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HARZA ENGINEERING COMPANYY
CONSULTING ENGINEERS
RIVER PROJECTS
400 WEST MADISON STREET

CABLE ADDRESS HARZENG CHICAGO™ CHICAGO 6, ILLINOIS . TCLErPHONE RANDOLPH 6-345)
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
economic studies of the Kakossa Project which we have made in com-
pliance with the terms of our contract Mw3, dated April 3, 1963.
This contract provides for feasibility studies in connection with the re-
clamation of o series of four project areas totaling about 17,500 hectares
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,

Our findings indicate that a flood control and agricultural improvement
project covering about 2500 hectares on the island of Kakossa is eco-
nomically justified ardffnancially feasible. The project will result in
an important increase in the supply of locally produced rice and thus
reduce significantly dependence on foreign food sources.

Introduction

The Republic of Guinea presently has an agricultural economy, heavily
dependent upon rice. Although rice is staple food in Guinea, domestic
production has becn insufficient to meet the ever-increasing needs of a

growing population.

Kakossa Island has long been a rice producing region, but land use and
particularly crop yields have been far below their potential. About
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1530 hectares of ricelands are presently being cultivated year after
year. Once every three or four years, very good crops are harvested:
such a crop was observed in 1963, In other years, salt water intrusions
cause a complete loss of the crops. Some damages are also occasion-
ally caused by fresh water flooding. In addition, the lack of supporting
agricultural improvement programs has prevented the development of
satisfactory rice varieties.

Previous Reclamation Plan

A plan was developed in the 1950's for reclaiming from 2000 to 2500
hectares of arable land located along the western side of the island of
Kakossa. The plan consisted of a system of dikes designed to prevent
flooding of the lands during high tides, and a system of drainage canals
designed to remove excess run-off from the fields. Three gated struc-
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.

Construction of the project was started in 1956, and funds in the amount
of 90 million CFA francs were expended for the construstion 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
project, with the assictance of international financing agencies, as a
means of increasing the production of rice in Guinea and of improving
the economy ci the Kakossa area.

Present Investigations

Our assignment has included both field and office studies to determine
the adequacy of the proposed plan and the economic feasibility of the
project. We have sent to Guinea a team of six engineers and agrono-
mists who, from April to July and from October to December, 1963,
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

The location of the Kakossa Project is shown on Exhibit A, Our plan
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 cunals 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
dikes designed to prevent the entrance of salt water from the ocean 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
structures will be provided with flap gates designed to prevent the un-
controlled entrance of salt water from the ocean.

The drainage system will comprise existing natural channels, plus new,
excavated canals in the areas where natural waterways are inadequate.
A total length of ten kilometers of canels will be excavated by dragline
to sections varying from 1.0 to 4. 0 meters in bottom width. These canal
will receive the discharge from the field ditches. A total of about 85, 00(
cubic meters of excavation will be required for construction of the drain-
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 required. 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, incmng minor leveling and planing. is
estimated to be an additianal $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- Y
creased to about 2200 tons immediately upon completion of the project. Lf‘_/_,.—

This production can be progre ssively increased to about 5600 tons in vt
about ten years and to an ultimate amount of 6000 tons in 20 years after 54«
project completion. These increases in production will require from /’é_c_
the very beginning a comprehensive support program for the 1mprove- 3¢

ment of farming practices. —

T

The achievement of these increases in production will represent a
sizeahle 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.

Yconomic 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 obtainec are as follows:
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All amounts E’. equivalent U, S, Dollars i

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 2/ $395, 000

Annval 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 ' 2.4to 1,0
With Total Benefits 3.1to 1.0

Benefit- Cost Ratios (including previous costs)
With Direct Benefits only _ 1.9 to 1.0
With Total Benefits : 2.4to0 1.0

1/ Da.a 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 annual 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 for con_d_glegiBn of the project. 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 Kakassa Project
would be more economical than the Monchon Project, if previous costs
are not included. On the basis of benelif- cost ratios, 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 follpwing comparison:
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Monchon Kakossa

Basis of Comparison 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

1
Benefit-cost ratios—':

With direct benefits only 2.1 2.4
"Nith 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 econornical.

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.

1/ 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 Islarnd 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 congulting firm
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 iands for agricultural use can
be carried out by the Center of Rural Mechanization.
~— At gy P

We recommend 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
@\J\MP\) v’\ -

Richard D. Harza
Vice President
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TABLE OF EQUIVALENTS

Length
- Millimeter (mm) ' 0. 039 Inches
- Centimeter (cm) ' 0. 394 Inches
- Meter (m) 3,281 Feet
- Kilometer (km) 0.621 Miles
Area
- Square meter (mz) 1. 196 Square yards
- Hectare (ha) 10, 000 Square meters
- Hectare 2.471 Acres
- Square Kilometer (km?) 0. 386 Square miles
Volume
- Cubic meter (m3) 35.31 Cubic feet
- Cubic meter 1.308 Cubic yards
- Million cubic meters (MCM) 310.7 Acre-feet
Weight
- Kilogram (kg) 2,205 Pounds
- Metric ton {mT) - S 1, 000 Kilograms
- Metric ton 2,205 Pounds
- Metric ton 1,102 Tons (short)
Flow
s 3 .
- Cubic meter/second (m /sec.) 35.31 Cubic feet/second
- Cubic meter/second 70 Acre-feet/day

Agricul’cure

- Ton/hectare (paddy) 20 Bushels per acre

- Ton of paddy rice 49 Bushels (paddy)

- Bushel of rice (U.S.A.) . 45 Pounds of rice paddy
- Currency

- Guinean Franc (GF) 0. 004 US Dollars

- U.S. Dollar ‘ 248 Guinean Francs

- CFA Franc 0. 004 US Dollars
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Exhibit C
Sheet 1 of 2

ANNUAL BUDGET OF A-HECTARE FARM UNIT

Under With Reclamation Project
Present Upon After 5 Years  After 10 Years  After 20 Years
Item Unit Conditions Completion of Operation oi Operation _of Operation
Farm Production and Cash Value
Average rice yield kg/ha 1,200 1,830 2,500 3,720 4, 000
Farm production, rice (paddy) kg 4, 800 4,941 6,750 10, 040 10,80C
Part of rice production consumed (paddy) kg 1,200 1,500 1,500 1,500 1,500
Part of rice production used for seced kg 180 154 154 154 154
Total amount of rise used on farm kg 1,380 1,654 1,671 1,671 1,671
Total amount of rice available for sale kg 3,420 3,287 5,079 8,369 9,139
Ar,ount available for sale (polished) kg 2,390 2,300 3,560 5,860 6,400
Cash receipts from rice sales, at GF 45/kg GF 107,500 103,500 160, 200 263,700 288, 000
Equivalent net income from other crops GF - - 3,300 11,065 49, 745
Value of rice used on farm, at GF 32/kg GF 44, 160 52,928 52,928 52,928 52,928
Farm Investments felad
Land development - 29,625 29, 625 29,625 29,625
Dwelling {farm share) 50, 000 50, 000 87, 500 87,500 87,500
Other developments 15, 000 20, 000 25, 000 30,250 35,500
Equipment and supplies 15, 600 15,600 19,700 25,265 32,000
Livestock - - - 22,500 45, 000
Miscellaneous 4, 030 5,760 8,590 9 7uh RRPRILY
Total Farm Investments GF 84, 630 120, 985 170, 415 204, 900 240,725
Current Farm Expenses GF
Interest on investments 5, 080 7,259 19,225 12,295 14, 445
Taxes 3,500 3,500 7,000 7,000 7,000
Depreciation & repairs: buildings & improv. 7,120 7,665 12,320 12,895 13,500
equipment 2,230 2,230 3,630 4,185 4,740
Rice processing 14, 040 14, 361 19, 7656 24,643 31,940
Hired labor 9,000 8,000 10, 000 12,300 18, D00
. Marketing (hauling) 6,100 5,750 8, 900 14,650 16, 000
Fertilizers - - 3,350 6,700 8,770 12, 655
Equipment rental - - 10,200 12, 00
Crop seed 667 1, 000 2,545
Plant protection - 1,550 4,265
Livestock expenses - - - 400 1,000
Miscellaneous 2,360 2,280 3,890 __ 5,510 6,700
Total Current Farm Expenses GF 49, 430 47,895 83,120 117, 640 140,790
Firnancial Statement GF
Cash sales 107,500 103,500 163, 500 274,76° 337,745
Farm privileges: used on farm 38,400 48, 000 51,295 56,030 59,695
rental value of house 5,475 5,475 9,375 9,375 9,375
Total income 151, 375 156, 975 224,170 340, 170 406, 815
Total expenses 49, 430 47, 895 83, 120 115, 640 140, 790
Net income 101, 945 109, 080 141, 050 224,530 266, 025
Return to family labor and management 121,945 109, 080 120, 000 140, 000 170, 000
' - - 41,050 84,530 96, 025




Item

Recliimed area

Euivalent number of farm units
Net Zroject income

Increase in net income

Direct project benefits (rounded)
Indirect benefits

Public benefits

Total Annual Benefits

quivaient annual direct benefits
Equivalent annual total benefits
Average annual project cost (excluding
previous costs)

verage annual project cost (including
previous costs)

SRy

4

Benerit-cost ratios (excluding previous costs)

With direct benefits only
With total benefits

Bernelit-cost ratios (including previous costs)

With direct benefits only
With total benefits

SUMMARYQ PROJECT BENEFITS

With Reclamation Project

Exhibit C
Sheet 2 of 2

Under
Present Upon
Unit Conditions Completion
ha 1,530 1,820
383 155
GF 1000 39, 045 49, 631
GF 1000 - 10,586
GF 1000 - 10,500
GF 1000 2, 000
GF 1000 4, 000
GF 1000 16,500
GF 1000
GF 1000
GF 1000
GF 1000

After 5 Years After 10 Years

of operation of operation

2,260 2,260
565 565

79, 693 126, 859
40, 648 87,814
40,500 88, 000
9, 000 17, 000

5, 509 7,500
55, 000 112,500

77, 800
98, 800

32,000

42, 000

After 20 Years
of cperation

2,260
565
150, 304
111,259
111,500
19, 000
9, 000

139,500



DETAILED TABLE OF CONTENTS

Page

SUMMARY LETTER
The Letter i
Exhibit A - General Maps
Exhibit B - Plan of Reclamation Project
Exhibit C - Annual Budget of 4-Hectare Farm Unit and
Project Benefits
Table of Equivalents x

TABLE OF CONTENTS xi

PART I - THE KAKOSSA PROJECT

The Reclamation Works 1
The Project Area 1
The Modified Project Plan 3
Protection Against Tidal Flooding 6
Drainage Design 7

Agricultural Production 8
The Soils and Land 8
Crop Yields ) 9
Cropping Pattern 10
Total Crop Production : 12

Project Costs 12
Construction Costs 12
Project Investment 14
Operating Costs 14
Average Annual Costs 15
Previous Investment 16

Project Benefits 17
Direct Agricultiral Benefits 17
Other Benefits 20
Total Annual Benefits 20
Equivalent Annual Benefits 20
Contribution to the National Economy 21

Economic and Financial Analyses 23
Benefit-Cost Ratios : 23
Financial Requirements 25
Effect on Foreign Exchange 26
Financial Feasibility 26

28

Project Repayment

-xi-

/l/(' :



DETAILED TABLE OF CONTENTS (Continued)

Page
PART I - THE KAKOSSA PROJECT (continued)

Implementation of the Project 29
Financing Arrangements 30
Engineering 30
Construction 31
Administration 32
Agricultural Extension Program 32

PART II - SUPPORTING INFORMATION

Chapter I - GEOGRAPHY OF THE PROJECT AREA
General Description I-1
Climatology I-2

General I1-2
Air Masses I-3
Prevailing Winds I-3
Precipitation 1-4
Atmospheric Humidity I-9
Temperature I-10
Physiography I-11
The Coastal Belt I-11
The Tidal Estuaries I-12
The Soumbouya and Morebayah Rivers . I-13
Tidal Variations ‘ I-13
Ocean Tides I-13
Tide Propagation in the '"Marigots" I-15
Tidal Fluctuations in the Soulemanya, the Noreire
and the Touguikeren Rivers : 1-16

Chapter II - HISTORY OF THE KAKOSSA PROJECT
Introduction
Initial Studies (1950-54) II-1
COTHA Studies (1954-55) II-2
The COTHA Reclamation Project II-3
Project Construction (1956-57) II-5
Recent Studies : 1I-6
List of Reports Relative to the Kakossa Project II-7

-xii-



DETAILED TABLE OF CONTENTS (Continued)

Page
PART 1I - SUPPORTING INFORMATION (continued)
Chapter III - FiELD INVESTIGATIONS
Introduction II1-1
Review of Existing Documents II1-2
Field Reconnaissance 111-2
Topography 111-4
Hydrography III-5
Foundations , 111-8
Soils I11-8
Subsurface Drainage 1I1-10
Rice Agronomy I11-11
Miscellaneous I11-12
Chapter IV - PROJECT LANDS
Introduction V-1
Soils Evaluation Iv-1
Soils Classification Iv-1
Soil Properties 1Iv-2
Present Land Use _ IV-6
Reclaimable Area Iv-7
Topography , Iv-8
Land Evaluation ' IV-9
Land Classification IV-9
Land Management Problems IV-13
General 1v-13
Toxicity IV-14
Workability IV-14
Salinity 1Iv-15
Fertility IvV-15
Chapter V - AGRICULTURE
National Production Requirements V-1
National Economy V-1
Foreign Trade V-2
Agricultural Production V-3
Rice Production V-5
V-6

Food Requirements

-xiii-



DETAILED TABLE OF CONTENTS (Continued)

PART II - SUPPORTING INFORMATION (continued)

Chapter V - AGRICULTURE (continued)

Present Production in Project Area
General Country Practices
Practices in the Project Area
Trancportation and Markets
Present Production

Anticipated Project Production
Methods of Improving Production
Rice Submergence Criteria
Projected Crop Yields
Anticirated Land Use and Crop Rotations
Projected Agricultural Production
Land Settlement

Chapter VI - PROJECT DESIGN
Introduction
Tidal Flooding Under Present Conditions
Water Supply
Consumptive Use Requirements
Available Moisture Supply
Adequacy of Water Supply
Drainage Requirements
General
Cumulative Precipitation at Kakossa
Design Storm
Comparison with the Design Criteria Used by COTHA
Excess Rainfall
Design of the Drainage System
Water Level in the Paddies
Tide Criteria
Gated Control Structures
Water Surface Elevation in the Paddies
Layout of the Drainage Canals
Canal Sections
Selection of the Reclaimable Area
Alternative Plan of Reclamation

-Xiv-

Page

V-8

V-8
V-1l
V-13
V-14
V-15
V-15
V-17
V-18
V-20
V-20
V-21

VI-1
VI-2
VI-3
VI-3
VI-5
VI-7
VI-8
VI-8
VI-9
VI-10
VI-i2
VI-13
VI-14
VI-14
VI-15
VI-16
VI-20
VI-21
VI-2]
VI-22
VI-23



DETAILED TABLE OF CONTENTS (Continued)

Page
PART II - SUPPORTING INFORMATION (continued)
Chapter VII - PROJECT CONSTRUCTION
Introduction VII-1
Access to the Project Site VII-2
Construction of the Dikes _ VII-3
Excavation of the Canals VII-4
Structures VII-5
Land Preparation VII-6
Quaternary Canals and Levees VII-7
Chapter VIII - PROJECT ECONOMICS
Scope and Procedure VIII-1
Projected Farm Income VIII-2
General Procedure VIII-2
Projected Prices VIII-2
Farm Expense VIII-3
Farm Budgets ’ ' VIII-15
Economic Analysis VIII-16
General Procedure VIII- 16
Annual Equivalent Costs of the Project VIII-23
Direct Benefits VIII-23
Indirect Benefits ' VIII-24
Public Benefits VIII-25
Equivalent Annual Benefits VIII-28
Benefit-Cost Ratios VIII-30
Financing Analysis VIII-30
Financing Terms VIII-30
Annual Costs VIII-31
Repayment Ability VIII-31
Chapter IX - PROJECT OPERATION AND DEVELOPMENT
Introduction IX-1
Administrative Authority IX-1
Land and Soi] Preparation IX-2
Agricultural Development Programs IX-3
Maintenance and Operation IX-5
Financial Arrangements IX-6

-XV =~



DETAILED TABLE OF GONTENTS (Continued)

EXHIBITS

Exhibit 1, Climatological and Hydraulic Data
Land Use Map

- Logs of Auger Holes

Results of Laboratory Tests

- Results of Hydraulic Analyses

Details of Structures

Construction Schedule ,
Estimate of Project Construction Cost

[a¥]

0 Jo v W

-XVi-



III-1
aI-2
III-3
Iv-1
Iv-2
Iv-3

Iv-4

LIST OF TABLES

Tables 32 Partl

Summary of Land Classification

Anticipated Rice Yields

Projected Crop Land Use and Cropping Intensity

Estimated Annual Agricultural Production
in the Kakossa Area

Kakossa Project Investment

Average Annuval Costs

Annual Income to Project

Net Annual Benefits

Rice Imports

Benefit-Cost Ratios Corresponding to Proposed
Investment

Benefit-Cost Ratios Including Previous Investment

Financial Analysis

Tables E‘. Part II

Average Monthly Rainfall
Estimated Long-Term Average Monthly Rainfall
Comparison of Rainfall Recorded at Yeniya in
1954 with that Recorded at Other Stations
Range in Monthly Precipitation at Conakry-Aviation
Average Minimum and Maximum Monthly Humidity
at Conakry-Aviation, in percent
Average Minimum and Maximum Monthly Temperature
at Conakry-Aviation, in ©C
Dimensions of Tidal Streams
Comparison of Tide Elevations
Recults of Permeability Tests
Presently Cultivated and Reclaimable Areas
in Each Present L.and Use Class
Rice Yields that can be Expected from each
Land Class
Project Land Class Ratings through Varying
Development Periods
Reclaimed Area and Yields Expected from
Each Land Class

-XVii -

Page

10
11

12
15
16
19
21
23

24
24
28

1
o o

[esIEN |

I-9
I-10
I11-6
III-8
II1-10
IV-8

Iv-10

IV-11

IvV-12

,1/\(



VI-1
VIi-2
VI-3
VIi-4
VI-5
VI-6

VI-7
VI-8

VIII-1

VIII-2
VIII-3

VIII-4
VIII-5
VIII-6
VIII-7

VI1II-8
VII-9

LIST OF TABLES (Continued)

Guinea's Foreign Trade, 1957-63

Production of Rice in Guinea

Guinea's Import of Rice

Estimated Production of Rice for Guinea and
Lower Guinea, 1947-49 and 1952-54

Estimated Crop Yields and Total Production of
Rice on Project Lands

Projected Crop Land Use and Cropping Intensity

Estimated Total Agricultural Production with the
Project

Measured Monthly Piche Evaporation at
Conakry-Aviation, in millimeters

Estimated Consumptive Use Requirements for
Rice in Kakossa Area

Kakossa 15-Day Precipitation with a 10-Year
Recurrence Interval

Comparison of the August 24, 1961, Storm as
Recorded at Conakry, with 10-Year Storm
at Kakossa

Comparison of Design Storms

Dimensions of Conduits and Gates at the Proposed
Control Structures

Incremental Unit Cost of Reclamation

Economic Comparison of Stage Development with
Alternative Plan

Farm and Retail Prices for Farm Products
in Guinea, 1961-1963

Estimated Cost of Typical Farm Family Dwelling

Costs of Various Items Used in Construction of
Farm Dwelling and Buildings

Estimated Amount, Original Cost, and Annual
Costs of Equipment Per Subsistence Farm

Rental Charges for Farming Operations

Inventory Value of Livestock

Fertilizer Requirements and Annual Cost
per Hectare

Seeding Rates and Annual Costs per Hectare

Cost of Seed I'reatment, Pest and Weed Control

Per Hectare

-xviii-

VI-4

VI-5

VI-11

VI-12

VI-13

VI-19
VI-23

VIi-26

VIII-4
VIII-5

VIII-6
VIII-8
VIII-9
V1I-9

VIII-11
VIII-11

VIII-12



VII-10
VIII-11

VIII-12

VIII-13

VIII- 14

VIII-15

VIII- 16

VIII-17

VIII-18

VIII-19

VIII-20

VIII-21

VIII-22
VIII-23

LIST OF TABLES (Continued)

Page

Miscellaneous Costs for Livestock Expenses per Head VIII-12

Estimated Man Labor Requirements, and Equivalent

Costs for Rice Production Under Present
Cultural Mecthods

Farm Budget No. 1 - Estimated Income and
Expenses From Subsistence Rice Farm Under
Present Conditions

Budget No. 2 -~ Estimated Income and Expenses
From Subsistence Rice Farm Upon Completion
of the Reclamation Project

Budget No. 3 - Estimated Income and Expenses

From Subsistence Rice Farm Five Years After

. the Reclamation Project

Budget No. 4 - Estimated Income and Expenses
From Subsistence Rice Farm Ten Years After
the Reclamation Project

Budget No. 5 - Estimated Income and Expenses
From Subsisteince Rice Farm Twenty Years
Aftter Completion of the Reclamation Project

Summary of Increased Net Crop Income With
Drainage and Reclamation, Kakossa Project

Determination of Direct Project Benefits

Determination of Project Indirect Benefits

Determination of Public Benefits

Summary of Project Benefits

Determination of the Equivalent Annual Benefits

Financial Analysis

-xix-

VIII-14

VIII-17

VIII-18

VIII-19

VIII-20

VIII-21

VIII-22
VIII-24
VIII-25
VIII-26
VIII-28
VIII-29
VIII-32



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 wwo 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, porallel to the former, forms the

boundary of the southern poi‘tiOn 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 rivers, which are tributaries of the Morebayah River,
These tidal sireams serve as natural drainage channels in the wet

seéason.

About 2500 hectares of fertile land are included within the
area, two thirds ¢f which have had limited cultivation of paddy rice
for 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 showed that inadequate drainage and frequent flooding
of 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 COTHA-I-/
performed engineering studies for the development of a plan of reclama-
t( . These studies ended with the preparation of contract documents
and specifications. This plan consisted of two main dikes, surrounding
2 total area of about 2500 hectares, to Prevent flooding of the lands by
tide waters. Three gated structures were provided where the dikesg
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

éstimate of the cost of the project was CFA Francs 104 million.

Contracts for consiruction of this Project were awarded in 1956
by the Service du Genie Rural. By the middle of 1957 the dikes on the
southern and eastern edges of the Project area and the Soulemanya

control structure had been completed at a cost of approximately CFA

1/ Presently SOGETHA



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 pProject area prevented

their effectiveness. Moreover, the lack of proper maintenance resulted

in a deterioration of the gated structure.

S

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

ey

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



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 ol 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, altﬁough 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 as 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, supplemented by a number of new excavated



canals where the natural waterways are inadequate, Existing streams
will be cleared of obstructions such 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 ar'ea during periods

of high tides, by means of flap gates.

The existing control structure across the Soulemanya River
will be incorporated to the project facilities after rehabilitation. Se-
vere corrosion of the gate guides has rendered this structure inopera-
tive. The gates will be diém‘antled 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

Soulemanya structure. They will be founded on piles, on which a thick



slab of reinforceq toncrete will rest, Corrugated meta] Pipes, with
reinforced concrete headwalls at both ends, wil be covered by earth
fill placed between the headwalls, A flap gate mounted on a vertica]

1

(2N
c»
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ame will be provided at €ach end of each Pipe. In the detailed

o

¢sign of the Project, consideration shoyuld be given to a simpler and

more economical design, such ag Proposed for the Monchon Project,

ject. At present, roads follow the ridges of the sand dunes, which are
above the reach of flooding waters. These roads will continye to serve
as the Principal accessg route ‘o the ares, Several Population centerg

in the northern part of the plains Presently have dirricult access,

Proposed dikes, Severa] single-lane bridges will be constructed acrogs
the drainage Canals, to carry construction and maintenance €quipment,
“in eéconomical and simple design is Proposed for these secondary
bridges, using precast concrete cribs for abutments, ang Creosoted

timber decks. A few foot-bridges of lighter design are also Proposed

Protection Against Tida) Flooding

The plains of Kakossa lie between 0. 5 and 1.3 meters above
™Mean sea level. The highest tides reach up tr 2, 0 meters above the
mean sea level, or 0,7 to 1.5 meters above the ground leve] of the

Plains. In order to protect the Plains from direct inundation by salt



water as a result of tidal action, the dikes surrounding the project
arca will be constructed to a top elevation of approximately 5.0, or
2.6 meters above mean sea level. This will provide an additional

60 centimeters for wave action and freeboard,

Drainage Desion
—

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 originél design of the project. 7he 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 ponding of surplus waters would occur on the rice
paddies. However, our calculations indicate that t};is ponding would
reach no more than twelve centimeters above the youngest rice plants,

and would endure no longer than seven days. Subsequently, the water



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 adver sely 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 ma:gnesium ions as a result of frequent salt
water intrusions. The soils are only slightly permeable after wetting
has taken place, However, these s0ils will be well adapted to rice
culture when the intrusion of sait weter on the lands during the growing
season is prevented and when the salts present in the topsoil have been

leached.

The soils in areas of present cultivation are low in organic
matter content, whereas the topsoil of the non-cultivated areas is
richer. In general, the fertility of the soils of Kakossa Island 1s ade-

quate for initial cropping.



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 z.igriculture, taking into account soil quality, topography,
and present drainage. With the improvements of the propos'ed 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

Land C Total Area - Hectares
Class Quality Present Future
1 Very Good - , 2525

2 Good - -

3 Fair 1765 -

4 Presently unsuited 760 -
Total 2525 25251/

Crop Yields

About 1530 hectares within the project area are presently under
rice cultivation. Average annual production is estimated to average abou’

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

1/ An allowance of about 10 percent for canals, dikes, maintenance road:
and other unproductive areas reduces the cultivated area to 2260 hecta

2/ 100 kilograms of unpolished rice, or rice paddy, yields about 70 kilo-
grams of polished rice.

-9



In some years, the production of the project area is consider-
ably higker than the estimated average of 1810 tons, and may reach
and exceed 3500 tons. This happens about once every three or four
years, whern the maximum tide levels reached during the growing sea-
son do not result in excessive saline intrusions. Completion of the
protective works, particularly dikes ard 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 achievernent of higher yields will take place gradually over a

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

Cropping Pattern

The project area is predominantly suited for rice. However,

continuous rice cropping would not be proper, and one-third of the

-10-



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 arca
over an extended period of time. Maize, grain sorghum, and lespedeza
could be used for production of poultry. Some of the land of the Kakossa
Project would be expacted 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 io 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 67 67 67 67

Lespedeza (clover) - 8 15 20

Maize - - 3 9

Grain Sorghum il - - 4

Cropping Intensity 67 75 85 100
-11-



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)

Number of Years After Reclamation
Crops Present 0 5 10 20
Rice (paday) 1810 2220 3780 5620 6030
Lespedeza -- -- 1800 3400 4600
Maize - -- -- 140 500
Grain Sorghum -~ - - -~ -- 200

Total 1810 2220 5580 9160 11330

Project Costs

Construction Costs

-The construction costs of civil works and land pPreparation 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.

-12-



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 values 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

-13~



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 to:z! eqguivalent 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 facilities,. and
with local common labor. The cost of land preparation is estimated
to be GF 25,000, 000 and $10, 000. The costs of excavating ditches and

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

Project 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 uced 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.

Operatiro Costs

Annuezl operating costs will be incurred for normal operation

and maintenance of the project, and for renewals and replacements

-14-



TABLE 5

Kakossa Project Investment

Foreign Currency Domestic Currency

(U.S. $) — __(GF)
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 abcut one percent of the total construction cost in-

cluding the cost of previously constructed facilities, 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 amoxrtiz-

ation of the initial investment, will be about GF 7 milli‘on.

——

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 GF 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
Interest and Amortization 25
Operating Costs 1
32

Total 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

-~
<

Cozolime e=d a conol structure 2cross the Soulemanya River.

cost cf exgineering studies ematnted O ztout 14 million CFA Ireaxcs
the totzl

Estimating administrative expenses at 6 million CFA francs,

ipvesner: made prior to 1957 amounted to about 110 million CFA frazcs.

AT T omsnomnx of sy Telond D S Fas ool T

bezefits cerived irom this investment have been relatively smali. Since

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

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

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

previous investment. Itis estimated that the total construction cost of

the previously constructed facilities might be about 200 million CFA

francs at present day price levels. However, since the investment was

-16-
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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 maillion.

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 a2 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-
cecipts {from rice sales and the value of rice consumed on the farm. The
pricc of rice is now set by the government at GF 45 per kilogram for
polished rice, and GF 32 per kilogram of paddy rice. Cur 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‘wﬂl 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 prople are attracted
S

tww. 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-

vestments, 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 ar: 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-
ing completion of the Project. An additional budget was 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

Typical Farm Unit 101.9 109.1 141.1 224.5 266.0
Number of Units (383) (455) (565) (565) (565)
Theorctical Income 39, 045 49,631 79,693 126,859 150,304
Net Increase -- 10,500 40,500 88,000 111,500

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

equal to the difference between farm Prices and retail prices ¢f polished
rice, or GF 4, & per kilogram. The total value is Proportional to the

increased sale of rice due to the Project.

Further public benefits will result to the regional ang national
e€conomy, through the increased employment during construction and
operation of the Project, and through the stimulation of other economic
activities. Estimates of these public benefits are based on an employ-~
ment value of the construction labor cost of GF 52 million, plus an

annual economic value of five percent of direct benefits.

Benefits will also arise from the Opportunity to settle more
people 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 Kakossa Project are summarized

in Table 8,

Equivalent Annual Benefits

The values shown in Table 8 show that annual.benefits will in-
Crease Progressively in the future, However, the Project investment

will be made initially, Therefore, we have determined the present
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TABLE 8

Net Annual Benefits

(GF 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 yéar‘s, 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

— o i e e s

. —— v ot

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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rate, wiich is expected to be maintained or possibly exceeded in the
future, the total population will reach rnearly six million in about 20

ars.

[¢]

y

Food production per capita in Guinea has been declining since
1958. 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
pPer 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 are not 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 1900 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
project 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= no to Proposed Investment

(GF million)

Direct Benefits All
Only Benefits
Egquivalent annual benefits ' 77.8 98. 8
Average annual cost of proposed
investment 25 25
Average annual costof O & M 1 N 1
Total average annual costs 32 32
Project Benefit-Cost ratios 2,4t01.0 3.1t0 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
investment 10 10
Average anrual cost of proposed
investment 25 25
Average annual cost of operation and
maintenance _1 1
Total average annual costs 42 42
Project Benefit-Cost ratios = - 1.9t0 1.0 2.4t0l1.0
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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 bencfits which are anticipated from opera-
tion of the project. Table )1 indicates that the project is justified,
even when taking into account the previous investments. However, it
must be emphasized that the benefits indicated can be achieved only
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, 00C 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-
priations, However, this is only one of several reclamation works
being considered, all of which together would reclaim about 40, 000
Lhectares. Collectively, these projects could not be financed out of
currect income without very adverse effects upon an already serious
deficit in the nation's balance of payments. It is probable, therefore,

that loans wiil be sought from sources cutside 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-

ject by the International Development Agency (IDA) and by the United
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States' Agency for International Development (AID). These institu-
tions have been making agricultural devclopment loans to national
goveraments with a 0. 75 percent annual service or interest rate and
repayable over 40 years fcllowing a 10-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 Exchange

Loans received to finance foreign expenditures would probably
require repayment in foreign currency. Under the terms cited above,
arnual repayments and interest after ten years would be about U. S,
$36, 000. At the same time the increascd rice production alone would
reach over 3000 tons per year, reducng annual imports by a value of
more than U, S, $300, 000. Even at far less favorable terms, a positive

saving in foreigr exchange would result,

Financizl Feasibilityv

In the casc 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 government 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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of financial feasibility. The best measurc is the relationship between

the residual income of the project benecficiaries and the total annual costs

of the project.

The farm budgets, shown on Exhibit C, have included an allow-
ance for the return to family labor and management in the computation
of residual income available for profit and repayment. The total residual
income to the project is equal to that of a typical four-hectare unit

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

The annual costs used previously in the benefit-cost analysis
were long-term averages based on a six percent return on capital. For
a financial analysis, the anticipated vear-by-year expenditures should
be used, including specific values for interest and amortization, and
considering moratorium periods. In the case of the Kakossa Project,
our financial evaluation is based on the liberal terms of agricultural
loans. However, we have recognized that expenditures for agricultural

sxtension services should be greater in the early years.

The computed values of residual income and annual costs are

given in Table 12.

Only during the first five years of project operation will residual
income of the farmers be less than the total annual costs of the project.
From then afterward, income becomes substantially greater than pro-
ject costs. The comparison indicates that the project has financial

merit, even if the interest and amortization terms were less liberal

than has been assumed.
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TABLE 12

Financial Analvsis

(Amounts in GF Million)

Residual Annual Costs

Income Interest
Available ‘or and
Years After Profit and Amortiz=~ Operat- Extension
Completion Repayment ation ing Costs Services Totzal
0 0 3 7 4 14
1 0 3 7 4 14
2 0 3 7 4 14
3 0 3 7 1 11
4 4 3 7 1 11
5 12 3 7 1 11
6 24 3 7 1 11
7 32 3 7 1 11
8 39 3 7 1 11
9 44 3 7 1 11
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
ircentive 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 2
possibility.

The extent to which the fafmers are required to repay project

costs is a matter of national policy. For example, in the United States
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Wwater 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

(7]

labor and management effort, or what we have here.n de/ned as residual

income.

Repayment requirements which aré¢ 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, particularly in the early years of operation,

— e

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

- I - ou pmyr—

sible use of the reciaimed land. This is particularly true in the case
- e e

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

development, although plagued periodicaily by tidal flooding. Construc-

- -

tzve participation of the cultivators toware the realization of the potential

A o VI

productlon will be = contingent upon the economic - advantages w which they

SO S VR

will derive therefrom. Assessments which are 1n1t1ally too great will
et i e (- .. M e . e e s e

discourage the farmers or 51phon off the capltal needed for on-farm 1m-

provements. Yet, little or no assessment in future years will encourage
_____—-——-""'“"‘——"_‘—'_N
indolence on the part of those settlers who are satisfied with only a

- -

subsistence living.
A T T e - .. s

A flexible policy on repayment is indicated, beginning at a mini-
mum level and increasing as the productivity of the area reaches its true

potertial,

Implementation of the Project

The Kakossa Project can be economicelly valuable and is finan-

cially fcasible. However, its success will depend upon prudent
A s?
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arwiox {inancing, enginceriny, construction, administra=

tion, fiscal control and operation, and uporn an adequatc agricultural
u——-——""—-—.-— cu—
extension program.
PUT s
Fisancinge Arrancements

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
constiruction period. This financing contingency saould 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.

\\__.—P inning 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 reflect changes in the project plan and new contract docu-

ments should be established."

The changes in economic conditions that have taken place since

195¢ and the new adininistrative and legal conditions in force in Guinea
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w..l recguire diffcrent contract specifications. International financing
will recuire stricter accounting of expenditures and more rigid super=-
vision of 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

important modifications to the COTHA designs.

A competent and 1ndependent consulting engmeermg firm should

———— TN s v g e - S
—————— e e,
-~ ———

be retained for the preBaratwn of new_contract documents and modified

- s ———

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.

i T

« 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- qua11f1ed

¢ ———— - \owe

cont*actors, with proven expemence and adﬁquate resources, should be

e el 4 e L T CRETPORNRE. V- TS e e g -
YA fadiR T Mg i YR e el

allowed to bid. Contracts should be let at fixed unit prices with ade-
\‘h~4~.‘.

guate guarantees of performance bond and insurance.

Preparation of the project lands for agricultural use should pro-

S—

ceed concurrently with the construction of the civil works. This work
nt TUC C

hed T W - p——— o

~ e e 0 e S e

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

e e T et § e, e st s S St A,

.

tion (C. M. R. ), an agency of the Service of Production of the . Adm;mstratxve

e cee v e rmie e o % s et Mdema s m— e f ey

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

s s b

mechanized equipment and operators_are available,
h#_‘—" .
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Proper coordination between the land prcparatmn and tHe con-

o —— et

. e R TR -

tracicr's operation will allow a partial rice crop to be harvested at the

A e WP LS bt N LT Y i gt 3 = =

— N e e —

enc oI the first construction year,

e e S —— -

_,__——-—-—"—-' Rt o % VS R .~ w?
ST T
CAdInistration )

—
——— 5 soon as the project is authorized, an organization should

be established for the administration of construction and of.subsequent,

s s e 7 A s e e

o st

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

e

—————— ~——————— —tt ¢ i -
getary support from the national government. It should have a reason-

et e

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

project. This agency should exercise fiscal and operational control
S—

of the project, be able to employ expert assistance when needed,. and
O

have call upon the agricultural supporting facilities of other agenc1es

.

~— I T P et

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 fo;' 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 acc.ordance with

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

An operations and maintenance department will be needed ta
_./

M —

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

———

the levees.

——

Agricultural Extension Program

~

.

—— N _a-""“’-‘ Eaahahas
75 of ntmost 1mportanc_e for the success of the proposed pro-

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

a2s possitle and that farming practices be improved.
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We reccommend that ~»n experienced rice agronomist be em-
ployed full time in the project arca for a period of several years from
the beginning of the construction phase. Becausec 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 L

and farm preparaticn.

Under the direction of the agronomist, pilot demonstration

plots should be formed in the project area for experimentation with

o o r—

LR e et R o —

rice varieties and fertilizers. The results of these research programs

~—

[T ———

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 agronomis:

with college training.
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Chapter I

GEOGRAPHY OF THE PROJECT AREA

Gencral 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 9° to 12.5°N
and from longitude 17° to 12°W. The country is bounded by Portugese
Guinea on the northwest, the Atlantic Ocean on the wist, 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 littie variation in temperature throughout the
year--the average maximum temperature is 85°F and the average mini-
mum 75°F. The second region, occupying over half the total area, is
the Fouta Djallon, a plateau averaging about 300 meters above sez
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 rainizll 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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a&rea of typical West African tropical rain forest with high tempera-

tures. The rainfall, while heavy, is somewhat less than on the coast,

The Islang of Kakossa is located in the southern part of Lower
Guinea, appro.\'imately 30 kilometerg west of Forecariah, the seat of
the Adminisirative Region of Forecariap, Its genera] location is shown
on Exhibit A, The Island of Kakossa, located along the Atlantic Ocean,

lsolated from the mainlard of Lower Guinea by the Soumbouya River

'™
tn

on the northwest, the Sankinefolj River on the northeast, andg the

A;orebayah River on the east,

logic, physiographic and hydrologic factors play an important role in

With high relative humidity, but is Somewhat tempered by moist marine
vinds. There is generally no Precipitation in the Kakossa area during

the December-April period. Vegetative growth may ceage for several



The wet season extends from May through November. The
mornsoon is at a maximum in July and August, with a high persistence.
Precipitetion during the wet scason is in the form of violent and con-
tinuous rains. Relative humidity is very high during the wet scason.
Totzl precipitation for the May-November period averages about 4000

millimeters in the Kakossa area.

Air Masses

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 Froat.

The Tropical Continental Air, warm and dusty, extends from the
Szhare southward, reaching its maximum extent in January between about
5 and 7°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°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
to;vard 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

rainfzlls. It retreats southward in August or September,

Between these two main air masses is the Inter-tropical Front,
which lies north of the Equator throughout the year. With the penetration
inland of the maritime air mass, the Front pushes north-westward. ..

returns south-eastward upon the rctreat of the maritime tropical air,
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Scualls. At the change of sezson in May, with the north-

wesitwarc acdvance of the Inter-tropical Front, the dominant winds may
change suddenly. This is accompanied with thundarstorms or 'line
squclis, ' often misnamed tornadoes. These north-easterly storms are
the partial cause of almost all rain received on the Guinea coast between

“na wa

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 lightn-
ing and the noise of rushing wind. Winds become south-westerly and
temperatures drop by 10 to 20°F (5 to 10°C). 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
benztrate up the coast in July. During the prevalence of these winds,
contiruous rains may occur for long periods. Skies are frequently cloudy,
and early morning mist is common. Visibility is good, except during
actual rainfall,

Seca Breeze. The sea breeze in Lower Guinea may reverse the
normeal 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.

Precivitation

In Lower Guinea substantial precipitation generally starts in

the beginuing or the middle of May and ends in the first half of November,

I-4



The number of rainy days as wecll as the amount of rain vary consider-
ebly from year to year and from north to south.

The average number of rainy Cays in the year varies from 100 to
150, and the average annual precipitation varies from about 2850 to 4300
millimeters depending upon the location.The highest annual precipitation

in Lower Guinea generally occurs around Conakry.

Average Rainfall in the Project Arca. Three rain gage stations

are located in the vicinity of the project area. They as. located at Conakry
(airport), Forecariah, and Coyah. 1/ The Conakry-Aviation (airport)
station has been in continuous operation since 1949. The Forecariah sta-
tion was installed in 1923, but only records from 1950 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 COTHA stud}es.

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 I-2,

In adjusting the average precipitation for the period of record, a

goou correlation was found between the stations of Conakry and Forecarizh.

1/ Another stztion is located at Conakry (city). This station has not been
used because of its proximity to the 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 - Averace Monthly Rainfall

Month

May

June

July
August
September
October
November

Average for the

wet season

(in millimeters)

Conakry-
Aviation

(1949-63)

148
487
1297
1264
758
306
127

———

4387

Forccariah Coyah
(1650-62) (1950-62)

210 178

442 485

853 1149

1106 1297

666 702

356 397

160 169

3793 4377

Table I1-2 - Estimated Long-Term Average

Month

May

June

July
August
September
October
November

Average for the
wet season

Monthkly Rainfall

Conakry-

Aviation

148
487
1297
1264
758
306
127

4387

Forecariah

200
420
830
1110
660
370
160

—e

3750

Covah

170
460
1100
1290
680
400
170

4270



The correlation between Conakry and Coyah was weaker, possibly
because Coyah is located closer to the hills than both Conakry and

Forecariah.

The precipitation recorded in 1954 at Yeniya is summarized in
Table I-3. Also shown are the corresponding values for the other three

stations.

Table I-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 I-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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curing its short period of record was about 10 to 20 percent higher

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

Awviation.

Ext-eme Precipitation. Annual precipitation in the project area

veries from year to year by not more than about 30 percent above or
below the yecarly average. At Conakry-Aviation, where the average
annual precipitation is about 4400 millimeters, the driest year onre-
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

Monwaly precipitation is more variable, as is evidenced by the
Y P Yy

data summarized in Table I-4.

Table I-4 - Range in Monthly Precipitation

at Conakry-Aviation

Driest on Wettest on

Month Record Average Record
May 39 148 348
June 273 487 925

" Jul, 661 1297 1890
August - 922 1264 lo28
Septeraber 328 758 1341
October 151 306 067
November 31 127 208
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Atmospheric Humidity

Atmospheric humidity in Lower Guineca does not vary much from
year to year, However, its monthly variations are great, and so ere
its diurnal variations. The average minimum and maximum montnly
humidity at Conakry-Aviation, determined from observations madec from

1949 through 1963, are pPresented in Table -5,

Teble 1-5 - Average Minimum and Maximum Monthlv

Humidity at Conakrv-Aviation, in percent

Month Minimum Masximum
January 52 94
February 48 92
March 50 ° 90
April ~ 51 90
May 60 93
June 71 97
July - 77 - 98
August 80 98
September 75 98
October 69 98
November 67 97
December 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., 12:30 noon, and
6:0C p. m. has been presented in an earlier report, 1/ These varia-

tions are representative of conditions in Lower Guinea.

i/ Feasibility Report on Riceland Reclamation in Guinea-Mochon Pro-
ject, by Harza Engineering Company, October 1963,
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Tiiv shapes of the curves reflect the movements of the maritinr

and continental air masscs,

No temperature datz are available for Kakossa, but conditions
&re similar to those at Conakry-Aviation. The average minimum and
maximum ‘monthly temperature at Conakry-Aviation, determined fron
‘bservations made from 1949 through 1963, are pPresentecd in Table

I-6,"

Table -4 - Averapge Minim'uﬁ and Maximum Monthly

Temperature at Conakry-Aviation, in °cC,

Month Minimuem Maximum
January 22 31
February 22 31
March 23 32
April 23 32
May 23 31
June 23 29
July 22 28
August 22 27
September 22 29
October 22 30
November 23 30
December 22 31

The maximum and rainimum temperatures recorded at any time
generally do not depart fromthe corresponding monthly values indicated

in Table I-6 by more or less than two degrees centigrade,
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DPhysioaravhy

ne coastal belt of Lower Guirea is a continental shelf that was
submerged by the ocean in recent geologic times. In ezrlier eras it
was crossed by important rivers flowing to the ocean in well-defined
valleys, Structural upsets of the Fouta Djallon then displaced and
fatlted the old summit line. New tectonic breaks, generally oriented
along two perpendicular 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 the broken

coast line and numerous islands that are now present along the coas:.

There is no smooth coast, because the continental shelf is com-
paratively wide, the tidal range is relatively high, tidal scour is strong,
anc because the coast is ariented 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
eéstuaries. During the dry season, when surface runoff in the coastza
belt is practically non-existent, the submerged valleys become tidal
inlets bordered by saline, muddy lands. The coast line z2nd 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 2lso in the Loos Islands and north-east of Conakry.
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During the wet scason, the estuaries provide natural drainage outlets

fro the large surface runoff of fresh water. The discharge capacity of
the channels is substantially reduced during the high tides, and increases
during low tides. During the dry season, there is practically no fresh
water discharge in most of these channels, and salt water flows up and
down the channels under the influence of the tide. Their downstream

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

the rainy season.

These tidal streams, called locally ''marigots, " generally pre-
sent pronounced meanders which, in places, cause real archipelagos.

But nowhere deltas are found, primarily because of the turbulence that

prevails at the estuaries.

Salt water vegetation in the form of mangrove is present along
those reaches where the salt content remains high throughout the year.
The mangrove forms a border, several hundred meters wide, along the
tidal streams. It is thick, and mangrove trees may reach an impressive
height in the vicinity of the ocean. They become smaller and less dense
in the upper reaches, where the tidal variations are smaller and where

the salinity decreases during the wet season.

Alonz the tidal streams and their estuaries, the coastis covered
by an alluvial, muddy sediment which is very viscous, called locally

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

an oceanic rehandling of its continental, clayey constituents. These
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soils are very soft when wet. Their moisture content can be ex-

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

The two rivers that bound the island of Kakossa on its north and
eas: sides, the Soumbouya River and the MorebayahRiver, are two such

tical sireams.

The Soumbouva and Morebayah Rivers

The Soumbouya and Morebayah Rivers separate Kakossa Island
from the mainland. They are shown on Exhibit A. Both rivers are
typical tidal streams, or marigots, discharging fresh water to the ocean
during the wet season and salt water to and from the ocean, alternatively,
during the dry season. The Morebayah River drains an area of approxi-
mately 300 square kilometers, and the Soumbouya River an area of abocut
100 square kilometers. Both have well defined channels with widths of
about one kilometer at their estuaries. Both rivers are navigable at all
tide levels. At low tide, cllay; flats are visible on the sides of the main
charnels. The widths of the navigable channels at low tide are approxi-

ch tide are over 4.0 meters in the

&

mately 200 meters. The depths at hi

center channel and 1.2 meters on the sides.

Tidal Variations

Ocezn Tides

~he coast of Guinea along the Atlantic Ocean is subject to com=

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

yearly, 1/ Also, tide tables for Casablanca, Morocco, are published

- a

2!

yearly=/ with corrections for Tanna Island (Estuary of the Mellacorec

River), Conakry, Dubreka, and Taboria.

Tidel 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 not very great. Maximum and mini-
mum levels near Tanna Island (35 kilometers south of Kakossa Island)

meay be reached 25 minutes 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 exireme 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 Marees des Territoires Francais d'Qutre=-Mer et de
quelques Ports Etrangers' (Tide Tables for French Overseas
Territories and some Foreign Harbors, Imprimerie Nationale,
Paric,

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 Prooagation in the "Marigots"

Variations of the ocean level induce corresponding water level
fluczuations in the tidal streams or "murigots.' These variatiors are
propzgated 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
upsiream direction. As the level of the ocean stops rising and begins

allin

Hy

(cbbing), 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 it dropping to its ebb.

At a given point of a tidal stream, the water level undergoes
fluctuations similar in character to the ocean tides that cause them.
The amplitude of these tidal fluctuations decreases as the distance from
the ocean to the point considered increases. The length of the period
of tidal fluctuations is about the same as at the ocean, but the occurrence
of the maximums and minimums is delayed by a period of time (lag)
thzt increases as the distance from the ocean increases. These two
changes in the characteristics of the tidal fluctuations in & tidal streem--
dcrezse in amplitude, and lag of peaking time--result irom the frictionzl
resistance which the stream channecl opposes to the propagation of
tidal currents. Smaller and longer channels cause a greater resisiance

and, therefore, result in a greater dampening of tidal wavus.

When substantial fresh water flows are discharged in the tidal
streams, the downstrcam current may be strong enough to prevent the
usstream flow that occurs in the dry scason, but during high tides the
chennel discharge capecity is invariably reduced by an amount that can

be considerable.
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Tide!: Tiuciuations in the Soulemanva, the Norcire and the Touguikeren
Ri‘\'c- N

Five water level recorders were installed by COTHA in 1954 on
ta¢ islend of Kakossa to collect data on tidal fluctuations in the project

areca. Tnrce recorders were instaliced on the various streams, the
Soulemanya, the Noreire, and the Touguikeren Rivers, at the propes ed
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

1
COTHA reports. Ly

Trne 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 3.0 to 4. 0 meters, respectively. Similar

dampenings are experienced in the other marigots.

The observations made in the plains were not very conclusive
beczuse 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.

1/ "Etudes Preliminaires' de 1'Amenagement Hydro-agricole de 1'lle
de Xakossa (Preliminary Studies of the Reclamation Project for
Kakossa Island), Report No. RCT 161, by COTHA, May 1955,
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Chapter II

HISTORY OF THE KAKOSSA PROJECT

Introduction

The plains located on the island of Kekossa are fertile lands
waere tne cultivation of rice has been practiced to some extent for
many decades by local Soussou populations. They werc systematically
investigated for the first time by the French colonial administration in
the early 1950's for the purpose of increasing the production of rice in

Guinea,

Initial Studies (1950-54)

In the initial agricultural studies madc by the French admin-
istration 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, these 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 drairage during the wet sea-
son.
Follewing this agricultural reconnaissance of 9000 hectares of
land on Kakossa Island, it was concludced in the studies that reclameation
ol part of these lands would be justified economically and would contri-

butetothzincrease of rice production in Guinea,
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~4 o SQuecrion of Rureal Engincering, rewly organized, ordered
se performance by contract of a general map at the scale of 1:20, 000,

3 was crawn irom an acrial photograpnic coverage by the Nztional
Geocrowaic tnstiture (Institul de Geographic N rztionale). A base line
surrounding the central part of the island was laid out in the ficld, bench
marks were installed and their elevations determined by leveling. Sub-
secuently, a complete topographic map at a scale of 1:5000 of the central
part of the island was prepared for the Genie Rural under contrect. This
very detailed map formed the basis for the detailed design of a reclamas
tion project, Thesec 1wo surveys were performed at a cost of approxi-

mately 7,100, 000 CFA {rancs.,

COTHA Studies (1954-55)

T} e performance of engineering studies aimed at the development
of a reciamation project was entrusted to the Compagnie des Technigues

Hydrzulioues et Acricoles (COTHA), a French consulting enrineering
? (=] o o

S

firm speciaiizing i n the design oi similar projects. The COTHA studies,

started in May 195%, consisted of the following:

2. collection of basic data in the ficlds of climatology,
hydrology, topog raphy and soil mechanics;

b. planning studics for the purpose of developing a plan of
r_clamati.on, consisting of dikes preventing the flow of
szlt water on the lands, drainace canals designed to A

Zischarge excess runoif, and gated structures across

-he dikes to permit fresh water flow toward the ocean

during low ticde levels;

cC. Pr eDE.I'd.tIOn of contract (41‘8.\\/1"“7:: and :,m,c1f1cat10ns
ior CODSt"uCthn of tne various structures anO].VGd



Tiose ssudies, summarized in toree reports, were completed

about 7,200, L. 5 CFA france.
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The COTEA Reclomation Proiject

:is 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
two main dikes surrounding a total area of about 2600 hectares, about
two kilometers in width, extending in a NW-SE direction. The dikes,
with heights up to about 2. 5 meters but generally on the order of 1.5
meters, would have their crests between elevations 4. 50 and 5. 30,

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

{7

also be crossed by shorter dikes.

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

, between Meyeyire and Cogolima, would have a length oi about

A )
1]
[ 9]
t
[
g
o
n

four kilometers. It would cross the Soulemanya River, and a gated
structure constructed at the crossing. The gated structure would be
srovided with two series of sixgates each, automatically controlled with
provisions for manual adjustment. The other main dike, located along
the north-eastern boundary of the project area, would extend irom a

point worth of Kansire to Ouendima, over a length of about 7.5 kilometers.

It would cross the Noreire River and the Touguixeren River, where gated

)

ctructures similar to the Soulemanye structure would be constructec.

Q@

N

The Noreire structure would also heave six series of gates, wherc.s inc
Touguikeren struciure wouid have only “wo. About 1.5 kilometers oi

choricr dikes would be required to close the gaps between dunes.
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Tho top clevation of the dikes were designed so as to be about
0,75 meters above the highest tide levels, thus providing the project

ainst salt waier.

&
s
el

rainage of the {lat plains located within the protected arca
would be provided by a scries of channcls supplementing the natural

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

0.
o}
Il
Ve

1cd through the corresponding gated structure. The design of the

e 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, andto
bring it tzck to a depth of 0.15 meters within a period of six days, The
maximum 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 quaniities and construction costs estimated by COTHA

consisted of the {following:

Estimated Cost

Strucrtures Main Item of Work (CFA francs)

Dikes Length: 13 km 53, 000, 000
Volume: 100, 000 m3

Gated Structures Number: 3 3 34,000, 000

Volume of Concrete 50i m
Sheet Piles: 2000 m2

Drainage Canals Length: 9.km 12,000, 000
Volume of excavation:
50, 000 m3
Contingencies 5% 5, 000, 000

Total CFA 104, 000, 000
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Projcct Consiruction {(195¢-

i)

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

-

the French Administration to the Service du Genie Rural for constiruction

2

of the Nakossa Reclamation Project under the 1953-58 FIDES program

c

(capitzl invesiments), The excavatiion of drainage canals was deferred,
to be consiructed later by force account or other methods, and contracts

or the remainder of the civil works.
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Alter restricted competitive bicding, the contracting firm Scciete
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 CraA 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-
mitied by the contractor with-his bid. However, these prices were baced
on economic conditions prevailing in November 1955, The contract pro-
videc for changes in the unit prices to take into account possible variations

ecornom’c conditions by means of a formula of price variations.

iy

o}

Although the coitractor moved to the site in May 1956, actual
construction started after the rainy season, about October 1956. Work
segan 2t the southern end of the plains, with the dike from Meyeyire 1o
clima, 4.2 kilometers long, and the Soulemanya control struciure.

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

W
e
H
(@)
3!
»
(A
ot
(¢
a1
w
(o]
-ty
.
=
o
n
(e}
o]
o
o}
o+
s
wn
[
[a B
(]
w
O
L
ot
oy
[¢)
Z
o]
=
[¢]
[N
g
[ei}
ct
o
ot
o
[¢]
<
.
(@]
P
23
ra
-t
~
o]
(XS



The coiferdams for construction o: the Norcire conirol structurc had
weon completed, and excavation of ihe foundations had been started.

In addition 1o the unexpected increasc in the embankment cuanti-
ties, the formula of price variations yiclded unit prices well above the

expected values. A toial of about 90, 000, 000 CFA {francs has alreacdy e

expended or committed by Junc 1957.

It was then decided to reduce temporarily the reclamation arce
to about 2000 hectares by deleting irom tac project the Touguikeren con
trol siructure, and constructing a dike between Touguikeren and
In anticipation of the total amounts still needed to carry
-iis recuced project through completion, additionzl funds in the amount
oi 60,000, 0060 CFA irancs were requested by the Genie Rural from the
rIDZS.

T addition to this change to the scope of the project, foundation
concitions encountered at the site of the Noreire structure required

changes in its basic design. The structure had been designed to rest

countered,
Cors-ruction was not resumed, however, due to the suspension
of the TIDZS funding program, and later to the departure from Guinea

~inistration.
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Recent Studies

In 1960, upon request by the Government of Guinea, two ex-

1/ : . o - s
periz—' ol the Food and Agriculiure Orgenization of the United Nations
{(FAQj investigated the steps 1o be taken in order to increase the pro-

duciion of rice in Guine Among other recommendations, they

C ) Nezsrs. J. de Mceredieu and H, A, A, L. Wirtz
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~adosed 10 increase the area of lands sui‘able for land cultivation by

construciion of hydrzulic control struciures, and to increasc the yielo

e

ced areas by means of an agriculiural extension program.

S oy gy
oI CuLlIVa

Nore particularly, with regard 1o the Kakossa Project, the foliow-

ing 5..55 were recommended:

Rehabilitation of the Soulemanya control gates and
assignment of a technical agent who would be respon-
sible for the operation and maintenance of the structure,

at an estimated total cost of GF 2 million;

b, Construction of the Noreire control structure and com-
pletion of the dike between Touguikeren and Yenikenya,
at an estimated cost of GT 25 million;

c. Engineering of the drainage facilities, at an estimated
cost of GF 5 million, and construction of the canzls by
ine local beneficiaries, requiring an esiimated average
of 8000 man-days of labor annually, over a 15-year

period.

ist of Reports Relative to the Kakossa DProiject

-

1, '"Rapport Pedologique'' (Soils Report), Secteur des Recherches
Rizicoles, Service de l'Agriculture de Guinee (Depertment of nice
Rasearch, Service oi Agriculture of Guinea), 1950.

5 "hRXeconnaissance Agricole de l'Ile Kakossa' (Agricuitural Recon-
~2:ssance of Kakossa Island), Report No. 73 AGR I, by F. de Cock,

a
Tesuuary 13, 1954,

Possibilites d'Amenagement dcs Terres de 1''lie de

3, '"Ewudes des
Kakossa' (Feasibility Study of Land Reclamation Works in the island
of Kzkossa), by M. Nungesser, undated.

%  Alrthouch this report was referred to in other publications, it was

rot “ound in the files of the Ministry of Rural Econom and could
b

~ot be examined.
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10.

HBesier &PDxecution du Plan Quadriennal 1953-57 - Production
o mentaire’ {Project of Impiementation of the
c

Four-Year Piay e) - Supplementary
Rezort), undated. The date of publicution is estimated to be May
1933,

i os Plzines Rizicoles de la Basse-Cote de Guince - La

Riziculmre Actuelie - Perspective de Developpement' (The Rice
Producting Plains of the Coast of Lower Guinca - The Present Rice
Culiivation - Outlook for Development), undated. The date of pub-

lication is estimated to be 1955,

$-2

"Brudes Preliminaires" de 1'Amenagement Hydro-agricole de
1'Ile de Kakossa (Preliminary Studies of the Reclamation Project
for Kakossa Island),report No. RCT 161, by COTHA, May 1955.

"Avant-Projet' de 1'Amenagement Hydro-agricole de 1'lle de
Kzkossz (Planning Studies of the Reclamation Project for Kakossa
n

"Projer d'Execution'' de 1'Amenagement Hydro-agricole de l'lle de
Kakossa (Contract Documents for consiruction of the Kakossa Re=
clamatior Project), Report No. RCT 163, by COTHA, September

1955,

"Compte-rendu d'Activite de la Section du Genie Rural dans le

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

Section of Rural Engineering within the scope of the 1953-57 program

£ the FIDES), No. 523 GR, undated. The date of publication is esti-
o)

Evéro-aoricole de 1'Ile Kakossa' (Consiruction Contract Awarced
¥ g

Ler ¢tricted, competitive bidding - Reclamation Works in
Kakossa island), Service du Genie Rural, dated April 21, 1950.

Mizrche sur Appel d'Cifres et Serie de Prix - Amenagement

Ha/emoire Pre .ente par le Service ¢u Genie Rurzl au Comite Con-~

culteif Locel de la Production azricole-Anncee 1957" (Report pre-
ser.zed by the Department of Rural E:-zineering to the Advisory
Cornmitiee on Agricultural Procduction - for 1957), No. 491/7"
Scrvice de l'Agriculture, Ministere de la Production, Guinec

Trancaize,
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Food and Agriculture Organizatior of the United Nzations, Rome,

Iialy, January 1Gol.

"Avgmentation de la Production de Riz en Basse~-Guinee-Rapport

au Gouvernement de .z Guinee' (Report to the Government of Guinea
for increasing the Production of Rice in Lower Guinea), by H, AL AL M
Wirtz, Food and Agriculture Organization of the United Nations, Rome,

italy, 1961,
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Chapter 1il

FIELD INVEZSTIGATIONS

"y 4 M .
Introdcuection

In compliance with the terms of its contract with the United
Srztes and its executing agency, the Agency for Interr. .lonzl Develop-
ment (AID), the Harza Engineering Company sent to Guinea a team of
six engineers and agronomists for the purpose of making field investi-

gaticns for four reclamation projects, including the Kakossa Project.

~nis team incluced the following personnel:

Project Manager

Eydrologist and Field Engineer
Irrigation and Drainage Engineer
Soils Agronomist

Rice Agronomist

Agricultural Economist

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

(z) review all existing data;

(b) conduct field reconnaissance and studies for the pur-
pose of determining the zdequacy of the existing data;

and

(c¢) -upplement the existing datz as necessary for aun eval-

uation of the nroject.

The Harza team remained in Guinea from April, 1963, until ine
rz of the rainy season, in July. This allowed only sufficient time
for imvestizztion of the Monchon Project and the Kapatchez Projec., and

ior collection of miscellaneous basic cata applicable to all four projecis.

1i~1
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~wvions that were conducted and the results that werc obtainca

2 invesiigatl

ire sumimerized in the remainder of ihis Chapter.

Review of Existing Documents

A lzrge number of reports and various documents relative to the
procduction of rice in Lower Guinea were reviewed in Conakry. A fairly

complete documentation relative to the Kakossa Project was found to be

available. This consisted primarily of reports pr epared by the consult-

ing engineering firm COTHA relative to a plan of development of Kazkosse
Island.

-

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

ception of contract drawings and specifications pertaining to the construction
contract prosecuted in 1956-57. No “as=built" drawings were found in

and it is believed that none were prepared. A pedologic report

1, and those of the Kakossa arez

ConaXkry,
lztive 1o the soils of Guinea in génera

was found to be available. The data contained in this re-

in pariiculer,

port were reviewed anc found to be useful.

The analysis of the data contained in these various reports per-

sonzble under standing of the basic ideas that guided previous

&
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o

plarn..ag of the .lzkossa Project.

Ticld Reconnaisgance

. field reconnaissance of the project arca was made for the pur-

.oodle

sosze ol dciermining the present con i+ion of existing structures, to identily

-



a0 problents involved, and 1o gein intimaie, direccet knowledge of pPos-
Sl reconncissance Lles scrved to formulaic a Frogram

B san s g 3 ., - >
QI muore Cetalleg ILCLL inv C‘-L-g...-OJ.:.

fov edistng facilities were found to be out of service and in

Poor coudition. Only one of three proposed control structures was in-
siziled, the Soulema Bya structure. Ite location is indicated on Exhibit B,
Presen:ly, this structure does not serve the purpose for which it was
intended, primarily because its gates are no longer serviccable, Al-
though some deterioration was observed at the surface of the concrete,

its structural integrity did not appear to have been affected,

Nc¢ erainage canzls were excavated as part of the reclamation pro-
¢ of surface water is eifected by means of natural warer
coursés jorming three separate sysiems. The smaller channels are gen-
eraily in poor condition. Their side slopcs and bottoms are covered with

]

Tusn in many places, and figh barrages have becn erected at random.

o

Trese numerous obstructions restrict the flow of water in the channels.

The flow in the smaller channels is collected by three mzin water courses,

which are generally in good condition outside of the project area, Aggrad

tion is apzarent i Jhe lower re aches of the Soulemanys.,
Zxisting dikes have been subjected 10 normal wear and tear wi thous

proper meintenance since ti .y were constructed in 1957, While ey are

generally scund, they will require rehakilitztion to be made completely

Locc! officials and farm ¢ “rators were contacted and interviewcd
&t lengih tc obilin informat! 0n cn various gpecific points. Data were ob-
tained oa the extent of flooding and salt water ¢ncrouchment in the project

&res wnd on the present diffic.liy of economic rice agricultu All

III-3



sersons concerned scemeoed to recognize the problems involved and
tueir meagnitude. All were obviously eager to carry out the works neces-

sary to rceach full production.

Tovoaranhy

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 1950'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 moszic 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-
vations.

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 i0

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

ad given in the tide tables, it was established that the datum of

-
o
>
(¢}
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o]

the COTE-. survey is located about 0. 30 meters below the tide table datum,
itself ahout 2.10 meters below mean sea level, The COTHA reference
daturm iz, therefore, about 2.4 meters bzlow mean sea level. The COTHA

system of reierence was used in the present report.



Cross-section and slopes of ¢xisting canals were determined,
This perminted determination of the capacity of the existing canals and,
wihere additional work is proposcd, calculation of the amount of eurth-

worx that has already been done.

Hvydrosraphv

fydrographic 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
Soulemanya 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. Howecver, these outcrops are not extensive and may be remuoved
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
moutr, e river channel appeared to have been seriously aggraded,
This is evidenced by extensive deposits of sand and silt at the mouth of
tae river, and by a reduction of tidal amplitudes as measured at the site
ol the Sou.¢manya control structurc.

HI-5



Dzt. on cross-sections of the Touguikeren, Noreire, and Soule-

nye river chunnels as measured near high tide, are summarized in

Table III-1 - Dimensions of Tidzl Streams

(measured near high tide)

Water
Surface Max. Area
Side Width Depth  (square

Stream Approximate Location Slope (meters) (meters) meters)
Touguikeren 100 m. downstream

from proposed struc-

ture site 4:1 30 >2 45
Touguikeren 200 m.upstream from

confluence with

Noreire 4:1 60 >2 110
Noreire 100 m. downstream

from proposed struc-

ture site 4:1 35 >2 55
Noreire 100 m. upstream- ‘

from confluence with

Touguikeren 4:1 80 >2 170
Soulemanya 100 m. downstream

from existing struc-

) ture 6:1 40 1.8 55

Soulemanya 200 m. upstream

from mouth 6:1 60 1.4 105
Soulemanya 200 m. into tidal

estuary - -- 1.4 -

-
1

ne threce tidal streams drain areas as follows:

Soulemanya: 12 square kilometers
Touguikerer: 4 square kilometers
Noreire: 10 square kilometers

{
o~

111



A comparison of the data in Table III-1 shows that the cross-
sectional areas of the Noreire and the Soulemanya channels at the structure
sites are comparable. However, ncar its mouth, the Soulemanys has &
cross-section of only 105 square ni ters, as compared with 170 square
meters for the Noreire, even though the arca drained by the Sculemenya

)

15 about 20 percent greater than that drained by the Noreire. This would

bere

1

Support the obscrvation 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

1/

observations made in 1955 by COTHA, as reported in their report, =

Amplitudes on the order of two meters were measured on the
Touguikeren and on the Noreire. These results are within the range of
the COTHA measurements. However, measurements on the Soulemanya

were cuite different, as shown in Table IiI-2.

Data presented in Table III-2 show that the level of high tides a:

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

metiers. Tois change in tide levels is tyzical of an aggrading channel.

o1
v

The reazons for this aggradation have not boen investigated in de-
tail, but it is likely that it is ihe result of the construction of the Soulemanya

conirol siructure and its operation, as discussed in Chapter VI

1/ "Ewdes Preliminares” de '"Armenagement Hydro-agricole de 1'lle

de Kalvossa vPreliminary Siudics of the Reclamation Project Zor
Kukossa Iziend), report No. RCT 161, by COTHA, May 1955,
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Table IIi-2 - Cemparison of Tide Elev:itions

Measured on Measured on
Dosiniation February 21,1955 November 28,1963
Amplivede of tide in ocean 2.8 2.¢
. . o 1
Eigh tide clevation in ocean—/ 3.4 3.4
. . Do i
Low tide ¢levation in ocean-—/ 0.6 0.6
Cy . 2
Low tide clevation on Soulernanya—/ 2.8 1.6
- . . 2
High tide elevation on Soulemanya—/ 4.0 3.8
Foundations

The foundations of proposed sites for the control structurcs on the
Noreire and the Touguikeren Rivers were investigated. The materizls en-
countered consisted of very soft, bluc “rey, organic clay, quite similar
to the mazterials found underlying much of the 2rea, and those found in
other parts of Lower Guinea. 3/ Consolidated marine deposits were found
on the bed of the Touguikeren. These will not be competent foundation
materizls for the structures and ghouid be removed. It is expected that

clay will be found under these deposits.

Soils

A reconnazissance report relative to the agricultural potential of

the Island of Kakossa was prepared by the Service of Agriculture .7 Guinea

4/

in 1934, That repsirt was reviewed and found to contain only a brief

[N

escrinuon of the tynes of soils encountered on the island, Although the

1/ Zsove datum of tide tables.

2/ Abcve COTHA dotum,

5/ Zie¢ resulis of scil mechenics tests presented in the Harza Report on
Al...chon Prcojecy, page III-8,

i/ "Reconnuizsarnce Agricole de 1'Ile Kakossa" (Agricuitura. seconnais-
cance o Hekosse Island,, Report No. 73 AGR I, by ¥'. de Cock,

L=
February 13, 1954,

IIi-8
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report vontained usedul data, these were not sufficient for the purpocsc

T

ol e present studies. Consequcmly, a4 supplementary soil survey andc

(¢4}

41 extensive series of chemical analyses were necessary for a proper
evaluation of the present suitability of the land for rice production and

or the vields that can be expectiec after reclamation. These investigation,

were performed by the Harza team.

A map prepared by the Agriculiure Service entitled "Map of Dam-
!
ages to Rice Cultivation Caused by Salt Water Intrusion"—/ was also
found to be useful. The information it contained was used as a guide in

the field investigations of pPresent production.

A total of 19 auger holes were bored within the area of the Kakossa
Project. The location of the holes is indicated on Exhibit 2. The proiiles
were examined to depths of 1,5 meters and preliminary, visual classifi~
cation of the horizons encountered was made in the field. About 60 re-
pPresentative samples were taken, and tested in a laboratory set up in
Guinrea with equipment brough§ from the United States. These te sts con-
sisted of the determination of the PH (degree ofacidity) and of the conduc-
tivity of saturation extracts (degree of salinity), The logs of the auger

Loles and the results of these tests are presented on Exhibit 3.

This series of preliminary tests led to the selection of 21 repre-

oy

sentative soil samples from seven typical areas for detailed chevica
aralyses, These samples were tested in the United States at the soils
asoratory of the Department of Agronomy, University of Arkanszs, Tre
anizlyses performed were for the purpose of determining pH, total salt
cortent, anions and cations of the saturated extract, cation exchange

Canacity, exchangeabhle aluminurn, total sulphur, and percent water of

1/ No. 734 AGR F

II1-9
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Omzer dererminations included organic matter, percent
Irec iron, available phospiiorus, and partcle size distribution( mech-

di
ancial analysis), These analyses are considered adequate for the

cconomic feasibility studies,

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
permeability test was performed at each of the auger holes. The auger
hole was bored with a standard auger, 10 centimeters in diameter, to
a depih oi about one to two meters below the groundwater table.,  Water
was pumped out of the hole by means of « plunger pump. The rate of rise
of the water in the hole after interruption of pumping was measured with
a flaat and a chronometer,

The data supplied by this test allowed determination of the order
of magniwmde of the coefficient o.f permeability of the subsoil. The test is
relatively easy to perform and generully provides reliable results. The

results obtained for the Kakossa area are summarized in Table III-3.

Table III-3 - Results of Permeability Tests

Soil Coefficient of

Auger Clagsili- Permeability
Holecg location cation {cm/sec)
A N.E. of Doniaui Silty Clay 0.5to0 0.6 x 1073
) W. of Ouendifari  Silty Clay 0.5w 0.6 x 1073
@ E. of Morebayadi Silty Clay 0.7t G, ox 1073
I1I-10



1

(2) subsurface soil textires and subsurface drainage pro-
re generally uniform throughout the project

(d) the coefficient of permeability is in the range of 0.5 to
1073 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 texturces as described. Therefore, the tests are consi=
dered to be reliable. The values they yiclded reflect a relatively high
de

ree of permeability,

Rice Agronomyv

In the course of the ficld reconnaissance and other field investi=
gations made on Kakossa Island, present land uses were observed and
recorcded. The result of these observations is shown as a land use map

on Exhibiz2,

Thre fields presently cultivated were inspected for the purpose of
determining the present cultural practices and production rates, Rice

ields in various stages of development were observed. In generzal, all

4,

oI the rice was well established in the paddy and varied from the late
vegetative stage to full maturity and harvest. Transplanting appeared
to have beun completed in all areas, Exceptionally good crops were
found in most of the project area, as a result of relatively ’:w tide

levels during the 1963 growing season,

No mechanical agricultural equipment was found to be available

on the island. All agricultural operations were being carried out by

III-11
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O e ol arcn o vsentiy under cultivation and cg-j-
S .t el Ay gl T RS P e e —a JT Y
Phaw oo viclds of cach field weso hade. The resulie of thcse
"

o . - e ~s r | - fae Ve 4 aee T -mitde 0
CLHTLITIaIle are show 2in L.‘.Ld-u‘.l iCriM on M1 0T 2.

The vericties of rice grown in the fclds on Kuakoses Were ex-

amined, ALl werc local varicties, varied in cclor and [aneCic coriormn.ion

and anhcared 1o be very well adapted 1o ihe sals and water conditisns that
Prevailed io the various areas on the island. There were 4 largc number
Of varictics grown on the island., These included Dissi, +clacko,

Seklhcuna, Bandioulou, Minikoni, Kouli-N.11i, Tarmba Adline, Toma,

+

aye, Tweniy-four, Kentikoro, Bountalae~xompan, and Kobz-Fore,
Dissiwas the most sale resistant of all the varicties ang Wos Zrown ir
Exireme salt cavironments,

When inspecting the rice fields it wes noted that the vorleries had

ving extreme plant variation in many ficlds. Both

Seen oLdly mixed,

(e}
e

w-€ onnval reports of the Koba Agricultural Experiment Station and a mep
showing where various varieties were grown on Kakossza proved very

.- 1/

heipicl in evaluating the rice production, —

Miscellaneoy

w

- b

smportant basic data and information were obtained through direc:
€ceniacis with various officials and indivicduzals. Confer ence: were heia

Wiih oilicials of several ministies in Conakry to obtain economic, ayz

— . L]

culturzl arnd other data; with the Governcr of the Region of T crecarizn
- ! - P e 3 e . < - : - - W ~ 1 ,1,, 7'.,',_ .
&G nls stall to obtain detailed iniormeation relative to loca conditions;
wita village officials and individuzl farmers to secure {irst

&L..0k on the zyricultural bractices; with government azéncies 1o ohtain

! YCarte Ces Sroupements varietaux des riz! (Map of rice varieties),
Service de l'Agriculture, No. 738 AGR F.
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miiscelinncous damr on the availnlility and cost of various commodi-

ties; with Zorelign Conirisrors prozeniul, enguged in civil enginecring
WOris To odialn information relailve to construction practices, labor

ithelr experience in Guineg; and with

sl ammeim et Y e s Tt IV Ie .
ARG MATErIGLE availaLiitty, ana inelz

TT & Teen e mmye o) ATTY AT Al A . et Sam g an ric and oiher Gati mle
Ve D, Sledns) QN sl 011:CLAls 10 CovLlt eConomilc anG owher Gre al

L S T A D
ALl indivicual

contacted were anxious to nelp, and their cooper~

t

ation is apprecizied. The information received through these contacts

was somcevimes coniradiciory, but this refllects the scarcity of accurate

dztaz. First hand informatiorn. 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 LANDS

Introcuciion

Island was made to determine to wihet extent their soils are suited to
the cultivation of rice. Approximately 2660 hectarcs were covered in

the course oi this survey. The arca investigated was found to include

lands with varying degrees of adaptability to rice procduction. .. mazaD of
1
present land use is presented on Exkilbit 2. These lands werc Aas sified

with res to their agriculturai potential on the basis of topogreapny,

ige]
[¢]
O
cr

natural drainage, and soil properties.

The results of soil analyses arnd permeability tests made by the
Harza team are given in Chapter III. The present chapter gives details
with respect to soils, land use, land evaluation, and land management

problems.

Soils Eviiluation

Scils Clzssification

Mocst of the Kakossa Area consists of flat plains with alluvial clayey
soils, traversed longitudinally by a series of low sandy ridges or dunes
rising & few meters above the level of the plains.

A

Most ol the lands of Kakossa Island are subject to tidal action., As
& resuit, salinity is relatively high in meany parts of the island (concductiv-

iy grezter than eight millimeters per centimeter). Construction of the

Iv-1
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POURPOEN

The clessificaiion of snils is based on thelr orizin and thoeir de-
dree ol sallnity,  Within the Project arez onc finds two maoin grcups

saline aliuvizi soils ong non-saline zlluvial soils,

Saline Alluvial Soils,  The scline alluvizl soils occupy the areas

influenced by surizce and subsurizce salt water intrusions., Tre ire-
quency of saline intrusions determines the various stages of proiile de-
velooment., Unde >veloped saline soils (poto-poto) are found in areas sub-
ject 1o Irecuent floo ling by the tides or permarently submerged, They
are genercily covered with mangrove vegetation.  In the marine flood
b-zin, ihese soils exhibit some of the characteristics of acid sulphate
soils, or cat clays. The more developed soils are found in areas less
subject to salt water intrusion. Their profiles exhibit a characteristic

ocare brown to yellow or red color Caused by the oxidation of iron.
*

Non-Saline Alluvial Soils, These soils generzlly have well de-

veloped profiles znd are located in areas above the elevation infiuenced
by tides. Only a limited area with such soils is found along the edge of
the dunes in the scuthern portion of the project. One of these, near
Yeniyz, is underlain at various depths - generally below 40 centimeters -

by 2 cemenzed sandstone material,

Physical and chemical properties were derived from laboratory
analyscs performed on soil samples obtaincd from auger ho:es, The

locations of iie auger holes are shown on Exhibit 2.



Scil profiles were established on the basis of texture and other

P - Q e - - A v L ee o med P, 3 o T4t e te m e 1 oA T
srosoriics, Somic of these properilcs are shown with thie scil profilcs

Y. N % e o oA v v 2~ ] e . T- ~ et Nyt Eoae
o L NDLoll 2. Shey include the scils wemture, pil, conduciivity of the
R I T I L LI T e vt S ocorbonstes and the wositlen of S b
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tee.e &l e Cate 0L sanmoilily Ihie results of detailed iabers STy alib.-

yses poriormed on sclecied, representative soil samples are presented

inabular form on Exnibit 4.

Ceomnosition and Physical Proverties. The surface soils ol the
area arc mainly clays. These clay soils have a well developed horizon
differentiation with respect to color texture and organic matter content,

.

but are without structure or have a weak structure depending on their

4

stage of development. The more developed soiils are granular to nutty

and very Iriable or sometimes blocky to slightly prismatic.

A soil sample typical of the area was taken &t hole No. 5 from
10 to 30 centimeters depth. It contains 4 percent sand, 24 percent silg,
and 72 percent clay. The cation exchange capacity of these soils varied
from 10 to 31 milliequivalents per 100 grams. Ex-ray diifractograms oI

fcur representative samples show the clays to be predominantly kaolinite

0 percent) with moderate quz.itities of monumorilionite (5 to 20

——~
(e8]
(@)
ot
O
(No)

tercent) and traces of illite (less than 1 to 3 percent). The fire and
imecium silts are prederninantly kaolinite and quertz. The szna irac-

-

tions were inspected under a petrogrzphic microscope ancd founcd to be

s

predominantly angular grains of quartz.

The subsuriace soils are also made up of clays. In addition, roots
ad root spaces were found in the soil profiles, Their presence tend to

[~ YN S

increase the rate of water movement through the profile.



Clono follocnn be ascribed to the consititenion of thie soil mass. Scraa of
taelr nronorties are o low to mealiurt exchange canacity and the absened

11

& well coveloped blocky or prismatic siructure.

b,

o]

with soils of this nature, the pH will rise during the wet season and fzll

during the dry season. The degree of acidification of the soil denends

.

on the relztion oi the bases to the sulphates present.  Soil profiles with
low p= were generally found to contain a nigh percentage of free iron and
n content of sodium and mag ium on the cation complex. Czlcium
and potassium are less. There is a possibility that the so-called mag-

nesium clays could be formed if there were rno accumulation of sulniices

or cz.cium carbonaics. These magnesium clays have the same poor
hzrocteristics as the sodium clays: they nave a very unsiable and a very

XN
fe
=
[¢)
-
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i
O
wn
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water intrusion, The degree of szlinity inthe profile is based va mea-

surcrncnts ol the electrical conductivity of the szturation exiracts. Thae
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Electrical Conductivity

Deysrec of 52 Linity in millimhos per centimeters

Noo soline 0- 4

Siinhily saline 4- 8

Moderately saline 8-16

Strongly saline above 16

The nigher lands, located to the northwest of the existing dike,
gencraily have non-salinc to a slightly szline topsoil and a slightly saline

to modcrately saline subsoil.  The lands cast of the dikc, and all other
lands subject to frequent salt water intrusions within the project area
.1’y have a moderately saline topsoil and a stro nely salin 51.1:;50:;.
The difference between the salt content of the soils to the cast of the dixe
and that of the soils to its west side indicates that the presence of the

Gike - zlthough incomplete - has result cd in a reduction of the soil salinity.

lthough rice exhibits 2 naturzl tolerance to mocerata contents of
salt, perticularly when transp.anting is practiced, salinity conditions
presently preveiling in abour 45 percent of the project area limit the po-

tential yields to some degree. in about 30 percent of the project area,

potential yields would be seriously limited by strongly saline conditions.

Feriility. The degree of fertility of the soils in the project arca

is indicated by the content of organic matter in the top layers, the con-
! -

tent ¢f available phosphorus, and the content of exchanseable potassium.

Flucsuation of the pH complicates the assessment of the soil fertility.

The conten: of organic matter in tnc 12p six to =ight centimeters

s

of the soil profiles ranges from 2.8 pcrcent in a cultivated arex to 7.9

s¢rt in a non-cultivated ar «. This percentage for either profilc

gl
I
33

is much less at depths greater than eight centimeters below the ground

"

slace.
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—~ho zvailable phosphori. content of ihe topsoil, eHpressea as
4ilizers is likely 1or oSt of the project arce.
1 in tropical solis Is laTge, because of the IoT-

.- PR T Ry L T R oD -
1O &G aslariiinld, thie acdition ol

[N

masion OO insoiuDlc CoOmpounGs ol
racticable will be heipful il the cx-
pecied yiclds are 1o be achieved, It is diificult to estimatc what pro-
poriic: oI thl phosphate fertilizers applied co the soil is lost by fixation.

s a specizl problem in the manage-

W

I7 suiZicient, it should be regarded
ment of the soils.

The tests for exchangeable potas sivm show contents in the topsoil
from 0.37 to 2.10 milliequivalents per 100 grams. These amoun
adequate to obtain the yields that are expected during the first few

ultivation. Fertilizers may have to be added thereafter.

-
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Present Land Use

About 60 percent of the project area is presently under cultivation.

Dresent use of these lands was investigated to gain information on the
problewzs szrticular to the project lands and to determine the present

wrzl production of the project area.

n
Q
141
b
-0
s
b=
.)

The project lands were classified into four groud:, designated 1

Tocnh designation corresp nds to a grouping c- " lands wiin

ad

PO

. and present production capz. .ities. The bounc-

cimilar characterraiil

zries of ezci group are delineated on the map of present land usc, D¥e-

Group I incluces abowl 440 hectar.s of lands which are the best

zcdapied to ricc cultivation unde. Present conditions. Approximately

IV-6



S¢ percemt of the area is cultivared.  Rice yiclds are estimated to be

Groun I includes about 1123 heciures of lands presently under
culiivarion, but producing rice in appreciable quartities orly once in
throo or Jour years on the average ¢s & result of flooding by extreme

h tides. Approximately 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 c:

trees, but not cultivated because of freguent salt water intrusions.

Group IV includes about 475 hectares of land covered by man-

grove vegetation, and subject to fregquent salt water intrusion.

ct

This analysis of present land use indicates that, altnough 60 per-
cent of the project area is under cultivation, rice yields are severely

limited by adverse natural conditions.

Inspection of the lands located in the project area enzbled the identi-

ztion of those parts of each area which are susceptible of economic re-

-
.

cizmation. Table IV-1 summarizes these data. It shows that, in alci-

ion to the 38 percent of total arable lands presently under cultivaiiox,

ct

aboul 37 percent can be reclaimed, thus bringing the area uncer cultiva-

_out 95 percent of the totzl arable land area.

t
b
&)
,
ct
o
p 1
{

subsiamtizl increase of the cultivaied areca. However, t
eifect that will rosult from it.  In addition to an increasc of the culll-
veied eres, the yields obtzined from the lands presently under culiivation

ram o amemy s T

viil te greatly increased as a result of drainage anc land mans__oment.

/..--
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Total 2655 ha 1530 ha

Topography

The project area is nearly flat. The ground slopes gerily in two
generel directions: eastward toward the Soulemanya ard northeasiward

-

towarcd the Noreire. A small area located at the northern end of the

proiect area is drained southward to the Touguik

(¢

ren, Low spots or
cezressions are present between the dunes. These low areas are sub-

ect to ponding of water, creating a floocing problem, and possidly &

The flat zreas will require little land preparation. Some leveling

will be . ired to fill the existing de.ressions and insure drainage of

Land planing will be required over
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1/ imciudez presently cultivated area.

|/ Tercent of arable land area.
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Land Evalastion

h e B e ke
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—rae

& to estimate

- - 1 Y

The iands located in the project area were classifie
L

faeir porential value for rice cultivation. This classificaiion takes into

accouat the present land use, soils evaluation, and topograph

Tour classes of land were estzblished to represent sig: ificant de-
gress in the potential of lands for rice cronding. Each class corre-

sponds to a grouping of lands having similor present uses, rhysical and

chemical L"O'Jur:ies, and tonogre nric fectures. Ezch class corresponts,

Py

thereiore, 10 & ceriain procuctivity ievel and to a certain cost ol land

preparaiion 10T satisfactory procduction. Tre classes are ceiined below:

Clzss i. Lznds with features o of soils, topography and
drainage which wiil pro vide for high yields at
low wroduction costs. X

Class 2. Lands which are slii
fore, wiin lower pr

creased production cost.

L

kel less adaptable; there-
ductive capacity and in-

£
oc

.

Class 3. Lands with feztures whicl" materizlly restrict
their production caBacily sucnh &S 1looc.-1
szlinity, salt intrusion, hardoan near the soil

’ suriace, or pH. Greater expenses for are...-
age, leaching arnd land preparation will be
r.ecessary.

Class 4. Lands which are tenwor;rily unsuited for agri-
culturc because of flocds ng, tidal action, salinity,
or trce cover. )

-

Each land class was assigned & reting indicating the yields the

-~

car be exsected, The rating for each land class is indicated in tabular

1v-9
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able IV-2 - Rice Yieids that can be Exncected

"y P N -
from cach Lznd Class

Viee Yickl Ranpe

. . . ' .
| IS S I I : Htl.i.:/l--i'luu\.)
. . H

R

It is estimated that 2t the present time about 1530 hectares of
Ciass 3 land vield about 1.2 tons of rice per hectare on the averace,
Ao Tod Bociaven ave vvesemiy i T, R R R I S SR AR
ducrion, These dato are shown in Columns (1) through (1) of Tavic

IV-3.

I: is estimated that immediately upon completion of the proposecd
dikes, control siructures and drainope canials, the lands Lthat are pre-
senily Clozs 3 wiil be upgraded Lo o Ciloss 2 rating., At the simne Lime,

ie vieids of all arable lands will be increuscd, as shown by Column (1)

about 1705 hecturas will have o Chaos Joratony,

@]
'y
b
|8}
C
13
Gv
[
¥
t
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4
{x

with production yields oI about 2. C tcas per hectare. Considering tnel
csout ten Lercen. of the area will be occusied by canzls and levees, wne
o avca oo cuitivaible lands will then be aboul 1570 hectares. ~bout

502 wactare: of Clazs 4 lands will be upzraced to Class 3, and they will
el en eevimated 0,8 ton per heciure. incse da

wmns 12) whrough (9) of Table IV-4.

Lf_ - short meriod of development of five years, it is expecied

2
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w
ct

trat tome vicld of these laads can be increa::c
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Table IV-3 « Troject 1oand Class Ritings through Varying Development IPe riods

I'resent Alter Project
Conditions Construclion After 65 Yoeanrs Afler JO Years Aftar 20 YVesrz
Present T Rice Yee " Rice  Rice 7 Fice
Land Usc Aren of Land Yield I.and Yield I.mnd Yield J.ard Yield Lomnd Tield
Desipn: - Reclaim- Class (tons/ Crass  (tons/ Class (tons/ Class (tons/ Class  (ton=z/
tion able Lands Rating hia) Rating ha) Rating ha) Rating  ha) Rating bz

(1) (2) (3) (1) (5) (6) (7) (8) (9) (10 (17) (17}

1 640 3 1.5 2 2.0 2 3.0 1 4.0 1 4.0
I 1125 3 1.0 ' 2 2.0 2 3.0 1 4.0 1 4.0
m 265 4 0 3 0.8 3 2.0 2 3.3 1 4.0
IAY 495 4 0 4 0 3 1.0 2 3.0 1 4.0

Total 2525



T-A

~

«©

T:lb]_(‘; noe . &’.S‘.%L"lﬁ'l_-’*rsﬂ_ and Yi-lds E.\:r{r- c~d from Each l.and Class

After Project

Construction After 5 Years After 10 Years After 20 Yeur -
Arca, in Yield, in Arca, in Yield, in Arer, in Yicld, in Area, in Yield, in

___Pkls_v:;t_n‘rl'," tone/ha Hectares _tons/ha tons/hs
Grose Range Av. Gross  Net : Looge 2w

(2} (8) 9y , (o) (11) (12)  (13) (1) (15) ey (1) (18} (17} (zcp  @2n

1765 1570 4.0 4.0 2525 226G 4.0 4.0
1765 1570 2.0 2.0 1765 1570 3.0 3.0 760 690 3.0- 3.1}
3.3
1765 1530 1.o- 1.2 265 250 0.8 0.8 760 690 1.0- 1.4
.5 2.0
760 - 0 0 495 440 0 (4}
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tinis dovelownient period, Jhe followin, imaprovements Wil boomLGe
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R T T = A A :‘“"'ll"""”"' yam s A, oy ey imer I
Catloni. trLlnmang, sSOoMmC Lellliding, daw sulhie otney Lmok ovementis ol

resent agriculiural practices.  The project lands are not consicered

suizable for othes crops ai the present time, nor the fivst few years of

The yieids that can ultimatcly be cxpected from each area are

- as

o

shown in the last columns of Table IV-

n o

Mezximum oroduction from the lands of the project will cGepend to

D -

~eat extent on the wav in which the soil, water, znd land manage-

men: problems are hancdied. Important managemern. problems w:ll be

comnected with land drainage and its effects on the chemical and prysi-
cal nroperiies of the soils, salinity control, and soil fertility. Immeci-

ztcly elter completion of the proposed project construction, it will be
zdviszbole to bezin a measurement program to establish records on tne
sroperties ¢ the soils. Any changes inthese properiies curing the
crice oI development of the Project can then be noiec. If necessary,
+ zction program will follow, aimec at correcting the provlems thet

ally &

O

mey GCoLEC

-

It :s possible at this time tc anticipate three major sources oI cii-

SV,

(¢

ficulty that can be ket under control if properly diagnosed &.nd tr
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iov are associated with soil toxicity, sclinity, and feriility. The pre-
1 1 ':!1‘-‘

LAY AT¢l 0L &CIA SULLGle 8014n QLG solls with & PSP SodIur -

‘on coranlex will probably posc e most difficullt management

Acid sulphate soils generally contain a high content of sulphides.

The lowering of the water table that results from surface drainage

of oxidation, indicated Ly & de-

:_/.'7;,,,.u(.(7-. - P
IRV T ST TIIN O PO ¢S R PURTIE S

4 =

in the scils. These clermncents, when

their grow:th, It will be important, therefore, to maintain the degree of
acidity within & range that is high enough to prevent the iormation of toxic
elements. One way of accomplishing this consists of controlling the posi-
tion of the groundwater table, therchy decreasing the rate of oxidation.

Liming with careful and progressive drainage will also help by relezs-

and neutralizing the potential acidity.

Some of the alluvial soils in the project area contain a high per-

dium and a fairly low amount of calcium. Leaching of the

(9}
[¢)]
3
ct
W
12
¢
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e

czleium r-av change the absorption complex to one of sodium. This
Pe XL

[aN
)
(o]
.

~zyv affect the structure of the soil, czusing it to be easily puddle

¢iffieul® to voork. Such an objecticnable soil complex can be modiiied

b the oddition of an electrolyte such &5 CaCO,, by the introduction ol
3

water containing calcium salts, and by the addition of organic matter.
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ree of saiinity will be very important, particu-
salt content

“

Mc)
(A\,‘D

When the

sontrol of the
. ‘s
o)

@t to the success

fertility is also import

L

nance of soil
Organic matier decomypvses rapiciy i tropical condi-

Mainterance and improve-

ticularly in well-drained arees,
tae content of organic matter should be accomplished for the

nant of t

rollowing rcasons:
(&) to preserve and improve soil physical conditions by
rmaintaining good tilth and reducing soil erosion.
(o) o maintain the nutrient level of the soil and increase
its base exchange capacity.
kK into the soil, help maintuin

Crops residues, when ploughed bac
ct as a source of organic matter and plant nutrients.

nd a
er will zlso contribute to an increase of soil or-
pot

ertiliz

‘tion i I
aiter by increasing the amount of crop residue, including bot

-
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Chupier V

AGRICULTURE

A presentation of the Guinean economic structure is difficult be-
cause of the ock of accurare sratistical data, The following data, bused
~ cstimates by Guinean and U, S. zgencies, are intencded to provice an

cconoraic background of the Kzkossa Project.

The population of Guinea s estimated to be about three million.
Over 50 percent of the people receive their living directly or indirectly
irora agriculture, largely on & subsistence basis. Only zbout 120, CGO

LDersOons aTe Wage earners, most of them being employed in non-

aariculiural enterprises. The income per capita in rurzal arezs is
much lower than in the urban areas.

Trhe gross national produc: appears to have been increasing con-

e Ay meyen-

srantly since 1939, largely as & result of gaing in the mining induslry

e mmmcce Mmatiornzl product nes ToMEL

Towever, the per capita value of the gross naticnal product has remiine

zc zbout $100. The production per + rnan-hour of agricultural iador is be

The mount of cash income received per capitz is estimazed 1D o€

P

usuL. DElern 1s 1oT the family to consume most oL the goods tney LSone

0.
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l¢, or to barter for other PIO
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S-0-t.g ¢ 0l trinsportation facilittes hundicaps the movement of products

Sevond & relatively small radius,

~or many years Guinea has suifered from a scrious trade deficit,
This cediciv will probably continue for some time unless energetic mco-
sures are taken toward self- dependency and ¢conomic developrnent 7 rro-

§rams. A comparison of imporis and exports is giver in Table V-1,

The principal eéxports of Guinea are banznzs, coiiee, diamonds,

Tuble V-1 - Guinea's Fon ceion Trade, 1957-6%

(GF millions)

[€9)

[
O
C~
o
[
O
O~
—
—
~O
o~
v
[
Na}
O~
o

1957 195 1959

Impor:ts 12,600 15,300 15,300 12,300 18,000 16,200 not
LXDOTTS 7,200 5,700 -7,200 13,€00% 15,200 11,100  avail,

Bzlince -5,400 -9,60y -8,100 +1,300% -2,800 -5,100 -4, 000

“* Restucy ol 1960 export figures by the U.S. Emba ssy indicated thag

STT0rs made in that yvear's irade fizures would zet vally show a bare]
y s

[d

czlenced eccount, if not an actual defici it.

cricuiiural wroducts an

Cooniges signillicantly. Agricuiiuse: commoditics accounted for 62 ara
< Soenl O exports in 1959 anc 16460, respectively, but only 32 and 30
Percont In 19¢) and 1962,

A
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LAk Dy 5 S .-~ ~ RS s - el - . - ~ s o -
Thie main fmports consigt ol mochinery, cotion cloth, peircicam

Py

-

Hroducts, ana rice., Thoe value ol cyrisuwitural imports in 1902 amounted

to 15 percent of totzl impoxrts, with rice being the most imporiant,
anmtouniing Lo about 35 percent of torel L_ricultural products.
T ! ot enltaral exnoYroy ) b RO PR TS DA
e Vaiud o* 55 S toututrad L..;)u.n..: NS CHCCelCil Vihaue O Liyua vy
F R R LT e 4 1 L7 we difference i el SecLuse
inoall recent ycars, Fowever, o lyos Lne ifference wes smail secause

T T T T Do T b Tl . T Y Ae N RN +
Syoilzble data indicate thot Guinca has become more agpencent on
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- her people, pariicuiarly rice anc

flouy., Lporis Ol riCe amiounted 1o coporomimately ten percent ci domes

tic oroduciion in 1902, Although it is belicved thot domeetic produciion

cral commodities are smuggled out of the country.

Althougzl minerzl production “os become irncreasingly imporiant

: RCUUR . ey PR N PR . e lam 4 LIRPIE s s mmeees
n Gl cts EMNIOTT trace, afriluniusc remzazins ne icundaiion ol e Coun-
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corn, and swccel POLRLoCs. Iive-

geock production is Important cconomically but cattle are ol poox GuE.ity
smd mnziures ore seriously over-griicd, It is estimated thal tnere are

tout i, 207, 700 need of cuitle in Cuinea, mostly undersized Bush animols.
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c! < Lor OT & nerdsnnan

CoLr s Sh.LTon WLT SAUANOTS TO S CLLaeY & ChlllliValls
IR MO Yo X0 T-a arazine of livest - a3 fre - =+tle neY 5
DU o Saola, ~C SrazIng of livestock is free to caitle owners, wWao

- e YT e mama o A fo o
LU0 LSUGLLY nomad iarmers.

Lo

<

v

iree genecral tyne
3y with distiret production praciices and probloms. Cver

ral land is Jarmed by the individual subsistence

farmer.,  Inmdividucl holdings are gencrilly small and crop yicids erc
low, Tor ihe most par:y, these farmers Sove N0 casa surplus o snond

are so small that

nrechanization, &l

mecihanization woul
tandiny of crop roiation or proper lend viilization.,  Burning of the

ve-eiitive cover to develop new figlcs is e usual practice. Imports

(1

of fertilizers SO MOsSIlYy TO expPort crows.

Tie second type of ownershin, thal o the large commercial plan-
plche was inrroduced by the Tormer colonial administration by issuing

-u.--C-..J,

-5 land ot was either not claimed or was tribal land not in use.

T R - v o T Nirae ane g 1e 37 Yesa
Te tnird general type of land ownersalp is & com mercizl kind

of . =:nin, hased on tribal aliiliziicn. It is estimated that ten per-

AT 0D Lo LU Cimed in Guinea is tribal land, existing meinly in Uppe:
Guino. =< in the coastel region ol Lower Guinca. The ianc is owned
ir comnrncs by tribal grouns but is diviced nio srnzll plots anc ermed

emain with the same fomily

By i.. practicc, PLOLs T
irorm L nmereilon 10 generalion.

Crech ol o deficicncy in agriculiuril production stems {rem 2
socizl condition o~ the average farmer. Lacking capitzl and training



fo Lavely succeeds in fecding himsell. Towever, one ol the most im-

ia

1 .

1 incidence ol CYOD

VeLrs oY mLOSt CTORS, particular:y svmanes and rice.

t

t

ool by the Government with heavy erm: “wazsis On &n increase O &g

cultural produciion. A Ministry of Rurzl Economy was organized in
January 190. 1o carry ou the Prososca agriculural programs. De-

wosive noldings to tne gyealest eHient ~ogsible, most of them to o€
b I

COoLCTana JOS R OPRES Y
< =

owned clther by the state oF by commercial organizations. Production

ncipal crops with emprasis on

~ -

cersers have been organized for i

e

e [

extOYT Crops. The Ministry of Rural Tconomy plars to furnish each ¢

“ous 5000 villages with agriculrural tools and mnachinery not now aveil-

Tsitiimates of total production of rice in Guinea are presented .=
m.ois V-2, Totcl production in 1962 was approximately one-third
“2n 1., 1952-53, howevez, there has been practically no cnenge

oduction n&s
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15 estimated thatl aopraximately 20, 000 hectares of land arc
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cevoica to rice. The yield of rice 5 emsren.cly variable but averal-

e bl

lcss then 1.5 tons of rice paddy per neciLre.
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Toial Production Production Production

oLt mewric tong) Index (‘,)crccnt) Irdex (pcrccm‘,)
1932-53 and
1G34-35 (ave.) 243 100 100
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9 123 106
1959-60 319 131 109
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esent Preduction in Project Arca

Rice production in Guinca may bu scparated into two general
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movhods: (1) mountzin rice and (2} plein or marsh rice. Estimeatles

)

8%

‘or the combined period of 1947-49 znd 1952-54, presented in Table V-4,
show that approximately 060 percent of the totzl production is mountain

rice.

Nountain rice is produced by nomad farmers. The common
practice is 1o cultivate a plot of land continuously until the natural soil
fertilizy is depietcc and then left icle for several years until regenceratec
Ly mourcl vegetation. The plots cre very small, usually sufficient to
families needs. Decause of increasing demands for
faod, shorter veriods ol time are allow ¢ for regercration of organic
wmiziier while brush fires, repeated cazch year to clear the land, prevent
she naiuro. replacement by trees and other vegetation. This practice

seimercal to the land, particularly in mourn..inous arcas, because

iestruction of the vegetative cover and an
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Dotz n Table V-2 Low that approximately 15 percent of the tot&l
production of rice in Guinea is marsh or plain r’ce. It is difficult to
estirnate now much of this production is from the marsh arcag but it is
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believed 16 be a lorge proporiion.
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anc Lower Guiscen, 16 7--19 end 1952-54

Areo 1947-49 1952-54

Guineca

Mountain rice 100,006 140, 600
Plain or marsh rice 75,000 193,000

rotzal zll Guinea 175,000 243,000

Mountzin rice 24,000 23,000

Plain or marsh rice 25,000 36,000
Totzl {or Lower Guinesz 49,000 59,000

& the production from marsh lands in Lower Guinea is
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“c.atively small portion of the total Guinean productiorn, it
is in this cozstel zone that the potential for increasing rice yields is
e greatest. Heavy precipitation during the wet scason from Jure to
November termits the culture of one annual crop of rice without irr:-
étion. The soils, composed mainly of heavy alluvial clays, are for

the most po-t fertile and suited for rice production.

Becausc of low elevation, these arcas are pocrly drained during
the wet scason and subject to the influence of salt wuter during hish
tides. The potential amount of riceland in Lower Guinca hos
¢r..mared at tbout 150,000 hectares of which 90,000 hectares a=c bo-

1 - -~

ow sea level.  Approximately 50,000 hectares are now sparscly cul-

dve.. .. Inorecent years, 8080 heciares have been reclaimed and ore
peiny culiivated by methods gencrally adapted to local corditions, al-
[&] ' / [s] IS

Ll hothll varies considerzbly from one arca to the next.
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o wicelands presently uncder cultivetion in Lower Guinca,
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ooding durins the wet season by fresh woier due to lack of ¢rainage or
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from salinity by salt water intrusion curing high tide. The cultivators
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hove atstempied to reclaim some of these arcas by construction of dikes

and drainace channels but yields still are generally very low. Although
~1 Y kel .- - £ ) o0 ] 3 3 A PO < oo

reclamation of mos: of these lands is iechnically possible, the magritude
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of the work involved is beyond the financizl and physical capabilities of

M ost of the rice is produced by antiquated hand methods, but at-
termnois by the government are being mzde to mechanize and improve
culteral practices. Present efforis are concentrated on reorganization

holdings owned by the State or con mmunal
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o:ga:zizatio::s (C.A.P.). Toassistihe cooperatives, Centers of Rura:

Mechanizason (C.M.R.) are being esteblished. These are, in elfect,

comiinciion experimen, stations, machinery pools, anc land agent ser-

vices. It was announced in March 1942 that 295 cooperatives, and 27
C.3..R.'s had been established, Meooainery and equipment are being
Lvported, -acluding about 400 tractors. The C.M.R.'s are operating

PPN

rice enierprigser by force account, rostly on new reclaimed land.

Jhough progriss s belng rnd o, <cral production of rice irom
C.M\.X., C.A.2., and private enterpriscs have fzilen short of estab-

lism.  zoazls, Primary sroblems &re zssociated with lack of trained



personnel, mackinery Parts, Ifertilizers, and storage faciliticy; wity
-0s=¢s from discases and Ingeats; and with poor cultural praciices,
Auch of the machinery that has been imported is useless beczuse of

being vasulted 1o local concitions and beczuse of lack of mechranics,

Aginmeos ricelands of Lower Guineca, widespread floodin ng oy
Iresnh water curing the wet secson and by salt warer during high tides
is the major limiorion Lo rice produciion in the Kakossa arca, The

tiides is particularly felt on the ¢ island of K LzkKossa,

vaere large tidzl emplitudes result in the backing up of sca weater into

the tidal streams and their tributarivs, Because of the low elevarion

a:ly cortaminated by salt water either by direct spilling frum the maxi-

.’

80ts, or by underground intrusion, Little, if any, increase in produc-
tion through imynroved management and cultural practices can be expected
withous, Iirst, an cfiective control of inundation by salt water, Exces-
sive lloocing by fresh water in Ceriain areas coniributes to the reduc:ion

5

oI nroduction, but by far the most se ious problem on the island is thz

c+

. of sea water inirusion, which = educes rice production to negligible levels

~

;_a
~

abou: three YCears out of four on tkre average. The lands advers

fected by salinity from tidai flooding are shown on Exnibit 2,
The clltivators have adopied rice production Practices which re-

alc-
o

Hy

flect the in luences of the flooding and salinity Problems, and o

old culturzal practices. The varicty Dissi is grown in the most severe

saline areos, Other varietios: Minikoud, Kaolacka, Bandioulou, Tamba,

’

#Clize, Tomu, Twenty-four, and Kob. -'ore arc srown on a large najority
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of the Nakossa project lands where the salinity problems are not as
severe s where the varicty Dissi is required.

s produced in small

)

y all of the rice in the project area
adies, mostly [or subsistence, for the cultivator and his family.

the land and preparing the seced bed,

most of the work is serformed by women. Clearing is accomplished

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
2 serious problem. Generally several families work together and go
from one field to another, cleaning out and destroying the weeds. After
the rice is in kead, the fields are guarded by watchers to scare away
bircs. However, 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. Usually, only the

o
[
fv
n.
w
o
H

e cut, leaving stubbles about eight to ten inches long which are

ubsequently burned-off in preparation for the next crop. The rice is

n

carried by women on their heads, usually to the native village, where

t is ¢ried and threshed. Threshing is done with flails and the straw

(O

separated from the rice by tossing it into the air. Hulling is accom-
plizked by placing small amounts at a time in a crude ‘basin hued out of
z log and then pounding with @ stick or pole. The rice kept for home
Use is stored in the family hut, with the portion kept for seed usually

bztier protected against insects than the rice used for food.
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NModern methods of controlling discasces and insects &re not used,
o Gid thoy appear to be necessary on Kukossa Island.  Freguently,
comidlcte crop fatlures are experienced and in most every ycLr some
oo Lnd 10ss in production occurs. This loss in procuction on the

ER Y R . ~ ~es S e e Ve o * ~e B
cject is primarily from salt water intrusion, cspecially dur-

ing the years when very high tide levels are reached during the growing

ct
O

season.e This occurs about three yea out of four, on the average.
Since fertilizers are not used, yields diminish rapicdly after two or three
years of continuous cropping. The cultivator then moves to paddies
that others have left, or to new land, allowing the old paddy to remain
out of procuction for & year or so, and then eventually moving back or

it 1o another family to cultivate. Although government officials
indicated that there is ample land for the local population «t the present
time, it scems to be increasingly difficult to obtain plots that have been

out of production long enough to regain the original fertility.

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,
called "Comptoirs.' No Comptoir is located on the island of Kakossa,
z=¢ much of the excess rice is exchanged among the inhabitants. As
rmodern means of transportation and even animal-drawn wheeled vehicles
tle, the rice is carried on a man's head in bags weighing
rams to the nearest village. Walking distance may be 2s

ter:. During good crop years, when excess rice is

3
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availoble from the island's production, bags of rice to be sold are trans-

-

roried to the siwinland in dug-out canoes (pirogues), to be delivered to
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Until recently (September, 1963), the government of Guinca,
Lrough the Comptoirs, was in charge of distribution between regions.
Privote traders are now authorized to handle inter-resional commerce.

e government scts the price to be paid the cultivator for the rice,

~d conditions existing throughout the country. The Comptoir

)

also weus as the reteiler and sells rice at prices set by the Government,

as well as private traders.,

Present Production

N
bn.cf.:.‘.b

ct

ics on actual yields of rice on the project lands are lacking.
Listimates 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 their average yield per hectare.

Cur estimates of yields presently obtained in the Kakossa arca
ere shown in Table IV-3. Estimated production from each of the areas

delincated on Exhibit 4 is given in Table V-5. The total production from

the cultivated area of 1530 hectares is 1810 metric tons or an average of

zbout 1200 kilograms per hectare.

Table V-5 - Estimated Crop Yields and Total

Production of Rice on Project Lands

Cultivated Average Totzl
Arca Riceland Yield Production

Desipnation (hectares) (tons per ha) (tons)
I 560 1.5 840
1z : 970 1.0 970

I - 4 - -

v - - -
Projecr & . 1530 1810



~

Jhese estimates are based on interviews with local cultivators
and government ofiicials acquainted with the arca, and on personal
wiowledge of the productivity of rice as cvaluated by such factors as
shickeiess of stands, extent of salinity and productive capacity of the
soil, known performance of existing varicties, and estimated losses
rom discasces, insects, and salinity. It must be pointed out that the
cata prescented in Table V-5 reflect long term average conditions, and
et in some years the production may exceced 3500 tons. However, in
nany 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 ana
ioric e of water during the dry seasons, limit production to one crop
ver year. Provision of water from surface or underground storage
luring 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

Aethods of Improving Production

Without provisions for drainage and reclamation of saline soils,
procuction of rice on the project lands will remain at low levels. With
proper Crainage and reclamation of saline soils, lands now only partially
productive and most of the non-productive swampy lands will be capable

1.

oduction. Sustained production is possible providing adequate

9]
1
o
ge]
H
©

fertilizers zre added and systematic rciations are introduced. Large

increzses in total production of rice will be possible as a result of:



(L) bringing swoLmpy and marshy lands into full production, (2) increased

"o varictics better adapted to well drained and non-saline soils,

cnd {3) more intensive use of lands presently cultivated.

[y

Tarly transplanting of the rice to take advantage of the frequent but
- 0r 100 cxcessive rains at the end of the wet scason will insurc adecguate
good guality water for the rice, encourage maximum rice production and

ar cariy harvest. An adequate supply of good quality water is essential,

pecially in arcas where salinity is a problem as it is in the Kakossa

[¢]
w

Ccoe

oject a

g}

P

o]

New and fertile riceland would be provided for additional cultiva-
tors, and existing plots could b(lz enlarged to permit mechanization and
more efficient operation. Additional forage for grazing of livestock will
be zvailable as a result of the enlarged and more productive cultivated

area. Although rice cultivation and livestock raising are not integrated

O

perations, the opportunity for inte gration will be improved as the lancds

-

vill be more adaptable to systematic rotation with crops that are now

restricted because of flooding and salinity conditions.

It is expected that a few years will be required after the project
is in operation before the full productive potential is attained. Numer-
ous char.ges and improvements in cultural practices are necessary which
will take considerable time even if extension and research programs,

and financial assistance to the cultivators arc available.

The production potentials due to dxrainage and reclamation, and
to anticipated technological advancemer.. for 20 years after the project
is in operation have been estimated. Estimates of yields, cropping in-
tensities, and crop rotations WeTe - ~.lyzed for four five-year time inter-

vals over this period. Progressively higher crop yields corresponacing
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10 consistent improvement due to drainape and gradual reduction in
szlinity, increasing use of fertilizers, better sced, mechanization,

plant protection, and systematic Crop rotations were assumed.

The lands in the project area are flat and surfzce drainuage toward

the marigots is effected on small naturzl slopes. It would not be eco-

3
G
181

¥

romical to design the drainage system so as to avoid occasional sub
~ 3 J 3 ~A4 o . M 3 - T e P
gerce of the rice plants in the paddies. Consequently, it was de: rmined

to what extent rice plants could be subme rged 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 beirg
seriously affected insofar as production of seed is concerned, if the water
is moving around the plants. The rice plants will withstand intermirttent
periods of complete submergence for about four days provided that the
weter level is subsequently lowered to about one-half of the plant height
for at least four days before complete submergence occurs again. .An
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 {rom the sced beds to the paddies.

If the rice is planted oxn butts or ridges that are 25 centimeters

2igh, as is presently the practice in Lower Guinea, the allowable water

o

byt

surface elevations can be correspondingly higher.

Thesec criteria are based on the fa_t that light penetrating shallow

H

Ui

Cepths of clear water will enable the process of photosynthesis to con-

tinte. The criteria apply to water allowing at least 70 percent of light

V-17
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tission.  When sediments are in suspension, the allowable depth

nce or the length of the period of submergence must be

The time of change from vegetative ctage of growth to the repro-
cuction cycle of the rice plant occurs from 70 to 80 days alter seeding.

fter the rice plant has entered the reproduction phase, it rapidly be-

b

81

€5 more susceptible to excess flood water. This is particularly

Con

.l

rue during the period starting two weeks before the panicle emerges

t

nd ending two weeks after panicle ecmergence.

o

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 aite. 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 will 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.

Projected Crop Yields

Rice vields that can reasonably be expected over the 20-year
development pcriod have been prescnted in Table IV-3. . For the first
Crop-year after the project is in operation, an average yield increase
irom 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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1t is belicved that five years will be required to leach the saline
soils by alternate flooding and drainage from natural rainfall. At that
tine production levels cqual to those presently obtained on non-saline
so0iis 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 yiclds 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 yiclding non-saline tolerant rice
varicties will replace the low-yielding varieties. Also, increasecd
yields will be possible because rapid drainage will permit better timing
of pianting and control of the fresh water supply. Improvements in cul-
tural practices, fertilization, etc., arc expected to be slow and will,
taercifore, not be significant factors towards increasing yields during
the initial five-ycar period. -Allowances for nominal applications of
fertilizers, particularly phosphorus, were made in estimating probable
yields and costs of production. Progressive increzses due to these
improvements are practical after this time up to 20 years after the pro-

ject is in operation.

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

{inancizl assistance to obtain fertilizers, insecticides, etc, It has been



:pated Land Use and Crop Rotations

'
3
.
]

Lo anticipated land USe¢, cropping intensities, and Cropping ro-
tations for cach five-year period are Presented in Table V-6. We have
sssumed a three-year rotation with rice occupying two-thirds of the
cultivated lund arca bug with increasing amounts of other crops occupying
the Temaining one-third of the land. The cropping intensity is expected
to increase gradually from 67 to 100 percent. A cropping intensity of
160 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 Reclamarion

Crops 1 5 10 20
Rice 67 67 67 67
Lespedezax* -- 8 15 20
Maizex* -- -- 3 9
Grain sorghumx - - -- -- 4
Percent cultivated 67 75 85 100

* Or equivalent legume forages and grain crops.

Projected Asricultural Production

Total production anticipated for various time intervals after the
“TOject is in operation are summarized in Table V-7. These estimates

\re based on dverage yields for rice given in Table IV-3. The gross

V-20
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recicinmied area has been reduced by ten percent to allow for land utilized
by dikes, levees, and drainage channcls from which no production will

be obrained. The net reclaimed project arca is 2260 hectares.

Table V-7 - Estimated Total Apricultural

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 - - - - - - ©20 1820

)]

5 1500 3780 180 1800= - - - - 580 2260
10 1500 5620 340 3400i/ 70 140 - - 350 2260
20 1500 6030 460 4600-1—/ 200 500 100 200 - 2260

1/ Equivalent green weight.

Land Settlement

There is no specific national or regional policy for selection of

settlers for the new project lands after reclamation. Assuming an

f

verage 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. .fnecessary, local officials anticipate no problems in getting



voluniaTy movement of families fxrom other arcas immediately upon
oleti.n of the project. There is also the possibility that coopera-
may be devcloped to operate large sections of land with the help

o: fmochonization. However, foT the purposc of analysis, 1t ;s zssumed

.

(hat the lands would be settled for subsistence farming in units averag-

ng four hectares each.



Chapter VI

PROJECT DESIGN

Introduction

A plan for the reclamation of Kakossa Island was developed in
1954-55 by COTHA under the general direction of the Service du Genie
Rural, and its implementation started in 1956 with the construction of
dikes and a gated control structure. The salient results of the COTHA
studies, summarized in their reports, were reviewed in detail by the
Harza Engineering Company within the scope of the feasibility studies

presented in this report.

The basic concept of the COTHA plan of reclamation, i.e., pre-
vention of saline intrusions by means of dikes surrounding the project
~ez, and drainage of the plains toward the ocean through gated control
structures, has been examined and found to be sound. However, cer-
tain engineering studies had to be performed in order to pass judgment

on the adequacy of the structures as they were selected by COTHA.

In particular, precipitation data available to COTHA in 1954
covered only six years. Probability analyses based on such a short
spaxn had necessarily a limited accuracy. The data collected from
1955 through 1963 were used to supplement the COTHA studies, bring-

ing them up to date.

Likewisc, the behavior of the Soulemanya River since the comple-
tion of its control structure permitted to make observations useful in

developing an improved plan of reclamation.

The engineering studies made to review and extend the COTHA

siudies consisted of hydrologic analyses, hydraulic investigations,
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structural and foundation designs, and a survey of quantities. These

studies arc described in this chapter.

Tidal Flooding Under Prescnt Conditions

It is rcported that good crops are harvested on Kakossa Island
about once every three or four ycars. In all other ycars, 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
raph 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 nighest tide levels were reached only near the end of the grow-
ing season. In 196!, maximum tide levels were comprised between
1.60 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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This shows that high tide levels are always‘ high enough to flood
the periphery of the island and the lands adjacent to the marigots. How -
cver, unless the high levels are sustained over a long perind of time,
hydraulic friction would prevent the overland flow of salt water from
progressing toward the center portion of the plains. From the tidal
observations made in the plains by COTHA (in 1955), the hydraulic loss
resulting from this friction is approximately 0.70 meters. Conscquently,
ride levels of 1.90 meters above mcan sca level would result in water
surface elevations of i.20 meters in the plains. If tide levels at 1.90
meters above mean sea level are sustained over a long period, such as
Lappened in 1958 and in 1962, most of the plains would be flooded by
salt water. However, if, as in 1953, tide levels do not remain at the
critical levels for a long portion of the growing season, flooding would
be limited to the peripheral fields, and the lewest lands. The levels

reached in 1961 probably resulted in minimum salt water encroachment

on the project area.

Water Supply

Consumptive Use Reguirements

An estimate of the consumptive use requirements of rice was made
on the basis of evaporation recorded at Conakry, and msing the results of
systematic experiments made by the Rice Pasture Experiment Stations,
Bzaumont and Eagle Lake, presented in a report of the Texas Board of

: 1/
Water Engineers.—

1/ Consumptive Use of Water by Major Crops in Te:ws, Bulletin 6019,
by Louis L. McDanicis, Texas Board of Water Lngincers, November
1960.
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Monthly evaporation data for Conakry-Aviation arc presented in
~abie VI-1. These data indicate relatively low rates of evaporation

curing the wet scason, 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
1958 * 3 * » b x* % 75
1959 93 60 33 33 45 66 60 93
1960 69 x 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
tr.¢ theoretical lake surface evaporation, measured evaporation data
were used without correction. The highest evaporation recorded from
1949 to 1962 for each month were mult.plied by the Use Coefficients KU
found at the Texas Experiment Stations for the corresponding stage of
growth, except that the June coefficient was used for the month of July,

for conservatism. The results are summarized in Table VI-2.
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Table VI-2 - Estimated Consumptive Use Requirements

for Rice in Kakossa Arca

Month 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 smaller
than 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 {requency curve which is considered to be repre-
sentative of the annual precipitation over the Kakossa arceca. 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. Howevér, 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 (229 millimeters) and in 1956 (301 millimeters). The recurrence
of the 1956 event would be about once in ten years. Reducing the corre-
eoonding 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
Ocrober and November for various years, it would be reasonable to as-
sume taat 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 centimeters 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.

£decuacy 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-

metirs 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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Cumulative procipitation at Kakossa

Daily prccipitation recorded at Conakry-Aviation from 1949
through 1963 and at Forecariah from 1950 through 1962 were obtained
{rom the National Meteorologic Service. These data were supplementcd
by prccipitation data recorded at Yeniya from July 11 through August 31

1954, within the scope of the COTHA studies.

The maximum precipitation recorded at Conakry-Aviation in oneé
day foT cach year Was tabulated, and the frequency of such occurrences
was determined. Similarly, the maximurn precipitation recorded in one,
two, threé six, fifteen, and thirty consecutive days of each of the 15 years
was detcrmined on a Bendix G-15 electroniC computer. Their frequen”
cies were determined, the corresponding values were plotted on @&
logarithmic—probability chart, and frequency curves Were drawn. From
the frequency curves, the precipitation for one, tWO three, six, fifteens
and thirty consecutive days corresponding to probabilities of ten percent
(ten-yearl recurrence interval) Was determined. These values were de-
creasec bY ren percent to account for the fact that the short period of
available data at Yeniya indicated that precipitation recorded at ConakTy-
Aviation exceeded that at Yeniya. A reduction of ten percent, instead
of the observed differenceé of 20 percent, was used to be conservative in
view of the short duration of concurrent records. The resulting chart
of cumulative rainfall for consecutive days, presented on Exhibit 5, 1s

considered rcpresentative of the Kakossa area:

This chart shows that the difference between the 5-yeal: 10-yeaT,
and 30-veaT cumulative rasnfalls 15 not great. A recurrence interval
of ten years was selected foT design purposes: This selection results

in the ~cceptanceé of damages t° agricultural crops in the event of
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occurrence of a more intense rainfall, However, damages probably
would not be great in view of the fact that the 30-year, 15-day rainfall
(1260 millimeters) is only 18 percent greater than the 10-year, 15-day

raintall (1070 millimeters).

Table VI-3 shows the Ccumulative 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 neces-
sarily 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,
1901, a total rainfall of 930 millimeters were recorded at Conakry, cor-

responding to a pPrecipitation 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.

Desion Siorm

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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Thercafter, 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 metcorological conditions typi-
cal of a 15-day storm with a 10-year recurrence interval, The total
cumulative rainfall would be ~bout 1070 millimeters., The distribution

of this storm is shown graphically on Exhibit 5.

Table VI-3 - Kakossa 15-Day Precipitation with a

_l_(_)_- Year Recurrence Interval

Number 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, Storm
as Rccordcd_a_t Conakry, with 10-Year Storm__a_t Kakossa

10-Year Event

Cumulative
Precipitation of Storm from Aug. 24 - Precipitation
Sept. 7, 1961 (mm) for
Number of Daily Precipitation, Max. Cumulative Consecutive

Consecutive in Chronological Precipitation for Days
Davs Order Consecutive Days (mm)

1 47 235 280

2 235 406 360

2 171 433 410

S o3 233 SN

6 74 630 640

7 52 682 690

8 107 789 740

9 13 802 790

10 1 803 840

1] 76 879 890

12 28 907 940

13 7 914 980

14 5 919 1020

15 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, in mm

Number of COTHA HARZA
Consccutive 5-Yecar 5-Year 10-Year
&Ls Recurrence Recurrence Recurrence
1 170 250 280
2 235 320 360
3 280 385 440
4 315 445 505
5 345 500 570
6 375 550 640
10 ' 475 750 840

A comparison of the values given in Table IV-5 indicates that the
Precipitation obtained by the Harza studies for the 5-year storm are
about 45 percent higher than those obtained by COTHA., This is due
Primarily to the fact that only six years of record were available to
COTHA in 1954, whereas 15 years are now available. In addition, a
10-year recurrence was selectea 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 is
not lost through €vaporation or percolation. It corresponds to the
amount 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 de-
sign 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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average evaporation recorded at Conakry-Aviation in August 1961 on a
Piche evaporation gage was approximately 25 millimeters pcr month,

This amount was used as the evaporation at Kakossa.

On the basis of the results of permeability tests made in the
fonchon 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 any event, no further
refinement of estimated percolation losses was made because of the smal)

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 obtain the excess 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 levation 3. 70 for more than four days, and
that thereafter it be brought back to a maximum elevation of 3. 60 for a
period of at least 11 days. 1In the fields located at a higher elevation,
the flooding criteria can be satisficd 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 canzls,

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
Ebb tide level 1.90-1.70 1,70-1,80 1.60-1.00
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

1/ 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 tidal variations found at the site of the
Soulemanya control structure. These differences were reported in
Chapter 1II. They seem to result from an aggradation of the Soulemanya
River channel which has taken place since the completion of the control
structure. Since a dredging of this channel has been included in the pro-
posed plan of reclamation, it was assumed that such dredging would re-
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 Sﬂ'uctures

As mentioned in Chapter II, gated control structures provided with

automatic flap gates across each of the three main natural waterways
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were inciuded 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 structures were
designed to prevent the entrance of salt water into the project area dur-
ing the wet season, to permit an unobstructed discharge of fresh water
from tte project area toward the ocean in the wet season, and to allow
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-
gated metal pipes, each gated at both ends. The gates are of the Calco
1001 type, made of a flap gate mounted on a vertical movable frame.

A diagrammatic drawing of the installation is indicated on Zxhibit 6.

Each gate, in its lowermost position, allows an unobstructed dis-
charge in one direction hut prevents the flow of water in the opposite
direction. When both gates at each end of a conduit are set at their
lowest position, no flow can take place through the conduit. When a
gate is partially raised, it still allows unobstructed discharge in one di-
rection, but permits limited flow of water in the opposite direction.
This flow is limited by the vertical opening of the gate, deterrained by

its distance above its lowest position.

Therefore, a judicious setting of each pair of gates provided at
the ends of a conduit permits the control of flow in both directions. This
arrangement provides the greatest flexibility in opérating 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 draii-

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 fo. the Soulemanya structure.
However, for the purpose 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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of reclaiming the area located behind the existing dike across the Koakou
River, which is frequently flooded by fresh water in the prescnt condi-
tions.

The main dimensions of the control structures were determined
by combining the design storm criteria applied to the respective drainage
areas, the tide elevations criteria, the allowable rice submergence cri-
teria, and the hydraulic characteristics of the drainage canals and control
structures. The total conduit areas required at each structure for ac-

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) (m3/sec) meters) Pipes
Soulemanya—l-/ 960 L11,7 13, 22‘-/ 5.4 6
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

_l_/ Existing structure.

2/ Assumes that silted discharge channel is dredged.

The data given in the last column of Table VI-6 corresponds to
the structures as adopted for the purpose of the cost estimates. The
Kaokou stru .re, as sized here, is predicated upon the rehabilitation

of the Soulemanya discharge channel. An alternative solution would
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consist of accepting the present capacity of the Soulemanya structurec,
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 Elevationig 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 assumed that during the first few days of the storm, average tide
amplitudes would occur in the outlet rivers, so as not to compound sev-

erzl events, each of which have a small chance of occurrence.

The variations of the water 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 water 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.

VI-20 -



Therefore, it was concluded that the Prouposed gate openings will be
satisfactory for the purpose of maintaining flood levels in the paddies

within safe limits during intense storms,

The maximum flow through each structure during discharge of the
ponded volume is given in Table VI-6, The canal sections selected and

the natural channels Permit the discharge of these flows,

Layout of the Drainage Canals

as defined by the dunes, dikes, and hatural drainage patterns of the pro-
ject topography. Maximum use was made of the €xisting network of
hatural waterways., The existing natural drainage system was supple-
mented by excavated channels only where it Proved inadequate to pass
the 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 the
natural and excavated canals, The maximum average runoff to be dis-
charged by the drainage system was found to be 1170 liters per second
per-square kilometers over a period of six days, and 925 liters per
second per square kilometers over a period of ten days. This compares
with about 930 liters per second per square kilometers over a six-day
Period as used by COTHA in their designs. The difference between
the COTHA value and the one used in the Present designs results pri-

marily from the difference in intensity of the design storms adopted, as

mentioned earlier in the pPresent chapter,
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The natural channels which were found to have a capacity ade-
quate for the ficld 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 ficld drain systems, all of which have been constructed by the
zarmers, 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 3£ 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. Préliminary studies indicated
that these areas could be included in the pProject 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
Lhectare, 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 o_f 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 Areag—/ 60 . 50, 000 850
Touguikeren-Takanya Areaé-/ 40 50,000 1,200
Area north of Ouendimaé/ 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 9_f_Rec1amation

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
ol about 3000 additional hectares located to the east of the present pro-
ject area. A plan view of this scheme is shown on Exhibit A, It in-
volives the construction of a dike, 16 kilometers in length, from Cogolima
to Ouendima, by way of the Sankine Foli River. The dike alignment would
Cross the Noreire River 1000 meters downstream from its junction with
the 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 con-
struct this alternative Project is estimated to be equivalent to US$3,200,000,
Considering 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.

However, 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 studies
would be necessary for a full economic justification of

this scheme;
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(b) construction of the control structure represents a
major undertaking which will require extensive pre-
liminary exploiations and studies, as well as a con-
struction period of about threce years;

(c) the additional reclaimable land is presently covered
with thick mangrove vegetation, and it is expected that
several years will be required before this land can be
put under cultivation;

(d) the increase in cultivable land that will result from
construction of this project will require the relocation
of additional residents of other areas to the island of
Kakossa. '

If this alternative were selected, benefits that could be derived
within two years from construction of the proposed project would be
foregone, and the economic development of the island would be delayed.
Consequently, consideration has been given to a plan of development in
stages whereby the proposed project would be constructed as early as
possible, and the alternative project deferred until five or six years
later. A large portion of the initial investment would be useful for a

few years only, but it would permit an early reclamation of the areas

presently under cultivation.

A comparison of the cost of this stage development with the cost

of the alternative scheme is shown in Table VI-8.

Table VI-8 indicates that the costs of the two alternatives are
equivalent. In this comparison, no credit has been given to the stage
development for the benefits that would be foregone in the alternative
plan for the first five years. Consequently, the proposed plan of devel-
opment was adopted as the most economical as a first stage of develop-

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 5 years after
constructed coanstruction of
initially) proposed plan)
Cost of Proposed Scheme - 1.5
Cost of Alternative Scheme 3.2 2.2
Present Worth of Cost of
Alternative 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):

VII-1



- Soulemanya River dredging;

. excavation of drainage canals in the Soulemanya

watershed;

. rehabilitation of the existing dikes and control structure
across the Soulemanya River;

- construction of the control structure across the Koakou
River;

- construction of miscellaneou: ikes required to prevent
salt water encroachment on the watershed.

The remainder of the work could be started during the first dry
season (1964-65), and would be completed during the second dry season

(1965-66). This work will consist of:

- new dikes along the northern and western boundaries of the

project area;

- control structures across the Noreire and Touguikeren
rivers;

. excavation of drainage canals in the Noreire and Touguikeren

watersheds;

- bridges.

Access to the Project Site

The project site is presently sccessible from the mainland only by
boat. Natives use dug-out canoes to CT0SS the estuary of the Morebayah
River. Two modern ferry boats are available to the Administrative
Region of Forecariah, which supply access to the Island of Kakossa and
the neighboring Island of Kabak on an unscheduled basis. Landing points

are indicated on Exhibit A. The ferry terminal on the mainland is
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more borrow areas located in the immediate vicinity of the project area,
Dump 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 ihe 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 o_f 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
downstream 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 may be 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 are based on 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 pic 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 ilinw
for sloughing of the banks without excavated material being bruiu ikt back

into the canal. Maintenance roads will be located on the¢  uil banks.,

The drainage canals will be excavated by drap'ines during the dry
seasons. It is estimated that two draglines with 3/4 cubic v. :d buckcts
will be used by the contractor, together with D 8 1y bulidozers and
hauling trucks. The total amount of material 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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over the tidal streams; and smaller structures and bridges throughout

the project area.

Rechabilitation of the existing structure across the Soulemanya
River will consist of the replacement of gate guides and other miscella-

neous metal parts by similar parts made of stainless steel,

Construction of the new gated control structures will require tem-
porary cofferdams enclosing the work area during the first dry season.
The work area at the site of the Noreire structure is already coffer-
dammed. Wooden piles will then be driven in the foundations and re-
inforced concrete placed in the dry for the slab and the piers. The deck

and the gates will then be installed and the temporary cofferdams removed.
Construction of the bridges can be carried out without cofferdams.

A small, portable, concrete batching plant will be required on the
project. Materials for concrete aggregates are not available on the
island. They will have to be hauled from a quarry. Cement to be used
in the concrete structures will be Type V cement, or Type II mixed with
pozzolan admixtures, so as to give the concrete a better resistance to

the action of salt water.

Precast concrete elements for cribs will be cast near the batching
plant, to be transported and used for construction of the abutments of
structures and bridges. Materials for the bridge decks, such as creo-
soted timber, structural steel and miscellaneous metal parts will be

brought to each site, and the bridges erected.

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 spaned
at reasonable intervals and provide operating room for machinery. Local

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
to indicate cut and fill areas. Rubber tired tractors developing about
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 tc 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
the .ditches will be spoiled on the sides to form the levees surrounding

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 pfocedures 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.

The 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 bﬁdget-
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

The general approach was to estimate the increase in farm income

with the project over that existing without the project.

The basic agricultural unit in the Kakossa area was considered to
be a four-hectare farm. Economic budgets for this farm unit were
analyzed assuming that the project would not be constructed, and under
conditions anticipated at four stages of development of the reclamation
project: immediately upon completion of construction, and five, ten, and

twenty years thereafter.

The first step was to obtain the gross farm income from total agri-
cultural production under all conditions considered, by estimating the
production of the four-hectare farm unit and the corresponding value of

the crops.

The second step consisted of estimating the production costs. Farm

investments were determined. The corresponding annual value and the
euryent expenges of the farm yield the Lotal anniil produclivh tusts:

The third step was to determine the net crop income for each of the
stages of development considered by deducting the production costs from
the gross farm income. The increasc in net income with the project was

then computed by deducting the net income without the project from that

with the project.

Projected Prices

The prices of farm products and items of farm costs should theo-

retically reflect long-term supply and demand relationships anticipated
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over the sconomic life of the project. Because prices are arbitrarily
sct by the Government, projected prices based on anticipated supply
and demand relationships would not be realistic. Prices for majoT
farm products at the farm and retail levels for 1961, 1962, and 1963,

as shown in Table VIII-1, were used in the study.

Inspection of Table VIII-1 indicates that the relation between farm
and retail prices of white rice (polished) was 90 percent of the retail
price in 1963, but only 75 percent in 1961, For some products, the
farm price is only 60 percent of the retail price. This variation in
spread pre sum=biy reflects the costs of marketing., Howevel, accord-

ing to estimates by some government officials, this difference is un-

realistic for many products.

Farm Expense

Investment E_Lﬁi— ~ There is little private capital, in the form
of cash outlay, invested in the project lands. An exclusive ''de facto"
right to use land is established by each cultivatoT when he settles on it,
but neither the land noT improvements made during occupancy may be
sold or transferred. Existing jmprovements including clearing, level-
ing, drainage and diking have been accomplished by individual cultivators
almost entirely by hand without cash expenditures. Although these im-
provements increase the value of land for production, they do not repre-
sent an increased equity for the land users. Therefore, the present

private capital investment in land has been as signed no value.

Additional land development necessary for proper cultivation and
drainage of individual farm units will consist of one or more of the fol-

lowing operciions: (1) land leveling and grading, (2) renovation of levees;
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(3) snstallation of quaternary canals connecting to the tertiary and other

canals.

Table VIiI-1 - Farm and Retail Prices _f_o_g Farm Products

in Guinea, 1961-1963

nn—

(Guinean Francs)

1961 1962 1963

Products Unit Farm Retail EFarm Retail Farm Retail
Palm nuts kg 15-20 32-40 25 37-40 25 37-40
Palm oil liter 60 80 68 125 10 125
White rice, polished kg 30-40 50 45 55 45 50
Red rice, polished kg 25-30 40 40 50 40 45
Rice paddy kg 17-50 25 25 30 217 30
Peanuts, non- shelled kg 20 35-40 25 35 25 40
Millet kg 20 25 20 25 20 25
Coconuts each 5 10 1 15 1 15
Fonio, cleaned kg 15 25 30 40 30 40
Fonio, paddy kg 10 20 20 25 20 25
Sweet potatoes kg 10 15 10 15 10 15
Bananas kg 23 30 23 30 23 30
Pineapples kg - 90 - 90 - 90
Meat: Dbeel kg - - - - - 180-225

mutton kg - - - - - 250-350

pork kg - - - - - 500-800
Poultry each -~ - - - - 200-500
Eggs each -~ - - - - 15-20
Fish . kg - - - - 72-90 80-115

The cost of leveling and grading has been included in the project
investment. Quaternary canals and levees within each farm land will
be constructed by hand by the farmers. Inhe spoil material from the
canals will be used for construction of the levees gurrounding the pad-
dies. Itis expected that a nominal amount of cash outlay for simple
tools will be required for performance of this woTrk. The value of this

work, however, has been estimated to be about GF 29, 625 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.A 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)

Thatcih grass 2,000 " 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

GFE 5, 333 80, 000
Nails, wire, etc. 3,000

‘Total 100, 000



Table VIII-3 .

It has been assumed that with
the Project thig type of house

s of operation. The cost in-

Costs o_f Various Items Used EConstructmn

of Farm Dwelhng and Buildings

Item
==

Lumber for doorg and
window flaps

Sand - transported by
Canoe from the
mainl_and

Carpenter - labor

"amily labor

45 kg bag

Unit Cost
Unit (GF)

Per meter 100
Z-meter lengths 600
575

1000

Per man-day 3500
Per man-day 225



total cost for farm buildings will increase proportionately with increases

in crop and livestock production.

For analytical purposes, onec-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.

Other Improvements. There are few other farm 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
shops are not needed because there is little, if any, machinery except

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 these types

of improvements are not anticipated within the foreseeable future.

Machinery and Equipment. At the present time, most rice is

produced by hand methods. The average inventory and estimated cost

of equipment used by the typical farm family are presented in Table VIII-4.

For the minor equipment listed in Table VIII-4, annual repair costs,
excluding labor, are computed as two percent of the initial cost. Depre-
ciation is based on a five percent sinking fund over the useful life, and
calculated on 90 percent of first cost, with ten percent allowed for sal-

vage value.
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Table VIII-4 - Estimated Amount, Original Cost, and Annual Costs

of Equipment Per Subsistence Farm

Annual
Original Estimated Depre- Cost
Cost Life ciation Repairs

Item Number  (GF) (years) (GF) (GF)
Grubbing hoes 3 650 10 52 13
Axcs 2 600 10 48 12
Machette - Sickles 4 1,000 10 80 20
Flails 3 600 2 293 12
Shovels 2 800 5 145 16
Rice sacks 10/ton 1,000 3 317 20
Storage container 1 1,250 10 100 25
Screens for cleaning - 600 5 108 12
Wheel barrell 1 7,150 10 560 153
Polishing container 1 500 5 90 10
Miscellanecus 1,450 - 115 __%_?_
Total 15, 600 1,908 322

_l_/ Assumed owned only at later stages of development.

Mechanization of rice production is expected to develop very slowly.
Government officials stated that the services of the CMR will eventually
be extended to private cultivators, although cooperatives and force account
enterprises have first choice on existing machinery at the present time.
Some small plows, suited to pulling by animals, have been imported but

none were being used at present.

It was assumed that little change from present hand cultivation
methods will occur during an initial five-year development period. For
subsequent periods, it is assumed that machinery and equipment for plow-

ing and for harvesting will be available on a rental basis. Estimated
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rental charges for machinery to perform various operations are pre-
sented in Table VIII-5. For machinery assumed to be rented, annual

costs arc included in the rental charge.

Table VIII-5 - Rental Charges for Farming Operations

Total Costs

Item Unit (GF)
Plowing hectare 3000 _1_/
Discing, harrowing, etce. hectare 2000 l/
Combining hectare 3500 l/
Drying rice 100 kg. 150
Cleaning or hulling rice 100 kg. 125

1/ Includes cost of fuel at GF 500 per hectare.

Fuel and oil for operation of a tractor was based on local costs.
The price for gasoline varies from GF 41 to GF 45 per liter. Diesel

fuel is sold at GF 28 per liter, and oil from GF 250 to GF 300 per liter.

Inventory Value of Livestock. The inventory value of livestock

is presented in Table VIII-6. These data were used in the analysis to
represent future conditions that may be expected with integrated crop

and livestcck enterprises, 10 to 20 years after the project is in opera-

tion.

Table VIII-6 - Inventory Value of Livestock

Value

Item (GF)
Mirk cow 20-25,000
Beef steer 15-25, 000
Sheep 4- 5,000
Goat 2,000
Pig 20-30,000
Chicken 200
Eggs (dozen) 60
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Taxes. All agricultural enterprises are exempt from taxation.

There is at present @ head tax of GF 500 which must be paid on all per-
sons of working age, except indigents. There are no real estate taxes

on agricultural land.

Improvements in education, medical and transportation facilities,
contemplated for the future will require additional taxes. Although it is
not known how taxes for improvements will be assessed it was assumed
that taxes will be increased to GF 1000 per person by the fifth year of

operation of the project, seven persons being taxable on a farm.

Intercst. There has been little need for credit facilities-for agri-
cultural purposes by subsistence farmers. Provisions are being made
by the government to establish credit for plantation and cooperative-type
farming for export crops. Current interest rates for these enterprises
and for non-agricultural businesses are adopted for this analysis, and

amount to the following:

Length of Loan Interest Rates
Short-term - up to 9 months 4%
Medium-term - Uupto 5 years 5%
Long-term - 5 years and up 6%

Other Crop and Livestock ExpensesS. The annual requirements

and estimated costs for commercial fertilizer, seed, plant protection,
and miscellaneous livestock expenses aTe presented in Tables VIII-7

through 10. These data were obtained mostly from local sources but
with some adjustments to assure adequate requirements for the levels

of production assumed for the study.

It is assumed that seed for planting would be home-grown, excep-

tions being for pasture crops and specialty crops, such as grain sorghum.
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Table VIII-7 - Fertilizer Requirements and

1
Annual Cost per Hectare—/

Portion of Area Amount of
Fertilized Fertilizer Annual Costs
Each Year Hectare Per Hectare
Crop (%) (kg) (GF).
Rice and Grain
Sorghum 2/ 80 1342/ 83002/
3/
Legume grass 40 56 2740—

1/ Recommended rates for full production potential.
2/ Based on 78 kgs. of nitrogen and 56 kgs. of phosphates per hectare.

_3_/ Based on cost of nitrogen at GF 71 per kilogram and phosphate at GF
49 per kilogram. Phosphate applied to legume grass (Lespedeza) only.

4/ Portion of area fertilized upon completion (one-year) estimated act 25%.

Table VIII-8 - Seeding Rates and Annual Costs per Hectare

Seed Cost per Seeding
Required Kilogram Interval Annual Costs
Crop (kg) (GF) (years) (GF)
Rice 57.27 32 Annual Farm
Legume clover 15 400 3 2000
Maize 33 35 Annual 1155
Sorghum 10 300 Annual 3000
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Table VIII-9 - Cost_9£ Seed Treatment, Pest and Weed Control—l-/

Per Hectare

Costs Per Measure (GF)

Weed Seed Total

Crops Pests Diseases Controll/ Treatment Costs

Rice 500 445 - 275 1220
Legume clover

(Lespedeza) 500 - - 250 750

Grain sorghum 500 250 - - 750

Maize 500 250 - - 750

1/ Rates of application and costs for ful] protection program.

Table VIII-10 - Miscellaneous Costs for Livestock

Expenses Per Head

Beef and dairy cattle: GF
Vaccinations 125
Minerals, salt, etc. (2 kg. at GF 75) 150
Miscellaneous equipment and supplies 125

Total per Head " 400

Sheep:

Dippings, parasite control, etc. 60
Miscellaneous equipment and supplies 75
Total per Head 135

Miscellaneous Farm Expenses. Miscellaneous expenses, esti-

mated at five percent of total iteinized farm expenses, are included in

the budgets to cover unforeseen contingencies and minor expenses
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normally incurred but not specifically identified with a specific crop

enterprise.

Labor Requirements and Wage Rates. Few statistical data are

available on the amount of labor expended in producing rice or other
crops on subsistence farms. Estimates obtained from cultivators and
government officials varied considerably. It was generally agreed that
a typical family of one man with two wives plus their children, could
cultivate about three hectares of rice plus sufficient other land to pro-
vide their cwn food requirements, and have a small portion of the pro-
duction for sale. In most instances some additional labor, usually
exchange labor with neighbors, is required during the peak work load

seasons.

The man labor requirements for rice was estimated at 800 man-
hours per heciare, OF 100 eight-hour days, excluding time spent in
hulling and preparation for cooking. An increase of approximately ten
percent foT each additional increase in yield of 1. 0 ton per hectare was
used in projecting future requirements without mechanization, most of
which is assumed to be hired or exchange labor. Use of tractors and
powered machinery for plowing, harvesting, and threshing would reduce
labor requirements by more than one-half. Estimates for laboT require-

ments-and equivalent costs in producing rice are presented in Table VIIF11.

Wage rates, set by the government, are GF 28 per hour for farm
labor and GF 32 for non-farm labor, primarily in Conakry. This amounts
to about GF 225 or about $0.90 per day. Work contributed by women in

producing CTOPS is considered equally productive as for men.

Although wage rates may appear low, there is evidericga that they are

high relative to the marginal value productivity of labor. Because labor
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Requn'ement er Costs Pe¥
Operation p__rll_t_ Hectarel Hectar® (GE)
Preparing seed bed Plot 20 450
Seeding primary bed Plot 10 225
preparing land in paddy Hectal® 100 2,250
Transplaming rice_?:./ Hectare® 60 1,350
Weed control Hectar® 200 4,500
Harve sting Hectar® 200 4,500
Threshind and cleaning Hectar®e 200 4,500

Total 790 17,175



Farm Budgets

The five farm budgets established for conditions without the pro-
ject and for conditions anticipated upon completion of the construction
and after five, ten, and 20 years of operation are presented in summary
form on Tables VIII-:2 through 16. The net income found in each of
the five farm budgets were used to determine the increase in net income

as shown in Table VIII-17 for each farm unit.

For conditions without the project, it has been assumed that each
family of cultivators would continue to cultivate the four hectares which
it is now cultivating, year after year. Substantial crops are - and will
be - obtained only once in three or four years, and the production, as
calculated, represents an average production over these three or four

years.

For conditions after the p.roject has been constructed, it has been
assumed that the cultivators could be persuaded to establish a systematic
crop rotation of two-thirds rice annually. One-third of the land would
be idle initially with gradual introduction of crops complementary to

rice production as improved cultural practices are introduced.

Results of the analysis show that net income, after a five-year
development period, will increase from GF 36,904, 000 to GF 79,693,000
or by an average of about GF 19, 000 per hectare for the net reclaimed
area of 2260 hectares. Much of this increase is attributable to produc-
tion from about 800 hectares of new land which is now essentially non-
productive because of salt water intrusions and inadequate drainage
conditions. The total increase includes the value of farm privileges,

composed ot non-cash allowances for the equivalent rental value of the
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farm dwelling, and the market value of the rice and other products con-

sumed by the farm family.

The results for conditions anticipated after 10 and 20 years of
operation show that large increases in production and income are pos-
sible with moderate applications of fertilizers, insecticides, improved
plant varieties, and better cultural practices. It is estimated that net
income after 10 and 20 years of operation could be increased by about

60 and 90 percent, respectively, above that estimated after five years

without these improvements.

Economic Anaiysis

General Procedure

The economic value of the Kakossa Project has been analyzed on
the basis of the relative measure of benefits and costs. Project benefits
are defined as those benefits resulting from the increases in services
and production of goods attributable to construction of the project. They
have been classed as direct, indirect, and public benefits, and their an-
nual values have been estimated separately for geveral stages of project
development. In addition to benefits susceptible to monetary measure-
ment, the project will result in significant benefits which are intangible
and to which no monetary value can be assigned. Although these were

not included in the analyses, their importance should not be discounted.

Project costs have been estimated on an average annual basis,
using a rate of return of six percent per annum, which is what could be

expected from equivalent investments in alternative enterprises in Guinea.
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Table VIII-12 - Farm Budr,ét No. 1 - Estimated Income and Expenses From Subsistence

Rice Farm Under Present Conditions

(In Guinean Francs)

Production and Value Disposition of Production
Crop Hectares Unit Yi-:ld Total Price Value Sced Consumed Sales
Rice 4.0 kg 1,200 4,800 GF 32 153, 600 3,540 38,400 109, 800
Idle - - - - - - -
Total 4.0 153, 600 %, 840 38,400 109, 800
Farm Investment Farm Expenses Financial Summary
Item Value Item” Value Item Yalue
Land Development GF - Interest on Investment GF 5,080 Cash Sales GF 107,500
Dwelling (Farm Share) 50, 000 Taxes 3,500 Farm Privileges:
Other Improvements 15,000 Depreciation and Repairs: a. Conumed by Family 38, 400
Equipment and Supplies 15, 600 a. Buildings and Improv. 7,120 b. Rental Value of Dwelling 5,475
Miscellancous 4,030 b. Equipment 2,230 Total Income 151,375
Cleaning at GF 3/kg. 14, 040 Total Expenses 49, 430
tal . e 70Y
Tota GF 84, 630 Hired {aborl/ 9,000 Net Income GF 101, 945
Marketing 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.



Table vii-13 Budget No.

Upon Comglction of the Reclamation Project

-
Crop Hectares Unit
Rice 2.1 Kg
1dle . 1.3
Total
Farm Investment
Jtem Value
2
o 1Land Development GF 29,625
% Dwelling (Farm share) 50, 000
Other l.mprovcments 20,000
Equipment and Supplies 15, 600
Other 5,760
Total GF 120,985

1/ 3,287 kg prddy or 2,300 kg polished at GF 45.

2/ Equivalent value of hired oY exchange iabor.

P

T

(In Guinean Francs)

roduction and Value
l{ie_lg\_ ;r_gt_al Price Value
o e
1,830 4,941 GT 32 158,000
- . -
4,941 158, 000
Farm Exgenses
Item Value
Interest on Investment GF 1. 259
Taxes 3,500
Dcprcciation and Repairs:
a. Buildings and Improve. 7,665
b. Equipment 2,230
Cleaning at GF 3/kg 14,361
Hired Laborz_l g, 000
Marketing 2at GF 2.5/kg 5,750
Fertilizer 3,350
Miscellancous 2,280
Total GF 41, 895

2 - Eshmated income and Expcnset From Subsistence Rice Farm

Di Esi!ion of Production
Seed Consumed Salcs‘,/
4,928 48, 000 103,500

- - -
4,928 48, 000 103, 500

_3_[ Labor rcquiremcnls of equivalent to GF 63, 000 of which GF 8,000 is hired or exchange jabor.

Financial Summary

Jtem Value
Cash Sales GF 103,500
Farm Privileges:
a. Consu.mcd by family 48, 000
b. Rental value of dwelling 5,475
Total Income 156,975
Total Expenses 47,895
Net Income GF 109,080
. 3/
Family Labor Income=— 109, 080
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Table VIII-14 Budget No. 3 - Estimated Incom: and Expenses From Subsistence Rice Farm

Five Years After the Reclamation Project

{In Guinean Francs)

Production and Value

Disposition of Production

1/ 5,079 kg. paddy or 3,560 kg. polished rice at GF 45.

2/ Assumed hired labor or equivalent value of exchange labor.

3/ Labor requirements of equivalent value at GF

Crop Hectares Unit Yield Total Price Value Seed Consumed Salesl/ Feed
Rice 2.70 kg 2,500 6,750 GF 32 216,000 4,928 48, 000 160,200 -
Lespedeza .33 kg 10, 000 3,300 3.7 12,210 - - - 12,210
Idle .1 - - - - -
Total 4.0 228,210 4,928 48, 000 160,200 12,210
Farm Investment Farm Expenses Financial Summary
Item VYalue Item Value Item
Land Development GF 29,265 Interest on Investment GF 10,225 Crop Sales:
Dwelling {Farm Share) 87, 500 Taxes 7,000 a. Rice GF
Other Improvements 25,000 Depreciation and Repairs: b. Fodder{Equiv. products)
Equipment and Supplies 19,700 . a. Buildings and Imp~ov. 12, 320 Farm Privilteges:
Miscellanecus 8,590 b. Equipmeant 3,630 a. Rice consumed
Cleaning rice at GF 3/kg 19,788 b. Other products
Total GF 170,055 Hired Labor 2/ 10, 000 c. Rental value of dwelling
Marketing at GF 2.5/kg 8, 900 Total Farm Income
Fertilizer 6,700 Farm Expenses
Seed {Lespedeza) . 667 Net Income GF
Miscellancous 3,890 Family Labor.:’_, and
Total GF 83,120 Management

Residual Income Available
for Profit and Repayment

78, 500 of which GF 10,000 is hired or exchange labor.
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Crop

Rice
Maize
Lespedeza

Total

Table VHI-15 Budget No. 4-

Estimated Income and Expenses From Subsistence Rice Farm

Ten Years After the Reclamation Project

{In Guinean Francs)

Production and Value

Disposition of Production

Farm Investment

Item

Land Development
Dwelling

Other Buildings
Equipment and Supplies
Livestock
Miscellaneous

Total

Hectares Unit Yield Total Price Value Seed Consumed Sales Feed
2.7 kg 3,720 10, 040 GF 32 321,280 4,928 48, 000 263,7001/ - )
.1 kg 2,000 200 35 7,000 115 1,925 4,960 - 2/
.6 kg 10,000 6,000 3.7 22,200 - - - 22,200—
4 2 350,480 5,045 49, 925 268, 660 22,200
Farm Expenses Financial Summary
Value Item Value Item Value
GF 29,625 Interest on Investments GF 12,295 Crop Sales:
87,500 Taxes 7,000 2. Rice GF 263,700
30,250 Depreciation & Repairs: b. Other Crops 11,065
25,265 a. Building & Improv. 12,895 Farm Privileges:
22,500 b. Equipment 4,185 a. Rice Consumed 48, 000
9, 760 Equipment Rental 10,200 b. Other Products 8,030
Marketing 14,650 c. Rental value dwelling 9,375
GF 204, 900 Crop Seed 1,000 Total Farm Income 340,170
Cleaning Rice 24, 645 Total Expenses 115, 640
Fertilizer 3/ 8,770 Net Income 224,530
Plant Protection— 1,550 Family Labor & Management 140, 000
Hired Labor 12,500 Residual Income Available
Livestock Expenses 400 for Profit & Repayment 84,530
Miscellaneous 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 409 coverage of cultivated area.
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Table VIII-16 Budpet No.

20 Years After Completion of the Reclamation Project

5- Estimated Income and Expenscs From Subs

istence Rice Farm

(In Guinean Francs)

Production and Value

»

Disposition of Production

Crop Hectares Unit Yield Total Price Value Sced Consumed Sales 1/ Feed
Rice 2.7 kg 4,000 10, 800 GF 32 345,600 4,928 48, 000 288, 000 -
Maize .3 kg 2,500 750 35 26,250 350 l,925_2_./ 23,9752/ -
Lespedeza .8 kg 12, 000 9, 600 37 (35, 520) - {9,770} (9,770} (35.520)
Grain Sorghum .2 kg 2,000 400 40 16,000 - - 16, 000 -
1dle - - - - - - - -
Total 4.0 389, 920 5,278 49, 925 327,975 (35, 520)
Farm Investment Farm Expenses Financial Summary
Item Value Item Value Itemn Value
Land Development Gr 29,265 Interest on Investment GF 14,445 Crop Sales:
Dwelling {Farm Share) 87,500 Taxes 7,000 a. Rice GF 288, 000
Other Improvements 35,500 Depreciation and Repairs: b. Other Crops 49, 745
Equipment and Supplies 32,000 a. Buildings & Improv. 13,500 Farm Privileges:
Livestock 45, Ouv0 b. Equipment 4,740 a. Rice Consumed 48, 000
Miscellaneous 11, 460 Equipment Ren‘al 12,000 b. Other Products 11,695
Marketing 16,000 c. Rentai value of home 9, 375
Total GF 240,725 Crop Sced 2,545 Total Farm Income 406,815
Cleaning Rice 31,940 Total Expenses 140, 790
Fertilizer 12, 655 Net Income GF 266, 025
Plant Protection 4,265 Family Labor & Management 170, 000
Hired labor 14, 000 Residual Income Available
Livestock Expenses 1, 000 for Profit and Repayment 96, 025
. Miscellaneous 6,700
Total GF 140,790

1/ Rice sold 8, 589 kg. at GF 45.

2/ Faquivalent value of sales or amounts consumed on farm.
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Table VIII-17 - Summary of Increased Net Crop Income With Drainage

and Reclamation, Kakossa Project

With Project

Under Five Years Ten Years Twenty Years
Present Upon After After After
Item Unit Conditions Completion Completion Completion Completion
Rice Hectare 1,530 1,200 1,500 1,500 1,500
Other Crops Hectare - - 180 410 760
Idle Hectare - 620 580 350 -
Total 1,530 1, 820 2,260 2,260 2,260
Gross Income GF 1000 57,977 71,423 126, 656 192,196 229, 850
Farm Expenses GF 1000 18, 932 21,792 46,963 65, 337 79, 546
Net Income. GF 1000 39, 045 49, 631 79, 693 126, 859 150,304
Per Hectare GF 25,500 27,269 35,260 56,132 66, 506

Net Increased
Income GF 1000 - 10, 586 40, 648 87,814 111,259
Per Hectare GF - 5,816 17, 986 38, 855 49,229



Annual Equivalent Costs of the Project

The total annual equivalent costs are the amortized net project
investment (construction cost plus interest during construction) plus
the average annual operation, maintenance, and replacement costs.
The economic life of the project, taken as 50 years, was used as the

length of the period of analysis.

A rate of interest of six percent per annum was selected as appli-

cable to the project investment, as indicated on page VIII-10.

The construction cost of the project has been estimated to be
$700, 000 and GF 200, 000,000, or a tota} equivalent to GF 380 million.
The detailed estimate of the project construction cost is presented on
Exhibit 8. At an interest rate of six percent, the interest during con-
struction amounts to about 20 million. The project investment is
GF 400 million. Amortized over a perind of 50 years at six percent
per annum, the project investment is equivalent to GF 25 million. An-
nual charges for operation, maintenance and replacement, estimated to
be GF 7 million, were added to obtain the annual equivalent cost of the

project, GF 32 million.

Direct Benefits

Direct benefits are the increases in net income anticipated 1cT the
entire project area after completion of the reclamation project. The
net project income for conditions without the project and for each stage
of development was derived from the net farm income and the correspond-
ing number of farm units. The increases in total net income for each

level of development from the net income accruing to the Monchon area
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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

Com- After After After
Under pletion 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 49, 631 79, 693 126, 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 Tabie VIII-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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(1) Employment Opportunities.  This consists of benefits result-

ing from the ~ontribution of the project to stabilization of income, em-
ployment, and investment opportunities outside of the project area. Al-
though there is no accurate criteria for estimating these benefits, ex-
perience in the United States show such benefits to be at least five percent

of direct project benefits. It is believed that these benefits would not be

less for Guinea.

In addition, employment will be afforded during the construction
and development period, It is estimated that no less than GF 75,000,000
of the construction costs will be spent in purchase of local goods and
services. Depending on actual contracting arrangements, at least 70
percent of this, or about GF 52,000,000 would be paid to local laborers.
This would result in employment and training for many local workers,
and in stimulating the national economy. At six percent annual interest,

this benefit would amount to an equivalent of GF 3,300,000 annually.

The combined public benefits from increased employment and
economic stimulation of the region are shown in Table VIII-20. They
are the only public benefits for which we have made a monetary evalua-

tion.

- Table VIII-20 - Determination _9_£ Public Benefits

(GF 1000)
Upon After After After
Completion 5 Years 10 Years 20 Years

of Project of Operation of Operation of Operation

Employment outside

of project 530 2,032 4,195 5,563
Employment during
construction _3_,_§_0_Q _3_,__3_)_0_9 3,300 _3_,__3_9_0
Total Public Benefits 3,830 5,332 7,495 8,863
Use, GF 1000 4,000 5,500 7,500 9,000
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{2) Scttlement 9£por‘tunitics. Reclamation of the project lands

\

will provide opportunities for the establishment of additional subsistence
farms, OT enlargement of existing farms and creation of cooperative
enterprises. At four hectares per subsistence farm, abhout 200 new sub-
sistence units could be established., Public benefits from providing sct-
tlement opportunities would result, equivalent to at least the alternative
earnings of the new cultivators. Although these benefits have not been
evaluated in monetary terms, they would be very significant to the eco-
nomy of the region and to Guinea. The magnitude of these benefits will
jncrease as the population continues unless equal alternative economic

opportunities are provided.

(3) Reduction in Foreign Currency Expenditures. The additional

production anticipated from the project will contribute to a reduction of
import requirements and, in turn, a reduction in expenditures of Guinea's
scarce foreign currency. The value of additional production to the nation
would, therefore, be equal *o the alternative cost of imported rice. The
value of rice imported from the United States in 1962 was about $140 per
metric ton, including shipping costs. Increased production of rice to
offset this expenditure for import rice would be extremely important in
bolstering the economy of Guinea. Although this has not been included

in the evaluation of public benefits, the importance of this factor can be
easily illustrated. The foreign currency component of the project in-
vestment is $740, 000, which corresponds to the cost of about 5000 tons

of rice. These foreign currency expenditures can be recovered by the
project through reductions in imports in the first six years of operation,

on the basis of present worth at an annual rate of six percent.

VIiig-27

«



Eguivalent Annual Benefits
Benefits will start accruing at the beginning of project operation

and will jncrease gradually, to reach their full value 20 yeaTs after

completion of the projects as shown in summary form on Table Viii-21.

Table viii-21 - Summar)_r_gg Project Benefits

(GF 1000)
Upon After After After
Completion 5 Years 10 Years 20 Years
Annual Beneiits of Project of Ogeration of OEera‘cion of OEeration
Direct Benefits 10,500 40,550 - 88,000 111,500
Indirect Benefits 2,000 9,000 17, 000 19, 000
Public Benefits 4,000 5,500 7,500 9,000
Total Annual Beneiits 16,500 55, 00C 112,500 139, 500

For the purpose of economic studies, the equivalent annual bene-
fits were calculated a8 follows. The net annual penefits that 2re ex-
pected to - ccrue after one five, tem, and twenty years of project opera-
tion were plotted on a c: art, and the values corresponding to intermediate
years Were interpolated. These values 2T¢ tabulated on Table Viii-22.
Also listed in -his table are the single payment - present worth factoTs
for an annual rate of six percent. These were used to obtain the pre-
sent worth of the benefits accruing each year of the period of analysis,
listed in Column (4). The present worth of future annual benefits ac-
cruing over & 50-year period was found equal to GF 1,573 million. BY
amortizing this amount over 50 years at a rate of six percent, the equi-

valent annual tenefits were determined as GF 98, 818, 000.
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Table viii-22 - Determination gf_the

Deterii ——

Eguivalent Annual Benefits
Total Benefits Present Worth Present Worth
Year 51000 GTF) Factor __oi Benefits
(1) (2) (3) (4)

1 16, 500 . 9434 15,566
2 25, 000 . 8900 22,250
3 34, 500 .8396 28,966
4 44,500 .7921 35,248
5 55, 000 .7473 41,102
6 71, 000 .7050 50, 055
T 85, 500 . 6651 56, 866
8 96,000 6274 ) 60,230
9 105,000 .5919 62,150
10 112,500 . 5584 62,820
11 118,500 . 5268 62, 426
12 123,500 .4970 61,380
13 127, 500 . 4688 59,772
14 131, 000 . 4423 57, 941
15 133,500 L4173 55,710
16 136,000 .3936 53, 530
17 137, 500 L3714 51, 068
18 138, 500 , 3503 48,517
19 139, 000 .3305 45, 940

20 139, 500
1 4,604 642,258

50 139, 500
Total 1, 573,795

Equivalent annual beneﬁ"cs:

1, 573,795 * 0.0634 = GF 99,818, 000
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A similar calculation of the equivalent annual direct benefits -

excluding indirect and public benefits - yielded GF 77, 761,000,

Benefit- Cost Ratios

The ratios of total benefits to total costs and direct benefits to

total costs were determined as follows:

With direct benefits only: 2.4 to 1.0
With total benefits: 3.1t0 1.0

Financial Analysis

Financing Terms

Construction of the Kakossa Project will require funds in the
amount of $740, 000 and GF 210 million, to be expended over a period
of about two years. These amounts will probably be s.ecured through
an international lending institution. Since the terms of such financing
are not known, it has been assumed that the entire project investment
would be finarnced, to be repaid over a period of 40 years with an interest
rate of 0.75 percent per annum. The first payment would be deferred to
the eleventh year after beginning of operation. These terms are those
currently offered by internationat lending institutions such as the Inter-
national Development Association (IDA), an affiliate of the International
Bank for Reconstruction and Development (IBRD, World Bank), and by
the Agency for International Decvelopment (AID), an agency of the United

States, Department of State.
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Table VIII-23 - Financial Analysis

(Amounts in GF Million)

Residual
Years Income for Annual Costs
After Profit and Interest and Operating Extension
Completion Repayment Amortization Costs §_e_1__':££:3 Total
0 0 3 7 4 T
1 0 3 7 4 14
2 0 3 7 4 14
3 0 3 7 1 11
4 4 3 7 1 11
5 12 3 7 1 11
6 24 3 | 1 11
7 32 3 7 1 11
8 39 3 7 1 11
9 44 3 7 1 11
10 48 11 1 1 19
15 53 11 1 1 19

20 54 11 1 1 19
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Chapter IX

PROJECT OPERATION AND DEVELOPMENT

Introduction

Ultimate success of the proposed project is contingent upon the
following 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 {acilities. 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 recomrﬁended 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

Proper éoordination between the land preparation and the con-
tractors' operations is an absolute essential for integration of the
drainage and reclamation scheme. Considerable reorganization and
consolidation of presently cultivated lands will be necessary. Farm
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 -
ticns to the Tange 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 resuits with least cost and

management,

Short Range Programs. The immediate steps 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 han2 implements.

The use of fertilizers, particularly phosphorus, and plant protec-
tion measures should be introduced at the start of the pProject. Initially

this may require government assistance under communal rather than
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individual programs. Itis expected that several years will be required
to inform the farmers of the factors of utility, availability, use, supply,
and planning necessary to secure substantial universal application of in-
organic fertilizers. However, adaption will have to be more rapid in
certain ficlds. For instance, the improvement of drainage facilities will
alter the water levels to which the farmers are accustomed in the paddies.
Proper timing in seed bed preparation, transplanting, spacing of plants,
etc. are expected to be changed. Rapid adjustment to these new condi-

tions is necessary to obtain the production levels anticipated.

Long-Range Programs. It is essential to introduce programs con-

cerned with the primary factors of production at the beginning, even
though the results may not be realized for several years. These in-
clude research for improvement of seed, introduction of complementary
crops to be used in rotation with rice, test plots for fertilization trials
with various combinations of plant food elements, soil testing and drain-

age studies, and a training program.

It is likely that at least five years will be needed before the first
seeds from the research programs may be available for widespread
distribution. However, the potential for increased yields from this
source justifies this endeavor. Extensive plant protection measures
are required for effective disease and pest control. These activities
fall logically under the purview of the project area and can best be em-

ployed where substantial contiguous areas are planted to the same crop.

The long-range program should include integrated studies and
analysis of the soils and corrective measures necessary to improve
their fertility. This will involve fertilization trials, crop rotations

with green manure and other crops, and chemical analysis. This
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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 goal 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 recommernd 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 and 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 jnclude constant cleaning to keep
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them free of debris, dredging to maintain grades, and other mis-

cellaneous operations,
]

The responsibility for these operations must be with the technical
director to enforce strict discipline throughout the project. Close co-
operation and understanding from the farmers must be obtained for con-
tinued success. It is recommended that a farmers' committee be
appointed ‘o work with the director on these and other functions of the
project. This arrangement frequently creates interest in the farmers
for maintaining the proje.ct because of understanding the problems and

recognizing the benefits to them.

Financial Arrangements

To carry out the duties and services recommended for the project
the agency responsible will need a budget sufficient to enable an effective
operation. This budget should be earmarked for this specific purpose
by the government of Guinea and allocated to the administrative agency

directly or through the Forecariah regional executive government,

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
funds for these services, if provided. Financing arrangements and
sources of revenue for costs of services for the Kakossa Project were
discussed in Part One. A well-managed Kakossa Project will ultimately
yield sufficient returﬁs to the R~public of Guinea to justify the programs

necessary for assuring its success.
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CONSTRUCTION SCHEDULE



Exhibit &

ESTIMATE HARZA ENGINEERING COMPANY INTERNATIONAL
Project Number&
Project _INAKOSSA Dote___1.14, 64 Page__] ot 3 |
Structure__Project Construction Cost Estimated by JAT/MD Checked by __J.J}
Unit Pri
Item ITEM Quantity it Price Amount
No. (Local)|U.S.Dollars | GF {Local)] U.S.Dollc
1 Clearine
] Strcambeds 18 ha 315,000 40, 00 5,670,000 72
,‘ Roardways & New Cnls, 17 ha 250,000 30.00 4,250,000 51
2 R:'\'a_!{ _Drodgi_n_n
Soulermanya 100,000 m3 1871 0,80 [18,700,00d 80, 90
3 Canal Excavation
New drainape canals 85,000 m? 110 1.00 9,350,000 85, 00(
4 1 Earth Fill
New dikes 72,000 m3 325 2.80 23,309,000 201, ¢oc
Exist, dikes rehabil. 6,200 250 - 2.00 1,550,00¢ 12,40¢
5 | Bridcees
Opex., & Maintenance 1 ea, 1,650,000 1300 11,550,000 9, 10C
Foot bridoes 5 ea, 220,000 220 1,100,004 1, 106G
0| Contro!l Structures
Koalkou Structure Lump Sum — 14,081,00( 16,500
Noreire Structure Lumb SunLl/ 34,943,000 56,000
Touguikeren Structure Lump Sum i/ 20,803,000 34,500
Soulemanya (Rehab. ) Lump Sum 1/ 1,000,00¢ &, GO0
Subtotal, Direct Cost 146,297,000 503, 430
Contingencies (15% *) 21,703,000 36, 570
Total, Direct Cost 168,000,00( 540, 000
Exgivecring & Supery
of Construction (15%i) 7,000,009 150, 000
Construction Cost of Civil Works 175,000,000 6906, 600
Cost of lLand Preparation 25,000,00 10, 000
| Total Project Constructidn Cost 200,000,004 700, 000
1/ Sce pages 2 and 3 for detailed estimates. ¢
N




LonbidiziL O

ESTIMATE HARZA ENGINEERING COMPANY INTERNATIONAL
Project Number 109
Project_ IKAKOSSA ' Date L. 14. (- Page_ 2 of 3 Poges
Structure__roicct Construction Cost Estimated by_JAT/MDB  checked by JIM
fem ITEM Quontity Unit Price Amount
No. GF (Local)|U.S.Uollars | GF (Local)| U.S.Dollars
o Conrro? Sonctures
I\'oak(;x_: Control Structurk
Diversion, Cofferdam 2,4001“3 200 2. 00 480,000 4, 860
Excavation, Structural 400m3 165 1. 80 66,00( 720
Pile Foundation, Timbor 930113 3,300 2.70 3,069,00( 2,511
Cut Qif Wall, Timber 8m> 7,590/ 8,00 60,72¢ 64
Concrete Structural '50m3 17,600 - 2,640,00¢ -
Formmwork 220 118 2,530 3.20 556.60¢ 704
Cavcrete Precast(Cids) 60m3 35,200 - 2,112,000 -
Steel Reinforcement |17, 000 kg 198 - 3,366,00¢ -
Flap CGates, 42" Dia. 4 each 17,6001 640,00 70,401 2,560
Pioe, Seel, Corr, 42" Dila 14m 10, 800! 130.00 151,20¢ 1,820
Eayrh TN, Cribg 240 n13 623 4,60 166,32¢ 1,104
Rookiill, Structural 500 m3 125 1.35 62,504 £75
{1 Miscelinneous 128,260 1,542
Siivenes) Koakou Control Structure _14»,081,00(“ 16,500
Noreire Control Struc.
Diversion, Cofferdam | 10,000m3 2000  2.00 2,000,004 20, 000
Excavation, Structural 400 v, 3 165 1.80 66,00Q 720
Pile Fdn,, Timber 3,lOOm3 3,300 2.70 10,230,004 8,370
Cor 057 Woll, Tirnber 11m3 7.590| 8,00 83,400 88
Covierite, Structura)l 411 m3 17,600 - 1,233,600 =
Foror 650 m* 2,5300 3,20 L644,500 2, 080
— | Core.Precasi(Cribs) 91 m- 35,200 - | 3,203,201 -
Steel Reinforcement 31,000 kg 198 - 6,138,00( -
Flay Cates, 42" Dia., 16 each 17, 600] 640,00 281,60¢( 10, 240
Pive Steel, Corr., 42" Dial, 56 m 10, 800/ 130,00 604,800 7,280
Earth Fill, Cribs 280 m3 693  4.60 194,040 1,285
| Pack(i), Siructural 700m? 125 1,35 37,501 <A
-~ 4 Miscellineous 3,076,270 4, ana
\_J_iiatozzil Noreire Contrdl Structu: d 34,943,0()(I T(’ 000




Exhibit 8

ESTIMATE HARZA ENGINEERING COMPANY INTERNATIONAL
Project Number 309
project_ISAKOSSA Date 1.14, 64 Page__3 of 3 Pages
g wre__rroicct Construction Cost Estmated by _JAT/MDB  cpocked by _JIM
unit Pri A t
Ham TEM Quantity ~ Unit Price moun
No. GF (Local)lU.S.Dollars | GE (Local) U.S.Dollars
!'7 1 Control Structures (cont,
r Touguikeren Control Str icture
[ Diversion, Cofferdam 8,000 m3 200]  2.00 1,600,000] 16, 000
; Excavation, Structural 150 m 3 165 1.80 24,750 270
r Pile Fdn., Timber Z,OOOm3 3,300 2.70 6,600,000 5,400
’ Cot O Waell Timber 9m3 7,590 8.00 68,310 12
{ Concrete, Structural 200m>3 17,600 - 3,520,000 -
Formwork 285 m? 2,530] 3,20 721,050 912
Conc., Precast(Cribs) 28m3] 35,300 - 2,041,600 -
Steel Reinforcement 19,000 kg 198 - 3,762,000 -
Flap Goreg 420 Dia, b cach 17, 600] 640,00 105,600 3,840
L Pine Steel, Car, 42"'Dia Zlm 10,800] 130,00 226,800 2,730
L Eourin i (Cribs) 240m3 693 4.60 166,320] 1,104
| Boclkiiil Stryctyral 600 m3 125 1,35 75,000 810
; Miscellancous 1,891,570/ 3,362
Sihiotal Toucuikeren 20,803,000 3 1,500
Souiemanva Control Strudture
Misc. Repairs to Existing Metalwérk 1,000,000{ 6,000
2htoz], Gontral Strictur g 20,827,000[112,000




