., the generating plant, the maintenance and 

repair unit, the transport unit, the road building and-repair unit and 
the mobile crew. 

- Complex fixed costs : 
Line 1720 (aid program for farmers) shows all the labor Costs 

for the training and assistance program. 

Line 1725 (complex fixed expenses) shows all the costs of 
supervisory labor and spare parts for all units of the complex. 

Line 1730 (complex fixed overhead) shows the labor costs of 

the headquarters unit, including the directors, the office staff, the 

health centers, and contract supervision personnel; and the land 

development unit. 

Line 1740 (research and development) shows the labor costs 

of the ongoing agronomic research team. 

Line 1765 (contingency) is calculated as, 10 percent of all 
variable and fixed costs. 

- Economic return: 
Line 1790 (gross cashflow) equals total annual revenues 

(line 1550) minus total operating costs (line 1780), which itself is 

the sum of variable and fixed costs (lines 1715 and 1775). 
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Line 1840 (investment, ag. development) includes all the capital 
costs of developing the plantation, including the various studies, the 
dam and irrigation works, the land development, and the farm machinery, 
as shown in Table 12.2.2., Fixed Assets. An allowance of CFA 768 
million has been made every year after Year 7 for replacement of
 
road building, irrigation, and farm equipment.
 

Line 18S0 (investment, facilities) shows the capital costs of 
all of the processing and support units of the complex, also shown in 
Table 12.2.2. An allowance of CFA 243 millions has been made every 
year after Year 7 for replacement of components of the processing fa
cilities. 

Line 1855 (training program) shows the preparation ,travel,
 
schooling, and living expenses cost of the programs to train complex
 
managers and workers. 

Line 1861 (working capital) is calculated as 50 percent of the 
difference between total revenue and total cost (line 1790), so long
 
as that difference is negative. Once gross cashflow becomes po3itive,
 
the allowance for working capital becomes zero. 

Line 1880 (project cashfiow) is equal to gross cashflow (line 
1790) minus total capital investment (line 1870). Project cashflow shows 
its greatest negative figures in the years when construction is under 
way and annual investment is greatest. 

Line 1881 (cumulative cashflow) adds the cashflow of the pre
sent year to the accumulated cashflow of the preceding year. This 
line shows the estimated total need for -fi nancing to get the project 
to this point. 

Line 1083 translates the cumulative cashflow of line 1881 
into US. dollars at an exchange rate of CFA 250 M-1. 
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12.6. BASIC CASHFLOW FORECAST 

The assumptions set forth in the earlier sections of this chap

ter result in the cashflow shown in line 1880 of Table 12.3.B. the 

"base case", or most likely forecast. 

Line 1880 shows the cashflow before financing of the project. 
The eronomic return for the project is measured by the internal rate 

of return for this line. It is a measure of the project's earning power, 

using a discounted e.ashflow technique. In other words, it measures 

the extent to which, over a period of thirty years, the discounted 
present value of positive returns exceeds the discounted present 

value of negative returns. This rate, if used to discount both positive 
and negative cashflows, would make the sum of their discounted present 

values equal to zero. 

In the base case, Table 12.4.B., the economic return for 
the project is 7.53 percent. The annual net cashflow (line 1880) reaches 

CFA 4,383 million in Year 7, but then declines to a permanent level of 

CFA 3,473 million in Year 8 and thereafter, because of the Initiation 
of the replacing of capital equipment. The peak cumulative negative 
cashflow rtaches CFA 32,350 million in Year 5. The point at which 
cumulative ceshflow ceases to be negative is in Year 16, i.e., In 

1993 if the project is initiated in 1978. 

12.7. SENSITIVITY ANALYSIS 

The base case has presented an inflation-free forecast of 

the most likely development of the project. It would not be useful 
to assume that all prices and costs change in the same proportion, 

as that would leave the real situation, and therefore, the internal 

rate of return on project cashflow (line 1880) unchanged. A general, 
uniform rate of inflation would, of course, reduce the burden of a 

debt fixed in monetary terms, but fhat would only affect the rate of 
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return on cashflow after financing; and the methods of financing the 

project are sufficiently uncertain at this time to make such and exercise 

of doubtful value. 

It is, however, useful to examine the effects of ,differential 
rates of change in revenues and costs. A number of cases are examined 

below, grouped according to changes in variable costs, yields, pro

cessing fees, prices, capital costs, schedule, and program structures 

Table 12.7. summarizes the resulting rates of return, and indicates the 

supporting tables for each case. These supporting tables, 3 through 
27 , which contain production and financial reports generated by the 

computer for all of the 17 modified programs or "cases", are included 
as an annex to this chapter. 

12.7.1. Sensitivity to chanies in variable costs. 

Cases Nos. 1 and 2 show the effects on rate of return and 

cashflow of an increase in variable costs, revenues being assumed to 
remain unchanged. In Case No. 1, all variable costs are assumed to 

be 10 percent higher than in the base case. In Case No. 2, all 
variable costs are assumed to be 5.4 percent higher. This latter case 

simulates the effect of a 10 percent increase in fuel costs, since fuel 
accounts for approximately 54 percent of total variable costs. In 

Case No. 1, the rate of return is reduced to 6.04 percent, the peak 

negative cumulative cashflow increases to CFA 33,310 million, and 
the breakeven point in cumulative cashflow is delayed by one year, 

to Year 17 (1994 if the project begins in 1978). 

In Case No. 2, the rate of return is reduced to 6.75 percent 

and the peak negative cumulative cashflow is increased to CFA 32,861 

million, but the breakeven point still occurs in Year 16 (1993)., 

12.7.2. Sensitivity to changes in cereals yields. 

Cases Nos. 3 and 5 examine the effects of increased yields, 

0a/ O. 



12/48:"
 

TABLE 12.7. Internal Rate of Return Before Financing. 

Table Nu:' ci' • 
-Description Case No. Priou -Econo- Rate of
 

tion mics Return
 

BASE CASE BASE 12.3A 12.3B 7.53 

All variable costs 10/o higher 1 a 3 6.04 

Al.variable costs 5.ohigher 2 a 4 6.75 

Rice yields increased 104 3 5 6 9.25 

Rice yields reduced 10%/o 4 7 8 5.66 

Al crop yields increased 10YO 5 9 10 9-57 
All crop yields reduced 10%o 6 11 12 5.27' 
Rice milling fee - CFA 10 7 u 13 6.09 
Grain fees eliminated 8 u 14 1.40 

7 and 8 combined 9 15, -0.73 
Cereals prices 10%4 higher 10 a 16 9.17 
Land dev. costs 5016 higher 11, 17 5.82 
Land dev. costs 50/ lower 12 : 18 9.74 
Dam financed by grant 13 - 19 8.69 

Implementation delayed 1 year 14 20 21 5.57 
Accelerated land development 15 22 23 6.40 

Anambd forest included 16 24 25 6.40 

Training and assistance elimntd. 17 26 27 7.15 

a Production is unchanged from the Base Case. 

while Cases Nos. 4 and 6 show the results of reduced yields. In Cases 

3 and 49 only rice yields are changed, whereas in Cases,5 and 6, the 
yields of all grains are changed. 

In Case No. 3, rice yields are assumed to be 10 percent higher 

than in the base case. This causes a significant increase in the rate 

of return, as it rises to 9.25 percent. Maximum negative cumulative 

*e@ /6 



12/49
 

cashflow, declined to CFA 31,332 million, and the breakeven Doint 
is postponed two years, to Year 18 (1995). 

In Case No. 5, all crop yields are assumed to be 10 percent 
higher. The rate of return rises to 9.57 percent, the peak negative 
cumulative caM:flow falls to CPA 31,153 million, and the breakeven 
point is reached in Year 14 (1991), the same as in Case 3. 

In Case No. 6, all crop yields are assumed to be 10 percent 
lower than in the base case. The rate of return is reduced to 5.27 
percent, the maximum negative cumulative cashflowi is increased to CFA 
33,596 million, and the breakeven point is again reached in Year 18 
(1995). 

Since rice production constitutes by far the largest part of 
total cereal production, it is obvious that the rate of return is much 
more sensitive to changes in its yield than to changes in the yields 
of sorghum and maize. It should be noted also that a change in 
yields affects revenues much more than it does costs, since it only 
affects harvesting costs, not growing costs, whereas it affects total 
cereals revenues from both sales and processing. The importance of the 
research and development unit, in finding ways to increase yields, 
becomw evident. 

It should le noted also that a 10 percent decrease in rice 
yields alone reduces the rate of return by considerably more than 
does a 10 percent increase in all variable costs. 

12.7.3. Sensitivity to changes in processing fees. 

Cases Nos. 7, 8, and 9 examine the effects of reducing or 
eliminating the processing fees charged to ON.C.A.D. and cooper
ating farmers by the complex. In Case No. 7, the rice milling fee 
is cut in half, to CPA 10 per kilogram, from the CFA 20 of the base 
case. The effect of this is to reduce the rate of return to 6.09 
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percent, to increase the peak negative cumulative cashflow to CFA 
33,544 million, and to postpone the breakeven point to Year 17 (1994)., 

In Case 8, the grain handling and storage fees charged to 
O.N.C.A.D. and ccoperating farmers are elimir'ted. The effect is to 
reduce the rate of return to 14 percent, to increase the maximum 
negati'a cumula'i. e cahflowi to CFA 34,887 million, and to extend the 
breakeven point to Year 26 (2003). 

Case No. 9 is a combination of Cases 7 and 8. That is, 
the rice milling fee is assumcd to be reduced to CFA 10 per kilogram 
and, in addition, the grain handling and storage fees are eliminated. 
The effect is to reduce the rate of return to 0,73 percent, end to in
crease the peak negative cumulative cashflow to CFA 36,080 million. 
The breakeven point xvould not be reached within the 30-year fore
cast. It would take 34 years ('.e. , until 2011) to reach a breakeven 
position. 

The economic feasibility of the project, it can be seen, is 
extremely sensitive to changes in these processing fees; and this fact 
underscores the importance of deriving revenue from the industrial 

components of the complex. 

12.7.4. Sensitivity to chan es in cereals prices. 

If the selling prices of the various cereals were to increase 
relative to costs, the position of the project would be much improved. 
Case No. 10 assumes that selling prices of all cereals are 10 percent 
higher, w: ile assuming no change in costs. The effect is to increase 
the rate of return to 9.17 perccnt, reduce the maximum negative cu
mulative cashflow to CFA 31,481 million, and to reduce the pay-off period 
(to the breakeven point).:om 16 years to 14 years (1991). 

The reason that the project is more sensitive to an increase 
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in yieldi of-0IOpercent (Case No. 5) than to an increase in cereals 
prices of an equal percentage is that increased yields mean increased 
revenue, not only from the sale of grain, but also from processing
 
fees at the grain center, 
 since it would be handling larger quantities. 

12.7.5. Sensitivity to changes in capital costs. 

The cost of land development is one of the most difficult
 
costs to estimate precisely. 
 For this reason, two alternatives to the 
base case were exami-ned, one in which land development costs were
 
increased by 50 percent (Case No. 
 11), and one in which they were re
duced by 50 percent (Case No. 12). 

In Case No. 11, the rate of return fell to 5.82 percent, the 
maximum negative cumulative cashflow increased to CFA 39,563 million,
and the breakeven point was delayed to Year 18. (1995). In Case No. 
12, the rate of return rose to 9.74 percent, the maximum negative cu
mulative cashflow fell to CFA 25,997 million, and the pay-off period
 
was reduced to 13 years (1990).
 

It can be seen that an increase in capital costs of 50 percent
reduces the rate of return less than a 10 percent decline in crop yields
(Case No. 6). This is because the increase in capital costs occurs 
in the early years of the project, and the remaining years are unaffected,
whereas the decline in yields is spread over the entire 30 year forecast 
period. The maximum negative cumulative cas~flow is considerably 
larger in Case No. 11 than in Case No. 6, however. 

It can also be observed that a change in capital costs is
 
symmetrical, 
whether they are increased or decreased. That is, 
the 7.53 percent rate of return of the base case is 77.3 percent of the 
9.74 percent return of Case No. 12 (land development costs reduced by
50 percent), and the 5.82 percent rate of return of Case No. 11 (land
development costs increased by 50 percent) is 77.3 percent of the 7.53 
percent rate of the base case. The effect of a change in yields up or 
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down is not quite symmetrical, however. The increase in yields does 
not increase the rate of return as much as the decrease in yields re
duces it. The explanation lies in the fact that, in the case of a decrease 
in yields (Case No. 6), the working capital requirements (50 percr%o of 
the excess of costs over revenues) increase more, relative to the base 
case, than the increase of yields (Case No. 5) reduces these require
ment;. 

Another case (No. 13) was also examined in this connection. 
Since the dam will serve a number of pur -oses, of a more general "social" 
nature, than are required by the SENERIZ complex itself, it seemed at 
least possible that it might be financed outside of the SENERIZ project.
If this should be done, either by the Senegalese government or by a
 
foreign grant, the rate of return on the project itself could be expected
 
to be higher.
 

The effect of the elimintation of the capital costs of the
 
dam is to increase the rate to return to 8.69 percent, 
 to reduce the
 
maximum negative cumulative cashflow to CFA 28,600 million, 
 and to 
reduce the pay-off period to 14 years (1991), The project is thus
 
more sensitive to changes in land development costs than to elimina
tion or inclusion of the costs of constructing the dam. The main factor
 
in both cases is the reduction of effective capital investment of the pro
ject.
 

12.7.6. Sensitivity to changes in development time schedule. 

It is always difficult to be absulutely certain how rapidly
production may be expected to begin in a project of this sort. On the 
one hand, land development might not procee'*as rapidly as anticipated,
while the industrial processing units proceed on scheduli, but for this 
reason lack materials to process. On the other hand, agricultural
production might proceed faster than anticipated. If the processing
units are available, revenues would increase more rapidly than ex
pected. 
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In the base case, it is assumed that construction of facilities, 
land clearing, road building, etc., will begin during the first year of 
the project, but that no agricultural production could be expected until 
the second year. Two variations on this theme are examined below. 
Case No. 14 assumes that creal production does not begin until Year 
3 (although production by cooperating farmers begins in Year 2, as 
does cattle raising). Case No. 15 assumes that, although cereal 
production still does not begin until Year 2, land preparation proceeds 
more rapidly than in the base case, with an %,Iceleratedcapital spending 
program, thus accelerating cereal production. Case No. 15 therefore 
also assumes an accelerated capital spending program. 

In Case No. 14 (delayed production), the rite of return falls to 
5.57 percent, the maximum negative cumulative cashflow rises to CFA
 
40,462 million, and the pay-off period increases to i8 years (1995).
 

In Case No. 15, t.the rate of return falls 6.4 percent, the 
maximum negative cumulative cashflow rises to CFA 38,496 million, 
and cumulative cashflow becomes positive in the 16th year (1993). 

12.7.7. Sensitivity to changes in program structure. 

Two cases are examined here. The first asks the question, 
"What would be the effect of expanding the project to include an 
additional 6200 hectares in the Anambd national forest ?" (Case No. 
16). The second examines the effect of eliminating the training and 
assistance program (Case No. 17). 

In Case No. 16, capital costs of land clearing and road builditng 
would have to be increased and, although total production would be 
increased, most of the increased output would be from maize and 
sorghum, since limited water availability from the reservoir would 
not permit an extension of irrigatcd rice production. The available 
water would be used for irrigation of heavier, somewhat more pro
ductive soils of the Anamb6 forest area. The result is that the rate 
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of return is lower than in the base case (6.48 percent), the peak negative
cumulative cashflow is larger (CFA 36, 219 million), and the pay-off
 
period is longer (17 years, or 1994).
 

lI Case No. 17, the elimination of the training and assistance
 program reduces the revenues 
from fees to farmers and, although the 
fixed costs and capital costs attributable to the training and assistance 
program are also eliminated, the net effect is to reduce the rate of return 
to .7015 percent. The maximum negative cumulative cashflow is some
what lower, however, and the pay-off period stays the same, 
 at 16
 
years (1993).
 

12.7.8. Summary. 

It can be seen tht the economic rn.-:-rn of the project is reduced
 
most by the elimination of the grain handling and storage fees. 
 The
 
next largest reduction in the rate of return occurs with a reduction in

grain yields; the third largest if agricultural .production is delayed

by one year; the fourth largest with a 50 percent increase in land
development costs, and the fifth and sb-th largest (roughly the same)
with an increase of 10 percent in all variable costs or a reduction in 
the rice milling fee from CFA 20 to CFA 10 per kilogram. 

The most favorable effect on the rate of return is produced bythe reduction of 50 percent in land development costs, the second most
favorable effect by a 10 percent ircrede e in all crop yields, the third 
by a 10 percent increase in rice yields alone, and the fouith by thegrant financing of the dam. Table 12.7. summarizes the internal rates of 
return for the various cases. 

12.8. OTHER COSTS AND BENEFITS 

[2.8.1. Effect of the Proect on Incomesof Cooperating Farmers. 
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The local farmers who take part in the training and assistance 
program can expect to benefit from increased net revenues. Table 
12.8. shows the analysis of these benefits. Farmers are assumed to 
supply themselves with grain for their own consumption and with seed 
for this subbistence production in the traditional manner, so that only 
the incremental production is assumed to be sold, and only the seed 
required for the commercially sold production is assumed to be pur
chased from the complex. Similarly, only the commercial portion 
of their production.is stored and processed by SENERIZ. Similarly, 
only the increment in cattle raised by these farmers is counted in 
revenue. 

The result, as shown by Table 12.8. , is an increase in annual 
net revenue (after subtracting incremental costs) of CPA 40 300 per 
farm from Year 8 on. Lacking information on income per farm, it 
is not possible to say exactly how much an increase this represents 
in farm income. However, if one takes the latest estimates of gross 
domestic product per capita as a measure of comparison, one can get 
a rough estimate. In 1976, gross domestic product per capita is 
estimated to be CFA 75 279. 1 Disposable income information from 
Senegal is lacking, but data from similar neighboring countries shows 
disposable income to be approximately 90% of GDP. Applying the 
same percentage to Senegalese data, we get disposable income per 
capita of CFA 67 751. Assuming that this income applies to the six 
economically active persons in the typical Anambd basin farm family, 
one gets an estimate for disposable income per farm of CFA 406 505. 

Thus it can be seen that local farmers cooperating in the 
training and assistance program might expect nearly to double their 
level of living. 

There will also be wider repercussions, as the increased in
comes of local farmers tend to increase demand for other goods and 

I. Source : Foreign Economic Trends 77-018 (Senegal), Department
of Commerce, United States, January 1977 (report prepared by the 
American Embassy, Dakar). 
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TABLE 12.8. Impact of the Tand A Program : Production, Costs, 
and Revenues of Cooperating Farmers. 

CEREALS : Year 1 Year 2 Year 3
Totalgross production (tons 

Rice 



720 768 850 

Sorghum 5500 5 623
Millet 5333
2340 2361 
 2384
Maize 1360 1438 
 157

Total -IU-I'W 10 

Increase in gross production (over Year 1) - tons :Rice ' 130
Sorghum 123 - 167Millet 21 44
Maize 78 497
Ttal 7 S 

Seed requirements for folloin 
 ar(v)Rice -6 14.8 32.-
Sorghum 4.44 9.6Millet 1.11 2.4Maize 7_85 17
Total _ 


Increase in net production (over Year 1) :ice - 33.2 98
Sorghum 118.56 -176.6Millet 19.89 41.6
Maize 
 70.1_480 

Total T4 796.M2b 
Revenue from increased net production (CFA 000) : 1
Rice - 1375 4067
Sorghum - 4150 -6181Millet 696 1456
Maize 2455 16800 


Year 4 


1 042 
6636

2516 

2736 

l'W3 


322 

1136 

176 


1376 

3-= 


60.8 
18.24 
4.56 

32.3 

115090 


261.2 
1117.76 
171.44 


1343.7 


594375 


10840 

39122 

6000 


47030. 


Year 5 


1352 

8503

2817 

4 


172 S 


632 

3003 


477 

3224 

7"3W 


105.6 
31.68 

7.92 

2 


526.4 
2971.32 
469.08 


3167.9 


-TD370 

21846 

103996 

164,18 

110877 


Year 6 Year 7 

-


1973 3187 

12081 18756

3376 4551 

7995 14172 


1253 2467 

6581 13256 

1036 2211 

663 12812 


1 30-7 


184 184 

55.2 55.2 
13.8 13.8 
9775 


250-75 350.75 
t 

1069 2283 

6525.8 13200,8 

1022.2 2197.2 

6537.25 12714025 


15 154.-25 309.53352 

44364 94745 

228403 462028 

35777 76902 


228804 444999 


T o t a l1 0 2t330 7
1 7 


Year 8
 

3187
 
18756
 
4551
 

14172
 
406
 

2467
 
13256
 
2211
 

12812
 
0
 

184
 
55.2 
13.8 

97. 75
 

2283
 
13200.8
 
2197.2
 
12714.25
 

94745
 
462028
 
76902
 

444999
 

1 M b 6
 
cout.
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TABLE 12.8. Imc .t of the T and A Program : Production, Costs, 
and Revenues of Cooperating Farmers (continued). 

Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8Costs of T and A frmers' prdution:-Grain handling charges 2032 3721 24305 59915 127271 255 272 255272Grain storage charges-Rice 55 164 437 880 1 787 3 817Grn. storage chrg - Other 374 3 817618 4716 11 835Fertilizer 25 226 50 349 503492 146 6 612 14300 27 170 47 190 82 226 82 226Chem*cals 2250 6935 15000 .28500 49500 86250Fuel L 862502894 8578 21606 43 176 78952 142516 142516Seed cost 358 1201 2282 3963 6 906' 6906 6906Total costs 3 IWTf 27-8522 1757w 33 -2T- 7 7j3 
Net incremental cereals revenue (CFA 000): -1430 -11687 20346 77698 200516 451338 451338No. of T &A farmers: 100 200 400 600 1000 1500 1500Incr. cereal net rev/farm - 14 - 58 51 129 201 301 301 
C ATTLE : 
No. of head (increase from Year 1):Calves 66 
Feeder cqttle 

97 632 1556 3296 6545 654547 53 65 84 123 198 198
Revenue 4 (CFA 000)Calves bought last year : - 2 135 3 138 20 445 50337 106 626 2 11731Cattle 1438 1622 1 89 2570 3764 6059 6059Total 
Less feeding costs5 1076 1429Net incr. revenue, cattle 6639 1 32567 64229 64229362 23283 7393 21 7 1 517
(F CFA 000)
 
Total increase/net rev. 
 -1068 -9.309 18 834 85 091 222 050 499 794 604 889CF
IncreaseCFA 000)

in net rev. /farm - 11 -47 47 142 222 333 403 
(Accompanying notes following page) 
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Notes accompanying Table 12.8. Impact of the T and A Program1. F 41.5/kg for rice, F 35/kg for other cereals. 
: 

2. Growing costs per hectare and harvesting costs per ton are assumed
to be the same as on the complex.
3. Capital costs and depreciation of equipment are notincluded.4. Incremental revenue, assuming that each animal gai{s 136 kg betweenpurchase and sale. Price per kg : CFA 225. Calves are fed for a yearore sale. Mature animals are assumed to gain required weight withinthe same ,eqr they, are purchased.
5. Since only weight gain is included in revenue estimates, no allowancefor cost of purchased animals is necessary. Each animal is fed 100 kg.of feed supplement priced at cost ex feed mill plus 10%# 

services throughout Sdndgal, in the familiar multiplier process. In
 
the absence of reliable data on marginal propensities to save and to
 
import, however, no attempt has been made to measure the impact on
 
the gross domestic product-of Senegal. 

12.8.2. .Effect of the Project on Govermment Revenues and Expenditures. 

The lack of firm commitments for financing the majority of the 
project makes it impossible to draw up a profit and loss statement for 
the complex, and it is therefore not possible to estimate the increased 
profits taxes that might be realized by the government. If soft loans 
can be obtained for the project, it is likely that the profits, and there
fore profits tax revenues (at one-third of net profits) might be subtan
tial• 

It is possible to estimate the revenue to be derived from the 
turnover tax, however. At 11 percent of total sales, annual revenue 
from this source should amount to CFA 1 099 million in Year 7 and 
beyond. In addition, the fixed tax on salaries, the social security 
tax and the retirement fund tax will all yield additional revenue. A 
rough estimate of these tax revenues in Year 7 and beyond is shown 
below: 
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Additional Tax Revenues 
(in 1000 CFA annually) 

Fixed tax on salaries 11834 
Social Security tax 36 074 
Retirement Fund tax 26 369 
Total 74 277 

In addition, additional income tax revenue can be expected to
be derived from the higher incomes of complex employees and local far
mers cooperating in the training and assistance program. 

As partial offsets to these additional tax revenues, there would 
probabaly be some loss of revenue from customs duties on imported rice
and maize. In addition, more government expenditure would very pro
bably have to be devoted to building and maintaining the roads that link tl
Vdlingara area to the rest of Senegal, since the evacuation of processe,
grain from the complex to markets elsewhere would require fairly large
numbers of heavy trucks for transport. The importation of heavy equip
ment during the six years of development will also tend to deteriorate 
the roads. 

12.9. EFFECT ON THE BALANCE OF PAYMENTS 

Rice has constituted a growing percentage of Senegals imports
by value, rising from approximately 6 percent in 1972 to 1, percent in 
1973, 15 percent in 1974, and 13 percent in 1975. This has occured 
despite an increase in production. Production has varied widely over
the puot 15 years, partly because of changing weather and other growing
conditions, but if we compare 1971 (.ot a particularly bad production
year) with 1975, we can see that even though production in 197 was 
considerably higher, the tonnage of rice imported fell by no more than 
the increase in production, so that total availability of rice remained 
almost constant. This occurred despite a very significant rise in the 
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price of imported rice. 

Production and Imports of Rice 

1971 1972 .9273 1974 1975
 
Production(1000tons) 108.2 
 43.6 64.3 117.0 144.0 (1)
Imports (1000 tons) 187.2 169.9 192.0 175.2 150.3 (2) 
Import value (CFA 4653 4193 9562 18041 16168 (2)

millions)
Unit value (CFA/ton) 24816 24679 49802 102974 107572 

(1) Actions Planifresde Production Cdrdali~re, Ministare du Ddveloppe-,ment Rural et de lHydraulique, December 1976.(2) Trade Yearbook, 1975. United Nations Food and Agriculture Or
ganization. 

Maize imports have constituted a very small percentage of total 
imports by value, and neither production nor imports has grown very much 
in recent years. 

Production and Imports of Maize 

1971 1972 1973 1974 1975
 
Production(000 tons) 38.5 20.2 33.8 43.2 
 45.2 (1)
Imports (1000 tons) 32.8 10.4 51.5 26.9 29.9 (2)
loorts, val (CFAmillion)726.0 21,2 1353.1 841.5 750.1 (2) 
Unit value (CPA/ton) 22134 20977 26274 31283 27886 

Production by the SENERIZ project will have-a substaxtial effect 
on imports of both rice and maize, since the project's total rice pro
duction, when fully operative (115 000 tons) will exceed the average
production of all of Senegal in the period 1971-1975 (95 400). This 
should make it possible to reduce rice imports to a small fraction of 
their present level and, thus, to have a significant effect on Senegal's. 
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balance of payments. 

The complex's maize production, in full operation (13 000 tons) 
will be equal to nearly half of average maize imports over the period 
1971-1975 (30 000 tons) and thus, will also contribute to an improvement 
in the balance of payments. 

Partially offsetting these savings will be an-increased require. 
ment for imported petroleum for use by the complex's machinery. Total 
annual fuel costs of the complex in Year 7 and thereafter have been 
estimated at CFA 2,197,865. This figure represents the value of fuels 
at current domestic prices of CPA 6101 per liter for diesel fuel and CFA 
94 per liter for gasoline. However, if the fuels can be refined locally 
from imported crude petroleum, this offset to the savings on imported 
grain would be considerably smaller. 

Table 12.9. shows the effects of the project on the balance 
of payments. It has been assumed, lacking hard information on the 
financing plan, that all of the foreign currency cost of imported capital 
goods and services will be financed by foreign borrowing, so that the 
net savings before debt service are unaffected by the capital outlays. 
No attempt has been made here to calculate the debt service on foreign 
loans. 

There is a deficit before debt service in Year 2, but thereafter 
there is a surplus rising to CFA 11,076 million in Year 7. In Year 8 
and beyond, provision is made for replacement investment, and it is 
assumed that this is met out of net revenues of the project. The net 
savings therefore remain at CFA 10,247 million before debt service 
from year 8 on. 
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TABLE 12.9. Foreign Exchange Analysis (in millions of CFA francs) 

In-flows of foreign Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year30currencies1. Import savings (1) 2) - 162 692 16352. Foreign borrowing (2) &3 . 1322 1744 
2765 11944 13366 13 3663817 2420 1 - - -

Outflow of foreign currencies:1. Increased fuel imports - 155 360 597 934 2 113 2 198 2 1982. Expatriate personnel :zlT' - 86 86 86 92 92 92 - 3. Imported capitalgoodsand services (2) 1322 1744 3817 5240 2420Total 1322 1955 
1854 921 Q3/TT 590 37W 4 

Net savings bfobre debt serce - C 79) 246 952 1739 9739 11076 10247 10247Cumulative net savings ( 79) 167 1119 2858 12597 23673 33 920 259354 

Notes : 1 Net *.productionof rice and maize by complex and cooperating farmers valued at 1975 unit values.2. Foreign borrowing assumed to equal foreign currency cost of imported capital goods and services. 
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Programnes de fGrmation 
Investissement des fonds de roule 

INVFSTISSE1EMT TOTAL DES FONDS 

CASHFLO|I ml PROJET 
CASHFL'I CUMULATIF 
CASHFLOW CUIULATIF DOLLARS 000 



TAZ 4.,PART I 
PnjICT SFHEfIZ FlfA NIAL 
 'EIPI TInhllinas of CAF rancs) T C S 


CASE E i 1~ s d P r n
(inmilion ofCFAfracs)CAS s
2(En RAPPORT FINANCIER DU PROJECT SENERIZ
miillions do CFA francs)
 

CAS 2 
1976 1979 
 19au L9dL 
 196Z 1963 
 1984
Innn Fawl#II STRUCTURE 1965 1934 1987 

! 0 Sles ree s STRI'CTURE ECONOPIIQUE!&!~IRcsale ees 
 Recettes de ventes
lh! Sormhun sales 
 a 56 e49 573'h~in sales 940 "L8 4783 4783 Ventes de srgho
"A;r 
 4783
U A1 4173 Ventes de rlz
26 109
145 rattle revenue 243 268 475 475 47S
a 47S
L5 30 107 230 244 
 462 462 
 462 462 
 Ventes de mals
1 nice mill fees
"73 Farmers ?Krn handllng 0h t 3a 10L lo9:h73 Farmers grain stnra e 
00 27 1"z. al u32 8L 86L 861 861 Revenu du betall464 1000 1600
0 1000 1600
2- 4 Z4 1600 Comission rizerle
k76 Cr.rnlex grain handlin 60 L27 25 255 ss zSS
0 0 1 5 Commissinn manutention grain (fermlers
17Q Cnnplex grain htnra e LS 27 z4 54 540 L8 64 L68 304 

5 Commission stockage (fermlers)lo*" rttl' ,erdc~nter salessales LOL7 L193 L93 1193 11930 3 13 34 Commission manutention (complexe)L 1 7 62 20* 24L Z4L 241I Lb 33 24L Co64 a4 64 64 
ission stockage (complexe)0 c sales 

7 7 
Ventes de nourriture pour le betall


7 
Sg 

7 7 Ventes du Centre de Semences
TnTAL R1i 

o54i 4L1 Z
F"" rfp'PLFX VARIARIF COSTS 85.77 9995 9995 9995 g99g5 'EVENIIE TOTAL
a!" Iainfed rice 
 0 7 37 OITS VARIARLFS 11'1COMPLEXE n Irrigated rice d% 12b 0 0 0 0 0L3 38 Riz pluvial
78 13S 1052 L41 1141 
 L141 1141 
 Rz Irriue
41ftalze m
!-


K" Cattl casts I 2b bi 5 93 934 I 93 93 Soriho2 53 !i 97" FeedCt mill 97 97
0 1o 37 d4 97 ?ais
 
Fe 208 539 539
ml 1 539 539 539o7 Cout du hetall
5 14 29i 106Imo rain center 66 10. 106 Lob tlsine d'alimentation
1 9G3-e08 j 92 92 92 92. 


79 
91 Couts variables de Ia rizerle
710 Serviclant Z61 318 3L
0 3 10 L17 46 

3L8 3L8 Couts variables du centre de grains
71C Service units 55 ! 5S S50 197 405 5 Ctouts variables de I'usine de semences622 9Lb L844 185o LGS 
 1856 18S6 Couts variables des unites de service
715 SURTOTAL, VARIARLF COSTS 
 fa z -- 571 999 1667 kU25 4297 4297 4297 4297?1i CQtIPLFX FIXED COSTS TOTAL PARTIEL, COUTS VARIABLES 
12^Aid nrnrar for fare.rs 
7% t 0 1*. 2. 4 COIJT FIXE DU COmPLEXErimolex fixed expenses 61 71 58 d0 L41 288 452 710 58 Assistance ax fermiers
rin Comiple fixed overhead 0 rt 

826 682 d62 822 a"8 Depenses fixes du complexeF40 Research and development u 18 
3. 
18 

4a 4d 52 05 43 4. 43La 18 s s18 I 
Frais Zeneraux du complexe
'65 Coningency 1 It Recherche et developpement
0 45 
 93 L54 249 498 
 532 523 
 523 523 Inprevus
 

75 SUBTOTAL, FIXEDl COSTS 
 4 56b 698 1-075
'RA TnTAL OPERATIHG CnSTS 

-5 
0 

1455 1558 1457 1457 1457 TOTAL PARTIEL, COUTS FIXES497 1U2& 1697 2742 5480 
 Sass b754 i754 5754 
 COIJT TOTAIIX D'OPERATION
Cq CASHFLf",'lO U -j9 -477 -Z8 -217 3097 4140 4241 -424L 
 4241 rASHFLOI BRIIT4fl Investment, a. 
development 
 L285 k39
Sfl Investment. facilities 6418 1125 5L69 4374 U
152 500 1*&00 3Lds 400 
768 768" 768 Investissement, developpement agricolo
0 0 243
55 Training programs- 243 243 Investissenent, Installations
2d 36 19 20 0
I tiorking capital 0 O 0 018u 239 L43 0 0 

0 Programmes de formation
109 J 0 0 Investissement des fonds de roulement 
P1 TOTAL CAPITAL INVESTHENT 2833 JUdz 807a. 1073 5L7O 
. PROJECT 374 0 1011 1011'L CASHFLO 1011 INVESTISSE'IEPT TOTAL DES FONDS-2833 -34 -8553 -10d59 -2895!1 -'"IILA !VF CASHFLO'! -177 4L40 3230: 3230-Z833 -o77 -14810 -2ud9 -3158k -328o1 

3230 CAS.FLOtI r11 PROJET-28721 -2i491 -Z226L -19031 CASHFLn'I'~"AVE CASUiFL011 n-LLAR- ~l 13Z CUMULATIF-451..o -5,sj-1Ut16 -Ld6J36 -1j14#44 -114364 -L0L9014 -04J4z -1b6124 CASHFLO!1 CIM~ULATIF OLLARS 0,2 



PROlJECT SFN .RI Z Fl"lA"CIAL QFEInRT 
(In mCillins Of CFA francs) TAM -4. PAhr 2CASE 2 

TIII&CAS 2 RAPPOR1T FINANCIER DU PROJECT SENERIZ. 
(En millions do CFA francsi 

14OA F.I Icsales 
1988 1989 L990 1991 1992 1993 194 1995 1996 1997 

1411 Sales receipts STRIuCTURERecettes ECONOP!IqUE 
1! n Sorihum sales 
lh'n "aize sales 
14" rattle revenue 
lh 1 lice mill feesFarmers handling, Fa rs graingrain
147r,.armers grain stora e 
471 rCO-lex grain handlin, 

[7 CattDlexfeedalSoes7" Cn-a x Pd soaes~41 
: ,trlcenter sales 

. t)TAL REYF.fllIF COSTS 

C.nafed rice 

781 
475 
402 
86l1,IL600255 

54 
L93 
e4L10#1J 
64 

1Ct 

q 

470 
4It 

2m 
861LOW255 
5%4 

LL93 

64 
s 

73 
475 
46Z 
db616U25.$ 

54 
1193 

Z41 
64 

999no 

4784 
475 

861L61 
54 

LL93 
Z* 1 
64 

7 

499i 

4763 
475 

841001600c 
54 

1193 
424.241 
64 

7 

9995 

47u3 
475 
' 
861160025i 
54 

1193 
241 
64 

7 

9995 

4153 
475 
46.t 
46116002b 
54 

1193 
2L241 
64 

7 

999b 

4783 
47b 
442 
46LIsOG25i 
54 

U3241 
64 

7 

9995 

473 
47, 
462 
86116005 
54one 
3 

1924L 
64 
7 

9995 

4783 
475 
462 
861160025 

1193 
19241 
64 

9995 

de ventes 

Ventes de riz 
Ventes de sorzho 
Ventes de mals 
Revenu du betallrizerleCommissionCommission anutentionerain (fermler 

Commission mate (complex)Cmiso auen n(ope*COMxissin stockage (complexe) 
entes eie nnurriture pour ie betail 

Ventes du Centre de Semences 

FVENIIE TOTAL 
SIrraed rce 

Cl2f nrhrm 
g: olwze 

Cr Cattle costs97n reedtl IotAnn lice mill 

f% Seai center 

75 eed plant 
71, Service units 

729 VA7ALF COSTS':' C(WIPLFX FIXED COSTS 
" id program for farmers 

'xppnnfixed exsens.s 
11 Coqplex fixed overhead
,:!,n.nesparch and developmrent 
7r.5 rontinicy 

0 
114 L 

9j 

97.9I539 
L06 
i l92 

314 

, 
L156 

5d 
U1941 
43 
11 
S 

0 0 
141 L14J 
93 93 

7 7b39539 639 
lob 106 
31 9 
316 315 

55 550 
1d56 1856 

42RT9TAL,4297 

58 5b 

43 4i 
11 11 

to" 523 

0 
1141 

93 

97539 
L0 
3 

318 

1454 

4 429297 

so 
412 
43 
1 

523 

U 
141 

93 

935J9 
LOb 
92 

£18 

s 
L856 

58 
42 
43 
11 

523 

0 
1141 

93 

97539 
106 
92 

31/ 

55 
1856 

4297 

s8 
822 
43 
11 

523 

0 
141 
93 

97
5:9 
106 
92 

318 

s 
1856 

4291 

5d 
822 
43 

L 

523 

0 0 
4LLL 1141 
93' 93 

9797977 9539 539lob 106 
9Z391 

31.8 .1 

b 5s 
1856 1856 

4297 4297 -. 

5d 
191 822 
43 43

LL LL L 
523., 523 

0 
1141 

93 
977 

539
L0b 

31 

55 
186S 

4297 

58 
822 
43 
11 

523 

COITS VARIABLES Pit COmPLEXER.iz pluvial 
RIz irrigue
Sorgho 
aM 

Cout du hetall'Isine d'alimentation 
Couts variables de la rizerleCouts variables du centee de grains 

Couts variables de l'usine de semencesCouts variables des unites de servicet 

TOTAL PARTIEL, COUTS VARIABLES 
COT FIxE DU COMPLEXE 
Assistance aux fermiers 
Oepenses fixes du complexe
Frals n.neraux du complexeRecherche et developpement 
imprevus 

775 S'.TqTAL, FIXEO COSTS 
70 TOTAL OPFRATItU CO)STS 

7' ,QOSs CASHFLO4 

-a' Investment, ag. development
*5r Investment, facilities 
I55 Training programs 

'Iorkinn capital 

7 TOTAL I.VESETRE, PROJECT rASIIFLO. 
31 C,'IIJLALIVE CASIfFLO.

8 R! ri?11ILATUVE CASIIFLO.I fl)LLARS Ono 

141--.1-L-451 
575. 5754 

424L 4241 

766 70/ 
243 243 

0 0 

0!0 0 

0APITALL- 1011
320J 32.jO 

-15nUL -1£:z71 
-cP32u. -bGei" 

14 7 

5754 

464L 

768 
243 

0 

0 

10-
3230 

-934L 
-37364 

1457 147 
57S4 5754 

4241 424l 

76d 768 
243 243 

0 U 

0 0 

1 1011OL011OLL 
323u 3230 

-a1L1 -2881 
-244'4 -J.:iW4 

1457 

5154 

4241 

764 
243 

0 

0 

3230 
349 

1196 

147 

5754 

4241 

768 
e4 

0 

0 

101 
3230 
3519 

L4.SLb 

14;7 

#754 

4241 

768 
243 

0 

0 

L O-101 
3230 

09 
272,b 

1457 

575 

4241 

768 
243 

0 

0 

0L11 
3230 

10039 
40156 

-

1457 

S754 

424L 

768 
243 

0 

0 

011-L 
3230 

13269 
53076 

TOTAL PARTIEL, COUTS FIXES 
COIITS TOTAIIX D1OPERATION 

r%SHFLO', BRIUT 

Investissement, develonpement agriccolai 
Investissement, installations 
Prograrmes de fomation 

Investissement des fonds de roulementi 

INVESTISSF'IET TOTAL DES FONDS
CASU.FLO!I fnl P.OJET 
CASHFLfi/ r'UMULATIF 
r 'l. .jni " !nt'.Rs O'9 



T3.I 4. PAT 3 

qnJECT SFPNRIZ FuIA"CIAL RFPORT(In nillinns of CFA francs) CASE 2 RAPPFnT FINANCIER OU PROJECT SENERIZ
(En millions de CFA francs) 

CAS 2 

11"n FMWqVliC STRUCTURE14nn Sales receipts 
1h:n Rice sales 

1995 199 2000 24101 400Z 2003 2004 2005 2006 2007 

STRIICTURE ECONOflIUE 
1hin 

IU ' 
I .. 0 
11lt 

orghum sales 
Sorhusales 
rattle revenue 
ace il fees 

4783 
475 
46Z 
861 

4783 
475 
462 
66L 

4183 
475 
*6W 
864 

4763 
475 
4o2 
861 

416 
475 
"Z6, 
86 

4783 
475 
46, 
86 

4783 
475 
462 
86L 

4783 
475 
462 
861 

4783 
476 
462 

4924 
476 
464 

Recettes de ventes 
Ventes-de-rjz 
Ventes de sorgho
Ventes de mats 
R86Leventj dta betail 

I i .1 Farr.Prs grain handling 
i';l Farrmrs grain storageIL ?q =r.nl. ra rin stoandig 

1171 gr1n 

itinTrattlex. . sales 
cener64 

T9"L RE E 

eO. 16U0 
z554P 4 

3plexLL93 LDJ 

4L Id4l 
4 oe4
7 7 

9 

1600 
2S55 

1aL93 

241 
4 
.7 

9995 

L600 
25554 

L193 

2-' 

7 

999"---

1600 
25sS4 

LL9 

24L 
W 
7 

9 

1600 
S54 

1193 

241 
o 
7 

999s 

1600 
25554 

L193 

241 
64 
7 

999L 

L600 
2554 

1193 

24L 
6 
7 

99 

L600 
25S54 

&193 

24L 
64 
7 

9g% 

1600 
255 

1222 

24 
6 
7 

L0173 

Commission rizerie 
Cnnwission manutention grain (fermleCommilssion stockage (ferinfers) 

Commission manutention (complexe) 

Commission stockage (complexe)
Ventes de nnurriture Pour le betall 
Ventes d, Centre de Semences 
RFVENIIE TOTAL 

1F0 C1"nLeX VARIARL 
1'V' rainfed rice 
1?fl Irriated rice 
195n lr hrm 

STS 
0 

114L 
93 

u 
114L 

93 

0 
L141 

93 

0 
L'.1 

93 
11't 

V3 

0 
LL41 

93 

0 
1141 

93 

0 
1141 

93 

0 
1141 

93 

0 
1L41 

93 

COIITS VARIARLES 
Riz pluvial 
Riz irrigue 
Sorgho 

111 COMPLEXE 

jKen Catti nsts 
197n Feed mill 
1IF rice nte 
17O Srain center 
1721 Seed plant 
171! Service units 

97 
S39106 

3L8 

Ldso 

97 
b9
10 
9r 

31 
56 

l45 

97 
5391u 
92 
i16 
55 

Ld5b 

97 
$5
106 
'1 

31L8 
,5 

Ldzb 

97 
.9
Lo 
92 

55 
Ld5 

97 
539
106 
92 

ji g 
55 

1656 

97 
$19
L06 
92 

318 
55 

165. 

97 
539
L0 
92 

318 
55 

1854 

97 
539
106 
92 
3S 
55 

1856 

97 
639
106 
92 

318 
ss 

1854 

tfaIs 
Cout du hetail
Ilsine d'alimentation 
Couts varlahles de la rizerle 
Couts variables du centre de grains 
Couts variables de l'usine de semenc, 
Couts variables des unites de servic 

171S 

171* 

IInTTAL, VARIARLE COSTS 

CnttPLEX FIXED COSTS 

'.97 .191 4297 4297 -%197 4297 4297 -429-- - 4297 4297 TOTAL PARTIEL, COUTS VARIABLES 

17'" 'id nrogram for farmers 
177% rnlex fixed expenses 
171n Complex fixed overhead 
174n Rnsparch and development 
1765 Contingency 

1 
62z 
43 
LL 
523 

12 
003 
LL 

ba 
822 
43 
Ll 

5253 

SO 
022 

*3 

2.2 

5d 
d 
43 
11 

56 
822 
43 
1L 

t2" 

58 
8zz 
43 

-- 11, 
523 

L 

5d 
822 
43 

523 
LL 

58 
8zz 
43 

523 

58 
az 
43 
11 

523 

COIIT FIXE DU COMPLEXE 
Assistance aux fermiers 
Depenses fixes du complexe 
Frais reneraux du complexe
Recherche et developpement 
Imprevus 

1775 SUBTOTAL, FIXED COSTS 1457 14P7 1457 1457 L%51 L457 145 1457 1457 1457 TOTAL !^RTIFL. COUTS FIXES 

171 TnTAL OPFRATIMO1 MSYS 5754 5754 575,& 5754 5754 5754 5l04l754 27!;4 575 COD;TS TOTAIIX D'OPERATION 

17n'" 17Q14SS CASIIFLOlI 

IP'n Investment, ag. develooment 
e1sflInvestment, facilities 

!R55 Training programs
1PF1 'orking capital 

4241 

768 
241 

j 
0 

4241 

768 
d43 

U 
0 

4Z41 

768 
Z43 

0 
U 

4#241. 

78 
24J 

0 
0 

420411 

16d 
243 

0 
0 

4241 

760 
e43 

0 
0 

'4241, 

76 " 
243 

4Z41 

7.8 
243 

0 
0 

4241 

768 
241 

0 
0 

4419 

768 
243 

0 
0 

r~tSHF~n'j BRUT 

Investissement, developpement agrico 
Investissement, installations 
Programmes de formation 
investissement des fonds de roulemeni 

1 7O TOTAL CAPITAL I'IVESTEIT 1. 1U11 1011 1011 1011 LOLL LOLL LOLL 1011 1011 INVESTiSSFIE'!IT TOTAL DES FONDS 
1!53 PROJECT CASIiFLOW 
Z911 CU*IlILITIVF CASI!FLOI. 

! itl-l.lLATIVE CASIIFLO4 DOLLARS On1 

32.0 
1649A 
6599o 

J3.MU 
197Z9 
lio91c 

3230 
e2959 
9183. 

jzjo 
b2189 

LJ4.76 

32,U 
29419 

117ti7o 

3.30 
32649 

1305911 

3230 
35819 

11351 

j3U 
39139 
1504.36 

3230 
42339 
109356 

3408 
45747 

182988 

CA"!FLOII nil PRnJET 
CASHFLn'I CLMULLATIF 
CASHFL'I CI!,"ULATIF nOLLARS 000 



TABLE S 

P"qJECT S.nPq3IZ oDnnflfI'tI.. ftFPt~rT 
(In units and tons) 

L97d 1979 L980 1981 

CASE 3 
CAS 3 

198 1983 1904 1965 L98" 1957 

RAPPORT PROlUCTION DII PROJECT SENERIZ 
(En unites et tonnes) 

_'. n rflt4PL.X PRlfltIP.'in'I 
"lI lainfed rice net nroduction 

'111 Irripated rice net prnducticyn 
i?!1 .;nr.htmi net production
??hl .alze net nrodulitinn 
15nl ralves Purchased 
1!51 Calves sold 
1I ; % Feeder cattle 

0 
Ji 
0 
a 
U 

4) 
U 

'499 
LUOc 
317 
434 
300 

0 
0 

3240 
3390 
743 
856 
800 
300 
300 

I*17 
7&52 
,lOL 
3043 
1S00 
doo 
dOO 

13409 
L1d30 
6941 
6563 
5000 

1500 
1500 

0 
117449 

76d 
6974 
1000 

5000 

0 
L27L26 
L3568 
13194 
1U00 
±00010000 
5000 

127126 
L3548 
L3194 
10000 

5000 

0 
127126 
13566 
13194 
L0O00 
1000000 
5000 

0 
127126 
13568 
13194 
10000 
00 
5000 

Pqtnn:trTInN n'i CrrOPLEXE 
Productinn eltt. de Rlz Pluvial 
Prnructl n fiette de RIz Irrigue..
PrndtoctIon Nette de Sorgho
nrnduction Nette de Mals 
'OLax achetes 

Veoux vendus 
Retali dlenxraissement 

1qQ FARPIFRS PintIC.TIinp*
Sn lainfed rice n.t production 

1305 Sorghum net production
'.!n '1illet net prod,,ction 
1 1; '1alze net Prodrutinn 
1320 Total cereals production 
139f Farme.rs cattle raised 

a 
0 
0 
0 
u 
0 

33 
119 
20 
70 

2-, 
L13 

9 
-177 

42 
450 
443 
ISO 

ZL 
11LI5 
171 
L344 
2894 
697 

526 
2971 
469 
3148 
7134 
1640 

L069 
6526 
L02, 
6537 
±5±54 
3419 

2283 
13201 
2197 

12714 
30395 
6743 

2283 
13201 
2197 
12714 
30395 
6743 

2283 
13201 
2±97 

12714 
30395 
6743 

2283 
13201 
2197 

L2714 
30395 
6743 

PRtlflIJCTION flES FERIIERS 
Production Hette de kiz Pluvial 
Production tlette de Sorgho 
Production 'lOette de Mil 
Prnduction 'lette de tal-s 
Production Totle de Cerealcs 
Detall eleve par les fermlers 

11ITFS: I " 

2) 

Production data for years 

19.3-21117 are identical to 
those of 1OR7. 

Productinn data for mst 
other cases are Identical 
to the aseu 

1) 

2) 

r.B.:Ponnees de ornductln 

our Sneanneerir.duction 
sont identiques a cramx Os |qlX7. 

nces de production pour la 
plupart des cas snn identique

cas de ase. 



."O.ECT SF"VnIZ F-%,r r! 9nqT
;l.(In millions nf CFA francs) 

TAUS 6. PAT 1 

CASE I 
Cn i n f(En 

RAPPnRv 0INANCIER DU PROJECT SENERIZ 
millions de CFA francs). 

CAS I 

1Inf cals receipts 
1978 L979 loo- 1941 1982 1953 LIS4 L95 9do 19d7 

Z "'%iuI sales STq1'(CTURE ECONOplIqUE 
Recettes de ventes 

h'I9 nornhu, sales 
'':lai "I sales 
1j.- rattle revenise 

1 9 1 lic n011 fes'I Farriers grain handling, 
crners nrain storane 

, r-np:ex grain handIi no: 
11471 r lex -rain stnraceraCnttle feed sales 

l'"c enter sales 

0 
U 
0 

a
0 
0 
U 

0 
a 

62 
L 
IS 

4 
31 
2 
0 

19
4 

I 

275 
26 
30 

35 
135 
4 
L 

69 
14 

1 
1 

QJ4 
L09 
LOT 

LO 
3L1 
24 

5 
180
37 
7 
2 

1)47 
243 
230 

L69 
515 
64 
13 

J25 
b 
16 
4 

4874 
268 
Z44 

632 
1600 
127 
27 

1L09 
222 
33 
7 

5Z7 
475 
4aZ 

66L 
1600 

255 
54 

1292 
26L 
64 
7 

27b 
475 
46 

6L 
Abou 
455 
54 

I92 
2o1 

a 
7 

5276 
475 
-00e 
doL 
LOU 

51 
129 

da 
a4 
1 

!Z Ventes de riz 
475 Ventes de snrgho 
4 Ventes Oe mals 
doa Revena du betail 

1b0)UlepJnmission rizerie 
(u5mmissinn manutention grain (fermlers)54 Commission stocka~e (fermlers) 

LZ92 Cor;-tission manutention (complexe)
26L Cormmission stockage (complexe)

" Ventes de nnurriture pour le betall 
7 Ventes du Centre de Semences 

'an TLt5I" R5VJIII U ISo 594 1517 Z08 9143 10807 L631 14607 1U607 IF."ENI| TOTAL 

j,"rnLF( 'AIARLF COSTS 
11" 
!9"n 
"05 n 

lainfed rice 
Irrirated rice 

r"haz 

0 
0 
-0 

7 
12 
4 

36 
37 

75 
76 

z21-

L24 
1U9 

0 
1020 

52 

0 
1106 

88 

u 
110 

8 

0 
1106 

so 

j 

L106 
d 

COUTS VARIABLES D11 
Riz pluvial 
Riz Irrigue 
Sorho 

COMPLEXE 

1tEsn CattlU 
Inn Ctte cos19n ceed mill 

a 
0
0 

4 
9
2 

a 
3a4 

25 
s0
13 

50 
197
28 

51 
511
63 

9* 
511
OL 

92 
SL1
101 

932 
tLL
101 

12 
51L
LuL 

tais 
Cout du betail'lsine d'allimentation 

!gin Crai center 
i C plant 

Seed Plant 
I'1 

0 

0 $ 

6 
11 

17Pu 
365 

4e 
17 

590 

22 

44 
65 

87 
255 
5 

1750 

87 

5* 
1761 

87 
U02"U2 
Si 

17.1 

of 
3u 

52 
1741 

d7 (outs variables de Ia rlzerie. 
J02 Couts variables du centre de grains

2.4 Couts variahles de l'usine de-semences17b1 Couts variables des unites de service 

175 rljPTnTAL, VAnIARLF STS 1 234 545 953 158 3641 4100 4100 4100 4100 TOTAL PARTIEL, COUTS VARIABLES 
1711 rfrIPLEX FIXED MSTS 
I 1 id nrngra fr farmers 
;'?S rnnlex'fixed expenses 
171 Complex fixed nverhead 
17hl esparcS and develnne-nt 
17c5 rontinvency 

0 

a 
0 
0 
0 

16 

141 

J1 
L8 
44 

21-
2"a 

35 
18 
91 

34 

452 

40 
15 

1S0 

so 

710 

45 
1 

241 

6L 
82a 

52 
18 

480 

11 

862 

55 
18 

S3 

58 

822 

43 
11 

50-

55 
$22 

43 
11 

6O3 

5$ 

822 

43 
IL 

b03 

COUT FIXE DU COMPLEXE 
Assistance aux fermlers 
Depenses fixes du complexe 
Frais zeneraux du complexe 
Recherche et developpement 
Imprevus 

1775 -113TnTAL, FIX9 CnSTS 0 SO 4-3 694 10 3 1437 1437 1437 TOTAL PARTIEL, COUTS FIXES 
17-4 TOTAL OPEOATItn rnTS 0 484 998 1647 2655 5278 549 zS37 SS7 5537 COIJT TOTAIIX DOOPERATION 
17^0 CqnSn CASIIFLI-" 0 -334 -404 -130 53 3865 4968 5070 :070 5070 ArHFLO!! BRIJT 
!?to 
le~n 
!155 
i1e1 

Investoent, am. develnnment 
Investme.nt, facilities 
Training programs 
forking capital 

1285 
1520 

28 
0 

2349 
SU 

16 
Lo7 

6418 
1400 

19 
202 

7125 
3285 

20 
65 

5169 
400 

0 
0 

4374 
0 
0 
0 

0 
0 
0 
0 

768 
243 

0 
0 

768 
243 

0 
0 

768 
243 

0 
0 

Investissement, reveloppement agrlcoly 
Investisservent, Installations 
Programmes de formation 
Investissement des fonds de roulement 

107# TOTAL CAPITAL iNVEST!W"T 2833 307, 039 109S 5549 4374 0 L101 1011 1011 INVESTISSE'EHT TTAL &ES FONDS 

A?' 
1* 
"' 

PROJECT CASIIFLOl 
CU'116ATIVE CAIIFLni 
rt1?ML&TIVE CASIIFLn-'I DOLLARS o0 

-2833 
-2833 

-L1332 

-3406 
-6239 

-24956 

-8443 -10625 -5516 -509 4948 
-1468Z -25307 -30823 -31332 -26364 
-58728 -101228 -123292 -12532d -105456 

4059 
-22305 
-89.Z0 

4059 
-18244 
-7*9a4 

4059 
-14187 
-56748 

CASUFLOII mi1 PRnJET 
CASHFLII:-# CUMULATIF 
CASHFLOIJ C"%?4ULAT! DOLLARS 000 



TABU 6, lf2 
PROEC lllNnsI f FA A fran R TAS 

(in(En 
RAPPORT FIANCIR DU PROJECT 5ENERIZ

mllons de CFA francs) 

CAS 3 

I'flf' FCOWNIMiC STRIDCTUREl~fl' Sales receipts 

11:1n S ucesales 
11 Sorghum salesJkhM 1Aiz sales 

1hbi rattle revenue 

lhl Fare m i fees 
I7kn Famers grain handling1I7k 1armers train storage
1475 rmplex grain handling 
17q Coriplex rain storage
1WIn Cattle feed sales 
15IMn Sped center sales 

1984 

b216 
475462 
561 

1600 
125 

1292 
d6l. 
64 
7 

199 

)276 
4754.2 
861 

L600 
25S54 

129Z 
261 
4 
7 

1990-

5276 
475az2 
861 

1600 
255454 

1292 
261 
4 
7 

f-9 

5276 
475462 
"1 

1600 
255 

1292 
241 
64 
7 

1992 

5276 
475462 
861 

1000
25554 

1292 
261 
64 
7 

1993 

5276 
47s46d 
841 

1.00 
25554 

1292 
261 
64 
7 

1994 

5274 
475462 
861 

1600 
25554 

1292 
241 
64 
7 

9s 

52T6 
475442 
841 

1600
25554 
L29Z 
261 
64 
7 

1996 

5276 
475462 
8"1 

1600 
255
54 

1292 
261 
64 
7 

1997 

5276 
475
462 
861 

160o
255
54 

1292 
261 

64 
7 

STRuCTURE ECONOIQUES RWT R C N H r/Recettes 
do ventes 

Ventes do riz 
Ventes do snrghoVentes de mats 
Revenu du betail 

Co4mission rizerleCnmmlsslon ranutention grain (farmlers)Commission stockage (feumiers)
Com'mission manutention (complexe)
Comission stockage (complex)
Ventes de nnurriture pour I& betall 
Ventes du Centre de Semences 

151n0 

11%fn 

T0TAL R6V07IIF 

CMOPLEX VARIAR. COSTS 

-0- 106u7 10607 0607 1601 10607 10607 10607 10607 10607 REVENIIE TOTAL 

19ln Iainfed rice 
190 Irrigated rice 
168195n lai e 
Ic'n Cattle costs 
*17n Feed mill 
1680 RIpe mill 
ltO GraiN certer 

17fl Seed plant 
171M Service units 

0 
110 

as92 
511 

87 
302 
02 

1761 

0 
1104 

892 
511 
101 
87 

302 
PZ 

1761 

0 
1106 

6892 
511 
101 

87 
302 
52 

1761 

0 
1104 

08aa92 
P11 
101 
87 

302 
52 

1741 

0 
1106 

68
92 

511 
101101 
87 

302 
52 

1741 1 

0 
1106 

9Z 
511 
101 
87 

302 
52 

761 

0 
110 

92 
511 
101 
87 

30Z 
52 

1761 

0 
L10 

88
92 

511-
101 
17 

302 
52 

174L 

0 
110 

68 
92 

511 
101 
87 

302 
52 

1761 

0 
1106 

8 
92 

511 
101 
67 

302 
52 

1761 

COIITS VARIAL1 C04PLEZF 

Riz pluvial 
Riz irrixue 
Srgho
VaIs 
Cout du hotall 
hIsine dalirwntation 
routs varlahles de la rizerie 
Couts variables du centre de grains
Couts variabls foe I'usine de sCiences 
Couts variables ties unites do service 

1715 S RTnTAL, VA4IARL1 COSTS 

171* CrolPLEX FIXED COSTS 
.t00 410 4100 4100 4100 4100 4100 4100 4100 4100 TOTAL PARTIPL, COUTS VARIASLIS 

1"" Aid Proxram for farmers 
177q Complex fixed expenses
17311 Complex fixed overhead, 
17k1 Research and development 
1765 Contingency 

1775 SUBTOTAL, FIXED COSTS 

1781 TOTAL OPERATINfl COISTS 

588 
82z 
43 
11 

503 

1431 

5537 

422 
43 
It 

"b03 

1#37 

5537 

58 
62 
43 
11 

503 

1437 

%537 

5s 
822 
43 
11 

503 

1437 

5537 

54 
622 
43 
111 

503 

1437 

5537 

58 
622 
43 

503 

1437 

5537 

so 
022 
43 
111 

503 

1437 

5537 

58 
822 
43 

503 

1437 

5537 

5 
822 
43 
11 
503 

1437 

5537 

5& 
822 
43 
11 

503 

1437 

5537 

COIT FIXE D C!'"LFXF 
Assistance aeax fermiers 
Depenses fixes du ctmlexe 
Frals generatox ou c€Moloe 
Recherche et developpement 
Imprevus" 

TOTAL'PARTIEL, COUTS FIXES 

COTS TOTAIIX DOOPERATION 
174q GROSS CASHFLOI 

IPkit Investment, an. development
1qSn Investment, facilities 
!RSS Training programs
IP91 %orkinE capital 

1R70 TOTAL CAPITAL INVESTMENT 

188' PROJECT CASHFLOU 
L831 CUMULATIVE CASHFLOW 
18R1 CUMUUATIVE CASIIFLOW DOLLARS 000 

5010 

768 
243 

0 
0 

LulL 

4059 
-10128 
-40512 

5070 

78 
243 

0 
0 

1011 

4059 
-6O9 

-24276 

5070 

748 
243 

0 
0 

1011 

4059 
-2010 
-8040 

5070 

766 
243 

0 
0 

1011 

4059 
2049 
8196 

5070 

748 
243 

0 
0 

101 

4059 
6108 

24432 

5070 

746 
243 

0 
0 

1011 

4059 
10167 
40668 

5070 

748 
243 

0 
0 

1011 

4059 
14226 
56904 

5070 

766 
243 

0 
0 

1011 

4059 
18285 
73140 

5070 

768 
243 

0 
0 

1011 

4059 
22344 
89376 

5070 

76a 
243 

0 
0 

1011 

4059 
26403 
105612 

CASHFLO RRUT 

Investlssement, developpement agricole
Investissement, Installations 
Prngrarmes de formation 
Investissement des fonds do roulement 

INVESTISSE.IEHT TOTAL DES FONDS 

CASHFLOI1 Di PROJET 
CASHFLOW CUHULATIF 
CASHFLO14 CIJ4ULATIF DOLLARS 000 



KIMJECT SFNERIZ FINANCIAL qFP3T
(in millions of CFA francs) 

CASE I 
 RAPPO$lT F1 RANCIEFR 
flU PROJECT SENERIZ
 

(En milllions do CFA francs)
 
CAS 3 


ihOn Sales receipts 
142n SorghaleseceiRecettes 

199d SL99 2000 200 2002 2003 2004 2005 2006 2007 
STRIICTURE ECONOFIIWUE 

Rice sales 
14On Sorghum sales 
1454r '4a;ze sales 
1&. natte revenue 

117f Fare infee ig1600 
Ikn Farers grain handling
147% Farmers storageIk7s Complex graingrain handln-
147q Com1ex ran storage
Ih! Cattle fed.sales 
15nn Seed center sales 

51275274 
475 
46Z 

L 

253 
54 

2*L 

7 

5276 
475 
462 
561 

1600 
255 
5'1292 
ZL 
64 
7 

5276 
475 
442 
641 

1600 
255 
5'

1292 
26L 

44 
7 

5276 
475 
462 
"1 

1600 
255
$' 

1292 
21 
64 
7 

5276 
475 
4oZ 
86L 

100 
255
4 

1292 
261 

4 
7 

526 
475 
442 
861 

1400 
255
5' 

1292 
24L 
64 
7 

5276 
475 
442 
541 

1600 
25552 

1292 
21 
44 
7 

5276 
475 
462 
51 

1600 
255 
1292 
261 
64 
7 

5276 5417 
475 476 
442 464 
"1 861 

1600 1600 
255 55'54 12 

122 
26 266 
64 64 
7 7 

do ventes 
Ventes do riz 
Ventes de sorsho 
Ventes de mais 
Revenu du betall 

Commission rizerle 
C mission oaet rleesCommission stckaoe'rain 

Commission stockage (complexe)
Ventes de nurriture pour le betall 
Ventes du Centra do Semences 

VAL REVNI1 10%L060707 1007 10607 10607 10607 10607 10407 10607 1076 QEVENIF TOTAL 
j'!n CrnFed VRILE 
191 n ranfed rice192n Irrigated rice 
191n Sorghum 
195n 'taize 
iKSO Cattle costs 
197n Feed mill 
iRo Rice mill 
1i9n Grain center 
17fAfSeed plant 

171n Service units 
1715 SURTTAL, VARIABLE COSTS 

0C0S0 
0 0 0 a1104 AL04 LL0 1104 

51 Ilas 
92 92 92 92 

5LL 51L 5L1 S&1 
OL 10 101 101 
47 "7 87 a? 

302 30 02 302 302 
52 52 52 52 

L76L 1741 L741 1741 
41O 4100 4100 4100 

0110. 
as 
92 

511 
L01 
87 

302 
52 

L16L 
4100 

01106 
as 
92 

511 
101 
S7 

302 
52 

1761 
4100 

01104 
as 
92 
SL 
101 
17 
so2 

52 

1761 
4100 

01104 
s 

92 
511 
LO 
57 

302 
52 

L76 
4100 

0
LO 

s 
92 

511 
101 
57 

302 
52 

176L 
4100 

0
11016 

Be 
92 

SL 
101 
B7 

302 
2 

1761 
4100 

COUTS VARIABLES D1u COMPLEXERIz pluvial
RIz irrigue 
Soriho 
Mals 
Cout du betall 
Usine d'alimentation 
Couts variables de la rizerie 
Couts variables du centre de grains.
touts variables de Iuslne de semences 

Couts variables des unites de servicei 
TOTAL PARTIEL. COUTS VARIABLES 

1714 A-d rO STS
17:f Aid program for farme.rs be 58 
1775 complex fixed expenses 822 822
173n Complex fixed overhead 43 43
I74n Research and development 11 i1
17 S Contingency 503 503 

1775 SUBTOTAL, FIXED COSTS 1437 1437 

173n TOTAL OPERATIhn CMSTS 5537 5537 

17"0 GROSS CASHFLO4 5070 5070 

1P91 Investment. ag. development 768 7681*5 Investment, facilities 4243 23 
18S5 Training programs. 0 0 
I .l Horking capital 0 0 

117" TOTAL CAPITAL INVESTENT 1011 1011 
1880 PROJECT CASHFLOH 4059 40591131 CLW4IJLATIVE CASHFLOH. sObZ 34521i8Rt CUMILATIVE CASIIFLOW DOLLARS 11110121848 13804 

50 

822 
43 
LL 

503 

1437 

5537 

5070 

768
243 

0 

0 

1011 
4059 
3850 
154320 

Se 

522 
43 
IL 

503 

L437 

5537 

5070 

768
243 

0 

0 

10 
4059 

42639 
170556 

so 

822 
43 
LL 

50l 

1437 

5537 

5070 

768
4243 

0 

0 

1011 
4059 

49849 
186792 

50 

522 
43 
11 

.0P 

1437 

5537 

5070 

768
243 

0 

0 

1011 
4059 

50757 
203025 

S8 

522 
43 
11 

503 

1437 

5537 

5070 

765
243 

0 

0 

1011 
4059 
54516 

219264 

So so 

5 82 2 
43 43 
11 11 

583 503 

1437 1437 

55317 5537 

'5070 5070 

768 761 

- 0 

0 0 

L1l 1011 
4059 4059 
54875 62934 

235500 251734 

5s 

. 22 
43 
11 

503 

1437 

$537 

5249 

768 

0 

0 

1011 
4238 

67172 
268688 

COUT FIXE DU COMPLEXEAssistance aux fermlers 

Depnses fixes du omplex 
Frals eneraux du complexe 
Recherche t"developement 
Imprevus 

TOTAL PARTIEL, COUTS FIXES 

COTS TOTAIIX D'OPERATION 

rA5HFLO.1 BRUT 

Investissement, developpement agricoleInvestissement. |nstellations 

Programes de fomation 

Investlssement des fonds de roulement 

INVESTISSE.EPT TOTAL DES FONDS 
CASHFLOI tlPROJET 
CASHFLOW CUULTIF 
CASHFLOW CUMULATIF DOLLARS 000 



TABLE 7 

nRn.IF.rT HF IFQZ DftnrlI.TInN 
(In units and tons) 

1978 1979 

"ta1.infed. rice net nrnditiction aPrmllirTlrfli'1 Irr.Ated rit- netprnductlon 0 385 

lin 0 798 
4n)trodtl n 0 31771- aivnet producti n 0 434! -aves purchased 0 30025y raIves sold 0 0 

!In Feeder cattle U 5U
!i .ARFnf Picf.Tntr 
lll l fel rice net production 0 33 
1305 Sor~hue t Production 0 119 
.I.n let netprodction 0 2011311 "aize net Psrndointinn 0 02I 

!32n T1tal cereals production 0 To)s.3wf t 24Z 
119M carers cattle raised 0 L3 

1960 

2606 

2730 
743 
54 

800 
300 

300 

98 
-117 

40 
443150 

198L 

615 

6186 
J101 
303 
1500 

800 

800 

261 
1&18 

j 

L144 
2894697 

1962 

10971 

9110 
694L
6563 
500 
1500 

1500 

526 
297L 

4691 8 

36 
11341640 

CASE i 

L983 

0 

95?7 
7648
6974 

1OU0O 
5000 

5000 

1069 
6526 

1022b 3 

6124id 
151543419 

1984 

0 

103394 
13548 
13194 
1OOO0 
10000 

S00 

2283 
13201 

297Z 1 

303956743 

1965 194 L987 

0 0 0 

103394 103394 103394 
13568 13568 1356813194 13194 13194
L000 10000 IOOUO
10000 10000 10000 

5000 5000 5000 

-1283 2283 2283 
13201 13201 13201 
2197 Z197 2197Z ~ k1,7 12 1.9 

3039S 30395 303956743 6743 6743 

RAPPORT PRODUCTION Ol PROJECT SENERIZ(En uniteset tonnes) . 

!1111Cf)IPLEXFProductinn :!ptte de RIz Pluvial 

Productirn 'mettede Riz Irrilue 
Production Nette de Sorghornductlnn Nette de 'als

Vcaux achetes 
Veux vendus 

Retail d'enstraissement 
PRPImJCTIOn nES FERMIERS 
Production Nette de Riz Pluvial 
Production Flette de Sorgho 
Production ette de MI]r d c ~ n .e t .d t i 

Production Totale de Cereales,Retail e1lve par les fermlers 

1;1T S : 1) 

2) 

Prod ctinn data for years
1_ .3-2f.fl7are identical to -1.6.= 
those of 1q7. 
Production data for most 
other cases are Identical 
to the Rase cases. 

1d
1) flnnees de producto'n 

Dour ies Onneet le- OflO-7
2) sontes de Production Dour la 

p)Ilee des cas son Iour la e 

• 
pupart de as 
au cas de base. 

idetique 



PqnJECT SFHFRIZ FINArIAL REPOlRT
(In millinns nf CFA francs) CASKA RAPPORT FINANCIER DU PROJECT SENERIZ
(En millions do FA francs)
 

1'on Er0WgWIIC STRIICTURE 
1978 1979 1950 1921 1952 1953 1954 195 1954 1987 

1Whe Sales receipts
1415 Rice sales 

-42n1 Sorghum sales 
lin 04ize sales 

145n rattle revenue 
l&r Rice mill fees 
1173 Farmers grain handling
1k7k rarmers grain storage
1475 pmlex train handling 
147q Complex grain storage
1lhrn Cattle feed sales 
1514 Seed center sales 

0 
0 
0 
0 
0 
0 
0 
00 
0 
0 

49 
1L 
15 
4 

24 
2 
0 

143 
1 
1 

222 
26 
30 
34 

109 
4 
L 

5312 
L 
1 

SIZ 
109 
107 
101 
252 
24 
s 

1SS32 
7 
2 

833 
243 
230 
189 
412 
60 
13 

28258 
16 
4 

3962 
28 
244 
632 

1600 
127 
27 

925
146 
33 
7 

4291 
475 
462 
61 

1600 
255 
54 

1093
22 
64 

7 

429L 
475 
462 
861 

'1600 
255 

54 
L093
221 
64 
7 

4291 
475 
446 
561 

1600 
255 

54 
1093
221 
64 
7 

429, 
47S 
j62 
8B 

1600 
255 
54 

1093
221 
64 
"7 

STRIOCTURE ECONONIQUE 
Recettes do ventes 
Ventes do riz 
Ventes de sorgho 
Ventes de mais 
Revenu du betall 
Commission rizerle 
Cnnmissinn manutention grain (femler 
Corvmission stockage (fermlers) 
Comission manutentlon (complexe)Commission stockage (complexe)
Ventes de nnurriture pour le betail 
Ventes du Centre de Semences 

10 AL RLvJI0 126 502 L306 234 5011 9383 9383 93 3 9383 REVENIIE TOTAL 
1Ffl CO"0LFX VARIARL COSTS 
79R irainfed rice 
9n Irritated rice 

19;nSnrnhsuz 
1{5f Caiz s 
190 Cattle costs 
1RR0 Fee mill 
1KRO nice mill 
IK1n Grain center 
171n Seed plant 
1710 Service units 

1715 SIIRTOTAL, VARIABLE COSTS 

0 
0 

0 
0 
0 
0 
u 
0 
0 

0 

" 

4 
12 

4 

2 
1 

3 
157 

233 

34 
36 
.7 

" 35 
4 

17 
10 

355 

542-

74 
73 
25 
5 
80' 
13 

a5 
41 
17 

590 

944 

11 
124 

•1 

197 
28 
22 
-75 
44 

86i 

iSTi 

0 
976 
52 
51 

51511 
63 
87 

25 
52 

1750 

3797 

0 
1059 

a5 
92 

101 
87 

302 
52 

1761 

4053_ 

0 
1059 

55 
2 

101 
S7 
302 
52 

1761 

4053 

0 
1059 

88 
92 

511 
101 
87 

302 
52 

1761 

4053 

0 
1059 

8 
92 

511 
101 

07 
302 
52 

1761 

4053 

rOtyS VARIABLES OIl COMPLEXE 
RIz pluvial 
Riz irrigue 
Sorgho 
Pals 
Rout du betail 
lsine d'alimentatlon 
Couts variables de la rizerle 
Couts variables du centre de grains
Couts variables de l'usine de semences 
Couts variables des unites de service 

TOTAL FARTIEL, COUTS VARIABLES 
171 CWIPLEX FIXED COSTS 
17?" Aid nrqgran for farmers 
1775 romolex fixed expenses 
173 Complex fixed overhead 
17&n Research and develoment 
17S5 Contingency * 

0 
_0 
0 
0 
0 

1 
141 

3L 
111-
44 

. 2 
253 

35 
15 
90 

34 
452 
40 
15 
4.19 

50 
710 
4& 
1 

240 

61 
826 

52 
1 

475 

71 
852 

55 
1 

s0 

55 
822 
43 
11 

499 

56 
822 
43 
11 

499 

so 
822 
43 
11 

499 

COUT FIXE DU COMPLEXE 
Assistance aux fermlers 
Oepenses fixes du complexe
Frals zeneraux du €omplexe 
Recherche et developpement 
Imprevus 

1775 SUBTOTAL, FIXED COSTS 0 250 452 693 1066 1432 1534 1433 1433 1433 TOTAL PARTIEL, COUTS FIXES" 
17ftn TOTAL OPERATING COSTS 0 483 994- 1639 2443 5229 5587 5454 5454 5486 COIJTS TOTAIIX D°OPERATION 
!7qn GROSS CASHFLO. 

1Phfl Investment, ag. development 
1'Sfl Investment, facilities 
1855 Training programs 
1 1 Horkfnz capital 

1X70 TOTAL CAPITAL iNVESTMENT 

1NS PROJECT CASHFLOVi 
1131 CU-1IIILATIVE CASHFLOV. 
1183 CUMULATIVE CASIIFLOW DOLLARS 001 

0 

1285 
L520 
28 

0 

2833 

-2833 
-2833 

-11332 

-357 

2369 
So0 
36 

179 

3054 

-344L 
-6274 
-25096 

-492 -333 

6415 7125 
1400 3285 

19 20 
246 167 

8083 10597 

-8575 -10930 
-14849 -25779 
-59396 -103116 

-303 2782 3796 3897 

5149 4374 0 78 
400 0 0 243 

0 0 0 0 
152 0 0 0 

5721 4374 0 1011 

-6024 -1592 3796 2586 
-31803 -33395 -29599 -26713 

-127212 -133580 -118396 -106852 

3597 

768 

243 
0 
0 

1011 

28"5 
-23827 
-95308 

3897 

768 

243 
0 
0 

1011 

284" 
-20941 
-83764 

CASHFLOUI HRIJT 

Investiement, developpement agricol! 
Investissement, installations 
Programes de farmqtion 
Investissement des fonds de roulement; 

INVESTISSE'IENT TOTAL DES FONDS 

CAS4FLO1I nit PROJET 
CASHFLnIi CUMULATIF 
CASHFLOW CIJMULATIF DOLLARS 000 



TrJZU ,S* 2 
'2RfJECT SFNq.RIZ FIrAf"CIAL REFPORT

(in millions of CFA francs) 
C 4 
CAI k 

RAPPO.RT FINANCIER DU PROJECT SENERIZ 
(En millions do CFA francs) 

14fln SaIOtl Srcpts
1414 ie ce t ss 

142" Sorhum sales 
Y164 Sairp sales 
149n rattle revenue 

198 

b291 
475 
442 

1959 

4291 
475 
462 

1990 

42191 
475 
4" 

1991 

4291 
475 
4614 

1992 

4291 
475 
4 

1993 

94291 
475 
442 

1994 

4291 
475 
462 

199s 

'.z91 
475 
462 

1996 

4291 
475 
442 

1997 

4291 
475 
462 

STRISCTURE ECONOHIQUERecettes 
do ventes 

Ventes do rlz 
Ventes do sorgho 
Ventes do mals 

1hi1 Rice mill fees 
lh7n Famers grain handling 
1'h Farmers grain htage¢-.7n rinrlex grain handling
ik7Q Cerwnlex grain storage 

Cttle feed sale1Ii.n Pattle fed sales 
•',fl ed cent.r sales 
1-99" Tn)TAL RF.VENlIF. 

861 841 
100 1400 

Z55 255 

1093 1093 
221ZZL 221* 44 

7 7 
-8 -9-8~ TOTAL RF.V9313 - 3 -

061 
1400 

255 

1093 
2214 

7 

939 

I 41"I1 
1600 

255 

1093 
2214 

7 
9-8
383 9 

"I1 
1600 

155 

L09 
22164 

7 
--
3383 

81 
L600 

255 

1093 
221*4 

7 

9383 

1600 

255 
54 

1093 
22144 

7 

-1383 

561 
1400 

255 
54 

1093 
22144 

7 

934.3 

I 
1600 
2S5 
54 

1093 
2264 

7 

9383 

861 
1600 
2SS 
54 

1093 
221
6 
7 

93g3 

Revenu du betail 
CoMaIisslon rixerle 
Cnmmission manutention grain (femiersCommission stockage'(fermiers)
Commission manutentlon (complexe)
Commission stockage (complexe)Ventes de nnurriture pour le betall 
Ventes du Centre de Semences 

RFVENIIE TOTAL 

1F'~m CflPLFX VARIABLE COSTS 
'1F-Rin. f.X ARIA191 " irainfed rice 
IKIM Irriated rice1Vt Snr.hnm 
-Sn l aize 
199n Cattle costs 
1970 Feed mill 
1,O tice mill 
191o Grain center 
17mm Seed plant 
17111 Service units 

.ICOLITS 0 
1059 

88 
92 

511 
101. 
87 

302 
52 

1741 

0 
109 

88 
92 

511 
101 
417 

3U2 
52 

17*6 L 

0 
1059 

84 
92 

511 
101 
87 

302 
52 

1761 

0
1059 

8a 
92 

511 
101 
87 
302 
52 

1761 

0
1059 

88 
92 

511 
101 
87 
S0Z 
52 

176l 

01059 

92 
511 
101 
87 

302 
52 

1161 

01059 
88 

92 
511 
101 
87 
302 
52 

1761 

01059 
as" 
92 

511 
101 
87 

302 
52 

071 

01059 
88 
92 
51 
101 
87 

302 
52 

1761 

01059 
88 
92 

511 
101 
87 

302 
52 

1761 

VARIABLF.S 1111COIMPLEXE 
Riz pluvialRiz Irrigue 
Sorxho 
Pals 
Cout du betall 
Usine dtalimentation 
Couts variahles de la rizerle 
Couts variables du cent-e de grains
Couts variables de lousine de semences 
Couts variables des unites de service 

1715 SU~I~TAL, VARIABLE COSTS 4053- 4053 4053 4053 40S3 4053 4053 4053 4053 4053 TOTAL PARTIE., COUTS VARIABLES 
171' COIPLF.X FIXED COSTS COT FIXE DU COMPLEXE 
172P Aid nro5ra* for farmers177q Complex fixed expenses 
1711Complex fixed overhead 
17hnResearch and development 

1765 Conti ngency 

1775----- SUTTLIEOCSS13
1775 SUBTOTAL, FIx.D CO)STS 
17!n TOTAL OPERATIf, COSTS 

-7q0 GROSS CASHFL0 / 

lPkn Investment, ax. development 
15n Investment, facilities 
1855 Training programs 

P_1 'forking capital 

822 
43 
11 

499 

1433 

544" 

3837 

748 
243 
0 

0 

54 so822 822 
43 43 
11 11 

4" 4" 

-
1433 14433 
54"* 5488 

3891 3897 

768 78 
243 243 

0 0 

0 0 

so822 
43 
11 

4 

-
1433 

5464 

3697 

748 
243 

0 

so8522 822 
43 - 43 
11 11 

4999499 

- -
L 1433 
54"4 5484 

397 3897 

746 7*8 
243 243 

0 

0 0 

822 
43 
11 

-
1433 
5484 

3"T 

78 
243 

0 

0 

58822 
43 
11 

499 
-

1433 
5484 

3897 

768 
243 

0 

0 

5622 
43 
11 

499 " 

1433 
548* 

3897 

748 
243 

0 

0 

s8822 
43 
11 

499 

1433 
5406 

3897 

768 
23 

0 

0 

Assistance aux fermlersDevenses fixes du complexe 
Frais eneraux du complexe
Recherche et developpaeut 

Imprevs 

TOTAL PARTIEL, COUTS FIXES 
COIJTS TOTAX D'OPERAIfION 

CASHFLO-I BRJT 

Investissement, developpement agricol
Investissement, Installations 
Proirames de fomation 

Investissement des fonds do roulemenrt 
1370 TOTAL CAPITAL INVESTMENT 
180 PROJECT CASHFLOH 
I131 CUMULATIVE CASHFLOI. 
18R3 CUUILATIVE CASHFLOW DOLLARS 000 

1011 
l8& 

-18055 
-72220 

LO1 
2Q84 

-151*9 
-60674 

1011 
284 

-12203 
-49132 

- 1- 101 
286 288 

-9397 -6511 
-31588 -26044 

-101101 

2886 
-3625 

-1450o 

2866 
-739 
-2956 

1011O&l011-A-L-L 

284 2886 
2147 5033 
8556 20132 

2586 
7919 
31676 

INVESTISSF'IET TOTAL DES FONDS 
CASHFLO14 Dlu PROJET 
CASHFLnw CUMULATIF 
CASHFLOW CUMULATiF DOLLARS 000' 



PROJECT FPf FAPfrAL 'ERCA 4 

mcCAM4 " 

RAPPOjT FINANCIFR r4JPROJECT SENERIZ 

(En millions da CFA francs) 

1tif EalIs rIIC STsIlrThRE 
1bflq Sales receipts 
1414 Rice sats 
Ik24 Sorghum sales 
Ih&h "aize sales 
lh's" Cattle revanue 
I&AI nice mill fees
1f7n Farme.rs grain handling 
1h7h Farmers Zraln storage
1475 Cmplex grain handling
1k79 Cogplex grain storage 
1k'I? Cattle feed sales 
15nn Sped center Sales 

1998 

429L 
475 
4462 
341 

1400 
255 
54 

1093 
221 
64 
7 

19t 

4Z91 
475 
42 
361 

1600 
255 
54 

1093 
221 

44 
7 

2000 

4291 
475 
442 
4I" 

1400 
2S5 
54 

1093 
221 

44 
• 

200-

4291 
475 
42 
86L 
1400 
255 
54 

1093 
221 
44 
7 

202 

429L 
475 
442 
6L 

1600 
255 
54 

1093 
221 
64 
7 

2003 

429& 
475 
442 
8641 

1400 
255 
54 

L093 
221 
64 
7 

" -2004 

4Z91 
475 
442 
41 

1600 
255 
54 

1093 
22L 
44 
7 

20os 

4291 
475 
442 
8i 

1400 
255 
54 

L093 
221 
44 
7 

200-

4291 
475 
442 
"1 

1600 
255 
54 

1093 
221 
64 
7 

2007 

443 
476 
464 
861 

1400 
255 
54 

I22 
227 

44 
7 

STRuOCTURE ECONOFIlIJE 
Iecettes do ventes 
Ventes de riz 
Ventes do sorgho
Ventes do mals 
Revenu du betail 
Commission rizerle 
Cn nvisslnn manutention grain (formlei 
CZ-.wisslon stockageCfermiers)
Commission manutentlon (complexe)
Commission stockage (complexe)
Ventes de nnurrlture pour le beta[]
Ventes du Centre de Semences 

.qrRl TAL R VFN11F 

1F'n CtVPL X VARIARLE COSTS 
1c]ft Painfed rice 
192n irrigated rice191n Snrnhun 

'Sn ?M ize 
1'fn Cattle costs 
197M Feed mill 
1I Rice mill 
.01OGraln center 

17nft Seed plant 

7104Service units 

1715 StURTnTAL, VARIABLF COSTS 
1714 CCUIPLEX FIXED COSTS 
1720 Aid program for farmers 
177 Complex fixed expenses 
171a Complex fixed overhead 
17kh Research and development 
iTRs Continxency 

1775 SUjBTTAL, FIXED COSTS 

173n TOTAL OPFRATING CnSTS 

,7nn r.ROSS CASHFLOW 

JP&' Investment, ag. developent
ijsn Investment, facilities 
1155 Training programs 

IP_ tUorkinx Capital 

IR70 TOTAL CAPITAL INVEST7ENT 
112? PROJECT CASHFLO" 
1131 CtUMLATIVE CASHFLOW . 
13R3 CUMULATI VE CASHFLOH DOLLARS 002 

9383 

0 
1059 

as 

92 
5L1 
101 
57 

302 
52 

LU1 

4053 

so 
622 
43 
11 

4" 

1433 

5486 

3597 

768 
243 

0-

0 

1011 
28 

10805 
43220 

93 3 

0 
1059 

55as 

92 
SL 
101 
47 

302 
52 

176L 

4053 

so 
522 
43 
l1 

40 

L433 

546 

3"97 

7" 
243 

0 

a 

1011 
28"4 

13691 
5474 

9393 

0 
1059 

as 

92 
51L 
AM0 
87 

302 
52 

17 

4053 

so 
822 

3 
11 

4"9 

1433 

5484 

3697 

I&A 
243 

0 

0 

1011 
284 

16577 
6308 

9383 

0 
1059 

of 

92 
511 
101 
67 

302 
52 

1 1741 

4053 

58 
822 
43 
11 

'*S9 

1433 

5484 

3897 

768 
243 

0 

0 

1011 
2884 

1943 
77352 

-9383 

0 
1059 
as 

92 
SI 
101 
a7 

302 
52 

1761 

4053 

58 
822 
43 
U 

4"9 

143 

5486 

3"7 

7" 
243 

0 

a 

1011 
26" 

22349 
893% 

9353 

0 
159 

as 

9Z 
511 
101 
87 

302 
52 

1761 

4053 

55 
522 

43 
A& 

4"9 

1433 

546 

3897 

768 
243 

0 

0 

11 
2886 

25235 
100940 

9383 

0 
1059 

92 
511 
101 
47 

302 
52 

1761 

4053 

so 
522 

43 
11 

499 

1433 

54" 

3"7 

769 
243 

0 

0 

101 
2584 

28121 
112454 

9353 

0 
10S9 

92 
511 
101 
87 
302 
52 

14L 

4M3 

5 
522 

43 
11 

499 

1433 

5486 

3197 

768 
243 

0 

0 

1011 
2686 

31007 
124028 

9383 

0 
1059 

92 
511 
101 
87 

302 
52 

&71 

4053 

s 
822 
43 
11 

4"9 

1433 

546 

3897 

769 
243 

0 

0 

1011 
286 

33893 
135572 

9562 

0 
Lon 

92 
511 
101 
57 

302 
52 

1761 

4053 

so 
822 
43 
11 
49 

1433 

S466 

4074 

764 
243 

0 

0 

1011 
3065 
34958 
147832 

REVENIIE TOTALCOUTS VARIABLES D 1 CO PLEXE 

R Azpluvial 
Riz Irrlgue
SOrho 

Mais 
Cout du lbisaI] 
IlsIne d'alimentation 
Couts variables de la rizerle
Couts variables du centee de grains
Couts variables de l'usine de somence: 

Couts variables des unites de service. 

TOTAL PARTIEL, COUTS VARIABLES 
COUT FIXE DU COMPLEXE 
Assistance aux fermlers 
Depenses fixes du complexe 
Frails generaux du complexe 
Recherche et developpement 
Imprevus 

TOTAL PARTIEL, COUTS FIXES 

rOUTS TOTAUIX D'OPERATION 

CASIIFLOU! BRUT 

Investissement, developpement agricole
Investissemenr, Installations 
Procrm s.de formation 

Investissement des fonds de roulemont 

INVESTISSF.EP!T TOTAL DES FONDS 
CASUFLOIi nl, PROJET 
CASHFLO4 CUMULATIF 
CASHFLOW CMULATIF DOLLARS 900 



TABLE q 

PROJIECT ;NFRIZ DROWlI.TInN qFPO!T CASE S
CAS 5 

RAPPORT PqODIICT~rIN 61! PROJECT SENERIZ 
(En unites et tonnes) 

-fq.f r'n?'PLF( PRnnifl lr l~ 

1.1.1 lainfed rice net ornductlon 
I1'1 Irripated ric, net Production 
1111 Snrphttm net Production 
Y!kl Maize net nrndtictlnn 
'!.r ejlves purchased 
1251 alves sold 
V'g Feeder cattle 
IftnQ FAnHfFR.S mmivn"III 

"Xnn!.alnfed rice net production 
1105 Sorthuv net production 
!-In '11et net production

111; 1Aize net Production 
132n Total cereals production 
13Fn Far.-vers cattle raised 

197d 

0 
o 
j 
0 
) 
0 
0 

0 
0 
0 
0 
0 
0 

1979 

499 
10U 

349 
476 
300 

0 
50 

J3 
LL9 
20 
70 

242 
L13 

1980 

3248 
3390 
81L& 
944 
800 
300 
300 

98 
-177 

42 
60 
443 
150 

1981 

7617 
7652 
341.3 
33L 
L50 
800 
Bo 

261 
1118 
171 

L3194 
2894 
697 

1982 

13409 
L1630 
737 
7223 
5000 
1SO0 
L500 

524 
2971 
469 

3168 
7134 
1440 

1983" 

0 
L17449 
8464 
767d 

10000 
SO00 
5000 

1069 
8526 
1022 
6537 
15154 
34b19 

1984 1965 

Q 0 
L712Z 17126 
14928 149Z8 
14520 14520 
10000 LO000 
10000 10000 
5000 5000 

2283 223 
13201 13201 
2197 2197 
L27L4 12IL4 
30395 30395 
6743 6143 

1986 

0 
27124 
14928 
14520 
10000 
10000 

5000 

2283 
13201 
297 
12L4 
30395, 
6743 

1987 

0 
1Z7L26 
14926 
14520 
10000 
10000 
5000 

2283 
13201 
2197 
12714 
3039S 
6743 

erlonmT~P rl r P E F 

PqnritlTtln" nil Cf'PLEXFProductinn "'ettp de RIz-Pluvial 
Productin Flette de l.izIrrliue 
Produtctinn flette de Sorgho 
nrnductinn mptte de Pals 
!caux achetes 
Veaux vendus 
Retall d'enxraissement 
PRfnr)1CTION nE.S FUrNIERS 

Production Nette de Riz Pluvial 
Production lette de SorXho 
Production " tte de Mil 
Production 'lette de tais 
Production 'ntale de Cereales 
Betall clove par ls formlers 

•ITFS: I) 

2) 

Production data for years 
nRf.-20n17 are Identical to 

those of 1q3A7. 

Production data for postother cases are Identical 
to the Rase cases, 

M..: 1) Ponnees d Production 
ourn s arneeu 4ioPn- 7 
sont Identiques a ceux Op iq2l 

2) nlonees de production pour laPlu part des cas son identicue! au cas de hase. 



+ 
-qnjECT 5FFqr.I 

AU 10. PART I 
(inCillTI.s =nf CFA francs)Fi .tl .. Rn lrt 

CASE 5 

I.APOIT rtIlAN.IEP 1l1 PROJECT SENERICAS 5 f(En 
 millions de CFA francs)
 

CAS S 

1. fl .. C1e'flIIC ' .STf'"TIInF, 
n97d 1gg 1951. 1981 1912 1983 1964 1965 
 196 1987
 

.:in" Sales receipts 
14,- nice sale% 
"-'hl Sornhun sales 
UaJ,n 1i7E salrs 
!F, rattle re.,ntie 
1hr1- Ric e mill fees 
Ih?.l Fnrrr r.rain handling 
1h7ft armprs train storage 
1k 

; 
rmlplex r.rain handling 

147q C-rPnlex mrain stnraCe 
!-2rv rattle fe.d sales 

':-ed center sales 

'S rift~~-

" V ?TAI. QF'IFflIIF 

U 
0 
0 

j 
0 
0 

0 
0 
0 
0 
0 

62 

12 
17 

4 
.% 
2 
0 

20 
4 
L 
1 

154 

275 

29 
33 

38 
135 

4 
1 

71 
14 
L 
1 

402 

6J6 

119 
117 

LOL 
3LJL 
24 

5 
LOS 
38 
7 
2 

1543 

1047 

267 
253 

18g 
5L5 
60 

13 
337 
69 
L6 

4 7 
71 

4874 

295 
269 

32 
1600 
127 

27 
1122 
Z5 
33 

9211 

5276 

522 
505 

861 
1600 
255 

5 
1315 
266 
64 

-nAI10728 

274 5276 
52d 524 
Soo 50 
54L 864 

1600 1600 
255 255 
54 54 

1315 1315 
466 164 
64 64 

7 7 

-FF~l -U 10728 

5274 

522 
506 

861 
1600 
255 

54 
1315 
266 
64 
7 

I10728 

STuIu E ECN.'qj 
STRIcTIRE ECONOtIJE 
Ventes de riz 
Ventes de sorihn 
Ventes Oe mais 
Peventi du bet3il 
rnrnission rizerle 
Commissinn manutention grain (fermi 
Coission stockage (fermniers) 
Com ilssion mantitention (complexe)
Crrisslon stockage (complexe)
Yentes de nourriture pour le betall 
"entes du Centre de Semences 

l.FNIIE TOTAL 

'It!f^ ain Lfe r AOiceI F? nnn rice 
-92M lrrir.ated rice 
1 r Sft.'nrnhun 
I-Sm '"ai ze 
.r! rattip costs 

.Ice mill 
'Anl nrain center .ee. plant171n Service lnts 

S *0 
0 
0 
a 
1 

0 
0
07nr1 

7367 

12 
4 
A 
9 

2
L 

5
3 

36 

37 
7 

35 

4
6 
17
10

35 

8COIITS78 1Z 
76 129 
25 52 
25 51 
80 197 

13 28 s 22 
41 7517 44590 "48 

0 

1020 
54 
53 

511 

43
37 

255
52

175 

0 

1104 
91 
95 

S1 

101 
57 

302
52

1761 

0 

1106 
91 
95 

511 

101 
67 

302
52

171 

0 

110 

9S 
511 

101 
87 

302
52

1761 

0 

1104 
9 
95 

511 

101 
87 

302 
52

176L 

VARIAqL .S mi Cfl'PLEXF 
Rlzpluvial 

Riz irri.ue 
Sor.hn 
tai s 
Cout du hetail 

Ilsine d'alimentation 
Couts variables de la rizerle 
Couts variables du centre de grainsCouts variables de l'usine de semen,Cnuts variables des unites de servI, 

1715; - TnlTAL, VAIARLF .(. .s 
:710COtIPLEX FIXEn COSTSc 

L!^id nronran for farmers 
• P75 rnlex exenses1?1 l.splex fixedfixed overhend 

.71:Pl rfes arch and devellr-ent 
Sr, eont inency 

1775 SUIRTOTAL, FI-f. .OSTS 

a 

0 

00 

0 
0 

0 

.234 

L1 

14L31 

1&6d 
44 

&10 

545 953 
= 

28& 4525 40 

Le ;a 
91 15U~Irprevus 

453 694 

152L 

50 
71048 

242 

1048 

3845 

82452 

LS 

460 

1437 

4106 

717L 
88255 

is 

513 

1539* 

4106 

be 
52243 

11 

504 

:1438 

4104 

so 
82243 

L 

504e 

143 

410& 

so 
822
43 

I 

50m 

1L436 

TnTAL PfRTIEL, COUTS VARIABLES 

Assistance atix fermiers 
Depenses fixes du complexeFrais generaux du cnrmplexe 

.".6,ercheet develop11ement 

TOTAL PARTIFL, cnUTS FIXES 

17-n TnTAL OPFRAT~viu r5 
!7ne nRfSl - CASIIFLO'I 

h4 Investment, ax. develorn..nt 

IQSirnn rr s 

1z2 *"orklnr.capital 

11711 TOTAL CAPITAL IJVESThDIT 

isit! PROJECT .ASPIFLO.I 
".Pl CIr111LATI'VF CA-!IFLO,
1?- jt; .1rlVE CASI!FLOVI n1fLLARS On 

U 4064 

-. JO 

1L26 Zseo 
L520Investment,152o 
28 36 

0 16 

2831 3070 

-4811 -3400 
-2833 -6233 

-11334 -249.$2' 

996 647 

-396 -104 

66L& 1125 
1400 3265 

19 40 

19 2 

8035 104"2 

-8431 -10566 
-14664 -25Z30 
-58*56 -101000 

259 

111 

5169 
400 

0 

5569 

-5458 
-30708 

-12283z 

522 

3929 

4374 
a 

0 

0 

4374 

-445 
-31153 

-Le4LZ 

5554COIITS 

5083 564 

0 761 
0 243 

0 0 

0 0 

0 uLl 

5063 4173 
-2607U -21897 

-L04280 -87588 

S14 

766 
243 

0 

0 

1011 

4173 
-17724 
-70896 

51864 

768 
243 

0 

0 

1011 

4173 
-13551 
-54204 

TOTAIIX DIOPFRATION 

rA.4FLnhl RRIIT 

Investisserent, 0eveloopement agrIuII 

Investtsserwent, installations 

PrograirlesInvestissenentde fnmat;ondes fonds de roulemeti 

IHFr.TISSF*IEa'T TOTAL DES FONDS 

CAS1FLOj nil P.nJET 
-AStFLnPI UHULATIF 

CAS.FLT' rImJLATIF0CA.~'FLq'I C'P1ULATIF OOLLARS 000 



r

TA3 10, P 2PROJ.E CT S F CR...I7(In F I IA "rIAL !F qRnillinns of CFA francs) lMAtT
 
CASE 5 
 RAP ~ i v(nApp!
mtIA.in duCROJFET SENFRIZ
 
CAS 5. ... (..n l.lnns de CFA francs) 


j.'nnf FCq II I98d
.."cTMIr TIIMF. 99 190 199 992 1993 1£99 
 195 L996
In1' 'ales rrceints 1997
 
STRIPT)RE ECr)NOMIQUEhIqn lice. sales 

u 5276 Recettes1'hn nrnhun sales 527• 5276 5Z70 5276 de ventes 
bzZ 5276 5276522 5ZZ %276 5276522 522 522 SZZ Ventes de riz
522 522
506 550508S a l e s 522 Ventes de sorgho508 SOS
t S01OS S0Slhqm ratI e 50 40 5055 08revenlie Ventes de- qa i s

1hi !ice n;1 fens 661 Lb 86L so& 
 8£ "IL600 1600 86 86£.1600 Io)0 86L 561'h7.Far-e.rs ::rain handling 1600 1600 £600 1600 teveni du betail255 £600 1600
255 255 255 255 Cnmission rizerie
10&7 O.rrs train storage 5* 
255 255 255 255rr-pnllex 
 rain handing 5h4h 5, 54 255 Cnmmissinn ranutentbon grain (fermlet
147q Cnn~lex nrIn storage 13S 13 136 13Li4 5& 54 54
Es£ L1 54 54
!,"n rattle 1315 54 Co'missinn stockage (fermiers)
 ' .e sales " 6" 26666 66 315 Commwission manitention (complexe)
I S'I ''pd -enter sales 

64 6 4 4 *4 64 64 
6 

64 
266 266 266 Com'mission stockage (complexe)64
1 1 7 7 7 7 7 • 

64 entes de nnurriture Pour le betall7 
 7 Ientes di 
 Centre de Semences

~~11 £q^T~t £0728 £07280726 £0728 £01281Fn(-n,,LFX VARIARI.F COSTS 10726 10728 £0728 £0726 £0728 OEIIENIIE TOTALi!'' nainfed rice 0 0 COS'TSIF ' Irrirated rice 0 0 0 0 0 0 

VARIARLFS 111 M14PLEXE
£106 £ .0 01Rf Snr-ethh, L06 £106 £106 106 £1" ilzpluvial£I0 £106

15fnla ize 
9L 9£ 91 9£ 91 91 

1LO L106 RIz Irrigue9£ 9L 9L9 95 95
!.n Cattle costs 9 i 91 Snrho95 95
5£1i 51£ 95
l97m Feed mill 51 SLL 51£ 51£ 95 95 tais
511 51£
10£ 51£r51£
1n.n nice nlil 10£ 101 £01 £O tout du betail
10£ 10£
87 £ot 101
191n rrain center d7 87 87 S7 101 11s ine dalimentation87 87
302 87 87
17ftO Seed4 plant £1 302 342 30i 302 302 
47 Cnuts variables de la rizerle
302 302
52 S2 52 S2 302 touts variables du centre de grains
271n Service ,nits 52 52
176L £7L1 £161 176£ 176£ 176£ 

2 52 52 52 C'uts variables de lusine de semenc
£7.L 176£ t
1761 1761 
 Couts variables des unites de service;
1715 SIif.TnlTAL,FIEI
171. VARIRLF COSTS
~~- I.1,T. 
 410" 410o4~lPE 4106 .4106 4106 4106 4106 4106171: 4106 4106C01PLE TOTAL PARTI.FL, COLUT5
FI~n VARIA3LE5
CSTSCnUT 
174q rrwilex fixed expenses FIXE DO!COPIPLEXF22 621 SU 622171n Conlex fixee overhead 822 822 522 
 822 822
43 43 43 43 43 822 Depenses fixes du complexe
43 43 
 43 43 43
17h esearch Frals reneraux du cnmPlexe.745 Contin.encyand develop ent L 11 1 11 L IL 11 11 11 e v
504 504 504 
 504 504 ~itprevus
504 504 
 50 0 
 Recherche et developpe54ent
775 St5 TnlTAL, FI-,. M.TS 
 43d 43 
 38 
 3 143 
 138
17RA TOTAL OPFRAT'TIsMr COIY5 438 13 143 1438 TOTAL5544 5544 SS4 5544 5544 5544 

PATIL, COTS FIXES 
5S4444 t55 TOTAL
..?nn Rql. CASIIFLO'. PqTIE DIOPFRATION

5184 b164 5184 5154 5154 5154 5164 5184 5184Pn Investment, a. develonment 
5184 rqiT(; TTII O


.;nIvsJnfcliis24.3 765 768 768
243 243 768 768
243 243 768 765243 21#3 765 768243 243 768 ntnS55 TIntnt, 24,3 Investissement, Oevelnrppement agric( lei
faities 
 0 0 
 0 0 
 0 0 
 0 0 0
P41 orkin- caital 0 Investissenent, Installations
 
0 0 0 
 a 0
R7 0 0 0 0
TOTAL CAPITAL INZVESTMEIT 0 Investisseent des fonds de roulement
101£ 
 1 101 101£ 1011 10£
Re) DROJECT .ASIFLO', £011 L 1011 1014L73 

011 1011 IeIESTISSFIEMt T
4173 4173 nTAL
417£ 417£ DES FONDS
All CIrIIILATIvF CA.!lFLOig 4173 4173 4173 4173 4173-9378 CAS"FLO'y E."
-5205 -1032 3141 "r!njET.!IR rItjti1tSTIVE CASI!FLn'z 7314 £1487'OOLLARS £.D60 £9833no -3752 -20820 -4126 1IS64 29256 459-8 62640 
240"1 26179 C.A!FLO.I nJnLATIF79332 960241 112716 CAIFLI'! C.UULATIF
CA,4FL' C'!IILAT2 F OO(LLARS 000} 

http:PARTI.FL
http:Far-e.rs


TANK 10, Miff 3 
PRIECT SF',rIZ FIi1n'fIALrtF .t) 

(in millions of C.FA francs) 
CASE 5 RAPPOR1T FIANCIER rDU PROJECT SENF.R 

(En millions de CFA francs) 

' in F r 1N'u'i rll . .'TIhlI .T UPF.E=Aflq S;al's receipt,
-itinir.Sales cit 

199 1999 2000 2001 Z002 2003 2004 2005 200 2R-Zoo 
STRIECTIIRl .COtIOP'lrqUF 

"" p sales-h!5 .orghun sales 
Ikh, .ai~e sales 

1.-1 rfven,,e
1hr1 i6e mill fes'In Farme.rs g.rain handling 
1h'?, irrers P.rain stonra.e1&'q rnplex grain handling 
147Q Cninl.x :rain storagelb -?Q Catilex P.aZ sae 
lk 

n 
cae eed sals 

11;11no.eei eter sae 

il, TOlTAI QFVFIIF 

5276 
$22 

506 

1600 

255 
5* 

131526o 

u6 
64? 

10728 

5276 
522 

Sad 

1L600 

2.5 
i 

13L5266 

647 

10728 

5276 
522 

508 
861 
1600 

zSS 
S 

13L5266 
6e 
647 

10728 

5216 
Sz2 

508 
861 

) 

255 
$4 

L3L%266 
b 
647 

10728 

5276 5274 
521 522 

508 So 
861 

1600 

2SS 
54 S4 

IsiS 13152e6 266 
I6 

647 7 
10r-- 10728 

5Z76 
522 

sol 
861 

L600 

254S 
54 

131S266 
6 

64 
7 

10728 

5276 5276 
S22 522 

s 504
8n41islon 861 

140 1600 

25S 2S 
5o 54 

1315 1315266 2"4 
6 6 
64 6 

7 7 
10728 10726 

5417 
524 

SL.evente 

L600 

25S 
Sa 

1344271 

6 
7 

10908 

Recettes de ventes 
Ventes de riz 
Ventes de sorgho 
Ventes de als 
Pattle du,betail

rizerie 
Cnmmissinn nanutention grain (fermi 
Cormissinn stockage (fermlers) 

cCo-niissinn mattention (complexe)Comnissinn stockae (complexe)
Ventes de nnurriture our le beal 
entes du Centre de Semences 

1FmM rn'InLFX VARIAIF COSTS19111 Irqaed riceI' Inri.hte rice 

15n Srla i ze 
1.fin a ttl costs 

197fn Feed mill 
z.nm Rice mill 
1910 Grain center 
17n" Seed plantSee lnt 

171016 

171r StIITnTAL, VARIARLF CnST.A 

.171* COWtPLFX FIXED ..lST1 Aid nronran for farmers 
1'?9 Crimplex fixed expenses 
1711 Complex fixed overhead 
17 . !esparch and develnome.nt 
17r5 Contingency 

1775 SUBITOTAL, FIXED COSTS 

1704 TOTAL OPFRATIf; C %TS 

!7n .R.ssCASIIFLO1 

1?P%" Investmnt, ax. theveloptrent 
1~qR Investment, facilities 
1155 Training programs 
1Jrl 'forklng capital 

1.'70 TOTAL CAPITAL I:1VESTnIF.NT 

l 2 PR0J~,CT CA.i4FLW 
:.411 CU'MLLTIPF rA!lFL0' 

. rL ,,.,.- '- LLARS OMf 

0 0 O 0 4) 0 0 01106 L1 £L06 11L06 lu1106 110 . 110 L16 
9L 91 91 91 91 9L 9L 91 
9 95i5 995 95 95 95 

101 10L 511 SLL SL1 11 SL1 SiOL LOL LOL Lot Mi. LOL LOi 10L87 "87 87 87 of By 87 87
302 302 302 302 302 302 302 3025752 52 52 52 52 52 52 52 

176L L 176 L L16L 176 1 4L L'76 

.-- i0- 4106 4106 6lj 0 - 106 -j0 
41" LO6440 4LO6 416 416 406 4O6 

58 s8 58 58 5o so 56 so 
6Z 8.22 622 822 822 622 822 92243 43 43 43 43 *&3 43 4311 11 It I1 11 11 I1 11 

S04504 506 504 S04 504 S04 504 

-1-3 -*8L#9 13 41 L3 L3 -14_75 Tl .~3"---1438 1438 1438148 138 1438 

5544 SS44 5544 SS4 5544 5544 54 5544 

51&4 St6 51.84 5184 548 5184 5184 5184 

746 16" 76 768 748 768 768 768
243 243 243 243 243 243 243 2430 0 0 0 0 0 0 00 0 0 0 0 0 0 0 

1011 1011 1011 10101 1011 1011 L 011 

4173 4173 4,173 4173 4173 4173 4173 417332352 36525 40698 44871 49044 53217 57390 6L563129406 146100 162192 179v84 19a1l7 212868 229560 26252 

0 
IL06 

9L 

SI 
LOL 

30252 
L76L 

-

LO6 

58 

822 
3433 

I 
504 

*S 

45544 

5184 

768 

243 
0 
0 

1011 

4173 
65736 

262944 

0 
1106 

91 
95 

511 
IOL 

302
52 

L761 

- -

4106 

s8 

822 

It 
504 

13 
1438 

S54COtIT 

5364 

768 

243 
0 
0 

1011 

4353 
-70089 

28035a 

COTS VARIARLFS P'i CO!IPLEXFRiz pluvial
Sorrho 

Ri Irr 
Cout du betal 

out du ealn atmn 
routs variables de la ieeC.uts variables de c rizerle 
Couts variables du cent'e de grainsCouts variables de l'usine de semen,
Cnuts variSn7les des unites de serv 

TOTAL PARTIEL, COUTS VARIA9LES 

COI.IT FIXE DU CO "1LEXE 
Assistance atix fermiers 

epenses fixes du complexe 
Frais eneraux du complexe 
Recherche et developpement 
Imprevus 

TOTAL PA'TIEL, COUTS FIXES 

TnTAIIX DIOPERATION 

CASL;FLO'I RRIJT 

Investissement, develonpement'agrlcc 
Investissenent, installations 
Programmes de formation 
Investissement des fonds de roulemen 

IPVFSTISSF'IFMT TOTAL DES FO.DS 

CASUFLO; ftI P'nJET 
CAS'!FL0'I rU4LJLATIF 
- L' M'':JLATIF DOLLARS OU'n 



TABLE 11 

PROJECT SFNERIZ PI9'flIITInN REPRT 
(In units and tons) 

1978 1979 1980 19dL 

CASE A 
CAS 6 

198, 1983 1984 1985 19" 1987 

RAPPORT PRODUCTION Oil PROJECT
(En unites et tonnes) 

SENERI2 

1il rnitPLcX PROnI .Tinf I 
1 79fllicinfed rice net Production
!Y11 nIrried rce. enet production

lrrlr.ated ric. nt production 
Yh lMaize.net prn .ndtctinn 
1;1 ralv.s purchasad 

"-251 Calve.s sold119.Feeder cattle 

0
02 
0
0 

0 
0 

u0 

3 85 
798z8s 
3 90 
300 

0sU 

260 
2730
668 
769 
800 

300300 

bL 5 
6188
2789 
27J S 
1SO0 

o800800 

L0 7 
9L10 95477
6245 0d8 
5903 6270 
5OO000 

SU 0001500 5000 

103394
12208 
11868 

0 0 0 

100005000 

0 
103394
12208 
18 8 
10J8a 

100005000 

0
103394
12z08 
11868 
10000 

10000
5000 

0
103394
12206 
11 48 
10000 

10000
5000 

Pq nnftiTIflN il r~ P EProduction :Icttp de RIz Pluvl.Production ette de Qiz IrrigueProductinn Nette de Sorhonrnductinn ette de als 
ea x achetes 

Veux vendusRetail d'engraissement 

1?nq FARHFRS P'rfnrTION 
l~fl! ~aine'4r~c~ nt podutio0 a3 a ~13111 rainfe rice net production 0 13 L; 2111305 Sorg~hum ne.t P~roduction 0 19 -L77 I&;11!11 "1illet net prodcton 0 70 40 171

115 M1ize net pr3d16ctln 0 70 460 131320 Total cereals production 0 242 443 29* 
13n Fariq.rs cattle raised 0 113 150 697 

5~2 
297L 
469 
U&S 

1134 
160 

Q69~a3PRODUCTION1069 2283 2263 
b6 13 132013201
1022 2197 2197 
6537 12714 12714
15154 30395 30395 
3419 6743 6743 

2283 
1J20L 
2197 

12714 
30395 
6743 

2283 
13201 
2197 

12714 
30395 
6143 

DES FERPIiERS 
Production Nette de Riz Pluvlal 
Productinn flette de SorighoProduction "o-tte de hillProduction 'ette de tials 
Production Totale de Cereales 
Retail eleve par los fermlers 

IIOTES: 1) 

2)* 

Production data for years
19.-21n7 are identil to 
those of l@R7. 

Production data for MqStother cases are identical 
to the Rase cases. 

N.S.: 1) 

2) 

ftnnnees de oroduction 
Pour los annees 149P-.407 
sont Identiques a cous ae |qS7 

oses de production Pour laplupart des cas son identique 



-I-JECT SFNFRIZ FliANCIAL .FPnlRT TAUS 12, iiW 1 
(In millions of CFA francs) CASE F RAPPn12T FINANCIER IU PROJECT SENERIZ 

(En millions de CFA francs) 

CAS 9 

-On Sales receipts 
1978 1919 1980 1981 19621 1903 1964 1965 1986 1987 

.41n alce s eips STRUICTURE ECONOtIQUE 
rIecettes de ventes 

h2fl Sorghum sales 
,lazn F'a;z% sales 
,1 4 ratt:e revenue 
.s-I nice n4ll fees 
t.I Far-ers .rain handling
h7kTCar-ors grain storage
Ia7l rnrnlex grain handling
4i70 Cn-.IPx ..rain storage
4.n fatt1 feed sales 

';P;ef center sales 

Fi TOTAL RIARtwF 

0 
0 
U 

0 
0 
0 
0 
1; 

0 
0 

49 
10 
14, 

4 
2* 
2 
a 

1 
3 
L 

1 
124 

222 
23 
27 
38 

L09 
4 
L 

57 
&Z 
1 

L. 
495 

S12 
9d 
96 
1L 
2S2 
24 
5 

ISO 
L 
7 

2 
L278 

833 
219 
207 
189 
4LZ 

0 
13 

271 
ba 
L6 

4 
z2u 

3962 
L 

219 
632 

1600 
127 
27 
912 
18* 
33 

7 
7944 

429L 
17 

415 
541 

loU) 
255 
S* 

1071 
ZL* 
64 

7 
926L 

4291 
4.17 
4LS 
861 
1600 
255 
54 

107L 
dL6 

4 

7 
926 

#29L 
427 
41S 
861 

1600 
255 
54 

1071 
214 

64 

7 
926L-R 

4291 
427 
415 
861 

1600 
25 

54 
1071 
216 
64 
7 

9-61 

Ventes de riz
Ventes de sorsho 
Ventes de mals 
Revent, du betail 
Commission rizerie 
ommssion manutention grain (fermleri
Commission stockage (fermlers) 
Commission manutention (complexe)
Comission stockage (complexe) 
ventes de nnurriture pour le betall 
Ventes du Centre de Semences 
EVENIUE TOTAL 

r alainfed rice 
COUTS VARIABLES 11 CO:IPLEXE 

F2 Irrigated rice 
!Sarize 

A5n Cattle costs 

0 
0 
0 

a1;
14 
4 

3436
7 
7 

7473
73 
24 

11812*
4 
*9 

0976515L 
bo 

0105914 
89 

01059
6 
89 

O1059 

89 

0105986 
89 

Riz pluvialRiz irrlgueSorgho 
?!aIs 

67n Feed mill 
6301Rice m0RqO Grin center 

0 9 
2 

35 
4 

80 
38 

197 
282 

S11 
6367 

511 
10187 

511 
10187 

511 
10187 

51L 
1OL87 

Cout du betail 
1lsine d'alimentationCouts variables de la rizerle 

7nn Seed plant710 Service ,nits715 Seice VnIs 0 
L7d 10

385 
4 1 4L17

590 
75 

"is 
'SS552
1S0 

309502
176L 

30252
L71 

3025z
L76L 

302$2
1761 

Couts variables du centre de grainsCouts variables de P'usine de semenc.Couts variables des unites de servic!
i 

714 SIfL 

71* C~t'PLFX 

VIA 

FIXED1 

LCOSTS 

COST. 

33 541 944 1574 ;795 404#8 40;M4.a 4004S TOTAL PARTI EL, COUTS VARIABLES 

7?"' 4ld nronram for farmers 
7?9 rnmnlex fixed .xpenses 
74nl r.nlex fixed overhead 
7650 Research and develoInent 
715 C.ont inLency 

0 
0 
0 
0 
0 

16 
141 
31 
16 
4 

21 
288 
*s 
18 
90 

34 
452 
40 
1 

149 

50 
710 
.46 
1L8 

Z40 

61 
626 
52 

47S 
18 

7L 
882 
55 

507 

58 
822 
43 
IL 

498 

s 

43 
11 

498 

58 

43 

498 

COUT FIXE DU COMPLEXE 
Assistance amix fermlers 
Depenses fixes du complexe 
Frais peneraux du complexe
Recherche et developpement 
Imprevus 

75SUBTOITAL, FIXE.I 

74" TOTAL OPERATiNsG 

7 ln (ROSSCASHFLOI 

COrSTS 

COSTS 

SOSO0 .50 

1) 403 

0 -359 

*24 

993 

-498 

9693 

L637 

-359 

L04 

2440 

-360 

1432 

5227 

"2711 

1533 

558L 

3640 

1432 

5480 

378L 

L432 

5400 

3781 

L432 

5480 

3781 

TOTAL PARTIEL, COUTS FIXES 
COIJTS TOTAIIX D'OPERATION 

rASHFLO. BRUT 
Rhn Investaoent, ag. develment 
.*5n Investment, facilities 
455 Training programs 
'111 tkrking capital 

17n TOTAL CAPITAL INVESTMFlT 

RASO PROJECT CASHFLOUI 
831 CU'PIiLWTIvF rASHFLO11 
SRI Ct1-.M:LAT,:1 ASH;LO!, flLLARS 000 

1285 
1:) 

20 
- 03 

2833 

-2833 
-2833 

-1L3Z 

23s9 
500 
36 

Ldu 

308, 

-3444 
-6277 

-Z,10a 

6,18 
L40U 

19 
2 

8084 

-85s4 
-14861 
-59444 

7125 
3285 

20 
180 

1010 

-10969 
-25830 

-1OJ3Zo 

51e9 
400 

0 
180 

5749 

-O109 
-31939 

-1Z7756 

4374 
0 
0 
0 

4374 

-1657 
-33596 

-134384 

0 
0 
0 
0 

0 

J680 
-2991 

-119bb4 

768 
243 

0 
0 

1OLL 

4770 
-27146 
-1Odd4 

768 
243 

0 
0 

1011 

2770 
-24376 
-97504 

768 
243 
0 
0 

1011 

2770 
-ZL606 
-86424 

Investissement, develonpement agrircli
Investissement, Installations 
Prograiries do formation 
Investissement des fonds de roulemeri 

INVESTISSE'EMT TOTAL DES FONDS 

CASHFLOtJ Iu PROJET 
CASHFL-i CUMIULATIF 
CASt4L'PI CTIMULATIF DOLLARS 000 



PROfJECT SFnFRIZ FIANCIAL REP111T(In millions of CFA francs) 
TAKE 12, PART 2 

CASE F RAPPORT FINANCIER DU PROJECT SENERIZ 
(En millions de CFA francs) 

CAS A 

dlflnSales receipts 
1614 nice sale 

1h'n Sormhum sales 
!hh' I'Aize sales 
lh'" rattle revenue 
1hfl nIce mill fees 
1k73 Far-w.rs grain handling 
IhTk Farr.rs grain storage
1b7S Co plex train handlingCoPlex grain storage1hrn Cattle feed sales 

;Peed center sales 

!In0ALREvENUE 

F l Cn*PLFX VARIARI.F COSTS 

196# 

429L 
427 

4LS 
86i 

1600 

25 
54

177q1071
21* 

64
7 

9261 

1969 

429L 
427 

4L5 
8b1 
1600 

255 
S*

1071 
d1. 

64
7 

-
9261 

L990 

4291 
427 

415 
61 

1400 
255 

5
1071 
216 

647 

-
9261 

1U91 

4291 
427 

415 
861 
1600 
2S5 
54

1071 
216 

647 

9261 

1992 

4291 
427 

415 
86L 
1600 

255 
5454 

1071
21* 

647 

9261 

1993 

4291 
427 

415 
"1 
1600 

255 
54

1071 
21& 

647 

9261 

1994 

4291 
4-27 

41 
d61 

1600 

255 
54

1071 
216 

647 

- -
9-61 

195 

4291 
427 

4LS 
661 
1600 

255 
54

1071 
214 

6 7 

9261 

1996 

4d91 
427 

S 
661 

1600 

255 

1071 
ZL6 

647 

9261 

1997 

429L 
427 

415 
861 

1600 

25 
54

L071 
216 

7 

9261 

STRIOCTURE ECONOMIQUE 
Recettes de ventes 

Ventes de riz 
Ventes de sorgho 
Ventes de 

1 
s 

Revenu du betall 
Commission rizerle 
Cnmmission manutention grain (fermic
Comwnission stockage (fermiers)Commission manutention (complexe)Comm'ission stockage (complexe) 

V'entes de nnurriture pour le betalVentes du Centre de Semences 

ete du Cetr de Sene 
RFVENIE TOTAL 

1911 nainfed rice 
gln Irrigated rice 

19 nrnhun1icn -1aie 

1Kfn Cattle costs 
197M Feed mill 
1633 Rice mni 
19nn Grain center 
17n Seed plant 
171n Service units 

1715 SIIRTITAL, VARIASLE COSTS 

0 
1059 . 

511 
1OL 
at 

302 
'52 

1761 

-

0 
10598* 

51L 
101 
at 

302 
$2 

1761 

-

0 
105986 

89 
511511 
£01 

7 
302 

52 
1761 

-

0 
105986 

9 

101 
7 

302 
52 

1761 

0 
105966 

6989 
511 
101 
87 

402 
52 

1761 

0 
1059 

so 

69 
511 
101 
87 

302 
52 

1761 

0 
1059
84 

511 
101 
87 

302 
52 

1761 

0
1059
66 

89 
S11 
101 
87 

J02 
52 

17o 

0
1059
86 

89 
511 
101 
87 

302 
52 

1761 

0
1059 

86 

89 
51L 
101 
87 

302 
52 

1761 

COtITS VARIARLeS Pi1COMPLEXE 
Riz pluvialRiz irrigue
Sorgho 

Mais 
Cout du betail 
1lsine d'alimentation
Couts variables de a rizerle 
Couts variables du centre de grains 
Couts variables de l'uslne de semenc 
Couts variables des unites de servici 

1712 CMIPXEX FIXED COSTS 
171M Aid nroram for farmers 
t775 Complex fixed expenses 
17111 Complex fixed overhead 
17&n Research and development 
.75 Contingency 

4048 

5d 
822 
43 
11 

498 

56 
622 
43 
11 

498, 

4048 

58 
822 
43 
I 

498 

4048 

58 
822 

43 
11 

498 

4048 

58 
822 
43 
IL 

498 

4046 

58 
822 
43 
11 

498 

4048 

58 
822 
43 
11 

498 

-
4046 

so 
622 
43 
11 

498 

-
4048 

s 
822 
43 
L 

498 

4048 

s6 
822 
43 
11 

498 

TOTAL PARTIEL, COUTS VARIABLES 

COUT FIXE DU COMPLEXE 
Assistance aux fermlers 
Depenses fixes du complexe 
Frais generaux du complexe 
Recherche et developpement 
Imprevus 

1775 SUTTAL1 FIXED COSTS 

173M TOTAL OPERATitIG 1:'0TS 

17nn GROSS CASHFLO!J 

lPhn Investment, am. development
105n Investment, facilities 
14SS Training progr-Ams 
l1~ tjorking capital 

1170 TOTAL CAPITAL INVlESTHEIST 

1RSO PROJECT CAStiFLOt! 
1A31 CWCIUATIVE CASHFLO1t. 
1FI' CIMULATIVE CASIIFLOn DOLLARS 000 

143-

5480 

3781 

768 
241 

0 
0 

L1011 

2770 

18836 
75344 

1632 

540 

J781 

766 
243 

0 
0 

d770 

-1.06* 
-o42o4 

1432 

5480 

3781 

768 
243 

0 
0 

1011 

2770 

-13296 
-531.84 

1432 

5480 

378 

768 
2430 

0 
0 

1011L0LL 

2770 

-10526 
-421l, 

1432 

544 

3781 

7*8 
243 

0 
o 

1011 

2770 

-7756 
-31024 

1432 

5460 

3781 

768 
243 

0 
0 

1011 

2770 

-4986 
-1.9944 

1432 

5460 

3781 

768 
243 

0 
0 

1011 

2770 

-2216 
-8864 

1432 

5460 

3781 

768 
243 

0 
0 

1011 

d770 

154 
2216 

1432 

5480 

3781 

76# 
241 

0 
0 

1011 

2770 

3324 
13296 

1432 

5480 

3781 

768 
243 

0 
0 

1011 

2770 

6094 
24376 

TOTAL PARTIEL, COUTS FIXES 

COITS TOTAIIX D'OPERATION 

CAq!tF O!l RRIJT 

Investissement. develonpement agri'P
Investissement, Installations 
Programmes de formation 
Investissement des fonds de roulemen

INVESTISSEIEMT TOTAL DES FONDS 

CASHFLO flit PROJET 
CO.SHFLM-. UMULATIF 
CA!SHFLO1 CIIULATIF DOLLARS 000 

1 

t 



TAIS 12 PART 3 

PRiJECT S"EiIZ FIAfCIALfn 
(in millions of CFA francs) 

CASE F RAPPO'T FItANCIER DU PROJECT SENER 
(En millions do CFA francs) 

CASB 
1998 1999 2000 2001 2002 Z003 2004 z005 2006 2007 

1 1 0 Fn 'IOJIe srS T U TRI CTU R E E C O N OMI Q U E 
l eRecettes de vntes 

141n ice sales 
Sorghum sales1hbq #'A170 sales 

7 rattle revenue 
1h,; flice mill fees 
Ih71 Farmers grAin handling 
1h7 Ffarmers grain storage 
1b7q ronlex grain handling 
147Q Complex grain storage
1!q rattle feed sales 

' Ped center sales 

4Z91 
4242745 
861 
1601 
25i 

5 
101r 
216 

64 
7 

4291 
427435 
86L 
1600 
255 

5 
L071 
ZL6 
64 
7 

4291 
4274354j5 
861 

1600 
255 

54 
1071 

16 
64 

4291 
42744. 
"eL 

1600 
255 

54 
1071 
216 
64 

7 

429L 
421435 
861 
1600 
255 

54 
1071 
21. 

64 
7 

4291 
427435 
61 

1600 
255 

54 
1071 

1e 
64 
7 

4291 
427
43 
81 
1600 
25S 

54 
1071 
.216 

64 
7 

4291 
427
4L5 
841 

1600 
255 

54 
1071 
216 

64 
7 

4291 
427 

161 
L600 
255 

54 
1071 
216 

7 

4432 
428
418 
861 

1600 
255 
54 

LIO 
222 

64 
7 

Ventes de riz • 
entes de sorgho

Ventes de mais 
Revenu du betail 
Commission rizerie 
Commissinn manutention grain (ferm 
Commission stockage (fermiers) 
Cormission manutention (complexe) 
Cormmission stockage (complexe)
Ventes de nnurriture pour le betal' 
Ventes du Centre de Semences 

iwi'TnTAL RVF.NIIE 92&1 9261 9261 926L IAb6 9261 9261 926L 9261 94; REVENIIE TOTAL 
1Ffn rfl'PLEX VARIARL"*CSTS 

'11 Painfed rice 
-tFPn Irrigated rice 
191n Sorghum 
IrSn ?1aIze 
199n Cattle costs 
197n Feed mill 

10 Rice mill1I1 Grain center 

17nft Seed plant171n Service units 

0 
1059 

86 
89 

b11L 
LUL 

67
302 

52
17bL 

0' 
105% 

6 
89 
11 
101 

87
302 

5z
1161 

0 
1059 

6 
89 
L 

101 

87
302 

52
1761 

0 
1059 

86 
89 

511 
101 

4d7
302 

i2 
1761 

1059 
86 
89 

511 
101 

87
302 
52 

&7&1 

0 
1059 
86 
19 

511 
101 

at 
302 

52 
1761 

109 
d6 
89 
PL 
101 

a? 
302 

52 
17.1 

0 
1059 

8 
89 

SLL 
101 

d? 
302 

52 
1761 

0 
1059 

86 
89 

211 
101 

87 
30Z 

52 
1761 

0 
1059 
86 
89 

511 
101 
at 

3u2 

52 
1761 

COLITS VARIABLES DII COMPLEXE 
Riz pluvial 
Riz Irrigue
Sorgho 
Vais 
Cout du hetail 
Ilsine d'alimentation 
Couts variables de la rizerle 
Couts variables du centre de grain. 
Couts variables de lmusine de semet 
Couts variables des unites de serv, 

1715 SIInTnTAL, VARIABLE COSTS 4048 4048 404 4048 4046 4048 404-4-4 4048 4048 TOTAL PARTIEL, COUTS VARIABLES 
11711 COIIPLEX FIXED COSTS 
11 Aid Program for farmers 

1775 omplex fixed expenses 
173n Complex fixed overhead 
1740 Research and development
179S Contingency 

58 
022 
43 
LL11 

498 

56 
822 
43 

498 

5 
622 
43 
11 
498 

556 
822 

43 
11 

498 

58 
822 
43 
11 

496 

Sd 
822 
43 
LL 

498 

5 
822 
43 
11 

498 

58 
822 
43 
11 

498 

58 
822 

43 
11 

498 

5d 
822 
43 
11 

498 

COIJT FIXE DU COMPLEXE 
Assistance aux fermiers 
Depenses fixes du complexe 
Frais generaux du complexe 
Recherche et developpement 
imprevus 

1775 SUBTOTAL, FIXED COSTS 143 1*32 432 1432 1432 1L432 1432 1432 143--2 1432 TOTAL PARTIEL, COUTS FIXES 
171n TOTAL OPERATING CnSTS 54" 5480 54l0 5460 5460 5460 5480 5490 5480 5480 COJTS TOTAIIX DOOPFRATION 
17"n GROSS CASHFLO4 378L 3781 3751 3781 3781 3781 3781 181 3781 3961 FASHFLO'I BRUT 
1Plan Investment, ag. development 
1*Sn Investment, facilities 
1 S5 Training programs 
1F1 torkinn capital 

768 
243 

0 
0 

768 
243 

0 
0 

760 
243 

0 
0 

768 
243 

0 
0 

160 
243 

0 
0 

768 
243 

0 
0 

768 

243 
0 
0 

768 

213 
0 
0 

768 

243 
0 
0 

768 

243 
0 
0 

Investissement, developpement a r 
Investissenent. installations 
Programmes de formation 
Investissement des fonds de roule. 

1q7q TOTAL CAPITAL INVESTMENT 1011 LO11 1O11 LO11 1O11 1011 1011 1O11 LO11 LO11 INVESTISSEENT TOTAL DES FONDS 
1A11 PROJ!VT CASHFLnw 
"it! C'PJL IIRlVP CA¢SFLO-W 
1'3 CIHUJLATI£E CASIIFLI nf)LLARS fliffl 

2770 
d864 

35*O 

2773 
11634 
'.6536 

2770 
14404 
576j1 

2770 
17174 
Udu49 ' 

2770 
19944 
79774 

2770 
22714 
9a 5a 

2770 
25484 
101910 

2770 
28254 
113jZ6 

2770 
31024 

124096 

2950 
33974 

13555 0':L 

CAS4FLOI nij PtnJET 
CAS!FL111 CUMULATIF 

; C::IULATIF DOLLARS ! 



,P JECT lrADJ 13, ft" IFNFRIZ FltAPJrAL nEPnRT
(In millions of CFA francs) 

CASE 7 
 RAPPOMT FINANCIER DU PROJECT SENERIZ
 

(En Millions de CFA francs)
 
CAS 7
 

1976 1979 1980 1981 
 1982 1983
11in' Sales receipts 1984 1985 1986 1987 
1b09 nice sale s 
 STRIICTURE ECONOHIQUE
 

Recettes de ventes 
Zjfn Sorghum sales 
1ian F"aizo sales 
1491 rattle revenue 
1hr-1 Rice mill fees 
lh7 Farmers grain handling
lh'k Farmers train storage
1k7q romplex grain handling
1171 Cnmpiex nrain hoan g1, 1 Cormplex grain storage
1%rn Cattle feed sales 
1S" Seed center sales 

0 

0 

0 

0 
d 
0 

b 
L 
15
4 

14 

0 
La3 

249 
26 
30
38 

61 
4 
1 

6413 
L 
1 

S7 
109 
lotLJL 

L4L 
24 

5 
1o834 

7 

940 
243 
230tog 

232 
60 
13 

30462 
16 
1# 

44L8 
268 
2463Z 

1075 
2I7 
27 

LOLZ04 
33 
7 

4783 
475 
46286L 

71T 
255 
54 

1934L1 
64 
7 

4763 
415 
46206L 

1175 
255 
5* 

1193Z4L 
4 

7 

4783 
475 
46286L 

L175 
2S5 

54 
1193241 

64 
7 

4783 
475 
462861 

1175 
255 
s 

1193241 
64 

7 

Ventes de riz 
Ventes de sorgho 
Ventes de maisRevenu du betail 

Commission rizerie 
Commission manutention grain (fermlers)
Commission stockage (fermiers)Commission manutention (complexe)Chmmission stockage (complexe)
Ventes de nnurriture Pour le betail 
Ventes du Centre de Semences 

11;qt' TnTAL REvEI0 125 488 1271 293 8052 9bo 9570 9-570 9j7" RFVENIIE TOTAL 
lFn'l CfP'PLFX VARIARLE COSTS1X1 ~ anfe rie OT191 ireinfed rice 

Irrinated riceIr% Snrehuw 
5fnin t lze 

1tfl Cattle costs 
197n Feed mil
16.13 nice mill 
1910 nrain center 
17"T Seed plant 
17101 Service units 

0 
02na0 
a 
0 
U 
0 
0 
0 
u 

7 
12• 

4 
9 
2 
L 
5 
3 

Lb7 

35 
367 

8 
3b 

4 
6 
17 
Lu 

385 

76 
I4Z5 
25 
80 
L3 
8 

4L 
17 

S90 

14Z1 
L2721 
50 

L91 
24 
Ze 
7b 
44 

d6d 

0 
9652 
51 
:1 
63 
17 

255 
52 

1750 

0 
10828 

92 
511 
101 
87 

302 
52 

1761 

a0 
L082

$8 
92 

511 
jul

d 1 
302 
s5 

L761 

106288 
92 

51L 
101 
87 

302 
52 

1761 

0 
1082

8 
92 

511 
101 
8 

302 
52 

L761 

CGTS VARIABLES Oi COMPLEXE 
Riz pluvial
Riz irrixue
Sorgho 
tlaIs 
Cout du betail 
UsIne d'alimentation 
Cauts variahles de )a rizerle 
Couts variables du centre de grains
Couts variables de l'usine de semences 
Couts variahles des unites de service 

175 SlftRT3TAL4VARIABLE 
171' CntPLEX FIXED COSTS 

-34 b 1OSTS949--583 3d19 4076 4076 -4Ob 4076 TOTAL PARTIEL, COUTS VARIABLES 
1720 Aid 6rogram for farmers 
1775 C mnlex fixed expenses 
1730 Complex fixed overhead 
17411 Research and development 
1765 Contingency 

1775 SUBTOTAL, FIXED COSTS 

211Rn TOTAL OPERATING rnTS 

17"nl CROSS CASHFLOn 

lPkn Investment, ag. development
14Sn Investment, facilities 
Iq55 Training programs 
lPF1 tlorking capital 

1q70 TOTAL CAPITAL INVESTHEF"T 
1A81 PROJECT CASlIFLOW 
'vR'1 CUWILATI1E CASl1FLOW. 

13 CtIMtlJATIVE CASIIFLOW DOLLARS 

0 
0 
0 
0 
0 

0 

0 

0 

1285 
1520 

28 
0 

2833 

-2833 
-2833 

000 -L133Z 

16 
14b1 
jL 
18 
44 

abo 

4u4 

-j59 

2369 
boo 
36 
Lao 

38 5 

-J44 
-6Z77 

-25108 

21 
28 
35 
La 
91 

453 

996 

-208 

641" 
1400 

19 
254 

809L 

-8599 
-1487b 
-5950 

34 
452 

40 
18 

149 

a93 

1042 

-311 

7125 
3285 

20 
Ld 

10616 

-10187 
-25863 

-11315z 

50 61 71 s8 
110 526 862 822 
48 52 55 43 
1 16 18 11 

24L 478 510 501 

1067 L435 1536 1435 

26so 5254 5612 5511 

-357 2798 3956 %059 

5L69 4374 0 768 
400 0 0 243 

0 0 a 0 
179 0 0 0 

574s 4374 - - - 101-1 
-6105 -1576 3958 3U08

-319bd -33544 -2958b -46538 
-127872 -L34L6 -118344 -106152 

58 
622 
43 
11 

501 

1435 

5511 

4059 

768 
243 

0 
0 

1011 

3048 
-23490 
-91960 

58 
822 

43 
11 

501 

1435 

5511 

4059 

760 
.43 

0 
0 

1011 

3048 
-20442 
-8176d 

COUT FIXE DU COMPLEXE 
Assistance aux fermlers 
Depenses fixes du complexe 
Frails eneraux du complexe
Recherche et developpement 
imprevus 

TOTAL PAR.TJEL COUTS FIXES 

COIJTS TOTAIIX DOOPERATION 

rAqHFLOI RRUT 

Investissement, developriement agricole-
Investissement, Installations 
Programmes de formation 
Investissement des fonds de roulement 

INIVESTISSE'IEMT TOTAL DES FONDS 

CASHFLOU nlt PROJET 
CASHIFLO.I CUMULATIF 
CASHFLOI C111ULA-IF DOLLARS 000 



P(nJECT SHRiZ FIAtCIAL EI 
(in nillions of CFA francs) 

T 
TAMIl13, PRT 2 

CASE 7 
RAPPORT FINANCIER DU PROJECT SENERIZ 

(En millions do CFA francs) 

CAS 7 

110n ECOPflIIC STRUCTURE 
L98d 19d9 1990 1991 1992 1993 19914 995 1996 1997 

I&n RICOsas ees
hn Sorgicsales 

1h'fl Sorhur sales 

l4.2 r*ice miles 

4783 
475 

4183 

4(6L 

4153 

48,186Z 

4783 
7 

475j 
79 

4.2 

478 
475475475 

402 

478 
475475 

461""I 

4783 4783 

62 

4783 

462 

STRICTURE ECONOIQUERecettes de ventes 

Ventes de sorgho 
Ventes de eats 
Revenu du betail 

1h73 'ane4me gririn anedies L11725 11 L 555 2155 1175 1175 86ISI6M1175 641215 841i7s 115 86117 Commission rizerieConmmission manutentlon grain (fermlers) 
'h'Carmers pKrain storarge

lk7s rmnlex crain handling 
lh7q Cnelex grain stnrace 
'%'n Cattle feed sales 
,;in leed center sales 

)4 
LL93 
Z14. 

W& 
r 

54 
£L93 

64 

54 
1193 

2414L 
60 
7 

SCommission 
LL93 tL93 
Z4 41241 

64 6# 
7 

I193 
4oae 

64 

1193 

64 
7 

241 
1193 

64 
7 

1193 

64 
7 

1193 

64 

stockae (fermiers)
Commission msatonucktagetion (complexe)

si (complexe) 
Ventes de nnurrture pour le betl 
Ventes du Centre de Semences 

!cn TTAf. RF"F jlF -i70 -9 957- 997b 9U7'-- 9570 9570 97-0 9570--97- QEENllE TOTAL 
1Fnn rn0"nLFX VARIARFI.E COSTS 
1EIn fainfed rice 
!gln Irrieated rice 
vcn nrghum 
195nl!aize 
!C911 Cattlo costs 
1974 Feed mill 
1mi Rice mil 17 
!.1 0 Grain center 
17nn Seed 0lant 
171f Service units 

0 
L082 

dd 
92 

51L 
1L1 

Su2 
52 

L76L 

1) 
1042 

do 
9Z 

511 
1o 
87 

30Z 
52 

11l 

to 
68 
9Z 

511 
101 
87 

302 
52 

L761 

Lodz 
d 

92 
:UL 
101 
87 

302 
2 

116L 

1082 
do 
92 

:UL 
L01 
at 

j0Z 
SZ 

1761 

1082 
8 
92 

S1 
Lo 
-87 
J02 
52" 

L76 

0 
1012 
88 
.92 
511 
101 
67 

302 
52 

1761 

0 
1062 

92 
511 
101 
67 

302 
52 

1761 

1042 
as 
92 

5LL 
101 

87 
J02 

52 
176 L 

00 
1082 

as 
92 

511 
101 
67 

302 
52 

176I 

COLITS VARIABLES flu COFMPLEXE 
RIz pluvial 
Riz irrigue 
Sortho 
Pais 
rout du hetail 
lisine d'alimentation 
Couts variables de ha rizerle 
Cot!ts variables du centre de grains
Couts variables de I'usine de semences 
Couts variables des unites de service 

1715 SURTOTAL, VARIARLE COSTS 4Gb 407. 407 4076 407. 407 401 4076 .076 4076 TOTAL PARTIEL, COUTS VARIABLES 
171N C IP.LEX FIXED COSTS 
17vA Aid nrogram for farmers 
17 Complex fixed expenses 
173n Complex fixed overhead 
1740 Research and development 
!765 Contingency 

53 
84Z 
4J 
1& 

npL 

s 
822 

43 
11 
1bt 

58 
62Z 
43 
11 
0150 

s8 
d22 
43 
11 
:50L 

5a 
822 

43 
11 

56 
622 
43 
11 

SOL501 

55 
822 

43 
11 

58 
622 
43 
11 
501 

be 
822 
43 
11 

51OL 

822 
3 

11 
501 

CnUT FIXE DU COMPLEXE 
Assistance ax fermiers 
Depenses fixes du complexe 
Frais generaux du compiexe 
necherche et developpement 
mprevus 

1775 SUBTOTAL, FIXED COSTS 14 14s5 1435 L435 135, L35 141s 1435 1435 135 TOTAL PARTIEL, OUTS FIXES 

173f TOTAL OPERATIf COSTS 551L 5blL 55LI si1 5511SI 55H 115511. SUL "511 5511 COIJTq TOTAIIX DOPERATION 
17"nq GlIss CASIIFLOI 405) 40 9 4059 4"59 40 59 4059 4059 4059 4059 4059 CASHFLO'I BRIIT 
Vok" Investment, ag. development 
zSfn Investment, facilities 
1155 Traininp programs 
1*41 1lorklng capital 

7bd 
243 

1) 
0 

766 
z43 

0 
0 

768 
243 

0 
0 

Th6 
Z43 

a 

7*8 
243 

0 
0 

7.5 
243 

0 
0 

.8 
243 

1) 
0 

768 
243 

0 
0 

768 
243 

0 
0 

768 
243 

o 
0 

Investissement, developpement agricole 
Investissenent, installations 
Programmes de formation 
Investissement des fonds de roulement 

17T0 TOTAL CAPITAL IIVES-TEIIT 1011 1 L oll 1011 oll 1011 101 1 11 1 01 ItVESTISSE EM!T TOTAL DES FONDS 
1R21 PROJECT CASUIFLOU 
1!11 CW'IIJLATI1JE CAS IFLO1. 
1!13 CAJ? tlATIvE CASIIFLO'I DOLLARS 000 

304 
-113 
-09516 

34U 
3-14346 

-57384 

3048 
-11296 
-4519Z 

3)4o 
-d2bO 

-3Ju.J 

304 
-5202 

-20808 

10468 
-2154 
-861o 

3048 
894 

357. 

3048 
3942 
L576U 

3046 
6990 

27960 

3046d 
10038 
40152 

CAS4FLOII 
CASHFLMII 
CASHFLO'l 

DI! PfnJET 
CUMULLATIF 
C'JMULATIF DOLLARS 000 



PROJECT SFNFRIZ FInAHCIAL REIPOT(In millions of CFA francs) TA IT 13. IM 

CASE 7 

CAS 7 

3 
RAPPORT FINANCIER IN PROJECT SENERIZ 

(En millions de CFA francs) 

1lfln EC)lflflC STRIICTURE160n Sales receipts14l7 Rice sales 

1998 1999 liOU 4100L 2002 Z003 ZOU4 2005 200" 2001 

STRIICTURF ECON tIlr$.E 
Recettes de ventes 

l'2fl Sorghum sales 
71hn "Aize sales 
1b~ rattle revenue 
lh'- nice mill fees 
h7f Fa rs raln h 
117 Farm'.rs grain storage55
1b7s rmlex grain handling117q r1193liuq Cnmolex grain storage 
Ih"'n attIe feed sales 
' need center sales 

4783 
415 
462 
61 

L115 

54 
24L 

64 
1 

4763 
475 
46h 

|6L 
1175 

541193
241 
64 
7 

4783 
475 
462 
6L 

1175 
5255 
54LL93

Z4L 
64 
7 

4783 
475 
462 
d6L 

1175 
255 
54119A

24L 
4 
7 

4783 4783 
475 475 
462 462 

"6151 
117 WS1175L 
ZComm55 

54 54L93 L193241 241 
64 64 
7 7 

4763 
475 
462 
6 

255 
54193

24L 
64 

7 

4763 
475 
462 
81 

1L75 
235 
541L93

241 
64 

7 

4783 
47j 
46Z 
861 

L175 
255 

541193
241 
64 
7 

4924 
476 
464 
86L 

1209 
255 

541222
246 
64 
7 

Ventes de riz 
V1ntes de sorsho 
Ventes de mals 
Revenu do-.betail 
Cnmmisslon rizerle 
Cnission manutention grain (fepmilers)
Commission stockage (fermlers)Comission manutention (complex&)ConwIsslon stackage (complexe)
Ventes de nourriture Pour le betall 
Ventes du Centre de Semences 

19qnTOTAL RFUVFtflF 

1 9 fl raPnX VARiARL CSTS 

97 9370 9570 9570 9570 9570 9510 9570 9570 9782 REVENUE TOTAL 

l In Painted rice 
IFn Irriated rice 
1 AXI nr hur 
154 Ila ize 
!XP Cattle costs 
I7O Feed mill 

Rice mill 
16 rain center17nnSeed plant 

Service units 
171S S1JRTOTAL, VARIALE COSTS 

1714 CUIPLEX FIXED COSTS 

0 
1062 

88 . 
92 

511 
OL 
87RO 
2.4052 

771nL7 
4076 

0 
1062 

66 
2 

5L1 
1o1 
67 

302
2 

1761 
4076 

0 
1082 

85 
92 

511 
101 
67 

30
52 

1761 
4076 

0 
1042 

6A 
92 
511 
11 
47 
302

2 

176L 
407a 

U. 
LOU 

8 6 
2 

511 
I10 

87 
302
5e 

1761 
4U7 

0 
106 

as 
92 
511 
101 
87 

302
52 

1761 
4076 

0 
1032 

an 
92 

511 
101 
87 
302 
52 

L76L 
4076 

0 
OC02 
as 
92 

511 
101 
87 

302 
32 

L761 
4076 

0 
1062 

as 
92 

511 
101 
87 

302
52 

761 
4,76 4 

0 
1062 

as 
92 

511 
101 
87 

302
52 

1761 
076 

COUTS VARIABLES DiI COMPLEXE 
Riz pluvial 
Riz irrlue 
So r ho 
Ials 
Cout du betal1 
iJsine d'alimentation 
Couts varlahles de la rizerie 
Couts variables du centre de grainsCouts variables de Iusine de seencem 

Couts variables des unites de service 
TOTAL PARTIEL, COUTS VARIABLES 

172f Aid Prnram for farmers 
1775 Complex fixed expenses 
1718 Complex fixed nverhead 
17b* Resarch and development 
17R5 Contingency 
1.775 SUBTOTAL, FIXED COSTS 

74 TOTAL OPERATING CIITS 

54 
52" 
4 
11 

501 

1435 

551L 

38 
622 

43 
11 

501 
14"--735 

331 

58 
422 
43 
11 

501 
-6S 

1435 

5511 

-

38 
622 
433 
11 

501 
135 

351 

Sd 
822 

11 
501 

-6S 

1435 

58 
822 
43 
11 

501 
6b 

1435 7-
5511 

58 
82 
43 
I1 

501 
6$: 

5 

55511 

58 
822 
43 
11 

501 
65 

1435-

56 
822 
43 
11 

501 
:6> 
143b 

56 
822 
43 
11 

501 
13 
1435 

SU51 

COOT FIXE DU COMPLEXE 
Assistance aux fermiers 
Depenses fixes du complexe 
Frais generaux du complexe
Recherche et developpement 
Imprevus 

TOTAL PARTIEL, COUTS FIXES 

C01JTS TOTAIIX DOOPERATION 
17qfl CQOSS CASHFLOW 

.P9 Investment. ax. development
-Sn Investment, facilities 

1855 Training programs 
11 1 Uorkinn capital 

Vt74 TOTAL CAPITAL INVESThENT 

A80 PROJECT CASHFLOH 
PS1 CUFIILATIVE CASHFLOl. 

1$R3 UIMPl.,ATIVE CAStIFLON DOLLARS 000 

4059 

766 
243 

1011 

3048 
1306 
52344 

4u19 

7.4 
243 

0 

1011 

3u48 
16134 
64536 

4059 

766 
243 

0 
0 

101 

3046 
19182 
76728 

1 

40599 

168 
243 

0 
0 

1 11 

J"A; 
22230 
8d920 

409 

766 
243 

0 
0 

1011 

3048 
2Z5278 

101112 

4059 

766 
243 

0 
0 

101L 

308 
263Z6 

113304 

4059 

768 
243 

0 
0 

101 

3048 
31374 

125496 

4059 

765 
243 

0 
0 

101. 

3048 
34422 
137a88 

4059 

76 
243 

0 
0 

.1011 

3048 
37470 
149880 

4271 

6 
243 

0 
0 

1OL1 

3260 
40730 
162920 

CASHFLOU BRUT 

investissement, developpement agricole
Investissement, Installations 
Prngrammes de formation 
Investissement des fonds de roulement 

IIVESTISSEEHT TOTAL DES FONDS 

CASHFLOII nip PROJET 
CASHFL0I CUMULATIF 
CASHFL0u CUIWIATIF DOLLARS 000 



TANZ 14, pM IPROJECT SFWERIZ FINAUClAL REI kT 
P(inECm Fi of F A- ALS RFs !
n rnd
(in nlllnns nf CFA francs) 
 RAPP'VT FINANCIER O PROJECT SENERIZ
CASE a 
 (En millions de CFA francs)
 

Cams 

1978 1979 1980 1941 
 L92 1943 1984 1965 
 1986 1987
 
'hin nice sales STICTURE ECONOMIQUE 
lh!l Sorghum sales Recettes de ventes 

vnq Sales receipts 


3 b 249 573 940 4418 4703 4783 47831khn sorghusales 4783 Ventes de riz
11 26 109 243 260 
 475 475 475 475 
 Ventes de snrgho

1494 rattle revenue 
 0 L5 30 107 230 244 
 4"a 442 
 6 Ventes de mals
1 Rice mill fees
Farmers 189 
147h Farmers grain storage 

U 27 122 281 464 O00 1600 1600 L600 1600 Commission rizerle 
1%873 rain handling 0 4k4 38 101 o32 86L 61 61 861 Rvenu du betail 

0 U 0 0 
 0 0 0 0
1&75 rnnplex grain handling 0 nnwmiissicwr-manutention
0 a U 0 grain (femiers
0 0 0 0
h7q Cnr~plex rrn storage 0 0 commission stockage'(fermiers!Comple feed sae 0 0 0 0 0 01hrn Cattle feed sales aq00 01 a1 0 0 0 00 00 00 0 Comilssion manutention (cmplexe>1 16 33 64 0 Cormission stockage (complexe)
! ned center sales 0 L L 2 4 7 1 
64 64 64 Ventes de nnurriture pour le betal!7 1 7 
'enes du Centre de Semences
 

n TOTAL R.VENIJF 
 0 115 467 1180 2084 7202 8252 6252 8252 8252 QEVENIIE TOTAL
 

"1 a~nfed rice
1F-in rn'PLEX VARIARLE COSTS -"COUTS 
 VARIABLES DII COMPLEXE1 20
Irrigated rice 
 0 7 35 1: 121 0 0 0 0
2. 12 36 0 Riz pluvialt qISorhum 0 + 7 
74 127 996 10612 1062 1082 10&225 51 52 Riz irrlguoas as 6il, Sorho10:s Cattle c ts 0 4 8 as 50 51 92 920 9 92 92 Hats
197nFio mill 35 do 197 511 511 5110 2 4 13 26 511 511 Cout du betail63 101 101 
 10L 101 Usine d'alimentation


1930 Ricenterl0 L 81912 Grain center 22 67 8717k" Seed plant 0 5 IT 75 302 
87 87 g7 Couts variables de la rizerle255 302
171n Service units a 3 10 17 44 52 52 302 302 Couts variables du centee de grainsu 187 385 590 868 1750 1761 176
52 52 5z Couts vnrlahles de I'uslne de semence!
1761 1761 Couts variables des unites de service
 

1725 SURTOTAL, VARIABLE COSTS 
 0 234 543 
 949 1583 3819 4076 4076 4076 4076 TOTAL PARTIEL, COUTS VARIABLES
1713 COIPLEX FIXED COSTS 

1720 Aid P ogram for farrm.rs COUT FIXE DU COMPLEXE
0 16 21 34 so 
 1 71 58
1775 Com lex fixed expenses 0 so 58 Assistance aux fermlers
141 266 452 710 526 2 622
1733Camplex fixed overhead 822 822 Depenses fixes du complexe
0 31 35 40 46 52 ,517k0 erarch and develnoent 43 43 43 Frais eneraux du complexe.16 16 16 16 1i 
 16 L 11
75 Contingency 11 Recherche et developpement
0 44 91 149 24L - 478 510 501 501 501 Imprevus
 

1775 SUBTTAL, FIXED COSTS 
 a 2W0 453 693 1067 1435 1536 1435 1435 1435 TOTAL PAqTIEL, COUTS FIXES
17Pn TOTAL OPERATING COSTS 
 0 464 996 1642 2450 5254 5612 5!11 5511 5511 
COIJTS TOTAIIX D'OPERATION 
!7"nGROSS CASIIFLO-I 0 -369 -529 -"2 -564 1946 2640 2741 2741 2741 
 CASHFLOUI BRIIT
 
IPO Investment, ag. development L28s 2369 6418 78
7125 5169 4374
1Sn Investment, facilities 60 768 768. investissement, developpement agricole4
150 500 1400 3285 400
1355 Training programs 28 34 19 20 

0 0 243 243 243 Investissement, Installations0 0 0 0IP91 Working capital" 0 Las 2.5 231 282 
0 0 Programmes de formation0 0 0 0 0 Investissement des fonds de roulement 

170 TOTAL CAPITAL INVESTHENT 2833 3090 8102 10o41 5851 4374 0 1011 1011 1011 INVESTISSEOIEHT TOTAL DES FONDS
1150 PROJECT CASHFLOtS -2533 -3459 -8631 -11123 -6415 -2426I91CU41JLATIVE CASHFLOW. 2640 1730 1730 .1730 CASHFLOW DII PROJET-2833 -g292 -14923 -26046 -3246L -34887 -32247 -30517isit rhUMhiLATIVE CASHFLOW DOLLARS 000 -L -28787 -27057 CASHFLnw CUMULATIF-25168 -59692 -10*184 -129644 -139548 -128988 -122068 -115148 -108228 CASHFLOW CUMULATIF DOLLARS 000
 

http:farrm.rs


TAM14, W4 2 
JECT SFNrRIZ FInA"CIAL REPORT(in millinns of CFA francs) CASE 2 RAPPORT FINANCIER IDU PROJECT SENERIZ(En millions de CFA francs) 

CAS 3 

nn Fnle STc TUipE 
WOi Sales recipts 

h&ft Rice sales 

1964 L969 190 1991 1992 1993 1994 199s 1996 1997 
STRIuTURE ECONOIIIQUE 
Recettes doventes 

h2f Sorghum sales 
%An P'aize sales 
hgn rattle revenue 
KKI Rice mill fees 

4783 
475 
4Z 
61 

4783 
475 
462 
861 

4783 
475 
462 
86L 

4783 
475 
462 
"L6 

4763 
475 
462 
"L6 

4783 
475 
462
"~L 

4763 
475 
46
"L 

4783 
475 
462
"6L 

4763 
*75 
442
g6L 

4783 
415 
46861 

Ventes de riz 
Ventes de sorghn 
Ventes de maisRevenu du betall 

k7T Farrers grain handling
+7h Farmers grain storage 
h79 Complex grain handling 
h~q Complex grain storage 
hnn Cattle feed sales 
9nn need center sales 

95" TOTAL RP.VE.NIF 

1600 
0 
0 
a 
0 

64 
7 

L600 
0 
0 
a 
u 

64 
7 

-

1600 
0 
0 
0 
0 

64 
7 

-

1600 
0 
0 
0 
0 
4 
7 

-

1600 
0 
0 
0 
a 
# 
7 

1OO 
0 
0 
0 
0 

64 
7 

1600 
0 
0 
0 
0 
64 
7 

1600 
0 

0 
0 

64 

1600 
0 
0 
0 
0 

64 
7 

1600 
0 
0 
0 
0 

64 
7 

Commission rizerle 
Commission mnutention grain (fermlerg 
Commission mtockae'(fnomlers)
Commlssinn manutentlon (omplexe) 
Commission stockage (complexe)
Ventes de nnurriture pour le betail 
Ventes du Centre de Semences 

Pn C(PinLFX VARIALE COSTS 
8252 8252 6252 8252 8Z5Z 6452 6252 252 6252 a252 REVENIE TOTAL 

COUTS VARIABLES D01 COMPLEXE 
910 Irrifated rice 
92" frh dr 
RSn ttaize 
r5" Cattle 

Cee cos1174 Feed mill 

i 
1082 

n 
992 

5T4LUl 

0 
1OW2 

a 
9z 
51111101 

0 
1062 

66863 
92 

511101 

0 
1082 

92 
511101 

0 
10682 

as 
92 

511101 

a 
10112 

6as 
92 

511101 

0 
LOZ 

6 
92 

511101 

0 
1062 

88 
92 

511101 

0 
1052 

92 
511101 

0 
1062 

92 
S11101 

Riz pluvial 
RIz irrigue 
Sorgho 
Mals 
Cout du betallIlsine d'alimentation 

siO Grain centerml 
76n1 Seed plant 

7111 Service units 
3OZ 

S
1741 

3W 
52 

1761 

5787 
.0 30 
52

171 

7 
Z302 

17.l 

87a7 

52 
1761 

2302 
52 

1141 

87 
302 

1761 

a7 
302 
52 

1761 

87 
302 

52 
1761 

87 
joz
52

1761 

Couts variables de Ia rizerle 
Couts variables du centee do grains
Couts variables de l'usine do semencesCouts variables des unites de service 

715 SIUTftAL, VARIABLE COSTS 4076 4076 4076 4076 -40 4076 4076 4076 4076 4076 TOTAL PARTIEL, COUTS VARIABLES 
71R COI4PL6X FIXED COSTS 
7 2AAid program for farmers 56 56so s o 5o 56 58 58 

COUT FiXE DU COMULEXE 
Assistance aux fermlers 

775 romplex fixed exrses 
7n Complrex fixed overhead 
?75 Research and 6evelnoyent 

Contingency 

775 SUBTOTAL, FIXED COSTS 

622 
43 
11 

570SO1 

1435 

822 
43 
11 

1435 

822 
"43 
11 

501 
1435 

#22 
43 
11 

501 
1435 

822 
43 
11 

501 
1435 

822 
43 
11 

501 
1435-

43 
11 

501 

1435 

.8622 
3 
11 

501 

1435 

822 

11 
501 

1435 

822 
43 
11 

501 

1435 

Depenses fixes du complexe 
Fras generaux du complexe 
Recherche et developPement 
Imprevus 
TOTAL PARTIEL, COUTS FIXES 

73n TOTAL OPERATI"G COSTS 5511 55L1 5511 5511 5511 5511 5511 551L S511 5511 COIJTS TOTAIIX D'OPERATION 
7i1 GROSS CASHFLOf 474L 274L 2741 2741 274 27 2741 271 Z 741. 2741 rASHFLO1 BRUT 
P&,n Investment, ag. develowent 
'S0 Investment, facilities 
855 Tralning programs 
PR1 Horking capital 

768 
243 

0 
0 

746 
243 

0 
0 

768 
243 

0 
0 

769. 
243 

0 
0 

748 
243 

0 
0 

76 
243 

0 
0 

7468 
243 

0 
0 

768 
243 

0 
0 

748 
243 

0 
0 

766 
243 

0 
0 

Investissement, develonpement agrico.1a
Investissement, Installations 
Programmes de formation 
Investissement des fonds de roulement 

e 

R71 TOTAL CAPITAL INVESTMENT 1011 1011 1011 1011 101 1 1011 1011 1011 1011 1011 INVESTISSE"EHT TOTAL DES FONDS 
Rn PROJEUT CASHFLOU 
P11 CIJItJLAlIvE CASHFLOW 

LATI'E CASHFLOW DOLLARS 000 

1730 
-253Z7 

-101308 

1730 
-23597 
-. 3oib 

1730 
-21867 
-b7468 

1730 
-20137 
-iJ548 

1730 
-18407 
-73628 

1730 
-L6677 
-66708 

1730 
-14947 
-59788 

1730 
-13217 
-52ti8 

1730 
-11487 
-4 '). 

1730 
-9757 

-192.3 

CASHFLOU 111 PROJET 
CASHFLOW CUM JLATIF 
CASHFLOW! CtJ!!ULTIF POLLA:S On0 



TAUZA 1.4, PAMr 3 
JECT SFNPRIZ FIriANNAL REIIRT(in millions of CFA francs) CASE N 

CAS I 
RAPPOnT FINANCIER OIU PROJECT SENERI7 

(En millions de CFA francs) 

Ann ECq"f1liC STRiCTURE 
%On Sales receipts&II Rice saleshbn Sorhui sales 
hkf Mrize sales 

L998 

4783 
475 

1999 

4743 
47S 

20 

4783 
475 

2001 

783 
475 

2002 

4783 
475 

2003 

4753 
475 

2004 

4783 
475 

ZU05 

4783 
475 

2006 

4783 
475 

2007 

4924 
476 

STRICTIJRE ECONOMIQUERecettes de ventes
Ventes de riz 
entes de sorzho 

&s. rattle revenue 
h97 Rice mill fees 
h7l Farmers grain handling

Farmers storageh79 rplex graingrain handling 
47q Complex grain hag 
47q Catlex frein stora e 
snn Cattle feed sales 

eed center sales 

4bz 
del 

07ha0 
0 
0 

64 
77 

4 
8.1 

1600 
a0 
0 
0 

04 

42 
86L 
1400 

00 
0 
0 
64 

4.2 
dL 

L 
0a 
0 
0 

64 
1 

462 
d61 
l0O 

00 
0 
0 

64 
7 7 

442 
841"41 

1600 
00 
0 

64 

462 

1600 
00 
a 
00 

64 
• 

442 
841 

L600 
00 
0 
0 

64 
7 

462 
841 

1600 
00 
0 
0 

6 
7 

464 
A86 

1600 
0 
0 
0 

6 
1 

Ventes de mats 
Revenu du betall 
Commission rizerie 
Commissinn manutention grain (fermlervCommission stockage (fermiers) 
Commission manutention (complexe) 
Commiission stockage (complexe) 
Ventes de nnurriture Pour le betail 
Ventes du Centre de Semencas 

%9n TnTAL RVFIE COST2 

.F' CaiPLF VARIARLE C0STS91A fainfed rice 
" 21 Irrigated rice 
.l 'nrnwhum 
Sn -iZe 
cn Cattle costs 
7ni Feed mill 
60 Rice mill 
RO ran center 

7hnt Seed plant
71n Service units 

715 StIfTnTAL VARIABLE COSTS 
171M CO01PLEX FIXED COSTS 

1 2A 41d program for farmers 
t7 Com lex fixed expenses 
17in Ce-plex fixed overhead. 
17knResearch and development 
175 Contingency 

0 
LOOZ 

9z 
511 
10L 

3u1 

2 
174 

407. 

58 

82z 
43 
A& 
Sol 

L 

5252 

0COTSa a 
1082 1082 

8 8892 92 
SL SL 
101 LOL 

.787 87 
302 302 

5 52 
61t L76 

4076 4076 

58 5# 
622 8zz 
43 43 
11 11 

501 01 

8152 

-

Loz 

d892 
11 

10 
67 

302 

52 
1716L 

4076 

ZZ 
43 
11 

501 

5252 

0 
A0M2 

92 
5 
IUL 
87 

302 

52 
76L 

476 

2 
43 
11 

501 

6252 

a 

10as06ads88892 
s51 
LO 

302 

52 
1761 

4076 

58 
822 622 

43 
11 

501 

8252 

a 

8892 
511 
LO 
68 

302 

52 
1741 

4076 

58 
822 
43 
1L 
1Sol 

8252 

0 

1062892 
511 
LO 
O767 

302 

52 
1761 

4076 

58 

822 
43 
11 

Sol 

8252 

0 

L08Z8892 
511 
OL 

02 

52 
174L 

4076 

58 

$2z 
43 
11 
01 

8396 

0 
1062 

LG8892 
511 
O0 
87 

302 

52 
1761 

4076 

58 

822 
43 
11 

501 

REVENIUE TOTAL 

VARIABLES Di COMPLEXERiz pluvial 
Riz irrigue 

Sormhof!ais 
Cout du betall 
IlsIne d'alimentation 
Couts variahles de la rizerle 
Couts variables du centre de grains 

Couts variables de l'usine de semencei 
Couts variables des unites de service, 

TOTAL PARTIEL, COUTS VARIABLES 
COUT FIXE DU COMPLEXE 
Assistance aux fermiers 
Depenses fixes du complexe 
Frals generaux du complexe
Recherche et developpement 
Imprevus 

SUBTOTAL, FIXED COSTS 

17Rn TOTAL OPERATIK, CnSTS 

1775L435 

SSLL 

1435 

5511 

1435 

551L 

143S 

5511 

1435 

5511 

1435 

5511 

1435 

SS1 

L435 

5511 

1435 

SS11 

L435 

SSL 

TOTAL PARTIEL, COUTS FIXES 

COJTS. TOTAIIX D'OPERATION 
17"n GlIIISS CASHFLO4/ 

1 kn Investment, ag. develomuent 
1'Sn Investment, facilities 
11S5 Training programs 
1091 harking capital 

1*70 TOTAL CAPITAL INVESTMENT 

1110 PROJECT CASHFLOt/ 
1P!1 CLUIJbTIVE CASHFLOV. 
!?*1 CIHILATIVE CASIHFLOW DOLLARS COO 

274L 

766 
24A 

0 
0 

LOL 

1730 
-8027 

-32LU8 

274L 

78 
243 

0 
0 

1011 

1730 
-6297 

-25188 

2741 

1" 
243 

0 
0 

1011 

1730 
-4567 

-18268 

274L 

76 
243 

0 
0 

LOLL1 

1730 
-2a37 

-11348 

274L 

7 
243 

0 
0 

1011 

1730 
-1107 
-4428 

2741 

768 
243 

0 
0 

1011 

1730 
423 

2492 

2741 

768 
-243 

0 
0 

1011L 

1730 
2353 
9412 

2741 

768 
243 

0 
0 

1011 

1730 
4083 

16332 

274L 

748 
243 

0 
0 

1OLL 

1730 
5813 

23252 

2885 

768 
243 

0 
0 

1OL 

1874 
7687 

3074z 

XAHFLOI BRIIT 

Investissement, developpement agricli 
Investissement, Installations 
Prograrr.es de formation 
investissement des fonds de roulement: 

INVESTISSE'ENT TOTAL DES FONDS 

CAS4FLOUI nit P OJET 
CASHFL01- CUMULATIF 
rarClwi r: ,C iATIC MnIIADC An 



P~ROJECT SF4ErRI Z(in miJllinns F;!:IPIrClAL nF.n'tTf CFA francs) 
UM 135.M 

CASE q 
I 

RAPP")lT FINANCIER DU PROJECT SEA 
(En millions doCFA francs) 

CAS A 

11010 Fal. STlIrTUPF 1976 Lo97" L90 1951 1I6 1983 194 1985 19" 1987 

14 Sas receipts 
STRI'.TIJRF ECONOMIIqUE 

141 Rice sale 
sales

1f'a ratpe vpsnle1hrn ratte rellfees 

1ih7.1 Faniers rrin hnlinarmers grain handling17h Farmers train storage
1k7% 'rnplex grain handling
1479 C.mplex grain storage 

Ce feed sales1Sn 'Ped cente.r salps 

a 
0 
0 

0
o70
0 
0 
0 

00 

O 
11 
104 

140
0 
0 
0 

1L 

249 
26 
3039 

610
0 
0 
a 

11 

573 
A09 
107101 

1410
0 
0 
U 

2 

94 
243 
230Lag 

2320
0 
0 
0 

164 

4415 
268 
Z444632 

10750a 
0 
0 

337 

473 
475 
4628 

11750
0 
0 
0 

647 

4783 
475 
462861" 

11750 
0 
0 
0 

64• 

4783 
475 
46286L 

1175
0 
0 
0 
0 

64• 

4763 
47t 
462861 

1175
0
0 
0 
0 

64• 

Recettes de ventes 
Ventes de riz 

sorho 
Ventes de malsReve.nti du betnil 

COVIMission rizerieCmmissinn ranutention grain (fe,Comission stockaze (fermiers)
Commwlssinn manutention (complexe)
Coeisslon stockage (complexe) 

Ventes de nnurriture pour le beta 
Ifente$ du C~entre de Semences 

1F-fl rr"LFX VARIARI.F COSTS 

uRFVFNIF102 406 1040 Ld54 6677 7327 7827 7827 7Z7 r'E"ENIEE TOTAL 

,-Tcln ".ainfed rice 
1921 Irri.ated rice 

It-Al !Snrrhtn 
1.5n ?a*ti s 
1KUn Cattle costs 

1.7 ce mI 141n frain center 

l7nfP Seed plant 

1711 Service 

i e0 

0 
O 

a0 
0 
0 

00 0 

0 

7 
12 

4
4 
9 

21 . 

3 

350 
36 

7 
•Z 

8 
35 

46 
L? 

10 

76 
74 

2!P
25 
80 

138 
4L 

17 

LZ1 
127 

51 
5 

so 
197 

2122 
75 

44 

0 
996 

52 
28 

S1 
511 

63o7
255 

52 

0 
1062 

ass 
56n" 

92 
511 

10187
302 

52 

0 
L06s aa 

92 
511 

101&1
302 

$2 

0 
1082 

ass 
86 

92 
511 

10187
302 

$2 

0 
i082 

86 

92 
511 

tOS7
302 

52 

MOiTS VARIARL.S Pit Cn4PLEXF 
IS Pluvial 

Riz irri.ue 

oih
Sorgho 

?!aIs 
Cout du betal 

'lsine d'alimentationCouts variahles de ]a rizerleCouts variables du centr-e de grai, 

Coutr variables de l'usine de sem 

1715 !;IIRTnTAL, VAlIARLF COSTS 

1714 CInIrPLEX.FIXED COSTS 

0 234 543. 949 
6nits868 

1563 
138750L750 
38L9 

176L 
4076 

1761 
4076 

1761 
4076 

1761 
4076 

Cnuts variables des unites de ser, 
TOTAL PARTIEL, COUTS VARIABLES 

171A nlrnram for farme.rs 
1-75 romnlex fixed expenses 
171l C'wrnlex fixed overhead 
174n0 .lesparch and develnpment 
1795 Continnency 

1775 SiBTOTAL, FIXl.D COSTS 

174n TOTAL OPF.ATi", CnSTS 

17" ,ROSS CASIIFLOnI 

1-hfn Investment, am. development 
*Sfn Investment, facilities 

!RS5 Training programs. 
1P1 'Jorkin, capital 

1!!7 TOTAL CAPITAL INVESTIJT 

1jlr PRCJECT CAS11FLO'I 
'.I CIT+IILATIVp CA!IFL'/ 

1.i IICUMLATIVE CASIIFLn'i D.OLLARS 0no 

0 

0 

0 
0 
0 

0 

0 

0 

1285 
1520 

28 
0 

2833 

-2833 
-2833 

-11332 

16 
141 

31 
11 

44 

250 

484 

-39Z 

d369 
500 
34 
191 

309t, 

-3478 
-63A1 
-2S244 

21 34 so 61 71 so 58 so268 452 710 826 82 822 822 S22
35 40 48 52 55 43 43 4315 1 18 13 18 11 11 1191 149 241 418 510 501 SOL 501 

4,53 693 1061 1435 1536 1435 1435 1435 

996 1642 2650 5254 5412 SSl 5511 5511 

-590 -O02 -796 1423 2215 2316 2316 2316 
6418 7125 5169 4374 0 768 768 7641400 328S 400 0 0 243 243 24319 20 0 0 0 0 0 0295 301 396 a 0 0 0 0 

S132 10731 5967 4374 0 1011 1011 1oL 
-8722 -11333 -6763 -2951 2215 1305 1305 1305-15033 -Z6366 -33129 -36080 -33865 -32560 -31255 -29950-@0132 -10S464 -132S16 -144320 -135460 -130240 -125020. -119800 

COIUT FIXE DU COeFIPLEXF 
Assistance aux fermiers 
Depenses fixes du complexe 
Frais r.eneraux du complexe 
Recherche et developpement 
irmprevus 

TOTAL PARTIEL, COUTS FIXES 

C0ITR TOTAII. DIOPFRATION 

'AS!FLO'I BRIIT 

Investissement, developnement agri
Investissenent, installations 
Prngrammes de formation 
Investissement des fonds de roule. 

IfIVFSTISSE'lEPzT TOTAL DES FpODS 

CAS'.FLO'I Dni Pr.nJET 
CASHFLO'I CUMULATIF 
CASHFLO'g CIMULATIF DOLLARS 000 



RAPMi'fll FINA.IER DU PROJECT SENWRIZ 
WA3515. VJi 2 

RAPPOT FINNIER r) PROJECT SENER 
(En millions do CFA francs) CASE 9 

CA'., 
(En millinns do CFA francs) 

STRliCTljR. ECONOPIWE 
lo9e 1989 Li99 1991 L962 1993 1994 1995 1996 1997 

'ecettes do vantes
Ventes de rlz.'entes de srho 
Ventes de mals 
Rev.nt, du beta1 

413 
418 

Z 

483 
*75 
4I 

47a 
415 
42 

4153 
415 
6" 

4185 
4T5 
462 

461 
475 
4" 

41L3 
475 
"A 

4193 
475 
"I 

471 
475 
"Z 

4783 
475 
44 

STRIOCTURE ECONOMQIIE 
Ventes do iteq c t a e v n eVentes do r 
Ventes do sorgho 
Ventes de rots 

r -ission rizerle
Cn-issinn manutention grain (formlers)
C.or-ission stockage (fermlers) 
Coissinn manutontion (Complex&)
Commisslon stoctaxe (comolaxe) 
Ventes de nnurriture pour to btal 
Ventes du Centre do Semences 

6L 
LLi 

a 
4) 
0 
0 

64 
7 

"1 n861 
14 is 

a 
0 
0 
a 

64 
7 

b tal 
IL7• 

0 
0 

a 
54 
1 

UT•S 
a 

0 
0 

54 
7 

&H 
• 
a 
0 
0 

54 
7 

" 
LIT$17 1175 

0 
0 
0 
0 

7 

Ws 
0 
a 

0 

7 

"I 
&U17 

a 
0 
0 
0 

64 
7 

"I 

0 
0 
0 
0 
4 
7 

115L% 

0 
• 
a 
4 
7 

evenu du betale 
Comm!sson r1z5rle 
Cwmiisslnn manutontion grain (form-Commission stockage (fermlers) 
Commission manutentlon (camplexe)
Coqmisslo stockaxe (complexa) 
Ventes deo rmurriture Pour Is betall 
Ventes dw Contre do Sameness 

RF-ENIIE TOTAL 

COizT Auvia3lS fl 

7627 7121 7 821 7827 7Y21 7 27 1627 1827 7a27 7627 rFVEMNIE TOTAL 
COPTS1COUTS'Iz pluvial
'liz rrhgu 

.6Soritho 
a Is92 

out du beteatl n 
-Jslne d'almentation 

variables de rizarleCouts variab!es du contra do grains
Couts variables de 1lusing do somances 
Cnuts variables des unites do service 

0 0 
1062 LO28 8 

asas 
9 

SLL 
Lai1 101 
67utf. 5a7 87302 302 
52 52 

1T5 175L 

0 
1L

I1 

9 

551 
L01 
6730 
52 

.1751 

l OU10928 

9A 

Di1 
01 
Irji 
58 

i0"5 

0 
028 
as 
92 

SL 
101 
a?302 
52 

17L 

0 
10253 

a 
92 

Sal 
11 
37302 
58 

111 

0O 
108153 

S&L 
101 
a?BO 
31 

&75 

a 
106286 

as 
92 

S&L 
101 
47302 
52 

L161 

L05 

2 

SL 
101 
81

3Q 
52 

1L 

102g48 

SL 
101 
67

3€2 
sa 

1161 

VARIAPLES Pi COPLIE.CMPLtERiVAuviA L.S', OPL 
pluval 

"RIz IrrigueSorgcho 
Soais 
Pas 
Cout du betal1 
Usine d'alimentatlon 
couts varlables do )a rizerieCouts variables du contte do graini
Couts variables do l'uslno do semer 
Couts variables des unites do servi 

TOTAL PARTIEL, COUTS VARIABLES 401 4075 4016 "1i6 fob6 41QP 4016 4076 4076 4076 TOTAL PARTIEL, COCTS VARIABLES 
COUT FIlE OU COMPLEXE 
Assistance aux fermlers 
Depenses fixes du complezai 
Frais teneraux du complexe 
Recherche et developpemont 
Imprevus 

so 
Ga 

43 
1& 
Sa 

so 
622. 
43 
11 

SOL 

sU 
an2 
43 
it 

SOL 

s 
"a 
41 
1L 

501 

SO 
an 
41 
U 

5o 

5 
4 
a& 

504. 

622Ga8 
43 
11 

SOL 

so 

4j 
&1 

501 

so 
622 
43 
11 

S01 

a22 
## 
-1 

501 

COUT FIX DU COMPLEXr. 
TAssistanca aux femlers 

Depenses fixes du complone 
Frals generaux du complex* 
Recherche ot develoPpsmont 
Imprevus 

TOTAL PATIFL, COUTS FIXES 
COIJT1 TOTAIIX DIOPERATION 

1435 

SSI 

A435 

5511 

145S 

5511 

1639 

,51SL 

a15i 

o5ut 

1435 

$3.1 

1455 

511 

1435 

5511. 

L435 

5511 

1435 

5511 

TOTAL PARTIEL, COUTS FIXES 

COIJTS TOTAIIX-D'OPE3ATION 
-AIHFLO'1 BRIJT ,315 2316 2316 2"61 . 2344 2I 2316 2316 2316 fA1FLOI BRIIT 
Investissenent, developpement agricolo 
investissement, Installations 
Programmes de formation 
Investissement des fonds do roulemnt 

7" 
243 

a 
a01 

1M 
243 

0 

755 
243 

0 
0 

1"5 
Z43 

0 
• 

1y4 
a"5 

0 

7558 
243 

0 
43 
0 
0 

78 
24S 

0 
• 

15 
263 

0 
0 

-75 
243 

0 
0 

Investissement, dtvoloppemont agri4 
Investissement, Installations 
Programmes do formation 
Investissement des fonds do roulem 

INVESTI SF.§EPT TOTAL DES FONDS 

CAS4.LOIJ nlit pqnJET 
CASHFLnl rUMULATIF 
CASHFLO4- C'MULATIF DOLLARS 000 

1i1 

L305 
-26445 

-11.saa 

1OLL 101 

1305 L305 
-27340 -25035 
-104&0 -z1o4z, 

1OL1 

1303 
-24730 
-Qao0 

L 0A1 

130w 
-234"S 
-Qrfta 

1011 

1305 
-22120 
-.AAA&n 

LOL 

L305 
-20615 

a,&iAnn 

1011 

1303 
-L95LO 
.Th 

1011 

1305' 
-1620S 
-7sw 

1011 

1305 
-L5900 
-,-w . -f 

INVESTISSF'EHT TOTAL DES FONDS 

CAS4FLOI Di PtnJET 
CASHFLnII CUMIJLATIF 
pA CUElr J.. Pti, nqII nft i LOC fn n 



P "IJECTSFFfFRIZ M~IAHNAL RgnTl.elr$,l 5, MW 3(in MJISRls of CFA francs) ]
 
CASE .
 

RAPPrV1T FINAN(IER D1 PROJECT SENMER!
(En i111inns de CFA francs)
 

CAS q

1998 1999 2000 2001 2002 
 2003 2004 2005 
 200 2007
lhflfl Sales ipt 

14 Rlice salt% 
STRI'eTIJRE FCONO?1ItUE1Ish Sorghum sales 


lhk*" 4763 47a3 4763 Recettes de renter"Alr. sales 47"3 4763 4783 4753475 475 475 473 4763 4924lhr" Cattle revenue 475 475 415 475 475 475 
Ventes de riz
 

4Z 462 476 .entes de sorgho
42 462
14I Rlic* mill fees 462 462 462 462 46
1473 Famners grain handlinjg 661£ 61 361 "11 6.61 464 Ventes de mais
11,71 Carre.rs praln storage 1115 1175 1175 1175 1175 1175 

641 6 1 S&L 861 Revents du betail
147% a 0 a 1175 117S LL75 1209Complex g~rain handfling a a 0 0 Coumission rizerle0 a 0 0a 0 0 0 a 0 0 Commission manutention grain (ferm47Q Cnmolex 0 0 C~ommission stockage (fermlers).rai, storage 
 0 01'n rattle feed.sales 0 0 0 0 0 0 0,1 4 00 0 0 0 

0 
0 

Commission manutentlon (coplexe)
.. 1ped center sales 
 64 64 
0 a Coissin stockage (complexe)64 64 
 64
7 7 

6 64 Ventes de nnurriture pour le betall
7 7 
 7 7 
 7 7
!.s~n TnTAL RFVFNIIF 7 Ventes du Centre de Semences7827 --727 - 76-27 7627 7827 7627 762 7627 6005 FWENIJE TOTALIlP"' C,'gPLFX VARIARIF COSTS 
l77 

1K raInfedrice
192O Irrig.ated rice 0 0 0 0L082 1062 1062 0 0 0 CMOTS VARIARLFS 111C014PLEXE 
1914 Sogu 

1012 1062 1062 1032 10Z0 0 0 Riz pluvialIRS"l fta I ze 1082 L062 Rit irriiue135'l tale as8 88 892 92 as do 8 ir
a6 so 8 8 8
92 SO8
1AO Cattle costs 92 92 92 92 a6s6 66 £ SSrh92 92 Sorgho511 11 511 511 92 I*ais1i7lFl Re mll 11 511 S1t 511 511lfib RI*lc7 101 10 101 101 101 101 511 Cout du betail 
87 101 101 Lo1iI0 .rale centur 87 817 87 97 11 

101 Isine d'alimentation
87 87
171 Seed plant 302 302 36t 302 302 302 302 
8'7 Couts varlahles de la rizerle302 302
52 52 52 52 52 302 Couts variables du centre de gralnsj52 52 52 52 

1 
52 Couts variahles de l'usine d
1 Si74 116 emenc
1 L761 1761 
 1761 
 1761 
 1761 
 176L 


VAR IABLE COSTS -W6 

17611715 S'IT*TL. 1761 Couts variables des unites de servlc107
171R MIPLEX FIXED COSTS 401 4076 4076 4076 4076 4076 
 4076 4076 
 4076 4076
17!4 Aid Prnxra for farmers 5 

TOTAL PARTIEL, COUTS VARIABLES
 
so
5 S CnUT FIXE DU C0MPLEXEe ss 59 58 56 Assistance aux
1775 fermlers
rosqlei fixed exrnses 
 62 S22 622 
 izZ 822
17111 Comlex fixed overhead 622 922 822
43 43 43 43 43 

822 822 Depenses fixes du complexe
17h11
175 Contingency 43 43 43 43
501 11 43
501 .01 "Ia .11 11 11 Frais genjraux du complexe
ia1 501 11 11 11
S01 501 S01 Recherche et developpement
501 irprevus
 
775 SURT1TAL, FI4FD CSTS 
 35 .&S 143 -. 1435 1455 1435 "-35 
 1435 1435
171n TOTAL OPFRATIPI, IMrlS1 1435 TOTAL PARTIL, COUTS FIXES5S5jk 5511 5511 5511 SL 
 5!.1 5511 5511 5511 5511
17-n (,R(ISS CASIIFLO-s CO1'TS TOTAIIX D'OPERATION


2316 2316 
 2316 2316 
 2316 2316 
 2316 2316 
 2316 
 2494 rAS.FLO'I ORIIT
_P44 Investent, ag. develnowent 
 766 7681"n Investment, facilities 76 766 766 76& 766 76 76243 243 243 243 768 Investissement, develonpement agrico
155 Training programs 243 243 243 243
1PP1 "orkin, capital 0 0 0 0 0 

243 243 Investissement, installations0 00 0 00 0 0 0 Programmes de formation0 00 0 0 0 Investissement des fonds de roulemen 
R7I TOTAL CAPITAL INVESThF, 
 1011 1011 1011 1011 1011 10111I4Z) PROJECT CASIfFLOt' 1011 1011 10111305 1305 1305 130j 1011 IKVFSTISF'E?!T TOTAL DES FOHnDS'81CUIILATIVE CASHFLOI. 1305 1305 1305 1305-L15595 -14290 -1Z985 -11660 1305 1483 CAS.FLOIU i1 P'IJET18.43 CMULATIVE CASIIFLO f DOLLARS 000 -10375 -9070 
 -7165 -6460
-62340 -57A60 -5155
-51940 -467Z0 -41500 -36280 -31060 -3672 CASHFLOI. CUMULATIF-25640 -20420 -14688 
 CASHFLOW CUMIULATIF DOLLARS 000 

http:Carre.rs


TAD?'. 16, NX 1 

* PqOIECT SFPc'!IZ FIA'IrIAL .r~qr 
(In millions of CFA francs) CASE 10 

CAS 20 

RAPMI T FIpgAN .IF.R ilUPROJFT SENRR12 
(En millions de CFA francs) 

'lln Fr n,''lti STMIICTUIni'E 
1'fl Sales receipts 
1hi nice sale 
lhif Sorghum sales 
I h~Il ;if sales 
Ihn rattle rae-h:"i.c mill fees 
lhrl lie ll f dln 

1'Y'a FArrwrs ,~rain hsndaneI171, r nrrer5g~rain st ra e 

lh?; rnmplex r.raln handllno; 
470 Cour-lex .rain storage

I.,r .rttlegerd sales 
1q ':Ppd renter sales 
199- Trl' I R~uFflhF -

L918 

0 
0 

0
0 
0 

0fa 
U 

0-

1919 

61 

17
4 

27 

20 

3 
1 
1 

1980 

273 
29 

33 
38 

122 

41 
64 
13 
1 
1 

579 

19dL 

630 
1Z119 

117 
101 
281 

245 
£65 
34 
7 
2 

1468 

L952 

1034 
267 

253 
189 
46% 

6U13 
304 
62 
Lb 

4 

26oe) 

1983 

4860 
294 

268 
632 
1600 

12727 
1017 
204 
33 

7 

9069 

1984 

$262 
522 

508 
561 
1600 
2555 4 
LL93 
241 
64 
7 

1061 

1965 

51z 
522 

Soo 

1600 
2554 
1193 
241 

64 
7 

O.1067 

L9"4 

5262 
52d 

508 
8618611 
1600 
255S 4 

1193 
241 

64 
7 

10567 

1987 

5262 
522 

50d 

1600 
255s 4 

1193 
241 

64 
1 

10S6" 

STRIe'rTIiRF ECMNO#'lMI#E 
qecettes de ventes 
Ventes de riz 
"entes de sorrhn 

Ventes de maIs 
ev.nti du betail 

Croliisslon rizerle 
Cnmission manutention grain (fermier!Comiss on stocka e ( erm ler .) 

Coprrisslnn mantitentlon (complexe) 
Commission stockage (complexe)
Ventes de nnurriture pour le betall 
'fentes dt, Centre de Semences 

"F.NIIE TOTAL 

F-n rn-'PLF . VAPiARI.F CSTS 
IC"' Painfe.d rice 
:-2;n Irrirated rice 
IXIn .qnr.n.hts 
1.S11 t'laize 
x.lin Cattle costs 
197" Feed mill 

16f0 nlice mill 
1911 .rain center 
17nP Seed plant 
1710 Service units 

0 
0 
0 
0 
0 
0 
0" 
0 
0 
0 

7 
12 

4 
4 
9 
2 
L 
5 
3 

187 

35 
3. 

7 
8 

35 
4 
6 

1? 
10 

365 

76 
14 
25 
Is 
50 
13 

8 
41 
17 

S90 

121 
127 
SL 
so 

197 
28 

22 
7b 
44 

868 

0 
998 

52 
51 

511 
63 

87 
255 
5d 

L75O 

0 
1052 

41 
92 

511 
101 

87 
302 
52 

1761 

0 
1052 

as 
92 
11 

101 
b? 

302 
52 

1761 

0 
1082 

to 
92 

511 
101 
87 

302 
52 

1761 

0 
108,2 

88 
92 

511 
101 
87 

302 
52 

1761 

COI'TS VARIAILFS 11COfPLEXE 
riz pluvial. 
AIz Irrigue 
Snrgho 
l~ais 
rout du betall 
Ilsine d'alimentation 
Couts variables de la rizerle 
Couts variables du centre de grains 
Couts variables de l'usine de semencet 
routs variables des unites de servicei 

1715 RI.nTTAL, VArIARLF rOSTS 0 234 543 949 1583 3&19 4076 4076 4076 4076 TOTAL PARTIEL, COUTS VARIABLES 

1711 COiPtFX FIXE.) C.STS 
177m Aid nron.ram for farmers 
1?75 rnunplex fixed expenses 
171n Cnnolex fixed overhead 
1741 lesearch and develnrwa.ent 
179r5 Contintency 

0 
0 
0 
0 
0 

16 
141 
31 
1 
44 

2A 
288 
35 
18 
91 

34 
452 
40 
18 

149 

50 
710 
48 
o18 

041 

61 
826 

52 
18 

478 

71 
d82 
55 
18 

510 

5o 
822 
43 
11 

501 

56 
822 
43 
11 

S01 

58 
52z 
43 
11 

50i 

COIJT FIXE 0u CO'PILEXE 
Assistance aux fermiers 
Denenses fixes du complexe 
Frais g.eneratix du complexe 
I.echerche et developpement 
Irmprevus 

1775 SuRTnTAL, FI.flP CSTS 0 250 453 693 1067 14.35 1536 1435 1435 1435 TOTAL PARTIF.L, COUTS FIXES 

1711 TfTAL OPF.RATIIS, irCST. 0 484 996 1642 2650 5254 5612 5511 5511 5511 COITS TflTAIIX D'OPFRATIO14 

17411 .qf .. CASIIFLni a -331 -417 -154 16 3815 4955 5056 5056 5056 r qLIFI.O'I BRIIT 

1.041 Investment, ar. develoment 
1*51 Investment, facilities 
hSS Training progr'ams 
lPr1 lorking capital 

1255 
1SZO 
28 
0 

dJ49 
500 
3* 

169 

6413 
1400 

19 
209 

7125 
3255 
20 
77 

5169 
400 

0 
0 

4374 
0 
0 
U 

0 
0 
0 
0 

768 
243 

0 
0 

768 
243 

0 
0 

768 
243 

0 
0 

investissement, Oeveloppement agricn'i 
Investlsserient, installations 
Programes de formation 
Investlssement des fonds de roulemen:, 

1S70 TOTAL CAPITAL INVESTIF.tT 2833 3074 8046 10507 5569 4374 0 1011 1011 1011 IIVFSTISSFEIT TOTAL DES FOIOS 

1-21 PROJECT CAStiFLUtI 
"-'1 C'JIJpL.%TIVEvCASIFLOI 

-2333 
-2833 

-3412 
-6245 

-463 
-14708 

-10661 
-25369 

-5!)s 
-30922 

-559 
-31481 

4955 
-26526 

4045 
-22481 

4045 
-18436 

4045 
-14391 

CASt"cL.OI fnl PnrnJET 
CS'IFLl'! CUMMILATIF 

h.tR, r,4tjAT|'JF CASIIFLO'1. n.)LLARS flOfi -11332 -24910 -58832 -LU1416 -123688 -1Z5924 -106104 -89924 -7374 -57564 CASHFLOI C'1:IIJLATIF DOLLARS 000 



PROJECT SFNFRIZ FINANCIAL REPIqRT(in millions of CFA francs) 

TsA 16. PART 2 

CASE 20 

CAS 10 

APPnly CItANCIFR OU PROJECT SENERIZ 
(En millions de CFA francs) 

1flfn ECO~fIIiC STlUICTURE 
1916 1919 1990 1991 1991 1993 1994 £995 1996 1997 

lIfn"l Sales receipts11aM ice Sales142n Sorhun sales 
!h:,l S4;rzg sales 
1 rat les 
lhl rattle revenue1&h1 fice mill Fees 

,Ih-f Famers grain handling 
Ihh Farr'ers grain storage1415 rem-l, rs grain shain 
1 rn-,plex handling 

Th7QCnnlex grain storage 
!%n ratle feed sales 
1n 'ed center sales 

TTAL REVFHIIF 

IF InCO 1LE X VAR IAA LE COSTS 
I r!"Iainfed rice 
12n Irrigated rice 
!cx n org.hu m 
ISc fl laize 
!C0 Cattle costs 
197m Feed mill 
19n0 Rice mill 
Icin nrain center 
17nnf Seed plant 
171fl Service units 

1715 SURTOTAL. VARIABLE COSTS 

171R COflPLEX FIXED COSTS 
171 Aid program for farm.rs 
1179 Comlex fixed expenses 
171n Comnlex fixed overhead-
274n Research and development 

F7S rontingency 

52 
52 
505 
8&L 
16011 

1bo 
2S554 
Lrin1193 
24L 
64 

7 

L05*7 

0 
1o8 

d 
92 

511 
IUL 
87 

302 
5z 

1161 

4074 

54 
8Z 

43 
1 

501 

262 
sz2 
.S08 
861 
16008 

1600 
25554 

1193 
241 
64 

7 

L056) 

0 
lu2 

88 
92 

511 
£01 
87 

302 
52 

1761 

4016 

58 
822 

43 
11 

501 

526Z 
522 
so& 
86L 

1bOO 
25554 

1193 
241 
64 

7 

10567 

U 
142 
£6 
92 

511 
101 
87 

302 
%Z 

£761 

4076 

be 
622 
43 
11 

501 

5265262 
SZZ 
SO 
861 

Loo0 
2S5541# 

1193 
241 
64 

7 

10o7 

0 
LOdZ 

92 
511 
101 

87 
302-
5z 

1761 

4076 

8 
822 
43 
11 

501 

5242 
5zz 
Sod 
d61 

160 
2551.0 

L193 
241 
64 

7 

105-67 

% 
108Z 

ba 
92 

511 
101 
81 

302 
5z 

1761 

4076 

so 
822 
43 
It 

501 

522 
508 
861 

1600 
25554 

1193 
241 
64 

7 

10567 

0 
1082 

8 
92 

511 
101 

7 
302 

52 
1761 

407a 

58 
822 
43 
11 

501 

szb 
522 
Soo 

L 

1600 
25554 

1193 
241 
64 

7 

105-7 

0 
1052 

as 
92 

511 
101 
17 

302 
52 

1761 

4076 

58 
822 
43 
11 

501 

5262 
sz2 
Sow 

L 

1600 
zS554 

1193 
241 
64 

7 

10S67 

0 
102 

as 
92 

511 
1O 
97 

302 
52 

1761 

4076 

58 
822 
43 
11 

501 

5z6252&z 
SZ 
Soo 
461 

1600 
25554 

1193 
241 
64 

7 

10567 

0 
102 

92 
511 
101 
87 

302 
52 

1761 

4076 

58 
822 

43 
11 

501 

5262 
522 
508 
86L 
b 

1600 
255 

1193 
241 
64 

7 

£0567 

0 
1082 

88 
92 

511 
101 
87 

302 
52 

1761 

4076 

S 
822 
43 
11 

501 

STRIOCTI)v ECjnpwtl tEflncettes de ventesVentes de riz 
Ventes de sorgho 
Ventes de mais 
Peventi d. betail 

Clnmission rizerie 
Cniilssinn manutentin grain (fermlersCommnission stockage (fermiers) 

Cominmssion manutention (complexe) 
Commissinn stockaze (complexe) 
Ventes de nnurriture pour le betall 
'Ientes du rentre de Semences 

qENIIE TOTAL 
CO 1TS V A R IA L S 1 1 C OPLEXF 

Riz pluvial 
RIz irripue 
Sor ho 
!aIz 
Cout du hetail 
1isine d'alimentation 
Cnuts variahles de la rizerle 
Couts variables du centre de grains
Couts variables de l'usine de semences 
Couts variables des unites de service 

TOTAL PARTIEL, COUTS VARIABLES 

COIIT FIXE OUC CO"PLEXE 
Assistance ax fermlers 
Depenses fixes du complexe 
Frais generaux du complexe 
Recherche et developpement 
Imprevus 

1775 SUBTOTAL, FIXED OSTS 
171n TOTAL OPERATINlC.MSTS 

j7nn M SS CASHFLOW 

IPbn Investment. ag. development 
2'1iSn Investment, facilitles 
!SSS Training prograqs 
1PcI Norkine capital 

1 7t1 TOTAL CAPITAL INVESTMEHT 

lag* PROJECT CASHFLOVt 
!A31 CMUrILATIVE CASHFLOW . 
121 CUM&LATIVE CASIIFLnW DOLLARS 100i 

1.35 
5511 

5056 

768 
z43 

0 
0 

1011 

4045 
-10346 
-41384 

1435 

55LL 

5056 

761 
243 

0 
0 

1011 

4045 
-6301 
-25204 

1435 

5511 

5056 

768 
243 

0 
0 

1011 

4045 
-22S6 
-9024 

5511 

5056 

768 
243 

0 
0 

1011 

4045 
1789 
7156 

1435 

551 

5856 

765 
243 

0 
0 

1011 

4045 
5834 

23336 

1435 

5511 

5056 

768 
243 

0 
0 

1011 

4045 
9879 
39516 

1435 

5511 

5056 

765 
243 

0 
0 

1011 

4045 
13924 
55696 

1435 

5511 

5056 

76 
263 

0 
0 

1011 

4045 
17969 
71876 

1435 

5511 

5056 

768 
243 

0 
0 

1011 

4045 
22014 
88056 

1435 

5511 

5056 

768 
243 

0 
0 

1011 

1045 
26059 

L04236 

TOTAL PARTIEL, CWLITS FIXES 

CO'ITq TOTAIIX DIOPERATiON 

1A5'4Fi.o'I RRIIT 

Investissement, developpement agricole; 
Investissement, Installations 
Prngrammes de formation 
Investissement des fonds de roulement 

ItIYETISE'iEMT TOTAL DES FOLOLS 

CASI!FLn'I i Pr/nJET 
CAS!IFLn'1 CU IULATIF 
CAS4FL '! CIJIULATIF DOLLARS 000 



PROJECT SFNPRIZ FINAICIAL rf'FlPtT(in millinns nf CFA francs) 
CASE 20 RAPPORT FINANCIER DU PROJECT SENERIZ 

CAS 10 (En millions de CFA francs) 

tqnn E~CO'WWC STRIIClURE 
1998 1999 2000 200L 2002 2003 004 2005 2006 ZOOo 

lknft Sales receipts111n ilce sals 
141h Sorihum sales 
1i6" SIze sales 
jhUi atte sress 

5262 
Szz22 

5262 5262 
522 

5262 
S2 

508 
S22 
50s 

$2625262 
522 
Soo 

5262 
522 
Soo 

5262 
522 
Soo503 

5262 
SZ4 
SOsos 

5417 
5 
S1L 

STRIICTURE ECONOM1I11UE 
Recettes de ventes 
Ventes de riz 
Ventgs de sargho 
Ventes de mais 

rha1Pice mill fees 
IU71 ' armers grain handling
1.7b rarriprs storageh7q rmer graingrain stoandig 
1ts7L r9p3ex grain handlin9 
1%74 Ciplex grain storage 

I1n Cattle feed sales 
151" Se center sales 
1 TtTAL REVFNIIF 

1P n
f CfILIEx VARIABLE COSTS 

86L 
1600 
2554 

1193 
24L 

64 
7 

10361 

861 
1600 
254 
1193 
2'. 

64 
7 

10567 

861 
160U 
2554 

1193 
241 

6 
7 

L0S67 

"1 "L 
1600 1600 
25 2554 54 

1193 1193 
24L 241 

* 64 
7 7 

10567 105.7 

86L 
1600 
25554 

I193 
e41 

64 
7 

10567 

861 
1600 
25554 

1193 
241 

64 
7 

L0567 

86 
1600 
25554 
IL93 
dt1 

64 
7 

10567 

861 
1600 
25554 

1193 
241 

64 
7 

10567 

861 
1600 
255S4 

1222 
246 

64 
7 

10761 

Revenu du betail 
Cnmmission rizerle 
Convmissinn manutention grain (fermlersCommission stockae (fermlers) 
ComIisslnn manutention (complex*)
Coission stockage (complexe) 

Ventes de nourriture pour le betali 
Ventes du Centre de Semences 
EVENIE TOTAL 

r IE 
c!2" iainfed rice 

Irri1ated rice1931 'nrnhum 
1rSn flaize 
14fl Cattle costs 
197" reed mill 
13O Rice mill1 0 Grain center 

17AP Seed plant1710 Service units 

122nLodz8 
92 

511 
L01 

o1
aUz 

52
L161 

* 00 
L0W88 
-92 
1 

101 

813u 

52
1761 

0 
103288 

92 
511 
101 

8730z 

52
1761 

U 
1062do 

92 
SL1 
101 

8
3*2 

52
1761 

0 
102 

92 
SL 
101 

8730k 

5z
1761 

U 
108256 

92 
511 
101 

67302 

52
1761 

0 
10686 

92 
511 
101 

8302 

52
1761 

0 
108

8 
92 
511 
101 

87302 

52
1761 

0 
1082

8 
92 
51 
101 

87302 

52
161 

t.COUTS VARIABLES 111COMPLEXE 
0 Riz pluvial

1082 RIz Irrigue
8 Sorxho 
92 a ls 

511 tCout du betal1 
101 isine d'alimentation 

Couts variahles de la rizerle302 Couts variables du centre de grains 
52 Couts variables de i'usine de senences1761 Couts variables des unites de service 

SRTnTAL, VARIABLE COSTS 
171* COIIPLF~X FIXED rOST-% 
171" Aid nronram for farmers 
177S Cewmglex fixed expenses 
17in Ccwlex fixed overhead 
17&n Research and develnment 
17T Contingency 

4715 

58 
822 
43 
11 

501 

58 
822 
43 
11 

501 

5 
822 
43 
I1 
51 

4076 

t8 
8 
43 
11 

501 

407. 

5d 
822 
43 
11 
01 

407 

50 
3 2 
43 
11 

SOL 

4076 

s8 
822 
43 
11 

501 

4076 

58 
822 
43 
1! 

501 

4076 

58 
822 
43 
11 

501 

4076 

58 
822 
43 
11 

501 

TOTAL PARTIEL, COUTS VARIABLES 

COUT FIXE DU COMPLEXE 
Assistance aux fermlers 
Depenses fixes du complexe 
Frais generaux du complexe
Recherche et developpenent 
imprevus 

SUBTOTAL, FIXED COSTS 
173n TOTAL OPERATING COSTS 

!7qn GROSS CASNPLOW 

lPkn Investment, as. develoment 
15 Investmqent, factllties 
1ISS Training programs
191 Uorking capital 

1R70 TOTA&.CAPITAL INVESTHENT 

1280 PROJECT CASHFLOW 
1131 CUMULATIVE CASHFLOW. 
183tCUMULATIVE CASHFLO DOLLARS 000 

1775-1#35 

55L1 

ba" 

768 
243 

0 
6 

1011 

40U4 
30104 
Z41b 

--- S 

5511 

bOS 

768 
243 

0 
0 

1011 

4045 
34149 

136596 

143S 

5511 

5056 

76 
243 

0 
0 

1011 

4045 
38194 
12776 

L,5 

5511 

5056 

768 
243 

0 
0 

1011 

4045 
42239 

168956 

143S 

5511 

5056 

768 
243 

0 
0 

1011 

4045 
44284 

185136 

1435 

5511 

5056 

768 
243 

0 
0 

1011 

4045 
50329 
201316 

1435 1435 

5511 5511 

5056 506 

768 768 
243 243 

0 0 
0 0 

1011 1011 

4045 4045 
54374 58419 

217496 "233676 

1435 

5511 

5056 

748 
243 

0 
0 

1011 

4045 
62464 
249856 

1435 TOTAL PARTIEL, COUTS FIXES 

5S11 COIITS TOTAIIX D'OPERATION 

5250 CASHFLOUI BRUT 

768.- Investissement, develop ,ement agrlcole
243. investissement, Installations 

0 Prosrames de formation 
0* Investissement des fonds de roulement.', 

1011 INVESTISSE-IENT TOTAL DES FONDS 

-4239 CASFLOII tIPROJET 
66703 CASHFLOII CtMULATIF 

266812 CASHFLOW CU4ULATIF DOLLARS 000 



bqnJECT SF"FRIZ F19ANCIAL REPORT(in millionsn f CFA francs) 
ThUB.3 17, 1AIl/.1

U 1,PRI
CASE 11 

)CAS11 

CAS 11 

RAPPOnT FINANCIER DU PROJECT SENERI2 
(En a'illions do CFA francs) 

hO Sales receipts 
1978 L1979 1960 1981 1962 1983 L96 1965 19" 1967 

hO "fe sale 
hM Sorghum sales 
h2P ,,j;usales 

4 rattle revenue 
h27r1 ce mill fee%h7l rai1 handlingI,?& FarmersFarmers zrain storage 
Ii7q zraln ha g

lIs7q Cnnolex prain handling
l7q Chnralexf(n stora e 
Ltn tale feed( sales 

1 1'n 'Pell cenfrlr sales 

'T. RlivdF 

U lo 
0 1L 

0 LS 
0 40 270 2 
Urrnes 0 
0 LS 
0 3 
0 L 
0 L 

0)0 16 -

249 
26 

30 
38L224 

L 
64 

1 
L 

9 

,73 
L09 

LOT 
101628124 
5 

L68 
34 

7 
2 

1411 

940 
243 

230 
La46460 
13 

304 
8Z 
16 

4 

4416 
268 

244 
6321600127 
27 

1017 
204 
33 

7 

8577 

4783 
475 

462 
SO&160025 
54 

1193 
241 
64 

7 

999% 

4783 
475 

462 
"1L600 

54 
1193 
241 
64 

7 

9995 

4783 
475 

462 
8611.oo25 
54 

1193 
241 
64 

7 

9995 

47a3 
475 

462 
S&L1e02S5 

5 
1193 
241 
64 
7 

9995 

STRIICTIRE ECONOflIQUE 
Recettes de ventes 
Ventes de riz 
Ventes de sorgho 

Ventes de mats 
Revenu du beta[lCommission rizerieCnnissinn nanutention grain (fermie
COmlission stockage (fermlers) 
Cormission manutention (complexe)
Commission stockage (complexe)
'entes de nourriture pour le betall 
Ventes du Centre de Semences 

QFVENIIE TOTAL 
F'f rP'0LFX VARIARLR COSTS 
In~ "ainfed rice 
I1n rai ed rice2P irrigated rice 
Ir5n ;;i ;ze 
Lin ttle 
rn Cale csts 

Feed 
tis0 Rice mill 

Iqo Grain center7no Seed plant
171 Service units 

00 
"0 
0 
0 
0 
0 

a
0 
0 

712 
1 
4 
9 
2Rf2 
1 

S
3 

L87 

3!36 
7 
a 

35 
4 
6 

17
10 

385 

7474 
25 
25 
so 
L;ll13 

a 

41
17 

590 

LZA127 
51 
50 

197 
20 
22 

75 
44 

d68 

996 
52 
51 

511 
43 
67 

255 
52 

1750 

0
1062 

of 
92 
511 
101 
87 

302 
52 

17L 

0
1062 
as 
92 
511 
101 
87 

302 
52 

1741 

0
106 

*a 
92 

511 
LOL 
87 

3U2 
52 

1741 

0 
L06 

SO 
92 
SL 
LOL 
87 

302 
52 

1741 

COUTS CO!IPLEXE 
CUSVARIABLES 111 O!PLXRiz pluvial
RI Irriue 
Sorxho 
Pais 
Cout du betall 
1lsine d'alimentation 
Couts varlahles de la rizerle 
Couts variables du centre de grainsCouts variables de Ilusine de semenci 
Couts variables des unites de servici 

71S SURTnTAL, VARIABLE COSTS 
71 CrAIPLEX FIXED rCOSTS 

234 543 949 1583 3819 4076 407 407 4076 TOTAL PARTIEL, COUTS VARIABLES 
F'2 Aid Prorram for-farm.rs 
17 Cemplex fixed expenses 
71f Complex fixed overhead 
7hn Rlesearch and development 
,75 Contingency
.775 SIIITOTAL* FIXEr, CSTS -

0 
0 
0 
0 
0 

16 
14 
3L 
1 
44 

-----

21 
288 
3S 
16 
91 

-

34 
45Z 
4u 
8 

149 

50 
710 
46 
16 

241 

61 
926 
S2 
16 

478 

71 
dd2 
5S 
16 

510 

56 
822 
43 
1 

S01 

56 
822 
43 
11 

501 

so 
822 
43 
11 

SO 

COUT FIXE DU COMPLEXE 
Assistance aux fermiers 
Depenses fixes du complexe 
Frals generaux du comPlexe 
Recherche et developpement 
Imprevus 

7$fl TOTAL OPERATIN". 4STS 

1.70n GROSS CASHFLOI 

Pkfl Investment, ax. development
:*sn Investment, facilities 
355 Tialning programs

:,F1 Uorking capital-

0 

0 

0 

1S 
1520 

28-
0 

250 

464 

-34 

2962 
S0 
36 

173 

453 

996 

-447 

7618 
1400 

19 
Z24 

493 

1642 

-231 

8625 
32S5 
2U 

114 

10L7 

2650 

-125 

7269 
400 

0 
63 

1435 

5254 

332.3 

6174 
0 
0 
0 

1536 

5412 

4353 

0 
0 
0 
0 

1435 

5511 

4484 

768 
243 

0 
0 

1435 

551L 

4484 

768 
243 

0 
0 

1435 

5511 

4484 

768 
243 

0 
0 

TOTAL PARTIEL, COUTS FIXES 

COIIT9 TOTAIIX D'OPERATION 

rASHFLO1I BRIIT 

InvestIssement, developpement agricol
Investissement, Installations 
Prngrames de formation 
Investissement des fonds de roulement 

.70 TOTAL CAPITAL INVESThENT 

.180 PROJECT CASHFLn!) 
.NS1 CUIlLATIVE CASHFLOH 
.B-1 rt4ULfTIVE CASHFLO'4 nOLLARS 000 

2833 

-2633 
-8i3 

-11332 

3691 

-4037 
-4870 

-274aU 

9261 12044 7732 

-9708 -12211 -7857 
-16578 -26855 -36712 
-o&312 -11520 -14o840 

6174 0 1011 1011 

-2851 4383 3473 3473 
-39563 -35160 -31707 -28234 
-158252 -140720 -126828 -112936 

101 

3473 
-24761 
-99044 

INVESTISSF14EHT TOTAL DES FONDS 

CASHFLOIi DO1PrOJET 
CASHFLn11 CUMLLATIF 
CASHFLIW CINAULATIF DOLLARS 000 

-



JEcT SFRillins f CFA francs) CASE 1 RAPPORT FINANCIER DU PROJECT SENERIZ 
CASE 11 (En millions do CFA francs) 
CAM 11 

l;tn wnv~l¢ll. STRUCREInn Sales receiptsTURE 
198a 1959 1990 1991 1992 1993 1994 199 199k 1997 

l1bOn Solrcu sales STRIICTURE ECONOnIQUE 

I'~' Sorhui soles 
"a "A--e sales 

111,' rattle revenue 
1''r! "ice mill fees 
1ki? Far-ers grain handling 
14? rnnalez grain handling 

l7Q Crtlex ,rin storage
19" !:ttlcenter sales 

111 T.TL REvE 'l 

1Fn rn,,PLFX VARIABLE COSTS 

4783 4783 
47S 45 
462 462 
61L 861 

LOu 1600
Z 52bs 

rnhadin193 

24L 2L 
64 647 7 

9995 999S 

4763 
1175 
462 
861 

1600 
25554
1193 

241 
64 
7 sa 

9995 

4783 
475 
442 
841 

1600 
2205 
13 

24L 
b4 

9995 

4183 
47S 
462 

Got 
1600 
255 

1193 

Z4L 
64 
7 

999 9 

4703 
475 
462 
861 
1600 
zS54 

1193 

24L 
64 
7 

995 

4753 
475 
462 
86L 

1600 
25554 

1193 

24L 
64 
7 

95 

4713 
475 
462 
"I 

25554 
1193 
241 
a4 

99S 

4783 
475 
462 
661 
1600 
25554 
1193 
241 
64 
7 

999"---

3 
47S 
462 
861 
60o 
2SS 

1193 
241 
64 

Recettes de ventes 

Ventes de rlz 
Ventes de sorgho 
Ventes de mats 
Revenit du betail 
Commission rizerle
Cnnission manutention grain (fermlerComission stockage (feriniers)
Comisslnn manutention (complexe) 
CoiIssinn stockage (complexe)
Ventes de nnurriture Pour le betall 
Ventes dul Centre de Semences 

QFVENIIE TOTAL 

1'VI nainfed rice 
.Fn Irrigated r!-e 

SSnrrhurm 
19511 Ilaize 
1cKf Cattle costs 
19711 Feed mill 

157 Rice mill10 Grain center 
,7nft Seed plant 
1711 Service units 

1715 SURTnTAL, VARIABLE COSTS 

0 
1082 

8 
9Z 

SAL 

101 

a740 
02 

1761 

4076 

o 
1082 

88 
92 

bL1 

101 

302 
52 

1761 

4016 

0 
1082 

a8 
92 

511 

101 

302 
Si 

1761 

407c 

0 
1062 

8 
92 

511 

101 

302 
52 

1761 

4076 

1)8Z 
as 
92 

51L 

LOL 

d740Z 
5z 

L7*L 

4076 

0 
LO2 
88 
92 

bi 
L01 
87302 
52 

1761 

4074 

0 
1082 

s 
92 

S11 
101 

7302 
52 

1761 

4076 

0 
1O6Z 

a8 
92 

St 
101 
87302 
52 

1761 

4076 

0 0 
1082 1062 

asraho 
92 92 

511 511 
101 LO 
d7 47302 302 
52 52 

1761 1761 

4076 4TOTAL 

COIITS VARIABLES 111COMPLEXE 
Riz pluvial 
Riz lrrigue 

.:ais 
Cout du betall 
lsine d'alimentation 
Couts variables de Ia rizerleCouts vAriables du centre de graIns
Couts variables de IPusine de semence 
Couts variables des unites de service 

PARTIEL COUTS VARIABLES. 
,714 CCRIPLEX FIXED COSTS 
1'? Aid nr6grar for faromrs 
172 ofplex fixed expenses 
171n Complex fixed overhead 
17hn Research and development 
1765 Contingency 

28 
ddz 
41 
11 

501 

5# 
822 
43 
11 

501 

56 
822 
43 
11 

501 

58 
822 
43 
11 
50L 

58 
z2 
43 
11 

501 

58 
822 
43 
11 

501 

58 
322 
43 
11 

501 

54 
022 
43 
11 

501 

so 
822 
43 
11 

Sol 

56 
822 

43 

Sol 

CntJT FIXE DU COMPLEXE 
Assistance aux fermlers 
Depenses fixes du complexe 
Frais generaux du complexe 
lRecherche et developpement 
Imprevus -

77S SUBTOTAL, FIXED CSTS 
I7,qn TfTAL OPERATIHl COTS 

17nq GQOSS CASHFLO*1 

110n Investment, ag. development 
1*5n Investment, facilities 
IISS Training pro rams 
,P61 t5orking capital 

1!71 TOTAL CAPITAL INVESThENT 

1XI' PROJECT CASHFLOU 
"?'1 CU?11L1rlvE CASItFLOW 

r1f !LP%'f"'LAE CASIIFLMI 1LLARS Onn 

L4353 

5511 

4484 

168 
943 
0 
a 

LOLL 

3473 
-21288 
-85152 

35 

5511 

444 

243 
0 
0 

LOLL 

3k473 
-17815 
-712o0 

1435 

5511 

4484 

7 
243 

0 
0 

!01 

34373 
-14342 
-57368 

1435 

5511 

4484 

768 
243 

0 
0 

1011 

1473 
-10869 
-43476 

1435. 

5511 

"484 

768 
Z43 

0 
0 

1011 

3473 
-7396 
-29584 

1435 

$511 

4484 

768 
243 

0 
0 

1011 

34733 
-3923 

-15692 

--. 5 

5511 

4484 

768 
243 

0 
0 

1011 

-450 
-L80u 

1435 

S51 

44.4 

768 
243 

0 
0 

1011 

3023 
12092 

1435 

5511 

4484 

768 
243 

0 
0 

1011 

6496 
259 

1435 

55LL 

4484 

768-
243 

0 
0 

1011 

3473 
9969 
39876 

TOTAL PARTIEL, COUTS FIXES 

COIJTS TOTAIIX D'OPFRATION 

rAHFLOI BRIUT 

Investissement, developpement agricol
Investissement, Installations 
Programmes de formation 
Investissement des fonds de roulement 

IJIVESTISSE*'EHT TOTAL DES FONDS 

CASHFLOII nlu Pr JET 
CASHFLnj CUMUJLATIF 
CASHFLOW CUMULATIF DaLLARS 000 



JECT SFNF R IZ FINAN C IAL R FPORT 
(in relllions of CFA francs) 

Cm nllins n CP 

C Sn 
CASE 11

fracs)(En 
m i n s d o C fraT nc s) 

RAPPORT FINANCIER DU PROJECT SENERIZmillions do CPA francs) 

CAS 11 

tftA EeCOWnIt ST CTURE 
1996 1999 2000 2001 2002 2003 Z04 ZOOS 2006 2007 

-00Sales receipts 
A RIce sales 
!M Sorghum sales 

h&n taie sale-

hqn rattluer e fit! Rice mill fees 

hsn Farers grain handling.47h Farmers grain storage
475 mplex grain handling
h7q Complex grain storage 
4! Cattle feed sales 
Sn eed center sales 

4751 
475 
462 

86LL600 

255
54 

LL93 
.41 
64 

1 

4763 
475 
462 

84L1600 

54 
L93 
Z1 
64 

7 

4183 
475 
46Z 

61600 

Z5554 
L93 
241 
64 

7 

4783 4763 
,75 475 
*62 42 

661 8611600 L600 

zs255 25554 54 
L193 L93 
2,1 241 
64 64 

7 7 

4763 
475 
462 

6L1600 

255
54 

1193 
241 
64 

7 

4783 
475 
462 

811600 

255
54 

L193 
241 
64 
7 

4783 
475 
42 

6611000 

255
54 

1L93 
241 
64 

7 

4783 
47% 
46Z 

861Lo600 

255
54 

L93 
24L 
64 
7 

4924 
476 
464 

8611600 

255 
54 

1222 
24 
64 
" 7 

STRICTURE ECONOMIIIUE 
Recettes de ventes 
Ventes de riz 
Ventes de sorgho 
Ventes de rais 

Revents du betall
Commission rizerle 

Cnmissinn manutention grain (fermlerCommission stockage (fermiers)
Commissinn manutention (complexe)
Co.wission stockaxe (complexe) 
Ventes de nnurriture Pour le betallVentes du Centre de Semences 

59A TOTAL RF.vFIIF 9995 9995 999S 99 995 9995 9995 9995 9995 10173 QEVENIIE TOTAL 
F""Cn"PLFXVARIRLC COSTS 
1" ainfed rice 
92n Irrigated rice 
ft Snr hum 
5n Tlaize 

Afin Cattle costs 
7" Feed mill 
6;0 Rice mill 

0 Grain center 
7nf Seed plant 
?in Service units 

0 
106 

d 
9z 
511 
0 
8o 

302 
52 

176L 

0 0 
L12 1udz 

8 68 
9z 92 
511 511 
1OL IOL 
87 67 

30U .30g 
52 52 

1761 116L 

00 
108Z LI2 

do 6 s 
92 92 
1SLL 51 

LOL 101 
d7 7 

302 30Z 
52 52 

1761 176L 

0 
1082 

as 
92 

5.1 
L101 

87 
302 
52 

1761 

0 
1082 

as 
92 

511 
101 

67 
302 
52 

1761 

0 
LOZ 

as 
92 

511 
101 
87 

302 
52 

1761 

0 
1062 
66 
92 

511 
OL 
87 

302 
52 

1761 

0 
10Z 

66 
92 

51 
1o 
87 

302 
52 

1761 

COUTS VARIALFS DPt COMPLEXE 
RIz pluvial 
Riz lrrlge 
Sorgho 
PaIs 
Cout du betail 
ilsine d'alimentation 
Couts variables de la rizerle 
Couts variables du centre de grains
Couts variables de l'usine de somences 
Couts variables des unites do service 

71- SIIRTnTAL, VARIARLF COSTS 4016 4076 4076 4076 4074 4076 4076 4076 407j, 4076 TOTAL PARTIEL, COUTS VARIABLEt 
71A CntIPLFX FIXED COSTS 
7-- Aid proran for farmers 
7% complex fixed expenses
7n Complex fixed overhead 
7&n Research and development 
?S Contingency 

58 
62 

43 
i 

SOL 

56 
622 
43 
LI 

501 

51 
822 
43 
11-

501 

56 
822 
43 
LL 

50l 

56 
d2Z 
43 
11 

So 

SI 
822 
43 
11 

SOL 

58 
822 
43 
11 

501 

58 

43 
11 

S0L 

822 
5 

622 
43 
11 

501 

58 
822 
43 
11 

Sol 

COUT FIXE DU COMPLEXE 
Assistance aux fermlers 
Depenses fixes du complexe 
Frals eneraux du complexe 
Recherche et developpement. 
Imprevus 

775 SUBTOTAL, FIXED COSTS 1435 1435 1435 1435. 1435 1435 1435 1435 1435 1435 TOTAL PARTIEL, COUTS FIXES 
7SO TOTAL OPFRATItI COSTS 55LL SSL SSL1 5511 5511 5511 5511 SSL 5511 551L COIJTS TOTAIIX D'OPERATION 
74 R64 CASHFL4 ' 4&4 '44 404 4484 44 444 4464 4662 CASHFLOIJI BRIIT 
PhM Investment, ax. develonixent 
Sn Investent, facilitiesSS T aning programs

1trlcptl0
STaiing cpitgas0 

766 
2430 

768 
2430

0 

746 
2430

0 

768 
2430

0 
0 

76 
2430 

a 
0 

764 
2430

0 

766 
2430

0 

769 
243

0 
a 

766 
2430

0 

768 
243

0In
0 
0 

Investissement. developnement agrIcale
Investissement, Installations e t s me t i st l a onProgrammes de formation 
Investissement des fonds de roulement 

170 TOTAL CAPITAL INVEST14ZNT 

PROJECT CASIFLOtag1 CILTI CASIIFLO 
PSI CWI1LATJVE CASHFLOt OLLARS 01 

1OLL 

343473 
L3442 
5376d 

3473 
16915 
61"o0 

10111 

347J 
20388 
81!5Z 

1011 

1474 
23861 
95444 

101 

3473 
27334 

109336 

1011 

3473 
30807 

123228 

1011 

3473 
34280 

137120 

101L 

3473 
37753. 
151012 

1011 

3473 
41226 
164904 

1011 

365L 
4*877 
179508 

INVESTISSF81EHT TOTAL DES FONDS 

CASHFLOI DIi PROJET 
CASHFLniI CUMULATIF 
CASHFLOW C JMULATIF DOLLARS 000 



p fln.IECT SIfl'.E I Z F I r.Iti(AL ,F'fIftr 
(In millinsn5f C.FA francs) 

TAM is, MW 
CASE 22 

I 
R.API)IIT Vl"ANM.IFR ni) PROJECT SENERIZ

(En millions de CFA francs) 

CAS 12 

SnBales receipts 
,lk:i!Ice Secei-

1976 1979 1950 1991 L942 1983 1986 Loss 196 1967 
STRI'CTIJRE ECf)NOtPIIJE 
Recettes de ventes 

[.'.inSorghu sales 
l~Ih,"I 6aiye sale, 
L4" attle revente 
[.,' ire nil) fees 
1h71 Farriers r.rain hndln 

g,Falrmers grain stnrar.e 
.7 rnplex r.rain handlinp 
.7Q Cimllex .rAin itnrae 
tr.,. attlo, feu.t sales 

."ed tent.r s.lls 
.%- TFITAL QFVFrflhlF 

0 
0 
0 
0 
0 
0 
a 
0 
0
0 
0 

. 

56 
11 
15 
4 

0 
1S 
3 
1 
1 

_ 

Z49 
26 
30 
As 

122 
4 
1 

a4 
-13 

1 

_ -

573 
Lo 
107 

oI 
2111 

24 
5-

168 
34 

17 
.2 

L_ _ 

940 
2243 
230 
L*9 
"4 

6U 
L3 

304 
6Z 
1 
1 

-

4418 
268 
244 
632 

J600 
1Z7 

Z7 
1017 
Z04 
33 

7 
-

4763 
47.i 
462 

61 
1600 

255 
54 

1193 
241 

64
7 

4763 
415 
462 
1-. 1 

1o00 
255 
54 

119 
241 
64

7 

4753 
475 
462 

L 
1600 
255 

54 
L193 
241 
64

7 

4783 
475 
462 
56L 

1600 
2SS 

54 
1193 
241 

64
7 

Ventes de rIz 
'entes de sorgho 
Ventes de mais 
R.event, dtibetail 
romission rizerle 
Cnumvrissinn ranutention grain (fermlers) 
Cromissinn stockage (fermlers) 
Ca.issinn manutention (complexe) 
Commission stockage (complexe)
IVentes de nnurriture pour le betallVentes du Centre de Semences 

,s i f'(P1LF , VAqIARI.F
'.AnFedl rice.f'n Irri.ated rice 
ritr..h~e 

[VS "',si 
o;.n Cattle costs 
f Ceed Costs 

,.11 Rice -111r 
.r'11 Grain center 
.7.I Seed plant 
.71( Service ianits 

CnSTS 

0 

0'0 
-re 
0 
-
a'2 

0. 
0 
0 

135 

7M7L7 
12 

4. 
- 4 

9 

- L5 
£ 

161. 

549 

35 
3 

7 
8 

35 

4Z10 
- 17 
10 

385 

1411 

7 
74 
25 
2-
s0 

a841 
17 
00 

252 

Z 

121 
S, 
500 
1? 

.22- 75 
44 

.d8 

8577 

0 
go5

52 
S 

SL 

572.55 
5252 

- 0 

995 

' 
1052 

as 
92 

511 

10a 
7302 
52 

-161 

9995 

0 
1052 
as 
92 

SLL 

1 10 
87302 
52 

1761 

9995 

0 
- 10 

an 
'92 

511 

10 
87a7302 
52 

1761 

9995 

0 
2LOZ 
s 

92 
51L 

1 

302
52 

1761 

RFENIIE TOTAL 

OOTS A IAL.S il Cn!4PLEXFRizpluvial 
Riz irrIl.ue 
Snriho 
Iais 
Cout du hetail 

lsine d'alimentation 
Cnuts variables de la rizerleCouts variables du centre de grainsCouts variahles de l'usine de semences 
Couts variahles des unites de service 

.71 SlIRT11TAL, VAR;ARLF COSTS "0 23,- 543 949 1583 3419 .4076 4076 4076 407b TnTAL PARTIEL, COUTS VARIABLES 

.719 CfW'PLFX FIXED COSTS 
1 4Id'ncngram for faruqers

7% nemplex fixed expnses 
.731 Complex fixed overhead 
7fl,9 r n... nt1 
7r, Contingency 

0
0 
0 

0 

Lb14L 
31 

44 

1Z- -
25 
35 
1-

91 

34
452 
40 
15-
19 

So0
110 
48 
11-

.241 

6
826 
52 

.-
475 

71
662 
"55 
16 

'510-

108
622 
43 
11 

501 

55
822 
43 
11 

501 

56
822 
43 
11 

501 

CITFX t 01LX 
Assitnce atix fermierselenses fixes du complexe 
Frass r.enerazj du coriplexe
Recherche et developpement 
Irmprevus 

775 SUBTOTAL, FIX.PED 

71n TOTAL OPEI5ATIM 

OSTS 

MSTS 

0 - 0 

444 

453 

996 . 

693 

142 

10.7 

2650 

1435 

5254 

1536 

5612 

L435 

51 I 

1435 

5511 

1435 

5511 

TOT.AL PARTIEL, COUITS FIXES 

CIITI TOTAIIX DOPERATIO1• 
7-1! rRnS. CASIIFLO"I 0 -346 -47 -2. -- L25 3323 4383 448 446 4454 rA.S'FLO'I BRIUT 
PAn Investment, al. tevesomuen, 
Psn Investument, facSlItos 
•55 Training programs 
PA Ikrking r-,'ital-

1255 
1520 

28 
0 

1757 
O0 
36 

L73 

5215 
1400 

19 
224 

. 
323a5 

20 
L6 

30.9 
400 

0 
63 

2574 
0 
0 
0 

0 
0 
0 
0 

768 
243 

0 
0 

768 
243 

0 
0 

765 
243 

0 
0 

Investissement, develonppement agricole.
Investissement, installations, 
Programmes de formation 
Investissemant des fonds de rourement 

A74 TOTAL CAPITAL ItVESTHtEPIT 253S 2466 866L 9046 3532 2574 0 1011 1011 1OLL IHVFSTISSE'ET TOTAL DES FONIDS 
All PROJECT CASHFLOI 
1111 CUlllLA.TIVE CA.IIFL011. 
81 ChilLAT*VE CASIIFLI n'LLARS 000 

-2633 
-28J3 

-11312 

-2512 
-565 
-22580 

-7308 
-L2953 
-51812 

-9277 
-22Z30 
-889z0 

-3657 749 
-25d7 -Z513£ 
-103548 -100552 

4353 
-20755 
-83020 

3473 
-17262 
-89128 

3473 
-13809 
-5236 

3473 
-O336 
-41344 

CASI!FLOIt nil P~nJET 
CASHFL11 CUMUILATIF 
CASHFLO!I C1111ULATIF nOLLARS 000 



r'in.lF.CT , Z.-.:F I.!tAPWlAL RF I'i+ 
PqICT Silinns E-FIMIPICFAL'ra )
(ltormillienof CFA francs) 

TK 15,, ILE 

CR1AP'PO't 
CASE 12 (En 

FINANf.IER I)U PROJECT SENERIZ..
millinns de CFA francs) 

, 

CAS 12 
1985 1990 g91ll 1992 1993 199 1995 1996 1997 

-,o . I .'ales r.ceiptsTIRE-isalereceipts ECONO,!IUlUE 
'h".Sornhun sales 

101Pi'R;, sles 
a4. r'atti rwvl~nle 

"-'-, I r! ce. ; I I fees 
'h"I Farriprs n.rain handling 

'-'' m.1r ,ra p~rin s25r5e 
11;'" rrbnrlgex 1.rain handlin, 

.7Q Cnrinl.x v.rain stnrage
!4-n cattle feed sales .s 

entr saules 

471 
475 
442 
86L 
1600 
zss 

1.193 
41 
7d7 

1*78A 
415 
462 
86L 

1600 

54 
1193 
k416 

4763 
475 
44Z 

"a 
L60U 

ZSs 
54 

1193 
2414464 

7 

471. 
475 
46Z 
1L 

1600 
ZIS 

54 
LL93 
z4L64 

1 

413 
##n 
46 

L 
1600 
255 

54 
1193 
d414 

7 

4753 4783 
475 475 
462 442 
84L 86L 
L600 1600 
2!25 205 
54 54 

1193 1193 
24L 24164 64 

1 7 

4783 
475 
462 
S4L 

100 
255 
54 

193 
24164 

7 

6753 
475 
44Z 
861 

1600 
2S 
54 

1193 
24164 

7 

4753 
47S 
462 

1 
L600 
255 
54 

1193 
24L64 

7 

Recettes de ventes 
Ventes de riz 
'entes de sorgho 
Ventes de reals 
P.even6L 'tu betaiIl 
-or~nission rizerie 
rn'issinn nanutention grain (fermlers

C.oaullsslon stockage (Cferriers) 
.cimissinn mantitention (complexe) 
Cormission stackaxe (complexe)ventes de nnurriture pour le betallfentes du C.entre de Semences 

j .n r iceLFtVAIARIr OSTS 

9995 995 999. 9"S 99 9995 995 9995 g9g 9995 r rMNlE TOTAL 

" Irrl ate rice 
-•,I .inar.d.h ic
I ' *I inrth t81 

C.'n atit costs 
: 1r7n Ctee l co ts% 

19".1 reed mil 
1'l (rain center 
t7I .ree panter1757ft Seed plant
71l1 Service units 

0. 
lOaZ 

92 
11 

101 
1 
302
52 

L76L 

0 
LO5 

4S-

32 
S 

101 
d1 

30252 
1161 

0 
1052 

92
LL1 

101 
57 

30252 
1161 

a 
1052 

do 

92
SSLL 

101 
87 

302 
1 

U 
108 

ad 

925 1. 

LOL 
#1 

30252 
161 

0 
O52

88 

9wNl 

01 
87 

302
52 

1761 

0 
LO5U 

92sit51L 

101 
B7 

302
52 

176L 

0 
10z 

92L1 

101 
87 
302
52 

1741 

0
1052611 

925L L 

LOL 
57 

302
52 

7L1 

OlrTS VARIA LFS pi CnIPLEXF 

0 R|z pluvial105.2 R!z irrigue5@Sa So rr.ho 

92 ?! Is5 L tout du heta li 

101 tlsine d'allmentation 
87 Couts variables de Ia rizerle302 Couts var4-bles du centre de grains52 Couts variables de Ilusine de sqiencesL1761 Couts variables des unites de sev ice. 

711; SIlT0TAL, VARIAMLF COTS 7 4016 4076 4,16 4076 4076 4076 4076 4016 4016 TOTAL PARTIEL, COUTS VARIABLES 
119 CO1PLFi FiED COTS

I! Aid prnr.r,-- for farrwers 
1.77 romilex fixed expenses 
171fn Comnqlex fixed overhead. 
17kq esearch and developpment 
75 rontinency 

56 
522 

44 
LL 

SOL 

so 
22 
43 
.1 

bOL 

sit 
51 

43 
11 

Sol 

5s 
d52z 
43 
L 

SOL 

5s 
862 

43 
ILL 

501 

58 
22 
43 
11 

501 

5so 
522 
43 
11 

50L 

55 
22 
43 
11 

501 

so 
522 
43 
L 

50L 

5 
822 
43 
ll 

501 

COUIT FIXE DU COMPLEXE 
Assistance avix fermiers 
Depenses fixes du complexe 
Frals r.eneraux du complexe 
Recherche et developpement 
Imprevus 

1775 SUBTOTAL, FIXED COSTS 1435 1435 1435 L435 L435 1435 1435 1435 1435 1435 TOTAL PARTIaL, COUTS FIXES 
170"TOTAL OPERATItJ MOSI" 5511. 551 55LA SSL1 55LL 551L 5511 551L 551 5511 COIITS TOTAIIX DIOPERATION 
17nn Cnnss CAS1IFLli 
1b n Investmnt, a. develonrient 
1*Sn Investment, facllit;-
!ISS Training progrms 
10:1 !'orklnr.capital 

"84 
765 

.243 
0 
o 

4 

18. 
243 

00 
. 

" 

44 

745 
243 

0 
O 

" 

4484 

765 
243 

0 
0 

4454 

i45 
243 

0 
00 

44611 

765 
243 

0 
0 

4444 

745 
243 

0 

*44 

7&& 
243 

0 
0 

4454 

7"6 
243-

0'' 

4 454 

768 
243 

P0I 
0 

rA-4F. RRIOT 

investissement, developpement agricoile
Investlssenent, Installations 
Prngrames de formation - -

Investissement des fonds de roulement 

1'7 

IA20 
!-"1 

TOTAL CAPITAL ItzvEsltHET 
PIOUjCT C.ASIILO!-
CUr"JULTI'F CAf!IFLO' 

~~-'-FCAS.:;LO ;- "LLAVS -V1*'. 

LOLL 

3473 
-6863 

-4l% 

1011 
"-4173 

-3390 

-i.760 

101 

3473 
53 

i3z 

1011 

3413 
3556 

1422Z4 

1OLL 

3473 
7029 

28116 

101 

3413 
10502 

.Z2Ud 

l 1011 

3473 
13975 

55900 

101 

3473 
17448 

69792 

L OL1 

3473 
20921 

a3u84 

1011 

"3473 
24394 

957 

ItIVESTISF1.E.rT TOTAL DES FO?'PS 

CAS-FLOUI n1 PrnJET 
CASHFLnIl .UMULATIF 

CAS1FIirh CIEISJ1LATIF nnPLL'qS On", 



PqOJECT SFNERIZ FINANCIAL REPORT 
CASE 12FINANCIER 

(in millilns Of CFA francs) CAPE* NN OU PROJECT SENERIZ 

CAS 12 (En millions de CFA francs) 

lq fn FC f f |tC STR IICTU RE 
199* 1999 k0ow ZOO1 20u 03 2004 2005 2006 2007 

14.0" Sales receipts
'5.1 Rice sales 
11n Srgm10 SorPm1huqsalessales 
,,akn rait saleseve 
1l ; rattle revenue 
Ikg' nice mill fees 
lh7l Farmers grain storage 
11175 rnmflex grain handling 
147q Cnmlex train storage
15.7 rattle feed sales 

15" Sp ted e ern ert center salessales 
1%5 TOA 

4Recettes47S 47S 4783 
47r 475 
462 462 462 
8L 861 61 
Z5 Z5p 25t 

54 
L193 L193 1L93 

41Z4L Z41 

6464 647 7 7 
?VNI 7 

47d4 
475 
462 
4161 
2!v 

*A4 
LL93 
241 

647 
7 

478. 
475 
462 
deL 
070L2025!i 
54 

1193 
241 

64647 
7 

4783 
475 
46 
&L 

L600255 
54 

1193 
41 

7 
7 

4783 
475 
462 
80L 

1600,55 
S4 

L193 
24L 

646n64 
7 

4783 
475 
62 
861 
000455 
54 

L193 
241 

64 
7 

4753 
475 
46Z 
861 

1600255 
!4 

1193 
241 

67
7 

4924 
476 
464 
Bb561 

1600200 
4 

1222
248 

64
7 

S R I ~ J E E O O I Q I
STRIICTURE ECONOpIqUE 

de ventes 
Ventes de sorgho 
Ventes de meats 
Ravenu du betall 

mmis rerie 
Commison rizerfeCommission manutention grain (fermier 
Commission stockage (fermlers) 
Commission manutention(complexe)CONmissinn stockage (complexe) 

e u C n r e S m n eVentes de nnurrlture Pour le betallVentes dtj Centre de Semences 

TOTAL RVENII 
IPn" CftPLEX VARIARLF COSTS 

9995 9995 995 9995 9995 9 999 9
9O9T 10173 ENIIE TOTALA ALC E 

191"192" RalnfedIraed ricerice 
1A20 Irrigated rIce 
lei Snrphuwm
R54 Ila ize 

Cattle costs17f Feed mill 
1670 Rice mill19 0 Grain center 
17n" Seed plant 
171l0 Sered nts 
1710 Service units 

0 
0 

1082 
so 

92soL 
101,87 
302 

5 
17.1 

0 
1052 

9z511 

87 
302 

'1761 

1082-
s 

92511 

1017 
302 
5d. 

.1761 

0 
101 

as 

511 

1017417 
302 
52 

1761 

1002 

DLL 

101101 

-50 
5 

176 

10521082 
as 

92
51I 

10107 
- 302 

S2 
1 

0 

92
511 

10157 
302 
52 

761 

0 

as 
92 

511 

101*1 
302 
52 

1761 

0 
1052 

10a80288 

92 92 
511 511 
LOL 101B7 87 
302 302 
52 52 

1761 1781 

OLUTS VARIABLES 1111COMPLEXE 

Riz pluv!al 
Riz irrigue
Sorgho 
t daI bs 

tout du betal 
Usine d'alimentationCouts variahles de la rizerle 
Couts variables du centre de grains
Couts variahles de l'usine de semence
Couts variables des unites de service 

! 

1715 SUOTOTAL, VARIARLE COSTS 4076 4076 44076'076 4U76 4016 4076 4076 4076 4076 TOTAL PARTIEL, COUTS VARIABLES 
171* CWtPLEX FIXED COSTSi"5 lid rdgram for far5ers 
?75 Coeplex fixed expe.nses 

171n Complex fixed overhead 
174.0 Research and development
1795 Ccntinxency 

17!! 41dordram 

822 
43 43 
LL 1L 

501 S01 

622322 
.43 
IL 

S01 

or 

43 
11 

501 

armestCUT 

82?52 #2 
43 -43 
11 -lk 

501 501 

so 
-22 

43 
11 

50L 

so 

43 
11 

so 

43 

50 

622 
13 
11 
01 

FIXE DU COMPLEXE 

Assistance aux fermlers 
Depenses fixes du complexe 
Frals generaux du comiplexe
Recherche et developpement 
Imprevus 

1-1S SUBTOTAL4 FIXED COSTS 
173n TTAL OPERATIN4 COSTS 

Lb 

55&1 

- 1435 

5bal 

1435 

5511 

L435 

P51 

1435 

5)11 

1433 

5511 

1435 

5511 

-435 

5511 

1435 

5511 

1435 

511 

TOTAL PARTIEL, COUTS FIXES 

COIJTWS TOTAIIX DIOPERATION 
;-?On CROSS CASHFLON-
IP40 Investment, ax. develoament 
iS Investment, facilities 
1855 Training programs
IP61 Working capital 

1370 TOTAL CAPITAL INVESTMENT 

I22 PROJECT CASHFLnV 
IAS1 CU?4lJI/'!vE CASHFLOW . 
- 91 1,--*LAiVE CAS! 4Lrnq MLLARS flMn 

.4484 

78 
243 

0 
0 

1011 

3473 
27867 
1Il4od 

4486, 

7 6 
243 

0 
0 

101 

3473 
31340 
125360 

4484 

78 
243 

0 
0 

1011 

3473 
34813 
139252 

4484 

768 
243 

0 
0 

1011 

3473 
38266 
153144 

4454 

768 
243 
0 
0 

1011 

3473 
41759 
167036 

4454 

768 
243 

0 
0 

1011 

3473 
45232 
10928 

4484 

768 
243 

0 
0 

1011LLOSTI 

3473 
48705 
194820 

4.484 

768 
243 

0 
0 

0LL 

3473 
52178 
208712 

4484 

765 
243 

0 
0 

101 

3473 
55651 

222604 

462 

768 
243 

0 
a 

101 

'3651 
59302 

237208 

CASHFLOHI BRIJT 

Investissement, developpement agrlcqil
Investissement, Installations 
Programes de formation 
investissement des fonds de roulement: 

II SE'"EF!T TOTAL DES FONDS 

CASFLOI fl! PqOJET 
CASHFLii rUMIILATIF 
CAS4FLOW CIJtULATIF DOLLARS 00 -



PRnJECT SFrqIiZ FiflAWilAL POCI3qT(in Millinns nf CFA francs) 
 CASE 13
Ci in f r(En RAPPMiT FINANCIE.R IU PROJECT SENERIZmillions de CFA francs)

CAS 13 

!1111 S.attle re.. Teints u
tLi, F€;alesg reeitsCTJ~ 
lh!A ice sale% 
'!

n .Sorrlh sales 
%;or!e sales 

"h'n *att , nlp~
1l9 1,icetill freesn 

1971 

0 
-
0 

1979 

56 
t11 

15e 

1 0 

z9 
26 
30. 
38 

L91L 

573 
L09 
107 
101. 

1982 

940 
243 
230 
159 

1983 

4418 
268 
24 
632 

194 

4703 
475 
42 
86£L 

L905 

4763 
475 
46Z 
1 

19 

47a3 
475 
462 
81 

1987 

4783 
475 
462 
861 

STRICTURE ECONOMIQUE 
Recettes de ventes 
Ventes de rIz 
Ventes de sorgho
Ventes d.e mals 
P.event du betall 

,h?n.Farn,.rs g.rain handling
1: 1h Carmers grain stnrage 
1:7; rng-nlex grain handlinn

14741 Cnrp;ex .rin storage1'h7Q Cattle frei stsU 
, tned center %ales 

0 
0 
1)
0 

0 
0 

27 
z 
0 
1d3 

' 
-

122 
4 
L

64:13 
A 
A 

9I 
Z4 

5 
L34 

I 
r 

44 
60 
13 

30462 
L6 

L600 
2I7 
27 

1017204 
33 

7 

255 
54

119324L 

00L600 
255 
54

L193241 
64 

7 

100 
255 
54

193241 
64 
7 

1oo 
255 
54

1193241 
64 
7 

r'Tission rizerle 
Comlssinn ranutention grain (fermlers)
CorwIssinn stockaze (fermiers)rommissin manutention (cmiexe)Con issinn stnckare (complexa) 
Ventes de nnurriture pour le betail 
Ventes dt, Centre de Semences 

1€V T)TAL RFVNIF 0 1.8 549 &11 25s5 8577 9995 "9JS 9995 9995 n.FENIfE TOTAL 
1F~ n Ct' PLEX'VARIARI.F0aifli. 
15)!' 3lnf3d rice 
ift?- Irrir.tled rice 
!1.It,nr.h__i 
xSq Itaize 
15V0 Cattle ests 

1 Feed1990r Rice millmill 
!A 14 Grain center 
171r' Seed plant 
7111 Service units 

COSTSOS 
0 
0 
0 
0 
0 

0a 
0 
0 
a 

. 

. 

:: ... 

1Z 
4o 
4 
9 

2L 
S 
3 

LAI 

35 
34 

7 
a 

3 

. 6 
17L 
10 

36 -

716 
14 
25 
2S 
0 

138 
41 
L7 

590 

121 
127 

51 
so 

197 

2822 
75 
44 

d66 

0 
995 
52 
51 

511 

6387 

5 
Se 

1750 

0 
10O2 
as 
92 

511 

01*1 
302 
52 

176£ 

O 
L05 

6 

-S1 

AO L-117 

302 
S2 

1161 

0 0 
1052 £0Z 

as 8& 
92 92 
SA 51 

101 101117 1 
302 313 
52 52 

161 1161 

COI'TS -VARIA3LES Pi1 COMPLEXE 
'iz pluvial 
Riz irripue 
Sor.ho 
?!aIs 
Cout du betail 

Ilne d'alimtntationrouts varIe-les de la rlzerle 
Couts yarlales du centre de grains 
Couts variables de i'usine de semences 
Couts yariables des unites de service 

"1,7!13S544T9TAL, VARIARLF 
171* CnWIPLEX FIXED COSTS 

13 319 4076 4016 4076 4076 TOTAL PARTIEL, COUTS VARIABLESCnI!T FIXE DU COPPLEXE 
1 Aid nrnorar, for farmers 
1775 Crxrplex fixed expenses 
171n Complex fixed overhead 
17hn Research and developr.nt 
!795 Contingency
1775 SLIflTCITAL, FI..€l' (:.fSTC 

0 
0 
O 
0 
0 
0 

16 
141 
3 
15 
44 

230 

2£ 
zoo 

35 
1s 
91 

45S36" 

34 
452 
40 
is 
149 
-' 

so 
710 

- 48 
18 

24£L 
07 

61 
826 

52 
£6 
476 
,4S 

71 
882 

55 
10 
510 
55 

5 
822 
43 
11 

501 
13---

-

58 
922 
43 
L1 

S0£ 
)3 

5C Assistnce anx fenmlers 
822 Depenses fixes du complexe 
43 Frais generaux du complexe
11 Recherche et developpement 

501 Imprevus
143 

t7*n TlTAL OPFIRATI"Gr MgT57 a 404 996 

693 

L442 

1067 

2650 

1435 

SZ54 

1534 

3412 

1435 

5511 

£435 

SS11 

£435 

511 

TOTAL PARTIEL, COUTS FIXES 

COIITS TOTAIX 01OPERATION 
7n'l g pn'. CASIIFLI 0 -34" -447 -231 -125 3323 433 4484 44" 444 rAq4FL'I FRIIT 
14n Investment, ax. develowinent 

10ee investment, facilities 
1155 Training programs 
1P91 Isorkinx capital 

128s 
SZO 
28 
0 

2349 
SO0 
36 

173 

4543 
1400 

19 
124 

55 
3255 
20 
116 

5149 
400 

0 
63 

4374 
0 
0 
0 

0 
0 
0 
0 

766 
243 

0 
0 

16 
243 

0 
0 

766 
243 

0 
0 

Investissernent, .eveloopement agricole 
Investissement, installations 
Prnxranes de formation 
Investissement des fonds de roulement 

1170 TOTAL CAPITAL INVESTMENIT 2833 3076 6184 4671 5632 43741 0 1011 £011 £011 .INVFSTISSE'E.lT TOTAL DES FONDS 
2A;O 
!1-I 
113 

PROJECT CASIIFLO:W 
CUJ.IIo 'TIVF CAS!IFLO11 
CU!MIIL&TIVE CASI!FLnl. !V)LLARS 

-25.31 
-2833 

-11332 

-3424 
-6257 

-Z508Z 

-6653 
-12890 
-51560 

-5902 
-21192 
-57168 

-5757 
-27549 

-110196 

-105£ 
-28600 

-. 14400 

4383 
-24217 
-96866 

3473 
-207k4 
-82976 

3473 
-17271 
-69084 

3473 
-13798 
-55192 

CAS'IFLO11 
CAS!IFLnII 
CASHFLn'1 

il p~n~JET 
rUP|JLATIF 
CI;IULATIF DOLLAR'S 00 



PqrIJECT SFMN.RIZ FliArIAL qFnqTA 
(in millinns of CFA francs) CASE 13 !APPt 

T FINIAfCIFR rU PROJECT SENFRIZ(En millions de CFA francs) 

CAS 13 

.n .IrlwPllr. STRICTUR E~flq Sales receipts1414 qicP shes 

Iflh Sorxhun sales 
1?hh "n;7P salp. 

r4fattle revenue 
1h91 nlice mill fees 
1471 Farrers r.rain handling 
1.7h Farners g.rain storage 
1K75 nmlex r.rain handling 
147Q Cnn ex g.rain storage
j'h.'q Cattl" feedi sales 

Sed center sas 

- 1W6a 

4781 
47!P 
462 
861 

1600 
Z 
54 

1193 
Z4t 
@ 

-rl 

4763 
475 
442 
641 

1600 
25l251 
S4 

1193 
24L
464 

IV~9.90 

4183 
41S 
442 
661 

&ba 

$4 
1193 
24L
44 

901' 

413 

442 
41 

J600 
SS2555 

54 
LL93 
24L
64 
7 

M92 

4153 
47S 

442 
461 

1600 
s 

54 
1193 
24L
64 
7 

6 
4783 

15 
442 
861 
1600 
ss 
54 

1193 
241

64 
7 

-92 1994 

4613 
4 
442 
461 
600600 
255 
54 

1193 
241
64 

1995 

4673 
75 

442 
$61 

255 
54 

193 
241
64 
7 

1996 

4783 
475 

442 
86 

1600 
255 
54 

1193 
Z41
64 
7 

1997 

7 

47a3 
475 
462 
661 

1600 
255 

S4 
1193 
241
64 
7 

STRICTIJME ECONOFINE 
ecettes de ventes 

Ventes de riz 
. entes de sorgho 
Ventes de mals 
P.eventi du betail 
Co nission rizerie 
Cnmmission manutention grain (fermlers)
(orlIssion stockage (Eermiers-) 
Comission mantitention (conplexe)Commission stockage (complexe)Ventes de nourriture Pour le hetall
'entes du Centre de Semences 

1 -SA Trn7AL 4FuFH1IF -99"9:i _99 -9995 -99959 9995 999S 999S 9995 9995 9995 '?"ENSE TOTAL 

Fn r erPLFX VARIARI.F.I 3e f.ainfed rice 
I Al i rrig~ated rice 
tx?" Irrie ri 
( 1 e8 
to" a costs 
k7R reed mill 
Ll Vce mill 
'n rain center 
L7AP Seed plant
17M Service units 

c STS 

0 0 
1082 1082 

6 
92 92 
11SLL 511 
101 101 

cnter302 .02 
5z U

1761 14 

0 
106 

8 

92 
511 
101 

302 
s

174 

0 
1062 

92 
511 
101 
a?

302 
2

&1L 

8 

0 
106 

92 
51 
101 
30ll
302 
51

1761 

Lou 
a 

92 
S1 

, 101. 

302 
52

1L4 

0 
1g68 

as 

92 
S11 
01 
87 

.302 
1 52

1741 

0 
1062 
as 

92 
511 
101 
1air7 

302 
52

1761 

0 
1082

84 

92 
511 
10& 

302 
52

1761 

0 
1062 

as 

92 
511 
101 

302 
52

1761 

COiTS 'AIAfALr.5 PSI CO'4PLEXF 

RIz pluvial
Riz irrigue
Sorcho 

Mais 
rout du betall 
lsIne d'alimentation 
Couts variables de ia rizerie"Couts variables du centre de trainsCouts variables de i'usi'ne de semencesCauts variables des unites de service 

[715 SIIT"TAL, VAflARLE COSTS 

1711 CO11PLEX. FIXED COSTS 
7!f Aid1 nror.ram for farmers-
t775 re~olex fixpd expenses 
L73n Compex fixed overhead 
Me Research and develoment 

Z795 Contingency 

E775 SUBTOTAL, FIXED COSTS 

L7.n TOTAL OPERATIt COS.TS 

j7f' nROSS CASIFLO/ 

IPisi Investment, ni. development 
losn Investment, facilities 
M-S Training program* 
I l lJorking capital 

1.170 TOTAL CAPITAL INVESTIEUT 

1*3) PROJECT CA.HFLO 
!All CUIIJLATIvE CASIIFLO1. 
URN ItRtliATIVE CAS1IFL'il DOLLARS 000 

- 40746 

"2L 
43 
IL 

SOL 

141S 

551L 

4464 

768, 
243 

0 
0 

1011 

3473 
-10325 
-4#1300 

4076 

422 
43 
11 

50L 

145 

5511 

4464 

7" 
243 

o 
0 

1011 

3473 
-6852 

-27408 

4076 

5o 
622 
43 
-11 
501 

1L35 

551 

4434 

74" 
243 

0 
0 

1011 

3473 
-3379 

-1.3516 

4076 

56 
zz 
43 
LL 

Sol 

1435 

3511 

4464 

76 
243 

0 
0 

1011 

3473 
94 

31 

4076 

58 
622 
43 
IL 

50L 

1435 

351L 

4454 

76 
243 
0 
0 

1011 

3473 
3547 

142468 

4076 

Ss 
522 
43 
LL 

501 

143S 

5511 

444 

6846 
243 

0 
0 

1011 

3473 
700 

26160 

4076 

58 
622 

43 
IL 

501 

1435 

5511 

4864 

i 
k43 

0 
0 

3'11 

3473 
&O1L3 
42052 

.4076 

56 
622 
43 
L 

501 

1435 

551 

4464 

76 
243 

0 
0 

1911 

3473 
13986 
5594 

4076 

58 
822 
43 
11 

SO1 

1435 

551L 

444 

746 
243 

0 
0 

ILL 

3473 
17459 
69636 

4076 

622 
43 
11 

SOL 

1435 

5511 

484. 

768. 
2*1 

0 
0 

1011 

3473 
20932 
83728 

TOTAL PARTIEL, COUTS VARIABLES 

COUJT FIXE DU CO11PLEXE 
Assistance aux-fermlers 
Depenses fixes du complexe 
Frais r.eneraux du complexe 
Recherche et developpement 
Imprevus 

TOTAL PARTIEL, COUTS FIXES 

.OIITS TOTAIIX D'OPERATION 

rA;,FL,; RIIT 

Investissement, developpement agricole 
Investissenent., Installations 
Programmes de formation 
Investissement des fonds de roulement 

IVESTI.SE"EMT TOTAL DES FO.DS" 

CASI"FLOI nIi P~nnJET 
CAS!IFLnI mUMIILATIF 
CASHFL)-1 CIJIULATIF DOLLARS 000 



Z3319. 1AlM 3
rnJFCT SF4r.nIZ FI~fA~trIAL qF.n'r UX19 AR-(n millinn% f CFA francs) 
 CASE 13 
 RAPP(ET FINANCIER DU PROJECT SENERIZ
 

i(E millions do CFA francs)
 
, . CAS 13 

• 99 1 Lgg, Zboo z," L 001 20039'4#1n Few1lir STsIRE 0o, ib0" -. zooa 2oo 
t n" Sales receipts STRIuCTURE ECONOMIQUE"lnice sales Recettes de ventes
4" 1 731 113 4113 4763!h"I ",irothn ales *13 4783 4924 V.ntes de rIz4, 415 475'h h9 . salesf"z *#75 475 475 475 475revenue 4754 476 Ventes de snrgho42 ~ 462z~ 42 46 ~ 462 
"1'q i e nhlo fee.s 42 ~ 462 4" ~dVentes de maisIS1 "1 46h.l Famrr "1 lNot Lm i hnln 1400 L600 86L 46L 861 86 Pevents du betail.h'I Farmers2SS age 1600 1600 ;S'00 0 600 IwoZ55n 2t5 LuO 1600 Cormission rizerieII7h rarn I z55 ZSg.rain handling 54 54 

2z 
54 54 2S255 255 Cnmmissinn manutention grain (fermiersj).47 Cnrnlex .rnin storage 1193 1493 1133 1193 lI1954 54 N4 54 54 S4 ColiIssinn stockage (fermiers)L6 

1fn r.ttje fen.d 241 2*1 241 
93 193 193 1193 1222 Commission manutention (complexe)sales .241 241 241
64 64 241 246 Commission stockage (complexe)
9"n 1ped center sales 64 64 64 64 64 647 7 7 7 7 ] 

64 Ventes de nnurriture pour le betall1 7 7 
 7 
Ventes du Centre de Semences
 

.F-n C-1PmLFx VARIARIE COSTS 
TnTA q~wf11- 9995 9995 -9995999990 - - 999 9995 9995 913 L-73RVN .VENIE OATOTAL 

rin 1.alnfed rice 
r-n Irril.ated rice 

'AN" Sorn.hum 
[L5f ?1aIze 
rn cattle costs 
7rjeed mill 
!MRice mill 

Kqn Grain center 
7Tnp Seed plant 
1710 Service ,mitS 

0 
1082 

a8 
92 

Si-
101 
87 

302 
52 

1741 

O 
1082 

V2 
511514 
101 

? 
A02 
b2 

L L 

a 
1I2 
as 
92 

S11 
101 
U7 

302 
52 
17 

a 
Lodz 
do 
92 

101 
7 

302 
52 

1761 

u 
Lou 
as 
92 
4SA 

101 
a7 

3UZ 
52 

1761 

0 
1052 

as 
92 

S1 
AO 
a? 

302 
52 

1764 

1042 
as 
92 

s1 
401 
67 
302 
S2 

17L 

a 
0312 
as, 
92 

511 
401 

67 
302 

52 
1761 

a 
1082 

ad 
92 

s1 
401 
87 

302 
52 

1761 

COLITS VARIABLES 011 COMPLEXE 
0 Riz pluvial

10U RIz irrigue
ad Sorcho 
92 Ma Is. 

511 Cout du betail 
4IOL(Isine d'alimentation 

g7 Couts variables de la rizerle 
302 Couts variables du centre de grains
52 Couts variables de Ilusine de semences

176L Couts variables des unites de service 
715 (.jfTnTAL,VAR IABLE COSTS 
.71q CrW1PLFX FIXED COSTS 
.7-" 41 nrnp.ran for farr.rs 
.?7 rrplex fixed expenses
71 C.--.plnx fixed overhead 
l7h !esoarch and develomemwnt 
'-; Cont inwency 

So 
822z 

41 
it 

501 

00714076 

big 

43 
is 

SOL 

4014 

58 
822 2 

. 3 
L4 

SOL 

4016 

so 

43 

Sol 

476 

58 
221 
43 

11 44. 
Sl 

4074 

s 
82 
43 
IL 

SOL 

4076 

59 
822 

403 
it 

50l 

4076 

S 
2232 
43 
i1 
SL 

4076 

so 
222 

43 
I1 

SO1 

4076 

58 
8, 
43 
14 

501 

TOTAL PARTIEL, COUTS VARIABLES 

CIJT FIXE DU COMPLEXE 
Assistance aux fermlers 
Depenses fixes du complexe
Frais generaux du complexe
Recherche et developpement 
Imprevus 

.7!1 
775susT14TAL, FIXED3 C14STS 

TOTAL OPFRATIM "STS 
L43-

S5LL 
L.:j 

$SLL 
L435 

SS11 
1435 

5511 
4,35 

SS11 

14*35 

SL 

1435 

5514 

1435 

5511 

143S 

5541 

1435 

SS4 

TOTAL PARTIEL, COUTS FIXES 

COUTS TOTAIIX D OPERATION 
'74%CtCROSS CASIIFLCM 
P fl Investrent, ax. develorwent 
,eRInvestr.nt, facilities 
1SS Tralnin programs

1P - I orkinj, capital 

L'70 TOTAL CAPITAL IfjvESTIFNT 

[X20 PROJECT CASIIFLO.I 
'P1 CI.UIL,%TIuF CASINFLOII. 
L811 rUIIiIWATIVE CASIIFLn'I DOLLARS 000 

4464 

76 
24b3 

0 
0 

1011 

.6473 
Z4402 
97*20 

4434 

1, M1 
243" 

6 
0 

1014 

3473 
2787r 

1115LZ 

4464 

768 
243 
- 0 

0 

101 

3473 
31351 

125404 

4464 

765 
243 

0 
0 

110 

3473 
34924 

139294 

4484 

765 
243 

0 
a0 

1 01 

3473 
35297 

IS318 

4434 4484 4484 4484 
763 746 743 7d 
243 243 243 243 

0 0 0 0
0 0 0 

10o4lll 1011 10 4011 

3473 3473 3473 31*73
41770 45243 43714 52169

167030 140972 194944 208756 

4662 CASHFLOII BRUT 

768 Investissement, developpement agricole
2*3 Investissement, Installations 

0 Prngrames de formation 
0 Investissement des foods de roulement 

1011 INVESTISSF'E.IT TOTAL DES FONDS 
365L CASHFLOII DI1 PROJET 
55840 CASHFL-I CUMULATIF 
223360 CASHFLOW CIJMULATIF DOLLARS 000 



TABLE Z0 

PRO.IFCT SFRiZli1 lflD'W.TIN QEPORT 
(in units and tons) 

CASE 
CAS lk 

* PR 
RAPPORT PRODUCTION D11 PROJECT SENERIM 

(En unites et tonnes) 
1976 1979 1980 1981 1982 1983 L984 19821 1986 1987 

! 0 7 4 wnt P L .X PRnlUl2nT l fl',
17-q1 .a;nfed rice net nrnductlon 
"!I.Irripated rice net Production 
17'" Snro.hm net Production 
??hl Maizo net nmrnr'ctinn 
"nl ralves Purchased 

0 
0 
.0 

a 

u 
0 

0 
1300 

412 
860 
. 77 
394 
800 

Z2768 
Z940 
655 
7S1 

1"O0 

6376 
6440 
174L 
2603 
5000 

L1130 
8670 
6221 
583 
10000 

0 
93943 

6688 
6094 

LOOJO 

0 
102000 
1198 
1&634 
lOOU 

0 
102000 

11968 
11634 
lOuOO 

0 Productlnn 'lettm de RIz Pluvial 
102000 Productinn mJptte de qIz Irrigue

11968 Prnduction Nette de Sorho 
I1634 nrnduction Nette de ?'als 
10000 meatxachetes 

"15 Cavres sold 
711% Fee.er cattle 

1!qQ FARttFR. PinfirTifluTJ 
11,0 .ainfed rice net production 
1505 Sorzhun net production
!"n- '1lilet net productinn
11 "Iaize net Producjtion 
1320 Total cereals production 
1235 Farw.rs cattle raised 

0 
0 

0 
0 
0 

0 
J 

U 
50 

33 
119 
20 
70 

242 
113 

300 
300 

9 
-177 

42 
460 
443 
1SO 

#G0 
so* 

261 
1115 
171 

1144 
Z894 
697 

L500 
1500 

1Z6 
2971 
469 

3104 
713* 
1640 

5000 
5000 

1069 
6526 
1022 
6537 

15L54 
3419 

10000 
5000 

2283 
13201 

2197 
12714 
303V5 
6743 

10400 
5000 

2283 
13201 
Z197 

12714 
30395 
6743 

10000 
5000 

2263 
13201 
ZL97 

12714 
30395 
6743 

10000 Veaux vendus 
5000 Betall d'enmraissement 

PRODUCTION DES FERMIIERS 
2283 Production Nette de Riz Pluvial 
13201 Productinn l.ttr de Sorgho 
2197 Production "ette de il 

12714 Production 'lette de l'als 
30395 Production Tntale de Cereales 
6743 Recall Ieve. par les fermlers 

OTFS: 1) Production data for years 

!ql*-2ftn7 are identical tothose of lad7. 
fl.R.: 1) rannees de Production 

DOur les annee' 2 e?-.2nO7sont Identiques a c ux E'910E. 
2) Production data for mostother cases are Identical4to the Base cases. 2)" Donees do production pour la . 

plupart des cas son identique 
au cas de base. 



PROJECT SFNPRIZ FINANCIAL REPORT TAM 21, PART 1
 

(In millions of CFA francs) 
 CASE 14 RAPPOnT FINANCIER OU PROJECT SENERIZ 
(En millions do CFA francs) 

CAS lk 

1975 1979 1980 1961 19a2. 1983 1964 L965 196 1967 
11nicSales receipts 

STRlICTURE ECONOIMIQIUE10 Rice salesventes 
1hst Sorghum sales 
 0 0 53 237 332 830 3699 4233 4233 4Z33 Ventes de riz
ykn "size sales 
 0 0 10 23 96 215 234 41914e rattle revenue 419 419 Ventes de sorgho
0 0 14 25 91 199 213 407 407 407 Ventes de mais1'A1 Rice mill fees 
 0 4 36 101 189 632 861 051 651 61 Rev.u du betail
I&1 Farme.rs graIn handling 0- 1 27 L9

19 farmers grain stora e 

27 421 16OG 1600 1600 1600 Commission rizerle
0 2 4 24 40 1Z7 255 255 255 25i!&7 fl;triplex grain handl5n U 0 1 5 
Comissinn nanutention gra;n (fermlers)13 27 54 541I4q Cmplex nrain stnrace 54 54 Commission stockage(fermiers)0 1 16 60 L53 268 89Alh-n Caztle feed sales LOS0 1055 loss Commissinn manutentlon (complexe)
0 '3 L3 3L 54 Lou 213 213 213
1914 'Pd*center sales Coission stockaze (complexe)
0 1 
 L 7 to 33 64 64 64 64 Ventes de nourriture pour le betall
0 1 1 Z 4 7 7 7 7 7 Ventes du Centre de Semences
195m TOTAL REvEF~I 

0 9 168 6L? L4SZ 216 8Z63 9166 9166 9168 qtVENIIE TOTAL
1Fnn Cf'PLFX VARIABLE COSTS
 
12fl ainfed rice
10;2" Irrigated'rice _0 .... 
 .- ,3S 75 Its 0 0 0 COUITS VARIABLES 011 COMPLEXE0 Riz pluvial " 
14Aq Snrhui .0 0 L2 
 35 -7 - 1Z3 973 1056 1056 1056 Riz irrIuo1550 flalze a~ 0IS4n Cattle costs 4 7 24 49 50 85 630 as Sormho0 0 4 7 24 46 4 89 89 69 Ma r167n Feed mill 
 0 9 35 s0 197 511 511 511 s1 5111f6*o Rice mill Cout du betail
0 2 4 13 28 63 101 101 101 101191O Grain center Isine d'blImentation
 

n Seed plant 0 L 6 a 22 8717n See 0 5.,, L7 - L 15r. a7 B7 67 87 Couts variables de Ia rizerlepnt 0 -4 10 L7 255 302 302 302 302 Couts variables du centee de grainsService units 44 52 52 52071fl - 167 3 5 52 52 Couts variables de l'usine de semences590 66 1750 1761 
 L761 1761 1761 Couts variables des unites de service
 

1715 SuTTAL. VARIARLF COSTS 0 1207 4-3 634 143u" 3056 3615 4044 4044 4044 
 TOTAL PARTIEL, COUTS VARIABLES
 
1711 COtIPLEX FIXED COSTS 
 ,
1T20 Ald Program for farmers 
 0 15 21 34 so COUTFIX UC- LE61 71 56 54173 r-olex fixed exrensead 0 141 5s Assistance aux fermlers
688 452 710 826 
 82 822 822 822 Depenses fixes du complexe
17%n Complex fixed devehead 0 
 31 35 40 48 52 55 43 43 431765 Research and develgenynt 0 1 Frals generaux du complexeto' Li 1 s8 18S 111765 Ctntingency 11 lRecherche et developpment
0 41. ft 138 22& 401 491 498 496 496 Imprevus
 

1775 SUBTOTAL, FIXED COSTS _70 26 -_j -Z-:15 - - 0U T47T 4" 542 1052 1356 1517 1432 1432 1432 TOTAL PARTIEL, COUTS FIXES
171ft TOTAL Oit..ATIN,, COSTS 0 454 930 1515 2482 4414 5403' 5474 
 475 S474 COIITS TOTAIIX D'OPERATION 
1744GROSs CASHFLO 0 -443 -762 -899 -1030 -1598 2860 392 3692 3692 rASNFLOI BRIIT 
IPS5 Investment, ag. develom 65 2369 5416 7125 5159 4374 0jR5n Investiqent, facilities 50320 1400 3265 76 1 7"56 InvestIssement, developpement agricole0 0 0 243 243 243 Investissement, Installations1155 Traking prorams 26 19 20 0 
 0 0 0
LPB1 Working capital 0 0 Programmes de formation0 223 381 450 51s 799 0 0 0 0 Investissement des fonds de roulement, 
1I74 TOTAL CAPITAL INVESThENT 2d3 3128 218 1080 i4i 5173 0 LOLL LOLL A0L1 INVFSTISSF.IENT TOTAL DES FONDS 
1A80 PROJECT CASHFLOtt -2533 -3573 -960 -L1779 -7114 -&771 2540 2541 2681 2681 ftL*S1CtNftJIJTIvE CASHFLBRj. CASFLO PROJET-2833 -5405 -15356 -2715 -34279 -4LO50 -36190 -35509 -32826 -301478*1 lIILAJIVE CASHFLOH DOLLARS 000 -LL332 -25424 -51544 -1060 -137116 -164200 -152760 -142035 

CASHFLnw CUMULATIF
 
-1313LZ -120568 CASHFLOW CUMULATIF DOLLARS 000
 

http:Farme.rs


TAM 21, M 2 
nIJECT SF"r.RIZ FI:fAtI('IAL nrFM tcniwnu fFA francs) 


CASE It 
 RAPPn1.T CIMANCIER Du PROJECT SENER
CAS 1A a 

(En millions de CFA francs)
CAS 14
 

-Nn 
n 

c e -pinl'|JC -Tn lCTUR40n !,ales re.rceipts FE 
1986 1989 1990 1991 1992 1993 1994 1995 1996 1997 

lice;sales iectttes STRIICTIJRE ECONO?!IfjUE
do ventes 

S!'.n Sorrghur sales 
hhn "Aize sales 
th" E'ttl, revpnue
*NA1 lice nii fees 
hT1'. Farriers nrain handlinrc 

5 rain storage 
471; Crmrl.x grain htnlinghq C-rPlex .rain h ange 

SCpattle fen sales 
"'e ",d enternc.sales 

4234 
*L9 
401 
86L 
L600,2tl 

5 4 
LOS 
213 
&_ 
p n 

4,33 4233 
419 
407 407 
861 $1 

1600 16002;5h5lrm.r,55 255 
4 54

1 1055 
d.1U 213 
64 64 

7•7 

4233 
L91L9 

407 
861 

LbJQ255 
54m 

1055 
213 
41# 

7 

4233 

407' 
861 

1600
d55 
54 

LO 
213 
64 

4233 

407 
"1 

1600
25 

5 
1 5os 
ZL3 
64 

7 

4233 
419 
401 
"1 

1600 
255 
54 

L055 
213 
4 
7 

4233 
419 
407 
" 1

1600 

54 
1055 
2L3 

7 

4Z33 
4L9 
407 
96L

1600 
Zsszss 

54 
105 
213 

7 

4233 
419 
407 
166

1600 
zs5 
S4

1055 
213 
64 
1 

ventes de rlz 
-'entes de sorgho 
Ventes de mals 
P.evenu du betailC€mmissIon rizerle 
Cnmmissinn manutention grain (fermi 

mlssion stockage (fermiers)Commissionh rantitention (complexe) 
Comrission stockage (compiexe) 
entes de nnurriture pour le betall 

Ventes du,Centre de Semences 
grf TflYAI QEvFPIWIF 

9ft( OlPLF %VAP.IARI.F C(ISTSw 7" qainfed rice 
F -t Irrir.ated rice 
AN n ,nr.hun 

aze 
fnn Cattlp costsFeed mlIiAf Flice mill 

icenel 
70l E;rain ce nter 
7fl Seed iant 
?1i Service units 

71% -t .-1TAL, VARIARLF C..STS 

.71' CflIPLEX. FIXED C.ISTS 

# 9168 

Lo 
655 
89 

511nLO 
8l 
AOZ 
52 

1761 

40 

9166 

0 
1056 

65 
09 

L01 
Sr 

30Z 
sz 

176 

4044 

L 

916a 

1056 
65as 
49 

511LO 
87 

302 
52 

1761 

4044 

9166 

0 
1OSk 
85S 
49 
1SLO 

87 
30Z 
52 

1761 

4044 

9166 

00 
IOS6 

89 
51101 

67 
30k 
sd 

1761 

4044 

9166 

0 
1056 

as 
59 

SiL101 
87 

JO2 
54 

1761 

4044 

9166 

0 
1056 

as 
89 

S1101 
87 

302 
52 

17 

4044 

96& 

0 
1056 

65a5 
$9 

511101 
67 
302 
52 

176L 

4044 

9168 

0 
1056 

89 
51ILO1 

87 
30Z 
52 

1761 

4044 

9168 

1056 
as 
89 

511lo 
67 

3Q 
52 

1761 

4044 

qF.0 ENIIE TOTAL 

COIITS VARIAqLEs flt Cfl4PLEXE 
Qiz pluvial 
Riz irrig.ue 
Snri.ho 
tais 
Cout du betailIsine d'alimentation 
Couts variables de la rizerie 
Couts variables du centre de grains
Couts variables de l'usine de semen 
routs variables des unites de servil 

TOTAL PARTIEL, COUTS VARIABLES 

A7"id nro.ram, for farmers 
72q Cnmplex fixed expenses 
7n ComPlex fixed overhead 
74n !nes.archand developnmnt 
795 Contingency 

775 SUBTITAL, IlED COSTS 

71n TnTAL OPFRATI)i, CSTS 

7q ROflS.; CASIiFLIH 

P4n Invest,,ent, ag. eveloment 
RS" Investment, facilities 
15 Training Programs 
P 1 orkIn. capital 

A74 TOTAL CAPITAL IPIVESTMETo 

180 PROJECT CASHFLOtS 
911 C'JIIMLAIVE CAS!IFLOIU. 
qQ' utlILATVE CASIIFLO / nDOLLARS 0M 

58 
622 
43 
&I 

46% 

1432 

S476 

3692 

766 
243 

a 
a 

1011 

2661 
-27466 

-J1fl 

so 
822 
43 
11 

496 

143Z 

b47 

3692 

766 
243 

0 
0 

1011 

2681 
-24765 
-991&0 

5 
622 
4*3 
11 

496 

1432 

5476 

3492 

76 
143 

0 
a 

L011 

2661 
-22104 
-8,416 

5 
822 
43 
11 

4 

14.32 

We* 

3692 

768 
243 
0 
0 

LOLL 

2681 
-19423 
-77692 

58 
622 
43 
11 

4968 

4132 

47 

369Z 

766 
243 

0 

10LL 

2681 
-16742 
-66968 

58 
22 
43 
11 

4968 

JL432-

5476 

3692 

766 
243 

0 
0 

1011 

2681 
-L406L 
-56244 

58 
842 
43 
11 
498 

143 

5476 

3692 

768 
243 

0 
0 

101L 

2681 
-11360 
-45520 

53 
622 
43 
it 

496 

1-432 

5476 

39Z 

766 
243 

0 
0 

LO 

26L 
-8699 

-34796 

56 
922 
43 
11 

498 

1432 

5476 

3692 

768 
243 

0 
0 

L 1011 

2681 
-6018 
-24072 

54 
822 
43 
11 

498 

1432 

5476 

3692 

76 
243 

0 
0 

LOLL 

2681 
-3337 
-1334 

COIJT FfXE 5 ! CO"'LEXE 
Assistance aux fermiers 
Depenses fixes du complexe 
Frais generaux du complexe
Recherche et developpement 
Imprevus 

TTAL PARTIFL, COUTS FIXES 

COIITS TOTALS. D'OPERATION 

rAS'4FLO'I RRIIT 

Investissement, developpement agrict
Investissement, installations 
Programmes de formation 
Investlssement des fonds de roulemei 

iNVESTISSEPIEI"T TOTAL DES FoPS 

CASFLO! w-I PqnJET 
CASHFLn' rUMULATIF 
CA-;HFL0OI C'MIULATIF nOLLARS 00') 



TAU 21. 1PAR 3 
PqO.JECT SFHFRIZ FlffAtCIAL IEPIRT(in millions of CFA francs) CASE l RAPPORT FINANCIER DU PROJECT SENERIZ 

CAS 14 
(En millions de CFA francs) 

!lYnn rC~fOlCl STI!IICTUJRE 
1998 1999 2000 2001 2002 2003 2004 2005 200 2007 

Z6'n Sales receipts
14n Rice sales STRIICTURE ECONOPIIQUE 
1hIn Sorghum sales 
lhk$ "'Aei sales 
1 'P rattle revenue 
1"I Rice mill fees 
Y&7. Farers grain handl;ng 
Wit Varmprs grain storage 
147' rcplex grain handling 
147Q Complex praIn storage 
lrn Cattle feed sales 
191n Sed center sales 

15n TnTAL REVPNIIF 

4233 
L9 

401 
80L 

1bU0 
Z)> 
St 

b0bS 

6-

4133 
419 

4JI 
861 

160U 
4: 
54 

105$ 
2L213 

64 

I-

443i 
419 

407 
861 
L600 
2 
54 

1Ub 
21* 

64 
7 

ZS 

42s3 
419 

4i7 
ol0 

16;o 
2 S5 
344 

lo1 
2LA 

64 
1 

43 
41v 

401 
d66L 
1600 
255 

I13 

04 
7 

4"-3 
4L9 

407 
86 
1600 
255 
54 

L05b 
eL3 

64 

7 

4213 
419 

407 
6 1 

1UO 
zb5 
54 

1055 
2L£ 

64 

7 

4233 
419 

407 
61 

1o.0 
255 
54 

05LOSS 
213 

64 

7 

4233 
4L9 

407 
61 

00 
255 
54 

10Ss 
ZL3 

64 
7 

4374 
42o 

410 
8618Pevpnut 

16OU 
255 
54 

1084 
218 
64 

7 

Recettes de ventes 
Ventes de riz 
Ventes de sorghn 
Ventes de mais 

dui betail 
Commission rizerie 
Commission manutention grain Cfermleri. 
Commission stockage (ferniers) 
Commission manutention (complexe) 
Commisslon stockage (complexe) 
Ventes de nnurriture Pour le betall 
Ventes du Centre de Semences 

F~n CflfPLFX VARIARLE COSTS 
9166 91.8 9106 916as 9108d 9166 91.- 91611 9168 9347 R~EN'lIE TOTAL 

7 xn ainfed rice 
192n Irrigated rice 

nnrnhum 
fSfl ttaIze 

14fi Cattlp costs 
l7~n reed mill 
191O r;ce mill 
lrqll Grain ".nter 
17fln Seed plant.712 Service units 

-0 

1056 

d9 

511 
ul 
7 

30i
biai701 

0 
10s 

81 
511 
101 
.7 

.02
52171 

0 
105. 

S 
d9 
1£.5 
101 
67 

3u
5217614 

a 
t. 
156 
.-

69 
11! 
101 
C7 

Jule
15Z1761 

. 

0 
LuSe 

s 
19 
A 

11 
d7 

304 
52L161 

0 
1056 

8 

89 
511 
1101 
87 

£0z 
521761 

0 
10So 

aSss5. 

89 
S11 

87 

J02
521761 

0 
.105o0 

as 

89 
5it 
101 
87 

302 
521761 

o 
Le 
as 

89 
s11 
101 
87 

302
521761 

0 
L 

85 

89 
511 
101 
87 

302
521761 

COIITS VARIABLES 11i COMPLEXE 
iRz pluvial 

Riz irr15ue 
Soriho 

Flais 
Cout du betall 
lisine d'alimentation 
Couts varlahles de Ia rizerle 
Couts variables du centre de grainsCouts variables de l'usine de semenceiCouts variables des unites de service: 

1715 C(1RTOTAL, VARIABLE COSTS 4044 4044 4-044 40344 044 4044 404 * 44 4044 4044 TOTAL PARTIEL, COUTS VARIABLES 

171' CO1PLF.X.FIXErI COSTS 
171 Aid Program for farmers 
177q Comnlex fixed expenses 
173f Comslex fixed overhead . 04n Research and development 
t765 Contingency 

1775 SUBTOTAL, FIXED COSTS 

6be 
6il222zz 
4 43i L 
498 
ontn c4949 

14.sZ £432 

5 

L 
19 

496 

1431 

86 

dz-62 
*43L 
19 
8 

bi2 7 

So 

d2262 
43LI 
11 

46 
43, 

58 

82 
43I 
1 

46 
L32 

Sd 

431 
4 
46 
1432-

So 

18.12 
434 

- 4 11 
49 

1432 

58 

822 
43
L 

11 
498 

1432 

58 

822 
43
L 

49 
46 
43Z 

COIJT FIXE DU CO'PLEXEAssistance atox fermiers 

Depenses fixes du complexe 
Frais generaux du complexe 
Recherche et developpement 
Imprevus 
TOTAL PARTIEL, COUTS FIXES 

7in TOTAL OPFRATING COSTS 547 5476 5476 i#7- 547& 5476 5476 5476 -474 5476 COIRTS TOTAIIX DOPFRATION 
7qn GROSS CASHFLOi 3692 3&92 3092 3o92 "92 369d 3692 3692 3692 3871 CASHFLOI BRUT 
4n Investment. al. develonent 

*Sn Investment, facilities 
.1 Training prorams" 

1 ' rkln capital 

76d 
243 

0 
0 

766 
243 

0 
0 

74 
243 

0 
0 

764 
243 

0 
0 

766 
243 

0 
0 

7.8 
243 

0 
-0 

76 
243 

0 
0 

766 
243 

0 
0 

768 
24#3 

0 
0 

766 
243 

0 
0 

Investissement, developement agricoli 
Investissement, installations 
Programmes de formation 
Investissement des fonds de roulementi 

.MM TOTAL CAPITAL.IUVES~TEltT 
ME* PROJECT CASHFLOI1 
P91 CU'IIIL.AIVE CASIIFLO11 
.3 MuILA11VF CAS!!FLO4 nOLLARS 011 

1011 

261 
-626 

-26 zi 

1011 

2681 
d025 
8100 

1011 

2681 
4706 
18824 

1011 

2661 
7.47 

29548 

1011 

2681 
10068 
4u27 

1011 

2681 
12749 
5099b 

10111O 

2681 
15430 
6172U 

2681 
18111 
7Z4,&4 

1011. 

Z68L 
20792 
83168 

O11 

2860 
2365Z 
94608 

IPIVESTISSE"EHT TOTAL DES FONDS 
CASFLOII nil P~nJET 
CASHFL'I CUAILATIF 
CASHFLO'I CIIIIULAT17 TfOLLARS 1313 



TARLF 2L! 

P- nJECT .SFfF.IZ or.t 'TO 
(nunits .rid tfns, 

DDOCI.~ 
-. iil" 

Su 

qAPF. nMOl
APP0I T PriftnlclUCI flu 

t(En unito. et 
PftqJ 7 

tonnes) 
SF**qlZ 

1_01n r m,*PLcX PRnnterrin, 
"?n l ninfed rice net nrnd||ctton 
?117 Irrlratedr rice net Production 
.117 -nrrhm net nroductinn 
. 1Ze net frodzavtinn 

I In r'alves purchased 
1251 Calves So14 
11% Feeder cattle 

?qQ FARM RS P i' r r ir)i 
1 10!lnned rice net production 
1105 Sorahum net production 

-" A l;illet net Prod,,ction 
I ' 'qaizenet productInn 
V3.fn Total cereals production 
11511 Farmers cattle raised 

1978 

0 

0 
0 
0 
0 
0 
Q 

0 
0 
0 
0 
a 
u 

1971 

278 

2100 
0 

15L 
300 

0 
S(0 

33 
L19 
20 
70 

Z42 
its 

L980 

6376 
S960 
2561 
713 
g00 
300 
300 

98 
-.%I7 

42 
44) 
.443 
SU 

Li 5 

8270 
OZZL 
&123 
1500 
400 
400 

261 
I116 
L7 

1344 
2894 
697 

8131196 19.1 

0 0 

89874 IUUOO 
6925 12768 
6534 12414 
5000 10000 
5UQ 50U0u 
SO( 5040 

520 1069 
297L 6z2 
469 1022 

3168 6537 
7134 1SL54 
1640 341' 

19d4 

102000 
1358 
13194 
10000 
LUUOO 
5000 

z6M3 
13201 
2197 
12714 
30395 
&743 

L95S 

0 
102000 

13S68 
J194 
10000 
10000 
5000 

2253 
13201 
2197 
12714 
3J395 
6743 

1956 

0 

102000 
L35" 
13&94 
10000 
LO000 
5000 

Z283 
13201 
2197 
12714 
30395 
6143 

1987 

0 
102U00 
13568 
13194 
10000 
10000 
5000 

2203 
13201 
2197 
12714 
3039S 
6743 

Prducti on "l'tte e iz Pluv al 
Production flptte de I.iz Irrigue
Prnodtction ilette de Snroho 
*rnfuctinn sette de *6als 
.eatix achetes 
Veaux vendus 
Retail d'enitralssf-.ent 

PrnnnrlCT I~f r .DEFE *TIM S 
Production Nette de qiz Pluvial 
Pro.uctinn *lette de Spriho 
Production "ette de ilI 
Prnductlnn *lette de *als 
Productlon ntale de Cereales 
Retail eleve par les ferenIrs 

I"OTFS:-II Prndctinn data for years 
!13 2 047 are Identical to-

these of 1P7. 

I) Pn.n.=onnees do- r'uctints 
onur lps onnee%lC a -'!n 
sont identiaues & €eux i.e 

l?. 
M7. 

2) Production data for nost 

other cases are Identical 
to the Rai* cases. 

2) roneesde prducton pour la 

-plupart des cas son identiue 
au cas de base. 
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TA 23, M IP~n.IFCT S 9'!IZ F I CIAL q 'r 'R(in millinns nf CFA francs) 

CASE 25 
 P ~ r P f AN I p f ~ PROJF .CT SENRIZRAPrT FlHAN.IER Dt E F~
 
CAS 1S 
 (En mlllinns do CFA francs)
 

191 1919 1980 look 1981 19d3 1984 1985 
 18 191'7
-afl'n S.ips receipts4 STRI.CTI.RF ECONOnIIUE-
I-.2. 'orghurn sales 
 O 2x7 Recettes de ventes
512 816 
 3730 4233 
 4 33 4233 6233 4233
"xA? salp-. Ventes de riz 
lhr 

o16hq 19 90 .215 242 447 475'circn fees Ventes de sorghoIi, (AttlPmillrevntie 475 475 475o
0 2 95 Z14 229
1'1 Fnrmgrr 4 38 434 442 46z
r.rain handling, La L19 632 841 462 442 Ventes de mats0 11 "b1 861
249 399 1400 1oO 861 Reve.nu dto betailI%7b -bO0
rnr% nrain storage 0 160"0 1600 1600 Cfl.giss [on rizerleh7q rnnplex r.rain handling 2 4 24 40 1270 0 255 2ss Z551I7Q r .mnlex 1 5 13 27 255 Colmissinn manutention grain (fermlers).nrainstnraee 54 54
N7 148 54 Commissinn0 .269 86a 1069 1001 
54 stockage (fermiers)
rattl, feed salessales 1061 1081
tIn^ !pro center 

'{; oha IL1 301 5 0 174 Z16 
1081 Couission man,&tention (complexe)rentles 16 Z1 219 21933 64 64 219 Crmissi n stockage (complexe)
4ep"A 7 64 Ventes de. nourriture7 7 7 7 pour Ie betall'Ventes d, Centre de Semences
 

*qS- nfLf QFW"fIIF 

0 *45 1149 2110 - - 7125 8Z34 -93L91F~n rrpDLFX VARIAR F. COSTS 931 9311 --9311 qr"FEl- TOTALIt "ainfed rice 

L'2f Irr;rated rice10;111 . h 0 35 75 119 0 0 
OISTS VARIA4LFS 111 CnflPLEXF 

0 72 122 965 104 0 0 0
4 1056 Lo5- 0 rIhz
6'rhw. 23 49 - 51 1056 1056 pluvial-87 l as Riz Irrlgue 
cose O8 Snrrho
 

cl costs 7- 24a 49 50
Cattle
rnn %ice mill 91, 92- 920 9 92 920 35 80 als 
i, 4
Lr1f r ll 2 13 197 511 511 .SL SI28 63 5110 101 101 Cout du hetailrn Crain center0 1 6 6 22 &7 87 

101 101 Ilsine d'alirentation:87 87
.feee 255
.7" plant 17 41 75 302 302 
97 routs variables de la rizerle0 302 302
71ln 3 10 17 44 Couts variables du centre degrainsService ,,nits 52 52 
 52 52
0. 197 385 )90 52 Couts variables de l'usine de semences868 1750 176L 
 1761
1761 Louts Cn variahles des unites de service
715 StlIfrlTAL, VARlIARLF COSTS 0 291 -- 651 10 872 i C WI1PLFX FIXED COSTS 2300 3952 4050 4050 4050 4050
. TfTAL PARTIEL, COUTS VARIALESf* Aid prn.ran for farm.rs 

-75 Complex fixed expenses 
0 16 21" 34 so 6L 71 st 

D 
0 141 288, 58 58 Assistance amex73n Complex fixed overhead 52 710 *8. 662 fermlers" 
0 822 6227i 31 35. 40--- 822 I)epenses fixes du complexeRlesearch and development 0 41 SZ 55 4318 1 43 43715 Contingency i • is|1 11 1 Frals r.eneraux du corplexe11 11
0 11
So 101 163 313 Recherche et develdppement
491 5Q& 
 498 498 49 
 Irprevus
 

775 FlXI.l OTS 0UTTAL,25% 443 707Q7Pfn TnTKL OPFqATIN; l"S 1448. 1534 L432-. 0 547 114 1432 1432 TOTAL PARTIEL, COt0TS FIXES1795 3439 5400 5)4 5442
7-1 .R'' "I CASIIFLrru 

M 54825462 .OIITS TOTAlly DbOPFRATIOI 
0 -89 5S 315 368 3424 3727 3829 3829Pi Investment, 3029 rAeIIFLO,ag. develomqet RRIIT3455 5144q5 g 9018 11125
Investment. facll'ltles 69 7741520 So0 1400 3285 

0 768 768 760 Investissement,400 0 0 243 243 developpement aricole-SS Training programs 243 lnvestissement, Installations
191 tiorking capital 28 360 45 19 20 00 0 0 00 0 00 0 00 00 Programmes de fnrmationInvestissem.nt des fonds de roulement
*70 TOTAL CAPITAL INVESThEIMT
=If)~~C-74411L~IPR J 5233 5725 10437 14430 
LL
X80 PROJECT CASH*LOh -5233 

73 774 0 1011 101 1011 INVF.TiSSF' E!T Tr)TAL-5814 -10382 T DES FONDS"31 CUILATIv. CASIIFLOtf -14115 -3463 2650 3727 lia,-5233 -11047 2818 2810•R3 CrtIIJL4IVE CASIIFLOW -21429 -35S44 -39227 -36577 CAS4'FLOI I' P"nJETMOLLARS 000 -20932 -32850 -30C.2-4418 -85716 -27214 -24396-142176 -15o908 CAS!IFLO) rUM-14&308 -131400 JLATIF-120128 -1:08856 -97584 CAr4FLnVI C'IIrULATIF DOLLARS 000 

http:Investissem.nt
http:STRI.CTI.RF


nflJiFCT SF"FRI~Z FIN IAL RF~Pq'M- 23, M 2
 
(In millions nf CFA francs) 


CASE 

IAPP'V1T riIANCI ER DI) P'ROJFPT SIEN.IZ
(En millions de CF francs.
 

CAS 15 
nF..n' ll'Ir .TRIICTUPE"11 Palesreceipts 

£980 Iv39 L99 1991 191149 9 A 1994 199 1996 19VT 
.kflie sale STqI'rTIJqF Er'tOIMIIJUE 

h a Sorg~hum saleskh'S ".ai r Sales 

10: rattle revenue 
kirl "-ite mill fees 

h.l Farmers norain handling
i~rain storae 

h t'gIe train sagS# 
k19 Cnnlex rIrin handln10147,q Crbnmlex PrA stnrace 
-rn rattle feed sales 
S'I ',pd center sales 

%9 OTAIRFF?1,F 

423347.. 

4 

16%U 
5 5rner-si 

21.1 
o, 
1 

93111 

42i3Ab1s 

462 
86*81 
160 

29 
64 

9.311 

4233475 

,.Z 
81 

160) 

1151219 
64 
7 

9311 

4233475 

06z 
861 

16OU 
25 
5 

1t181219 
4 
7 

9311 

42331#75 

4622 
81 
1600 

25:0 

54 
181219 

" 

Vjll 

• 

4233475 

81 
1600 

51 
18ost2119 

6 

9311 

4233415, 

4 
86L 

.6Ou 
2,5 
54 
L219 
64 

931£ 

42334 75 

4W62 
"*1 

1600 
21 
54 

108£Z19 

9311 

42314 75 

46 
861 

1600 
2 

54 
1501219 

64 
7 

9311 

42334475 

462 
81 
16UO 
255 

54 
1081
2L9 
64 

1 

9311 

Rncettes de ventes 

Ventns rizVentes dede sorrhn 

ventes de reais 
!event du bctail 
Cntmmission r' erle 
t5roissinn manittentinn grain (fermlers).-i 
Commission stockage (fermiers)
Commissian "-anitention Ccomplexe)'otmissinn stockage (complete)
Ventes de nnurriture Pour le betail 
entes du Centre de Semences 

nv"ENIIE TOTAL 
F n rf' PLIX VARIAI.F CrSnS 
r1 ainfed rice 
Kn Irrirated rice 
It -"nr- hti 
%5ft *1aI ze 
-rn tattl. costs 
-7 1eed mi11 
Rn 1ice nilI 
AlI train center 

ne Seed pant710 Service units 

u 
1050 

as 
9.d 

511 
101 

81 
.02 

52
1761 

U 
105* 

5 
92 

,11 
101 

87 
.;-

, 5d.
1761 

a 
1054 

88 
92 

%L 
101 

87 
302 

S2
L761 

0 
10SO 

d8 
-92 

101-

-- IL 
WZ 

1761 

- 0 
111w 

-.. 
92 

-11 J11 
101 

87 
IOZ 

.... U 
L16L 

3) 
10* 

88 
99 

ZU& 
101 

87 
302 

52 
17* 

0 
10!6 

as 
91 
1 

101 

87 
302 

52 
1761. 

0 
1565 

as 
92 

£01 

57 
302 

52 
1161 

0 
l056 

as 
92 

511i1. 
101 

87 
302 

52 
1761 

105* 

88 
'2 

511 
1l 

87 
302 

52 
1761 

COuTS'YARIFLFS 1I Cr!'PLEXF 
Riz pluvial 
Riz irri.ue 
Sorsho 
Vai s 
Ctut du hetail 
"1sine d'alimentation 
touts variables de la rizerle 
Couts variables du centre de grains 
Couts variables de I'uslne de semencesCouts varlahles des unites de service 

715 VARI5ARLF COSTS 

710 C
11tIPLFX FIXED TS 

,111 4Id nrimar, fnr fare.rs 
77t r,.-nlez fixed exr.nspes 
•I nonlex fixed overhead 
F%3 .Researchand develnPr.ht 
=. r-ontinitency 

F75 SUBTnlTAL, FIXED COSTS 

• n TnTAL OPFRATIM't rq.STS 

Po rnf .Q CASIfFLII 

0l Investment, a. -develnonrent 

";n Investment. facilities 
155 Training prngralis 
'01 iaorklnj capital 

1P1040TAL,0#00 

5 5o 
iet 411 
4#3 43 
LL 11 

49d 498 

1432 1.32 

5482 5482 

3829 3829 

768 168 

243 243 
0 0 
0 0 

4050 

so 
82 
43 
11 

496 

1432 

482 

3892 

768 

243 
0 
0 

41150 40SO 

!8 - 58 
dz 822 
Is3_ - -43 
11 11 

498 - .*496 

1432 1432 

5482 564b 

J-829_- 329 

768 768 

2*3 241 
tj 0 
0 0 

4050 

so 
822 
43 
11 

490 

1432 

5482 

3829 

76d 

243 
0 
a 

4050 

so 
822 
43 
[1 

498 

1432 

5482 

3329 

7*3 

243 
0 
0 

4050 

so 
322 
43 
11 

498 

1432 

5412 

3829 

768 

243 
0 
0 

4050 

so 
122 
43 
11 

498 

143Z 

5432 

3829 

7*8 

243 
0 
0 

4050 

58 
822 
43 
11 

498 

1432 

5432 

3829 

168 

243 
0 
0 

TnTAL PATIFL, COUTS VARIABLES 

COIT FIXE Dig CTPLEXE 
Assistance aux fermiers 
Depenses fixes du complexe 
Frais r.eneraux du complexe 
Recherche et developpe-tent 
Imprevus 

TOTAL PARTIFLo COITS FIXES 

C.11TS TOTAIIX DOOPFRAT;ON 

rA.5t4FI.Ot RRIIT 

Investisserent, 0eveloppersent agricole. 

Investissenent, Installations 
Programmes de formation 
Investissement Oes fnnds de roulement 

TOTAL CAPITAL INVESTItE"T11 
121 PROJECT CASHFLO. 
Ill C|TILA lu E CAS!IFLO!!4A rII1LAT,'VE CASIIFLo'I DOLLARS 01)f 

078 
2810 

-21578 
-86312 

1011 
2815 

-15760 
-75040 

1011 

2818 
-15942 
-6378 

LOLL 

251 
-13124 
-5Z496 

11011 

8 8 2 
-1030* 
-41224 

818 2 
-7488 
-29952 

111 

81a 
-4670 

-1868 

11011 

2013 
-1852 
-71008 

011 

2818 
966 

38*p4 

1011 

.2818 
3784 

15136 

INVESTISS1E'MT TOTAL DES FONDS 
CASUFLOI nil pfnJET 
CASHFLI/ rU? ILATIF 
CAS1FL)' C'IMULATIF IlflLLARS 1100 



PROJECT FN RIZ FINANCIAL E Rl ITP 3 (E mROlioT ds )NRIZT2 

(In millions nf CFA francs) (In ~llims f CF fracs) CAS 15(En
CZASE 25itSPn millions do CFA francs)
FINANCIER DII PROJECT $ENE'I
 

1fn Erl.fllI C STRCTUREi'on ales receipts 
140fl Rice sales 
1 3f Sorhm sales 
lhkn Sorixe sales 
ikh" ratt e revenuelh%" ratte revenuee 

7K.I Far1 rs nrain handlnnimi0l 
147n Farmers grain storage1 7 % r m le rs rain sta gle 
lh7% r wntp gexrain handling
lh.jn Coplex grain storage
1Ifn attle feed sales 
1"n ned center sales 

1995 

4233 
475 
46286L 

4555 4 
LU L 
Z9 

4 
7 

1999 

433 

462"1 

1f00 
Z55S4 
081 

9 
4 
7 

2000 

4233 
47 
4"61 

100 
2554 
too& 
219 
44 
7 

2001 

4233 
415 
4622"IQL 

1400 
554 

LOS& 
219 
64 
7 

CAS 15 
2002 Z003 

4233 4233 
475 47b 
44 426"1 61 

1600 1600 
255 2555 4 !4 

L O I L081 
219 219 
4464 
7 

2004 

4233 
41 
4Z8hi 

140 
2554 
081 
219 
64 

2oo5 

4233 
475 
462ftL 

1400 
2555-b 
1 QSL 
219 

4 

2004 

4233 
475 
46286L 

160 
zSS5 4 

10 6L 
219 

64 

Z067 

4374 
46 
464861 

1600 
2 4 
till 
224 
64 
7 

STRICTUE ECONOFIST IC U E E O O l~EE 

Recettes de ventes 
Ventes de rlz 
Ventes de sargho 
Ventes de malsRevenu du beteIl 

Commission rizerle 
C--Isslnn anutention grain "CfermleCo m i ssion stocka ge (fer lers)
Commissinn manutention (compl xe )
Coemission stockage (complexe) 
Ventes de nnur iture pour le betal1 
Ventes du Centre de Semences 

rs) 

1j5" rTnAL REVF.UIiE 931L 9J£1 93-- 93L1 9311 9311 9311 9311 9311 9490 REVENIE TOTAL 

,F n Cn4PLFX VARIARI.E COSTS'1lf P4infed rice 
2620 Lrrigated rice 

144 S5r5 
14SU IlaIze 
194f Cattle costs 
197n Feed mill 
130 Rice mill 

lAqo Srain center 
17he Seed plant 
1714 Service units 

1715 SRTnTAL, VARIABLE COSTS 

1711 COCIPLEX FIXED COSTS 
172" Aid program for farm.rs 
-P;S comolex fixed expenses 
73fl Conplex fixed overhead 
17%4 Research and development 
17S rontingency 

0 
1056 
a8 
92 
511 
LUL 
87 

302 
52 

L76L 

44S0 

02Z 
,3 
11 

498 

0 
10S 
6a8 
92 
$11 
101 
87 

302 
52 

176L 

5o 
522 
43 
11 

496 

0 
1056 
58GO 
941 

SL 
OL 
87 

302 
12 
A761 

04050 

5 
.22 
43 
11 

498 

0 0 0 a 
1056 1056 1056 1054 
as SO as 
92 91 92 92 
241 511 511 51 S 
0E LOL 1001 101 
87 of 7 87centerr~ 

302 302 302 3u0 
14 52 12 12 
1161 1 1161 176 L 

4050 4050 4050 

5s 58 54 
422 822 622 122 
43 43 43 43 
IL 11 11 1L 

498 491 498 495 

0 
1054 

92 
511 
11 

1 

302 
52 

1761 

4050 

58 
622 
43 
11 

495 

0 
1056 

92 
511 
0 
87 

302 
52 

171 

4050 

a 
822 
43 
11 

498 

0 
1056 

88 
92 

511 
101 
87 

302 
52 

1761 

4050 

56 
522 
43 
11 

493 

COUTS VARIABLES Off COMPLEXERiz pluvial 
Riz Irrigue
Soraho 
FaIs 
rout du betall 
Ilsine d'alimentation 
Couts variahles de )a eizerietouts varia lesid 
Couts variables du centre de grains
Couts variables de lnsine de semencc
Couts variables des unites de service 

TOTAL PARTIEL, COUTS VARIABLES 

COUT FIXE DU CO4PLEXE 
Assistance aux fermiers 
Depenses fixes du complexe 
Frals Zeneraux du complexe 
Recherche et developpement 
Imprevus 

s,, 

177S SUBTOTAL, FIXED COSTS 

173fl TfTAL OPERATIMC, CfISVS 

L4jj 

4 

1432 

s*i8 

1432 

5482 

12 L4 

5452 

32 

5462 

1.32 

$452 

1432 

5452 

1432 

5442 

1432 

5452 

1432 

5482 

TOTAL PARTIEL, COUTS .FIXES 

COIUTS TOTAIIX O9OPERATION 
174n nCoSS CASHFLOW 

144 Investment, ag. develoment-
10S Investment, facilities 
1155 Training programs,
IVAl Hlrking capital 

-

£529 

748 
243 

0 
0 

42w9 

7.5 
243 

0 
•0 

3829 

748 
241 

0 
0 

3S29 

768 
243 

0 
0 

£829 

148 
243 

0 
0 

3829 

768 
243 

0 
0 

3829 

768 
243 

0 
0 

3529 

764 
243 

0 
0 

3629 

7" 
243 

0 
0 

4008 

768 
243 

0 
0 

CASHiFLOUI BRI;T 

Investissement, developpement agricole 
Investissement, Installations 
Programes de formation 
Investissement des fonds de roulement" 

1R70 TOTAL CAPITAL INVESThENT 1011 1011 1011 1011 L011 011 1 0L11 1011 1011 INVESTISSEIIEHT TOTAL DES FOHDS 
1110 PROJECT CASHFLOW 
1331 CtIfULATIVE CASHFLObl 
183 CUMULATIVE CASHFLOW DOLLARS 000 

2515 
#602 

26405 

215 
9420 

37650 

2158 
12235 
46952 

2818 
L5056 
60MZ4 

2518 2518 *2010 
17574 20692 23510 

6---gz7n---4U40G 

ZUlU 
2432 

105312 

2818 
291" 

116584 

2997 
32143 

IesS72 

CASHFLOf OIl PROJET 
CASHFLOW CUULATIF 
CASHFLOW CUHULATIF DOLLARS 000 



P~nJECT SFnP.RIZ PRM~IrTICON qFp0RTjy 
(InRAPPORT 

!014rrPLFX -PR(fllllfr'rq 

11 Ml .qafed ri ce net production1111 Irrigated rice net productIn.Snrv~htv net Pr6ductinn-! SrIM gz0nt prodcton 

'?Y Malze netprndtctinn1251 Calves sold11 Feeder cattle 
1!q Feeder cattle 

12-9q FARM1F1S PFflninIFER..,ERS
23"it qaInfed rice net Production 
2305 Sorghum net Production 

1315 laze net productcln
1320 Total cerealsProduction 

cattle raised 

.tt1 

0
0 
0 

0
00 
0 

0 
0 

0 
00 

0 

1979 

904
704 
950 

1080
3000 
so, 

33 
I11 

20 
7024F r 

113 

1950 

3504 
26 

2534
600300 
300 

9 
-177 

42 
480443 

.FarmersIS0 

195A 

7547
73485L92 

6729 

.657
1500500 
g0 

21 
L11 

IlL 
L3442594 

91 

195Z 

128560520 
1127 

11035
*000LSO0 
1506 

526-
2971 

489 
JL667134 
14 

TABLF 26 

CASE~ 16 

CAS 1 

1983 L964 

090 726LUJU20 103020
1214 23744 

LZ0#4 2300410000 100005000 10000 
5000 5000 

1069 2253 
6520 13201 

1022 2191 
6537 1271415154 30395 
349 643 

1965 

726103020 
23744 

23004
1000010000 
5000 

2253 
13201 

2191 
1271430395 
6743 

1956 

726103020 
23744 

23004
1000010000 
5000 

2283 
13201 

2197 
1271430395 
6743 

PRODUCTION U PROJECT SENRiZ 
(En unites at tones) 

1917 
P R n 1tT lN 11 !C n PL EX . 

726 Productin .'lettede Riz Pluvial.103020 Productlnn "lette de Riz irrigue23744 .rodtictinn fliette de Sorgho 

23004 "rnd.,ctinn Nette de .ais10000 -eaux achetes10000 Veaux vendus 
5000 Betal!-d'enmraissement 

2283 Prnduction IMette de Riz Pluvial
13201 -roductinn 'lette de Sorxho 

2197 Productinn "'tte de Mil 
12714 Ornofuct3nn Plrete de flais30395 Production T ntale de Cereales6743 Retail elve par les fermlers 

PIOT.S: I). Production 
data for years1Q ,.-2047are Identical to.those of IGA7o 

2) Production data for most 
other-crses are Identical 

to the Rase cases. 

U.u lOs de 1r P-'Afl7Dour.l)r~nesaee 4roduct q 
tont Identinue 

a pus ne 
I'7. 

2 one proue ti• pour Ia21. Donnees de Production pmr la 

pleepart des c€s son Identigue 
au cas de base. 



- -nJ[CTSF"ERIZ FlttA"CIAL qFPnT(in millions of CFA francs) 
CD.SE 16 
 RAPPI~T FINANC.IER OIU PROJECT SENERIZ 

CAl 1* (En millions de CFA francs) 

1978 lei19 igo :- 198z1i 1903 1984 1911 s 19 1O? 
26111 Sales receipts STRCTURCOuOIiqUE142m Sorghm sales0 lk~l rles sal . 

245 Recattes de vlmtes
1444 lze sales 527 50 4304 4305 43051 4305 43gS Ventes do riz24,4 rattie ra3ale 93 a3 395 44 831 A3 531 £31• 31 go 413 entes de sorho386 422 •05 Gas S 0$ Ventes de Mals
1I&AI nice mill fees 
 0
1h7.3 Farmers Rrain handling 

4 38 L01 19 632 61. 641 861 •41 Revenu du betail
0 34 120 259 398
1474 1600 1600 1600 Leo0
1475 Cn-mle storage 1600 .Commissionrizerle
graingrain handlng oarmrsZ 40 24 6u 127 255
1474 Complex Rraln storage 1 5 L3 27 54 255 255 zss C.fmnssinn manutention grain (fermlers)0 31 46 219 350 10h79 
54 sb s Commission stockage (fermlers)1.. Cmattle ferisales ge 1244 1244 1244 1244
20 Commission manutention (complex.)
4S 72 217 257 257 
 2S1 251 Commission stockage (complexe)

1%n4 S-" center sales 0 I t o 33 64 64 44 61. Ventes de nurriture Pour To betail
0 1 1 2 
 • 7 7 
 7 1 7
j!5 TOlTAL RFVEM3I - -
Ventes du Centre de Seences 

1nn Cr,tPLF.i VARIARLF.COSTS 0 221 718 -15-6 -'d&7 5594 10303 10303 
 1G0303 103 RF.rENIIE TOTAL
 
192n rainfed rice 
 L3 
142n Irrigated rice WITS VARIABLFS D COM'PLEXE11142 53 125 7 7
105"1 7 7 71 finrIze Qlz pluvialSnrhu-
 a" 12,
0 11 24 119 1055 1055 16osS3 52 1958 1058 RIz Irrinue*I .5 SS 155 _bISS .Sorgho
1_Z9n Cattil costs
1_97" Feed Pil 0 LL 25 54 84 •IIR :a 9 3S so L9O 141 141 161Rice mill sitt SLL$ Sit SJi 14 ais
0 2 4 S&L, Cout du betel 1
13 as
l91n Grain center 0 

63 10 101 101 101 Ilsine d'alimentation
L1TnI.Grain center a 22 111 OF 870 5 1 41 75 17 87 Cnuts varlahles de la. rizeriee0 S 302 302
17 52 52 52 
302 302 Couts variables du centre de grains17111 Service units 52 52 Couts varlahles de l'usine de0 17 345 semences590 848 17s0 174* 1761 
 L141 1741 Couts variables des unites de service
 

1715 SUR545TAL, VARIABLE COSTS 
 S•38- LOO 1647 3955 495 41S 4195171* CtflPLFX FIXEDf COSTS 
4195 TnTAL PARTIFL. COUTS VARIABLES 

172n Aid Proranm for fare.rs 0 16 C-iJT FIXE DU COMPLEXE
21 34 50 &1 7177s. rom lmex fixed eenses 58 s '50 Assistance atix fermlersreLa, 0 
 28 452 710 824 82 622 
 822 822 Oepenses fixes du complexe
Complex fixed overhead
174kn Rlsearch and developme.nt 007n 31 3S 40"0 $6 52 55
1s 18 is to 8 43 43 43 Frais generaux du complexe175 rontinmency 18 11 11 At0 44 95 Recherche et developpement
155. A4 492 
 522 513 
 S3 513 Irprevus
 
1775 STTAL, FIXED STS 0 2 
 5 69- 073 491 4 14 11 1447 TOTAL PAqTIEL, COUTS FIXES
 
17!'n TOTAL OPFRATIMrn C.STS a 5t 1040 1109 2720 5407 
 5743 S4 2 42 5642 I IT TOTAIIX D'OPFRATION 
17"n1 GROSt CASIIFLO/ 0 -285 -322 -51. -33 3487 4S40 441 4641 441 rA54FLO'I BRIIT1P"n Investment, a. Olevelopme.nt 2045 U29 778 7355 7379 437429E4 investment, facilities •0 949 468 9" Investissement, developpement agrlcole
1520 500 1440 3295 400
1SS Training programs. 25 36 at 

0 0 243 243 243 Investissement, installations
2PAI 'orking capital 20 0 0 0 0
0 143 161 0 0 Programmes de formation
26 17 0 0 
 0 0 0 Investissement des fonds de roulement

21174 TOTAL CAPITAL IIVESTFEIIT 
 359.3 3804 5758 10646 1796 4374 0 1211 JL211 1211 IIVESTI S'IEPIT TnTAL DES FONIDS181 PROJECT CASHFLHI1 -3S93 -4093 -9050 -10737 -7529 -887 4540 345028'11 CIJWILATIvF CASIIFLOtf. -3593 -64a6 -1476 3450 3450 CAS9!FLOtI M" PO(JET-27503 -35332 -36419 
-31459 -28209
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13 1. INTRODUCTION 

The sources -and amounts of financing for Project SENERIZ
 
are still uncertain at the time of preparation of this report. Much
 
progress has been made; 
 a number of interested sources have been 
identified and contacted, and encouragement and promises received. 
However, no firm commitments have been made, pending the availability 
of the report of the pre-investment study. 

In the absence of data-on terms and conditions of loans, it Is
 
not possible 
to draw up either a profit and loss statement or a statement 
of sources and uses of ftnds. However, a schedule of yearly depre
ciation charges on capital equipment, one of the elements recessary 
for a profit and loss statement, has been prepared and is presented 
as Table 13.3. 

13.2* NOTES ON THE CONTEXT OF PROJECT FINANCING 

Despite the fact that no absolute commitments have been made 
regarding the funding of Project SENERIZ, a uumber of relevant state
ments can be made concerning the need, possible sources and general 
guidelines for project financing : 

The size and scope of the project both creates and solves 
financing problems. The amount of funds required, in relation to 
the total Senegalese budget, dictates that the project be funded from 
one or more loans, rather than out of current operating funds. On 
the other hand, the very magnitude of the project, and its considerable 

" eg" 



impact on the rice deficit, as well as on the economy of the Upper Casa
mance and all of Senegal, guarantee that a significant opportunity is made 
available to the lender or lenders to benefit a desrving nation, and to
 
participate in a project that will have real impact.
 

In view of planned implementation of project SENERIZ by a
 
Senegalese society, of which majority ownership and control belong to
 
the government, a Government guarantee of repayment of borrowed funds
 
is likely to be available. In view of the nature of the collateral (security) 
which the project could offer for the borrowed funds, a Government 
guarantee is almost certain to be required. 

The private capital market in Senegal is almost certainly not 
capable of supplying the necessary funds. However, it is not unreason
able to expect that local banks might participate in the project, particu
larly for the financing of some of the local costs. 

The rate of return calculated for the project caalfow before fi
nancing, at 7.53%for the base case and a maximum of 9.7% for the 
best of the modified versions studied in the sensitivity analysis, is in
sufficient to attract loans on purely commercial tern s. 

The most probable : ources of foreign funds in the amounts re

quired would seem to be international lending agencies specializing in 
loans at concessional rates, and foreign governments that have con
cessional lending programs. Examples of the former are the International 
Development Association and the African Dev,.,pment Bank. Examples 
of the latter are the S audi Fund for Development, the Development 
Loan Fund of the European Economic Community, and the "soft" 
loan programs of the United States Agency fo International Develop
ment and the Canadian International Development Agency. 

Whatever "soft" loans or grants are obtained for fundingthe 
project will facilitate the remaining financing. To illustrate the arith
metic of this concept, suppose that half the funds required were made 
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available as a zero-cost loan or grant. The 1-?ate of return of 7.53% 
calculated for total project investment would be approximately doubled 
if the returns could be allocated to paying off only half as much borrowed 
money. Conceivably, the project, if it received concessional rates-or
 
grants for a substanital portion of its needs, 
 could cope with commercial 
terms for the remainder of the funds needed. 

13.3. AMORTIZATION AND DEPRECIATION 

Table 13.3, exhibits the annual depreciation charges on capital
 
equipment. 
 The buildings housing the processing units are assumed" 
for the most part to have a 20-year life, while the transportation equip
ment, including farm tractors, automobiles, busses, and trucks, are 
assumed to have a five-year life. 

In addition to depreciation of items included imthe initial invest
ment program, it is estimated that, beginning in Year 8, replacement of 
some part of the equipment would have to begin. Thus, an annual 
capital investment of CFA 1,011 million is shown beginning in the 
eighth year. 

x
 

x X,
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TABLE 13.1. Depreciation and Amortization (in thousands of CFA francs) 

Studies 

Pumps 

Irrigation equipment 

Generators 

Shop equipment


Cereals processing center 
Seed plant 
Rice mill 
Farm machiner 
Feed plant 
Transport equipment 
Engineering 
Dam and reservoir 
Irrigation system
Land development 
Training programs 
Road building equipment 
Totals o . 
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(Year 7 - 30 continued next page), 



Rice mine 
Farm machinery 
Transport equipment 
Engineering 
Dam and reservoir 
Irrigation system 
Land development 
Training programs 

Totals 

TABLE 1301. Devreciation and Amortization (Conclusion) 

Year 7 Years 8-16 Year 17 Year 18 Year 19 
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