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CABLE AODDRSS ".ARZENG CHICAGO 

February 15, 1964 

Agency for International Development
 

State Department
 
Washington 25, D. C.
 

Subject: 	 Kakossa Project 

Feasibility of Riceland Reclamation 

Gentlemen: 

We are pleased to submit our feasibility report on the Kakossa Project. 

This report contains the results of the engineering, agronomic, and 
have made in comeconomic studies of the Kakossa Project which we 

pliance with the terms of our contract AID/afe-93, dated April 3, 1963. 
re-This contract provides for feasibility studies in connection with the 

project areas totaling about 17,500 hectaresclamation of a series of four 

in the Republic of Guinea. Our report on the Monchon Project was sub

mitted on October 15, 1963. The Kakossa Report is the second of the 

series. 

a flood control and agricultural improvementDur findings indicate that 

project covering about 2500 hectares on the island of Kakossa is eco

nomically justifiea'a&f-nancially feasible. The project will result in 

in the supply of locally produced rice and thusan important increase 

sources.
reduce significantly dependence on foreign food 

Introduction 

presently has an agricultural economy, heavilyThe Republic of Guinea 
Guinea, domesticdependent upon rice. Although rice is staple food in 

production has bccn insufficient to meet the ever-increasing needs of a 

growing population. 

Kakossa Island has long been a rice producing region, but land use and 

below their potential. Aboutparticularly crop yields have been far 
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1530 hectares of ricelands are presently being cultivated year after
 

or four years, very good crops are harvested:
year. Once every three 

In other years, salt water intrusions
such a crop was observed in 1963. 


Some are also occasioncause a complete loss of the crops. damages 


ally caused by fresh water flooding. In addition, the lack of supporting
 

programs has prevented the development of
agricultural improvement 

satisfactory rice varieties.
 

Previous Reclamation Plan 

A plan was developed in the 1950's for reclaiming from 2000 to 2500
 

land located along the western side of the island of
hectares of arable 

Kakossa. The plan consisted of a system of dikes designed to prevent
 

lands during high tides, and a system of drainage canals
flooding of the 

Three strucdesigned to remove excess run-off from the fields. gated 


tures located across the main drainage channels were proposed to
 

provide a control of fresh water discharge from the project area and of
 

salt water discharge from the ocean.
 

and funds in the amountConstruction of the project was started in 1956, 


of 90 million CFA francs were expended for the construction of about
 

half of the dikes and one of the control structures. Financial difficulties,
 

resulting from over-run of quantities and from an increase in unit
 

prices, first threatened the successful completion of the project. Finally,
 

in 1958, the uncompleted project was abandoned upon the departure of the
 

French Colonial Administration.
 

-The government of Guinea is now considering the resumption of this 
asproject, with the assistance of international financing agencies, a 

of in improvingmeans of increasing the production rice Guinea and of 


the economy of the Kakossa area.
 

Present Investigations 

studies to determineOur assignment has included both field and office 

feasibility of the
the adequacy of the proposed plan and the economic 


a team of six engineers and agronoproject. We have sent to Guinea 

July and from October to December, 1963,
mists who, from April to 


reviewed all available data pertaining to the Kakossa and other
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projects. This team carried out field investigations related to hydro

logy, topography, soils, hydraulics, agronomy and economics, and 

collected data for the development of a revised plan for reclamation. 

Analysis of the data and preparation of the plan were then completed 

in our Chicago office. 

Project Description 

shown on Exhibit A. Our planThe location of the Kakossa Project is 

for development is shown on Exhibit B, and represents an extension 

and modification of the previous plan. The project will consist of an 

enclosed system of surface canals designed to drain toward the ocean 

the excess run-off that would otherwise remain in the paddies for a 

prolonged period. The project area will be surrounded by a system of 
oceandikes designed to prevent the entrance of salt water from the dur

ing periods of high tides, utilizing previously cons'ructed dikes to the 

maximum extent. Four control structures will be at the locations 

where the four main drainage channels cross the dike alignments. 

One such structure is in existence, but must be rehabilitated. These 
unwill be provided with flap gates 	designed to prevent the 

ocean. 
structures 
controlled entrance of salt water from the 

The drainage system will comprise existing natural channels, plus new, 

areas where natural waterways inadequate.excavated canals in the are 

A total length of ten kilometers of canals will be excavated by dragline 
These canalto sections varying from 1. 0 to 4. 0 meters in bottom width. 

A total of about 85,00(will receive the discharge from the field ditches. 

meters of excavation will be required for construction of the draincubic 
age system. 

The dikes will extend between existing dunes to close the present gaps. 

A total of 15. 2 kilometers of dikes will be part of the project, of which 

6. 7 kilometers of existing dikes will be rehabilitated and 8. 5 kilometers 

will be newly constructed. The dikes will be homogeneous, rolled 

earth embankments. Their maximum height will be 3. 0 meters above 

ground level most of the dikes being about 1. 3 meters high. The crest 

of the dikes will be at about elevation 5. 0. The dikes will require 

placement of ,bout 80, 000 cubic meters of earth fill. 
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At their crossing of the main waterways, the dikes will be replaced by 
gated control structures. One of them exists presently acros the 
Soulemanya River, and will require rehabilitation. Three additional 
structures wiil be requii ed. They will be constructed in reinforced 
concrete, and will be provided with a series of automatic flap gates. 

The channel of the Soulemanya River, partially aggraded in recent years, 
will require rehabilitation by dredging of about 100, 000 cubic meters 
between the structure and the ocean estuary. 

A number of bridges have been included in the project for operation and 
maintenance access, and for use by the local inhabitants. Maintenance 
roads will be provided along all dikes and main drainage channels. 

Construction of the project is estimated to take two years. 

Project Cost 

We have estimated the construction cost of the civil works including 
canals, dikes and structures, to be US $690, 000 and GF 175, 000, 000. 
The cost of land preparation, including minor leveling and planing. is 
estimated to be an additional $10, 000 and GF 25, 000, 000. Funding 
arrangements should include additional allowances for interest during 
construction and possible cost escalation. Financing requirements are 
estimated to be US $780, 000 and GF 240 million, equivalent to a total of 
US $1,740, 000, not including interest during construction. The rate of 
exchange used is GF 248 equal US $1. 00. The costs indicated do not in
clude previous investments in the project, estimated to be CFA francs 
90 million for construction and CFA francs 20 million for studies and 
administration, or a total of CFA francs 110 million equivalent to about 
US $440, 000. 

The average annual cost of operation and maintenance is estimated to be 
GF 7 million. This amount includes the average cost of a comprehen
sive program for improvement of farming practices. 

Project Benefits 

The presently cultivated area of about 1530 hectares can be increased to 
about 2260 hectares with reclamation. From our studies of the agricultura 
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potential of the soils in the project area, we estimate that the present 
average annual production of about 1800 tons of rice paddy can be in- " 
creased to about 2200 tons immediately upon completion of the project. / 
This production can be progressively increased to about 5600 tons in 
about ten years and to an ultimate amount of 6000 tons in 20 years after 5-4 
project completion. These increases in production will require from /. C 

the very beginning a comprehensive
ment oi farmig practices._ 

support program for the improve- d 

The achievement of these increases in production will represent a 
sizeable contribution to the Guinean economy, which is presently defi
cient in rice. Annual rice imports have increased steadily in the last 
few years, to about 35, 000 tons in 1963. Rice imports now cost about 
$2. 5 million yearly, or ten percent of the present deficit in the balance 

of international trade. 

VEconomic Value 

The economic value of this project has been measured by benefit-cost 
relationships. Capital costs have been based on an interest rate of 
six percent 2nd an economic life of 50 years. The analysis of Project 
benefits is shown on Exhibit C. Included are both direct and indirect 
benefits that will accrue to the project and for which a monetary value 
could be assigned. The results obtained are as follows: 



Agency for International Development 	 February 15, 1964 

All 	amounts in equivalent U.S. Dollars 1/ 

Upon After After After 
Completion 5 Years 10 Years 20 Years 
of Project of Operation of Operation of Operation 

Annual Benefits 

Direct Benefits 42,000 162, 000 352, 000 446,000 
Indirect Benefits 8,000 36,000 68,000 76, 000 
Public Benefits 16,000 22, 000 30, 000 36, 000 

Total Annual Benefits 66,000 220, 000 450,000 558, 000 

Equivalent Annual Direct Benefits 2/ $311, 000 
Equivalent Annual Total Benefits 27 $395.000 

Annual Costs for Completion of Project 

Capital Costs $100,000 
Operating Costs $ 28,000 
Total Annual Costs $128,000 

Benefit-Cost Ratios (excluding previous costs) 

With Direct Benefits only 2.4 to 1.0 
With Total Benefits 3.1 to 1.0 

Benefit-Cost Ratios (including previous costs) 

With Direct Benefits only 1.9 to 1.0 
With Total Benefits 2.4 to 1.0 

1/ 	 Data in this table have been presented in equivalent U.S. Dollars for 
the convenience of non-Guinean readers, although most benefits will 
accrue in domestic currency. 

2/ 	 Determined by calculating the present-worth of future annual benefits 
accruing over a 50-year period, and amortizing this amount over 
50 years at an annuai interest rate of 6. 0 percent. 
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We consider that the project is economically justified in view of the 
satisfactory benefit-cost ratios. For achievement of the potential
benefits from the drainage of the lands, a supporting program of agri
cultural extension services will be required. 

Financial Analysis 

The source and terms of project funds are not yet known. For pur
poses of analysis we have assumed loans bearing interest at an annual
 
rate of 0. 75 percent, to be repaid in 
 40 years, with the first amortiza
tion payment due ten 
years after the completion of construction. 

Our analysis of future revenues and costs shows that after only five 
years residual revenue will be greater than the interest, amortization, 
and operation costs forcoMpetion of the _ect. In fact, substantial
 
surpluses will occur in future years, indicating that less liberal financ
ing terms can be met by the project.
 

Timing of the Project 

The timing of the Kakossa Project will be dependent on the total need for 
projects of this type in Guinea and upon the relative feasibility of the 
various projects. Ultimately, four projects will be studied by us, plus 
additional projects programmed for study by the Food and Agriculture
Organization of the United Nations. However, at present, the only basis 
for comparison is with the Monchon Project. 

On the basis of cost of development per hectare, the KaJsossa--Pxoject 
would be more economical than the Monchon Project, if previous costs 
are not included. On teTbas..o eTf oft-tios, the Kakossa in
vestment would yield greater returns. The investment per ton of rice 
that would be produced in the next 50 years is about the same for both 
projects. These facts are demonstrated by the following comparison: 
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Monchon Kakossa
 
Basis of Comparif on Project Project
 

Net reclaimable area, hectares 2,400 2,260 
Investment cost, GF million 580 400 
Cost of reclamation, GF per hectare 240,000 180,000 

equiv. US $ per acre 390 290 
i/
 

Benefit-cost ratios- : 
With direct benefits only 2. 1 2.4 
With all benefits 2.7 3.1 

Anticipated rice production increase over 
the next 50 years, tons (paddy) 240,000 190,000 

Capitalized value of proposed investments 
in Project, GF million 675 510 

Cost invested in Project per ton of rice to be 
produced in 50 years, GF per ton (paddy) 2,800 2,700 

US $ per bushel (paddy) 0.23 0.22 

It should be noted that this comparison applies only to the new invest
ments to be made. When the investment made previously in the Kakossa 
Project is taken into account, the Monchon Project appears to be some
what more economical. 

However, it appears that all projects which are economically feasible 
will be needed, if Guinea is to become self-sufficient in rice. Conse
quently, we believe that both the Kakossa and Monchon projects should 
be undertaken as the initial step of a major agricultural program. 

I/ 	 Benefit-cost ratios based on annual equivalent benefits were not pre
sented in our report on the Monchon Project. The values presented 
here were determined later for the purpose of comparing the two pro
jects on a similar basis. 
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Future Project Extension 

Local government officials suggested an alternative plan of development 
which would provide flood protection to the proposed project area, plus 
an additional area of about 3000 hectares presently undeveloped. The 
general arrangement of the facilities included in this plan is indicated on 
Exhibit A. 

We have made a preliminary study of this plan and found it to be worthy 
of consideration. However, the magnitude of such a project, if consi
dered for implementation in lieu of the proposed project, would delay 
reclamation of the lands presently under cultivation. Therefore, we 
propose to defer construction of this alternative project until further in
crease of rice production on Kakossa IslaNd is deemed opportune. The 
eventual extension of the Kakossa Project would constitute an economi
cal second stage of development. 

Recommendations 

We recommend that negotiations be started by the Government of Guinea 
for financing of the proposed Kakossa Project, and that commitments be 
obtained for all necessary funds, both in foreign and domestic currencies 
before construction begins. 

The Government of Guinea should engage an experienced confirm 
to revise and bring up to date the contract documents and detailed draw
ings that were prepared in 1955, and to supervise and inspect construc
tion of the works. 

Bids should be taken from qualified contractors for construction of the 
civil works. Preparation of the project lands for agricultural use can 
be carried out by the Center oi liRural'iMechanization. 

We recommcnd that a rice agronomist be engaged by the Government of/ 
Guinea to direct a program for improvement of farming practices. / 

Very truly yours, 

HARZA ENGINEERING COMPANY 

Richard D. Harza 
Vice President 



TABLE OF EQUIVALENTS 

Length 

0. 039 Inches1 - Millimeter (mm) 

1 - Centimeter (cm) 0. 394 Inches
 

3. 281 Feet1 - Meter (m) 

1 - Kilometer (krn) 0.621 Miles
 

Area 

1 - Square meter (m 2 ) 1.196 Square yards 
meters1 - Hectare (ha) 10, 000 Square 

Z,471 Acres
1 -Hectare 
1 - Square Kilometer (krnZ ) 0. 386 Square miles 

Volume 

1 - Cubic meter (m ) 35.31 Cubic feet 
1.308 Cubic yards1 - Cubic meter

1-Million cubic meters (IMCM) 810. 7 Acre-feet 

Weight 

2.205 Pounds
1 - Kilogram (kg)
1-Metric ton (roT) 1, 000 Kilograms 

2,205 Pounds
1 - Metric ton. 
1.102 Tons (short)1 - Metric ton 

Flow 

l'- Cubic meter/second (m 3 /sec.) 35.31 Cubic feet/second 
70 Acre-feet/day1 - Cubic reter/second 

Agriculture 

acre1 - Ton/hectare (paddy) 20 Bushels per 

I - Ton of paddy rice 49 Bushels (paddy)
I - Bushel of rice (U. S.A. ) 45 Pounds of rice paddy 

Currency
 

0. 004 US Dollars1 - Guinean Franc (GF) 
248 Guinean FrancsI - U.S. Dollar 

0. 004 US Dollars1 - CFA Franc 

_X"
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ANNUAL BUDGET OF ,t-HECTARE FARM UNIT 

Under With Reclamation Project 

Item Unit 
Present 

Conditions 
Upon 

Comletion 
After 5 Years 
of Operation 

After 10 Years 
of Operation 

After 20 Years 
of Operation 

Farm Production and Cash Value 

Average rice yield 
Farm production, rice (paddy) 
Part of rice production consuned (paddy) 
Part of rice production used for seed 
Total amount of ri .u used on farm 
Total amount of rice available for sale 
Ar ,owia available for sale (polished) 
Cash receipts fron rice sales, at GF45/kg 
Equivalent net income from other crops 
Value of rice used on farm, at GF 32/kg 

kg/ha 
kg 
kg 
kg 
kg 
kg 
kg 
GF 
GF 
GF 

1,Z00 
4,800 
1,200 

180 
1,380 
3,4Z0 
2,390 

107,500 
-

44, 160 

1,830 
4,941 
1,500 

154 
1,654 
3,287 
Z,300 

103,500 
-

52,928 

2, 500 
6.750 
1,500 

154 
1,671 
5,079 
3,560 

160,200 
3,300 

52, 928 

3,720 
10, 0.10 

1 ,500 
154 

1,671 
8, 369 
5,860 

263,700 
11,065 
52, 928 

4,000 
10,80C 
1,500 

154 
1,671 
9, 139 
6,400 

288,000 
49,745 
52, 928 

Farm Investments -F 

Land development 
Dwelling (farm share) 
Other developments 
Equipment and supplies 
Livestock 
Miscellaneous 

-
50, 000 
15, 000 
15,600 

4,030 

29,625 
50,000 
20,000 
15.600 

-

5.760 

29,625 
87,500 
25, 000 
19,700 

-

8,590 

29, 625 
87,500 
30,250 
25,265 
22,500 

) "7i, 

29, 625 
87,500 
35, 500 
32,000 
45,000 
1. 4n0 

Total Farm Investments GF 84,630 120, 985 170,415 204, 900 240,7Z5 

Current Farm Ext.enses GF 

Intecrest on investments 
Taxes 
Depreciation & repairs: 

Rice processing 
-ired labor 

. Marketing (hauling) 
Fertilizers 
Equipment rental 

Crop seed 
Plant protection 
Livestock expenses 

Miscellaneous 

buildings & improv. 
equipment 

5,080 
3,500 
7, 120 
2,230 
14,040 
9,000 
6, 100 

2,360 

-

7,259 
3,500 
7,665 
2,230 
14,361 
8,000 
5,750 
3,350 

-

-

2,280 

1 .,-5 
7.000 

12,320 
3,630 
19,786 
10,000 
8,900 
6,700 

-

667 

-

3,890 

IZ,295 
7,000 
12,895 
4,185 
Z4.a45 
2,. 

14, 650 
8,770 

10,200 

1,000 
1,550 

400 

5,510 

14,445 
7,000 

13, 500 
4,740 
L.940 

'dY ,Z 
16, 000 
12, 655 
12,000 
2,545 
4,265 
1,000 
6,700 

Total Current Farm Expenses GF 49,430 47, 895 83, 120 11.,640 140,790 

Financial Statement GF 

Cash sales 
Farm privileges: used on farm 

rental value of house 

107,500 
38,400 
5,475 

103,500 
48, 000 
5,475 

163,500 
51, 295 
9,375 

274,76: 
56,030 
9,375 

337,745 
59,695 
9, 375 

Total income 
Total expenses 

151, 375 

49,430 
156, 975 

47, 895 
224, 170 
83, 1Z0 

340, 170 

115,640 
406,815 

140, 790 

Net 'ncome 
-eturnto family labor and management 

101,945 
1l, 945 

109.080 
109, 080 

141,050 

120,000 

41,050 

Z24,530 

140, 000 

84,530 

266,025 

170, 000 

96,025 
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SUMMARY OF PaOJECT BENEFITS 

It em Unit 

Under 
Present 

Conditions 

Upon 

Completion 

With Reclamation Project
After 5 Years After 10 Years 

of operation of operation 

After 20 Years 

of operation 

Rcck imed area 
Equi, alent number of farm units 
No, ;roject income 
Increase in net incone 
Direct project benefits (rounded) 
Indirect benefits 
Public benefits 

ha 

GF 1000 
GF 1000 
GF 1000 
OF 1000 
GF 1000 

1,530 
383 

39,045 
-

1,820 
455 

49,631 
10,586 
10,500 
2,000 
4,000 

2,260 

565 
79,693 
40,648 
40,500 

9,000 
5,500 

2,260 
565 

126,859 
87,814 
88,000 
17, 000 
7,500 

2,260 

565 
150,304 
111,259 
111,500 

19,000 
9,000 

Total A-nrnual Benefits GF 1000 16,500 55, 000 112,500 139,500 

Equivalent annual direct benefits 
Equivalent annual total benefits 

Average annual project cost (excluding 
previous costs) 

Average annual project cost (including 
previous costs) 

GF 1000 
GF 1000 

GF 1000 

GF 1000 

77,800 
98,800 

32,000 

42, 000 

Benefit-cost ratios (excluding previous costs) 

With direct benefits 

With total benefits 

only 2.4 to 

3. 1 to 

1.0 

1. 0 

Benefit- cost ratios (including previous costs) 

W.ith direct benefits 
With total benefits 

only 1.9 to 1.0 
2.4 to 1. 0 
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THE KAKOSSA PROJECT 

The Reclamation Works 

The Project Area 

The Kakossa Project occupies part of Kakossa Island, which is 

located in the southern part of Lower Guinea, approximately 30 kilo

meters to the west of Forecariah and about the same distance to the 

east-southeast of Conakry. The relationship of the project to the country 

of Guinea is shown on Exhibit A, and details of the project area are 

indicated on Exhibit B. 

The island of Kakossa, with a length of 17 kilometers and a 

width of 13 kilometers, is about 190 square kilometers in area. Much 

of the island is covered by thick mangrove vegetation. The western 

part of the sland is occupied by relatively flat lands only 0. 5 to 1. 3 

meters above mean sea level, where rice cultivation has been practiced 

for many decades. The project area is traversed longitudinally by a 

number of long, narrow sand dunes, on which numerous villages are 

located. One of the largest villages is Yeniya. The island is settled 

by about 8000 people, three quarters of which are Soussous, and one 

quarter Balantas. 

The project area occupies an elongated area about five kilo

meters long and two kilometers wide, a large portion of which is pre

sently under cultivation. A series of dunes oriented in a general 

north-northwesterly direction separate the project area from the 

Atlantic Ocean. Another dune, j--rallel to the former, forms the 

boundary of the southern portion of the project area. 



The project area is crossed in a general easterly direction
by three main tidal streams, the Soulemanya, the Noreire and the 
Touguikeren rivcrs, which are tributaries of the Morebayah River.These tidal szrearns serve as natural drainage channels in the wet 
season.
 

About 2500 hectares of fertile land are included within the area, two thirds cf which have had limited cultivation of paddy ricefor many decades. In the early 1950's the French Colonial Administra
tion studied the area with the purpose of increasing the rice production.
The first studies shewed that inadequate drainage and frequent floodingof the island by tide waters were obstacles to the achievement of full 
potential use of the land.
 

In 1954 and 1955, the 
consulting engineering firm COTHA1/performed engineering studies for the development of a plan of reclama° 
t[ ". These studies ended with the preparation of contract documentsand specifications. This plan consisted of two main dikes, surrounding
a total area of about 2500 hectares, to-prevent flooding of the lands bytide waters. Three gated structures were provided where thedikes
 
crossed the Soulemanya, 
 the Noreire and the Touguikeren rivers.Drainage of fresh water from the project area by the natural streams 
was to be improved by means of excavated canals. The engineer's
estimate of the cost of the project was CFA Francs 104 million. 

Contracts for construction of this project were awarded in 1956by the Service du Genie Rural. By the middle of 1957 the dikes on thesouthern and eastern edges of the project area and the Soulemanya
control structure had been completed .at a cost of approximately CFA
 

I/ Presently SOGETHA 
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Francs 90 million. The project was halted upon the departure of the 
French Administration. Much was left to be done, but no further con
struction was carried out thereafter. The Soulemanya structure and 

dikes benefited a limited portion of the total area to some extent. The 

local people attempted to operate this part of the facilities, but salt
 
water intrusions from the northern side of the project 
area prevented 

their effectiveness. Moreover, the lack of proper maintenance resulted 

in a deterioration of the gated structure. 

The 	Modified Project Plan 

The plan proposed in this report for reclamation of the Kakossa
 
ricelands is 
 an extension of the COTHA plan of reclamation, with some 

modifications. Much better information is now available concerning
 

the hydrology, topography, and agricultural potential of the area, 
 due
 

to the field surveys recently conducted. 
 These surveys and subsequent 
analyses have served to define the lands worth reclaiming, and to per

mit designs of a complete 
flood control system. A general plan of the
 

proposed reclamation project is presented 
on Exhibit B. 

The 	proposed facilities will serve two 	main purposes: 

(a) 	 prevent flooding of the lands by salt water during high 
tides; 

(b) 	 prevent sustained flooding of the fields by fresh water 
from rainfall. 

The 	project area will be surrounded by a system of dikes con

structed to elevation 5. 0 meters, sufficient to prevent the most extreme 
tides from inundating the lands. All dikes constructed in 1956-57, from 

Meyeyire to Cogolima, and from the vicinity of Kansire to Foni will be 
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incorporated in the project, and will require only nominal rehabilita

tion. The alignment of the new dikes will extend in a northerly direc

tion to the vicinity of Ouendima and will be tied to the dune near 

Mamadouya. A dike will close the gap between the villages of Mamadouya 

and Morebayadi. Another dike between Yenkenya and Amaraya will pro

vide protection of a strip of riceland located between the two most westerly 

dunes oY the project area. 

The area located within the proposed dike system is somewhat 

larger than that originally contemplated by COTHA. Substantial areas 

under cultivation had not been included in the project area, although their 

protection would have been economically justified. Reclamation of all 

these lands would now require abandoning existing facilities and construct

ing new dikes. For sake of economy, such areas are not included in the 

project area. However, wherever no facilities are presently existing, the 

alignment of proposed dikes has been relocated so as to provide flood pro

tection to aF many cultivated fields as is economically feasible. 

Rehabilitation of existing dikes will consist of stripping their top 

and replacing earth fill to obtain a horizontal 3-meter top width, practic

able for operation and maintenance traffic. A 4-meter right-of-way 

strip will be provided along the existing dikes for passage of heavy equip

ment for maintenance purposes. 

The new dikes will be embankments made of rolled earth excavated 

from near-by borrow pits. They will have a top width of three meters, 

and side slopes of 2. 5 to 1.0. Their maximum height will be 3. 0 meters. 

Drainage of the project area will be provided by the natural 

streams which cross it, suppletnented by a number of new excavated 
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canals where the natural waterways are inadequate. Existing streams 

will be cleared of obstructions nuch as fish barrages and overgrown 

trees. Maintenance roads will be provided along the main streams. 

New canals will be excavated by draglines to their design section. A 

total of 10 kilometers of canals will be excavated, with bottom widths 

varying from 1. 0 to 4. 0 meters. The drainage canals will discharge 

into the main streams crossing the project area. At their intersection 

with the proposed dike alignment, these streams will be provided with 

control structures. The control structures will permit the unobstructed 

discharge of water drained from the project area into the Morebayah 

River, toward the ocean. At the same time, they will prevent the un

controlled entrance of salt water into the project area during periods 

of high tides, by means of flap gates. 

The existing control structure across the Soulemanya River 

will be incorporated to che project facilities after rehabilitation. Se

vere corrosion of the gate guides has rendered this structure inopera

tive. The gates will be dismantled and new stainless steel guides will 

be installed. 

Three new control structures will be constructed across the 

Koakou, the Noreire and the Touguikeren rivers. The Koakou structure 

will improve drainage of the Soulemanya drainage basin. This struc

ture was not included in the COTHA plans. The other two structures 

will be provided at the locations selected by COTHA. The control 

structures will be tied to the dikes on both sides by wing retaining 

walls, made of precact concrete cribbing. 

Basically, the new structures will be similar to the existing 

Souleinanya structure. They will be founded on piles, on which a thick 
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slab of reinforced concrete will rest. Corrugated metal pipes,reinforced Concrete withheadwalls at both ends, will be covered by earthfill placed between the headwalls. A flap gate mounted on a verticallift frane will be provided at each end of each pipe. In the detaileddesign of the project, consideration should be given to amore economical simpler anddesign, such as proposed for the Monchon Project. 
Access roads and bridges are an important adjunct to the project. 
At present, roads follow the ridges of the sand dunes, which areabove the reach of flooding waters. These 

as roads will continue tothe principal serveaccess route to the area. Several population centersin the northern part of the plains presently have dif'cult access.These locations will become readily accessible 
project by 

upon completion of themeans of the maintenance roads to be provided along theproposed dikes. Several single-lane bridges will be constructedthe drainage canals, across 
to carry construction and maintenance equipment.An economical and simple design is proposed for these secondary
bridges, using precast concrete 
cribs for abutments,


timber decks. and creosoted
A few foot-bridges of lighter design are also proposedfor foot traffic across the canals to permit farm access.
 

Construction of the project is 
 estimated to take about two
 
years.
 

Protection Against Tidal F loodinc
 

The plains of Kakossa 
lie between 
mean 

0. 5 and 1. 3 meters abovesea level. The highest tides reach up tr- 2. 0 meters above themean sea level, or 0. 7 to 1. 5 meters above the ground level of theplains. In order to protect the plain.s from direct inundation by salt 
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water as a result of tidal action, the dikes surrounding the project 

area will be constructed to a top elevation of approximately 5. 0, or 

2. 6 meters above mnean sea level. This will provide an additional
 

60 centireters for wave action and freeboard.
 

Draina.e Desin 

It is neither practical nor economic that agricultural land be 

protected against maximum flooding from rainfall. In the case of 

the Kakossa Project, we believe that the optimum benefits to the use 

of the land will result with control of surplus waters from rainfall 

which might occur once in ten years. 

In our investigations, we examined precipitation records in 

Guinea and analyzed the meteorologic conditions in the Kakossa area. 

We have concluded that a t tal rainfall of 840 millimeters in 10 days 

and 1060 millimeters in 15 days is probable at a ten-year recurrence 

interval. This is about 65 percent more than the 475 millimeters in 

10 days used in the original design of the project. 1ihe difference re

sults primarily from the longer period of record available for the pre

sent studies. The drainage system has been designed to cope with these 

intensities, taking into account groundwater percolation, evaporation, 

and field retention. 

During rainfall less than the design intensity, the canal system 

can rapidly and effectively remove excess waters. With full design 

intensity, some po-nding of surplus waters would occur on the rice 

paddies. However, our calculations indicate that this ponding would 

reach no more than twelve centimeters above the youngest rice plants, 

and would endure no longer than seven days. Subsequently, the water 
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levels in the fields could be lowered to about one-half of plant height 
and held at this level for several days before another severe rain 
might be expected. With these limitations on inundation the production 
of rice should not be adversely affected. 

Adequate drainage and control of salt water intrusion can be 
achieved by the proposed works, sufficient to protect the fields against 
all but the most infrequent and severe conditions. 

Agricultural Production 

The lands of Kakossa Island are fertile and well suited to agri
culture, rainfall is ample, and increased rice production is needed in 
Guinea. The Kakossa Project can convert the potentials of the area
 
into positive contributions 
to the regional and national economy. 

The Soils and Land
 

The soils of Kakossa Island 
are predominantly clays, having a 
high content of sodium and magnesium ions as a result of frequent salt 
water intrusions. The soils are only slightly permeable after wetting
 
has taken place. However, these 
soils will be well adapted to rice
 
culture when the intrusion of salt wa.ter 
on the lands during the gro,,ing 
season is prevented and when the salts present in the topsoil have been 

leached. 

The soils in areas of present cultivation are low organicin 
matter content, whereas the topsoil of the non-cultivated areas is 
richer. In general, the fertility of the soils of Kakossa Island is ade

quate for initial cropping. 
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Certain precautions are necessary when the project lands are 

drained. Lowering of the groundwater table could encourage excessive 
oxidation, the creation of free iron and aluminum in the soil, and an 

acidity level which might be toxic to the crops. The control gates of 

the structures across the drainage channels should be operated in a 

manner that will prevent the ground-water level from being lowered 

more than is necessary. 

The lands of the area have been classified according to their 

suitability for agriculture, taking into account soil quality, topography, 

and present drainage, With the improvtments of the proposed project, 

much of the land will be upgraded. A summary of the land classifica

tion within the reclaimable area of the project is given in Table 1. 

TABLE 1 

Summary of Land Classification 

Total Area - HectaresLand 

Clas s Quality Present Future 

2525I Very Good 

" 
 " 2 Good 


3 Fair 1765
 
760 

4 Presently unsuited 

Total 2525 2525 I/ 

Crop Yields 

About 1530 hectares within the project area are presently under 

abou"rice cultivation. Average annual production is estimated to average 


1810 tons of rice paddy, 2_/ or about 1.2 tons per hectare.
 

i/ An allowance of about 10 percent for canals, dikes, maintenance road!
 
to 2260 hectaand other unproductive areas reduces the cultivated area 

2/ 100 kilograms of unpolished rice, or rice paddy, yields about 70 kilo

grams of polished rice. 
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In some years, the production of the project area is consider

ably higher than the estimated average of 1810 tons, and may reach 

and exceed 3500 tons. This happens about once every three or four 

years, wher the maximum tide levels reached during the growing sea

son do not result in excessive saline intrusions. Completion of the 

protective works, particularly dikes and control gates, will result in 

the dependability of such crop yield almost every year. Subsequently, 

substantial increases in rice yield should result from the reclamation 

program. 

Our estimates of the yields that can be expected from the various 

land classes are shown in Table 2. 

TABLE 2 

Anticipated Rice Yields 

Land Annual Yield 
Class Tons per hectare 

1 4.0 
2 2.0-3.3 
3 0.8-2.0 
4 0 

The conversion of land from one class to the next higher class, 

and the achievement of higher yields will take place gradually over a 

period of 20 years, after the lands have been reclaimed. 

roppin Pattern 

The project area is predominantly suited for rice. However, 

continuous rice cropping would not be proper, and one-third of the 
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land should be left fallow each year or devoted to some other crop. 

With drainage of the lands and control of the salt water in the reclaimed 

area, it is possible that other crops could be introduced to the area 

over an extended period of time. Maize, grain sorghum, and lespedeza 

could be used for production of poultry. Some of the land of the lEakossa 

Project would be expected to support other food crops during the time 

when the land is not used for rice. Such crops as beans, maize, and 

improved varie.ies of sweet potatoes would be well adapted to the better 

drained, less saline soils. These crops would add both quantity and 

variety to the food crops. Nutritionally, these crops would be bene

ficial. 

A three-year rotation of rice on two-thirds of the reclaimed 

land is anticipated for the first five years of operation. Thereafter, 

other crops mentioned above could be advantageously introduced on 

the remaining one-third of the land. A cropping intensity of 100 percent 

should be feasible after 20 years of project operation. The projections 

of crop land use and cropping intensity are shown in Table 3. The in

tensities shown could be advanced, if sufficient technical and financial 

assistance were made available Lu the farmers. 

TABLE 3 

Projected Crop Land Use and Cropping Intensity 

(In Percent of Reclaimed Land) 

Number of Years After Reclamation 
0 5 10 20 

Rice 

Lespedeza (clover) 
Maize 
Grain Sorghum 

67 

-
67 

8 
-
-

67 
15 

3 
-

67 
20 

9 
4 

Cropping Intensity 67 75 85 100 
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Total Crop Production 

The cropping patterns and anticipated yields have been com
bined for estimates of future agricultural production, as shown in 

Table 4. 

TABLE 4 

Estimated Annual Agricultural Production 

in the Kakossa Area
 

(Metric Tons)
 

Crops 
Number 
Present 

of Years 
0 

After 
5 

Reclamation 
10 20 

Rice (paday) 1810 2220 3780 5620 6030 
Lespedeza 

Maize 
-- 1800 3400 4600 
.. .. .. 140 500 

Grain Sorghum ... . . 200 

Total 1810 2220 5580 9160 11330 

Project Costs
 

Construction Costs 

-The construction costs of civil works and land preparation are 
based on the quantities of work derived from the preliminary project 
plans. Appropr ite unit costs or lump sums have been applied to these 

quantities, using price levels of June 1963. 

Costs have been segregated into foreign and domestic expendi
tures. The foreign component has been estimated in U. S. Dollars and 

the domestic component in Guinean Francs (GF), with an exchange rate 

of GF 248 equal to one U. S. Dollar. 
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The construction of the Kakossa Project will require the ser

vices of a foreign contractor. Although the project is of only moderate 

size, facilities available locally are not considered sufficient to have 

the project constructed either by a local contractor, or under force 

account by the Guinean government. We have assumed that the construc

tion contract will be awarded, after public advertising and submittal of 

sealed competitive bids, to a private American or European contractor 

with the required experience, equipment, and working capital. Most 

of the construction equipment, and such materials as steel, timber, 

cement, and fuel will need to be imported. Skilled labor is also expected 

to come from abroad. Common labor, however, should be available 

locally. Local labor rates used in the estimates conform with wages 

now officially in force, and liberal fringe benefits customary in Guinea 

have been taken into account. The construction prices include allowances 

for contractor's plant, equipment, labor, home office and local overhead, 

profit, performance bond, insurance and taxes. Customs duties and 

taxes on imported equipment and materials have not been included. 

A contingency allowance of 15 percent was added to the subtotal 

of direct costs obtained from the quantities and unit prices. This allow

ance is intended to cover possible unforeseen difficulties of construction, 

omissions from the estimates, and possible variations in unit prices. 

The contingencies provided should be adequate in view of the detailed 

field information now available and the conservative valuer used in the 

individual estimates. 

The addition of the contingency allowance established the total 

direct cost. An allowance of 15 percent was then applied for such in

direct costs as engineering, supervision of construction, and owner's 
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overhead. The addition of this allowance to the total direct cost gives 

the estimate of total construction cost. The total construction cost of 

the civil works is estimated to be U. S. $690, 000 and GF 175, 000, 000, 

or a total equivalent to U. S. $1, 390, 000. This amount does not include 

the prior investment by the French Administration for construction of 

the dike from Meyeyire to Cogolima and the Soulemanya control struc

ture. Some benefits have already been derived from that investment. 

However, the cost of rehabilitation of these facilities has been included 

as part of the proposed project. 

The cost of land preparation allows for a limited amount of level

ing and planing required in the rice fields. These operations can be 

carried out by the local government with mechanized fac.llities,. and 

with local common labor. The cost of land preparation is estimated 

to be CF 25, 000, 000 and $10, 000. The costs of excavating ditches and 

constructing levees in each paddy are not included in this amount. 

Proiect Investment 

The project investment includes interest during the estimated 

construction period of two years, in addition to the construction costs 

of civil works and land preparation. Since financing terms are not 

yet established, net interest during construction can only be assumed. 

We have used for this purpose an annual interest rate of six percent. 

to be applied as funds are withdrawn for construction. A breakdown 

of the project investment is shown in Table 5. 

Operating Costs 

Annual operating costs will be incurred for normal operation 

and mair.tenance of the project, and for renewals and replacements 
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TABLE 5
 

Kakossa Project Investment
 

Foreign Currency Domestic Currency 
(U. S. $) (GB) 

Civil Engineering Works $690, 000 175, 000,000 
Land Preparation 10, 000 25, 000, 000 

Total Construction Cost 700, 000 200, 000, 000 
Interest during Construction 40, 000 10, 000, 000 

Project Investment $740, 000 GF 210, 000, 000-

Total equivalent to U. S. $1, 580, 000, or GF 400 million. 

beyond normal maintenance, Annual operating costs for the civil works 

are estimated to be about one percent of the total construction cost in

cluding the cost of previously constructed facilitie. or about GF 6 

million. 

Other annual costs will be incurred for the agricultural extension 

services to the farmers. These costs may be greater during the early 

years of project operation, but the long-term average should be about 

GF 1 million per year. 

Total annual operating costs, not including interest and ami z
ation of the initial investment, will be about GF 7 million. 

Average Annual Costs 

Interest, amortization, and operating costs together represent 

the annual costs of the Project. The total investment in the project has 

been estimated as the equivalent of GB 400 million. At six percent 
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annual interest and 50-year amortization, the annual costs would be 

as shown on Table 6. 

TABLE 6 

Average Annual Costs 

GF Million 

25Interest and Amortization 

7Operating Costs 

32Total Annual Costs 

Previous Investment 

About 90 million CFA francs were expended by the French Admin

istration in 1956-57 for the construction of a dike between Meyeyire and 

:""..-a and a contro! structure across the Soulemanya River. The 

:o about 14 rm.llion CFA francs. 
cos: c- enzieering szudies amo=Qrted 

the total
Estimating administrative expenses at 6 million CFA francs, 

ted to about I10 million CPA francs.
irves_-er. made -rior to 1957 amou 

derived frorm this investnent have been relatively small. Since
be-e:z:s 

will become part of the proposed
the existing works, after rehabilitation, 

interest in considering the economic value 
projcct, there may be some 

of the total project investment, including the
of the project in terms 

estimated that the total construction cost of
previous investment. It is 

the previously constructed facilities might be about 200 million CFA 

However, since the investment was
francs at present day price levels. 
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made in 1957, we have determined the value it would have yielded in 

1963 at an annual rate of 6. 0 percent. This value would be 156, 000, 000 

CFA francs, equivalent to GF 156 million at the official rate of exchange. 

The equivalent annual cost corresponding to this investment is about GF 

10 million. 

Project Benefits 

The Project will result in substantial direct agricultural benefits 

to the farmers due to increased crop production about the present level. 

Other indirect benefits will accrue to the regional and national economy. 

Direct Agricultural Benefits 

The direct agricultural benefits are equal to the net increase in 

farm income due to the effects of the Project. Thus the values of future 

production with the project must be reduced by the values that could be 

achieved without the project. Also, farm costs which are needed to 

obtain the increased production must be deducted. 

For estimates of the direct benefits, we have analyzed the future 

budgets of a typical four-hectare farm, as shown on Exhibit C. In 

general, we have used the procedures of the U. S. Bureau of Reclamation. 

Some modifications were necessary due to the lack of agricultural statis

tics, and to the unusual conditions of a non-private land tenure system, 

a nomadic and shifting system of farming, and a government controlled 

price-wage structure. 

Land tenure practices in Guinea do not recognize the right of pri

vate sale of agricultural land. Any land not being cultivated may be 

occupied and developed by new settlers. Also, improvements made 
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during occupancy may not be sold or transferred. Thus, it is impos

sible to assign a value to land in an economic analysis. 

Gross income to the individual farm units will include cash re

ceipts from rice sales and the value of rice consumed on the farm. The 

price of rice is now set by the government at GF 45 per kilogram for 

polished rice, and GF 3Z per kilogram of paddy rice. Our budgets are 

based on these set prices without regard to free-market values or 

long-term variations. 

Farm costs are related to capital investments and operating ex

penses. The investment to be made by the individual farmer starts with 

his land developments, which include the excavation of ditches to drain 

his own paddies, the small levees surrounding each paddy, and some 

minor leveling. In addition, the farmer must provide his own build

ings, equipment and supplies, livestock, and other miscellaneous in

vestments. 

These improvements will take place over a period of years as 

the farmer increases his earnings. As at present, the population of 

the island of Kakossa will be able to grow manioc, palms for oil, and 

other crops on the sand dunes, and will continue the practice of fishing. 

Some increase in these crops will result as more people are attracted 

to the reclaimed area. Although the value of agricultural production 

outside of the reclaimed areas is not included in the farm budgets, 

one-half of future on-farm investments has been allocated to use out

side the project. 

Operating expenses in the budgets include interest on farm in

vestmenLs, taxes, depreciation, and the annual costs of maintenance, 
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supplies, and hired labor. These expenses will increase with time, 

as greater investments are made, more equipment and labor are em

ployed, and the use of fertilizers and other agricultural aids are ex

tended. Hired labor has been estimated at the present government

controlled rate of GF 28 per hour. 

Net income to a typical farm unit is equal to the receipts from 

cash sales, plus the value of food consumed on the farm and the rental 

value of the farm home, less farm expenses. 

Budgets were made, as shown on Exhibit C, for intervals follow

wasing completion of the Project. An additional budget made to show 

what the net farm income would be, if the project were not completed. 

Total income to the project will be proportional to the farm-unit 

income and the number of farms. The estimated income to the project 

in future years is shown in Table 7. 

- - TABLE 7 

Annual Income to Project 

(in GF 1000) 

Under 
Present With Project 

Conditions Year 0 Year 5 Year 10 Year 20 

109. 1 141. 1 224.5 266. 0Typical Farm Unit 101.9 

Number of Units (383) (455) (565) (565) (565) 

Theoretical Income 39, 045 49,631 79,693 126, 859 150, 304 

-- 10,500 40,500 88,000 111,500Net Increase 

Direct agricultural benefits from the project have been taken 

equal to the net income increase shown in Table 7. 
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Other Benefits 

Indirect benefits from the project will accrue to those persons,other than the farmer, who participate 'in the marketing of the cashcrops. We have estimated 
the unit value of these benefits
equal to to be aboutthe difference between farm prices and retail prices cr polishedrice, or GF 4. 5 per kilogram. The total value is proportional to theincreased sale of rice due to the project.
 

Further public 
benefits will result to the regional and nationaleconomy, through the increased employment during construction
operation of the project, 

and 
and through the stimulation of other economicactivities. Estimates of these public benefits are based on an employment value of the construction labor cost of GF 52 
million, 
 plus anannual economic 
value of five percent of direct benefits.
 

Benefits will also arise from the opportunity to settle morepeople in the region as more land is available for cultivation. These,however, are difficult to evaluate and have not been included in the
 
analyses.
 

Total Annual Benefits
 

The net benefits due to 
the IRakossa Project are summarized
 
in Table 8.
 

Equivalent Annual Benefits
 

The values 
 shown in Table 8 show that annual.benefits will increase progressively in the future. However, the project investmentwill be made initially. Therefore, we have determined the present 
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TABLE 8 

Net Annual Benefits 

(CF 1000) 

Years after 
Completion Direct Indirect Public Total 

1 10, 500 2, 000 4, 000 16, 500 
5 40,500 9,000 5,500 55, 000
 

10 88, 000 17, 000 7,500 112, 500
 
15 111, 500 19, 000 9,000 139, 500
 

worth of the future benefits accruing to the Kakossa Project over its 

economic life of 50 years as follows: 

Present worth of future direct 
benefits: GF 1,227 million 

Present worth of all future benefits: GF 1, 573 million 

The corresponding annual values of these benefits, amortized at 

six percent over 50 years, are: 

Equivalent annual direct benefits: GF 77. 8 million 

Equivalent annual total benefits: GF 98. 8 million 

Contribution to the National Economy 

The Kakossa Project will increase rice production by about 400 

tons in the first year of operation, by 2000 tons five years later, and 

ultimately by more than 4000 tons. These increases will make signi

ficant contributions to the national economy of Guinea. 

The present population of the Republic is estimated to be about 

three million and increasing by about three percent per annum, At this 
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possor ibly exceeded in the 
future, the total population will reach nearly six million in about 20 

year s. 

rate , wich is expected to be maintained 

Food production per capita in Guinea has been declining since 
195S. Production of the major subsistence crops, cassava and rice, 
have not kept pace with the population increase. The annual production 

of cassava has been maintained around 350, 000 tons, and the production 
of rice has averaged about 310, 000 tons of paddy, equivalent to about 

220, 000 tons of polished rice. 

In the past, the country has generally been self-sufficient in 
most subsistence crops, except rice. The rice shortages stem from 
the fact that, in addition to the population increase, the average per 
capita consumption of rice has been increasing consistently. It went 
from about 170 grams of polished rice per day in 1948, to 220 grams 

per day in 1953, and to 230 grams per day in 1962. 

Guinea is the largest rice producer in Africa after Egypt and 
Madagascar. However, because of the increase in population and in 
per capita consumption, increasing amounts of rice have had to be 

imported since 1958, as shown in Table 9. 

"The projected increase of rice production in the Kakossa Area, 
as small as it is when compared to the total deficiency, nevertheless 

will help to reduce imports and save foreign exchange. The produc
tion of rice at the Kakossa Project should be dependable, as great 
fluctuations in rainfall notare common in the area. This is not true 
in many other areas of Guinea, particularly in the highlands. Dur
ing the extreme dry year of 1962, national production of rice paddy 
dropped to only 220, 000 tons, or 30 percent below average. 
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TABLE 9
 

Rice Imports
 

1958 1959 1960 1961 1962 1963 

Metric tons 
(polished rice) 7, 000 25, 000 20, 000 25, 000 30, 000* 35, 000*' 

Cost, equiv. 
U.S. 	 $ million 1. 0 2.2 1, 7 2. 1 (Not available) 

Estimated on the basis of present trade agreements, 

Economic and Financial Analyses 

Benefit-Cost Ratios 

The economic value of the project can best be measured by a 

comparison of its annual benefits and annual costs. The ratios shown 

in Table 10 have been derived from benefits and costs previously 

described. 

In addition to the benefit-cost ratios corresponding to the pro

posed investment, we have determined the benefit-cost ratios of the 

projezt including the investment made prior to 1958 by the French 

Administration. No benefits from the previous investment were con

sidered in this analysis, as they are small. These benefit-cost ratios 

are shown in Table 11. 
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TABLE 10 

Benefit-Cost Ratios Correspo- ':- to Proposed Invcstment 

(GFmillion) 

Direct Benefits 
Only 

All 
Benefits 

Equivalent annual benefits 

Average annual cost of proposed 

investment 25 

77. 8 

25 

98. 8 

Average annual cost of 0 & M 7 . 7 

Total average annual costs 32 32 

Project Benefit-Cost ratios 2.4 to 1.0 3. 1 to 1.0 

TABLE 11 

Benefit-Cost Ratios Including Previous Investment 

(GF million) 

Direct Benefits All 
Only Benefits 

Equivalent average annual benefits 77. 8 98. 8 

Average annual cost of previous 

inves trnent 10 10 

Average annual cost of proposed 

inve stment 25 25 

Average annual cost of operation and 
7 7maintenance 

42Total average annual costs 42 

1.9 to 1. 0 Z. 4 to 1.0Project Benefit-Cost ratios 
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The ratios given in Table 10 indicate that the incremental in

vestment costs for completion and rehabilitation of previous works 

will be well justified by the benefits which are anticipated from opera

tion of the project. Table )I indicates that the project is justified, 

even when taking into account the previous investments. However, it 

onlymust be emphasized that the benefits indicated can be achieved 

if the proposed reclamation works are accompanied by a modest pro

gram of land management and agricultural assistance. Such a program 

can be simple enough to be easily accepted and put in practice by the 

local farmers, with the guidance of trained personnel of the regional 

administration. 

Financial Requirements 

The investment costs of the Kakossa Project amount to U. S. 

$740, 000 in foreign expenditures and GF 210 million in domestic ex

penditures. Neither the local communities nor the Regional Admin

istration could obtain such funds. 

The national government could finance the project from appro

only one of several reclamation workspriations. However, this is 

about 40, 000being considerec, all of which together would reclaim 

1 ectares. Collectively, these projects could not be financed out of 

currect income without very adverse effects upon an already serious 

nation's balance of payments. It is probable, therefore,deficit in the 


that loans will be sought from sources outside Guinea.
 

The source and terms of such financing are not now known. 

For the purpose of our analysis, we have assumed that liberal terms 

can be obtained, such as are currently offered for this type of pro

and by the Unitedject by the International Development Agency (IDA) 
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States' Agency for International Development (AID). These institu
tions have been making agricultural Jevclopment loans to national
 

governn-uents with a 
0. 75 percent annual service or interest rate and 
repayable over 40 years fcllowing a l 0-year initial moratorium
 

period.
 

With such terms, and including interest during construction, 

investments of U. S. $750, 000 and GF 212, 000, 000 have been used in 

our financial analyses. 

Effect on Foreign ExchangQe 

Loans received to finance foreign expenditures would probably
 

require repayment in foreign currency. 
 Under the terms cited above, 

annual repayments and interest after ten years would be about U. S. 

$36, 000. At the same time the increased rice production alone would
 

reach over 3000 tons per year, reducing annual imports by a value of
 

more than U. S. 
 $300, 000. Even at far less favorable terms, a positive 

saving in foreign exchange would result. 

Financial Feasibility 

In the case of the Kakossa Project, the financial obligations to 

be incurred will probably be made by the national government with in
ternational lending institutions. Part of these obligations may require 

repayment in foreign currency, which only the national government 

could guarantee. Any assessments against the farmers of the project 

will be set by the sponsoring governmenc agency, and will be payable 

in domestic currency. 

Although the credit of the national government is ultimate assur

ance of financial repayment, the economy of the project gives a measure 
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The best measure is the relationship between
of financial feasibility. 

and the total annual costs
of the project beneficiariest-e residual income 

of the project. 

included an allow-
The farm budgets, shown on Exhibit C, have 

to family labor and management in the computation 
ance for the return 

The total residualfor profit and repayment.residual income availableof 

to that of a typical four-hectare unit 
income to the project is equal 

and 565 thereafter.such units until the fifth year,times 455 

costs used previously in the benefit-cost analysis
The annual 

on a six percent return on capital. For 
were long-term averages based 

the anticipated vear-by-year expenditures should 
a financial analysis, 

interest and amortization, and 
be used, including specific values for 

case of the Kakossa Project,periods. In theconsidering moratorium 


terms of agricultural
based on the liberal our financial evaluation is 


have recognized that expenditures for agricultural

loans. However, we 

should be greater in the early years.
extension services 

costs areof residual income and annual
The computed 	values 

given in Table 	 12. 

of project operation will residual 
Only during the first five years 

of the project.total annual costs
of the farmers 	be less than the 

income becomes substantially greater than pro
income 

From then afterward, 


project has financial
 
ject costs. The comparison indicates that the 


less liberal

interest and amortization terms were 

merit, even if 	 the 

than has been 	assumed. 
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TABLE 12 

Financial Ana'lvsis 

(Amounts in OF Million) 

Residual Annual Costs 

Income Interest 
Available 'or and 

Years After Profit and Amortiz- Operat- Extension 

Completion Repayment ation ing Costs Services Total 

0 0 3 	 7 4 14 

7 4 141 	 0 3 
2 0 3 7 4 14 

3 0 3 7 1 11 
1 114 4 3 	 7 

5 12 3 	 7 1 11 

6 24 3 7 1 11 

7 32 3 7 1 11 

39 3 7 1 118 
3 7 1 119 44 

10 48 11 7 1 19 

15 	 53 11 7 1 19 

20 	 54 11 7 1 19 

ProJect Repayment 

Agricultural and reclamation developments such as the Kakossa 

Project must yield sufficient financial return to the beneficiaries as an 

incerntive for private investment and for increased production, Thus, 

it is not always advisable that the entire cost of the common works be 

borne by the farmer, even if residual income should indicate such a 

possibility. 

The extent to which the farmers are required to repay project 

costs is a matter of national policy. For example, in the United States 
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water rates are frequently set at 15 to 25 percent of the computed re

payment ability. The term "repayment ability" is usually taken to mean 

the net income to the farmer less an adequate return for his family's 

labor and management effort, or what we have herein defined as residual 

income. 

Repayment requirements which ar6 less than project costs 

amount to a national subsidy. Justification for such subsidy is usually 

based upon the indirect and public benefits which result from the pro

ject. 

It will be important, particulaily in the early years of operation, 

that farmers be given the incentive and opportunity to make the best pos

sible use of the recliaimed land. This is particularly true in the case 

of the Kakossa area, which is already at a relatively advanced stage of 

development, although plagued periodically by tidal flooding. Construc

tive participation of the cultivators toward the realization of the potential 

production will be contingent upon the economic advantages which they 

will derive therefrom. Assessments which are initially too great will 

discourage the farmers or siphon off the capital needed for on-farm im

provements, Yet, little or no assessment in future years will encourage 

indolence on the part of those settlers who saare tisfied with only a 

subsistence living. 

A flexible policy 

mum level and increas

poter.tial. 

on 

ing as 

repayment is 

the produc

indicated, 

tivity of th

b

e 

eginning at a 

area reaches 

mini

its true 

Implementation of the Project 

The Kakossa Project can be economically valuable and is finan

cially fzasible. However, its success will depend upon prudent 

-29



ar ranI u nts _gengineering, construction, administra

tion, fiscal control and operation, and upon an adequate agricultural 

extcnsion program. 

inanc-.nc _A1rranzemonft-

The previous attempt at construction of the Kakossa Project 

was started with insufficient funds and guarantees to complete the 

necessary civil works. A new start should only be made if the full 

financial needs of the project are firmly committed in advance, includ

ing both foreign and domestic currency. 

To insure that funds will be adequate, loan authorizations 

should include a supplemental financing contingency to allow for possible 

cost increases during any delayed negotiations and during the subsequent 

construction period. This financing contingency should be about five 

percent of foreign currency requirements and 15 percent of local cur

rency requirements. Loan applications should be made for U. S. 

$780, 000 and GF 240 million, not including interest during construction. 

Encinecrn, 

... ~P~~anning and engineering studies had been prepared prior to 

commencement of construction undertaken in 1956-57. Specifications 

and detailed construction drawings prepared by COTHA formed the 

basis for contract award at that time. While they can be advantageously 

used for preparation of the proposed construction work, they must be 

modified to :eflect changes in the project plan and new contract docu

ments should be established." 

The changes in economic conditions that have taken place since 

1956 and the new achrinistrative and legal conditions in force in Guinea 
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w..i recuire different contract specifications. International financing 

will recuire stricter accounting of expenditures and more rigid super

vision o. construction than has been practiced in the past. Changes 

in the size of the required structures that resulted from the hydro

meteorological data that have been accumulated since 1954 will require 

importar.t modifications to the COTHA designs. 

A competent and independent consulting engineering firm should 
- _ -_ .. _... .. ..- _. .. - .1 

be retained for the_ re 2 arationofn.w... ontract documents and modified 

construction drawings. Such a firm should be free of any association 

with contractors, manufacturers, or other adverse interests, to allow 

unbiased professional direction of the work. 

'\Construction 

Construction of the project should be carried out under one
 

general contract. Any division of the work into separate contracts
 

would lessen the interest of the larger and more competent firms, re

duce competition, and add to administrative costs. Only pre-qualified
 
contractors, with proven experience and adequate resources, should be
 

allowed to bid. Contracts should be let at fixed unit prices with ade

quate guarantees of performance bond and insurance. 

Preparation of the project lands for agricultural use should pro

ceed concurrently with the construction of the civil works. This work 

can be carried out under force account by the Center of Rural Mechaniza

tion (C. M. R. ), an agency of the Service of Production of the Administrative 

Region of Forecariah, or any other governmental agency to which suitable 

- rz ex uipik_4nd4perators are available. 
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Proper coordination between the land preparation and the con

tracter's oD(eration will allow a partial rice crop to be harvested at the 

end of thc first construction year. 

iatio:' 

- VsAsoon as the project is authorized, an organization should 

be established for the administration of construction and of.subsequent 

operation. This organization should be a regional agency, with bud

getary support from the national gove.rnment. It should have a reason

able degree of autonomy and be held responsible for the success of the 

project. This agency should exercise fiscal and operational control 
of the project, be able to ernploy expert assistance when needed, and 

have call upon the agricultural supporting facilities of other agencies, 

The administrative agency should have a fiscal department to 

control construction funds released by the national government and the 

lending agencies for the project, and later to control assessments on 

the farmers and payments for operation. A department closely associ

ated to the project is needed to insure that proper certification is made 

for disbursements, that assessments are made in accordance with 

project obligations, and that collections due are in fact received. 

An operations and maintenance department will be nee eL&-to. 

control outlet gates, keep canals free of obstructions, and maintain 

the levees. 

Agric.:'tural Extension Program 

itis of '..tmost importance for the success of the proposed pro

ject that all of the reclaimed lands be brought to cultivation as early 

as possible and that farming practices be improved. 
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We recommend that -,.n experienced rice agronomist be em

ployed full time in the project area for a period of several years from 

the beginning of the construction phase. Because of the present short

age of trained Guinean technicians, this agronomist may have to be an 

expatriate. He should direct the agricultural program, and guide and 

advise the farmers on methods of increasing production. 

The agronomist could also direct the program of land levelling , 

and farm preparaticn. 

Under the direction of the agronomist, pilot demonstration 

plots should be formed in the project area for experimentation with 

rice varieties and fertilizers. The results of these research programs 

should be disseminated in an easily understood manner among the 

farmers. Practical demonstrations of improved cultural practices, 

particularly through mechanization, should be given to the farmers. 

Also, the agronomist should perform routine physical and chemical 

tests on the project-soils. 

If the agronomist engaged for the project is an expatriate, he 

should be assigned a Guinean assistant who should be a young agronomi, 

with college training. 

-33



PAR T i 

SUPPORTING INFORMATION 

Chapter I Geography of the Project Area 
II History of the Kakossa Project 

III Field Investigations 
IV Project Lands 
V Agriculture 

VI Project Design 
VII Project Construction 

VIII Project Economics 
IX Project Operation and Development 



Chapter I 

GEOGRAPHY OF THE PROJECT AREA 

General Description 

The Republic of Guinea is located on the Atlantic coast of the 

"Bulge of Africa" 700 kilometers southeast of Dakar (Republic of 

Senegal) as shown on Exhibit A. It extends from latitude 90 to 12. 50 N 

and from longitude 170 to 120 W. The country is bounded by Portugese 

Guinea on the northwest, the Atlantic Ocean on the wzst, Sierra Leone 

on the southwest, Liberia on the south, the Republic of Ivory Coast on 

the southeast, and the Republics of Senegal and the Mali on the north. 

The country has an area of about 250, 000 square kilometers. 

Guinea is divided into four regions. The coastal area (Lower 

Guinea) forms a band along the Atlantic which averages 100 kilometers 

in width. This area is characterized by heavy rainfall from May to 

September. There is little variation in temperature throughout the 

year--the average maximum temperature is 85°F and the average mini

murn 75 0 F. The second region, occupying over half the total area, is 

the Fouta Djallon, a plateau averaging about 300 meters above sea 

level but rising in places to over 1000 meters. This area has less 

rainfall and lower temperatures than does the coastal region. Upper 

Guinea, the third region, is a low land to the north and east of the Fouta 

Djallon, where the Sahara belt is approached. The rainfal1 is relatively 

light and the temperatures are much higher than on the coast. Finally, 

there is the forest region, immediately north of Liberia. This is an 
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area of typical Wiest African tropical rain forest with high temperatures. The rainfall, while heavy, is somewhat less than on the coast.
The Island ofL1akossa isGuinea, located in thea proximately 30 kiloeters southern part of Lowerwcs, of Forecariah, the seat of

the Administrative 
Region of Forecariah. 

on Exhibit A. 
Its general locationThe is shownIsland of Kakossa, 

isolated from 
located along the Atlantic Ocean,the mainlard of Lower 


on the northwest, 
Guinea by the Soumbouya River
the Sankinefoli River the northeast,on 

and theM\orebayah River on the east.
 

Like 
a large part of the Guinean coastal zone,

Kakossa the island of
is fertile, with a great Potential for rice production.log'ic, Physiographic Clirnato

and hydrologic factorsthe successful exploitation play an important role inof ricelands. This chapter presents theditions that prevail in the Kakossa con
area which

Lower are typical of those inGuinea, as well as conditions that are peculiar to Kakossa
 
Island.
 

Climatology 

General 

The climate of Lower Guinea is monsoonal, characterizeddry season followed by aby a very wet one.
 
The dry 
season extends from December through April.
with high relative humidity, It is hot,
but is somewhat tempered by moist marine-.dnS. There is generally no precipitation in the Kakossa area duringthe Deceber-April 

period. Vegetative growth maymonths because of the cease for severalcomplete lack of precipitation, 
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The wet season extends from May through November. The 

monsoon is at a maximum in July and August, with a high persistence. 

Precipitation during the wet season is in the form of violent and con

tinuous rains. Relative humidity is very high during the wet season. 

Total precipitation for the May-November period averages about 4000 

millimeters in the Kakossa area. 

Air Mas'ses 

The fundamental cause of the climate of Lower Guinea is the sea

sonal migration of two air masses, the Tropical Continental and the 

Tropical Maritime. Some role is also played by the Inter-tropical Front. 

The Tropical Continental Air, warm and dusty, extends from the 

Sahara southward, reaching its maximum extent in January between about 

5 and 70 N. Associated with it are dry north-easterly or easterly winds. 

The mass of Tropical Maritime Air, warm and humid, trends from the 

ocean inland in July or August to about 17°N on the coast and to about 21 0 N 

in the interior. Associated with it are wet south-westerly or westerly 

winds.
 

These two masses alternate seasonally over Lower Guinea. Ow

ing to different densities of the two air masses, the front slopes upward 

toward the south, so that the maritime air forms a wedge under the con

tinental air. This wedge penetrates northward as the maritime mass be

comes predominant in and after May, and brings the heavy monsoonal 

rainfalls. It retreats southward in August or September. 

Between these two main air masses is the Inter-tropical Front, 

which lies .3rth of the Equqator throughout the year. With the penetration 

inland of the maritime air mass, the Front pushes north-westward. 

returns south-eastward upon the retreat of the maritime tropical air. 
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T S.ua!!s. At the change of season in May, with the north

westyad: advance of the Inter-tropical Front, the dominant winds may 

change suddenly. This is accompanied with thund:rstorms or 'line 
: often misnamed tornadoes. These north-easterly storms are 

the par:ial cause of almost all rain received on the Guinea coast between 

May and July, and again from September to October. 

"Line squalls" are preceded by a day or two of high temperatures
 

and oppressively still air. Finally, the sky darkens, 
 there is vivid Iightn

ing and the noise of rushing wind. Winds become south-westerly and
 
temperatures drop by 10 to to
20°F (5 10C). Heavy rain, up to 50 milli

meters in less than an hour, follows the wind and dust. This rain then 
gives way to a gentler rain without lightning. When the rain ceases, the 

clouds disappear and temperatures rise again. 

South-westerlies. Associated with the moist maritime air mass
 
are south-westerly winds. 
 They prevail all the year south of Guinea, and 
penetrate up the coast in July. During the prevalence of these winds,
 
continuous rains occur
may for long periods. Skies are frequently cloudy, 
and early morning mist is common. Visibility is good, except during 

actual r.ainfall. 

Sea Breeze. The breeze insea Lower Guinea may reverse the 

normal winds. "n January, for example, a westerly wind frequently re
places the North-east Trades during the afternoon. They may also rein

force the south-westerly winds during the monsoon period. 

Prec nitation 

In Lower Guinea substantial precipitation generally starts in 
the beginning or the middle of May and ends in the first half of November. 
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The number of rainy days as well as the amount of rain vary consider

ably from year to year and from 
north to south. 

The average nunber of rainy days in the year varies from 100 to
 

150, a:n.d the average annual precipitation varies 
from about 2830 to 4300 

millimeters depending upon the location.The highest annual precipitation
 

in Lower Guinea generally occurs around Conakry.
 

Averaae Rainfall in the Project Area. Three rain gage stations
 

are located in the vicinity of the project area. They a.: 
 located at Conakry 

(airport), Forecariah, and Coyah. L/ The Conakry-Aviation (airport)
 

station has been in continuous operation since 
1949. The Forecariah sta

tion was installed in 1923, but only records from 1930 to date were avail

able for the purpose of the present studies. The Coyah station was 

installed in 1950 and has been in service to date. In addition, one station
 

was in service during part of the 
rainy season of 1954 at Yeniya, on
 

Kakossa Island. 
 This station was installed to obtain basic data in con

nection with the 
CO.THA studies. 

Average monthly precipitation for the periods of record at
 

Conakry-Aviation, Forecariah, 
 and Coyah is given in Table I-1. Pre

cipitation outside of the May-November period is small and is 
 not indicated 

.in this and the following tables. Long term averages were estimated for 

the Forecariah and Coyah stations by comparison of their periods of 
record with concurrent periods for Conakry. These adjusted values are 

shown in Table 1-2. 

In adjusting the average precipitation for the period of record, a 
good correlation was found between the stations of Conakry and Forecariah. 

1/ Another station is located'at Conakry (city). This station has not been 
used because of its proximity to t1le ocean. The data recorded at 
Conakry-Aviation are more indicative of conditions prevailing on the 
coast of Lower Guinea. 
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Table I-1 - Average Monthly Rainfall 

(in millimeters) 

Conakry-
Aviation Forecariah Coyah 

.- opnth (1949-63) (1950-62) (1950-62) 

.May 148 210 178 
June 487 442 485 
July 1297 853 1149 
August 1264 1106 1297 
September 758 666 702 
October 306 356 397 
November 127 160 169 

Average for the 
wet season 4387 3793 4377 

Table 1-2 - Estimated Long-Term Average 

Monthly Rainfall 

Conakry-

Month Aviation Forecariah Covah 

May 148 200 170 
June 487 
 420 460
 
July 1297 830 
 1100
 
August 1264 1110 
 1290 
September 758 660 680
 
October 
 306 370 400
 
November 127 160 170 

Average for the 
wet season 4387 3750 4270 
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The correlation between Conakry and Coyah was weaker, possibly 

because Coyah is located closer to the hills than both Conakry and 

Fore cariah. 

The precipitation recorded in 1954 at Yeniya is summarized in 

Table 1-3. Also shown are the corresponding values for the other three 

stations. 

Table 1-3 - Comparison of Rainfall Recorded at Yeniya
 

in 1954 with that Recorded at Other Stations
 

(in millimeters)
 

Conakry-

Record Period Yeniva Aviation Coyah Forecariah
 

July 11-31 1245 1555 1045* 912 
August 1-31 1285 1626 1440 1182 

Total (July 11-

August 31) 2530 3181 2485 2094
 

Long-term August 
average -- 1264 1290 1110 

; Estimated 

Table 1-3 indicates the following: August 1954 was definitely 

more rainy than average at the three permanent observation stations. 

The precipitation recorded at Yeniya from July 11 through August 31 

was smaller than that for Conakry-Aviation, but higher than that for 

Forecariah. However, it was of the same order of magnitude as that 

recorded at Coyah, although with more variability inside of the period 

of record. It can also be noted that the precipitation recorded at Yeniya 
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during its short period of record was about 10 to 20 percent higher 

than that for Forecariah and 20 percent lower than that for Conakry-

Aviation. 

Extreme Precipitation. Annual 	precipitation in the project area 

than about 30 percent above orvaries from year to year by not 	more 

below the yearly average. At Conakry-Aviation, where the average 

annual precipitation is about 4400 millimeters, the driest year on re

cord was 1949, when about 3200 millimeters of rainfall were recorded. 

The wettest year was 1954, with a total precipitation of about 5600 

millimeters. The monthly precipitation for these years is shown on 

Exhibit 1 

Mon',aly precipitation is more variable, as is evidenced by the 

data summarized in Table 1-4. 

Table 1-4 - Rangze in Monthly Precipitation 

at Conakry-Aviation 

Driest on Wettest on 

Month Record Average Record 

May 39 148 348 

June 273 487 925 
1297 1890Ju. 	 661 

922 1264 162SAugust 
Septe:ber 328 758 134 1 

306 667October 151 

November 31 127 208 
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-AVilosoheric Humidity,
 
Atn no ph ri 
 hu idtyinLo e
 

Atn.ospherc humidity in Lower 
Guinea does not vary much from
year"to year. However, its monthly variations are great, and so are 
its diurnal variations. The average minimum and maximum monthly
humidity at Conakry-Aviation, determined from observations made from 
1949 through 1963, are presented in Table 1-5. 

Table 1-5 - Average Minimum and Maximum Monthl
I-urniditv at Conakrv-Aviation, in percent 

Month Minimum Maximum 

January 
 52 
 94
February 48 92March 50 90April 51 90
May 60 
 93June 
 71 
 97
 

July 
 77 
 98
August 
 80 
 98

September 75 98
October 69 
 98
November 67 97December 57 94 

The diurnal variations of the relative humidity follow, in re
verse, those of the temperature. The humidity is highest at night and 
lowest during the day. A graph showing typical variations of the rela
tive humidity recorded at Boke in 1962 at 6:00 a. m., 12:.K$ noon, a:.d 
6:00 p.m. has been presented in an earlier report. / These varia
tions are representative of conditions in Lower Guinea. 
I/ Feasibility Report on Riceland Reclamation in Guinea-Mochon Project, by Harza Engineering Company, October 1963. 
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hapes of the curves reflect the movements of the mariti
and continental air masses. 

Temnera-ure
 

No temperature data are available for Kakossa, but conditionsare simiilar to those at Conakry-Aviation. The average minimum andmaxn-un .nonthly temperature at Conakry-Aviation, determined fron"bservations made from 1949 through 1963, are presented in Table 
1-6. 

Table 1-6 
- Average Minimum and Maximum Monthly 
Temperature at Conakry-Aviation in °C. 

Mo-th 
Minimum- Maximum 

January 

February 

March 

22 

22 
31 

31 

April 

May 
June 

23 
23 

23 

32 
32 

31 
23 29 

July 
August 

September 
October 

22 
22 

22 

28 
27 

29 
Novomber 22 30 

December 
23 30 
22 31 

The maximum and minimum temperatures recorded at any timegenerally do riot depart fromthe corresponding monthly values indicatedin Table 1-6 by more or less than two degrees centigrade. 
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Physi ograph y 

:he Coast' Belt 

The coastal belt of Lower Guinea is continentala shelf that was 
s.urcrged by the ocean in recent geologic times. In earlier eras it 
was crossed by important rivers flowing to the ocean in well-defined 

valleys. Structural upsets of the Fouta Djallon then displaced and 
faulted the old summit line. New tectonic breaks, generally oriented 

along t7wo perpendicula- directions, deeply modified the relief. Later, 
the level of the ocean rose, flooding the old alluvial valleys which be
came the estuaries of rivers whose watersheds were made smaller by 
the surface twisting of the Fouta Djallon. Thus were formed th broken 
coast line and numerous islands that are now present along the coast. 

There is no smooth coast, because the continental shelf is corn
paratively wide, the tidal range is relatively high, tidal scour is strong, 
and because the coast is Qriented directly across the path of south-west 

or north-west winds that agitate the waters. 

The relief of the coastal plain is cut deeply inland by the old 
estUaries. During the dry season, when surface runoff in the coastal 
belt is practically non-existent, the submerged valleys become tidal 
inlets bordered by saline, muddy lands. The coast line and the coastal 
plain of Lower Guinea are broken at two points by rocky spurs, at 
Cape Verga and behind Conakry. The former consists of micaceous 
schists and quartzite, and the latter of granite and ultra-basic eruptive 
rocks, found also in the Loos Islands and north-east of Conakry. 
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Th.Tda Etuar1es
 

extend far inland into the deep estuaries, sinceTidal variations 

above sea level. 
-,e coastal pli.n is at an elevation of only a few meters 

During -he wet season, the estuaries provide natural drainage outlets 

The discharge capacity of 
fro the large surface runoff of fresh water. 

and increases
the channels is substantially reduced during the high tides, 

During the dry season, there is practically no fresh
during low tides. 

in most of these channels, and salt water flows up and 
water discharge 

Their downstreamchannels under the influence of the tide.down the 

a high salt content, somewhat reduced during
reaches carry water with 

the rainy season. 

These tidal streams, called locally "marigots, " generally pre

cause real archipelagos.in places,sent pronounced meanders which, 

of the turbulence that 
are found, primarily becauseBut nowhere deltas 

prevails at the estuaries. 

present along
Salt water vegetation inthe form of mangrove is 

salt content remains high throughout the year.
those reaches where the 

along theseveral hundred meters wide,a 

an impressive 
The mangrove forms border, 

and mangrove trees may reach 
tidal streams. It is thick, 

smaller and less dense 
height in the vicinity of the ocean. They become 

in the upper reaches, where the tidal variations are smaller and where 

the salinity decreases during the wet season.
 

Along the tidal streams and their estuaries, the coast is covered 

called locally
by an alluvial, muddy sediment which is very viscous, 

indicate"poto-Soto. " Its bluish-black color and its marine salt content 


rehandling of its continental, clayey constituents. These
 
an oceanic 
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soi:s aro very soft when wet. Thcir moisture content can be ex

t . high. They constitute a good support for the mangrove-type 

veget: 

The two rivers that bound the island of Kakossa on its north and 

east sides, the Soumbouya River and the Morebayah River, are two such 

tidal streams. 

The Soumbouva and Morebayah Rivers 

The Soumbouya and Morebayah Rivers separate Kakossa Island 

Both rivers areare on 

ocean 

from. the mainland. They shown Exhibit A. 

typical tidal streams, or marigot., discharging fresh water to the 

and from the ocean, alternatively,during the wet season and salt water to 

during the dry season. The Morebayah River drains an area of approxi

mately 300 square kilometers, and the Soumbouya River an area of about 

Both have well defined channels with widths of
100 square kilometers. 

about one kilometer at their estuaries. Both rivers are navigable at all 

tide levels. At low tide, clay flats are visible on the sides of the main 

at low tide are approxi
channels. The widths of the navigable channels 

are over 4. 0 meters in themately 200 meters. The depths at high tide 

the sides.center channel and 1.2 meters on 

Tidal Variations 

Ocean Tides
 

com-
The coast of Guinea along the Atlantic Ocean is subject to 

paratively large tidal variations. Tide tables for Conakry, with 
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corrections for the harbors of Bentyand Taboria, are published 

ye ar y. Also. tide tables for Casablanca, Morocco, are published 
yearly.=/ with corrections for Tanna Island (Estuary of the Mellacoree 

River), Conakry, Dubreka, and Taboria. 

Tidal variations at Conakry have an amplitude reaching a maxi
mum of approximately four meters. From north to south of the Guinean 
coast the amplitude varies by less than 0.2 meters. The tides do not 
reach their ebb and flood levels at the same time on all points of the
 
coast, although the difference is great.
not very Maximum and mini
mum levels near 
Tanna Island (35 kilometers south of Kakossa Island)
 

may be reached 25 minutec after they 
occur at Conakry. 

Each tidal cycle has a period of 28 days, with two subcycles
 

characterized by a 
series of high and low levels reached at full moon
 

(spring tide), and another series 
of high and low levels, although not 
as extreme as the former, reached at new moon (neap tide). The dif

ference between them is relatively small. The maximum flood levels 
of each year do not occur in a given season because the solar and 

lunar cycles are not in phase. 

1/ "Table des Miarees des Territoires Francais d'Outre-Mer et de 
quelques Ports Etrangers" (Tide Tables for French Overseas 
Territories and some Foreign Harbors, Imprimerie Nationale,
 
Par i s.
 

2/ "Tide Tables - Europe and West Coast of Africa, including
Mediterranean Sea, " U. S. Department of Commerce and Coast

and Geodetic Survey, U. S. Government Printing Office, Wash
ington 25, D. C. 
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Tide ProoaEation in the "Mari~ots" 

Variations of the ocean level induce corresponding water level 

These variationsfluctuations in the tidal streams or "marigots. are 

propagated in an upstream direction along the streams according to 

well-defined patterns. 

in the absence of fresh water discharge in the tidal streams, ris

ing (or flooding) tides induce a flow of salt water from the ocean in an 

ups:ream direction. As the level of the ocean stops rising and begins 

falling (ebbing), the flow in the tidal streams decreases, a reversal of 

the current occurs and the marigot empties itself into the ocean where 

the water level iE dropping to its ebb. 

At a given point of a tidal stream, the water level undergoes 

to the ocean tides that cause them.fluctuations similar in character 

The amplitude of these tidal fluctuations decreases as the distance from 

ocean to the point considered increases. The length of the periodthe 

same as at the ocean, but the occurrenceof tidal fluctuations is about the 

of the maximums and minimums is delayed by a period of time (lag) 

the distance from the ocean increases. These twothat increases as 

changes in the characteristics of the tidal fluctuations in a tidal stream-

dcrease in amplitude, and lag of peaking time--result from the frictional 

stream channel opposes to the propagation ofresistance which the 

and longer channels cause a greater resistancetidal currents. Smaller 

of tidal \vavs.and, therefore, result in a greater dampening 

When substantial fresh water flows are discharged in the tidal 

enough to prevent thestreams, the downstream current may be strong 

usStrearn flow that occurs in the dry season, but during high tides the 

channel discharge capacity is invariably reduced by an amount that can 

be considerable. 
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a Fucvtion.s in the So-Aleirianva, the Noreire and the Touguiker(n 

Five water le'el recorders were installed by COTHA in 1954 on 

e island of Kakossa to collect data o- tidal fluctuations in the project 

area. Three recorders were installed on the various streams, the 

Soulemanya, the Noreire, and the Touguikeren Rivers, at the proposed 

locations of the control structures. Two recorders were located in the 

vicinity of the villages of Yeniya and Taouya. The recorders were 

operated from August 1954 through March 1955. Graphs showing the 

flood and ebb levels as recorded at the stations were included in the 
-
i/ 

reports.COTHA 

The water level observations indicate that the three marigots 

behave as typical tidal streams. The amplitude of ocean tides is reduced 

as the tidal waves are propagated along the streams. This dampening 

of tidal fluctuations in the Noreire River, for example, is about 0. 5 

meters for tidal amplitudes.of 1. 5 to 2. 0 meters, but becomes 1.5 to 

3. 0 meters for amplitudes of 3.P to 4. 0 meters, respectively. Similar 

dampenings are experienced in the other marigots. 

The observations made in the plains were not vry conclusive 

because the recorders were installed in the middle of rice paddies. 

Consequently, only the highest levels observed are significant. These 

levels were generally 0. 70 meters lower than the flood tide levels. 

I/ 	 "Etudes Preliminaires" de l'Amenagement Hydro-agricole de l'Ile 
de :Kakossa (Preliminary Studies of the Reclamation Project for 
Kakossa Island), Report No. RCT 161, by COTHA, May 1955. 
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Chapter I1 

IHISTORY OF THE IKAKOSSA PROJECT 

Intro du c t! on 

The olains located on the island o4 Kakossa are fertile lands 

W.\ere tne cultivation of rice has been practiced to some extent for 

many decades by local Soussou populations. They were systematically 

inves:igated for the first time by the French colonial administration in 

tle early 1950's for the purpose of increasing the production of rice in 

Guinea. 

Initial Studies (1950-54) 

In the initial agricultural studies made by the French admin

istraion it was concluded that the lands of Kakossa Island were suitable 

for rice cultivation, and that climatic conditions were favorable to one 

crop annually. However, thes6 studies pointed to the need for solving 

two major problems before the cultivated area and the average yield 

could be increased: 

a. 	 the flooding of arable lands by salt water backing up 

in the marigots during high tides; and 

b. 	 the insufficient natural drainage during the wet sea
son. 

Follc~wing this agricultural reconnaissance of 9000 hectares of 

land on Kakossa Island, it was concludud in the studies that reclamation 

of part of these lands would be justified economically and would contri

b-tte to ti increase of rice production in Guinea. 
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rg n ze, ordered", newly] " 
organizedordeI-uralT-c S~cion of 

scale of 1:20, 000,
e,)b con...act of a general map at the 

National
whici \Va drawvn from an aerial photographic coverage by the 

Geographic Nationale). A base line 
Geographic ::nsitut (TnstituL de 

..D.", the central oart of the island was laid out in the 	field, bench 

elevations determined by leveling. Sub
marks were installed and their 

scale of 1:5000 of the central 
complete topographic map at a 

secuentlv, a 
Rural under contract. 

Dart o; the island was prepared for the Genie This 

reclamadetailed design of a 
very detailed map formed the basis for the 

cost of approxiwere performed at a 
two surveystion project. 	 These 

000 CFA francs.nately 7, 100, 

Studies (1954-55)COTHA 

studies aimed 	at the development
of enginceringTe performance 

des Techniquesto the Compagnieentrustedof a reclamation project was 


a French consulting engineering
 
et Agricoles (COTHA),-ydrauliques 

COTHA studies,
the design oi similar projects. The 

firm sneciaiizing in 


consisted of the following.
1954,started in IMay 


the fields of climatology,
 
a. collection 	of basic data in 

and soil mechanics;topographyhydrology, 

of developing a plan of 
studies for the 	purpose

b. planning 
of dikes preventing the flow of 

r -ciamat-n,consisting 
canals designed to 

on the lands, drainage 	 acrosssalt water 	 and gated s ructures excess runoff,discharget. e.nes runIfeanuischargtowar 
oceanflow toward the 

the dikes to permit fresh water 


during low tide levels;
 

and specificationscontract drawingsc. preparation of 
involved.structures

for construction of -he various 
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were completedc .. ud's. summarized in tLIrec -eports, 

of about 7,200, C, CFA francs.in S ..... - 1955, at a total cost 

The COTiHA Rec ... Proect 

This project was developed by COTHA on the basis of the plan

ning that had been done by the Service du Genie Rural. It consisted of 

a total area of about 2600 hectares, abouttwo nain dikes surrounding 

extending in a NW-SE direction. The dikes,two kiloneters in width, 

with heights up to about 2. 5 meters but generally on the order of 1. 5 

crests between elevations 4. 50 and 5. 30.meters, would have their 

They would tie into natural dunes. Existing gaps between dunes would 

also be crossed by shorter dikes, 

One of the main dikes, located at the southern end of the pro

ject area, between Meyeyire and Cogolima, would have length of abouta 

iour kilomneters. It would cross the Soulemanya River, and a gated 

The gated structure would be
structure constructed at the crossing. 


series of six gates each, automatically controlled with

provided with two 

pro\isions lor manual adjustment. The other main dike, located along 

would extend from a
the north-eastern boundary of the project area, 

5 kilometers.
point :Drth o- Kansire to Ouendima, over a length of about 7. 

1t would cros Noreire River and the Touguikeren River, where gated 

structure would be constructed.to the SoulemanyaStructures Sim:ar 

six series of gates, where-s t.'h
The Noreire structure would also have 


About 1. 5 kilometers of

Touu.,e- n struc-.ure would have only 'two. 

.hcrter dikes would be required to close the gaps between dunes. 
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... top elcvation o- the dike s were designed so as to be about 

,.75 n'e: :rs above the.hiest- tide lcei;, thus providing the project 

ar v:. :ro, against Sal-,~ er\vion u 

The d:-ainage of the fIlat plains located within the protected area 

would be provided by a series of channels supplementing the natural 

net0ork of streams. Each of the three main drainage areas would be 

drained zhrough the corresponding gated structure. The design of the 

drainage system was based on a precipitation of 366 millimeters in six 

days (five-year recurrence interval). The average flow to be discharged 

was found to be about 9 liters per second per hectare. The dimensions 

of the canals were determined so as to limit the rise of the water level 

in the paddies to a maximum of 0.25 meters above the ground level, and to 

bring it hack to a depth of 0. 15 meters within a period of six days. The 

maxinum water level on the upstream side of the gated structures was 

found to be lower than the maximum level of tides on the downstream 

side. 

The main quantities and construction costs estimated by COTHA 

zonsisted of the following: 

Estimated Cost 

Structures Main Item of Work (CFA francs) 

Dikes 	 Length: 13 km 53, 000, 000 
3

Volume: 100A 000 m 

Gated Structures 	 Number: 3 34,000 000 

Volume of Concrete 500 m 3 

Sheet Piles: 2000 m2 

Drainage Canals Length: 9.kin 12, 000. 000 

Volume of excavation: 
50 000 m 3 

Contingencies 5/0 5, 000, 000 

Total CFA 104, 000, 000 
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Project Construction (1956-57) 

Funds in the amount of CFA 115, 000, 000 were appropriated by 

the re:nch Administration to the Service du Genie Rural for construction 

of1-e:akossa Reclamation Project under the 1953-58 FID-S -rcg..., 

(capital investments). The excavation of drainage canals was deferred, 

to be conszructed later by force account or other methods, and contracts 

awar.ded for the remainder of the civil works. 

After restricted competitive bidding, the contracting firm Societe 

Dumez was awarded in April 1956, a contract for construction of the 

dikes and control structures in the estimated amount of 89, 500, 000 CFA 

francs approximately. A separate contract for furnishing the control 

gates was awarded to the firm Hamelle, at a cost of approximately 

5, 500, 000 CFA francs. 

The contract provided for construction to be completed by June 30, 

1958. Payment for the work was to be on the basis of unit-prices sub

m.itted by the contractor with-his bid. However, these prices were ba-ed 

on economic conditions prevailing in November 1955. The contract pro

vidad for changes in the unit prices to take into account possible variations 

01 econor. c conditions by means of a formula of price variations. 

Alkhough the c :.ractor moved to the site in May 1956, actual 

conStructton started after the rain-, season, about October 1956. Work 

zegan a; thu southern end of the plains, with the dike from Meyeyire to 

Cogclcrrna, 4. 2 kilometers long, and the Soulemanya control structure. 

By June 1957 this work had been completed, together with an additional 

2. 5 kilometers of dikes on both sides of the Noreire, to the vicinity of 

-ou.uik-ren.' The quantity of'f!il in the dikes amounted to 9-, 000 cubic 

meters, r an increase of 40 percent over the estimated quantities. 



control structure had
The co rns for constructioi- 0: the Norcire 

and excavation of the foundations had been started.bee: conxeted, 

increase in the embankment cuanti:.a add ition to the unexpectc:d 

ti.es, tao zorrnula of oriCC variations yielded unit prices well above the 

CFA francs ha, already be 
expected values. A total of about 90, 000, 000 

expended or committed by June 1957. 

areathen decided to reduce temporarily the reclamationIt was 

project the Touguikeren con
to about 2000 hectares by deleting fronm t'Ie 

a dike between Touguikeren and
trol structlure, and constructing 

still needed to carry
Yenikenya. In anticipation of the total amounts 

"-,is reduced project through completion, additional funds in the amount 

o- 60, 000, 000 CFA francs were requested by the Genie Rural from the 

FIDZS. 

of the project, foundation
Tn addition to this change to the scope 

site of the Noreire structure required
conc.:o-ns encountered at the 

basic design. The structure had been designed to rest 
char.ges 'n its 


soft foundation was en
laterite outcrop; however,on a consolidated 

countered. 

suspension
Construction was not resumed, however, due to the 


of the TIDS funding program, and later to the departure from Guinea
 

of the French A.d-.,iistration. 

R~ecent Studies 

two ex
:n 1960, upon request by the Government of Guinea,
1/ 

of the United Nations
the Food and Agriculture Organizationperth- o 


to increase the proto be taken in order
(FAO) ivesttgated the steps 


Guinea. Among other recommendations, they
d rcjioa, 'ice in 

and 1-. A. A. M. Wirtz2 rz.r J. de Meredieu 
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suiable for land cultivation by
' o increase the area of lancs 

control structurcs; and to increase the yiel
construction of hy:'.aul*c 

of cuh"iat e d areas by means of an agricultural extension program. 

with regard to the lEakossa Project, the follow
2Uore particularly, 

s:..s were recommended:
 
control gates and
Rehabilitation of the Soulemanya 

assignment of a technical agent who would be respon

sible for the operation and maintenance of the structure, 

million;at an estimated total cost of GF 2 

and com
b. 	 Construction of the Noreire control structure 

pletion of the dike between Touguikeren and Yenikenya, 

cost of GF 25 million;at an estimated 
of the drainage facilities, at an estimated 

c. 	 Engineering 

5 million, and construction of the canals by 
cost of GF 

requiring an estimated average
the local beneficiaries, 

over a 15-yearof labor ann-aally,of 8000 man-days 


period.
 

Project
List 	of Reoorts Relative to the Kakossa 

Secteur des Recherches(Soils Report),1. "Rapport Pedologique" 	 de Guinee (Department of ice
de l'AgricultureRizicoles, Service 

Service of Agriculture of Guinea), 1950. 
Research, 

(Agricultural Recon
2. 	 "-Reconnaissance Agricole de l'Ile Kakossa" 

by F. de Cock,73 AGR I,
Kakossa Island), Report No.

n:aissance o: 


Feb*'aary 33, 1954.
 

Terres de i"Iie de 
Possibilites d'Amenagement des 

3. 	 "Etudes des the IslandWorks in 
-a" (Feasibility Study of Land Reclamation 

Nungesser, undated. 
Ka-oss 

of Kakossa), by M. 

it wasother publications,referred to in
Although this report was 

and 	could 
not :ound in the files of the zvinistry of Rural Economy, 

not be examined. 

11-7 



P.:N. &ExcuT0 :on du ?lan Quadricnnai 1953-57 - Production 

2AI)- "':r'tCoz.i.c -nen-aire Projcct of h.m.p-ementation of the 

Year P_',_- 393-57 - Production (Rice) - Supplementary 

--.-, n . The da o" ublion is estimated to be May 

5. 	 "Ls aines Rizicoles de la Basse-Cote do Guince - La 

:-ju"t'" Actuel.e 	 dc Developpement" (The Rice-Perspective 

-rouceing Plains of the Coast of Lower Guinea - The Present Rice 

Cultivaion - Outlook for Development), undated. The date of pub

lication is estimated to be 1955. 

6. 	 "Etudes Preliminaires" de 'Amenagement Hydro-agricole de
 

l'Ile de Kakossa (Preliminary Studies of the Reclamation Project
 

for Kakossa Island),report No. RCT 161, by COTHA,IMay 1955.
 

7. 	"Avant-Projet" de l'Amenagement H-ydro-agricole de lle de 

Kakossa (Planning Studies of the Reclamation Project for Kakossa 

Island), Ouvrages de regulation des eaux, Reseaux de drainage 

(Water control structures, drainage system), Report No. RCT 162, 

by COTH-A, January 1955. 

S. 	 "Projet d'Execution" de l'Amenagement Hydro-agricole de l'ile de 

Kakossa (Contract Documents for construction of the Kakossa Re

clamation Project), Report No. RCT 163, by COTHA, September 

1955. 

lede la Section du Genie Rural dans9. 	 "Cornpte-rendu d'Activite 

du programme FIDES 1953-57" (Report on the Activities of the
cadre 

1953-57 progran1Section of Rural Engineering within the scope of the 

of the FiDZS), No. 523 GR, undated. The date of publication is esti

..a.e. to De June 1955. 

10. ".arche sur Appal d'Offres ct Serie de Prix - Amenagement 

Hydro-agricole de Vile i akossa" (Construction Contract Awarded 

after restricted, competitive bidding - Reclamation Works in 

Kakossa !sland), Service du Genie Rural, dated April 21, 1956. 

1.. :>:,emoire Pr. _nte par le Service du Genie Rural au ornite Con-

SutLt;_ Local de la Production Aricole-A-rnnee 1957" (Report ore

seated by the Department of Rural :ineering-. to the Advisory 

Cornmittee on Agricultural Production - for 1957), No. 491/" 

do la GuinecScrvice do l'Agriculture, ]vinistere Production, 


7 ranca>e.
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is--Tvd- ricoie des zTorres Fizic 
z.va.b es d la ass-Guin:ec' (.,ort to the Governrr.ment of the" Rc aobic of Guinea on th.c F~e- sibt I ofI-ydro-Agricult-rai n.tLIa

• ons in t.;ek :PotentiaI Ric lands o. Lower Guinca), by J. dc NMercdieu, 
Food and Aricuiture Or-anizatio:. of the United Nations, Rore, 
italy, january I9l. 

13. "Augentation de la Production de Riz en Basse-Guinee-Rapport 

au Gouvernemnent de -a Guinee" (ReporT to the Government of Guinea 
for iricreasing the Production of Rice in Lower Guinea), by H, A. A. M. 

"Wi.'tz, Food and Agriculture Organization of the United Nations, Rorme, 

italy, 1961. 
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Chapter i77 

FIELD INVZSTIGATIONS 

lntr 	 ouction 

terms of its contract with the Unitedin compliance with the 

States and its executing agency, the Agency for Intern io..l Develop

sent 	to Guinea a team o: 
ment (AID), the Harza Engineering Company 

the purpose of making field investi
six engineers and agronomists for 

gati:.ns for four reclamation 	projects, including the Kakossa Project. 

included the following personnel:This tean 

Project Nianagcr 

Hydrologist and Field Engineer 

Irrigation and Drainage Engineer 

Soils Agronomist 
Rice Agronomist 
.- gricuhturai Economist 

directed toward the follow-
The 	activities of the Harza team were 

ing: 

(a) 	 review all existing data; 

the pur
(b) 	 conduct field reconnaissance and studies for 

adequacy of the existing data;
pose of determining the 


and
 

necessary for a-: eval
(c) 	 -u.vpement the -xisting data as 


uation of the nroject.
 

Guinea from April, 1963, until:.e
T'e 	Harza tearr remained in 

in July. This allowed only sufficient time 
star: o: the -ainy season, 

° of the Mvonchon Project 	and the lapatchez Projec., and 
for i,eztg io 

a!! four projects.basic data applicable to 
-or collection of nscellaneo u s 

ill- 1 
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the rainy season, and spent
The i--:z. tn returned to Guinea a..fter 

i- Guinea 	 e n'onths November an Dornl-er, 1963. inv..i. 
:"d the Kakossa Projucs were completed during this time. 

obtained
Tte 	 thata.e=i.oflwere conducted and the results that were 

're sun-nm.ried in the remainder of Lhis Chapter. 

Review of Existing Documents 

A large number of reports and various documents relative to the 

Lower Guinea were reviewed in Conakry. A fairly 
production of rice in 

Project was found to be 
complete documentation relative to the Kakossa 

This consister' primarily of reports prepared by the consult
available. 

plan of development of Kakossa 
ing engineering firm COT HA relative to a 

Island. 

found about the works actually performed, with the ex-
Little was 

the constructionand specifications pertaining to 
ception of contract drawings 

found inNo "as-built" drawings were 
conzract prosecuted in 1956-57. 

were prepared. A pedologic report
and it is believed that noneConakry, 

and those of the Kakossa area 
to the soils 	of Guinea in general,relative 

The data contained in this re
found to be 	available.in parzcu ar, was 

port were reviewed and found to be useful. 

these various reports per-
The analysis of the data contained in 

of the basic ideas that guided previous"reasonableunderstanding 

pl..... o: the .iakossa Project. 

Field Reconnaissance 

:ield reconnaissance Jf the project area was made for the pur

nose •c: the present condition of existing structures, to idunt:y 

poseo-"cteru~n g th preent on11-2o 
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IrMIDVo.ved, a..... -- ,I direct kn6wledge of pos
sibleC -'-,.. redo.C...... ,a aso served to formulate prgra.-.':o r:: .ai .. e c ::cxa n 'c ~ ~ i~ s 

a 

. iac~ili-. ies were fond to be
,a 

out of service and in
 
poor co:lon. 
 Ony one of three proposed control structures was in

Lc:ae.:he Souern.7anya str'.cture. Its location is indicated on Exhibit B. 
resently, this structure does not serve the purpose for which it was
 

intended, Primarily because 
 its gates are no longer serviceable. Al
though some deterioration 
was observed at the surface of the concrete,
 
its structural integrity did not appear 
to have been affected. 

No Qrainage canals were excavated as part of the reclamation 
ject. Dr'atnage of surface water 

pro
is effected by means of natural water
 

courses forming 
three separate systems. The smaller channels are gen
erally in poor condition. Their side sbopes and bottoms are covered with 
brush in many places, and fish barrages have been erected at randon.
 
These nunerous obstructions restrict the flow of water 
in the channels.
 
The flow in the 
smaller channels is collected by three main water courses,
which are generally in good condition outside of the project area. Aggrada
tion is atoareic i:. he lower reaches of the Soulemanya.
 

- .'stin dikes have been 
subjected to normal wear and tear without 
proper .. ain:enance since t}. y were constructed in 1957. While :>ey are 
enerah.- 6.u, they will require rehabilitation to be made conpletely
 

serviceabIe.
 

Local o-ficials and farn- c 'rators were contacted and interviewud 
at len- h to ,n in-ormation on various specific points. Data were o
....-. o1 execntt of flooding and salt water enc:oach.nen. in the project 
area -r.d on the present diffic-ily of economic -ce agriculture. All 
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persons concerned seemed to recog:ize the problems involved and 

ei ..n-.agniude. were obviously eager to carry neces. All out theworks 

sary to reach full production. 

Tooo iranhv 

The 	following topographic data were found in Conakry: 

(a) 	 a set of 32 aerial photographs at a scale of 1:20, 000, 
taken in the 195 0 's and covering the entire project area; 

(b) 	 a topographic map at a scale of 1:20, 000 without eleva

tions, made by COTHA from an uncontrolled mosaic of 
the aerial photographs; 

(c) 	 a detailed topographic survey made about 1955 by 

COTHA to a scale of 1:5000, in three sheets, with con
tours at 50-centimeter spacing and numerous spot ele

vation s. 

The accuracy of the 1955 survey was verified in the field. Numer

ous bench marks were identified and the difference in elevation between 

bench marks was determined by the Harza team. Results established that 

the survey is acceptable as a basis for design. These maps were used to 

prepare the drawings presented in this report. 

The COTHA topographic survey mentioned above used an arbitrary 

reference datum. However, by comparison of tide elevations measured at 

Kakozsa and given in the tide tables, it was established that the datum of 

the COT?.i- survey is located about 0. 30 meters below the tide table datun, 

itself about 2. 10 meters below mean sea level. The COTHA reference 

datum iS, therefore, about 21.4 meters below mean sea level. The COTIHA 

system of reference was used in the present report. 

III-.4 



Cross-secton and slopes of existing canals were determined. 
Th'is per:itted determination of the capacity of the existing canals and, 
w'h.re additional work is proposed, calculation of the amount of earth

work that has already been done. 

Hvdrozraphv 

Hydrographic investigations were carried out for the following 

purposes:
 

(a) 	 to determine the present condition of the main outlets 
with respect to accumulation of sediment; 

(b) 	 to collect data on the cross-section of the main chan
nels and the tidal streams, to be used in hydraulic 
design; and 

(c) to collect data on tidal variations for hydraulic studies. 

A detailed reconnaissance of the Touguikeren, Noreire, and 
Souiemanya Rivers and their .ocean estuaries was made on a 12-foot boat 
with outboard motor. Soundings of the water depth were made from the 
boat at various locations. At both the Touguikeren and the Noreire 
structure sites, outcrops of consolidated material were found at low 
tide. However, these outcrops are not extensive and may be removed 
easily when the structures are installed. Otherwise, the Touguikeren 
and the Noreire River channels proved to be wide and deep, with no evi

dence of aggradation. 

Conditions at the Soulemanya were found to be different. At its 
mouth, :. rivere channel appeared to have been seriously aggraded. 

This is evidenced by extensive deposits of sand and silt at the mouth of 
the river, and by a reduction of tidal amplitudes as measured at the site 

of the Sozemanya control structure. 

III- 5 



Da: on cross-sections of the Touguikeren, Noreire, and Soule

an rver channels as measured nuar high 1-tide, are summarized in 

Tble !11-7 

Table III-1 - Dimensions of Tida! Streams 

(measured near 

Stream Approximate Location 

Touguikeren 100 m. downstream 
from proposed struc
ture site 

Touguikeren 200 m.upstream from 
confluence with 
Noreire 

Noreire 100 m. downstream 
from proposed struc
ture site 

Noreire 100 m. upstream
from confluence with 
Touguikeren 

Soulemanya 100 m. downstream 
from existing struc

ture 

Soulemanya 200 m. upstream 
from mouth 

Soulemanya 200 m. into tidal 
estuary 

high tide) 

Surface 
Side Width 

Slope (meters) 

Max. 
Depth 

(meters) 

Water 

Area 
(square 
meters) 

4:1 30 >2 45 

4:1 60 >2 110 

4:1 35 >2 55 

4:1 80 2 170 

6:1 

6:1 

' 40 

60 

1.8 

1.4 

55 

105 

- 1.4 -

The three tidal streams drain areas as follows: 

Soulemanya: 
Touguikerer: 
Noreire: 

12 
4 

10 

square kilometers 
square kilometers 
square kilometers 
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A comparison of the data in Table III-I shows that the cross
sectional areas 
of the Noreire and the Soulemanya channels at the structure 

sires are conmparable. However, near its mouth, the Soulemanya has a
 
cross-section of only 103 
 square n-i:ters, as compared with 170 square
 
m.eters ior the Noreire, even though the 
area drained by the Sculemanya
 
is about 20 percent 
greater than that drained by the Noreire. This would 
supporzt the observation that the downstream reaches of the Soulemanya
 
are presently undergoing a 
process of sediment deposition. As mentioned 
above, this is also substantiated by the observations of tide elevations 

made by the Harza team. 

Water surface elevations at high and low tide were measured at
 
the sites of the existing Soulemanya control structure 
and at the sites of
 
the other proposed structures. These elevations were compared to the
 
observations made in 
 1955 by COTHA, as reported in their report. I/ 

Amplitudes on the order of two meters were measured on the
 
l ouguiKeren and on the Noreire. 
 These .results are within the range of 
the COTHA measurements. However, measurements on the Soulemanya 

were quite different, as shown in Table 111-2. 

Data presented in Table II-2 show that the level of high tides at 
the .site of the Soulemanya structure is now lower by about 0.2 meters 

than in 1955, and that the level of low tides is now higher by about 1.2 
meters. T..is change in tide levels is t-:;ical of an aggrading channel. 

The reasons for this aggradation have not beezn investigated in de
tail, bu- itis likely that it is the result of the construction of the Soulenanya 
control structure and its operation, as discussed in Chapter VI. 

I / "E,tuKs P'elirirares" de l'Anenagernent Hyd:'o-agricole de lI'lle 
de Ez;. ssa ,Pr elIninary Studies of the Peclarnation Project for


aukos!za island), report No. RCT 
 161, by COTHA, May 1955. 
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Table 111-2 - Comparisoni of Tide Elev,.'ions 

Measured on Measured on 
........on 
 February 21, 1955 November 2r' 1963 

Anplitude of tide in ocean 2. 8 2. £
 
Kigh tido elevation in ocean 
 3.4 
 3.4
 
Low tide elevation in ocean 1 / 
 0. 6 0.6 

2. 8Low tide elevation on Soulemanya 2 / 
1.6
 

High tide elevation on Soulemanya 2 / 4.0 3. 8
 

Foundations 

The foundations of proposed sites for the control structures on the
 
Noreire and the Touguikeren River.- were investigated. The materials 
en
countered consisted of very soft, bluc. rey, organic clay, quite similar
 

to the materials found underlying much of the .- rea, and those found in
 
other parts of Lower Guinea. 1/ Consolidated marine deposits 
were found
 

on the bed of the Touguikeren. These will not be 
competent foundation
 
materials for the structures and qhould be removed. 
 It is expected that
 

clay will be found under these deposits.
 

Soils 

A reconnaissance report relative to the agricultural potential of 
the island of Kakossa was prepared by the Service of Agriculture fGuinea 

in 1954 /--That reiDzrt was reviewed and found to contain only a brief 

descr-- io. of the types of soils encountered on the island. Although the 
1/ iJov- datum of tide tables.
 
Z/ Aboe COTF-A datun.
 
3/ Sec l-sof soil mechtnics tests presented in the Harza P eport on
 

.....or.Project, page III-8.
 
!/"ieconrahissace Agricole de 
l'Ile Hakossa' (Agricultural 5Xeconnais

satce of LI->oa Islan,. Report No. 73 AGR 
I, by F'. de Cock,
February 13, 193i. 
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jot:aied useful data, these were not sufficient for the purpose
77-e p'.esent studies. Consequently, a supplementary soil survey ane 

an extes series of chemical analyses were necessary for a proper 
evaluation of the present suitability of the land for rice production and 
of the yields that can be expected after reclamation. These investigation 
were performed by the Harza team. 

A map prepared by the Agriculture Service entitled "Map of Dam
ages to Rice Cultivation Caused oy Salt Water Intrusion"-' alsowas 
found to be useful. The information it contained was used as a guide in 
the field investigations of present production. 

A total of 19 auger holes bored within the areawere of the Kakossa 
Project. The location of the holes is indicated on Exhibit 2. The profiles 
were examined to depths of 1. 5 meters and preliminary, visual classi:
cation of the horizons encountered was made in the field. About 60 re
presentative samples were taken, and tested in a laboratory set up in 
Guinea with equipment brought from the United States. These tests con
sisted of the determination of the pH (degree of acidity) and of the conduc
tivity of saturation extracts (degree of salinity). The logs of the auger 
holes and the results of these tests are presented on Exhibit 3. 

This series of preliminary tests led to the selection of 21 repre
sentative soil samples from seven typical areas for detailed che.-ica 
analyses. These samples were tested in the United States at the soils 
laboratory of the Department of Agronomy, University of Arkansas. The 
analyses performed were for the purpose of determining pH, total salt 
content, anions an,: cations of the saturated extract, cation exchange 
capacity, e:.changeab-e aluminu-n-i, total sulphur, and percent water of 

i/ No. 73 A AGR_ F 
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* -	 organic matter,O.er dcrnirmations includ 	 percent 

u.'. , I:, phospl-o rus,..-d pa:'ic1 e size di ztribution( 


aicLa, a~ysis). These analyses are cons:dered adequate for the
 

cz:.om:iC :lasibility studies.
 

b: 	 mech-

Subsurface Drainage 

For the purpose of subsurface drainage studies, the coefficient of 

permeability of the subsoil was determined in the field. Three typical 

areas were selected on the basis of the soils survey. One auger hole was 

bored in each of these areas, at the locations shown on Exhibit 2. A 

perneability test was performed at each of the auger holes. The auger 

hole was bored with a standard auger, 10 centimeters in diameter, to 

a depth of about one to two neters below the groundwater table. Water 

was pumped out of the hole by means of a plunger pump. The rate of rise 

of the water in the hole after interruption of pumping was measured with 

a flou t and a chronometer. 

The data supplied by this test allowed determination 	of the order 

o: nagnitude of the coefficient of permeability of the 	 subsoil. The test is 

relatively easy to perforn and generally provides relablo r(:ults. Th 

results obtained for the Kakossa area are summarized in Table 111-3. 

Table 111-3 - Results of Permeability Tests 

Soil Coefficient of 
Auger Classifi- Permeability 
Holes Location cation (cm/sec) 

A N.E. of Don*.kui Silty Clay 0.5 to 0.6 x 103 

W. 	 of Ouendifari Silty Clay 0. 5 - &. 6 x 10- 3 

3
E. of Morebayadi Silty Clay 0. 7 to 0. : x 10-C 
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The values of permeability shown in Table 111-3 indicate that: 

(a) subsurface soil textures a.nd subsurface drainage pro
perties are gene rally unifor-m throughout the project 
area; and 

Gb) theC Coe';:f1n . o Of Derme-a 0t-it.f e e lity is in the range oi 0.5 to 
x 10-3 centimeters per second.
 

Prior experience in other parts of Lower 
Guinea and other parts 
of the world indicates that the values found above are representative of 
soils having the astextures described. Therefore, the aretests consi

dered to be reliable. The values they yielded reflect a relatively high 

degree of permeability. 

Rice Agronomv
 

In the course 
of the field reconnaissance and other field investi
a-tions made on Kakossa Island, present land uses were observed and 

recorded. The result of these observations is shown as land usea map 

on xhibit 2. 

The fields presently cultivated were inspected for the purpose of 
determ-ining the present cultural practices and production rates. Rice 
fields in various stages of development were observed. In general, all 
of the rice was well established in Che paddy and varied from the late 
ve getative stage to full maturity and harvest. Transplanting appeared 
to have b5.n com:,jieted in all areas. Exceptionally good crops were 
found in .- ost of the project area, as a result of relatively > ,w tide 
levels durin the 1963 growing season.
 

No mechanical agricultural equipment 
was found to be available 
on the island. All agricultural operations were being carried out by 
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.... 
 '
-.- 9.i:se-. under cultivation and es-i

7 o:~: Labular fcrm on ~i 
". - ' 
tri v o f ric e e-.g r ow n e i o w c re ex 

ere local varieties,n, . varicd in color and r~I;cIe cce-orli,,
arc: az , to be very \vecl adapte:d to the salt and watur con.-,.ns that 
.ev a ed . various areas on the island. There were a large number 

of vati 
 on the island. Thesegron 
included Dissi, Yaolacko,
 

Sek,.ura,, Endioulou, Minikoni, Rouji-2- ij Tan-ba Acline, Torna
 
Yaye, Twonzy-four, 
 Kentikoro, Bouo nand o-Fore 
Dissi was the most salt resistant of all the varieties and was grown in 
extret-'e salt kvnvironrnents. 

' rhen
insoecting the rice fields izwas noted that the had 

b 'e nal Cy,g-ing extreme plant variation in many fields. Both
the ann-ual reports of the Koba Agricultural Experiment Station and a map 
s.nov.-ung whzer various varieties were grown on lKakossa proved very 

helu _n evaluating the rice Product.1/ 

Miscellaneous
 

ntportant basic data 
and informnation were obtained through direct 
contacts writh various officials and individuals. Conference=. were he.d 
wit cs of several ministries in Conakry to obtain economic, a---* 
cultura' ant. other data; with the Governor of the Region of Lorecariah 
and his staiz to obtain detailed information relative to local conditions; 
..... vll.ge officials and individual farmers to secure first hand inform.

a tao-o~non,.-t h e agr.-Lr cultu ra o a ti e ; '1a practices; W gI-overnment aencies to obtain
 
/ "a rte des groupernents 
varietaux des riz"Service (Map of rice varieties),de '.A-riculture, No. 7316 AGR F. 
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S.-sC i.:ous daa on t" C ava. L >ity an. cost oi various comrnroc 

. .;... o :' . co) ractors p' * n engaged in civil en-ineer...' 

\Vorhs :o ostain in~forTnat:an rclavu to construction practices, labor 

anc. : r~:iais avauiaiitv, and the-r e::nerince in Guinea; and v,,-t 

S.S. -s.s , -- o:oiciais to b....-i uco.onomic and other data a!

reaay co: . iled :zy thong.. 

--nvcuals contacted were anxious to help, and their cooper

atnon is appreciated. The information received through these contacts 

was sor.etimes conzradicory, but this reflects the scarcity of accurate 

statistical data. First hand information was secured whenever possible 

and all other data were exan ined critically, with judgement being used 

to interpret apparent discrepancies. 
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Chapter IV 

PROJECT LAINDS 

Int r odction 

- reconnaissance survey of the arablc lands located on Kalkossa 

isand was made to determine to wh.at extent their soils are suited to 

the cultivation of rice. Appro.:in-ateiy 2660 hectares were covered in 

h.e course of this survey. The area investigated was found to include 

lands wi-i varying degrees of adaptability to rice oroduction. //r-ma o f 

oresent land use is -resented on Exhibit 2. These lands were assified 

with respect to their agricultiral potential on the basis of topography, 

natural drainage, and soil properties. 

The results of soil analyses and permeability tests made by the 

Harza team are given in Chapter III. The present chapter gives dezails 

with respect to soils, land use, land evaluation, and land management 

problems. 

Soils Evaluation 

Soils Cassification 

Most of the Kakossa Area consists of flat plains with alluvial clayey 

soils, traversed longitudinally by a series of low sandy ridges or dunes 

rising a few meters above the level of the plains. 

Most of the lands of Kakossa Island are subject to tidal actin. As 

a result, salinity is relatively high in many parts of the island (concuctiv

ity greater than eight millimeters er centimeter). Construction of tLe 
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tcu .\ . Co'olima and eye ha: le~sencd6 the influence of tides
oni txe 2.xCs /ocalcja o t]c~ 2-o ztLhv,'est 01 ta]o c= e. 

2 :z I Ias*-. ofGaedcoS 
 thei r origin a,-d te de
gree o sal.:, ty. Within the Proj cct aCru one finds tVo mair grours: 
saI.nc al uvial soils and non- saline alluvia soils. 

Saline 
 !uvial SoilS. The saline alluvial soils occupy the areas 
influnce-
 surace and -ubsurface sL Wrater intrusions. The fre-
Quency of sali-e intrusions cternincs the various stages of profile do
ve o,3:1.C . Undeveloned saline soils (poto-poto) are found in areas sub
jec: to frecucx:: flooding by the tides or per-anently submerged. They 
are g--erally covered with mangrove vegetation. In the marine flood 

..lP these soils exhibit some of the characteristics of acid sulphate
soils, or cat clays. The more developed soils found inare areas less 
subject to salt water intrusion. Their profiles exhibit a characteristic 
ochre brown to yellow or red color caused by the oxidation of iron. 

Non-Saline Alluvial So.ls. Tliese soils generally have well de
veloped profiles and are located in areas above the elevation influenced 
by tides. Only a limited area with such soils is found along the edge of 
the dunes in the sou-hern portion of the project. One of these, near 
Yeniya, is underlain at various depths - generally below 40 centi.meters -

by a cemented sandstone material. 

Soil Properties 

-
 ::ical and chemical properties were derived from laboratory 
analyses performed on soil samples obtained from auger holes. The 
locations of the auger holes are shown on Exhibit 2. 
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Soil oroc.-s \werc established on the basis o tur e and other 

0 Sonte arc So\Vn the soi nrofii&:of these -,)Iertics ',tol 

on. : 7e., th soist"x:.tur'e, p!-I, co:;d,.ctlvity of thce 

::,'uC., o. the 0ftl.Cs : - , presence cCrJou.t s andl C: . tc: \ater 

a:h2 in Us cetaile anadte of s:;n ':n1. rca o: labo'acory 

yses pc:-ormed on seleced, rce ve soil! samrnies arc nresented 

Stabular form on Exhibit 4. 

s 

area ar mainly clays. These clay soils have a well develoned horizon 

differentiation with respect to color tenture and organic matter content, 

but are with-out structure or have a w\ea structure depending on treir 

stage of develo-mcnt. The more developed soils are granular to nutty 

and very friable or sometimes blocky to slightly prismat:c. 

Co no -,oi and Physical Pronerties. The surface soils oi the 

A soil sample typical of the area was taken at hole No. 5 from 

10 to 30 centimeters depth. It contains 4 percent sand, 24 percent silt, 

and 72 percent clay. The cation exchange capacity of these soils varied 

from 10 to 31 milliecuivalents per 100 grams. Ex-ray diffractograrns of 

four representative samples show the clays to be predo.-,inantly kaolinite 

(80 to 90 percent) with moderate qua.ntities of montmorilionite (5 to 20 

percen.) and traces of illite (less than 1 to 3 percent). The fine and 

.-nediun silts are oredcrninantly kaolinite and quartz. The :a-ac 

tions were insnected under a octrographic microscone and found to be 

predominantiy angular grains of quartz. 

The subsurface soils are also made up of clays. In addition, roots 

a.a: root snaces were found in the soil Drofiles. Their presence tend to 

increase t-ie rate of water moveme'nt through the profile. 
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0 .. i.... ,x.ny of hcc-L, ctoris*ics- and properties 

?. s~ollc ': sc ie to ,Iec: n ttto of t',-e Soil mass. Som i of 

"..-' arcs a 1o\v to nne'-:-. exchange c &;acity and the a Sencc 

of a well developed blocky or prisnmatic s::Ucture. 

The -H of the saturated paste \.as acid in rcaction, ranging frorn 

'ii- ,vaci' (-H of 6. 7) to very stronlv aci( of 3. . eneraly, 

\ijt soils ot this nature, the pH will rise during the we' season and fall 

during the dry season. The degree of acidification of the soil depends 

on the relation of the bases to the sunhates Dresent. Sol profies with 

low o-- were generally found to contain a high percc-ntace of free iron and 

a high conte:t of sodium and magnesium on the cation coniplex. Caiciun

and motassiun are less. There is a Dossibility that the so-calledc n:tas,

nesiurn clays could be formed if there were no accumulation of su1hides 

or caciun carbona es. These ma,-nesiun clays have the sane poor 
cr as te sodinum c-ays: thcy have a very unstable and a very 

• Inavo raI c structure. 

The salt containecd in the alluvial soils of the Kakossa 

Project A-rea is generally associated with ze marine origin of the sedi-

Mo.eZs. it rm.ay also be caused by sal: water intrusions and subsecuen: 

.ox.ater from the . surface. These salt deposits have 

remained in th-.e soil because o la'bc of effective drainage and further salt 

water ruson. The dcree of salinity in the profile is based on mea

s Uron-cn't of the electrical conductivity of the saturation e: .acts. The 

cie-rce o. salinl. y of the soil h,.as been described in accordance with the 

oliowing scale: 

IV-4
 



Electrical Conductivity 

im,:lnn s per centirnete rsof' SalD r 

No:n sc.in.e 0- 4
 

oiih\ saine 4- 8
 

16,'o:erarely saline s -


Stog ...saline above 16
 

located to the northwest of the existing dike,
The higher lands, 

a slightly saline
genera-l\ havc non-saline to a slightly saline topsoil and 

The lands cast of the dike, and all other 
to moderately saline subsoil. 

lands subject to frequent salt water 	intrusions within the project area 

topsoil and a strongly saline suDso :t 
gene,:rally have a moderately saline 

soils to the east of the dikeThe difference between the salt content of the 

to its west side indicates that the presence of the 
and that of t'he soils 

- has resulted in a reduction of the soil saity.
d'-e' although incomplete 

rice exhibits a natural tolerance to 	moderate- contents ofIthough 

salinity conditions 
salt, particularly when transp-anting is practiced, 

in about 45 percent of the project area limit the po
presently prevailing 

area,
tenttal yields to some degree. In about 30 percent of the project 

limited by strongly saline conditions. 
yields would be seriouslypoten ial 

area
Fe2tiiitv. The degree of fertility of the soils in the project 

matter in the top layers, the con
is indicated by the content of organic 

and the content of exchangeable potassium. 
tent of v-ila'ble phosphorus, 

of the soil fertility.
the pH comp.icates the assessmentFluctuation of 

in the top six to eight centimeters
The content of organic matter 

percent in a cultivatud area to 7.9
of toe soil profiles ranges from 2.8 


for either profile
ar a. This percentageperzcnt in a non-cultivated 


is nuch less at depths greater than eight centimeters below the ground
 

£ .race 
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0 hc e:.presscd aS'-- availle~ rAosp orL. content of Iopsoi1, 

to 2 ilogr:nfr h"ctare. A favo-abe r 
-. v-ariesC3_, :m 

&ci' O nroject area. 
1 SO kOSt 	 t'e

•.--tS2't' 44-{Zi' S 

_ large, because o: 
x '-)S--e 

cc. 	 . a... .lin ..... the adic tion o_ 

zs as early as Dractica-C will be elfu! if t;h '.

ec~t2. yields are to be achieved. Ic is dificult to estinmat wat pro

o the soil is lost by fi'.:atior , .
Dotlon of the phosphate fertilizers applied 

I: suffilient, it should be regarded as a special problem in the manage

ment of _he soils. 

The tests for exchangeable potassium show contents J- the topsOil 

These amounts100 grams.
0 37 to 2. 10 milliequivalents per

-angi-g from 

are expected during the first few 
to obtain the yields that

will be adequate 
to be added thereafter.

Fertilizers may have 
years of cultivation. 

Present Land Use 

cultivation.area is presently under 
About 60 percent of the project 

on theto gain information 
use of these lands was investigated

Presenit 
lands and to determine the 	present

to the projectoroble.-s particular 


area.

a'r;cultural production of the project 


-- des--nate
icd into four group-,were classiThe uroject lands 
-

w~i:'to a grouping c' lands 
Eac h designation correspondsthro:;h iV. 

The bounc
and present production canal .iies. 

s i:iar c-aractcrSt.:i 
ore

on the map of present land 	use, 
group are delineatedarics of each 


sentet on -ibit 2.
 
are the bestGrouo includes about .40 	 hectares of lands which 

present conditions. Approximately
to rice cultivation un-"acaoted 
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rc:u of the area is cultivated. Rice yiclds are estimated to be 

about ons or-. rice -. cr cultivated hectare. 

Group 	!iincludes about 11 5 hectares of lands pre s ently under 
o, roucng rce n pprciable uantitis oy once 

"0 ~~~ or ~_ r un"~ b q te onc inic 

three or tour years on the average Ls a result of flooding by extre.me 

titides. Aporoximately 80 percent of the area is presently cultivated. 

Rice yields are estimated to average about one ton per cultivated hectare. 

Group III includes about 265 hectares of lands that are clear of 

trees, but not cultivated because of frequent salt water intrusions. 

Groun IV includes about 475 hectares of land covered by man

grove vegetation, and subject to frequent salt water intrusion. 

This analysis of present land use indicates that, although 60 per

cent o' the project area is under cultivation, rice yields are severely 

lim.ited by adverse natural conditions. 

Reclaimable -.rea
 

Inspection of the lands located in the project area enabled the identi

area which are susceptible of economic refication of those parts of each 

c1..a..ion. Table IV-1 summarizes these data. It shows that, in a..i

zion to the 58 percent of total arable lands presently under cultivation, 

area under cultivaabout 37 percent can be reclaimed, thus bringing the 

tion to ao.ut 95 percent of the total arable land area. 

Th data in Table IV-1 indicate that reclamnation c'euit i...an a 

onsubstantial increase of the cultivated area. However, this is not tne y 

effect that -ill In addition an increase of the cr.,suit from it. to 

vated area, the yields obtained fromr. the lands presently undr cuk v-t: n 

n .n-_will e greatly increased as a resul of drainage and land 
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_".;Ke .'V- I - ." Uu: 	 .:.::i,' c._.. .ax;...bl.ArF-csc::: :.: a
 

ale e:7*. -D , Arc: 


.	 I
.-.-. 


L.a:.T ::._kA& C.. "' ...	 '- D 

-t .<a 	 0~ 5 

i 650 560 S6 640 97.5 

T7 1230 970 79 1125 96.5 

i2i 265 0 0 265 100 

IV 	 510 0 0 495 97 

Total 2655 ha 1530 	ha 580 2525 ha 95% 

To po graphy 

The project area is nearly flat. The ground slopes ger.:y in two 

general directions: eastward toward the Soulemanya and northeastward 

toward the 'Noreire. A sm.all area located at the northern end of the 

project area is drained southward to the Touguikeren. Low spots or 

present between the These 	low areas are subde'zressons are dunes. 


ject to pediong of water, creating a flooding problem, and possibly a
 

The La: reas will require little !and orepoaration. Some leveling 

ozwiil be r- ire to filll the existing 	de..ressions and insure drainage 

Land planing will be requiredsur-ace water toward the canals. over 

most c,' th:e project area. 

c*c--,.czZ resently cultivated area. 

2/ Percent of arable land area. 
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LaLand 

the project area were classifieC to estimate 
Whe ia'cds located in 	 - Ti lasfto . -.takes into 

..
.. .. ~~~~~~~ 
ttear potc:- value for rice cultivat.on. Thi s classific ZOL. tei 

and topograp-y.soils evaluation, 
account the present land use, 

to represent significant de
were establishedzo . classes of land 

Eac claSs correcroping.
grec7s in the potential of lands for rice 

.. i ansimnilar present uses, 
sOnas 1-o a group...' of lands havin 

Each class correspondcs,- and to-Dograhic features.
c,..en-.cal cr p..rtie5, 

level, and to a certain cost of land 
o nro•uctiitY-c, aa certai rdu:,ty. ethereore, 


The classes are defined below: 
preparation for satisfactory production. 

andtopographywith featurs of soils,
Class I. 	 inds 

at 
drainage w-,ich will provide for high yields 

low -roduction cosczs.
 

slightly less adaptable; there
wlhich areClass 2. 	 Lands 

fore, v: lower nroductive capacity and in

creased production cost. 

Lands with features whichl materially restrict 
Class 3. 

such as flooding,ca-Lac:yvtheir nroduction 
near the scil 

salimi .y, salt intrusion, hardpan 
for dra:..-Greater ex-ensesor -H.surface, 

and !and preparation will be 
age, leaching 

necessary.
 

for acr:-
Lands which are temn-.orarily unsuited 

Class 4. 
tidal action, salinity,

culture because of ilooding, 

or t:'ce cover. 

Each land class was assigned a rating indicating the yields that 

each land class is indicated in tabular 
can be e:.:;oted. The rating for 

form or Table IV--. 
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E:.::; ctedTable IV- 2 - Rice ye;c_ r:: c:n be 

Zrcrn oac:. LCQ.d C.as 

1530 hectares ofIt is estimated that at the present time about 

Css 3 1an.. \-ic abo,U 1. . to2:s of rice -er hectare on: the a-:'a2. 

. .,.............
.... .. •• . * . . 

.'• .,. - S..) ough k.i4) of Ta , 

IV-3. 

It is estimated that immediazely upon completion of the proposed 

th ail ti mt are p:'
di 1 s , co trol s' zrucur s an d ui; ,c cain1l s , 

° C IL.-z; rttiAiL, A.t 111 .! 1 I
Se-n-.; C- _ \V i, bc ua]) rZ:,u(. Lu 

Co1111111 (J) 
v cal aa e hclds \\.ill be inc i t'Scd , as Shown by

t:.e 

T us," about 1765 ic,:' will h.Lvu a (I::, '.,WIL.of-T bl -.. 

of about 2. 0 tons Der hectare. Consideri:. ta-,
:.a0az:iuoa y-iel s 

.out ": .~ce:.. ot trc area will bc occuied by canals and levees, the 

-e- b ab)out 1570 hectares. A.b-0o t 
a::ea oc-u:\-a- 2ands will t 

cd to Class 3, and they will 
o C a lands will ..... 

yiu~.esti v-a'eC0. 'Lo- r c hse data are shown in Cola-n 

ns 2 rou (9) o T -f C IV -4. 

of live years, it is expectedoit of devc1o...n. 

' 

E 0 '.erred 

r hese la-.ds can be increa:.:d sub tantially the best 
- . t:e yielL of 
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'J.';,hlo IV--3 - ]J.yojec. 1:',,d Cl1:;. 

]l-'e.05i 


Conclilt;,-, 


Pres-'mt Rico 

Land Usc Arca of Land Yield 

Design:-- Recl aim - Cta ss (tons/ 

t on able Lands Ra.tin- h;,)
- -(2)) ( ) 

I 640 3 1.5 


II 1125 3 1.0 


IlI Z65 4 0 


IV 495 4 0 

Total 25Z5 

lon](.;. in, ,' gi:V;1ryi J )]) vclorp 

Ieclr
Piojoct 

(;onslriction Aft cr 5 Y( ,rS 
Rice Ri .c 

n,Id Yield 1,:,1d Yi eld 

Cjass (tons/ Clas s (Iors/ 

? Ii lng. ha) Rating Ila)
(5) (6) (7) (8) 

2 .0 2 3.0 


2 2.0 2 3.0 


3 0.8 3 2. 0 

4 0 3 1.0 

n :r,1.-'e 

A 1( 

I,-1, d 


Gloss 


Rin
(9) 

1 


1 


2 


2-


I" 

ycw vS 

Ricu
 

Yi eld 

(tons! 

ha)
(10) 

4.0 


4.0 


3.3 


3.0 


A flr

:ndIY, 1d 

CL ss (to : / 
R;,tin,
UJ I}( 

h . 

1 4.0 

1 4.0 

1 4.0 

1 4. 0 



Tabl.e IV ,- ,-cl iend, Area and Yi-]ds EI:rl,- . '! from Each J.n:,e Cl-sf 

Land 

Class 

Ratin 0T 

(1) 

---

Prcscnt Co:od:.,:. 
Are"-- ill . ld, in 

F1Heta rr to(/ita 

Gros,. Nt" R:, i; ., Av.- - - -.. . . 

(2) (3) (4) (5) 

After Project
Cona;!ruction 

Area, in Yield, 
Ilectal,' tonl/ha 

Gr' ss Net R itj-.c 

(6) (7) (8) 

in 

Av. 

(9) 

After 5 
Are,, in 

it'crturcs 

G!,, i. 
_ .... ... 

(10) (11) 

Years 

Yicld:, in 

tons/ha 

Rane , Av.
R I_ 

(12) (13) 

A',.-r 10 
Arc'z., Ji-, 

rF-

, -. : 
. .. 

(14) (15) 

Yearn 

Yield, 

one",_ ,/a 

Ra : 
Rea ...... 

(16) 

in 

I__ 

Av. 
. 

(17) 

After 20 Y,':r-
Area, in YjI..;, in 

H c t:_.'tns / 
Grossa :'t 1:.s.-. 

. .... ... . 
(16) (19) (2 (1 

2 1765 1570 2.0 2.0 1765 1570 3.0 3.0 

1765 

760 

1570 

690 

1.0 

3.0-

.0.0 

3. 1 

2525 22,t 4.0 iC 

3 1765 1530 1.0-

1.5 

1.2 265 250 0.8 0.8 760 6"0 1.0-

2.0 

1.4 

3.3 

4 760 - 0 0 495 4,10 0 0 

5 - 0 0 



., 0bo'2 	 0 ;crctare, remac:ez\',0-¢. \zC~C. tnrec t ons :'-he. t:-


S- ." " e. I .vu: ;n :V-- . Dt;(.
 

:is iC\0cU: c: ')criod, Jc': o ?o'.i.=, :::'xcvc: entAs \,i~ c n: :;c"
 

"~ : -- " '.--' eun a0;:zng, 	 L.-'La ecdC 

c. . :,o 	 O - lZ.n-, anaL SOrn otner i u -nrovcnents o 

r-t ,.r-lra, -ractices. The project lands are not considered 

suitable :or othe ' cro-ps at the present time, nor the first few years of 

pr)oect operation. 

Th:e yields th:aL can ultimately be ep:.:ected from each area are 

shown inthe last columns of Table iV-' 

La n ,d nagenent Problems 

G~enerali 

M.ximum pouc-.on from the lands of the project will depend to 

:great extent on the vay in which the soil, water, and land manage

m.n: 	 Droblems are handled. Inportant managemen. oroblems w2.1. 

on the chemical and -,hysiconnected with land drainage and its e::ects 

and soil fetlt . d.:
cal nroDeries of te so.ls, salinity control, 

after con-ietion of the proposed project construction, it will bcate> 

adrisable to begin a measurement program to establish records on the 

erZ~eS cf the soi-s. Any changes in these properies curing tne 

of the Project can then be no.ed. If necessary,neric. development 

a-.,y action progranm will follow, aimed at correcting the Droliems "nat 

It :s nossible at this time to anticipate three major sources o_ 

can be ke;: under control if properly diagnosed an.d treateJ.fic-lty that 
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ac aw:. salinity, and fertility. The r a.ssociated \v'h soil toxica', 

soils1 with a .-i sodiun. o.:cn t rc a o cid s atc si 

' n con'.>~cx \'i~l ~nobably pose "" most difficult a-nanage-mcnt 

-"Ox: t t,
 

Acid sui-hate soils generally contain a high content of sulphides. 

table that results from surface drainageT2:t lowering of the water 

rocC-ss o, oxidto.,1 ndc ten3, ,C : -- :n'ZE re_ ctIon to one z 0 ;A 

ac*d, free iron and aluminum appear in th soils. These e ~rre.,s, when 

present in excessive quantity, may be toxic to the rice plants and hind:. 

their grow.... It will be important, therefore, to maintain the degree of 

.a.:vwithin a range that is high enough to prevent the formation of toxic 

elements. One way of accomplishing t-is consists of controlling the posi

tion o1 the groun-dwater table, thereby decreasing the rate of oxidation. 
i."- with careful and prog-ressive drainage will also help by releas

-iganc neutralizing the potential acidity. 

3o.e of the alluvial soils in the project area contain a high per

cent-at. aFsodium and a fairly low amount of calcium. Leaching or the 

ca.ciur rm.ay change the absorption complex to one of sodium. Thi-. 

may affect the structure of th e soil, causing it to be easily puddled and 

difficult to \v:rk. Such an objectionable soil compe,: can be mocified 

b- t.lC addition of an electrolyte suc-. as CaCO 3 , by the introduction of 

water containing calcium salts, and by the addition of organic matte:-. 
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,Control of t degree of SZ:44iC \,, il be very important, -,art;cU

n t1 are: s a icted by s t ',trusions. WhenLlth salt conter.t 
"i the best timeS3 ", to leach th.-nL efectively will be at the bc

, n of ta rainy season. Dr-,age must be efective at that time 

so as to remove the salts from the soil profile. 

Fe::'i.'-ty 

The 	naintenance of soil fertility is also important to the success 

of the project. Organic matter decon-aoses rapiQiy '- conditro.ical 


tio:: , particuiarly in \yell-drained areas. Mvlaintenance and i-rnrove

onfto: teo content of organic matter should be accomplished for the 

following reasons: 

(a) 	 to preserve and improve soil physical conditions by 
mnaintaining good tilhh and reducing soil erosion. 

(b 	 :o maintain the nutrient level of the soil and increase 
its base exchange capacity. 

Crops residues, when ploughed back into the soil, help maintain 

-oertlity and act as a source of organic matter and plant nutrients. 

'he addition of ier-Lie r will also contribute to an increase of soil or

ganic matter by increasing the amount of crop residue, including both 

stubbles and roots. 
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Ch;er \T' 

A . . 7 UR°G,. -L 

ccceRoieretoationan 

Tl 1:'n.N.-t.o 
structure is difficult be-

A.presen~t~tn oi th~e Guinean economic 

based 
cause cf the laCk of accurate statistical data. The-- followi.g data, 

an
by Guinean and U. S. agencies, are intended to provide 

csestimates 
° : of the !akossa Project.

eco-zonic b-c ~roun

The -Lonu> tion of Guinea is estimated to be about three million. 

their living directly or indirectly
of the people reccve90 percentOver On'y about 120, 000 on a subsistence basis.

fron, acricuhure, largely 

nonof them being employed in 
earners,-perso'ns are vage most 

ru......l enterorises. The incomne per capita in rural areas is 
...


the tdrban areas.n-uc=: .~iowr than in 

gross national product appears to have been increasing con-
The 

the mining ....
::atty since 1959, largely as a result of gains in tr" 

r..n-:ne 
the per capita value of the gross national product has 

?-owCV.,a , 

of aricultural labor is be 
a: about $100. The production per man-hour 

i:eved to have declined. 

estim..at ec. t. be
received per capita is 

The n-.ount of cash incomne 

money is of a large najority of the people,
about 40. However, for'-

lacnd. n7e 
to buy a fc.' oroducts not available from the 

litte use excent 


goods tiey-
 "
 
the,r fanily to consume most oL the

uSuL-- nattern is 
other rocucts. 7.

barter forsale, or to 
and to use a small Dart for 
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... tanOrtatiO.- f ..... s ]:ancdca~ps the movement of PrcC:-
berGo::c a relatively small radius. 

2 or many years Guinea has seL"crd from seriousa trade deficit.
."is dicit will probably continue for some time unless energetic nea

sures are taken toward self-dep endency and economic development pro
gramns. A comparison of imports and exports is given in Table V-I. 

The principal exports of Guinea arz bananas, coffee, dianonds, 

Table V-i - Guinea's -oreir* Trade, 1957-63 

(GF millions) 

1957 195S 
 1959 
 1960 
 1961 
 1962 
 1963
 

in-7,r S 12, 600 15, 300 15,300 12, 300 18, 000 16,200 notZ -xorzs 7,200 5,700 -7,200 13.600:: 15,200 11,100 avail. 
-= 

; 

B-nce -5,400 -9, 
__ 

60 -8, 100 +1,300: -21,800 -5, 100 -4,000 

±Rstudy o: 1960 export figures by the U. S. mbassy indicated thats-madQ in that year's .rade i-ures would actually show a barelybalanced account, if not an actual deficit. 

-rior to 1959 thre&-quarters of the country's total value of excorts 
were aric ultural ":.-oducts and t!e rc'majnirig quarter were minerals. 

S.-:-iCe that time, the co:z:sition of GOiiia's exports !aIS 
r:- conin.o-:tzsU1. account.m for 62 -. 

-. ¢ 0:- exports in 1959 anc, 1960, respectively, but only 32 and 30 
C ..t 91 and. 1962. 
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-. ry cotto- ClO'h er~~*~-~o~sconisist Gf 11-1--

au o : Irljy,,Orts m 96 amou:_"~~2r_-0,. Th 

o\'Z.:t~ 
-co Isur cen~ 0' tota ;11")0ts, bet:i tn :lOt 

cultural prodiucts.o o aout. D53 percent Gf tct'al 

U;1~2 hed,~cec was small -caczuseoa~.r ex~;~o~~c-

rts of ric andi w' 01......irro 

c-hat, Canua has becomu morc; anaeto-n c date---inc~icat t_ 

fooLd for .. ur :.coeoule, rDa7rtiCuiary r-cC aT.L
~motSt ~o~ceac>0-,uat0 

ot en 7,ercent c:- r-m-:0-rtrcc anmoiintced to auzo.mtl.CUr. 

:S "DC :.vLc1 tht 1o-neC.;i-c 7,-oauCtt:o
t,-c Dracto n 1902. A't"-ou":_t 

rar to -,^aveIly in r --Ccnt years,: -.o-)alat io,- n a
G' 00oc as r.eaa s S 

o:n:
a r a Lter ratLe . Kovvr o-ca tatistics on t _ts 

nre i at 


it is s-as7necteti that im-porTant qjuantities cf
 
M.-na be~ mileai&ecau.se 


arc: sm,:g;1lcC out oE the country.
artttrlcomntoatt.:eS 

rcesnlimotn-~thoth mnerai -iroduction '-.as become 

r a d a ;r culuc; r m_, s th e lou-dation o-: tn-e co-,..n
curt C) 

*nto6 rx~r 1S 

SS, E m 

;SC3 0co:-1-- Gui_:a a1-rt:Cu1*tuceL Scm-ented -- an1C C 
' 


sect-.or -,.e nattO-V.

seCto0r. T- e ex: az i saasbit:c 


;n nuts, T~canuts, cot:, r
7a -~ cnstl ma 


lood cro0S proti'uceci o-n sbi
The _,Ialor S,atlanti-.ab 

fi2,:C 1C. corn, and sw n otatous. v. 
:rrs r__ cassava, 

~cU~cionis in.o:tant ec~wow. c-, ly but cattle are o: p;oor c:a-- . 

. t.I 1a is eSt4rnatecl tnat al 
s~ocz 

saesuz l veac 

':ten O,- inea, mostly undcrsizcL' bDushanra.
abut 1,2~ Dhaio- c 
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. . . a ."..e - r or a -

T a of jv soc' "s ree to cattle owners, who 
c o lie P,'- fb'::~ ~ ~ i',oi.Thgrazing 

....- r" I anc in Guinca is . unc.er three c ncra zy-csa 

S"idistinct znroduc~lon :racceS a2d probcnrs Over 

i ra ned by the individual subsistenceS3.' ot a ...... a ... 

far . -individualholdingsare uczeraily smal1 and crop yeClds are 

low. .or the nost oart, thse fa:r.ne:s h_:ve no casr surnlus to s7.end 

o r.l 'Ic - or insect s-Days. ?here !..little money for ever basic 

n-.e ahough the majoriy of holdings are so small that 

. . \v3u d generally not be orof't-bce There is little under

o c --,Dcron ro.ation or ro er land utiliz-tion. Burni-g of the 

ve 2ta:vc cover to develop new c' L.E is th-e usual practice. Imports 

0: -o .mostly to export crops. 

that of the large commercial plan
_he second type of ownersh:i, 

. by the former colonial administration by issuing---. , \.* taoduced 

.. : .. "-- .Sa either not claied was tribal land not in use.was or 

used mostly for coffee and bananas.These lands are 

inis a commercial kind 
Te t'hird general typ)e of land o,,.,-: 

e-
It is estimated that ten 

Guinea is tribal d x"isting mainly in Uooer 

... based on tribal a..iliation. It"-t 

cent o.. t. Aa:d in 

Lv u . The lanc is owned
Guin...... .coata c! o-

Sco.-..:, by trbl- rous but is di\-,1into small lnlots an. :armn-o 

_anuly
.v :czcv:c'.-- ani-cs i. "ract':cc, nlots rcma:n \,.th; the same 

I -" " deficiency in a- ', "u r roduction s ems fro - tht-, 

Lacking capital and trainin2,farmer.social condition: ,fthe average 
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,, ". : - ee in. -eed-l-g llY,,-. one 0- hc most 

0 crot,- hit'-icience . -'dO\\n nr"c 

r have occurred in rce"'"t" 
' Ors :tOcln 

?or this reason,dsss. 


: CU,,a r bananas and rice.
 
cr01S,vearS~d: rn C. 


-or Guinea have recently beer

:-coz:o:-nic develol ~n.ntrofs 

a r'on an increase of 
n n - e nt witi ihavy emnhasist.c Gore r aa b :-! a 

inwas organized
t ofr ural conomy

A n"ist"y
'd r U C on1. 

Dc
carry out the proposed agricultural programs. 

January I961 to 
of land tenure :nto 

o:- the reorganization
is to be concentrated 

to De
S most of them 

c2b t t".c: grete: St 0te.....n poSibleg,S 
" Producton 

the state or by connterci- organizatlons
o\w,'e eith-r b 

on crops with end-pasis-rincipaifor th 1have been organizedcenters 
furnish each o: 

The M\inistry of Rural Economy plars to 
e.:ort crops. 

now availnot 
with agricultural tools and :nachinery 

villaesaouOU500 .


aba. .
 

on,-.ic Pr'o du c r i ° 

o: presentedrice in Guinea are 
of total rroduct-on .... tit,-ates 

one-thir6
in was aooroyimatelY"roductiot1962 no changeTotal beer, oracticallyTbl-e V -2). t-ere has 

-".... 1951-'3, however,:. 

rice production ;-as
carita index,

On t.-- basis of a per
957 -58.si ce 


con.- .. n... - dcined since 195S.
 

of land
000 hectares are 
•esti-atedh-10, 

svariable but averag
is e:.:tren-.elyThe yield of ricerice.evot , 

-Per hecta re.
of rice paddy

less than 1.5 tons 
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be_produ' :: cc :ce ; Guine 

-icc paddy) 

Td roduction Productiorn 

rccnt) Index (:rccnt)
(io-c ton 

to"-~C 

,935 av' )243 	 100
100 	 113
195(a -55-v.)-

312 103
 
i937-z5IZ1 - 299 123 	 106
 

109
131
199-60 

3203 
1042

320 

enent5sFood~lEc su-


rd largs pracucer0of rice in Africa, after Egypt
th Cune 	 "est-is1 
reatzretion,.-l ,.OSU......n'~ 


- r, yet -S unable to
d - .I 
.. -, v "s' tons.	 

c O 
ron- abo.t 7000

on~Sten~ 
:C-V :nr~ae~ d95 i00: In S e st

19.n9.in9b ~ s*~~npOtono.o.s 
5 

!9692e rice). It is est;rnat e d that apto 

000 tons 111be irn-or~Cd in 1963. 

- nca e fron' the United 
:.:uch : t.e rice inorted in rece:2 ycars 

surpluS con-us190- under the 	 nod 

nity irnOorted in 
-Ca , 	 000a nost 27, 

a oUnted to 
by U.S. Pubc Law 460 

-ezed~r 0 au 


,etr c ton
 
C . . ... Guinca- ciet. I is estintated 

?a e'- ero:: consumes food ecuiVa-c:to2100 to 2400 cal-orieS Pr 

d : 50 :=rceflt is sup!I-~by rice. 

day O xv.-.:cn " .n-oN 
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Table V-3 - GKiea's In.:ort of Rice 

- ear Metric Tons 

i959 
 7, cOO 
1960 
 20, 000 
i961 
 25, 000
 

196/2 
 30, 000 

1963 35, 000

1/ P~stimated on basis of present trade agreements. 

On :he basis of production estimates lus o the consumn
ionoice r ca',it-,a has increased consistently during the past 15 years.

CO.:tun-zt~on of nmilled rice was corn-puted at 170 grams r day in 1948bu ncrease 
 ... n -

TL
b-t i -ams rn.1c,53, and 230 gramscEted tnat .r._:220 -i by 1962. it is ex

4S 


ct u..,Or Per cab*-a will continue to increase ifadecuate
 
sup-oces are avail..aile.
 

was seen n Ta) e V-2, rroducti:n p;er caoita has cors"StetLvY 
decreaseCi since I958. Unless this downward trend is rcversed, the 
national deficitF: rce wi._l continue to rise and increasn amounts o:
 
mer 
 e .. e to ntlee. tn:encreasn,en-ands of aL 

popula:ion. A'.t currc..t con:sut: titlon rates, an annual increase:nu.
ply of over 20, 000 tons is necessary to m-eet recvurentents for the in
crease in population. Thai situat-on could easil, becorn-mor critia. 

t:"ao- rat - of population growt exceds the present rate of t*rec *.orccxt 
Sannu-. -hisappears now 0hiprobable. 
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Pr~esent Pr....taon in ProIect Area 

n b_ 

1) (ZLp1i4n or marsh rice. Estimates 

Rice production in Guinea 'ays arated into two general 

_.&.;Od,: uta:n rice and 

of 1947-49 and 1952-54, presented in Table V-4, 
-or the conbined period 

shov tat approximately 60 percent of the total production ismountain 

rice. 
cormon' 'oun.a:n rice is produced by nomad farners. 

plot of lanc: continuously until the natural soil 
-3ractice is to cultivate a 

several years until regeneratecdertility is "eleted and then left ide for 


very small, usually sufficient to

b\" :~ura veg etation. The plots are 

supply only the fanilies needs. Eccause of increasing demands for 

are ai1owvd for receneration of organic
food, shorter pcriods of time 

each year to clear the land, prevent 
........ \',hnle brush fires, repeated 

-en_t-rz. replacen, e r ana otner vegetation. This practicent by trees 

because 
s Cetr mental th e land, particularly in mounainous areas, 


cover ano an
 
bri.-s about a systematic destruction of the vegetativeit 

of the toosoilt irolL.h excessive erosion. The
accelerated degradation 

.. t...- c increasing production of rice t.roug.t improved manage

in of Guinea is very great.
menz ana cultural ,ractices ll areas 

Data in Table V-" :ow that at,;roximately 15 percent of the zotal 

or ,lain r re. it is difficult to 
produc-ior. of rice in Guinea is mar~i 

from the marsh areas lbu, :' is
of this production isestinate .uwmuch 


believed to be a large proportion.
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V - . , :' of Rice for Guinea 

an$~~~~~~~~Gi.,:,i"--9 Qo1e952-54 

(nmetric tons ) 

"..._ 1947-49 1952-54 

Gui n e a
 

Afountain 
rice 100,000 140,000 
Plain or marsh rice 75,000 133,000 

oaa all Guinea 175,000 243, 00 

L3 .' uinea 

,untin rice 21,000 23,000 
Plain or mrarsh rice 25, 000 30, 000 

Gotal for Lower Guinea 49,000 59, 00, 

Alhog'-the production from marsh lands in Lower Guinea is 

es e':tly a reatively small portion of the total Guinean production., it 
t-:s zoneis 'n coastal that the potential for increasing rice yields is 

:r e greatest. Heavy precipitation during the wet season from June to 

Novczn..ber -ermits the culture of one annual crop of rice without irri
gation. 'he soils, composed mainly of heavy alluvial clays, are for 

the most :__-: fertile and suited for rice production. 

Because of low elevation, these areas are poorly drained durn 
the wet season and subject to the influence of salt water duringV]hi* 

t:ic. The putcnrtial amount of riceland in Lower Guinea has Leen 

aouta--,a:ed 15C, 000 hectares of h,,.,1ich 90, 000 le ctareS arc ,e -

I.D sea ieve,- .orox.natclyv 5, OO hectares are nov sparsely 

::va. - recent years SOO, hectares have been reclaimed and ar 
oei;g cultivated by methods g.n..ally adapted to local conditions, al

h thi varIt:s considerably from, one area to the next. 
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r2k. ' 'c..n.sPresently" .;zdcr cultivation in Lower Guinea, 

in tho v]cys of t>.c lVonk& re or the Forecariah rivers•~" .... 


rivers preventv " fl y~e.es. ?.c .ar,' -io\v of these 

0-~ salt\%r'ar -c....aeduc 'ugc growing season, andhlne 


,-,iS of o,er sour toes :]er h-.ct'are are not rre.
 

excessiveM-1s o te 0 other: r.ceancls in Lo\'vr Guinea suffer from 

to lack of drainage orseasonflooing duri. the wet by fresh water due 

intrusion Quring -,h The cultivatorsfro sa'initv -Iwater 	 tide. 

some of these areas by construction of dikes
have attempted to reclaim 

channels but yields still are generally very low. Although
and ara-nage 

the magnitudeof most of these lands is technically possible,reclam-tio-

beyonda the financial and physical capabilities of
Of te w involved is 
t-e cul0vato-s. 

of the rice is 	 produced by antiquated hand methods, but at
M'osz 

nade to mechanize and improve
ten-.ors I--- h governmnent are being 

Present efforts are concentrated on reorganization
cultural practices. 


or communal
 
o: land tenure into cooperative holsdi--s owned by the State 


or
To assist the cooperatives, Centers Rural. 
or anzatons (C. . P. ). 

(C. 2\. R.) are being established. These are, in effect,
fecnanzza~ton 

and land a-;ent ser
n 	 . e.o.n'.rr--m stations, machinery pools, 

announced in" Miarch 1962 that 295 coopcratives, and 27vices, itwas 


Mi ;'.inery and equionment are being
 
. had been 	establishecd.C. . 's 

C. M. P. 's are operating
.clu in about 400 tractors. The7.-ortec, 


rce etr." riAc' by force account, n-,ostly on nle\V rechkImCd land.
 

total production o" rice fronm
'o ... u porss " being mc. 

C. -.'., C. A.?. and private enter;r:ses have fallen short of estab

lis.; -noals are associated with lack of trained
Primary problems 
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.l. ..
.	 r. ,. zars, 	 and storage facilities; V.:tnos es rom di es 	 and i .......-
. a with poor cultural practices.
-uch 	 of the .. : .. . ha been inl!ortcd ic useless because ofbein 	 unsuited to local co:ncitions and because of lack of mechanics,trie ODc:'ator, 
 and spare ;ta rts. 

?mracti: :~nthe Projct A rea

-s in n . ricelands of Lower Guinea, widespread floodn -
..\vte durin the wet seon and by salt water during hih tres -s the majol,t-- to.rice m-Odc:ion in the Kakossa area. The 
00n; e nc 	 o -ides is Particularly felt on 

sar-e 
the island of Kakossa,tida 	 nnlitudes resulIt inp 	 the backing up of sea water intotidal strean.ee and their tributars. Because of the low elevation

of the 	natural ground over the entire island, the paddies are occasion
all, co:-n:inated by salt \ater either by direct spilling frrm the nari
go's, or by 	uncet-round iz-.rusio.. Little, if any, increase in productoroug.: imro ved t:anagenen and cultural practices can be expectedfirst, 	 an effective control of inundation by salt water. Exces
s've -ooding by fresh water in certain areas 	contributes to the 	recuction0- :production, but by 	far the n'iosz serious problem on the island is t'tat 

Z sea ...- uaon, which reduces rice production to negligible ":Vesabou: 	three y)ears out of 	four on the averag'e The lands adversely

fected by salinity front 
tidal looding are shown on Exhibt 2. 

The; c.t.vLtors have adopted rice production practices which
flect the rei:-.fluences of the 	flooding and salinity problems, and of a:eold cuhtural practices. The variety Dissi is grown in the most severesi:te 	a 
 s Other varieties: 'inikoui, aoiacka, Bandioulou, Taba,-dli-,.., 
 Tonta, Twenty-four, and ,obL. -ore are grown on a large majority 
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of the Kakossa project lands where the salinity problems are not as 

severe as where the varicty Dissi is required. 

.early all of the rice in the r:ojecL area is produced in small 

p)na cs, .. os.l -r subsistence, for the cultivator and his family. 

l~ih the ex.c ion of clearing the land and preparing the seed bed, 

most of the work is :crformed by women. Clearing is accom.plished 

by burning and the seed bed is prepared by mere scratching of the sur

face with simple native grubbing hoes. The seed is planted in primary 

beds in July or early August, depending on flooding conditions, and after 

about six weeks, are transplanted in the paddy. Harvesting is done in 

about 145 days after planting, usually in November-December. 

The value of weeding is recognized and weeds are apparently not 

a serious problem. Generally several families work together and go 

fro. one field to another, cleaning out and destroying the weeds. After 

the rice is in head, the fields are guarded by watchers to scare away 

birds. Hoowever, losses caused by animals are much less than on the 

mainland of Lower Guinea. 

The rice is cut by hand with a sickle or knife. Usuially, only the 

heads are cut, leaving stubbles about eight to ten inches long which are 

subsecuently burned-off in preparation for the next crop. The rice is 

carr:ed by women on their heads, usually to the native village, where 

it is dried and threshed. Threshing is done with flails and the straw 

separated from the rice by tossing it into the air. Hulling is accom

plizhed by placing small amounts at a time :n a crude basin hued out of 

a log and then pounding with a stick or pole. The rice kept for home 

usc: is stored in the family hut, with the portion kept for seed usually 

_-L-er protected against insects than the rice used for food. 

V-12 



methods diseases and insects 
nor Ui. 'a pne" to ue ncczsa,6ry on Kakossa Island. I,-ccuc.tIy, 

-cr of controllin: are not ubcd, 

con:xc t. cr oo failures are expetriencd: and in most every year some 

0 e loss in production occurs. This loss in pro.uction on the 

Xckossa P:'ojecz is primarily fron; salt water intrusion, especially dur-

D year whn very igh tide levels arc reached curing the growing 

seas o.. This occurs about three years out of four, on the average. 

Since fertiers are not used, yields diminish rapidly after two or three 

years of continuous cropping. The cultivator then moves to paddies 

that others have let, or to new land, allowing the old paddy to remain 

back orout o- production for a year or so, and then eventually moving 

leaving ,- t to another fanily to cultivate. Although government officials 

indicated that there is ample land for the local population at the present 

t me, it seems to be increasingly difficult to obtain plots that have been 

out o production long enough to regain the original fertility. 

Transp-ortation and Markets 

The surplus rice above the family's need for food and seed is bar

tered for other products among the natives, or sold to government stores, 

the island of Kakossa,called "Comptoirs." No Comptoir is located on 

and much of the excess rice is exchanged among the inhabitants. As 

modern means of transportation and even animal-drawn wheeled vehicles 

are not availabe, the rice is carried on a man's head in bags weighing 

Walking distance may be asu': to 50 kilograms to the nearest village. 

mch as 13 nilometer. During good crop years, when excess rice is 

available fromrr the island's production, bags of rice to be sold are trans

irr ted to the :.._inland in dug-out canoes (pirogues), to be delivered to 

the Comptoir. 
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Until recently (September, 1963), the government of Guinea, 

t:rou: the Comptoirs, was in charge of distribution betwcen regions. 

Private traders are now authorized to handle inter-recional commerce. 

The governn-,:nt sets the price to be paid the cultivator for the rice, 

usua v :or to planting time, and presumably on the basis of supply 

and :and conditions existing throughout the country. The Cornptoir 

a~so ac~s as tne retailer and sells rice at prices set by the Government, 

as \Vel as private traders. 

Prese-nt Production 

Statistics on actual yields of rice on the project lands are lacking. 

Estimates by cultivators and local officials vary considerably, mainly 

because the exact area or the production are seldom measured. The 

cultivators themselves do not have sufficient information to even esti

mate thtr average yield per hectare. 

Our estimates of yields presently obtained in the Kakossa area 

are shown in Table IV-3. Estimated production from each of the areas 

delineated on Exhibit 4 is given irn Table V-5. The total production from 

th-e cultivated area of 1530 hectares is 1810 metric tons or an average of 

about 1200 kilograms per hectare. 

Table V-5 - Estimated Crop Yields and Total 

Production of Rice on Project Lands 

Cultivated Average Total 
.A.rea Riceland Yield Production 

Designation (hectares) (tons per ha) (tons) 

i 560 1.5 840 
II 970 1.0 970 
Ii - - -

IV - -


PDroject c . 1530 1810 
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?hese estinates are based on interviews with local cultivators 

and governn-.ent officials acquainted with th- area, and on personal 

kntowiedge of the productivity of ricc as evaluated by such factors as 

:hickness of stands, extent of salinity and productive capacity of the 

soil, :nown performance of existing varieties, and estimated losses 

4iscascs, insects, and salinity. It must be pointed out that the 

Eata resented in Table V-5 reflect long term average conditions, and 

that in some years the production may exceed 3500 tons. However, in 

1-an\-n years, most of the cultivators do not even obtain enough paddy 

rice for the next year's seeding. 

The characteristics of the soil, as affected by salt water and 

shor. e of water during the dry seasons, limit production to one crop 

oer year. Provision of water from surface or underground storage 

u r in the dry season would enable double cropping. This possibility 

is beyond the scope of this investigation but does not appear to be feasible 

in this area. 

Anticipated Project Production 

e3- s of Improving Production 

Without provisions for drainage and reclamation of saline soils, 

production of -ice on the project lands will remain at low levels. With 

proper drainage and reclamation of saline soils, lands now only partially 

productive and most of the non-productive swampy lands will be capable 

o Aul Droduction. Sustained production is possible providing adequate 

fertilizers are added and systematic rotations are introduced. Large 

4increases in total production of rice will be possible as a result of: 
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narshy lands into full productiol, (2) increased 
l) brin s\vanpy and 


to well drained and non-saline soils,

better adapted.i.ron varieties 


prescrtly cultivated.
of lands'3 ' ore intensive use 

of the frequent but 
of the rice to takC advantage

Early t.ransplanting 
insure adequate

end of the wvet season will
rains at the 

rice production and 
not too excessivc 

water for the rice, encourage maximum 
good cua:1ty 

supply of good quality water is essential, 
An adequatean early harvest. 

it in the Kakossa 
areas where salinity is a problem as is 

especially in 

project area. 

provided for additional cultiva-
New and fertile riceland would be 

to permit mechanization and
enlarged

tors, and existing plots could be 

grazing of livestock will 
efficient operation. Additional forage for 

More 
and more productive cultivated 

result of the enlarged
be available as a 

are not integrated 
area. Although rice cultivation and livestock raising 

as the lands 
the opportunity for integration will be improved 

operations, 
that are now 

more adaptable to systematic rotation with crops 
will be 


and salinity conditions.
of floodingrestricted because 


few years will be required after the project
 
It is expected that a 

Numerattained. 
in operation before the full productive potential is 

is 
in cultural practices are necessary which 

changes and improvementsous 


time even if extension and research programs,
 
will take considerable 


are available.
to the cultivators
and financial assistance 


and
and reclaiflation,to drainage
The production potentials due 

20 years after the projectfor 
to anticipated technological advancemre:-_ 

of yields, cropping in
in operation have been estimated. Estimates 

is 
interfive-year time ...- yzed for four 

and crop rotationstensities, 
were 

this period. Progressively higher crop yields correspondin 
vals over 
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:o consistent improvement due to draInage and gradual reduction in
 
...
 ~:~i\-, incrcas:;, usc of fertilizers, better seed, mechanization,
 

plant protection, and systematic crop rotations 
were assumed. 

Rice Sub e, cnce Criteria 

The lands in the project area are flat and surface drainage toward
 
the rnarigo:s is effected small natural slopes.
on It would not be eco
nomical to design the drainage system 
so as to avoid occasional submer
gence of the rice plants in the paddies. Consequently, it was de- rmn:ned
 
to what extent rice plants could be submerged without being damaged.
 

Rice, when still in the vegetative stage of growth, can be com
pletely submerged in clear water 
for short periods of time without being
 
seriously affected insofar as 
production of seed is concerned, if the water
 
is moving around the 
plants. The rice plants will withstand intermittent
 
periods of complete submergence 
 for about four days provided that the
 
water level is subsequently lowered 
to about one-half of the plant height 
for at least four days before complete submergence occurs again. A: n 
allowable cycle of submergence following these principles has been shown
 
graphically on Exhibit 5. It 
was assumed that before initial submergence 
the rice plants would be about 30 centimeters tall, which is about the plant 
height when they are transplanted from the seed beds to the paddies. 

If the rice is planted or. butts or ridges that are 25 centimeters
 
0ign, as is presently the practice 
 in Lower Guinea, the allowable water 

surface elevations can be correspondingly higher. 

Th'ese criteria are based on the fa-t that light penetrating shallow 
depths of clear water will enable the process of photosynthesis to con
tinue. The criteria apply to water allowing at least 7 -percent of lig-t 
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rar~iiOn. WhVen sediments are in suspension, the allowable depth 

o SuInmer-nce or the length of the period of submergence must be 

rCe u.CCC!U 

The time of change from vegetative stage of growth to the repro

ductlion cycle of the rice plant occurs from 70 to 80 days after seeding. 

After the rice plant has entered the reproduction ph:.se, it rapidly be

comes more susceptible to excess flood water. This is particularly 

true during the period starting two weeks before the panicle emerges 

and ending two weeks after panicle emergence. 

However, taking into account the fact that this generally occurs in 
September, this period does not appear to be critical. The plants are 

then taller and precipitation is less intense. Flooding of the lands that 

may have occurred in August will be relieved by the drainage system 

shortly afte. its occurrence. 

The implication of the above submergence criteria is that direct 

seeding in the fields will not be possible without risk of losing the crop. 

The use of seed beds and transplanting when the plants are about 30 

centimeters tall wi.i be necessary. Although this method requires ad

ditional labor, it is believed that the yields can be higher than those ob

tained from direct broadcasting. 

:.'ojec:ed Crop Yields 

Rice yields that can reasonably be expected over the 20-year 

development period have been presented in Table IV-3. For the first 

crop-year after th'-e project is in operation, an average yield increase 

from 0.5 to 1.0 tons per hectare is expected. Most of this increase 

would be attributable to the improved drainage conditions, with little 
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c.:a:.n: from cultural practices or from reduction in soil salinity 

an-ticipa,,ed. 

it is believed that five years will be required to leach the saline 

i by alternate flooding and drainage from natural rainfall. At that 

production levels equal to those prcbently obtained on non-saline 

soils could be realized. It is estimated that yields will be increased 

by 1.0 to 1.2 tons per hectare during this time, most of which would be 

attributable to the combined drainage and reclamation program. The 

average yields estimated with the project are similar to those obtained 

on well drained and non-saline soils using present cultural practices. 

With drainage and reclamation, higher yielding non-saline tolerant rice 

varieties will replace the low-yielding varieties. Also, increased 

yields will be possible because rapid drainage will permit better timing 

of planting and control of the fresh water supply. Improvements in cul

tural practices, fertilization, etc., are expected to be slow and will, 

therefore, not be significant factors towards increasing yields during 

the initial five-year period. -Allowances for nominal applications of 

fertilizers, particularly phosphorus, were made in estimating probable 

yields and costs of production. Progressive increases due to these 

improvements are practical after this time up to 20 years after the pro

ject is in oneration. 

The potential for continued increases due to improvements in 

cultural practices is great. These will not occur, however, without 

technical assistance from agronomists working with the farmers and 

-inancial assistance to obtain fertilizers, insecticides, etc. It has been 

assurnec ti-at this assistance will be provided as an integral part of the 

can-ation program after the project is in operation. 
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Land Use and Crop Rotations 
T ;hc ant cipated land use, cropping intensities, and cropping

-tions for each 
ro

five-year period are presented in Table V-6. We haveassun--, d a three-year rotation with rice occupying two-thirds of theCi'tivated land area but with increasing amounts of other crops occupying
the ren~ni~in.n one-third of the land. The cropping intensity is expected
to increase gradually from 67 to 100 percent. A cropping intensity of100 percent will be possible sooner than 20 years if ample technical and 
financial assistance is available to the cultivators. 

Table V-6 - Projected Crop Land Use and Cropping Intensity 

(in percent) 

Number of Years After Reclamation 
Crops 

1 5 10 20 

Rice 
67 67 67 67 

Lespedeza* 
"- 8 15 20 

Maize* 

Grain sorghumr* _4 

-- 3 9 

Percent cultivated 67 75 85 
 100
 

Or equivalent legume forages and grain crops. 

Projected Arricultural Production 

Total production anticipated for various time intervals after theroject is in operation are summarized in Table V-7. These estimates
Lre based on average yields for rice given in Table IV-3. The gross 
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rec-aimed area has been reduced by ten percent to allow for land utilized 

by Uikc, levees, and drainage channcls from which no production will 

be obtained. The net reclaimed project area is 2260 hectares. 

Table V-7 - Estimated Total Agricultural 

Production with the Project 

(metric tons) 

Crop 
Grain Total in 

Years Rice Lespedeza Maize Sorghum Idle Prod. 
Ha. Prod. Ha. Prod. Ha. Prod. Ha. Prod. Ha. (ha) 

1 1200 2220 - - 620 1820 

5 1500 3780 180 1800- 580 2260 

i0 1500 5620 340 3400- 70 140 - - 350 2260 

20 1500 6030 460 4600- 200 500 100 200 - 2260 

1/ Equivalent green weight. 

Land Settlement 

There is no specific national or regional policy for selection of 

setlzers for the new project lands after reclamation. Assuming an 

average of four-hectare farm units, sufficient land would be available 

to support families. This would be equivalent to an addition of 182 

units over those in existence at present. 

The island is populated by about 8000 people at the present time, 

about 2000 more than in 1950, when the cultivated area was about the 

same. .f necessary, local officials anticipate no problems in getting 
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Chapter VI 

PROJECT DESIGN 

Introduction 

A plan for the reclamation of Kakossa Island was developed in 

general direction of the Service du Genie
1954-55 by COTHA under the 

1956 with the construction of 
Rural, and its implementation started in 

COT-%salient 

in their reports, were reviewed in detail by the 
dikes and a gated control structure. The results of the 

studies, summarized 

of the feasibility studies 
T-1arza Engineering Company within the scope 

presented in this report. 

pre-
The basic concept of the COTHA plan of reclamation, i.e., 

of dikes surrounding the project
vention of saline intrusions by means 

of the plains toward the ocean through gated control 
area, and drainage 

found to be sound. However, cer
has been examined andstructures, 


in order to pass judgment
to be performedtain engineering studies had 

on the adequacy of the structures as they were selected by COTHA. 

in 1954
In particular, precipitation data available to COTI-L 

on such a short 
covered only six years. Probability analyses based 


from
 
span had necessarily a lirnited accuracy. The data collected 

1955 through 1963 were used to supplement the COTHA studies, bring

ing them up to date. 

since the comple-Soulemanya RiverLikewise, the behavior of the 


tion of its control structure permitted to make observations useful in
 

improved plan of reclamation.developing an 


to review and extend the COTHA

The engineering studies made 

hydraulic investigations,
studies consisted of hydrologic analyses, 
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structural and foundation designs, and a survey of quantities. These 

studies are described in this chapter. 

Tidal Flooding Under Present Conditions 

It is reported that good crops are harvested on Kakossa Island 

about once every three or four years. In all other years, the crops 

are spoiled by salt water intrusions. These conditions were investi

gated within the scope of the present studies. 

The plains of Kakossa are located between 0.65 and 1.30 meters 

above mean sea level. Almost every year, maximum tides reach an 

elevation of 2.0 meters above mean sea level, but this does not always 

occur at the same time of the year. The tide tables for the period 1957 

through 1963 were reviewed, and the highest tide levels reached in each 

month were plotted on a graph shown on Exhibit 5. Also indicated on 

this graph are the rice growing seasons, beginning each year with August 

and ending with November. 

Inspection of the graph indicates that the high tide levels reached 

during the past seven growing seasons have varied from year to year. 

In some years, such as 1963, flood tide levels were limited to 1.65 

meters above mean sea level at the beginning of the growing season, 

and the highest tide levels were reached only near the end of the grow

ing season. In 1961 , maximum tide levels were comprised between 

i. 60 and 1. 70 meters above mean sea level. These levels were remark

ably low. However, in the following year, 1962, high tide levels (about 

1.90 meters above mean sea level) were reached every month of the grow

ing season. 
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always high enough to flood
This shows that high tide levels are 

lands adjacent to the marigots. How
the periphery of the island and the 

are sustained over a long period of time, 
cver, unless the high levels 

salt water fromprevent the overland flow of
hydraulic friction would 

From the tidal 
progressing toward the center portion of the plains. 

1955),the hydraulic loss 
observations made in the plains by COTHA (in 

Consequently,
from this friction is approximately 0.70 meters.

resulting 

level would result in water 
tide levels of 1.90 meters above mean sea 

i . 20 meters in the plains. If tide levels at 1.90 
surface elevations of 

as 
mean sea level are sustained over long period, such 

meters above a 

1958 and in 196Z, most of the plains would be flooded by 
happened in 

salt water. However, if, as in i93, tide levels do not remain at the 

growing season, flooding would 
a long portion of thecritical levels for 

and the lowest lands. The levels 
be limited to the peripheral fields, 


minimum salt water encroachment

1961 probably resulted inreached in 

on the project area. 

Water Supply 

Consumptive Use Requirements 

of rice was maderequirementsof the consumptive useAn estimate 
results of 

on the basis of evaporation recorded at Conakry, and ising the 

Pasture Experiment Stations,
made by the Ricesystematic experiments 


Texas Board

Lake, presented in report of the of 

Beaumont and Eagle a 
1/ 

Water Engineers.

in Te-.s, Bulletin 6019,
of Water by Major Crops

1/ Consumptive Use 
Board of Water Lnoineers, November 

by Louis L. McDanieLs, Texas 


1960.
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M\onthly evaporation data for Conakry-Aviation are presented in 

VI- 1. These data indicate relatively low rates of evaporation2abe 

curi:g the wet season, probably due to the high relative humidity that 

prevails at that time. 

Table VI-1 - Measured Monthly Piche Evaporation 

at Conakry-Aviation, in millimeters 

Year May June July Aug. Sept. Oct. Nov. Dec. 

1949 129 60 36 18 39 48 51 78 

1950 108 54 45 27 33 51 54 90 

1951 87 54 45 33 39 42 114 

1952 123 66 42 39 45 72 63 102 

1953 129 57 48 36 54 66 78 120 

1954 102 54 39 36 45 69 75 87 

1955 93 54 36 33 42 51 75 90 

1956 90 60 36 27 58 60 69 90 

1957 132 78 33 * * 48 57 81 

195S * * * * * * * 75 

1959 93 60 33 33 45 66 60 93 

1960 69 * 42 30 36 51 54 72 

1961 96 51 27 24 30 48 57 69 

1962 78 45 36 30 36 45 45 81 

Not available. 

Although Piche measured evaporation is somewhat higher than 

thc: theoretical lake surface evaporation, measured evaporation data 

were used without correction. The highest evaporation recorded from 

for each month were multplied by the Use Coefficients KU1949 to 1962 

found at the Texas Experiment Stations for the corresponding stage of 

growth, except that the June coefficient was used for the month of July, 

Table VI-2.for conservatism. The results are summarized in 
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Tabl VI-2 - Estimated Consumptive Use Requirements 

for Rice in Kakossa Area 

.Ifo:th June July Aug. Sept. Oct. Nov. Total 

Evaporation, 
mm 78 48 39 58 72 78 

Use coefficient 
KU 1.8 1.8 2.0 1.5 1.0 1.6 

Consumptive 
Use Require
ment, mm 140 86 78 87 72 125 588 

Available Moisture Supply 

It is generally accepted that the moisture available from natural 
rainfall over Kakossa Island is sufficient for the cultivation of one crop 
of rice. This belief is based on the heavy precipitation that occurs 
during the growing season that extends from July through December. 
Rice generally requires from 1000 to 1500 millimeters of rain from 

seeding time to harvesting. 

Although no drought records are available for Kakossa, rainfall 
estimates have been made on the basis of the long-term Conakry-Aviation 
records and of the precipitation recorded at Yenia in 1954. The condi
tions prevailing at Yenia are considered to be representative of those 
on the entire project area because of the relatively small size of Kakossa 
Island. The 1954 precipitation recorded at Yeniya was about ten percent 

greater than that recorded at Forecariah and about 20 percent smallerthan that recorded at Conakry-Aviation. The annual precipitation re
corded at Conakry and Forecariah from 1949 through 1963 was used to 
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construct frequency curves, presented on Exhibit 5. Also plotted on 

the same graph is a frequency curve which is considered to be repre

sentative of the annual precipitation over the Kakossa area. This 

curve indicates that 95 percent of the time the annual precipitation at 

Kakossa is equal to, or greater than, 2500 millimeters. This can be 

expressed differently: an annual precipitation of 2500 millimeters or 

less would occur not oftener than once every 20 years. 

It would appear, since all of the annual precipitation occurs during 

the wet season, that the wet season rainfall is well in excess of the re

quirements for rice cultivation. However, it is reported that unusually 

dry years result in lower rice production in some parts of Guinea. Since 

this may result from an unfavorable distribution of rainfall over the 

growing season, this problem has been investigated for the meteorologic 

conditions that prevail in the project area. 

An attempt to use the rainfall distribution as recorded during a 

representative dry year was not successful because of the poor correla

tion between dry years recorded at Conakry and at Forecariah. Conse

quently, judgment was used for the selection. 

The critical months of the growing season are October and Novem

ber. Prior to October the precipitation is always ample. The precipita

tion in October and November for each year, as recorded at Conakry-

Aviation, was reviewed. The dryest two-month periods occurred in 

1960 (Z29 millimeters) and in 1956 (301 millimeters). The recurrence 

of the 1956 event would be about once in ten years. Reducing the corre

spDonding amount by 20 percent to transpose from Conakry to Kakossa, 

the unusual two-month rainfall would be 240 millimeters. A similar 

result is obtained by using the dryest two-month period recorded at 
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Forecariah: 218 millimeters in 1961, and increasing it by ten percent 

to transpose it to Kakossa. On the basis of actual distribution between 

October and November for various years, it would be reasonable to as
sun-e that two-thirds of the two-month precipitation would occur in Octo

ber and one-third in November. 

The distribution of rainfall during an unusually dry growing sea

son would thus be:
 

October: 160 millimeters 

November: 80 millimeters 

A mass curve of cumulative rainfall for the months of October and 

November, patterned after the 1956 dry year at Conakry, was drawn as 
shown on Exhibit 5. The mass curve shows that an average daily rate
 
of eight millimeters could be sustained until the middle of November,
 

provided that a storage of 15 c.ntimeters is available. This can be ac
complished easily since the 
rice fields are surrounded by levees generally 
15 to 30 centimeters in height, and cultural practice consists of storing 
water in the paddies until the beginning of November for the purpose of 
preventing the growth of weeds and storing water between rainfall periods. 

After the middle of November, the paddies are drained in anticipation of 

harvesting. 

Adequacy of Water Supply 

The consumptive use requirements of rice, including evapo

transpiration, is estimated to be 2. 4 millimeters per day in October and 
4.2 millimeters per day in November. This would leave about four milli
metcrs per day for losses by percolation. This is considered adequate, 
considering the properties of the soils as indicated by the permeability 
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recurrence Of co
.Therefore, a 


st and te high groundwater 

d'io s ssvcr as the 1956 drought would not result in any deficiency 

supply.o_ water 

supply available from0t is concluded from this study that the water 


..... a rainfall is sufficient for ultivating rice in paddies on lYakossa
 

Island, provided that the levees be high enough around the paddies
 

nDrainag.e Reue 

General 1954-55 by COTHA
 

The 1{akossa plan of reclamation developed in 


and the Service du Genie Rural was designed to dispose of the runoff
 

in six days. 
a total precipitation of 366 millimeters 

corresponding to 
explaineddeveloped as 

Criteria for allowable flooding of rice were 

of the pre sent studies. These criteria are: 
in Chapter V for the purpose 

a 
submerged without undue damage for 

(a) 	 rice can be days; and
 

period of not more than four 


level in the paddies
the water of the 

after submergence, leave 15 centimeters(b) 	 so as to 
must be lowered 

water for a period of not less than 
rice plants above 

On the dasis of these criteria, the distribution of rainfall over a 

period of 15 3ays had to be considered. Therefore, an analysis of rain

storm that would be 
made to develop a 15-day design

fall records was system. 

used to determine the discharge capacity of the proposed drainage 
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' ' crby~~ato .. data recorded at Yeniya frorn July 11 through AugUSt 31, 

b954, within the scope of the COTIIA studies. 

in oneConakrY-Aviatlon 
The maximum precipitation recorded at 

occurrences
and the frequency of such --n one, 

was tabulated,day for each year 
day iarlyacthe ma)ximum preLipitation recorded 


15 years

days of each of the 

thsecutiveimilarly,was determineds 
and thirty confequensix, fifteen,w, three, electronic computer.on a Bendix G-15 was determined 

plotted onvalues were 
ined theendingwedEt r m 


wereweredra
d raom curvesand frequency
t ciesrmi ,vecurvesrchart, six, fned ce, two, three,for one,

the precipitation-crvesll.ga Of ten percentbabilities 
curves, erenthe frequency 

to probt These values we 

thirty consecutive 
days correspondingdetermined.interval) was 

an -e recurrence 
short period of 

to account for the fact that the 

creased by ten percent 

at Conakrrecorded 
at yeniya indicated that precipitation

dataavailable instead 
A reduction of ten percent, 

iniYa. d to be conservative
YAviation eceeded that a 

,ihii chartesultin cut
was use
Zo percent, ThesoForvi the observed difference of 
concurrent records.,vofthe 

short duration of 
view of the 5, is 

on Exhibit
presenteddays, 

rainfall for consecutive 
area.considered representative of the Kakossa 

e a r 
of cumulative 

chart shows 
the 5-y , 10-year,

that the difference between 
s 

intervalA recurrencenot great. 
3 0-year cumulative rainfalls is

and 

selectiOn results 
selected for design purposes. This 

of ten years was 5 the event of 
agricultural crop in 

of damages to 
the acceptancein 
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occurrence of a more intense rainfall. However, damages probably
would not be great in view of the fact that the 3 0 -year, 15-day rainfall 
(1260 millimeters) is only 18 percent greater than the 10-year, 15-day 
rainfall (1070 millimeters). 

Table VI-3 shows the cumulative and incremental rainfall for 
15 days that can be expected once every ten years. It should be noted 
that the incremental daily values given in the tabulation are not necessarily in chronological sequence, although the cumulative values cor

respond to consecutive days.
 

For the purpose of determining 
a realistic chronological sequence,
the maximum 15-day precipitation period recorded in 1961 was examined. 
The year 1961 was considered because its annual rainfall of 5307 milli
meters (4250 millimeters estimated at Kakossa) is the third largest on
record. During the 15-day period from August 24 through September 7,
1961, a total rainfall of 930 millimeters were recorded at Conakry, cor
responding to a precipitation of about 800 millimeters at Kakossa. 

Table VI-4 shows the largest precipitation for consecutive days of
the August 24, 1961, storm. Also shown in Table VI-4 are comparable 
values as given in Table VI-3. An examination of the last two columns
 
of Table VI-4 reveals that the August-September 
 1961 storm is fairly
close to the 10-year event for the first nine days. After the ninth day,
the daily rainfall increments in the 1961 storm were definitely smaller 
than the 10-year event. 

Des:;'- C'orm 

The 15-day storm selected for the purpose of designing the drain
age facilities is identical to the August 24 storm for the first eight days. 
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Thereafter, a uniform daily rainfall of 40 millimeters was adopted, on 

the basis of the values shown in Table VI-3. The storm pattern thus 

obtained is believed to reflect realistic meteorological conditions typi

cal of a 15-day storm with a 10-year recurrence interval. The total 

cumulative rainfall would be ajout 1070 millimeteLs. The distribution 

of this storm is shown graphically on Exhibit 5. 

Table VI-3 - Kakossa 15-Day Precipitation with a 

10-Year Recurrence Interval 

iumTber of Cumulative Precipitation Incremental 

Consecutive in Consecutive Days Precipitation 

Days (mm) (mm) 

1 280 280 

2 360 80 

3 440 80 

4 505 65 

5 570 65 

6 640 70
 

7 690 50
 
8 740 50
 

9 790 50
 

10 840 50
 

11 890 50
 

12 940 50
 
13 980 40
 
14 1020 40
 

15 1060 40
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Table VI-4 - Comparison of the August 24, 1961, Stormas Recorded at Conakry, with 0-Year Storm at Kakossa 

10- Year Event 

Precipitation of Storm from Aug. 
Cumulative

24 - Precipitation 
Sept. 7, 1961 (mm)

Number of forDaily Precipitation, Max. Cumulative ConsecutiveConsecutive in Chronological Precipitation forDays Order Consecutive Days(mam) 
Days 

1 47 235 280 
235 406 360 
171 

4 i401 

6 74 630 6407 52 682 6908 107 789 7409 13 802 79010 1 803 840 

11 76 879 89012 28 907 94013 7 914 98014 5 919 102015 11 939 1060 

Comparison with the Design Criteria Used by.COTHA 

Design of the Kakossa reclamation project was originally based 
on a precipitation of about 475 millimeters in ten days. This storm 
was assigned a recurrence of once in five years. Table IV-5 shows a 
comparison of this storm with that developed as explained in the pre

vious paragraphs.
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Table VI-5 - Comparison of Design Storms 

Cumulative Precipitation,Nunber in mmof COTHAConsecutive HARZA5-Year S-YearDays l0-YearRecurrence 
 Recurrence 
 Recurrence
 

1 
 170 
 250
2 280
235 
 320
3 360
280 
 385
4 440
315 
 445
5 505
345 
 500
6 570
375 
 550 
 640
 
10 
 475 
 750 
 840
 

A comparison of the values given in Table IV-5 indicates that theprecipitation obtained by the Harza studies for the 5-year storm areabout 45 percent higher than those obtained by COTHA. This is dueprimarily to the fact that only six years of record 
were available

COTI-A in 1954, 

to 
whereas 15 years are now available. In addition,10-year recurrence a 

was selected in the Harza studies, bringing the in
crease to about 65 percent. 

Excess Rainfall
 

Excess rainfall is defined as 
that portion of the rainfall that isnot lost through evaporation or percolation. It corresponds to theamount 
of water that must be drained from the land or temporarily

stored in the fields to be drained later.
 

An estimate of the evaporation that can be expected during the design storm was made on the basis of observations made by the National 
Meteorologic Service during the August- September 1961 storm. The 
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avcragc evaporation recorded at Conakry-Aviation in August 1961 on a 
Piche evaporation gage was approximately 25 millimeters per month.
 

This amount was used as the evaporation at Kakossa.
 

On the basis of the results of permeability tests made in 
 the
 

Monchon area, percolation was estimated to amount 
to approximately
 

60 millimeters per month. 
 This amount may appear too low, particu

larly in view of the relatively pervious nature of the soils in the project 

area. On the other hand, the ground water table during the wet season
 

is generally very close to the 
ground surface. In noany event, further 

refinement of estimated percolation losses was made because of the smalJ 

magnitude of these losses relatively to the rainfall itself.
 

A nominal amount of 30 millimeters per month 
was assigned to
 

plant use during submergence.
 

On the basis of these estimates the total losses would be 115 milli

meters per month. A total of 60 millimeters, uniformly distributed,
 

were subtracted from the 
15-day rainfall to excessobtain the rainfall.
 

This is indicated graphically on Exhibit 5.
 

Design of the Drainage System 

Water Level in the Paddies 

The plains of Kakossa lie between 0. 65 and 1. 30 meters above 

mean sea level, or between elevations 3. 05 and 3. 70 above the COTHA 

datum of reference. The COTHA system of reference'has been used 

exclusively in the following. Detailed topography of the project area 

is shown on Exhibit B by contours at vertical intervals of 50 centimeters. 

This topographic map shows that, with the exception of small, isolated 
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areas in the southwestern portion of the project, all the rice fields have 
an average ground clevation of 3. 35 or higher. 

The flooding criteria established in Chapter V, applied to fields 
located at an elevation of 3. 35 meters, require that the water surface 
in these fields not exceed olevation 3. 70 for more than four days, and 
that thereafter it be brought back to a maximum elevation 60 forof 3. a 
period of at least 11 days. In the fields located at a higher elevation, 
the flooding criteria can be satisfied if the head loss in the secondary and 
lower order canals does not exceed the difference in elevation between 
the ground of the fields and elevation 3. 35. The small areas located 
below elevation 3. 35 may not benefit from the drainage facilities to the 
same degree as the remainder of the plains in the event of occurrence 
of a severe and prolonged storm. These areas must be accepted as 
being marginal for the sake of overall economy. 

The design of .inals was conducted so as to operate with a normal 
water surface elevation 3.40 at their upstream end. This condition cor
responds to a water surface at elevation 3. 45 in the nearby paddies, al
lowing a minimum head loss of five centimeters between the paddies and
 

the canals.
 

Tide Criteria 

The capacity of the main drainage canals will be influenced by the 
elevation of the water surfaces at their outlets. Observations made in 
1955 by COTHA led to the conclusion that the levels of the outlet rivers 
are not significantly affected by the discharge of fresh water from run
off, but are dependent mainly upon the amplitude of ocean tides. This is 
confirmed by the observations of the cross-sectional area of the several 
outlet rivers as reported in Chapter III. 
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The 1956 COTHA report mentioned the following tide observa

tions: 

Soulemanya Koakou Noreire Touguikeren 

1.70-1. 80 1.60-1.00Ebb tide level 1. 90-1. 70 

Flood tide level 3. 10-4. 10 3. 0 -3.8 3. 10-3.80 

Amplitude, meters 1.2 -1.4 1.3 -2.0 1.5 -2.8 

Highest flood tide 
elevation for de- 1/ 

sign purposes 4. 10 3.70- 3.80 3.80 

I/ Measured on the plains near Yeniya; closest available to Koakou. 

A field check of COTHA observations revealed them to be acceptable ex

cept for significant differences in idal variations found at the site of the 

Soulemanya control structure. These differences were reported in 

Chapter III. They seem to result from an aggradation of the Soulemanya 

River channel which has taken place since the completion of the control 

the prostructure. Since a dredging of this channel has been included in 

reposed plan of reclamation, it was assumed that such dredging would 

sult in the re-establishment of tide conditions antecedent to 1957. Con

sequently, all tidal elevations as recorded in 1955 by COTHA were adopted 

for the design of the canals and control structures. 

Gated Control Structures 

As mentioned in Chapter II, gated control structures provided with 

each of the three main natural waterwaysautomatic flap gates across 
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were included as part of the plan of reclamation developed by COTHA 

in the early 1950's. These waterways are the Soulemanya River, the 

Noreire River, and the Touguikeren River. These structure 3 were 

of salt water into the project area durdesigned to prevent the entrance 

ing the wet season, to permit an unobstructed discharge of fresh water 

and to allowfrom tl e project area toward the ocean in the wet season, 


the inflow of limited quantities of salt water into the drainage channel
 

during the dry season.
 

One control structure was constructed across the Soulemanya River 

in 1957. This structure is made of reinforced concrete with six corru

each gated at both ends. The gates are of the Calcogated metal pipes, 


1001 type, made of a flap gate mounted on a vertical movable frame.
 

A diagrammatic drawing of the installation is indicated on Exhibit 6.
 

Each gate, in its lowermost position, allows an unobstructed dis

charge in one direction but prevents the flow of water in the opposite 

direction. When both gates at each end of a conduit are set at their 

can take place through the conduit. When alowest position, no flow 

gate is partially raised, it still allows unobstructed discharge in one di

but permits limited flow of water in the opposite direction.rection, 


This flow is limited by the vertical opening of the gate, deterrnined by
 

its distance above its lowest position.
 

Therefore, a judicious setting of each pair of gates provided at 

control of flow in both directions. Thisthe ends of a conduit permits the 

arrangement provides the greatest flexibility in op6rating the project. In 

the wet season, it allows the maximum discharge of fresh water toward 

the ocean when the tide level is lower than the water level in the dra::

age channel, and prevents the entrance of water from the ocean into the 
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drainage canals when tide levels are high. At the end of the wet season, 

it permits the conservation of fresh water in the canals without permit

ting the entrance of salt water. During the dry season it permits the 

controlled entrance of determined quantities of salt water into the canals 

without letting it escape at low tide. This last operating condition helps 

maintain the ground water level in the project area at a predetermined 

elevation. 

Although this flexibility of operation may appear to be an asset to 

the project, its advantages are questionable. Control structures pro

vided with timber flap gates such as were proposed for the Monchon 

Project will probably perform satisfactorily, and will be less costly both 

initially and during maintenance. Therefore, it is proposed to give con

sideration, in the course of detail design of the new structures, to an ar

rangement different from the one adopted foz the Soulemanya structure. 

However, for the purporie of the present feasibility studies, it was as

sumed that the same arrangement would be used, and the corresponding 

costs used in the estimates. 

The total area of outlet pipes and gates, however, had to be 

modified from the COTHA designs, as a result of the more intense pre

cipitation that was found in the present investigations. The Noreire and 

Touguikeren structures were increased in size. The Soulemanya struc

ture was found inadequate to drain satisfactorily the 1200 hectares that 

make up its watershed. Only 960 hectares can be adequately controlled 

by this structure. Consequently, an additional control structure is pro

posed across the Koaku River, as shown on Exhibit B, and the canal 

system modified so as to drain part of the Soulemanya watershed toward 

the Koakou River. This arrangement presents the additional advantage 
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located behind the existing dike across the Koakouof reclaiming the area 

the present condi-River, which is frequently flooded by fresh water in 

tions. 

were determinedThe main dimensions of the control structures 

storm criteria applied to the respective drainageby combining the design 

areas, the tide elevations criteria, the allowable rice submergence cri

teria, and the hydraulic characteristics of the drainage canals and control 

The total conduit areas required at each structure for acstructures. 


ceptable conditions are summarized in Table VI-6. 

Table VI-6 - Dimensions of Conduits and Gates 

at the Proposed Control Structures 

Excess Rainfall Maximum Conduit Number of 

Yield Over Discharge Gate Area Equivalent 

Area 6-Day Period of Structure (sq 42"-dia. 

Basin (hectares) (liters/sec/ha) (m 3 /sec) meters) Pipes 

960 -. .7 13.2 5.4 6Soulemanya-

Koakou 240 11.7 3.4 1.4 2 

Noreire 1025 11.7 14.6 5.9 8 

Touguikeren 404 11.7 5.4 2.3 3 

1/ Existing structure.
 

2/ Assumes that silted discharge channel is dredged. 

The data given in the last column of Table VI-6 corresponds to 

as adopted for the purpose of the cost estimates. Thethe structures 

is predicated upon the rehabilitationKaokou stru _.re, as sized here, 


of the Soulemanya discharge channel. An alternative solution would
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consist of accepting the present capacity of the Soulemanya structure, 

and to design the Koakou structure for a larger capacity than shown in 

Table VI-6. The drainage canal system would in that case be more ex

tensive, and the Koakou structure more costly. On the other hand, the 
cost of dredging the Touguikeren channel would be avoided. This alter
native has not been investigated in details, but should be given considera

tion at the time of detail design of the project. 

Water Surfa.e Elevation in the Paddies 

Using the discharge capacity of the gated control structure, the
 

variations of the water surface 
elevation in the paddies were calculated. 

The analyses were made for the critical case of the 15-day design 

storm occurring while water was ponded in the paddies to elevation 3. 50. 

It was assuned that during the first few days of the storm, average tide 

amplitudes would occur in the outlet rivers, so as not to compound sev

eral events, each of which have a 
 small chance of occurrence. 

The variations of the watei surface in the paddies, as found from
 

the calculations, are presented graphically on Exhibit 5. Also shown
 

on the same graph is the submergence criterion. A comparison of the 

two graphs indicates that in the event of occurrence of the design storm, 

the vrater surface in the paddies will rise by less than 17 centimeters 

above the lowest rice plants. Submergence will last about six and one

half days, then the level will drop rapidly to its normal operating eleva

tion. The duration of submergence, as found from the calculations, will 

be somewhat longer than that of the submergence criterion. However, 

since the depth of submergence reached was considerably smaller than 

that allowed, it is believed that no damage will be caused to the crops. 
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Therefore, it was concluded that the proposed gate openingssatisfactory for the purpose 
will be 

of maintaining flood levels in the paddies
within safe limits during intense storms.
 

The maximum flow through 
each structure during discharge of theponded volume is given in Table VI-6. The canal sections selected andthe natural channels permit the discharge of these flows. 

Layout of the Drainage Canals
 

Drainage 
areas were laid out in accordance with natural boundariesas defined by the dunes, dikes, and natural drainage patterns of the project topography. Maximum use was made of the existing network ofnatural waterways. The existing natural drainage system was supplemented by excavated channels only where it proved inadequate to passthe design storm. The layout of existing and proposed drainage canals 
is shown on Exhibit B. 

Canal Sections
 

The design storm was 
applied to the several areas served by thenatural and excavated canals. The maximum average runoff to be discharged by the drainage system was found to be 1170 liters per second per square kilometers over a period of six days, and 925 liters persecond per square kilometers over a period of ten days. This compareswith about 930 liters per second per square kilometers over a six-dayperiod as used by COTHA in their designs. The difference betweenthe COTHA value and the one used in the present designs results primarily from the difference in intensity of the design storms adopted, as
mentioned earlier in the present chapter. 
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The natural channels which were found to have a capacity ade
quate for the field drain systems they serve were incorporated in the 
drainage system. Those found to be too small were replaced by newly 
excavated drainage canals, laid out generally in a pattern similar to
 

that originally proposed by COTHA.
 

The field drain systems, all of which have been constructed by the 
farmers, are considered satisfactory. The land included in the recla
mation area, but not presently under cultivation, will also require simi
lar field drain systems, to be constructed by the new farm operators. 

Small water surface slopes permitted use of approximate back
water methods to properly adjust water 
surface levels throughout the
 
system and prevent excess heading up in the paddies during the 
critical 
design storm period. Geometric elements of the channels were selected 
to sustain low flow velocities above silting values for self-maintenance
 
and provide for subsidence of excavated side slopes. 
 Exhibit 6 shows
 
typical elevations for both excavated 
and expected ultimate canal sections. 

Selection of the Reclaimable Area 

As mentioned in Chapter II, the scope of the reclamation project 
had been reduced in 1957 to about 2000 hectares, primarily to maintain 
the total cost of the project within budgetary limitations. The lands 
thus excluded from the reclamation area are all in cultivation. More
over, in the course of field investigations it was noticed that several 
hundreds of hectares in cultivation were located outside of the project 
boundaries as determined by COTHA. Preliminary studies indicated 
that these areas could be included in the project boundary at a relatively 
small additional cost. The economic studies indicated that the present 
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worth of total future project benefits amounts to about GF 695, 000 per 

hectare, or the equivalent of $2800 per hectare. It can be assumed 

that this is also the value of the incremental benefits for the additional 

area involved. 

A preliminary estimate of the cost of including these ricelands in 

the project are was made as shown in Table VI-7. 

Table VI-7 - Incremental Unit Cost of Reclamation 

Incremental Incremental 
Area Cost Unit Cost 

(hectares) (equiv. U. S. $) (U. S. $ per ha) 

Touguikeren Drainage Area l /  310 410,000 1,300 

/Tembo-Taouya Area -	 60 50,000 850 

Touguikeren-Takanya Area- / 40 50,000 1,200 

/Area north of Ouendima - 22 20, 000 900 

1/ 	 Area included in COTHA project, but deleted in 1957 by the Genie
 
Rural.
 

2/ 	 Area not included in COTHA project. 

The incremental unit costs lited in Table VI-7 are all between one

half and one-third of the incremental benefits. Consequently, these 

areas have been included within the project boundaries. 

Alternative Plan of Reclamation 

Local officials of the Forecariah Administrative Region suggested 

an alternative to the reclamation scheme originally proposed by the 
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French Administration. This alternative would permit the reclamation 
of about 3000 additional hectares located to the east of the present project 	area. A plan view of this scheme is shown on Exhibit A. It in
volves the construction of a 	dike, 16 kilometers in length, from Cogolima 

to Ouendima, by way of the Sankine Foli liver.cross the Noreire 	 The dike alignment wouldRiver 1000 meters downstream from its junction withthe Touguikeren River, where a control structure would be constructed. 
This single structure would replace the three proposed structures across
the Koakou, Noreire, and Touguikeren rivers. The structure would be
about 120 meters in width and designed to discharge the runoff from an
 area of approximately 4400 hectares, 
 estimated at about 50 cubic meters 
per second. The 	western side of the project area would be as in the
 
proposed plan.
 

A preliminary study of this alternative scheme was made, primarily
to determine its economic feasibility. The 	investment required to construct this 	alternative project is estimated to be equivalent to US$3,200,0 .Considering 	 0 0

that 	a total area of about 5300 hectares could be reclaimed,
the 	cost of reclamation would be approximately $600 per 	hectare. This
is slightly lower than the unit cost of development of the proposed project.

Consequently, 
 this 	alternative scheme appears to have great merits, and
 
consideration 
was given to its adoption. 

Powever, several factors would prevent its implementation in the 
near future: 

(a) 	 the agricultural potential of the additional 3000 hectares
is not known, 
 and agronomic and engineering studieswould be necessary for a full economic justification of
this scheme; 
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structure represents a 
(b) construction 	of the control 

extensive pre
major undertaking which will require 

as a con
liminary explolations and studies, as well 


three years;
struction period of about 

(c) 	 the additional reclaimable land is presently covered 

and it is expected that
thick mangrove vegetation,with 

land can berequired before thisseveral years will be 

put under cultivation; 

land that will result from 
(d) 	 the increase in cultivable 

of this project will require the relocation
construction 

areas to the island of 
of additional residents of other 

Kakos sa. 

could be derived 
were selected, benefits that

If this alternative 

within two years 	from construction of the proposed project would be 

delayed.the island would be 
and the economic development of

foregone, 

been given to a plan of development in 
Consequently, consideration has 

as early asconstructed 
stages whereby the proposed project 	would be 

or six yearsdeferred until five
and the alternative projectpossible, 

a 
large portion of the initial investment would be useful for 

later. A 

areas


would permit an early reclamation of the 
few years only, but it 

presently under cultivation. 

cost 
cost of this stage 	development with the

of theA comparison 

shown in Table VI-8.
ol the alternative scheme is 

two alternatives arecosts of the
Table VI-8 indicates that the 

stage
In this comparison, no credit has been given to the 

equivalent. 


in the alternative
that would be foregonefor the benefitsdevelopment 

first five years. Consequently, the 	proposed plan of devel
plan for the 

first stage of develop
as the most economical as a 

opment was adopted 

ment of Kakossa 	Island. 
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Table VI-8 - Economic Comparison of Stage 
Development with Alternative Plan 

(equiv. U. S. $ million) 

Alternative Plan Stage Development 

(proposed plan (alternative 
cancelled; scheme 

alternative deferred until 
scheme 

constructed 
initially) 

5 years after 
construction of 
proposed plan) 

Cost of Proposed Scheme 
1.5 

Cost of Alternative Scheme 3.2 2.2 

Present Worth of Cost ofAlternative Scheme 3.2 1. 7 
Present Worth of Total Costs 3.2 3. 2 
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Chapter VII 

PROJECT CONSTRUCTION 

Introduction 

The various features of the Kakossa Project are relatively simple, 
and no unusual difficulties are expected during construction. However, 
because of the present shortage in heavy construction equipment and
 
skilled labor in Guinea, 
 it is believed that the services of a foreign con

tractor will be required. 

Past experience in the project area has shown that the local popu
lation will be capable of performing, both collectively and individually, 
only small scale work and only within the limits of their own lands. Con
sequently, it will be most advantageous to have the contractor perform 
as much of the civil works as is economically feasible. This will con
sist of the dikes, the canals, the control structures, and the bridges. 
Land preparation, consisting -of levelling and planing operations, will be 
best accomplished with the mechanical equipment presently available to 
the Center of Rural Mechanization (C. M. R. ). Installation of the new 
paddies and rehabilitation of existing ones will be left to the individual
 

farmers.
 

Completion of the work is estimated to require about two years. 
A schedule of construction is presented on Exhibit 7. This schedule is 
designed to permit harvesting of a partial crop as early as the end of the 
first construction year. The first objective of construction operations 

will be to complete the reclamation of the Soulemanya watershed. For 
this purpose, the following items of work have been scheduled for com
pletion during the first dry season (December, 1964 to June, 1965): 
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_ Soulemanya River dredging; 

- excavation of drainage canals in the Soulemanya 

watershed; 

. rehabilitation of the existing dikes and control structure 

across the Soulemanya River; 

the Koakoucontrol structure across - construction of the 

River; 

'ikes required to prevent
construction of miscellaneou:-

on the watershed.salt water encroachment 

of the work could be started during the first dry 
The remainder 

the second dry season 
and would be completed during

season (1964-65), 

This work will consist of:(1965-66). 

dikes along the northern and western boundaries of the 
- new 

project area; 

the Noreire and Touguikeren
- control structures across 

rivers; 

the Noreire and Touguikeren 
- excavation of drainage canals in 

watersheds; 

- bridges. 

Access to the Project Site 

The project site is presently accessible from the mainland only by 

the estuary of the Morebayahcanoes to cross
boat. Natives use dug-out 

to the Administrativeare available
River. Two modern ferry boats 

to the Island of Kakossa and 
Region of Forecariah, which supply access 

Landing points
on an unscheduled basis. 

the neighboring Island of Kabak 

The ferry terminal on the mainland is 
are indicated on Exhibit A. 
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0 kilometers of Paved road and 40 kilo

accessiblef Cna~rYovr aaccs~blCfrmaved road. The nearest commercial airport s t 
also that of ConakrY. Direct 

Conary. The nearest port is 
and then either 

is easilY practicable along the coast 
sea from ConakrY 

by way of the Soutbouya River to the northern part of the
 

to the southern part of the island.
 
way of the omrebayah River 


the island itself by wheeled vehicles is generally prac-

Travel on 

unhie presentyowever,the duneS. 

ticable by way of roads located on 

The
 are accessible by vehiCle.access by 
not all points of the islandthe island provide an easy

conditions, crossof tidal streams that 
networc 


boat to most of these points.
 

separated from the mainland by the Soumnbouya
boakoSsa Island is 

ac
which do not extend far inland. Direct 

1 ak Island hivs, 
constructedearthfill wasble if anwhbewrivers,

and the Morebayah WudbOnakry and Forecariahhihteena
the main roa between 

arSthe mangrove Iron- be w 

iarwsstt-southwesterly direction. The fill, on whh an unnaned tribu

pnaes Would pass between the Morebayah R-iver ant ancunn e t 

crssfrom the maiand would be 

roaleotblouya per anlcd and along the Sankine Foli to the vicinity oftla e, sOubouya River, 

tary e Construction of this access road would4wvritaybprobably not be eco

Quendima.Cosrcin0srcin 

nomical for the purpose of project construction. IoweVer ,t 

and from the pro 
means of communication to 

as a permanentjustified 


ject area.
 

of the Dikes
 
Construction 

of the dikes. 

One of the main items of work will be construction 

cubic meters of earthfill will be required for this item. 

About 80, 000 

orshoVels from two 
iVaterial for the dikes will be excavated by power 
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more borrow areas located in the immediate vicinity of the project area. 
Dunp trucks will haul the materials to the location of the dikes. The 
materials will be spread by graders and rolled by sheepsfoot rollers. It 
is estimated that two 3/4 cubic yard power shovels and about ten dump 
trucks will permit completion of the dikes within the time shown on the 
construction schedules. D-8 type bulldozers and other miscellaneous 
earth-moving equipment will also be necessary on the project. 

Excavation of the Canals 

Another main item of work for construction of the project consists 
of channel excavation, divided into three main classes: 

(a) excavation of material deposited in the Soulemanya River 
downst='eam from the control structure; 

(b) excavation of drainage canals in the project area to sup
plement the network of natural streams; 

(c) clearance of natural streams and removal of obstructions 
to the flow that maybe located in their channels. 

Although final selection of the construction method will be left to
 
the contractor's option, it is expected that item (a) will be done by means
 
of a floating dredge, and items (b) and (c) with crawling draglines and
 
bulldozers. The estimates of cost based on
are this solution. 

It is expected that shortly after award of the construction contract 
the contractor will move a floating dredge to the project site. This dredge 
would be of the suction type, with cutterhead and about ten-inch suction and 
discharge pipes. The average excavating capacity of a ten-inch dredge 
would be about 100 cubic meters per hour. This capacity would be suf
ficient to perform the work within economic time limits. The dredge 
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would be shipped to Guinea in a knocked-down condition, and partly re
assembled near the project site. The dredge would be moved to the 
Soulemanya River by towing or by self-propulsion. Assembly would 

be completed at the project site. 

Excavation of the Soulemanya River by the dredge will be started 
at the downstream end, and the dredge will proceed upstream as the 
channel is excavated to the specified dimensions. About 100, 000 cubic 

meters will be dredged from the main canal. 

The draft of a ten-inch dredge is about 0. 75 meters. Operation 
of the dredge during the lowest tides will be possible without a coffer

dam across the channel. 

Dredging during the wet season will be advantageous since most of 
the fine material pitc in suspension by operation of the cutterhead will be 
transported by the flow. The material sucked by the dredge will be 
pumped through the discharge pipe and deposited along the canal. These 
spoil areas will be located far enough from the bank's edge so as to ;il]ow 
for sloughing of the banks without excavated material being b:- t back 
into the canal. Maintenance roads will be located on thli :;uil banks. 

The drainage canals will be excavated by dray'iiies during the dry 
seasons. It is estimated that two draglines with 3/4 cubic V. II buckets 

will be used by the contractor, togeiher \6(1' !' 28 \; buliiozers and 
hauling trucks. The total amount of matcirial to be excavated by the 
draglines is estimated to be about 85, 000 cubic meters. 

Structures 

The project includes four gated control structures across the main 
tidal streams, of which one is already existing; a few vehicular bridges 
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and bridges throughoutstructuresover the tidal streams; and smaller 

the project area. 

across the Soulemanyaof the 	existing structureRehabilitation 

of gate guides and other miscella-
River 	will consist of the replacement 

metal parts by similar parts made of stainless steel. 
neous 

new gated control structures will require tem-
Construction of the 

season.area during the first dry 
porary cofferdams enclosing the work 

site of the Noreire structure is already coffer-
The work area at the 

the foundations and re-
Wooden piles will then be driven in

dammed, 

slab and the piers. The deck 
inforced concrete placed in the dry for the 


and the gates will then be installed and the temporary cofferdams removed.
 

can be 	carried out without cofferdams. 
Construction of the bridges 

on thebatching plant will be required
A small, portable, concrete 

are not available on the
concrete aggregatesproject. Materials for 

They will have to be hauled from a quarry. Cement to be used 
island. 

or Type II mixed with 
in the concrete structures will be Type V cement, 


better resistance to
 
as to give the concrete a 

pozzolan acmnixtures, so 

the action of salt water.
 

cast near the batching
for cribs will be
Precast concrete elements 

to be transported and used for constructiorn of the abutments of 
plant, 

such as creo
and bridges. Materials for the bridge decks, 

structures 


soted timber, structural steel and miscellaneous metal parts will be
 

and the bridges erected.Lrought to each site, 

Land Preparation 

Preparation of the lands for project operation will consist of minor 

leveling and smoothing over approximately one-quarter of the reclaimed 
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project area. Paddies will be made level to 	permit dikes to be spared 

room for machinery. Localat reasonable intervals and provide operating 

surface irregularities will be removed at the same time. 

This work will be best performed by the C. M. R. Coordination 

of the land preparation with the civil works construction will be effected 

by the resident engineer and the project agronomist. Preparation of a 

portion of the project lands can thus be carried out before the entire pro

ject is completed. 

Each area to be leveled will be surveyed and appropriately marked 

Rubber tired tractors developing aboutto indicate cut and fill areas. 

60 horsepower, and self-loading scrapers with a -apacity of about two 

cubic meters will be required to perform the lev.ling. The same equip

ment can also be used to construct and maintain the levees in the paddies. 

Quaternary Canals and Levees 

Quaternary canals will be small ditches excavated along the pad

dies. It is estimated that about 100 meters of such canals will be ex

cavated for each hectare of land. This excavation will be performed 

by hand by each farmer and his family. The material excavated from 

to form the levees surroundingthe.ditches will be spoiled on the sides 

the paddies. This work has been estimated to involve about 20, 000 cubic 

meters of hand excavation. 
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Chapter VIII 

PROJECT ECONOMICS 

Scope and Procedure
 

This chapter presents details of the economic appraisal of the 

Kakossa Project. The principal objectives sought were: (1)to determine 

if increases in production anticipated from the project are sufficient to 

justify the estimated costs, and (2) to estimate the ability of the farmers 

to pay the costs of operation, maintenance, replacement, and amortizing 

the project investment. 

The analyses follow general principles used by international financ

ing institutions and most United States government agencies in determin

ing economic and financial feasibility of resource development projects. 

Some modifications of standard procedures were necessary because of 

lack of data required to complete a rigorous analysis, and because of 

unique conditions of a non-private land tenure system, nomad and "shifting" 

cultivation, subsistence farming, and a non-market economy. 

T~e validity of the estimates of increased income due to the drain

age and reclamation programs is dependent upon a careful analysis of 

benefits resulting from anticipated land use under conditions with and 

without project development. This was accomplished by farm budget

ing which provided for systematic outlining of the organization and oper

ation of agricultural enterprises in the area, and included the anticipated 

income and expenditures for a normal cropping season. 
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Projected Farm Income 

General Procedure 

farm incometo estimate the increase in 
The general approach was 

with the project over that existing without the project. 

considered tothe Kakossa area was 
The basic agricultural unit in 

this unit were 
farm. Economic budgets for farm 

be a four-hectare 
and under 

analyzed assuming that the project would not be constructed, 

stages of development of the reclamation 
conditions anticipated at four 

immediately upon completion of construction, and five, ten, and 
project: 


twenty years thereafter.
 

to obtain the gross farm income from total agri-
The first step was 


cultural production under all conditions considered, by estimating the
 

of the four-hectare farm unit and the corresponding value of
 
production 

the crops. 

second step consisted of estimating the production costs. Farm 
The 

and the
The corresponding annual value 

were determined.investments 

pfoflfuil L'Osis 
~ ~of 01 fAFh1l Yi~ld tiG 101 ~1 afiliiI;J 

for each of the crop income 
to determine the net 

The third step was 
costs

considered by deducting the production from 
stages of development 

net income with the project was 
the gross farm income. The increase in 

then computed by deducting the net income without the project from that 

with the project. 

Projected Prices 

should theo-
The prices of farm products and items of farm costs 

retically reflect long-term supply and demand relationships anticipated 
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are arbitrarily 
econoic life of the project. Because prices 

over the 
on anticipated supply 

projected prices based 
set by the Government, 

Prices for major 

relationships would not be realistic. 
1963,and demand and1961, 1962, 

at the farm and retail levels for 


farm products 


used in the study.Table VIII-, were as shown in 

of Table VIII-1 indicates that the relation between farm 
Inspection 

retail 
and retail prices of white rice (polished) was 90 percent of the 

the some products,For1961. 
but only 75 percent in 

1963, This variation in
price in only 60 percent of the retail price.
farm price is 

spread presurn:-'biy reflects the costs of marketing. However, accord

is unthis difference
government officials,someing to estimates by 

realistic for many products. 

Farm Expense the form 
little private capital, in 

There isLand.Investment in 

the project lands.ian exclusVesede facto" 
of cash outlay, invested in 


when he settles on it,
 
use land is established by each cultivatr

right to 

but neither the land nor improvements made during occupancy may be 

in g clearing, level-
Existing improvements

sold or transferred. 

drainage and diking have been accomplished by individual cultivators 

ing, Although these im
cash expenditures. 

almost entirely by hand without 
they do not repre

provements increase the value of land for production, 

the presentTherefore,land users. 

increased equity for the 


sent an 
land has been assigned no value. 

private capital investment in 

for proper cultivation and 

Additional land development necessary 

or more of the fol

drainage of individual farm units will consist of one 

(Z) renovation of levees; 

land leveling and grading,
(1)

lowing operL'ions: 
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connecting to the tertiary and other 

(3) installatio"v canals 
(3)insalltin of quaternary 


canals.
 

FalnProductsPrics for
f2.and Retail

IT- 1Tabe 19631961-in Guinea, 

(Guinean Francs) 
-- - Retail1961 196Z_ , . - 1963 

RetRetail Farm.Unit Farm Retail 

7 4

3 -40 Z 
25 37-40
products 15-2040 

3Z-4 0 Z5 37-40kg 50 45 5 0504 s e g 60 68 1Z5 

50 
PalmP alm nutsoil l liter 3 8 125 70 

0kg 30-40rice, polished 4White 
40 40 50


kg 25-30

Red rice, polished 30
30 Z7


kg 1 7-50 25 25 

Rice paddy 
 5 5 z5 40
 
pearits non-shelled kg 20 3540 


z0 20 50 20 25M i ts kg Z5 5 0 5
3015 Z5 15C~OCOnUtSMillet each 5 10 15 


z 30 45 
Fonio, cleaned kg 15 23 1530 go

23i 0 25
Sweet potatoes kg 20 25 20 30kg 10 20 30 23
FoniO, paddy 30 23 

kangts 3 


- .180 -25go 
- 90 - 9 Z50-350 

os kgkgPineapplesSweet pa 
 00-500
kgkg "" 500-800Meat: beefnuttOn 

0
 
kg -

-
-5 5-pork 

each 

poultry each 7Z-90 80-

Eggs 
 kg

Fish e cost of leveling and grading has been included in the project 

investment. Quaternary canals and levees within each farm land will 

The spoil material from the 
be constructed by hand by the farmers. 

canals will be used for construction of the levees surrounding the pa-

It is expected that a nominal amount of cash outlay for simple 

The value of thisdies.tools will be required for performance of this work. 

work, however, has been estimated to be about GF 29, 6Z5 per farm, 
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including grading at a unit price of GF 4625 per hectare and surface 

drains at a unit price of about GF 2, 780 per hectare. 

It is expected that some technical services will be required to 

supervise the installation of these facilities. Costs for these services 

are not included in the farm expenses, since they are included in the 

project operating costs. 

Investment in Buildings. The amount of investment in farm build

ings is very small. Existing buildings consist primarily of a mud-thatched 

house for the family, and a small wooden-thatched structure to provide 

protection for a few sheep, goats, or chickens. Additional buildings per 

farm are not expected with the project, although some improvements in 

the type of house will gradually be made, and new units will be established. 

A typical house consists of dried mud walls on a lathing of wood 

branches, and roofed with grass thatching. The floors are mud and in 

some cases, the front step is dried mud blocks with a thin covering of 

cement plaster. The house can be built in approximately three months 

by two men and three women. The men do most of the actual construc

tion, with the women helping by transporting materials. Most of the 

materials are gathered by the family. Total cost of the house and other 

structures is estimated to be GF 100, 000 including all materials and the 

value of labor. The breakdown of this estimate is shown in Table VIII-2. 

Table VIII-2 - Estimated Cost of Typical Farm Family Dwelling 

Unit Costs Total Costs 

Item (GF) (GF) 

Thatcii grass Z,000 2, 000 

Wall lathing 1,500 1,500 

Roof '.imber 1,500 1,500 
Mason 12 days at 1000 12, 000 
Family labor 15 man-months at 

GF 5,333 80, 000 
Nails, wire, etc. 3,000 

Total 100, 000 



A few houses are now being Constructedwails of cement with galvanized iron roofs,blocks Covered with a 
floors covered 

thin layer of cement plaster, andwith sand-cement 
improved mortar.

economic It has beencondition assumed that withas awill be the 
result of the project this typemost prorninant after of house a fewcluding labor for 

years of operation.a cement-iron The cost inroof house was estimatedon tothe basis of unit costs be GF 175,000of basic material shown in Table VIII-3. 
Table VIII 3 - Costs of Various Items Used in Construction 

of Farm Dwelling andBuildings 

Item 

------- Unit cost(G F )
Lumber for doors andwindow flaps per meter 

100

Galvanized 

- iron roofing 2 -meter lengths 
600Gement 


45 kg bag 

575 

Sand - transported 
by

canoe from themainland 
1/2 m 3 

Carpenter 1000 
- labor 

per man-day 

3500
 

'amily labor 

per man-day 


225
It is estimated that other farm 
buildings,
a few includinghead of livestock plus storage 
a shelter for 

space for tools and rice, would 
cost about GF 25, 000 per family unit.value This includes an equivalentfor family labor and materials expendedfor the for constructionmost part, which,does not represent cash expenditures. 

The size and 
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total cost for farm buildings will increase proportionately with increases 

in crop and livestock production. 

For analytical purposes, one-half of the investment cost for the 

family dwelling and all of the other farm buildings are charged as a 

farm investment. Annual costs for depreciation are based on a five 

percent sinking fund extended over the estimated useful life of the house 

at 100 percent of the original cost. This assumes an accumulation of 

funds to replace the buildings at the end of their useful life. Cost of re

pairs are calculated at three percent of the original cost. 

There are few other farm improvementsOther Improvements. 

present or considered necessary. Farm fences are non-existent. 

Domestic water is carried, usually by the women on their heads, from 

nearby stream or shallow village wells. Public utilities such as tele

phones and electricity are not available. Machine sheds and repair 

not needed because there is little, if any, machinery exceptshops are 

as owned and operated by the CMR on the mainland. Minor repairs on 

equipment is done mostly by the cultivator, but in some instances, facili

ties for building and repairing crude tools are available in the nearby 

village centers. For the most part, significant changes in thcse types 

are not anticipated within the foreseeable future.of improvements 

Machinery and Equipment. At the present time, most rice is 

produced by hand methods. The average inventory and estimated cost 

family are presented in Table VIII-4.of equipment used by the typical farm 

For the minor equipment listed in Table VIII-4, annual repair costs, 

excluding labor, are computed as two percent of the initial cost. Depre

percent sinking fund over the useful life, andciation is based on a five 

calculated on 90 percent of first cost, with ten percent allowed for sal

vage value. 
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and Annual Costs
Original Cost, 

VIII-4 - Estimated Amount,
Table 

Farm 
of Equipment Per Subsistence 

Annual 
CostDepre-EstimatedOriginal RepairsciationLifeCost (GF)(GF)(years)(GF)NumberItem 
13
52
10
650
3 


Grubbing hoes 10 48 12
 
600
2 20
80
Axes 10
1,0004 12- Sickles 293Machette 26003 16145Flails 58002 20
317
Shovels 31,000 12
10/ton 108 25


Rice sacks 105 100
I,Z50
0-600 I

Storage container 
12
600 153


Screens for cleaning 10 560 
7,150
1 10 

Wheel barrel !/ 500 5 90 


Polishing container 1 115 29
 
-.. -

MiscellaneoUS 1,450 
322
1,908


15,600 

Total 


of development.
 
I/ Assumed owned only at later stages 


slowly.
expected to develop very 

of rice production is 
Mechanization 

of the CIV R will eventually
services

officials stated that the 
Government and force account 

although cooperatives 
to private cultivators,

be extended at the present time. 
existing machineryonhave first choice

enterprises been imported but 
suited to pulling by animals, have 

small plows,Some 


at preseiit.
were being usednone 

change from present hand cultivation 

was assumed that littleIt For 
an initial five-year development period. 

occur during
methods will 

assumed that machinery and equipment for plow
it is

subsequent periods, 
Estimated 

on a rental basis. 

ing and for harvesting will be available 
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to perform various operations are pre
for machineryrental charges 

to be rented, annual 
sented in Table VIII-5. For machinery assumed 

in the rental charge.includedcosts are 

Rental Charges for Farming Operations
Table VIII-5 -

Total Costs 

Item Unit (GF) 

Plowing 
Discing, harrowing, etc. 

Combining 
Drying rice 

Cleaning or hulling rice 

hectare 
hectare 

hectare 
100 kg. 

100 kg. 

3000 l/ 
20001 

3500 1/ 
150 
125 

500 per hectare.cost of fuel at GFI/ Includes 

on local costs.was based 
Fuel and oil for operation of a tractor 

to GF 45 per liter. Diesel 
The price for gasoline varies from GF 41 

300 per liter. 
and oil from GF 250 to GF 

28 per liter,fuel is sold at GF 
of livestockThe inventory value 

Value of Livestock.Inventory 

used in the analysis to 
in Table VIII-6. These data were 

is presented 
expected with integrated crop 

conditions that may be 
represent future 

years after the project is in opera
10 to 20

and livestck enterprises, 

tion. 
VIII-6 - Inventory Value of LivestockTable 

Value 
(GF)

Item 

Z0-25,000Mi.k cow 
15-25,000


Beef steer 
4- 5,000


Sheep 

2,000


Goat 
20-30,000
Pig 


200

Chicken 

60
Eggs (dozen) 
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exempt from taxation.are 
All agriculural enterprises

Taxes. 

a head tax of GF 500 which must be paid on all per-
There is at present 

real estate taxesare noexcept indigents. There 
sons of working age, 

on agricultural land. 

medical and transportation facilities, 
in education,Improvements 


taxes. 
 Although it is 

for the future will require additional 
contemplated was assumed

will be assessed it 
for improvementstaxesnot known how 

per person by the fifth year of 
1000 

that taxes will be increased to GF 

on a farm.
 

persons being taxable seven
operation of the project, 


There has been little need for credit facilities for agri-


Interest. 

are being made

Provisionsfarmers.by subsistence
cultural purposes 

establish credit for plantation and cooperative-type
 

by the government to 

rates for these enterprises

Current interest 

farming for export crops. 

and
 
adopted for this analysis,are 

and for non-agricultural businesses 

the following:amount to 

Interest Rates
 

Length of Loan 


416
9 months- up to

Short-term 67 
- up to 5 years

Medium-term and up
5 yeF.rs 


Long-term 


The annual requirements 

-

Livestock Expenses.
Other Crop and 

plant protection, 
for comme rcial fertilizer, seed, 


and estimated costs 

VIII-7 

are presented in Tables 
livestock expenses

and miscellaneous butsources 
data were obtained mostly from local 

10. Thesethrough for the levels 
adequate requirementsto assureadjustmentswith some 


study.

of production assumed for the 

excep
that seed for planting would be home-grown, 

is assumedIt grain sorghum.such as 
and specialty crops, 

tions being for pasture crops 
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--
Table VIII-7 - Fertilizer Requirements and 

1/ 
Annual Cost per Hectare 

Portion of Area Amount of 
Annual CostsFertilized Fertilizer 

Each Year Hectare Per Hectare 

(kg) 
crop %) (GF) 

Rice and Grain 8300134-80Sorghum4/ 

27403/
56
40
Legume grass 

rates for full production potential.I/ Recommended 

of nitrogen and 56 kgs. of phosphates per hectare.
2/ Based on 78 kgs. 

GF 71 per kilogram and phosphate at GF 
3/ Based on cost of nitrogen at 

legume grass (Lespedeza) only.
49 per kilogram. Phosphate applied to 

ac 25%. 
4/ Portion of area fertilized upon completion (one-year) estimated 

and Annual Costs per HectareTable VIII-8 - Seeding Rates 

Seed Cost per Seeding 

Required Kilogram Interval Annual Costs 

Crop (kg) (GF) (years) (GF) 

Rice 
Legume clover 
Maize 

57. 27 

15 
33 

32 

400 
35 

Annual 
3 

Annual 

Farm 
2000 
1155 

Sorghum 10 300 Annual 3000 
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Table VIII-9 - Cost of Seed Treatment, Pest and Weed Control-


Per Hectare
 

Costs Per Measure (GF) 

Weed Seed Total 

Pests Diseases Control-' Treatment CostsCro 

445 - Z75 1220500 

Legume clover 
Rice 

- 250 750-(Lespedeza) 500 

-Grain sorghum 500 250 - 750 

- - 750500 250
Maize 

costs for full protection program.1/ Rates of application and 

Table VIII-10 - Miscellaneous Costs for Livestock 

Expenses Per Head 

Beef and dairy cattle: GF 

125
Vaccinations 
Minerals, salt, etc. (2kg. at GF 75) 150 

and supplies 125Miscellaneous equipment 

Total per Head 400 

Sheep: 

Dippings, parasite control, etc. 60 

Miscellaneous equipment and supplies 75 

135Total per Head 

Miscellaneous Farm Expenses. Miscellaneous expenses, esti

mated at five percent of total itemized farm expenses, are included in 

the budgets to cover unforeseen contingencies and minor expenses 
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cropwith a specificidentifiednot specificallybutincurrednormAally 

enter pr i se. 
ente r plrsie.ts and Wage Rates. Few statistical data are 

available on the amount of labor expended in producing rice or other 

and 
Estimates obtained from cultivators 

subsistence farms. 
crops on 

It was generally agreed that 

officials varied considerably. 

government could
 

man with two wives plus their children, 

a typical family of one 
sufficient other land to pro

cultivate about three hectares of rice plus 

small portion of the pro
and have a 

food requirements,
vide their own usually 

some additional labor, 
In most instances 

duction for sale. 

is 


exchange labor with neighbors, required during the peak work load 

seasons. 
man

for rice was estimated at 800 
labor requirementsThe mnan spent in

excluding time 
or 100 eight-hour days, 

hours per hectaie, 
An increase of approximately ten
 

hulling and preparation for cooking. 

waston per hectare

in yield of 1. 0 

percent for each additional increase 
most of 

projecting future requirements without mechanization, 

used in and
Use of tractorslabor.or exchange 
which is assumed to be hired 

and threshing would reduce 
harvesting, 

powered machinery for plowing, 
Estimates for labor require

than one-half. 

labor 
requirements by more 

Table VII-1l. 
rice are presented in 

producingcosts in
and equivalentments 

28 per hour for farm 
are GF 

set by the government,
Wage rates, 

This amountsConakry.primarily in 
3Z for non-farm labor, 

labor and GF 

90 per day. Work contributed by women in 

225 or about $0. 
to about GF 

as for men. 
considered equally productive 

producing crops is 

there is evidence that they are 

rates may appear low, 
Although wage laborBecause 

high relative to the marginal value prodctivity of labor. 

VIII- 13
 

http:plrsie.ts


in its pricing 
an inbalancecostsfttal ~0 ~t On employe 	an a-

IOy....esc-uner-compriS s thhe ma3tcomP1~ 
e 	 retOrnstends to adversel4 the economic 

rustbsistece farms much of the availae labor is no 

S u n itie
o 	 s offering greater 

us oreypractica,'I ni. 	 this represents o fiably be Cgsurn pro~ect tbenefits . 1 
n co pu in s i t 

are the period Of analy 
a e ofcost of family labor coduredas a fa ntiod s the 

present cultivatOrs do suS 
Stuse 

labor has been
value of fthe in pt 

tam themseveS economi 

compu 
s been included in 

th

t•ca 

has been ' 
t, it hemelnnd 

laatin program'costea

considered as an economic bb 	 mentre and E3 ii en 
returns to the drainage and r 

abo ralent 
tho dsiv

C urturar se 

Costssent 
 5
nnual e 

f00 cr 
e r m~40
Up~eqUir


lot	 0bo
eP r . Unit 	 o s p11 	 ?lotOprat on 	 _hparing 
par nlseed bed 	 ,500
 

not 	
A 

M neCtar60
e 500
i-ectare zO10oprimary bed -p oSeeei
op eat o 
nI 


p P -rice- lectare ZOO 500 

-eta 
e ZOOlectare
Weed control 


1-.arv esting 790

Ilectare

nd cleaningThreshing 

and cleaning for 

cou...n	 rice 
ti - .. hour Pe 2 logramS ofTaotal 	 ofude h 

and e 
estimated for hulltnghn 

ranu f oone 
salnc-d 


_s suned to continue to be done manually in 

VII-14
 



Farm Budgets 

The five farm budgets established 	for conditions without the pro

completion of the construction 
ject and for conditions anticipated upon 

ten, and 20 years of operation are presented in summary
and after five, 

The net income found in each of 
Tables VIII-: 2 through 16.form on 

net incometo determine the increase in 
the five farm budgets were used 

for each farm unit. as shown in Table VIII- 17 

it has been assumed that each 
For conditions without the project, 

be - obtained only once 

family of cultivators would continue to cultivate the four hectares which 

it is now cultivating, year after year. Substantial crops are - and will 

in three or four years, and the production, as 

over these three or 	fourproductioncalculated, represents an average 

years. 

For conditions after the project has been constructed, it has been 

could be persuaded to establish a systematic
assumed that the cultivators 

land wouldOne-third of the 
crop rotation of two-thirds rice annually. 

to 
be idle initially with gradual introduction of crops complementary 

improved cultural practices are introduced.
rice production as 

after a five-yearshow that net income,Results of the analysis 

to GF 79,693,000will increase from 	GF 36, 904, 000 
development period, 

for the net reclaimed 
or by an average of about GF 19, 000 per hectare 

of this increase is attributable to produc
area of ZZ60 hectares. Much 

land which is now essentially non
tion from about 800 	hectares of new 

of salt water intrusions and inadequate drainage
productive because 

The total increase includes the value of farm privileges,
conditions. 

composed oi non-cash allowances 	for the equivalent rental value of the 
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and the market value of the rice and other products con
farm dwelling, 


sumed by the farm family.
 

The results for conditions anticipated after 10 and 20 years of 

are pos
operation show that large increases in production and income 

improvedinsecticides,
sible with moderate applications of fertilizers, 

It is estimated that net 
and better cultural practices.

plant varieties, 

10 and 20 years of operation could be increased by about 
income after 

above that estimated after five years 
60 and 90 percent, respectively, 

without these improvements. 

Economic Analysis 

General Procedure
 

on
 
The economic value of the Kakossa Project has been analyzed 

Project benefits 
measure of benefits and costs. 

the basis of the relative 


as those benefits resulting from the increases in services
 
are defined 

They 
and production of goods attributable to construction of the project. 


and public benefits, and their an
as direct, indirect,have been classed 

several stages of projeczt 
nual values have been estimated separately for 


measure-

In addition to benefits susceptible to monetary

development. 
are intangible

the project will result in significant benefits which 
ment, 


can be assigned. Although these were
 
and to which no monetary value 

should not be discounted.their importance
not included in the analyses, 

Project costs have been estimated on an average annual basis, 

which is what could be 
rate of return of six percent per annum,

using a 
in alternative enterprises in Guinea. 

expected from equivalent investments 
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Table VII-IZ - Farm Bud et No. I - Estimated Income and Expenses From Subsistence 

Rice Farm Under Present Conditions 

(In Guinean Francs) 

Crop Hectares Unit 
Production and Value 

Yi. ld Total Price Value 
Disposition of Production 

Seed Consumed Sales 

Rice 

Idle 
4.0 kg 1,200 4,800 GF 3Z 153,600 3,340 38,400 109,800 

- - -
Total 4.0 153,600 , 840 38,400 109, 800 

Farm Investment Farm Expenses Financial Summary 

Item Value 
 Item Value 
 Item Value 
I-and Development GF - Interest on Investment GF 5,080 Cash SalesDwelling (Farm Share) GF 107. 50050,000 Taxes 

Other Improvements 15,000 

3,500 Farm Privileges:
Depreciation and Repairs:

Equipment and Supplies 15,600 
a. Conumed by Family 38,400a. Buildings and Improv. 7, 120 b. Rental ValueMiscellaneous of Dwelling 5.4754,030 b. Equipment 2,230 
 Total Income 151,375
Total 
 GF 84,630 Cleaning at GF 3/kg. 14,040 Total Expenses 49.430


Hired .abor1/ 9,000 
 Net Income GF 101. 945Marketing at GF 2.5/kg. 6, 100 Family Labor Income_2/ 101, 945 
Miscellaneous (5%) 2, 360 

Total GF 49, 430 

1/ Equivalent value of hired or exchange labor. 

2/ Total equivalent value of labor estimated at GF 90, 000 of which GF 9, 000 is exchange or hired labor, plus return
for management of farming interprise. 



-

-w;ated Income ladE Fo_. 

3mSubsistence Rice ~5Farm 
No2BugetE~it~tedincmeandExPfls~ITabe V3I~

Uaol Co-pletion of the Reclamnation EEoL.i 

(In Guinean Francs) 

tlfe-Cnu oe d 
7=l-p-Vit1ue

production and Value 
8.0ec00 103,500

S a e
a 4,e C on u m e 

ueS 

c a r e ngi t 1,830 4,941 GF3 158,000 4,98
.7s . , r, 4 9Z8 48,000 103,500 

2.0 Kg 

4,9411.3Idle 

Total S 

invalue 
psaFart 

103, 0
 

InvestmentGF 48,ValelesitemVau 5,475
tValue ite, a. Consumed by family3,500on nvestment,interestIte b. Rental value o8 dwelling

5Taxes 47. 895Taxes n and Repairs: 7,665 Total Income
Developm ent 50.000 

Frnhr)20,000 Dcprecation and Improt 31 109,080Dwellinga. Buildings and Improve 30 Total Expenses GF 109,0808,000
m t s  5.6 Cleaning at GF 3/ g

Other Iroven and Suppliesen 15,600 b. Equipment 14,361 Net IncomeF~q i 

-- 5,750 Family Labor Income--GF IZ0, 985 1ired LaborV 
3,350 

other 
Marketing at GF 2.5/kg

Total 2, 280 
Fertilizer 
MiscellaneOUS GF 47,895 

Total 

or 2,300 kg polished at GF 45. 
1 3,2871 kg F~ddy 


value of hired or exchange labor.

2/ Equivalent 


hired or exchange labor.
 
of which GF 8,000 is 

of equivalent to GF 63, 000 
3/ Labor requirements 



Table VIU- 14 Budget No. 3 - Estimated Incom ; and Expenses From Subsistence Rice Farm 

Five Years After the Reclamation Project 

(In Guinean Francs) 

Crop Hectares unit 

Production and Value 

Yield Total Price Value Seed 

Disposition of 

Consumed 

Production 
Sales!

i / Feed 

Rice 
Lespedeza 

Z.70 
.33 
.7 

kg 
kg 

2,500 
10,000 

6,750 
3,300 

GF 3Z 
3.7 

Z16,000 
1Z,210 

4,928 
-

48,000 160,200 
- IZ,ZlO 

Idle 

Total 4.0 
228.210 4,9Z8 48,000 160.200 12,210 

Financial Summar 
Farm Expenses

Farm Investment 
ValueItemValueItemValueItem 

Crop Sales: 
Interest on Investment GF 10, 2Z5 

GF Z9, 265 GF 160, Z00Land Development a. Rice7,000
87,500 Taxes 3, 300Dwelling (Farm Share) b. Fodder(Equiv. products) 
25,000 Depreciation and Repairs:

Other Improvements Farm Privileges:12, 320
19,700 a. Buildings and Imp-ov. 48.000Equiptnent and Supplies a. Rice consumed3,630

8, 590 b. Equipment 3.295Miscellaneous b. Other products
at GF 3/kg 19,788Cleaning rice of dwelling 9. 375 

GF 170,055 Hired Labor2/ 10.000 c. Rental value 
Total 224, 170Total Farm Income

GF 2. 5/kg 8,900Marketing at 83. 3Z0Farm Expenses6.700Fertilizer GF 141.050
Net Income667
Seed (Lcspedeza) 3 / 
3,890 Family Labor and 

Miscellaneous 1Z0,000
Management 
Total GF 83, IZ0 Residual Income Available 

for Profit and Repayment Z1, 050 

3,560 kg. polished rice at GF 45.
1/ 5,079 kg. paddy or 

Z/ Assumed hired labor or equivalent value of exchange labor. 

GF 10, 000 is hired or exchange labor. 
value at GF 78, 500 of which 

3/ Labor requirements of equivalent 



Table VIII- 15 Budget No. 4 - Estimated Income and Expenses From Subsistence Rice Farm 

Ten Years After the Reclamation Project 

(In Guinean Francs) 

Production and ValueCrop Hectares Disposition of ProductionUnit Yield Total Price Value Seed Consumed Sales Feed 
Rice 2.7 kg 3,720 10,040
Maize 

GF 32 32 1, 280 4,928 48,000 z63, 700 1
' .1 kg 2,000 200 35 7,000Lespedeza .6 115 1,9Z5 4,960kg 10,000 6,000 3.7 22, 200 - - - 22.200-

Total 4. 350,480 5. 045 49, 925 268,660 2Z,200 

Farm Investment Farm Expense Financial Summary 
Item Value Item Value Item Value
 
Land Development 
 GF 29, 625 Interest an InvestmentsDwelling GF 12, 295 Crop Sales:87,500 TaxesOther Buildings 7., 00030,250 Depreciation & Repairs: a. Rice GF 263. 700b. Other CropsEquipment and Supplies 11.06525,265 a. Building & Improv.Livestock 12,895 Farm Privileges:22,500 b. Equipment 4,185Miscellaneous a. Rice Consumed 48,0009,760 Equipment Rental 10,200Total b. Other ProductsGF 204,900 Marketing 8.030 

14,650 c. Rental value dwelling 9. 375Crop Seed 1,000 Total Farm Income 340. 170Cleaning Rice 24,645 Total Expenses 115.640Fertilizer 8,770 Net Income 224,530Plant Protection- 1,550 Family Labor & Management 140. 000Hired Labor 12.500 Residual Income Available
Livestock Expenses 400 for Profit & Repayment 84. 530Miscellaneous 5,510 

Total GF 115. 640 

1/ 8. 369 kg of paddy or 5. 860 polished at GF 45/kg. 
2/ Equivalent value of livestock products at GF 12, 210 assumed sold or eaten in home. 
3/ Assumes 40% coverage of cultivated area. 



No. 5Table VIl-16 Budget Income and Expcnses From Subsistence Rice Farm 
-	 Estimated 

UnitHectares 

2.7 kgRice 
.3 kgMaize 
.8 kg 

Grain Sorghum .2 kg 

Idle 

Lespedeza 

4.0Total 

Farm InvL-stment 

Item 

Land Development 
Dwelling (Farm Share) 

Other Improvements 

Equipment and Supplies 

Livestock 
Miscellaneous 

TotAl 

1/ Rice sold 8,589 kg. 

2/ Equivalent value of 

Value 

GF 29,265 
87,500 
35, 500 
32,000 
45,OuO 
11,460 

GF 240,725 

at GF 45. 

After Completion of the Reclamation ProjectZ0 Years 

(In Guinean Francs) 

Production and Value 

Yield Total Price Value Seed 

4.000 10,800 GF 32 345,600 4,928 

2.500 750 35 26,250 350 

12 000 9,600 37 (35. 520) -

Z,000 400 40 16,000 

389,920 5,Z78 

Farm Expenses 

Item 

Interest on Investment 

Taxes 
Depreciation and Repairs: 

a. Buildings & Improv. 

b. Equipment 
Equipment Ren'al 

Marketing
Crop Seed 

Cleaning Rice 


Fertilizer 

Plant Protection 

Hired Labor 

Livestock Expenses 


Miscellaneous 


Total 

sales or amounts consumed on farm. 

Value 

GF 14,445 
7,000 

13,500 
4, 740 

12.000 
16,000 
2,545 

31,940 
12,655 
4,265 

14. 	000 
1,000 
6,700 

GF 140,790 

Disposition of Production 

Consumed Sales FeedI/ 

48, 000 

1,925 2 

288,000 
23. 9752_

/ 

(9,770) (9,770) (35. 520 

16000 = 

49, 9Z5 327,975 (35.520) 

Financial Summar 

Item 

Crop Sales: 
a. Rice 
b. Other Crops 

Farm Privileges: 

a. Rice Consumed 
b. Other Products 

c. Rentai value of hnme 
Total Farm Income 

Total Fxpenses 
Net Income 
Family Labor & Management 

Residual Income Available 

for Profit and Repayment 

Value 

GF Z88.000 
49,745 

48.000 
11.695 

9,375 
406.815 
140.790 

GF 266,025 
170. 000 

96. 025 



Item 

Rice 
Other Crops 


Idle 

Total 

Gross Income 
Farm Expenses 

Net Income 
Per Hectare 

Net Increased 
Income 
Per Hectare 

Table VIII-17 

Unit 

Hectare 
Hectare 
Hectare 

GF 1000 
GF 1000 

GF 1000 
GF 

GF 1000 
GF 

- Summary of Increased Net Crop Income With Drainage 

and Reclamation, Kakossa Project 

With Project 

Five Years Ten YearsUnder 
After AfterPresent Upon 

Conditions Completion Completion Completion 

1,500 1,500
1,530 1,200 

410
-180 

350
580
-	 620 

2,260
1,530 1,820 2,260 


71,423 126,656 192, 196
57,977 

65,337
18,932 .21,792 	 46,963 


79,693 126,859
39,045 	 49,631 

27, 269 35,260 56, 132
25,500 


87,814
- 10,586 40,648 

- 5,816 17,986 38,855 

Twenty Years 
After 

Completion 

1,500
 

760
 
-

2,260
 

229,850
 
79,546
 

150,304
 
66,506
 

111,259
 
49,229
 



Annual Equivalent Costs of the Proect 

costs are the amortized net project
The total annual equivalent 

investment (construction cost plus interest during construction) plus 

the average annual operation, maintenance, and replacement costs. 

taken as 50 years, was used as the 
The economic life of the project, 

length of the period of analysis. 

annum was selected as appli-
A rate of interest of six percent per 

cable to the project investment, as indicated on page VIII-10. 

cost of the project has been estimated to be 
The construction 


000 and GF ZOO, 000, 000, or a total equivalent to GF 380 million.
 
$700, 


presented on
construction cost is
The detailed estimate of the project 


con-

Exhibit 8. At an interest rate of six percent, the interest during 

The project investment is-,'Uout 20 million.struction amounts to 

years at six percent
GF 400 million. Amortized over a per-,,d of 50 


An
the project investment is equivalent to GF 25 million. 

per annum, 


nual charges for operation, maintenance and replacement, estimated to
 

added to obtain the annual equivalent cost of the 
be GF 7 million, were 


project, GF 32 million.
 

Direct Benefits
 

Direct benefits are the increases in net income 
anticipated for the
 

area after completion of the reclamation project. The
 
entire project 

net project income for conditions without the project and for each stage 

and the correspond
of development was derived from the net farm income 


total net income for each
The increases in
ing number of farm units. 

areathe net income accruing to the Monchon 
level of development from 
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were thus calculated. These values are the direct benefits correspond

ing to each stage of development. They are shown in Table VIII-18. 

Table VIII-18 - Determination of Direct Project Benefits 

(Amounts in GF 1000) 

Upon 
Coin- After kfter After 

Under pletioz. 5 Years J Years 20 Years 
Present of of of of 

Conditions Project Operation Operation Operation 

Net farm 
income 101,945 109,080 141,050 224,530 266,025
 

Number of
 
farms 383 455 
 565 565 565
 

Net project
 
income 39,045 79,693
49,631 126,859 150,304
 

Increase in 
net income 10,586 40,648 87,814 111,259 
(direct 

benefits) 
Use, GF 1000 10,500 40,500 88,000 111,500 

Indirect Benefits 

Indirect benefits are increases in net income to persons other than
 

the cultivators as a result of the increased flow of rice and other crops
 

from the project lands. These benefits are normally estimated by the 

use of factors representing the ratio of a share of profits in processing 

and retailing to the increased value of the crop sales. As such factors 

are not available for Guinea, estimates have been made on the basis of 

differences between farm and retail prices of the products sold. 
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In 1963, the farm price of rice paddy was GF 27 per kilogram, 

and the retail price of polished red rice was GF 45 per kilogram, or 

GF 32 per kilogram of equivalent paddy. As farm and retail prices 

are established by the government, the difference between farm and 

retail prices of rice does not necessarily correspond to the actual 

added value due to processing. For the purpose of determining indi

rect benefits, the added value for increased sale per kilogram of rice 

paddy polished and processed by the farmers for their consumption and 

for marketing was taken conservatively as GF 4.5 per kilogram. The 

determination of indirect benefits is summarized in Table VHII-19. 

Table VIII-19 - Determination of Project Indirect Benefits 

Upon After After After 
Completion 5 Years 10 Years 20 Years 
of Project of Operation of Operation of Operation 

Increase in rice 
production (not 
including seed), 
tons paddy 410 1,970 3,810 4,220 

Added value, GF 1000 1,845 8,850 17,150 19,000 

Use, GF 1000 2,000 9, 000 17,000 19,000 

Public Benefits 

Public benefits are defined as the value of achieving national ob

jectives other than those included in direct and indirect benefits. Their 

evaluation represents a judgement estimate, more than a rigourous de

termination. The following benefits have been estimated. 
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This consists of benefits result-
Employment OpportunitieS.(1) 

emstabilization of income, 
ing from the contribution of the project to 

area. Al
outside of the project

and investment opportunitiesployment, ex
no accurate criteria for estimating these benefits,

though there is 

to be at least five percent
such benefits 

perience in the United States show 

believed that these benefits would not be 

of direct project benefits. It is 

less for Guinea. 

construction 
In addition, eTnployment will be afforded during the 

no less than GF75,000,000
It is estimated that 

and development period. 

will be spent in purchase of local goods and 
costsof the construction 

at least 70 
on actual contracting arrangements,

Dependingservices. 
000, 000 would be paid to local laborers. 

or about GF 52,
percent of this, 

This would result in employment and training for many local workers, 

At six percent annual interest, 
the national economy.

and in stimulating 
3, 300, 000 annually.

equivalent of GF 
this benefit would amount to an 

combined public benefits from increased employment and 
The 

Table VIII-Z0. Theyshown in 
economic stimulation of the region are 

we have made a monetary evalua
are the only public benefits for which 

tion. 

Table VIII-Z0 - Determination of Public Benefits 

(GF 1000) 

Upon 

Completion 

of Project 

After 
5 Years 

of Operation 

After 
10 Years 

of Operation 

After 
Z0 Years 

of Opeation 

Employment outside 

of project 530 Z, 032 4, 195 5,563 

Employment during 

construction 

Total Public Benefits 

Use, GF 1000 

3, 300 

3,830 

4,000 

3,300 

5, 33Z 

5,500 

3,300 

7,495 

7,500 

3,300 

8,863 

9,000 
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Reclamation of the project lands 
Settlement Oppo0ToLunitiCs.(Z) 

subsistence 

will provide opportunities for the establishment of additional 

creation of cooperativefarms and 
farms, or enlargement of existing 

newfarm, about ZOO sub
subsistenceAt four hectares per

enterprises. sot-
Public benefits from providing

established.could besistence units 
equivalent to at least the alternative 

tlement opportunities would result, 

Although these benefits have not been 
new cultivators.earnings of the 

eco
they would be very significant to the 

monetary terms,
evaluated in 


and to Guinea. The magnitude of these benefits will
 

nomy of the region 
economicequal alternativeunless 

as the population continues
increase 

are provided.opportunities 
(3) Reduction in Foreig Currve_.c Expenditures. The additional 

a reduction of
 

production anticipated from the project will contribute to 


of Guinea's 
turn, a reduction in expenditures

in
import requirements and, 

The value of additional production to the nation 

scarce foreign currency. 
cost of imported rice. The 

be equal to the alternative 
would, therefore, perwas about $140196Z 

value of rice imported from the United States in 


Increased production of rice to
 

metric ton, including shipping costs. 


offset this expenditure for import rice would be extremely important in 

Although this has not been included 
of Guinea.

bolstering the economy 
of this factor can be 

the importance
of public benefits,

in the evaluation 

The foreign currency component of the project in

easily illustrated. 

which corresponds to the cost of about 5000 tons 
$740, 000,vestment is 

can be recovered by the 
These foreign currency expenditures

of rice. 
the first six years of operation, 

project through reductions in imports in 

on the basis of present worth at an annual rate of six percent. 
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£gu~alnt Annual Benefits 
start accruing at the begilning of project operation 

Benefits will years afterto reach their full value Zo 
and wil 1 increase gradually, 

form on Table Vll 
summaryshoWn in

of the project, as
completion 

Benfits _ roject
Summan2ryi

Table VIIIZlI 
(CF 1000) 

After 
After 10 Years 

10 YearsUpnAfter 5 yearsCompletion 

11,
of Operation of Oerion500 
n , ofiproetiof prto .88,000 

D 
Annual Beneiits 

of-
10,500 40,50 88,000 19,000 

Direct 
17, 00 9,000Z,000 9,000tBeel's 
 9en,0005500Indirect 4 000, 

5 139,500?ublic -Benefits --


111,500
55, 00016,500
Total Anraual Benefits 

the equivalent annual bene
studies,of economic 

For the purpose annual benefits thaL are ex
fits were calculated as folloWS. The net 

and twenty years of project opera
five, ten,

pected to accrue after one, 

and the values resent worth factorscorresponding to intermediate 
tion were plotted on a c, art, - p_ on Table VIl- 1 

inner are tabulatedyears were These values 
,werrpolated. 

rsortheresedt are the single payrnt.Ihis tableAlso listed in 
used to obtain the pre-

These were 
for an annOual rate o six percent. 

each year of the period of analysis, 

sent worth of the benefits accruing 
ac-

The present worth of future annual benefits 

n n(4). BYilsed , 57 3 million. 
found equal to GFsix percent, the equi

rperio d 50wasyears at a rate of 
a50 yea overamountamortizing thisliru ed.n o 

determined asOF8,1,0. 

valent annual benefits were 
GF 98, 818, 000.aringtis r det 
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of the 
- DeterminationTabe lII 2 2 

Becnefits 
guvalent Annual 

h present Worth
presentTotal enefits 

Factor o_ (4)I F)Zo 

year ((00)F
(Z) .9434 15, 566 

zZ96

.8900
98,96625,000 35,2.4834,500 .8396 

41,10Z344,500 .79ZI 
.74734 55,000 

57050 56,866 
60,30

.6651 

71,000 62, 150*6Z74
85,500

96,000 .5919 6Z,80 

1 105, 000 5584
 
90 IZ 500' 

*5Z68 62,42611 

61,380
.4970118,500 


*49707?
11123,500 57,941
iZ Z7,500 *4688 

13 131,000 .44Z3 55,710 
.403
15 133,500 


53,530
16 

51,068
.3936
136,000 48,517


1 3 7 , 5C0 .371416 45, 940 . 350317 138, 500 

18 
 139,000
 
19 
 139,500
 
0 4.604 64Z, Z58 

50 139,500 

Total 

FEquivalent annual benefits: 
0 0 0

GF 99,8181, 573,7 06 
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-
A similar calculation of the equivalent annual direct benefits 

- yielded GF 77, 761, 000. 
excluding indirect and public benefits 

Benefit-Cost Ratios 

total costs and direct benefits to 
The ratios of total benefits to 

follows:total costs were determined as 

With direct benefits only: 2. 4 to 1. 0 

With total benefits: 3. 1 to 1. 0 

Financial Analysis 

Financing Terms 

the 
Construction of the Kakossa Project will require funds in 

a period
of $740, 000 and GF 210 million, to be expended over 

amount 

amounts will probably be secured through 
of about two years. These 

of such financingSince the terms 
an international lending institution. 

has been assumed that the entire project investment 
are not known, it 

a period of 40 years with an interest 
to be repaid overwould be financed, 

The first payment would be deferred to 
rate of 0. 75 percent per annum. 

those 
the eleventh year after beginning of operation. These terms are 

such as the Interlending institutions
currently offered by international 

affiliate of the Internationalan 
national Development Association (IDA), 

World Bank), and by 
Bank for Reconstruction and Development (IBRD, 

an agency of the United 
the Agency for International Development (AID), 

States, Dcpartment of State. 
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at an 	ann,,al rate 
repayment 

nS ~u~reuirecig tr 	 ooW'40yaSAI.I-~l
Such fnancin 

Cst 	
000 for teterm	 ' , and 	$44 

,Pctivcly. 
000 for the first ten years n$such 	fina 

oetionof $1Z, million 
to OF 3equivalent 	 including opetion

The an uo 3 sts ofoperating the project, 

agricultrt
e support of a-	 yen ual Costs ofoperan 	 ,rtTrh e for the 

and tht a,h replacements 	 r e 
11millionfoto be 	OFestimatedc

ramhave been estimateh 
prO 

and GF 8 million thereafter*
 
of operation, 


ted by deter
eslu

has been all farm elpe, s 
othfamersent 	 kblt Theafter 

mining the amounts available annually to them afe a f e 
were 

entaalculate 
in the farm budgets 

are t 	
to the values of the family7;,non Talaborb s uti

correspon he amounts, sho 	 fo 
s o r esP nc" ngt

are- -m e- oun 

b e 
Cf va u hT 

t farm income s 
me T he n. 

on the basis of current wages
li zedin operating the estimated 	 rr n ' fr 

T hese a -c 	
ilablepr

or
mUnit. 	 of farmsfa 	 multiplied by the number.' amountS, 	 ntsrreduced byfVaI-	 Z throg 

labor. The remaining arn-ad forare the resiyual monts aiaeyorepa.yrnenofthepoO 
ntrpi off~np~i ofth 3ect
aadan 	Tbl , ll-3.AlsO shown in tne table are the pro

toeindcaedb e 	 Tt o 	 t 
fe ,ar enterpri5 


3	 e s.son'	 o fl t hu fr g m esnVII 	 t h ,at are 	 f T b l I I i n di c a t e s l the first fivec 
are indicted 

on Table 
a nnul Csp et s . 

costS.annual 	 i na 
nly c 	rin ft er d 

thao 

1 r neiiclate 

Inspe ction of Tab Ile residual income of the farmers be 1ess 
years of project operation wil

thail project costS. 
From the3' afterward ingreaterf the project.

than the total annual costs 
e u satially

be~come 

l 
becomes sbstant 
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Table VIII-Z 3 - Financial Analysi 

(Amounts in GF jiillion) 

Re sidual Annual Costs 

YearsAfter 
Income for 
Profit and Interest andAferPrfi adCosts 

AnuasCst
Operating ExtensionSevrvices Total 

Me Repayent Amortization 
CT 

0Z 1 
0 
0431440 

3 
3 

7 
7 

4 

414 

3 0 3 7 1 11 

4 4 3 7 11 

5 IZ 3 7 1 11 

6 
7 
8 
9 

10 

Z4 
3Z 
39 
44 
48 

3 
3 
3 
3 
1I 

.7 
7 
7 
7 
7 

11 
1 

1 

11 
11 
11 
19 

15 53 1i 7 1 19 

20 54 1i 7 1 19 
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Chapter IX 

PROJECT OPERATION AND DEVELOPMENT 

Introduction 

Ultimate success of the proposed project is contingent upon the 

folloving essentials: (1) bringing the reclaimed land into production as 

early as possible; (2) increasing yields through improvements of research 

and production techniques; (3) effective operation and maintenance of the 

project facilities; (4) effective transportation, storage, processing and 

marketing facilities. These elements are interrelated and must be 

attacked simultaneously which will require joint and well-coordinated 

efforts between the farmers and a designated administrative authority 

from the very beginning of construction. 

Administrative Authority 

The responsibility for project operation and development must be 

firmly established at the start of construction. It is not known at pre

sent what type of organization will be implemented to carry out the pro

ject. 

It is recommended that responsibility be vested in an administra

tive and supervisory authority at the project level. This responsibility 

should include overall coordinating functions covering all technical, 

educational, and operational matters pertinent to the success of the new 

venture. 

It is recommended that an experienced rice agronomist be employed 

full time to direct this agency for several years beginning at the time of 

construction. Because of the present shortage of experienced Guinean 
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technicians, this agronomist may have to be an expatriate. Guinean 

assistants should be assigned to work with him with the objective of 

ultimately assuming full responsibility after sufficient experience is 

gained. 

The agronomist would also be assigned the technical direction of 

the CMR or such organization created specifically for the purpose of 

controlling the available mechanized equipment, acquiring and distri

buting farm supplies, and maintenance operation. He would be respon

sible also for conducting research and experiments on test plots, and 

extension activities to extend results to the farmers. 

The Kakossa Project could also serve as a pilot project for de

monstration purposes and for training personnel for projects contem

plated in other areas of Lower Guinea. Several trainees could be as

signed to the project, under the technical direction of the agronomist, 

for subsequent assignment to other projects. 

Land and Soil Preparation 

con

tractors' operations is an absolute essential for integration of the 

drainage and reclamation scheme. Considerable reorganization and 

Farm 

Proper coordination between the land preparation and the 

consolidation of presently cultivated lands will be necessary. 


units of proper size and shape, and surface drains to be installed by the
 

farmers must be laid out in proper patterns at the time the primary
 

drainage channels are constructed. The spoils from these channels
 

may be used for dikes and farm borders. Also the construction and
 

land preparation must proceed systematically to permit as much land
 

being brought into production as rapidly as possible. This will enable
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partial production during the construction period without serious 
disruption of current farming operations. 

The technical services of the agronomist, and other specialists 
as required, must be available during construction to assist farmers 
with proper land preparation, and operation of the drainage facilities. 

Agricultural Development Programs 

The primary goal of the administering authority will be to assist 
the farmers in achieving and sustaining substantial increases in rice
production. Substantial improvements are possible from a technologi
cal standpoint but realistic objectives must fit within the present pat
terns of land holdings and cultural methods. There are severe limita
tions to the range of improved practices that can be introduced. A rapid
enlistment of peasant and nomad farmers in 
 a 
 change from traditional 
practices to intensive and modern practices is not expected. Short and 
long range programs should be initiated simultaneously with emphasis 
on those factors which will bring immediate results with least cost and 
management. 

Short Range. Programs. The immediate stepb must deal with 
proper drainage and control of the fresh water supply, reduction of sali
nity in the surface soils, seed bed preparation, and adoption of varieties 
most suitable to the changed soil conditions. These improvements can
be accomplished with practically no cash expenditures or changes in use
 
of available 
han:/ implements. 

The use of fertilizers, particularly phosphorus, and plant protec
tion measures should be introduced at the start of the project. Initially
this may require government assistance under communal rather than 
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individual programs. It is expected that several years will be requirea 

to inform the farmers of the factors of utility, availability, use, supply, 

to secure substantial universal application of in
and planning necessary 

more rapid in 
organic fertilizers. However, adaption will have to be 

of drainage facilities will
For instance, the improvementcertain fields. 

levels to which the farmers are accustomed in the paddies.
alter the water 

Proper timing in seed bed preparation, transplanting, spacing of plants, 

Rapid adjustment to these new condi
etc. are expected to be changed. 

necessary to obtain the production levels anticipated.
tions is 

It is essential to introduce programs con
Long-Range Programs. 

even 
cerned with the primary factors of production at the beginning, 

though the results may not be realized for several years. These in

introduction of complementary
clude research for improvement of seed, 

test plots for fertilization trials 
crops to be used in rotation with rice, 

with various combinations of plant food elements, soil testing and drain

age studies, and a training program. 

likely that at least five years will be needed before the first 
It is 

programs may be available for widespread
seeds from the research 


the potential for increased yields from this
 
distribution. However, 

source justifies this endeavor. Extensive plant protection measures 

These activities 
are required for effective disease and pest control. 


and can best be em
fall logically under the purview of the project area 

areas are planted to the same crop.
ployed where substantial contiguous 

should include integrated studies and 
The long-range program 

of the soils and corrective measures necessary to improve
analysis 


crop rotations
This will involve fertilization trials,their fertility. 


crops, and chemical analysis. This
 
with green manure and other 
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program would be integrated also with drainage studies for reduction 

and control of salinity, and control of water tables. 

With the exception of plowing and threshing, mechanization is not 
expected to be a significant goaJ in improving rice production. These 

operations could be handled through machinery pools or the operating 
agency. Much improvement in production techniques, however, is pos

sible with adoption and use of improved simple tools and equipment.
 

For instance, hand plows pulled by animals would do much to 
lighten
 

the burden of the farmer.
 

The success of the project will stand or fall with the success of 

contact with the farmers. Technical information must be transferred 

to the farmers which requires communication skills and methods. Also, 

the farmers must be motivated to change traditional methods and to in

tensify production. 

We recommend that extension services be established through 

locally trained field agents in getting the farmers to accept and adopt 

new practices and materials. As the Kakossa Project is small, only 

one or two agents may be required. The beginning technical tasks 

should be relatively simple, but growing more complex as the project 
develops. The agents can be trained through short courses, field de

monstration, and working with the technical director. 

Maintenance aneL Operation 

The maintenance and operation program will be one of the most 
important responsibilities of the technical director. The drainage chan

nels, the tide control gates, and the other structures must be kept in a 
good state of repair. This will include constant cleaning to keep 
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them free of debris, dredging to maintain grades, and other mis

cellaneous operations. 
I 

The responsibility for these operations must be with the technical 

Close codirector to enforce strict discipline throughout the project. 

conoperation and understanding from the farmers must be obtained for 

tinued success. It is recommended that a farmers' committee be 

on these and other functions of theappointed to work with the director 

project. This arrangement frequently creates interest in the farmers 

for maintaining the project because of understanding the problems and 

recognizing the benefits to them. 

Financial Arrangements 

To carry out the duties and services recommended for the project 

a to enable an effectivethe agency responsible will need budget sufficient 

operation. This budget should be earmarked for this specific purpose 

by the government of Guinea and allocated to the administrative agency 

through the Forecariah regional executive government.directly or 

It is expected that costs for services involving training of field 

agents to be used elsewhere would not be charged to the Kakossa Pro

ject. It is recommended that the regional budget be allocated additional 

for these services, if provided. Financing arrangements andfunds 

sources of revenue for costs of services for the Kakossa Project were 

discussed in Part One. A well-managed Kakossa Project will ultimaLely 

yield sufficient returns to the R-public of Guinea to justify the programs 

necessary for assuring its success. 
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THE EXHIBITS 

Exhibit 1. Climatological and Hydraulic Data 
2. Land Use Map 
3. Logs of Auger Holes 
4. Results of Laboratory Tests 
5. Results of Hydraulic Analyses 
6. Details of Structures 
7. Construction Schedule 
8. Estimate of Project Construction Cost 
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31220-215O is 10-6 log 6.5 7.0 20.0 2.1 . 7.J, 11.5 6.1 26.9 0. 12 20 2.5 18.0 7.5S C 2.6 0.1 15.8 3.1 31.3 10.0 5.1 I.. 1I L 0.0 23.0 137.5 102.5 25 0.0260-60 187 4.2 6.7 19.2 2.0 1.1 7.3 3.7 5.1 25.7 0.9 7 1 1.0 16.1 79.9 C 2.. 0.1 22.3 77.0 3.7 2.512.1 2.0 10i.0 IIL 3.2 102.5 113.3 22 1.21 
40-110 183 6.S 6.2 20.6 1. .5 8.3 20.. #.0 51.7 1.6 21 s0 2.1 20.0 77.9 C 1.6 0.1 13 6.3 32.7 115.7 6.7 166.6 611. 0.0 31.3 177.5 20.3 25 

lIY87O-ES900 16 0-7 91 .5 5.5 31.3 0.5 . 45.2 %.721.6 60.1 I.q 6. .7" TC-C 1.2 10.7 7.7 2.11 31 72 ! 00.6 20. 66.99 0.5 70.6 IL Oil 21.9 Si.773.1 to
7-30 107 5.0 7. 16* 0.8 1.1 7.1 6.6 11,q 20.2 0.2 6 1 t1.2 19. 79. 4 C 2.1 2. 0.5 5*9 23.9 0.1 20.8 11 IL 1.0 7.1 22.5 2O.s 1 I 0.16 

20.0 l.500. 61.0 1. 17 
i0-110 7 6.5 6.8 20.61 4.3 2. . .0 .6 22.1 0.2 0 261 . . 9 2.6 C 6.0 0.1 . 2 

is 5-, 6.7 .... 2.1 7.3 21.0.. 5.0 6.6 2.3 5 1.1 
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ESTIMATE HARZA ENGINEERING COMPANY INTERNATIONAL Exhibit 8 

309Project Number -Project KAKOSSA 09 
Date - . 14. 64 Page 1 oi_ 3 1

Structure, Project Construction Cost Estimated by- JAT MB Check!d by ._ 

INo ITEM Quantity Unit Price Amount. 
GF (Local) U.S.Dollars GF (Local) U.S.Dolic 

_ Cioa:'inoStreambecls .18 ha 315 000 .40. 00 5,670,00_C 72 

!Ao,-iQ\vaVS & New~Crilspl 
5

17 ha 5000 30. 00 4200C 

_ R'ver Drc ein__
 

10C 00 18 080 18 700 00 8000 
3 Canal Excavation
 

New draia 'e canals 85 000 110 
 1 00 935000 8 0 

New dikes 372 000n 325 2. 80 23 30K' 00( 201,6o(
Exist dikes rehabil. 6 200 250 2.00 1 550 00( 12,40C(

5 Brch L_, e s 

a 1 650 000 1300 11 550 00 9 10CPoot bz'idlnes 5 ea 220 000 220 1 100 00 1 1006 C; r I Striih :r s-

Koakoii Structure Lum ) Sn m- I1,081,00 16, 5o
Noreire Structure Lu -i Suni 34,943 00 0 56,, 000Tou_ uikeren Structure Lurn ) Suml/ 20,803,00 34, 500
Soulen-an-,a (Rehab. 1 /Lur. Su 1,000,00 6, 000 

Subtotal, Direct Cost 
146,297,00' 503, 430 _ Conti n encies 15%~+C.-. 2173C 7-'1 703 00 5 760 

Total, Direct Cost 
168,000,00 540, 000 

''M T Tmr- "1 (J7 . -' 

( C1 . ! !7 CC0 , 1-50 , 0 00 

Constructioni Cost of Civil Works 175,000,00( 690, 000 
Cost of Land Prearatio 

25 000,00 __10, C0 

Total Pro'ect Constructi n Cost z00,000,00 700, 00L) 

/ Se pages 2 and 3 for detailed es rates. 

-iA 



J-', I s L. LESTIMATE HARZA ENGINEERING COMPANY INTERNATIONAL 

Project Number 309 

Project KAKOSSA Dote 1. 1'4. 64t Page 2 of 3 Pages 

Structure Prolect Construction Cost Estimated by JAT/M,'B Checked by ,,LJM
 

itemITEM Quantity Unit Price AmountNo. I GF (Local) U.S.Vollars GF (Local) U.S.Dollars 

t" cc)", -0 ' '' t ____"___._ 

lKoakou (Co:trol Structur_
 
Diver'sion, Coffercm 
 2 40Cm 3 200 2.00 480,00C 4,800 
Fxcavat'on Structural 400i- 3 16 5 1. 80 66 00c 7?-
Pile Foundation Tin.1r 930Cr3 3 300 2. 70 3 06900C 2 51 1 
C ,t \Vai.Wa Timber 8m 3 7 50 8 00 60
 
Concrete Str'uctural 1501-13 17, 600 
 - 2,640,oC( 

7 n '--,,or(- -- 2 C?"0 In: 2 530 ? 0 5 (0 70"4
 

Cn'c" Precas )35 60 2112,00 

Steel Reinforcement 17, 000kg 198 3,366,00( 
Flan Gates, 42" Dia. 4 each 17, 600 640. 00 70,40( 2, 560 

"
::? .?.ar. '..: 
 D 10 .8 00 13 0 .00 15 1 ':0r 

T; r32M 466art: 104 

3
Backfili, Str'uctural 500m 125 1.35 6250 67-5
 

Mi,si-ce>-eous ___________ _128,.6c 1 542 

-: Ko/,kou Control tructure 1-4,081,00 16, 500 

Nore:re Control Struc.
 
Diversion, CoffFirdan 10,000 n1 3 200 
 2. 00 22000,00 20, 000 
Excavation, Structural 400 rri3 165 1.80 66,00( 720 

Pile Fdn,,Timber 3,100rn 3 3, 300 2.70 10,230,00( S370 
_ ,Tiy," IuI 3Cut OffW: 
 7. 590 .00 83,. 88 
Cc' 7 e,.Str,Ict1.'-1 1 3411 n 17.60 0 - 7.2 C(0


": '::-- r "1 *' 6%0i-n2 530 1, .- 2,3. V0 1,5 08O,
 

C> .- rcast(C(-i s) 91m 3 35, 00 3 2032w -

Ste 3 1,000kgReorccen:ent 198 - 6 138,d -

Fla) ats, 42"Dia 16 each 17 600 640. 00 28160C io, 0 
Pi:e Steel, Corr. 42"DJ 5 6 rn 10, 800 130. 00 60480 7 2C 
Earth Fill, Cribs 280m 3 693 4.60 194,04( 1,28S 
P ac]-f ., tructural 7013 125 1,35 827 5C- .C0 

ous 37n 2 , ' 

S;tI Noreire Contr lStructuic 34,943.C0(05. 000 



ESTIMATE HARZA ENGINEERING COMPANY INTERNATIONAL Exhibit 8 

Project Number 309 
Projec, KAKOSSA. Date 1.14~, 6,4P e 3 o _ 3 _ae
 

of. PagesS .oreP.ol(,C"Golstilc,01 CstPgejS;, re Dicer Construction Cost Estimated 

oem ITEM 

6 ,
C;u:'Oi St ructures (coat. 

Toug~l-e11 Control St 


oI S r c t r l 

mcio r t a 


Pile Fdn., Ti ber0
E L 

C rte Structural 

S Forllworl 

(7. . '_
-- ..... ( b Pin ja S~el 
Steel P, iforCeell 0 

S T 

by JA-I/],13 Checked by JJM 

Quantity Unit Price Amount 
.,F (Locol) U.S.Dojllrs GF (Local) U.S.Dollors 

"lcture
 

1 7 2a66_ 2 .0 0 00 0 0 0 1 0 
150nmO 16 5 1.80 750 20 

26000M 3
 
,M 3,300 2.70 6,600,000 5,400
 

.
 

00m 3 
 17 600 3 3520 000 _285 ni 2, 530 3. 207 i0591 
_ a 3 il0,50 - 

3 
9 

lm 693_ .60PLbrr 42" 0 8 0 1 1668320-9-m 0.0 22 8 0 1,102 3 

198  8, 7 000 3
 
t.-" D 6 eac _ 
 17 600 640.00
i ~o,(hr ' 105 600 3 8402Dia 2l1m 
 10,800 130. 00 226 800273 

i-. 40 11__ F '(rb 693 4. 6o 166,320 I,104 
- k 1."].Str1. 1cC11ral 600 3 125 1,35 75,000 810 

3 00 8 3 0 0 
m -,aCo trol Str u tr eS e 


NI-, C.E i sii Meal r1,000,000 6,000o
 

.q:
:ct to:r,q ,!.C nn rnl :r 
 7 .827 000 !13 000 


