| WOSSAC: 23535 |
2 b31.4
REPUBLIC OF GHANA ;2 i

MINISTRY OF AGRICULTURE IRRIGATION DEPARTMENT

WEIJA IRRIGATION PROJECT
FEASIBILITY REPORT

VOLUME ONE — MAIN RERPOT

ARCHITECTURAL AND ENGINEERING SERVICES CORPORATION,
in joint venture with

TAHAL CONSULTING ENGINEERS LIMITED

ACCRA
JUNE., 1977










T TTAG o Tl TR (T T T

R

o
I ¥l 0
Y !

WA N T e T LT




REPUBLIC OF GHANA
MINISTRY OF AGRICULTURE IRRIGATION DEPARTMENT

WELJA IRRIGATION PROJECT
FEASIBILITY REPORT

VOLUME ONE — MAIN REPORT

ARCHITECTURAL AND ENGINEERING SERVICES CORPORATION
in joint venture with

TAHAL CONSULTING ENGINEERS LIMITED

ACCRA
JUNE, 1976




L e e vkl o — ——rY L " -

& o

ey




CONTENTS - VOLUME ONE

Page

Abbreviations and Conversion Table
SUMMARY AND MAIN FINDINGS 1
L_ocation Map

PART | -~ INTRCDUCT ION
A, OB JECT IVES A=1
1. General A-1
2. Purpose of the Present Study A=2
BACKGROUND B-1
1. The Role of Agriculture in Ghana B-1
2. History of the Project - B=2
C. THE PROJECT AREA b
1. Introduction C-1
2. Climate C=1
a. Rainfall C-2
b. Length of Day, Temperatures, Solar Radiation C-2
c. Humidity and Evaporation C-2
d. Winds c-3
3. Soils and Topography Cc-3
a. Geomorphology, Topography and Drainage Aspects C-3
b. Soil Units C-4
4, Present Land Use C-13
a. Crops and Farming Practice C-13
b. Land Tenure . C-15
c. Size of Holdings g
5. The Weija New Dam and Reservoir C-15
a. Source and Availability of Water C-15
b. Sedimentation Cc-17
c. Water Quality C-17
6. Existing Infrastructure C-18
PART 1l - THE PROJECT
D. PLANNING CONSIDERAT IONS D-1
1. Development Programme D-1
2. Specific Planning Consider ations D=1
3. Comprehensive Agricultural Project D-4

4, Proposed Initial Procedure D=5




ey nan'l Baoe

2o

 NR2OLOML W iTIo9E) e

!
£ £ x 4
= e %J

Ii

t P
(ERET S L \ it

‘J T 2095 51
{ » s

I SO TASSQI 20D DA 1S

Ne oS Insmgolave® L1

Gl is wWoienel prinnslS altiseqs .8

i

L
L1

| 1e2ionS Iswiiunt WA sviersds wymod

0N el Do .

b -




i

E. AGRICULTURAL DEVELOPMENT E-1
1. Concept of Agricultural Plan E-2
2, Crops and Crop Budget E-2

a, Proposed Crops E~2

be Input Requirements E-3

c, Crop Budgets and Gross Returns E-3
3. Cropping Patterns and Farm Types E-7
4, Farm Budgets E-9
5. Project-wide Agriculturai Devejopment E-10

F. THE IRRIGATION PLAN el
1. Water Requirements =l
2, Irrigation Methods Pl

a., Sprinkler Irrigation -3
b, Surface Irrigation of Rice i
3, On-farm Development e
a. Sprinkler Irrigated Sample Elock ren
b. Surface Irrigated Sample Block g
c, Cost of On-farm Development bl
G. ENGINEERING WORKS . ol
1. The Irrigation System G-
a, General G-1
b. The Conveyance Systems S
C:.. Fumping Stations b
d. Power Supply Sl s
2, Maijn Drainage System eis
a, General ok
b, Drainage Works in Area No, 1 9=15
c, Drainage Works in Area No,2 8-15
d, Subsyrface Drainage g
3. Roads Sel?
a, General i i
b, Access Roads Gty
c, Service Roads c-18
4, Future Development Possibilities G-~19
a, Area No, 1 G-19
b. Area No, 2 ey
5, Cost Estimates S+59
a, Definitions , e

b, Cost Estimates G~21




T

1.‘ &
|
] J |
i rl
9.5
L £
b
e ‘H?_'.!

# i i
i i i
i
i 53'. y
. 97 >
¥ 3 3 | y |
1 l'_
6 ) ¥ 2 E e e
1& 1715 % -t
H i 2 idni e g
gl T i
-1 oo .
= A ' Y 5 TH 15y 3
y
. |
hy
} 1T R
3 - ."G-ll\ —
Fri WS " -
12yE ¢ & misM 2
58NS0 o
susnia~l s
skt iasC e
Twadus Wb
N
ansok £
H ";’6:-'-"-,"?'_! -
> €§88338 o3
Rsall solvwes - 5

Savh s89A  .d
sorsmiied 2l &
arairiniteld &




PROJZCT ORGANIZATION AND MANAGEMENT

1e
2.
3-

S.

6.

Targets of the Organization System

Guldellnes for the Planning of the Organizational System
Supporting Services

a. General

b. Irrigation and Drainage

c. Extension and Agricultural Planning

d. Supply and Marketing Service

e. Agriculturai Cultivation Service

f. Credit Accounting and Clearing Service

The Objectives and Organizational Structure at Various
Stages

a. General

b, The Construction Stage

c. Operation Stages

The Organizational Set-Up in the Initial Operation Phase
a. Project Management

b. Water Supply and Drainage Section

c. Planning and Extension Service

d. Administration Section

e. Supply and Marketing Section

f. Legal Advisor and Administrative Committee

g. The Farmers

The Organizational Set-Up in the Ultimate Operation Phase

ECONOMIC EVALUATION

1.
2

6.

Introduction

Farm Gate Prices and Input Costs
a. Farm Gate Prices

b. Agricultural Input Costs
Project Costs

Project Benefits

Economic Appraisal of the Project
a. Analysis of the Basic Plan
b. Sensitivity Tests

c, Foreign Exchange Benefits
Financial Analysis of the Farm Types
a. General

b. Results of the Analysis

H-10
H-10
H=10
H=11
H=12
H=12
H=14
H=14
H-14
H-14
H=14
H-15
H-15

J=12
J=12
J-13
J-14
J=-16
J=16
J=17




m
T
¥
"™
¢
I
it
A
3
"1
. ol
:w
k
;
)
!
4
_.“
e ———— — — = ——— — e e
- — — = —— e R e = it




FIQ.
Fig.
Flge

E/1:
E/2:
/13

F/2:
F/3:
G/1:

G/2:
G/3:
G/ 4
G/5:

G/6:
G/7:

G/8:

G/9:
G/10;:
G/11;

H/1:
H/2:

LIST _OF FIGURES

FOLLOWING
P AGE

Cropping Pattern of Mixed Farm Type = with Cassava L
Cropping Pattern of Mixed Farm Type - without Cassava E -7
Sample Area of Mixed Farm Type - Irrigation and
Dralnage Schemes Fine
Layout of Sprinkler Irrigation System on a 2,5 ha Farm F -6
Sample Rice Area, Layout and Schematic Cross-sections F-8
Area No, 1: General Layout 8 =1
Area No, 2: General Layout 8=
Area No, 1: Schematic Layout of the Water Conveyance
System with Design (max,) Discharges e
Typical Cross-sections of Main Conveyance Canals @ =2
Area No. 1: Primary and Main Canals - Longitudinal
Section S =9
Area No, 1: Branch Canal - Longitudinal Section ¢ =8
Area No., 2: Schematic Layout of the Water Conveyance
System with Design (max,) Discharges 0 =9
Area No. 2: Primary and Main Canals - Longitudinal
Section C
Area No. 2: Branch Canal - Longitudinal Section g
Typical Layout of Pumping Station (Hor izontal Pump
Alternative) 6 <18
Typical Cross-sectlor\%f‘ftlho Main Drainage Canals & =38
Organization Chart - Initial Operation Phase H =13
Organization Chart - Ultimate Hivan




4
3
= i
!
= —_— ————— ——————— e e ——— e r— — e e = — =




m

mm

cm

km

ft

ha

sq. km
cu.m
C:u.m/hour'
cu.m/sec.
MCM

mg

magd

mmho

ETP
F.0.B,
M.S.L.
O&M
P.a.
P.S,
TDH
us g
ADB
=CG
FDC

LIST_OF ABBREVIATIONS

metre

millimetre

centimetre

kilometre

foot, feet

hectare

square kilometre

cubic metre

cubic metres per hour
cubic metres per second
Millfon cubic metres
Milller gallons

million gallons per day
millimohs

volt

Kilovolt

kilovolt = ampere
kilowatt

kilowatt hours

degrees centigrade

asbestos~cement

cost, insurance and freight

diameter

evapotranspiration

potential evapotr anspiration

free on board

mean sea level

oper ation and maintenance

per annum

pumping station

total dynamic head

U.S. dollar .
Agricultural Development Gank
Electricity Corporation of Ghana
Food Distribution Corporation



L

gl
e ]
-
=4
b {
= |

A e ~ alll g | = = e S

= — = - — e p— = == —

—— e ——— — A —— e ey e St i — e s T TPCLE. | b,




—

— ol e el st ek el ek sk et e el

CONVERSION TABL =

millimetre (mm)

centimetre (cm)

metre (m)

kilometre (km)

hectare (ha)

square kilometre (sq.km)
kilogramme (kg)

metr ic ton (ton)

cublc metre per hour (cu.m/hr)
cubic metre per second (cu.m/sec)
millfon cubic metres (MCM)

million cubic metres per day (MC M/ day)

degree centrigrade (°c)

0, 03937 inch

0.3937 inch

3,281 feet (ft)

0.6214 mile

2.471 acres

0.3861 square mile (sq. mile)
2.2046 pounds (Ib)

2.205 pounds (Ib)

220 gallons per hour (gph)

35,31 cubic feet per second (cfs)
220 miliion gallons (mg)

220 million gallons per day (mad)
5/9 (degree Fahrenhelt (°F) -~ 32)
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SUMMARY AND MAIN FINDINGS

1. various preliminary Investigations have recommended the utilization of the

Welja New Dam, now under construction, as a water source for agricultural
irrigation, In addition to Its original function of supplying water to the City of
Accra. The present study has a twofold objectives: (1) to formulate an econo~
mically sound irrigation development programme, enabling the authorities to un=
dertake the design and implementation of the project; (2) to present a bankable
document sujtab le for submission to International funding agencies such 3 the
World Bank, should the Government of Ghana decide to apply for financi 1l assis=
tance,

2. The project is comprised of two areas, designated as Area No.1 and Area
No.2, located 25 km (15.5 miles) and 13 km (8 miles) west of Accra, respective~
ly. The soll survey covered some 3,100 ha in Area No.1 and about 400 ha in
Area No.2. On the basis of soil classification for irrigation, a total gross
Jarea of 1,725 ha in Area No.1 and 250 ha in Area No.2 were found to be suit=
able for development, After the elimination of lands on account of topographic
consideration and those earmarked for roads, canals, etc., the net cropping
areas were demar cated: 1,320 ha (3,260 acres) in Area No.1 and 180 ha (445
acres) in Area No.2.

. 3. The selection of crops was guided by two main considerations: natural
Jecological conditions of the Project Area and economic considerations, such as
crop profitability and marketing prospects. Based on these criteria, two repre-
sentative farm types are propos=d In the acricultural plan: a mixed farm type
for all of Area No.1 and one-half of Area No.2, and a rice farm type, for the
other half of Arca No.2. With the Introduction of irrigation both farm types will
be able to raise two crops per year on the same area. The proposed mixed

-f farm unit occupies an area of 2.5 ha (2.25 ha net) and its cropping plan
includes field crops such as malze, groundnuts and tobacco, and vegetables such
as tomatoes, pepper, okro and eggplants. Two versions of this cropping plan
have been analysed in the study: with and without cassava. The rice farm unit
has an area of 5 ha (4.5 ha net), growing two crops of rice per year, i«es 9
ha net p.a.

|4+ The sprinkier method or irrigation has been recommended for most of the
Project Area characterised by light soils with high infiltration rates, and only
the 90 ha of rice farms will be surface irrigated. The total annual water re=
quirements for irrigation have been estimated at about 15.5 MCM with the inclu=
slon of cassava In the cropplhg plan and at 14,8 MCM without cassavae

5. The water source for the irrigation of both Areas will be the Weija Im=~
pounding Reservoir. Water to Area No.! will be pumped by an intake pumping
station to be erected near the village of Torkuse; water for Area No.2 will be
released gravitationally from the reservolr through an outlet pipe installed In

T —
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the spillway structure of the new dam. The planned conveyance system comprises
17.1 km (10,6 miles) maln canals (12.5 km In Area 1 and 4.6 km in Area 2),
along which 11 pumping stations will be Installed to supply the head (40m) re=-
quired for sprinklzr Irrigation. From the pumping station the water will be con=
veyed through main dellvery pipes, telescoping to secendary pipelines running
along the farm boundaries, to which the portcble sprinkler Iines will be connected
Each farmer will have at least one portable |ine with sprinkiers, with access

to hydrants as necessary to cover his fields. For the rice farms in Area No.2
water will be supplied through gravitational outiets from the main canal.

6. About 11,5 km (7.1 miles) of high tensicn (11 KV) electricity lines running
approximately parallel to the maln conveyance canals, will supply power for the
pumping stations of Area No.l. At each pumping station a transformer will k.
Instalied to step down the voltage for the pump motors., Two central transformers
WIll be erected in Area No.2; from these transformers low tension lines (415 V)
wIIl supply power to the pump motors.

7+ A network of dralnage canals, consisting of Interceptors, 24.3 km (15 miles)
Mmain drains, as well as secondary dralns and boundary interceptors, will convey
€XCess water to the main dralnage collectors = the Ckurudu river in Area No.l
and the Densu river in Area No.2. At a later stage, after about four years of
Project operation It may prove to be necessary to construct a subsurface drain-
Ag¢ system covering about one-half of the Project Area,

3.  Servjce roads, to provide access to the fields and for routine maintenance
vorks, will be constructed along the main canals, forming part of the [rrigation
and c*‘ah‘ﬁ%\ge systems. The existing road network connecting the villages will be
SUPplemented by a 3.6 km access road In Area No.l and by the extension of an
*XIsting road in Area No. 2.

% It Is suggested that the project be managed as an Independent authority,
i'unctlonlng within the framework of the Ministry of Agriculture, A project
Manager Will be responsible for project operations including the regular updating
! Its Programmes In the light of the experience gained. The Manager Will be
1Sisted by two senlor officers: (1) an Agroromist who will supervise the agri-
Ulttral aspects of the project, among ti. m the extension service and other ser=-
/Ices sych as the supply of Inputs, marketing, farm machinery etc.; (2) an
=hgineer Who will supervise the engineering aspects of the project such as the

>
Peration and maintenance of the water supply and irrigation systems. In

"'ddm(’n the project authority will be In charge of project finances and will pro~
‘ide the necessary accountlng and credit services for the participating farmers.
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10, Physical development works are pianned to be completed within
a period of four years, however, full development, in terms of crop
yields and <enerated income, is expected to be reached in the Sth
year from the inception of implementation, With the introduction

of irrigation and the adoption of improved production techniques
crop yiélds will increase considerably and the total annual income
generated at the full production stage is estimated at about @7.5
million with cassava and #7,2 million without cassava,

11, Total investments in the project will amount to about ¢17,3
milllon, or #11,500 per ha, including participation in the cost of
the ‘Welja Dam, irrigation and drainage systems on-farm development
works and infrastructural facilities,

38, Bocnomic. avsiistion. of project, under conservatively
estimated prices and other parameters, gave an internal rate of
return of 20,8%; at a 13 percent discount raie a benefit cost ratio
of 1,67 and a net present worth of ¢11,6 million were obtained,

These figures rejate to the ''with cassave! cropping plan; the value

"'Without cassavail are slightly lower, Sensitivity tests, assessing
the effects of increased investment costs or lower output prices,
showed that fluctuations within a certain range would not materially

affect project returns, It is, therefore, concjuded that the project is

€conomically feasible,
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A, OBJECTIVES

1. General
The objectives of the Weija Irrigation Project cannot be defined without

taking into consideration the broader national aspects - the social and economic
background and the long~term development policy of the Government., The fad
that the general trend is towards industrialization need not imply that the
advancement of agriculture introduces a competing or restraining element, at
odds with industrial developmeént. ©On the contrary, further progress of Ghanals
economy, which at present is largely based on agriculture, depends on the co=-
ordinated development of agriculture and industry. The two Sectors are inter -
dependent; on the one hand farmers need both the markets provided by a pros-
perous urban~industrial population, as well as the processing plants and the
accompanying infrastructural facilities; the manufacturing sector on the other
hand depends on the farms for a plentyful supply of food for its wor k=force and
for providing the raw materials for agro-based industries.

Viewed In this perspective, the broad aims of agricultural development
policy may be summarized as foliows:

(i) To expand domestic supplies of foodstuffs and agricultural raw mate-
rials, in order to satisfy the growing demand and to assure a steady supply of
am products at moderate prices. The Government sponsored 'Operation Feed
Yourself!'! and "Operation Feed Your Industries! programmes have been launched
with this purpose in mind.

(1) To increase the production of exportable crops, in order to augment
foreign exchange earnings and to lessen the dependence on the cocoa market.

(ili) To promote the domestic production of certain agricultural import sub~
stitutes, such as rice and tobacco, wherever thelr cultivation Is economically
feasible, Such a step would heip to improve Ghanals foreign trade balance.

(iv) To contribute, directly and indirectly,to the provision of opportunities
for the productive employment of the nationis rapidly growing labour force.

(v) To further the deveiopment of the non-agricultural sectors: a pros-
Perous agricultural sector would serve as a source of new Investment capital
for the establishment of industrial enterprises, paving the way to the general

development of the economy.

!
i
|
|
i
1
!
i







A-2
2, Purpose of the Present Study

The irrigation developmenit project described in this report is a
family-farm programme designed to raise the present low income of the
villagers in the Project Area through the intensification of agricultural
production. Although the project constitutes a se|f-contained unit,
occupying a relatively small area, it is intended to serve also aa-@ model
for other similar irrigation projects along the coastal belt west of :
Accra, These aims are in line with the general goals of national
development policy of expanding farmland under irrigation and raising
agricultural productivity through improved farming techniques,

More specifically, the objectives of this study may be defined as
follows:

- To review critically previous plans, surveys and information

pertaining to the Project Area,

- To evaluate existing topographical and soil surveys and to
supplement the available data by field and |aboratory tests and
by the drawing up of soil classification maps.

-~ To study existing land utilization in the Project Area and to
assess the physical and economic feasibility of introducing
irrigation,

- To evaluate the suitability of existing and new crops, from the
ecological and marketing aspects.

- To draw up production budgets on the basis of water requirements,
input costs and output prices.

- To draw up an overall agricultural plan,

- To determine the comsuptive use of water of the proposed crops.

- To evajuate alternative irrigation methods and to prepare pre=
liminary designs for irrigation and drainage systems,

~ To draw up cost estimates of the entire ‘system of water supply,
conveyance, distribution and on~farm irrigation and drainage
networks,

-~ To prepare plans for infrastructural facilities, particularly roads
and electricity supply. :

- To plan the organizational structure of the project, inclusive of
extension and other supporting services, operation and maintenance
of the irrigation and drainage systems, manpower reauirements and
cost estimate of all organizational items,

- To analyse the economic feasibility of the project and to evajuate
the financial prospects of the proposed farm types.

In the following chapters of this report the Consultants have

attempted to fulfil these objectives, paying particular attention to the
formulation of a realistic and optimal development programme,







B, BACKGRCLIND

1, The Role of Agriculture in Ghana

Ghana occupies an area of about 240,000 sq. km (92,000 sq, miles )
and Its population was estimated to be somewhat |ess than 10 million
in 19751/ and growing at the rate of 2,7 percent p.a.

Ghanals economy is heavily dependent on agricultural production:
the agricultural sector - including cocoa, |ivestock, fisheries and
forestry -~ contributes some 42 percent of the Gross Domestic Product
(GDP), Defined in a norrower sense, agricultural crops (excluding
cocoa and forestry) account for about 14 percent of the GDP, The
dominant role of agriculture is even more pronounced in Ghana's export
trade - agricultural products account for about 70 percent of the
countryls foreign exchange earnings, albeit most of it is derived from
cocoa exports, That Ghana is primarily an agricultural country is
reflected also in the employment component: about 2 million people, or
55 to 60 percent of the working population are employed in agriculture,
including some half milllon engaged in cocoa production,

The total cultivated area under the main crops is estimated at
3,2 million hectares, almost half of which is occupied by cocoa plan-
tations. Of the remainder, some 800,000 ha are under cereals (maize,
millet, sorghum, rice) and about 600,000 ha are planted to roots and
tubers (cassava, yams).

In spite of the |eading role of agriculture in the Ghanaian economy,
agricultural production has not kept pace with the rising demand of the
growing population, Neither |and nor labour is a limiting factor to Eatal
increased crop production and it appears that the solution must be sought
in making more efficient use of the available resources.

Thus, the main objectives of national agricultural policy, as
outlined by the Government are:

-~ production of sufficient food to feed the population;

-~ production of enough raw materials for existing and envisaged

agro-based Industries;

- diversification and increase in the sources of earnings.

Among the means for attaining these objectives are the current
Governmental programmes !'Operation Feed Yourse|f!! and noperation Feed
Your Industries’", which have aiready met with consideratie success in
bringing more land under cultivation and raisiig the generally low crop
yieids,

1/ Based on the 1970 Census of 8,56 million.
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One of the constraints to agricultural development appears to be the
shortage of capital and credit facilities, There are other |imiting factors, such
as lack of year-round water supply in drought affected regions; organizational
and institutional shortcomings as reflected in the deficient supply of agricui-
tural inputs and inadequate extension service.

Being limited in size and scope, the Weija Irrigation Project is not ex=
pected to make an immedjate jmpact on Ghanats economy., Put if it succeeds,
with the help of Government support and in collaboration with public organiza~
tions, to overcome the constraining obstacies, It may serve as a prototype with
far~reaching long-term effects on the country!s agricultural development.

The formulation of national agricultural policy and its execution rests With
the Ministry of Agriculture, Of the six major departments of the Ministry, three
are concerned with the Weija Irrigation Froject and will be directly o
its implementation: the Irrigation Department, the Agriculture g biei B o
Agricultural Mechanization and Transport Department, Another i b
teditel play an important part in the promotion of the project through the pro-~
vision of credit facilities is the Agricultural Development Bank (ADE) - Tne
ADB grants short-term loans to ihdividuals and groups of farmers to meet gro=
duction and marketing costs.

2, History of the Project

Plans for utilizing some of the water impounded in the Weija Reservoir
for crop Irrigation were first put forward by Nippon Coei Co, Ltd. in their
'Preliminary Report on Comprehensive Development of Water Resources in
Southwestern Ghana!', published in January, 1967,

This tentative proposal was followed up later In the same year by Mr. KM
€hah of the Irrigation, Reclamation and Drainage Division of the Ministry of
Agriculture, In his "'Report on Irrigation Feasibility in the Densu Basin from
the Proposed Reservoir at Wejjal, Mr, Shah recommends the extension of the
Irrigated area from about 1,400 ha (3,500 acres) proposed by Nippon Coei to
some 1,700 ha (4,200 acres) and supports his recommendations by & preliminary
economic appraisal and cost estimates, which point to the economic feasihiiity
of such a project,

Tahal Consulting Engineers Ltd. In assoclation with Engineering Science
€, ~ engaged in the design of the water supply scheme for the Accra~-Tema
Area - took the water requirements of this project into consideration in the
Feport: Design Phase of the Water Supply and Sewerage Works for the Accra~
Tema Metropol itan Area, Ghana - Welja New Dam for Municipal Water and irri=
gationl, published in 1968, The design submitted in this report makes provis
sions for additional water by raising the height of the dam and increasing

théreby the capacity of the reservoir,
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Several subsequent studies, dealing with varjous aspects of
agricultural and economic development in Ghana, refer to the Weija
Irrigation Froject,

& nGhana Sector Studies: The Role of Irrigation in Agricultural

Development! prepared for the Ministry of Finance and Economic
Planning by the Nathan Consotium for Sector Studies, 1970;

- The Current Economic Position and Prospects of Ghana, Vol.V
(Agriculture)!" prepared by the International Bank for Recon-
struction and Development/International Development Association,
October, 1970.

- nAppraisal of the Accra-Tema Water Supply Project Second
Stage!! prepared by the Internationai Development Association, ..
March, 1974,

All the above studies regard the conditions in the Area as being
favourable for the development of irrigated agriculture and call for a
fullscale feasibility study of the project, :

On the strength of these -appraisal the Ministry of Agriculture
engaged the services of Architectural and Engineering Services Corpo-
ration and Tahal Consulting Engineers Limited, and a contract was

signed on 1st May, 1975 for preparing the Feasibility Study presented
in this report,

—







C. THE PROJECT AREA

; N introduction

The Project Area analysed in this report extends over 1,700 ha
(4,200 acres) gross:in two distinct land areas separated by a distance
of about 7.5 km (4.7 miles), (See location map, following page )e
The larger one, designated Area No.1, comprises 1,500 ha (3,500 acres),
and Area No.2 - 200 ha (700 acres), Although the two areas will have
separate water supply systems, their incorperation into a single deve-
lopment scheme is justified by their common water source - the weija
Impounding Reservoir,

Soth areas are |ocated west of Accra, along thel main Accra-Winneba
highway: Area No.1, about 25 km from Accra, between |atitudes 5°29' and
5°321 N and longitudes 0°23! and 0°26! W; Area No,2 lies about 13 km
from Accra, between latitudes 5°331 and 5°34! N and longitudes 099! and
0%211 w,

There are several villages within and adjoining Area No,1 and none
in Area No.2. The village of Oduponkpehe (also known by the name Kasewa
Gariba), with a population of about 1,000 is conveniently jocated at a '
junction of the main highway and serves as a local market centre, with
markets held twice a week, There are two other villages along the Accra-
Winneba highway: Torkuse (population 700) at the eastern approach to Area
No,1, and Galilea (population 100) about midway between Torkuse and
Oduponkpehe, To the south of Galilea village, across the main road, s
a State Farm,

The village of Tubakrom (population 350) is located on the paved
road (locally known as Mile 13) connecting the. main highway with the
seashore, Another village along the same road but lying outside the
project boundary is Kokrobite (population 1,000), Bantana (population 150)
lies on the road running south from Oduponkpehe close to the western
boundary of Area No,1, and farther .on this road, outside the Froject
Area, is the village of Nyanyanu (population 4,000), The two villages,
Kokrobite and Nyanyanu, situated outside but ciose to the Project Area,
have been mentioned here because their populations will likely be affected
by project development,

Two or three private family farms are the only habitation in Anas
No, 2,

2, Climate

The climatic characteristics of the FProject Area are briefly des~
cribed in the following; more detailed information is presented in

Appendix C-1,
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a, Rainfall
The Project Area (s located in the driest part of the coastal belt, with
a mean annual rainfall of 846 mm (33,3 Inches). The rainy season lasts from
March through July; about 70 percent of the annual rainfall occurs during this
period and about 54 percent during the three rainiest months - April, May, and
June. The annual dependable rainfall = an empirical parameter for estimating the
mean minimum rainfall - is about 635 mm (25 inches). The mean number of
ralny days In the wet season is about 50 and In the dry season 20,
The mean date of the beginning of the rainy season in the Project Area is
6-7 March. The varlability of the rainfall, in terms of the ratio of the standard
deviation to the mean was estimated at about 0.3 and 0,35 for the wet and dry
seasons, respectively. 1
For maximum rainfall intensities see Appendix Table et/ 2.
be Length of Day, Temperatures, Solar Radiation
The Project Area lies at the latitude of about 5°30! N, thus daylight

hours are practically uniform during the year, with a minimum of 11.8 hours
in December and a maximum of 12,4 hours in June. The mean total hours of
bright sunshine during the six-month periods May=October and November~April
are 1,000 and 1,384 hours, respectively. The average annual percentage of
sunshine in Accra s 54.8%j; monthly averages are given in Appendix C-1.

There s very little variation In temperatures throughout the year.
Records kept at the Welja Waterworks over a 21=-year period show that average
monthly temperatures range from 24.1 °C in August to 27.7 °C in March, with
an arinual average of 26.2 %°c. See Appendix Table Cc-1/3 for monthly averas:,
minimum and maximum temperatures.

The mean daily solar radiation in Accra i{s 425 cal/ sq. cm. Daily solar
radiation values per month are given In Appendix F=1.

Ce Humlidity and Evaporation

Relative humidity and evaporation In the Project Area are discussed

In Part || of this report with relation to crop water requirements and the gete

are presented in Chapter F (Section 1 ) and In Appendix F=1.
Monthly vapour pressures recorded In Accra are given in Appendix
c-1/5.

Table

],/ Ussher, A,K,L.: Climatic maps of Ghana for agricuiture, Ghana

Meteprological Services Department, L.egon, 1969, For the period

1936-1965.
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d. Winds
There are no records of wind velocities in the Project Area itszif,

but they are considered to approximate the values measured at the Accra
Meteprological Station. As shown in Appendix Table C-1/16, the annual varia=-
tion in wind velocities is Quite small. The annual average Is 5.6 m/sz2c, with
a mean monthly minimum of 4.1 m/sec and a maximum of 7.5 m/ sec.
3. Soils and Topogaraphy |

in all, the surveyed area covered a total of about 3,350 ha: 2,913 ha In
Area No.1 and 437 ha in Area No.,2. This spread of the survey was carried

out so as to be able to demarcate the most suijtable tracts for development.

Full description of the surveyed soils Is given In Appendix C=2; in the
following Is a concised outlay of the project area lands.

a. Geomorphology, ToEog*aphy and Drainage Aspects
From the geomorphological point of view, area No.1 has a gently rolling

to gently undulating complex landscape. The north-eastern and the western parts
are represented by a complex of low hills with dominant slopes of 2 to 5 percent.
The eroded material washed down from the hilly area is mainly sandy, sometimes
with a bed of gravels and is deposited in the valleys over a clay stratum.

The central and southern parts of the Area form the low plain of the
Okukrudu stream and Its tributaries. They are generally level with slopes of
less than | percent. The Sandy material eroded from the hilly area is deposited
over a gleyed and sodic clay material of lagoon origin. Along the Okukrudu
stream the soils are heavier, medium or fine textured.

Area No.2 s generally very gently undulating. =xcept for the area of the
central hill, not surveyed, the area is more-or-less flat with slopes of less
than 2 percent. Along the Densu river there are oxbows, some 2-3 metres
lower than the surrounding area. Other low lying areas are represented by
microvalleys and ponds.

The distribution of areas by slopes in both Areas shows that gently
and moderately sloping lands with 2-8 percent slopes occur on 1,006 ha or 30.0%
of the total area; gently sloping areas with 2-5 percent siope on 703 ha or 20.9%
of the total area; nearly level lands with 1-2 percent slopes on 335 ha, or 9.9%
of the total area, and level lands with less than 1 percent slopes on 1,306 ha

or 39,1% of the total area.
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From the drainage aspect, the area Is divided as follows: 1,612 ha
or 48.1% of the total area With somewhat excessive and excessive drainage;
48 ha or 1.4% of the total area with good drainage; 65 ha or 1.9% of the
total area with Imperfect drainage and 1,625 ha or 48,6% of the total area
show poor and very poor natural drainage. '

be  Soll_Linits
Fliteen soll units were mapped; seven In Area No,1 and eight In

" Area Noe2, The main characteristics and recommendations for use of the
fifteen soll units are summarized In Table C/1, The complete analysis of
the physical, chemi-al and land use characteristics of the general solis are
given In Appendix C-2,
: The fifteen soil mapping units have been classified in four land
classes for Irrigation: two classes of arable land (USBR Classes 2 & 3);
one of arable with IImitations (USBR Class 4) and one-arable (USBR Class 6).
Arable land are defined as those which, after the necessary
improvement will have, when irrigated, a sufficient productive capacity to
cover development and production costs, and will also leave a reasonable
profit, so that the farmer may enjoy a satisfactory standard of IivVing.
Non-arable lands are defined as lands which do not comply With
minimum conditions of productivity or adaptabllity for Irrigation.
The criteria of land classification for Irrigation are presented in
Table C/2,
The solls In the study area fall within definition of the four
Irrigation classes, as follows::
(1) Cilass 2 ~ Arable Egrld covers 34,0 ha or 1% of the total area,
It Includes lands of moderate suitability for irrlgation farmings The soils
of this class have slight soil, topography and dralnage problems, The soll
problem is due to limitations resulting from the moderate soil depth, low con-
tent of nutrients; the topography problem is due to a slope of 2-3 percent and
the drainage problem arises from an imperfect natural drainag®s
Only one subclass, 2 std, was mapped,
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(2) Class 3 - Arable Land covers 19,7 ha or 0.6% of the total area.
These solls are suitable for development under Irrlgation, but have soil,
topography, and drainage problems which are more severe than those |isted

under Class 2.
The soil limitation Is due to the very small depth limited by heavy tex-

tured slightly saline and sodic layer; the topography limitation Is due to slopes
of 4=5 percent and the erosion hazzard; and the drainage limitation Is due to
poor drainages

Only one subclass, 3 stdy was mapped.

(3) Class 4 - Arable Land with Limitations. This class covers
3,215,5 ha or 96,0% of the total area. The lands Included under this class
show severe deficiences that 1imit the growing of crops and élll for application
of special methods, The soll limitations stem from the moderately coarse,
coarse and very coarse-texture, high percentage of gravel and generally small
effective soll depth, These factors result In the solls having a very rapid to
excessive Inflitration rate, very rapld permeabllity and low to very low water
retention capacity. AlSso included In this category are some fine~textured
solls, alkall or saline in the jower jayers, These conditions limit the selec="

tion of crops for these solls. .

The topography !imitation |s due to sloping or slightly sloping topogr aphy.
The dralnage limitations are due to excessive and somewhat excessive or poor
and very poor drainage. '

Five sub=classes were mapped, as follows:

(i) Subclass 4 Ss covers 39,0 has it consists of moderately

coar se-textured solis, nearly level, somewhat excessively draineds The slopes
are 1-2 percent, the infiltr ation rate is excessively rapid (27.0 cm/hr) and the
water retention capacity is lows The soils are |imited to sprinkler or drip

irrigations
(11) Subclass 4 Sst covers 1,601,2 hae It consists of lands with

coarse and very coarse-textured soilS, with a high gravel content, gently and
moder ately sloping, excessively and somewhat excessively draineds

Infiltration rates are excessively rapid (12,0 - 45.2 cm/hr) and the topo-
graphy is gently to moderately sloping with 3 -~ 8 percent slopeSs

Under these conditions, irrigation by gravity would result in high water
losses and no levelling is advisable due to the danger of exposing or bringing
to the surface the lower horizons of gravel: Moreover, surface irrigation
method also entails erosion hazards for these coar se~textured sollSe For these
reasons, Irrigation in these soils Is limited to sprinkier or drip methods.
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(111) Subclass 4 Ssd covers 1,270,5 has It Includes very
coarse, coarse, moderately and medium~textured soils In the upper part
of the profile, over heavy textured sodic layer, level and nearly level,

poor and very poor drained solls,

The effectivé soll depth Is very shallow, shallow or moderately deep,

The second layer is slightly sallne and strongly alkali; the infiltr ation
rates are excessively rapid (8,0 - 22,8 cm/hr) on the surface, while In the
second layer It is less than 0,2 cm/hr

The topography is level or nearly level with less than 2 percent
siopes, Owing to the fiat topography and almost impervious second layer,
dralnage is poor and very poor, Under these conditions of excessively
rapld infiltration, irrigation by gravity would result in high water losses
and sprinkler or drip irrigation is recommended, Special care must be taken
when irrigating these soils; water should be applied In accordance With crop
requirements and excess applications must be avoided tn'ordar not to aggra-
vate the drainage conditions, since the slow internal drainage and the |ow
hydraullc conductivity make drainage of the subsoil very difficulte For this
reason an adequate dralnage system should be provided to remove all excess
water,

(iv) Subclass 4 Sstd covers 30,8 ha, Lands included in this
subclass are of moderately coarse textures, show very rapid infiltration
rates with siightly sloping topography with slopes of 3-5 percent and imper-
fect drainage, : '

(v) . Subclass 4 Rsd covers 278,0 ha. The texture (s heavy
from the surface and throughout the profile, The soll s very slightly
saline and strongly alkalie

Inflitration rates are very slow, 0,1 = 0,3 em/hre The topography is
level with less than 1 percent slopes, Drainage Is poor and very poor.

The land Is limited to rice cultivation.

(4) - Class 6 Non-arable Lands, This class covers 80,2 ha or

' 244% of the total area. The lands of this class do not comply with the
minimum requirements of Class 4 and are unsuitable for development,

Two sub-classes were mapped as follows:
(1) Subclass 6 st covers 23,1 ha and consists of the skeletal

very coarse gravelly textured soils, very shallow with a high percentage of
gravel, The topography 1s moderately sloping With 7 percent slopes and
drainage is excessive,
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(i) Subclass 6 std covers 57.1 ha and consists of oxbows and

Vg||ey-shap9d depressionss
of levelling and reclamations
Table C/3 summerizes the soils classes 1

cost

to.thelr' irrigation adaptabilitye
TABLE C/3: LAND CLASSIFICATION FOR 'IRRIGAT ION

The main limitations stem from the very high

n the study area in respect

Class Sub-class Area of sub-class | Area of class
ha ha
1
2
Arable 2 std 34,0 34,0 1.0
3
Ar‘abie 3 S‘d 19.7 19.7 0.6
4
Arable |imited 4 Ss 35,0
4 Sst 1,601,2
4 Sed 1,270.5
4 Sstd 30.8 .
4 Rsd 278, 0 3,215.5 96, 0
6
Non=ar able 6 st 231
6 std 571 80,2 2:4
Total arable 3,269,2 | 97.6
Total non-arable 80, 2 2.4
Total Classified area 3,349,4 | 100,0

4, Present Land Use

a. Crops and Farming Practice

! Most of the villagers living in the Project Area subsist from rainfed
agriculture, Crop growing generally takes the form of shifting cultivation; the
dominant crops being vegetables ~ tomatoes, Peppers, okro and eggplants
(garden eggs) - and to a lesser extent cassava and maize, A varlety of other
crops are grown on a small; scal€, primarily for home consumption; these
include groundnuts, cowpeas, rice, cotton, yam, plantain, shallots and water=-
melon, It Is customary to plant a companion crop along with the main crop and
it 1s not uncommon to Interplant several crops in the same field.
Few farmers use fertilizers in any appreciable quantity and pl
measures are practically unknown, in spite of the considerable damage _caused by

pests and diseases,

ant protection |
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It Is customary to hire tractors for ploughing and harvesting, whilst
planting, weeding and harvesting are carried out manually. Depending on
the size of the farm,. family labour is often suppler_nented by the hiring of
seasonal labourer s,

" 1t appears that reasonably high ylelds are obtained only for the first
crops following the clearing of land, Thereafter, yields decrease rapidly
as soll fertility declines and pests and disease take their tolle On the
average, yields are generally low and the area under cultivation during the
cropping season has beén estimated at less than half of the total Projeci
Area (see Table C/4).

TABLE C/4: ESTIMATED PRESENT CROP AREAS AND YIELDS

Crop Area Yield :
ha ton/ha

Cassava 80 9.0
Maize 50 0.9
Tomatoes 220 6.0
Peppers 200 4,0
Okro 100 5,0
Egplants 30 4,0
Other crops 50 -

Total 730 : o

There are about 500 ha natural grasslands used for cattle grazing; the
herds are tended by Fulanis and not by their owners, Almost all farmers
keep some poultry, sheep and goats, but these are kept seperately In the
village compound and no mixed farming is practiced in the accepted sense of
the term,

. The limited utilization of the cultivable area and the low crop yields
may be attributed to a number of constr aining factors:

- Total dependence on rainfall to supply crop water. requirements,

. Shortage of working capital and difficulties In obtaining credit on
reasonable terms,

- Deficiencies in the supply of agricultural Inputs, particularly improved
seeds, fertilizers and pesticides,

- Lack of an organized agricultural extension service to guide farmers
in the adoption of improved production methods,

- Lack of organized marketing facilities, Including storage, grading
and trankportatlon of produce,
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In recent years certain Improvements in farming practices have been intro-
duced in the Area by the Food Production Corporatlon Farm, however', much
remains to be done towards the fuller utilization of the avallable human and
physical resources,

be Land Tenure

Most farmers In the Greater Acara Region, including the Project
Area, till their own land, however, there are others Who lease holdings under
varijous forms of contractual arrangements, There are three prevalent types
of agreement: (1) leasing the land for cash payment; (2) payment In kind -
either a prearranged quantity of produce or a share of the crop harvested;
(3) a combination of a fixed sum of cash and a fixed amount of produce,

In the Eastern Region, which Includes Greater Accra and the Project Area
only 11,4 percent of the 480,000 farms are rented, Usually, the indegenous
tribes own their farms whilst other tribes lease the |and by paying an initial
fee and one of the forms of annual rent, depending on tribal and local customs,

Ce Size of Holdings

According to the findings of a survey conducted during the ralny sea-
son of 1974, the average size of farm holdings in the Greatér Accra Region was
about 0,73 ha, as against 1,75 ha for Ghana as a whole, At that tlme there
were In Greater Accra about 45,100 such small=holdings.

In the Project Aréa the cropped area cultivated by a household Is gene -
rally divided Into two or three plots, varying In size between 0,4 and 1.5 ha
and averaging about 1 ha 1/« The average number of persons per household is
7 to 11 and it appears that the size of the family, ls€s the available family
labour force, determines the farm size,

S5¢ The Weija New Dam and Reservoir

a8s  Source and Availability of Water

Water for the irrigation project will be supplied from the Weija im-
pounding Reservoir, now under construction., The design of the Weija New Dam
originally planned as a municipal water supply works - has been revised, to
meet the anticipated irrigation requirements in addition to the urban demands,
The Capacity of the reservoir was increased by raising the height of the dam
and thereby the normal water |evel| in the reservoir by 1,85 m (6 ft, = from 41
to 47 ft),

1/ Welja Socio~economic Survey of Settlements Affected by the Reservoir and
Irrigation System, University of Science and Technolbgy, Kumasi,
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To ascertain the feasibility and characteristics of the reservoir, In line
with Its dual function, a simulated reservoir operatlon\ study was conducted, 1/
simulating monthly reservoir operation over a 33-year period on the basis of
the following parameter s:

-

(i7)

(1i1)
(iv)

(v)
(vi)

Ralnfall: based on historic dally ralnfall values, recorded at the
Nsawam gauge,

Evaporation: based on measurements in Accra, as per the Design
Report, Accra-Tema Water Supply Project, First and Second Stages.
Tahal Consulting Engineers Limited, March, 1970,

Seepage: estimated at 25,4 mm (1 inch) per months

Upstream water demand: estimated at a maximum of 53,500 cu,m/day
(11,8 mgd)e In Instances when the minimum river flows were |ess
than 52,500 cusm/day (11,5 mgd) the upstream demands were restric-
ted to the minimum flows,

Accra-Tema municipal supply: 182,000 cu.m/day (40 mgd).

Irrigation demand: 36,7 MCM per annum, with monthly distribution as
shown in Table C/5, Irrigation was stopped whenever the water level
in the reservoir dropped below El. 9,15 m (30 ft),

TABLE C/5: MONTHLY WATER DEMANDS FOR IRRIGATION

MCM

-}~ Study

Annual] . L‘ ! §
'total | Jan |Féeb ar %pr.lmay ‘June| Jul yjAug pt |Oct, [Nov. | Dec.’

Reservoir

Operatlion
Study

Present
Feasibillty
Study

36,7 | NIl NIt 4,72 j4,72)3,81 1.5901. 18Nl [5.56 |4, 90]5,56 | 4,72

15,6 - r.DOIO.IQ 0,47 |1,56|1.87 | 0,05[1,010,3 [0, 94 2,06]3,32| 2,81

The simulation revealed that the demand for the Accra-Tema municipal
supply could be met throughout the entire study periods The irrigation demand
was likewise satisfled, except during the entire month of March 1947, 14 days
in April 1947 and 25 days In May 1947, (These deficlencies occurred following
the critical dry period of the 1946/47 hydrologic year), However, when plotte
as a probability curve, it was found that such a deficiency is likely to recur
only once in 50 years, : '

This reservoir operation study preceded the present Feasibility Study,
hence It took Into account much higher irrigation requirements than those re-
commended in this report, as shown In Table Cc/5. The lower irrigation de -
mands of the proposed crops will ellminate shortages for irrigation or reduce
them to negligible proportions,

I/Accra-Tema Water Supply Project, Second Stage - Weija New Dam Reser-
voir Operation Studies, Tahal Consulting Engineers Ltd., 1975.
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b. Sedimentation '

The effect of sedimentation on the V/ejja Reservoir was inves-
tigated within the framework of the Operation Studies mentioned above;_/
The study analysed both suspended and bed load sedimentation effects by
simulating relevant historic conditions for a period of 33 years (1940/41
through 1972/73) with the aid of a computer,

With the mean concentration of suspended matter estimated at
150 ppm and trap efficiency of 90% (with regard to both suspended and bed
load materials) the reduction in the reservoir!s capacity due to sedimentation
in the course of 50 years was found to be only about 0.7%.

Clearly, this rate of deciine in reservoir capacity would have
a negligible effect on the functional efficiency of thé reservoir.

Ca Water Cuality

A survey was carrjed out to determine the properties of the
water throughout the Densu river baslsin2 Samples were taken at 9 sam-
pling stations during the period February 1974 through January 1975,
Although the survey was conducted from the point of view of municipal use,
its results can be applied equally well to irrigation uses, The results of
the survey are summarized in Table C/6,

Other sourcesg/ouoting laboratory analyses of water samples
taken at the Weijja Dam site from 1965 through December 1975, confirm
these findings.

1/ Accra-Tema Water Supply Project, Weija New Dam. Sedimentation

Study,
A,E,S,C, in joint venture with Tahal, November, 1975 (04/75/32).

2/ Amuzu, A,T,: A Survey of the Water Cuality of the River Densu.
: Water Resources Research Unit, The Council for Scientific and
Industrial Research (C,S,1.R,), Accra, 1975,

3/ Accra-Tema Water Supply Project, Second Stage: Pumping Plant and
Treatment Works, Design Review Summary, Associated Engineering
Services Limited, January, 1976,
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TAELE C/6: MZAN WATER PROPIRTIZS IN THE DENSU RIVER

Property Monitored values
Average § Maximum Minimum
pH 7.0 8.1 6.7
Total dissolved solids ppm 264 308 70
Conductivity micromhos/ cm 320 1,000 125
Alkalinity (as CaCOS) ppm 105 284 48
Total hardness (as CaCOs) ppm c4 192 48
Chloride (C1) ppm 30 224 5
Sulphate (504) ppm 19 134 3
Blicarbonate (HCO3) ppm 120 335 58
Calcium (Ca) ppm 19 73 9
Maghesium (Mg) ppm o 30 4

6. Existing Infrastructure
The Project Area lies alongside one of the busiest highways in the country.,

providing easy access to Accra in the east to Winneba in the west, Two good
roads - one paved and the other unpaved but In very good condition - connect
the villages of Area No.l1 to the main highway. Branching off from the highway
there s also a road leading into Area No.2: this road, however, is infer jor
to the others, nor does It traverse the entire length of the Area.

In spite of the proximity of the Project Area to the largest urban concen-
tration in the country, villagers have continued to pursue their traditional way
of life, paying little heed to the changes taking place in the nearby city.

There are signs, however, that the growth of Accra and improved communications
are beginning to exert their influence,

The villages are not connected to the elettricity supply orid, although the
ultra~high~tension power lines pass through both Areas. Provisions will have

to be made, therefore, to meet the power requirements of project facilities.
There are at present no domestic water supply works in the villages and

the villagers draw thelr water from sundry local sources, such as ponds and
streams. Plans have beeﬁ drawn up to provide piped water and work has
already begun on a water supply scheme In the southern part of Area No.l.
Administratively the Project Area comes’ under the jurisdiction of the
Greater Accra sub-region, although the boundary with the Central Region cuts
rlght across Area No. 1. This division has not posed any problems so far
_but 1t will have to be taken Into consideration In order to forestall possible

_administrative conflicts In the future.
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D. PLANNING CONSIDERATIONS
1. Development Programme
The proposed development programme has been planned to embrace all
those activities which are needed in order to Intergrate prepared land, and
lrrlgation system, and a group of farm familles, Into an organized, properly

operating and productive agricultural system,

The programme must, by its nature, be multi-disciplinary, dynamic, and
_at’ the same time flexible. It envisages the working of the land as complemen-
ted by the concomitant advancement of the human element involved in the project,
and by the organization of the project at its various |evels So as to bring about
the gradual evolvement of a coherent society of productive farmers,

in view of the uncertainties It involves, especially with regard to the
human €lement, development of the type proposed for the project must be kept
flex Ible and proceed by a succession of steps, each aimed at attaining a more
advanced intermediate development target. Such intermediate targets cannot be
set in advance, since they depend on the capability of the human element invol-
ved In the project and on the marketls capacity to absorb project produce, No
attempt has, therefore, been made to set out these targets in the present report;
only the simpler type of farm programme, which might be suitable for adoption
as a first Intermediate target, and the possible ultimate target to be reached
upon. complete development of the project, aré more fully described, On the
other hand, the proposed Project Organization to be set up should be capable of
analysing the position and indicating new intermediate targets as Soon as condi=-
tlons permit, while adapting both the farmer training and guidance programme
and the agricultural programme to the changed conditions, as the project
proceeds, '
2. Specific Planning Organizations
p A number of basic problems had ‘to be evaluated and decisions reached
before actual planning of the project could proceed, The most important of

these were the following:
(i) Delineation of the Project Area

The original allocation of water envisaged a high water demand for
irrigation, under the presumption that the are would be predominantly under
rice cultivations However, the findings of the soil survey and land use evalua=
tion clearly demonstrated that the light soils prevalling in most parts of the sur-
veyed area are unsuitable for rice growings Consequently, an alternative crop=
ping plan was drawn up - based principally on vegetables. and other field crops-
allocating only about 7 percent of the total cropped area fo paddy rice. Since
the water requirement of these crops is considerably less than that of rice, the
water available for irrigation exceeds the demand and the surplus could be utili=
zed for extending the agricultural development area to beyond the boundaries
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lﬂ.w down In the terms of reference, However, any substantial enlargement of
the Irrigated area would have to be preceded by additional soil and topogra phi-
cal ‘surveys and in the meantime planning has been confined to the originally
ppopolfpd' Project Area of 1,500 ha (net), The possible future Incorporation of
additional Irrigated land has, however, been taken into consider ation in the
planning of the Irrigation and drainage systems,

(i) Jerigation Method
While the cost of Installation and operation of a sprinkler irrigation
system Is higher than that of surface methods (such as furrow or border irri-
gation), the former was adopted in view of the manifest advantages of sprinkier
irrigation in this particular projects The motives underlying this decision may

be summed up as follows: (1) The solls are predominantly sandy, with high
infiltration rates; (2) shallow topsoil, which would be Impaired by the extensive
land levelling required for surface irrigation; (3) surface irrigation demands
highly skilled operators, whereas sprinkier irrigation can be mastered much

more readily by farmers who have had no prior experience in any form of irri-

gation.
Rice will, however, be cultivated in traditional paddies, irtigated In level-
led basins,

(iii) Supply of Water
The division of the project into two geographically separate units - Area

No.1 and Area No.2 - calls for two independent water supply schemes, In
selecting the mode of conveyance from the reservoir to the irrigated areas,

two alternative schemes were compared: (1) gravity - canal conveyance, in
which the pressure required for sprinkler irrigation is supplied by a series of
pumping stations along the canals; (2) piped delivery, wltt:s the pressure provided

by the intake pumps at the headworks,
A tentative economic analysis of the two alternatives demonstrated that

canal conveyance is by far the more economical method and this alternative has
been adopted in the present study,

(iv) Institutional Asp ects

Various alternatives have been weighed with respect to farmers! organi=-
Zations and project management - ranging from the establishment of new agri-
cultural settiements to the running of the project as a single, centrally directed
production unit, After due consideration of the relevant demogr aphic, social
and economic factors, It has been concluded that the Introduction of drastic
Chaﬂﬁ’_ﬂ In the existing éoclal and organizational pattern of the village would
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(v)

(vi)
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not serve the objectives of the project, at least during the initial stages,

The farming will remain the basic unit to be provided with sufficlient
land, irrigation water and other production Inputs by a central project
organization,

Size of the Farm Unit
A farm unit of 2,5 ha has been recommended for the mixed farm

types, taking into consideration the available family and the fact that
production per unit area Is expected to increase sighlficantly as skills
are acquired and experience accumulates, The |abour requirements of
a holding of this .size can be met by the average farming family and the
recommended cropping plan is expected to yield a reasonable return.
For the rice' farm type a'5 ha holding is proposed In view of the lower
ahtlclpated income per hectar-'e.

The influence of markets and consequent changes in the production
pattern may make it advisable to modify the size of the farm units some=-
time in the future, Such modification, If implemented judiciously and
within bounds, need not affect the development of the project as a whole,
as land and water are not expected to impose constraints to development

within the designated area,

Cropping Pattern
The crops recommended in the cropping plan have been selected on

the basis of ecological suitability, marketing prospects and profitability,
Bearing in mind the advantages of diversification and sound crop rotation,

the recommended crops include vegetables - tomatoes, pepper, eggplants
and okro - and field crops - maize, rice, tobacco and groundnuts, The
economic effect of including cassava in the cropping plan has been eva-
luated separately, The suggested cropping pattern should not be regarded
as a substitute for annual cropping plans In the |ater stages of project

development,
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5. Comprehensive Agricultural Project

The Welja Irrigation Project is envisaged as a comprehensive agricul-
tural scheme Involving engineering, agriculture and organization. It will have
to cover all facets of land and water development while taking into account
the socio-economic aspects and laying stress on the development of the human

element at all levels. It will seek to attain the following aims:

(i) Creation of suitable conditions for the formation of modern rural
communities through the provision of appropriate services.

(1) Creation of the physical, soclo~economic, and organizational condij~
tions that will permit the implementation of a progressive transformation
process among the villagers, and at the same time will allow the economic
advantages which, in general, only result from large~-scale production,

to be achieved on the individual farms without sacrificing freedom of pri=
vate Initiative.

(i11) Absorption of unemployed or underemployed manpower In productive
agriculture,

(iv) Development of local leadership.

(v) Creation of patterns of regional cooperation which will permit effi-
cient handling of the supply of Inputs, and efficient marketing of the farm
produce,

(vl) Integration of agriculture, services and industry in the area, with the

appropriate interrelationships between farmer, village and town.

The success of the Project can be measured by the extent to which it
will manage to transform groups of individual farmers into a modern rural
community. Ultimately, the true measure of success of the project as a whole
Will be the rate at which It will prove possible to transfer to the farmers! own
shoulders the various tasks connected with further progress of their community
and the related modern agricultural techniques, and the extent to which they will
Succeed In adopting effective patterns of cooperation among themselves in pro-=

duction, services and community |ife.

The establishment of such a comprehensive project requires the setting up

of a sujtable Project Organization for its effective implementation and guidance.
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(n the initial stages; while the project is being established, this organ: -
zation will have to cover a wider range of activities relating to the management
of the various construction contracts, the agricultural development, the training
and guidance of the farmers, and the setting up and running in of the various
subsidiary organizations required for project operation, In Iater; stages, after
completion of the construction process, the work of the organization will con=-
sist primarily of routine annual production planning, training and guidance of
the personnel of the subsidiary organizations and supervision of their operations,
as well as co-ordination with other organizations operating in the Area,

As development proceeds and the farmers gain experience, the project
author ity will gradually transfer many of its functions to the evolving farmer s!
organizations, The character and spirit of personnel of the initial organization,
and the freedom of action and guidance which it will receive, Wwill be major fac-
tors determining the success of the project,

4, Proposed Initial Procedure

It will be shown in the following chapters that the Consultants consider

the schemes planned for the two areas, Area No,1 and Area No.2, technically

and economically feasible, In order to derive the full benefit from this Feasibi~

ity Study, it is suggested that it be acted upon as early as possible, starting
with the following steps:
(I) Should the Government decide to seek financial assistance in the
implementation of the project , submit a foreign currency loan application
to the International Bank for Reconstruction and Development for the
amount of US, $6,927,000 representing 45,9 percent of the total financing
requirement, The Government may elect to abstain from developing Area
No.2 at this stage, in which event the foreign currency requirement would
be reduced to US, $6,067,000,
(11) Take steps to ensure the necessary funds in local curPeney,
(i) Engage a firm of consultants to assist'the Ministry of Agrieyiipe
staff in the preparation of engineering designs and specifications, draw-
Ing up of tender documents, analysis of tenders and contract management,
(lv) Appoint the Director of the Project Authority and initiate the setting
up of a project organization along the lines suggested in Chapter H of
this Report.
(v) Commission detailed soil and topographical surveys of Area No,1 as

a prellminary to the design of the irrigation and drainage systems,
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(vi) Finalize the electricity supply contract with the ECG,
covering electricity rates and quantitites to be supplled

to project installations,

Other planning considerations and recommendations of a

more specific nature presented in the relevant chapters in the

following.







E., AGRICULTURAL DEVELOPMENT

$; Concept of the Agricultural Plan

Agricultural development is not just a question of increasing production
and not even a matter of raising the farmer!s income, though this must
unquestionably play an important part in the process, Agricultural development
must be viewed as an integral part of rural regional dewlopment, whose
primary task is to contrll::‘ute'to the welfare of the rural populatione In order
to achleve its goals, a rural development programme should have recourse to
a set of Interdisciplinary policies aimed at the promotion of the well=being of
the rural population, along with the production of goods needed for the fulfill=-

ment of national development requirements, ;
Rural development policies encompass, among others, economic decisions,
such as what to produce, how much to produce and in what way; questions of
credit, Investments, taxation and Incentives, etcs More specifically, conside~
ratlon must be given to investments in irrigation and dralnage works, research,
extension services, Infrastructure, supply of Inputs and the establishments of
marketing channeis, Particular attention should be given to the following:
= Facilitating the timely and orderly supply of Inputs at a
reasonable price to the farmer, partlcularly seeds of improved
varleties, fertilizers, insecticides and water,
= Improving and building up the extension and research services
to farmers, These services will provide guidelines on suitable
crop varleties, agrotechniques, optimal input levels, methods of
plant protection, ways of sorting and packing the produce, etc.

- Extending and streamlining the supply of credits to enable
farmers to obtain necessary loans with minimum time delaye

= Improving the marketing channels in order to ensure farmers
fair returns for their produce,

Under the present practice of shifting cultivation, land utilization in
the Project Area is much below capacity. In any given year, |ess than
30 percent of the area Is under crops and cropping intensity on the
cultivated land is below 150 percent, Therefore, the introduction of
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irrigation can promote agricultural production in the Project Area in three

(1) by expanding the overall area under cultivation; (2) by Increasing
g Intensity; and (3) by ralsing crop yields per unit area,

The Intensification of farm production made possible by irrigation - In
conjunction With new cropping patterns, improved agrotechniques and high-
ylelding crop varieties - will not only raise the income of Individual farmers,
but will contribute to the development of the region and, eventually, of the

ways!
croppin

national economye

24 Crops and Crop Budgets
8e Proms&d Crops

: " The selection of crops under the present agricultural plan has been
guided by two main considerations: natural ecological conditions of the Project
Area as described In Chapter C and economic considerations such as crop pro-
fitability and marketing prospects.

The proposed agricultural plan lists four field crops - maize, ground-
nuts, rice and tobacco, four vegetable species - tomato€s, pepper, okro and
eggplants; and cassava. These crops may be grouped under two categories:

- Crops well known to the majority of the farmers in the Project Area;

in this group cassava, maize and vegetables may be included.

-~ Crops generally unknown to the majority of the farmers: rice,

tobacco and groundnuts.

The proposed list of crops should not be regarded as final or irrevo-
cable; the crops were selected as being representative of their kind and with
the view of refraining from avoidable risks. In this respect, as in other plan-
ning considerations, a conservative approach was adopted, in order to present
a realistic assessment of project feasibility.

Despite the shor'tcbrnings of experimental data available at present,
"*"_9 Is every assurance that all the crops recommended in this report, and no
doubt other crops as well, can be successfully grown in the Project Area,

The proposed crops: are described In Appendix E~1.

Crop ylelds were evaluated in three situations: present average yields
In the Project Area, the anticipated level of Improvement without project imple-
mentation, and the forecast yields with project implementation, The figures are
given In Table E/1. It should be noted that the yield levels planned for the
final stage of development are below the maximum yields that can be attained,
Again, this is in keeping with the conservative approach adopted in the agricul=-
tural planning, For details of crop yields In the course of project development

see Appendix E-2,
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TABLE E/1: YIELD ESTIMATES OF PROPOSED CROPS
tons/ha
Ehons Present ?a-e.casf Yields :
vields Without Project |With Project

Cassava 9,0 10,50 35,0
Maize 0.9 1.15 3.5
Groundnuts - - 245
Rice - - 4,5
Tobacco - - 1.4
Tomatoes 6.0 7.50 25,0
Pepper 4,0 5,00 * £ 8.0
Okro 5,0 6.25 16,0
Eggplants 445 6, 00 25,0

'b. Input Requirements
Generally, there is |ittle reliable information on the response of
crops grown In the Project Area to various inputs, especially to fertilizers and
irrigation water, For the purpose of the crop budgets tentative estimates were

made by analysing and comparing the available data.

The three basic fertilizers - nitrogen, phosphorus and potassium - are
expressed quantitatively in terms of N,P,0¢ and K, 0, respectively, Monthly
water and labour requirements are summarized Tables E/2 and E/3,

Co Crop Budgets and Gross Returns :

The budgets for each of the recommended crops are tabulated in
Appendix E-3, giving output values, input costs and gross returns per hectare,
at the present stage and at the ultimate stage, with and without project imple~
mentations See Chapter J for the calculation of output and input prices.

Output values represent farm-gate pricess In the budgets for the ultimate
stage, the crops have been debited with the full input costs, Without subsidies.
In the "with project! budgets, crops were debited with unforeseen expenditures
(contingencies) at the rate of 10 percent of the input costs and at the rate of
15 percent in the "without project" alternative, The crops were debited with
11 percent Psas interest on the working capital.

Water duties are not included in the production costs of individual crops,
since irrigation costs as a whole have been allowed for in the estimate of the
project!s gross returns, Crops have not been debited with the cost of farmyard

Manure, as it is not a marketable commodity, .
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and farmers do not use purchased manure. Whenever available, farmyard
manure will be applied mainly to vegetable crops.

Land taxes and rents have not been Included in the crop budgets since
they are payable whether the project is implemented or not.

A summary of the outputs, inputs and gross returns s presented in Table

E/4.

3. Cropping Patterns and Farm Types

The agricultural programme envisages the growing of two crops per year
on the same area, although there is little doubt that the more efficient farmers
will be able to utilize their land at a higher cropping intensity., The introduc~-
tion of irrigation will permit greater flexibility In the choice of crops and in
planting times, enabling farmers to attain higher aggregate net returns from the

factors of production.

The following two cropping patterns are proposed for the Project Area:
(i) Mixed cropping plan without rice;
(i) Monoculture, consisting of two rice crops per year.

The first cropping plan, which is proposed for most of the Project Area,
will be practiced in two variants, namely, with and without cassava. The
second, rice farming, is considered to be suited to the conditions prevailing in

parts of Area 2.

Corresponding to the two cropping patterns, the agricultural plan puts
forward two representative farm types:

- Mixed farm types - one with and one without cassava; occupying an
area of 2.5 ha gross each (2.25ha net), representing the average
size of holding in the Project Area;

- A 5-ha rice farm, as the typical farm type for adoption in part of
Area 2 only.

The two cropping patterns based on mixed farming are illustrated schemati-
cally in Figs E/1 and E/2 and the areas covered by the crops are shown in
Table E/5., Appendix E-4 shows the distr ibution of crops by months. It will
be noted that the cropping intensity is 200 percent when cassava is not Included
in the crop rotation and 180 percent with cassava.

The crops will be planted in the following ratios:

(i) Cropping plan with cassava: maize and tobacco 10% each,

cassava and groundnuts 20% each, vegetables 40%.

e e e et
e
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(if) Cropping rlan without cassava: tobacco 10% , maize 209

groundnuts 20%, vegetables 40%.

Under both altcrnatives of the mixed farm type the proposed vegetables

mix Is as follows: toriatoes 457 . ceoper 30%. okro 20% and ecaplants 5%..

|
FIG. E/2: CROPPING PATTERN OF MIXED FARM TYPE - WITHOUT CAsm

Strip # March April May June July Avug. Sept. Oct. Nov. Dec. Jan. Feb.
t e o s AN 2 "7 S
MAJ ZE
2 PR R s e e B i R
MA]l ZE VEGETIABLES

U¥FDNUTS

GRO

TOBACCO

* Each strip 0.45 ha net.

m
-
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.
g
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which case farmers will be able to switch to the more profitable crops.
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(ii) Cropping flan without cassava: tobacco 10% , maize 20%
groundnuts 30%, vegetables 40%.
Under both alternatives of the mixed farm type the proposed vegetables

s as follows: toriatoes 45% . ceoper 50%. okro 20% and ecanlants 5% .
mix

'
|
o
;
"1G. B/1: CROPPING PATTERN OF MIXED FARM TYPE = WITH CASSAVA I
l?
‘i
R el B2 5 acdme - Ly e = —
Strip * March April May June July Aug. Sept. Oct. || Nov. Dec. Jan. Feb,
1 il
el |
2 s
MAIZE
: : : g
VEGETABLES
’__-_‘__—-—r—--- et
B i el G
| POHACCO
VEGE TTABLES
-__-_“__-—..

'EaCh Btrip 0. 45 ha neto

Which case farmers will be able to switch to the more profitable crops.
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(if) Cropping flan without cassava: tobacco 10% , maize 209
groundnuts 20%, vegetables 40%.

Under both alternatives of the mixed farm type the proposed vegetables
mix 1s as follows: toriatoes 455, rﬁepper' 30%, okro 20% and eggplants 5%.

The recommended cropping patterns should not be regarded as rigid for -
mulae to be adopted In the Project Area under all circumstances; they are main-
ly intended to demonstrate the possibilities of Introducing relatively little known
cops such as rice and tobacco alongside such well known ones, as tomatoes
and cassava. At the same time, they were designed to ensue a minimum build=
up of pests and diseases which are common in rotation with a high percentage

of vegetables.

TABELE /5: NIET CROFP ARZAS ON MIXED FARM TYPES

ha
Ciri op With cassava Without cassava
alternative alternative

Cassava 0.45 -1-/ -

Maize 0.45 0,90
Groundnuts 0.90 1.35
Tobacco 0.45 0.45
Tomatoes 0.80 0.80
Pepper 0.55 0. 55
Eggplants 0.10 0.10
Ckro 0,35 0.35
Total 4,05 4,50

1/ Two seasons.

The adoption of these crop rotations should contribute to the stabilization
of the farmers! income and to a balanced distribution of labour throughout the
year , permitting the farmers to use more productively the two main production

factors; land and water.

The proposed cropping patterns are not necessarily optimal from the
econornic point of view. They include crops such as maize and rice which are
less profitable than vegetables. On the other hand, maize and rice have a
large national market, while vegetables are perishable and their main outlet is
the Greater Accra Region. This market is likely to expand in the future, in

r
* Which case farmers will be able to switch to the more profitable crops.







E~9

The .
dual farms in the Project Area,

economic viability of the project, T

representative .farm types are intended to represent typical Indivi-
and their main purpose is to determine the

hey should, therefore, be used as guide-

|ines for the financial evaluations, but they cannot be taken, at |east at this

stage, a
As stated,
posed for all of Area 1 and

s a basis for drawing up a detailed plan of operations.
the two mixed farm types (with and without cassava) are pro-
part of Area 2 - altogether 626 such farm units.

Twenty of the 5=ha rice farm units could be set up in Area 2,

Farm Budgets
Estimated annual inputs,

4,

sentative farm types are presented in Table E/6,

outputs and gross returns for the three repre-
The budgets In this table

relate to the final stage of development when maximum crop returns are attained.

- As in the crop budgets, the output values as well as the input costs are

at farm gate prices,

TABLE _E/6: OUTPUT VAL UE, INPUT

given

COSTS AND GROSS RETURNS

TYPES AT FUuLL PRODUCTION STAGE

OF THE ENVISAGED FARM

¢
Net yearly
Farm Type cropping Cutput Input Gross
area, ha | value | costs 1/| return
Mixed farm
with cassava 445 15,638 | 3,779 11,859
Mixed farm
without cassava 445 15,191 | 3,743 11,448

1/ Not including cost of water and interest on working capitals

~ The annual water and
given in Table
is shown in Appendix E=4,

TABLE E/7: ANNUAL WATER AND

s

THE PLANNED FARM TYPES

jabour requirements of the three farm types are
E/7; the distribution of water and labour by months and crops

OUR REQUIREMENTS OF

Water_y L.abour
Far m Type Cuem man=days .
Mixed farm with cassava 21,310 439, 0
Mixed farm without cassava 20,180 42545
Rice farm 84,780 990, 0 .

"1/ Including losses in the

main irrigation canal







#i08 s END

5, Eroject-wide Agricultural Development

It is expected that the physical construction of the New Weija Dam
will be conciuded within about two years, However, agricultural benefits
will start to accrue only after irrigation facilities and land development
in a given area are completed, Land development is planned to begin In
Area 1, to be continued In Area 2 until all development works are com-
pleted within a period of four years, Table E/8 gives the anticipated
rate of physical expansion of the irrigated areas in annual increments,

' The difference between the gross and the net areas is 13 percent, to alliow
for land utilized for roads, drainage canals, ditches, etc.

TABLE E/8: ESTMATED RATE OF PHYSICAL DEVELOPMENT

Hd/year
Year of Developed area, ha
development Gross Net
1 460 400
2 460 400
3 460 400
4 345 300
Total’ 1,725 1,500

Full dévelopmem, in terms of crop yieids and generated income, is
expected to be reached in the cth year from the inception of implementa~
tion,

The total areas occupied by the various crops and the volume of
agricultural output at the uitimate stage are summed up in Table E/9.
Table E/10 presents the project-scale budget estimate at full production
stage, The gross return in this.tablé.is expressed in terms of generated
income, as input costs do not include< water charges and interest on

working capital,

Total labour requirement will amount to about 295,000 man~days if
cassava is included in the cropping plan and to about 286,000 man-~days
without cassava ( see Appendix E=~5), with the peak monthly demand in
June under both alternatives, The total demand for irrigation water at
the ultimate devejopment stage will come to about 15.5 MCM (with cassava)
and to 14,8 MCM (without cassava), as shown in Chapter F.
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TABLE E/9: CROP AREAS AND OUTPUTS AT FULL PRODUCTION STAGE

Area, ha Output, tons
Crop
With . Without ‘With Without
Cassava Cassava Cassava Cassavi
Cassava 282 - 9,869 -
Maize 282 564 986 1,972
Groundnuts 563 845 1,407 24111
Rice 180 180 810 810
Tobacco 282 282 395 395
Tomatoes 503 503 12,573 12,573
Pepper 345 345 2,760 2,760
Eggplants 63 63 14575 1,575
Okro 218 218 3,488 3,488
Total 2,718 3,000 - -

TABLE E/10: TOTAL VALUE OF OUTPUT, INPUT COSTS AND GENERATED

INCOME AT FULL PRODUCTION STAGE

¢ thousands
Output value Input costs Generated [ncome
Crop
With Without With Without With Without
cassava | cassava | cassava | cassava cassava | cassava
Cassava 809 - 280 - 529 -
Majze 193 387 132 264 61 123
Groundnuts 670 1,005 251 377 419 628
Rice 165 165 116 116 49 49
Tobacco 711 71 282 282 429 429
Tomatoes 3,320 3,320 755 755 2,565 24565
Pepper 3,300 | 3,300 361 361 2,939 | 2,939
Eggplants 315 315 72 72 243 243
Okro 482 482 235 235 247 247
Total 9,965 9,685 2,484 2,462 7,481 74223
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F. THE IRRIGATION PLAN

1, Wwater Requirements
As no direct measurement have been carried out on the consumptive - use

requirements of the crops Included in the cropping plan, they have been evalua-
ted indirectly, using meteorological data for computing potential evapotranspira~
tion (ETP), and empirical crop coefficients for converting ETP into actual eva~-
potranspiration (ET), which represents the water requirement of the crop,

The net irrigation requirements of the crops been calculated from the ET,
taking into account the effective rainfall, and irrigation efficiencies of 70 percent
for rice and 75 percent for all other crops. Monthly average rainfall were ob-
tained from the rainfall data recorded at the Accra Meteorological Station; effec~
tive rajnfall was taken as 75 percent of the rainfall less 25 mm, provided that it
did not exceed the ETP (see Table F/1),

The monthly crop irrigation requirements are listed in Table E/Z, expr e~
ssed as the average farm-gate demand (F.G,D,) of early and |ate-planted crops,

as described in the cropping programme in chapter E,

TABLE F/1: MONTHLY EVAPORAT[ON AND RAINFALL DATA

mm

|

Jan| FebJMarch Aer'May Junel July! Aug,] Sept} Octa Nov, Dec} Total
Evaporation | 168] 182 | 204 | 189 [200]137 151 { 146|157 {194 | 170 | 146 2,044
ETP-%/ 149} 156 | 187 | 181 1865139 133 134|158 {189 | 182 | 160!1,953
Mean Monthly ’
rainfal|3/ 174 33| 71 | o4 {135]236] 64| 20! 53 | 69 | 34 18} 840
Effective , | ;
rainfal| of O 35 | 52| 83138} 29{ 0| 21| 33 of 0} 391

The procedure for computing consumptive ~use requirements and irrigation
demands Is described In detail in Ap;pendix F=1,

Monthly and annual irrigation requirements for Areas 1 and 2 and for the
éntir'e Project Area are shown In Table F/2, A breakdown of the total water
demand by crops is presented in Appendix Tabile F-1/7. It will be seen that the
total annual water demand amounts to about 13,0 M EN with the cassava aljterna~
tive and about 12.4 MCM without cassava, These tables represent the farm gate
demand; In calculating the water supply requirements, some 15 percent have been
added for operational losses, as shown in Chapter G, In both alternatives the
peak irrigation demand is In the month of November,

Class M"Al pan, Accra Meteorological Service,
Hargreaves radlation method,
Average 1936-1974, Accra Meteorological Service,

ol |
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jrrigation Methods

a, Sprinkier Irrlgation
(1) The Merits of Sprinkier Irrigation

The choice of the sprinkier method of irrigation for about 94 percent of
the Project Area - excepting the 90 ha under rice - has been dictated by the
following considerations:

(i) High inflitration rates, Typical infiltration rates as measured in the Pro-
ject Area:

Soll type 1 - 0,10 cm/min,

Solil type 2 - 0,07 cm/min,

Soil type 7 - 0, 09 cm/min.

Soils with high to very high infiltration rates require frecguent and small
doses of water, which cannot be efficiently applied by surface irrigation
methods., High irrigation efficiency is a question not only of economy, (-1
reducing water losses, but also involves the prevention of waterlogging on the
under iying heavier subsoil and the undue leaching of fertilizers by surplus
water in solls with low cation exchange capacity.

(ii) Shallow topsoil, The fertile topsoil is shallow -~ 20 to 30 cm - in most of

the Project Area and the land levelling that would be required for surface irri=-
gation methods would significantly reduce the production potential of the soil.

(1i1) Erosion hazard, A surface irrigation system |aid out In the direction of

the prevailing slop€, which is the simplest scheme to construct and operate,
would expose the soil to serious erosion hazard, especially when bare of vege~
tation, Cross~siope irrigation, on the other hand, involves much more earth-
work and require highly skilled operators,

(iv) Skilled labour, One of the |essons jearnt from the experience accumulated

in various irrigation projects is that good surface irr igation requires trained,
reljable operators, In sprinkier irrigation, the problems of efficient distribu~
tion are solved at the design stage and the simple routine of day~to~day opéera-
tions is readily acquired even by farmers who have had no previous experience
of irrigation.

(v) Interference with cultivations, Sprinkler systems can be designed so that

they interfere less with cultivations and other farming operations and |ess land
is taken out of production than with surface methods,

(vi) Winds, High wind velocities can interfere excessively with distribution
of the water by the sprinkiers, A study of wind records in the Accra area .
shows that wind velocities are within the permissible range for sprinkier irri-

gation,
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(2)  water .Distrl_bt_.ltlon and Irrigation

Area No.1 and 2 being two distinct geographical units, each will have
a separate water supply and irrigation system (see Flig. G/1 and G/2). For .
Area 1, the water will be pumped from the welja impounding reservoir into a
canal , Whose two branches surround the Area on three sides - east, north and
west, Seven pumping statlons located ajong the main canal will provide the
necessary head for the sprinkier irrigation of each of the seven irrigation blocks
which comprise Area No.1. The Irrigation blocks, ranging in size from about
90 to 270 ha, have been jaid out in accordance with topographical considerations,
with due regard to the ratjonal utillzation of the pumping stations. The irrigation

network within a typical block is described in Section 3-a of this Chapter,

Area No,2 - one~half of which will be sprinkier irrigated - Will recejve
its water directly from an outlet built into the spiliway of the Weija dam via a
36" plpe leading to the head of the Area and discharging into the main canal
system. Conveyance in the main canals Is by gravity flow, Of the ten blocks
comprising Area 2, five will be sprinkier irrigated and to these water will be
delivered by four pumping stations located along the main canal, Land suitabi=
lity and topographical charactéristics were the main considerations in defining

the boundarijes of the ten irrjgation block s,

Peak desjgn values for the irrigation system have been determined by the

demand of the crops recommended in the acricultural plan (Chapter E)e.

The system consists of a permanent, buried A.C. pipe network and portable
aluminium sprinkler [IN€s, The sprinkler |ines will be 150 to 200 m long,
depending on plot parceilation, which in turn IS dictated by topography geomeltry
and farm size, It is preferable to design an even number of plots in the irriga=
tion block in order to economize on permanent pipelines, Because of the small
size of the holdings, each farm will have only a few sprinkier |ines - sometimes
not more thah one = and as a consequence |t will be practically impossible to
adjust the {inei to the requirements of each crop. Thus, the design cannot be
based on the average demand but has to take Into consideration the needs of the
highest consumer significant crop. By reason of the generally high infiltration
rate, considerable savings can be effected on sprinkier lines by Increasing the
irrlgation Intensity and by moving the lines more frequently; however, this calls
for a degree of co-ordination and co-operation among the irrigators that is not

easy to achieve,

The proposed ratio between irrigation cycles and Intervais is 537, The
sprinklers will be of the medium pressure type - 25 to 30 m operational head,
with the head loss In the sprinkier line |imited to 20 percent.
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The lines and the sprinkiers will be spaced at 12m intervais, The

l_cp;(_:c.ﬂ.-
um number of irrigation hours per day will be 15, taking into account that

maxim
it will be possibie to continue [rrigation after dark and to stop the sprinkiers

| by shutting off the main valves. However, no other work, such as moving the

lines, will be done at nighte

in order to assure even emergence and a full stand of plants, germination

éfi‘nlgatlon will be applied to ail sprinkier irrigated crops ai the rate of 800 cu,m/

ha, The last irrigation wjll usually be applied about 20 days before harvest,

(b) Surface irrigation of Rice

As stated in the agricullural pian, 90 ha net of the 180 ha Area 2
have been earmarked for rice farms, growing (wWo crops of rice per year under
irrigation, On the basis of soll suitability and topography five irrigation blocks
have been laid out for rice cultivation (see Fig. G/Z)s which will be surface
irrigated by the jevelled basin paddy method, Water will be conveyed by gra-

| vity from the main canals supplying Area 2 into secondary canals and diverted

into the paddies by means of syphons.

The size of the paddies will be deiermined by |ocal topographical condi=

tions; on leve) tand the recommended paddy dimensions are 30 x 100 m, In

order to keep iand ievelling operaiions to a minimum, the vert cal distance

between neighbour ing paddies wili be 1ess ihan 7 cmes Each paddy will have

access to an irrigation and a drainage canai, The choice of syphons in favour of

| fikehgaies was made in order to prevent teakage iato the canal when 1t IS emply.
Portabie canvas checks will hbe used,
Rotational irrigation wiil be practiced; although this recuires bigger flow
volumes It Is easier (o mansge. A pather ldargeée quabtiiiy of wawer , ‘?800 CuU, I"ﬂ/

g and for  theinitial ponding,

ha, has been alioited for pre=-irrigaiion before pudd)
before

For agronomic reasons it is recommended to f{il the paddies 10 days

Iransplanting and the demand of these 10 days has been taken into account in

Calculating the Irrigation requirements of rice,
Water, 200 c:u.m/haF was ajlotted for nursery

occupies onjy 10 percent of the area and it too I8 subsequently planted t
and at

A relatively small amount of

irrigation because the nursery
o rice,

The percojation rate has been estimated at 2 mm/day in the first month

! mm/day from the second month on, The jast irrigation is applied 20 days

before harvest,

3 On~farm Developmeit

water . supply and drainage systems of Area | and

The main features of the
i Chapter G, On=farm development,

2 are described in the engineering plan
8 outlined in the following, refers to ali works concerned
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with irrigation and drainage within the boundaries of a designated irrigation
block, and it compr ises:

s Land ciearing and levelfing

» water distribution and Irrigation network
- Drainage system

- Fjeld roads,

Two sample irrigation blocks have been sejected for presenting the design
and the cost .estimates of the two farm types: sprinkier irrigated mixed farms

and surface irrigated rice farms,

ae Sprinkier Irrigated Samplie Block

This block occuples 268 ha in Area 1; Its layout is illustrated in Fig, F/1.

(1) Land Clearing and Levelling

The Project Area is covered by savannah~type vegetation =~ tall
grasses, some bushes and scattered trees (about 6 trees per ha), which

have to be cleared before irrjgated farming can be undertaken,

Little fand levelllng will be needed because sprinkier irrigation does not
require as accurately levelled ground as do surface irrigation methods, and
also because the generally flat topography presents very few obstructions to
cultivations, Nor wiil it be necessary to undertake specific soil conservation
measures, provided that the land=forming practice, described in paragraph (3)

of this Section, is adopted,

(2) The rrigation System

The water wili be suppiied from pumping station C to three mamn

A,C, pipes of 20" to 8" diameter, after metering and pressure regulation,
Secondary, (hydrant) A.C, pipes of 81 to 4" diameter will branch off from

the mains along the dominant slope. The hydrants, to which the portable
sprinkier |ines will be coupled, will be spaced at 36m. intervals, which means

that extensions willi be required for two of three irrigation positions of the

sprinkier |ine (see Flige F/Z)c

Design data;

Peak gross demand per day 6 mm
Interval between Irrlgations 7 days
Gross demand per [rrigation 42 mm
Duration of irrigation cycie ‘5 days
Maximum dajly Irrigation hours g

No. of sprinkier positions per day A

No. of sprinkler positlons per farm (2.5 ha) :

No. of sprinkler |ines per farm

it
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No. of hours per sprinkier position 7

jrrigation intensity 6 mm/ha
Sprinkier spacing 12x12m
Discharge per average sprinkier 0,87 cu,m/ha
No. of sprinkiers per line ' 17

Discharge per sprinkier |ine 15 cu,m/ha
Average operating pressure 25 m
Head-ioss In sprinkier |ine (64m of 31t and 128m of 2! dia). 5m

Head in the fir st sprinkier 29 m,

(3) The Drainage System
As defined here, the on~farm surface drainage system consists of:

(1) interceptor canals along the boundaries of the irrigation blocks, to inter=
cept runoff originating cutside the Project Area; (2) secondary drainage canal s,
which drain surpius water from the biock into the main drains; (3) waterways *
for collecting surplus water from individual parcels. Other components of the
drajnage system are described in Chapter G (Section 2). Here only land form-
ing by the bedding method of surface drainage will be mentioned, which is the
practice recommended at the farm jevel, T his method consists of narrow
plough iands separated by dead furrows running paraliej to the prevailing
siope. The beds wili be consiructed gradually and improved each season as
the land is pioughed, All oiher cultivations will be performed in the cross~
siope direction, The dead furrows will be at least 30 cm deep and they will
also help to drain the water perched on the under|ying heavier subsoil. A
waterway wiii coilect the runoff from the dead furrows and convey it to a drain-
age latera) or directly to a main drainage canal via a smal| cujvert,

The cost estimate in Tabie /3 incijude secondary and tertjary canals
(waterways) bui not tand forming, which should be charged to the normal sea-
sonal cuiltivations,

(4) Fleid Roads
Each farm will have access to two field roads; usually constructed along

the secondary drainage canai and the secondary irrigation pipeline.
(5) Cost Estimate,
The estimated costs of on~farm development works on the 268 ha sample
irrigation block are listed in Tabie F/3. 1t will be noted that the cost of
field roads is not tisied separately, as it 18 included in the cost of construction

of the drainage canals,
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b, Surface Irrigated Sample Block

This sample irrigation block occupies 17 ha in the south-
western part of Area No,2 and is intended to serve as a mode|
for the entire area of 90 ha proposed for rice cultivation, The
layout of the irrigation block is presented in Fig, F /3.

(1) Land Clearing and Leveliing

Light land clearing operations will have to be carried
out as in the sprinkler irrigated areas,

Land levelling in this case Involves the construction
of the levelled basins bounded by dykes for each individual

rice paddy,

(2) The Irrigation System

The Secondary irrigation canal with a minimum head of

30 cm will convey the water to the farm irrigation canais,

which will have a minimum head of 25 cm, Water from the
irrigation canals will be diverted into the paddies by means
of 4" dia syphons; for checking portable canvas checks will

be used,

Design data:

pPeak daily gross demand 12,7 mm
irrigation days per month 20

Irrigation hours per day 10

Required discharge 19 cu.m/hr/ha,

(3) Drainage System

The water level in the paddy will be controlled by a simple
earth notch protected by grass cover. The excess water
from the paddies will be conveyed to drainage |aterals and
then through culverts to the main dralnager system.

(4) Fleld Roads

Farm roads will run between the drainage ditches and will

have access to the service roads running along the Irrigation

and drainage canals.

(5) Cost Estimate

The estimated costs of on~farm development for the 17 ha
surface irrlgated block are given In Table F/4,
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IRRIGATED SAMPLE BLOCK OF 268 ha

'L&BLE..F/:” COST ESTMATE OF ON~-FARM DEVEL CFMENT ON SPRINKLER

ftem | Unit | Quantity | Unit Cost{ Total Cos|
Land Preparation
Land clearing ha 260 375 100,500
Land fevelling cu.m{ 13,400 3,50] 46,900
Sub~total E _ 147,400 |
Irrigation Systiem
A.C. pipes, including accesso-
ries and instaiiation:
201t dia m 350 134 46,900
181 dia m 200 105 21,000
16" dia m I 550 90 58,500
T4n dia m | 550 70 38,500
121 dia m | 1,480 52 76,960
101n dia m g 200 41 8.200
8" dia § m I 2,060 30 61,800
6" dia | m | 2,830 20 56,600
41 dia I ™ l 2,130 | 12 25,560
Gated vaives of varlous ; ! i
dimensions { No. | 10 - 2,630
Risers and vaives i No ! 200 | 27 5,400
Air vent { No. | 1 100 100
Aluminium pipes with l {
cotplings, 6m, 3! dia Mo i 1.560 ‘ 22,90/ 35,500 |
Aluminium pipes with i | L
couplings, 6m 21! ijja I No. | 2,040 16,10 42,500
Accessories tobpor'table {
network Sprinkiers _No, | 2 , 040 5,50 11,220
Sub-~total 491,590 |
Drainage System 1 1
Interceptor canals, 5,200m cu,m {18,200 3,50} 63,700
Lateral canals, 3,750 m cu.m | 7,900 3.50 27,700
Waterways, 22,000 m | cu.m 166,000 3,50] 231,000
Culverts, 1 x 2 ft No, 11 1,000 11,000
Sub=-total g2 353,400 |
T otal SRt b 33 972,390
Cost per ha * n 3,628

b s i ey g e g B







TABLE F/4; COST ESTIMATE OF ON-FARM DEVELOPMENT
ON SURFACE IRRIGATED SAMFLE BLOCK OF 17 ha

e e ST

B b e e

B e e

B o

Unit Total
.- 4tems A Unit | Quantity cost cost
¢

_L___apd Preparation

Land clearing ha 17 375 6,380
Land levelling cu,m 3,400 3,501 11,900
Sub~total 18,280
Irrlgation Sysiem

irrigation canals, 910m { cu.m 910 3,50} 3,200
Portable checks No, 4 100 400
Syphons, 4" dia No. | 8 70 560
Gated iniets No. 3 1,000 3,000
Sub=total L. 7,160
Drajnage System

S b

Drajnage laterajs, 1,570 m | cu.m | 3,300 3,50 11,550
Culverts, | x 2 ft No, 8 1,000 8,000
Sub~total 19,550
Totaj 44,990
Cost per ha 2,646

Cs Cost of On-farm Development

The cost of on-farm development per hectare and the total
costs for Areas 1 and 2 and for the entire Project Area

have derived from the two sample Irrlgation blocks (Tables

F/3 and F/4),

The total costs of on-farm development are presented in

Tabie F/5.

to cover physical contingencies and an additi

englneering services,

To the basic cost estimate 1

-
5%

have been added

onal 10% for
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G. ENGINEERING VVORKS

The Irrigation System

a. General
Area No. 1 and Area No. 2 of the Project both Ile¢ along the Accra-

winneba road but are physically separated from each other by a distance of
about 7.5 km (4.7 miles)s Although the two areas have a common water source,
the Welja Impounding Reservoir, they will be supplied through two separate and
Independent water supply schemes, outlined In the following. Notwithstanding
the separate supply facilities, the two schemes have several common features;
they form parts of a single project and come under the same [mplementation
schedule, Therefore, the basic design criteria refer to both of the schemes
and the same is true of the typical structures, In as much as conditions are
simllar. General layouts of the two areas are presented in Fig. G/1 and G/2.

Since the entire Area No.l1 and one-half of Area No.2 will be sprinkler
Irrigated and only 90 ha of rice lands in Area No.2 will be Irrigated by surface
Irrlgation method, the Project In its entity may be regarded as being sprinklier
irrigated. This Implies that at least at the heads of the irrigated flelds, the
system has to be under pressure, necessitating piped conveyance. The decision
whether to use pipelines also from the source and along the irrigation lands was
made by considering the following points:

- In Area No.2, where the rice growing farm lands will be gravity

irrigated, the topography is flat and the soils somewhat heavier , hence a

gravity-canal conveyance system is the obvious choice.

In Area No.1, where the terrain is relatively level, yet the alignment
fes, a

of a gravity-canal conveyance system would encounter some difficult

preliminary comparison was conducted between two alternatives: Alterna-

tive 1, gravity-canal conveyance, and Alternative I, pipeline conveyance.
The pressure required for sprinkler Irrigation in Alternative | was to be
supplied by pumping stations located along the canals while In Alternative II
It was to be provided directly by the intake pumps, operating agalnst a
head determined and controlled by an operational reservoir to be bullt on
the hill at the eastern border of the area.
Although the comparison of the two alternatives was provisional, the find=-
ings were so declsively in favour of Alternative | that no further considera=

tlon of the second alternative seemed justified. Consequently, Alternative | was

ddopted for the conveyance system.
Y When comparing estimated Investment costs,
cheaper than Alternative Il by a factor of about 1

Alternative | proved to be
3,
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Thus the main conveyance system in the two areas consists of the following

pal components:
An intake which draws the water from the Welja Impounding Reservoir;
A pipeline connecting the intake to the main canals;

grincl

-

= A stretch of primary, main and branch canals;

' Related hydraulic structures, such as transitions, division structures,

road and drainage crossings, inverted syphons and other structures

along the canals;

pumping stations located along the canals, delivering the water from

the canals and providing the necessary heads for the sprinkler system.
As explained in Chapter F, the location of the pumping stations along the

canals Was determined In conjunction with the irrigation plan, assigning to each

gtation an irrigation block of about 100 to 200 ha. Blocks of this size require

pumping units of moderate capacity, adding to the overall flexibility of the sche-

me.

The water supply system will be discussed in the following, under two main

heading: the Conveyance Systems, dealing with the canals and the Pumping Sta~

fions, describing the pumping stations and their related works.

b. The Conveyance Systems

(1) Water Conveyance Scheme for Area No.l

(a) General Description

The layout of the main water conveyance network for Area 1
s illustrated schematically in Fig. G/3. Water will be pumped out of the Weija
Impounding Reservoir by means of an intake pumping station (1), described in
detail elsewhere. X From the intake the water is delivered through rising mains
ad a primary canal to the main canal of Area 1, which closely follows the nor-
the'n and western borders of the Area, terminating in its southwestern corner.
Al point 1T! (Fig. G/3) a division structure diverts water to the branch canal that
flows along the eastern border of the Area, terminating at its southeastern extre~
mity. Thus, the main conveyance canals surround Area 1 on three of its sides,
while the fourth, the southern side, is open to the lagoon and accomodates the

rainage outlets, This layout, conforming closely to the topography, Is considered

|10 be optimal both from the physical and economic points of view.

.!/ Construction documents for the Intake Pumping Station were prepared by

this Consultant for the Ministry of Agriculture within the framework of
the Agreement pertaining to the Irrigation Project. It is Intended for

immediate implementation while this report covers the feasibility of the
Irrigation Project.
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- Inverted syphon inlet structure at poultry farm (chainage 0 + 400)

- [nverted syphon outlet structure at poultry farm (chainage 0 + 600);
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The canals are ftr immed earth canals lined with a layer of a plastic clayey
slity material of very low permeability, which Is found in abundance mainly In the
southerny lower reaches of the Area,

(b) Water Requijrements and Design Discharges

water for irrigation will be pumped out from the main and branch canals

py means of seven pumping stations, designated 'A! to 1G! In Fig. G/ 3.
Each pumping station delivers water In the quantities and to the head re-
quired for the irrigation block it serves. The block Varyiin size from
some 90 ha to more than 260 ha (225 to 675 acres) each (see Table G/1).

Design discharge capacities correspond to peak water requirements, as

shown in Table F/2 in Chapter F, assuming that all farm units are being irri=

gated simultaneously in the peak month. ©On the basis of 15 irrigation hours per

day and 22 (5/7 x 30) irrigation days per month, the number of irrigation hours

in the peak month totals 330. The peak hourly demand was determined by divi-

ding the peak monthly demands listed in Table F/2 by 330.
e estimated oper ational and

Opera=

The values so obtained were augmented by th

to yleld the design discharges given in Table G/1.

conveyance l0SSes,
petween the var lous pumping

tional losses may arise due to discharge differences

stations under real (in contrast to the "'design'!) conditions, losses due to In=

accuracies In the combined operation of the system and accounting for the ini-

tial filling of the canals each day.

about 15 percent of the required discharges

used mainly by seepage along the canals,
the design eriteria In Appendix

An average estimated operational 10Ss of
was taken into account. The con=

veyance losses, Ca were estimated by

use of the Pavolovsky formula as mentioned in
Gc-1,

The design criteria described in Ap
al sections,
jon canals are illustr
ance system are shown in Fig.

pendix G-1 served to determine the
which are listed in Table G/ 2.
ated in Fig. G/4.
G/ 5

hydraulic characteristics of the can
Typical crposs~sections of the irrigat
Longitudinal sections of the maln convey
and G/6.
(c) Related Structures
The plan of the main conveyanc

e system includes the following

structures:
(1) Along the Primary Canal:
- Entrance structure at the

- Inverted syphon inlet structure a
phon outlet structure at

inlet of the canal (chainage 0 + 000);

t poultry farm (chalnage 0 * 400)

- |Inverted sy poultry farm (chainage 0 * 600);
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Drainage crossing (chainage 1 + 300);
- Road crossing (chainage 1 + 400);
Drainage crossing (chainage 1 + 700);
Pumping station (P,S.) 'A! and a drainage crossing
(chainage 1 + 500);
Division structure (chainage 2 + 800).
(i1) Along the Main Canal:
- Pumping station (P.S.) D! (chainage 4 + 200);
~ Drainage crossing (chainage 4 + 250);

- Inverted syphon inlet (chainage 5 + 400);

- Inverted syphon outlet (chainage 6 + 500);

- Dralnage crossing (chainage 6 + 800);

Pumping station (P.S.) IF! (chainage 8 + 150);

- Drainage crossing (chainage 8 + 400);

- Pumping station (P.S.) 'G! (chainage 9 + 400);

- End structure and wasteway channel (chainage 9 + 420).

(1i1) Along the Branch Canal: Y

- Drainage crossing (chainage 0 + 325);
Drainage crossing (chainage 0 + 850);
Pumping station (P,S.) B! and road crossing (chainage 1 + 500)
Drainage crossing (chainage 1 + 700);

- Pumping station (P.S.) IC! (chainage 3 + 000);

- End structure and wasteway channel (chainage 3 + 050)-

The structures listed above are briefly described in Appendix G=2.
Combination of two or more unit structures in one does not change their basic
design characteristics.

(2) Water Conveyance Scheme for Area No. 2

(a) General Description

The layout of the irrigation conveyance system for Area No.2 is
schematically illustrated in Fig. G-7, which shows that its principal features
closely resemble those of the Area 1 conveyance system.
The water source is the Weija Impounding Reservoir , where an irrigation

outlet is incorporated into the spillway structure of the dam.

? l/ Note that the chainage for the primary and main canals is contiruous

while for the branch canal it is separ ate.
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36" dia. pipe will convey the water from the outlet to the entrance of the

A
irel

gation network proper.
The main difference between the conveyance system of Area 1 and Area 2

s that the latter serves both sprinkler irrigated mixed farms and gravity irri-
gated rice farms. Therefore, whilst here too the water is conveyed by earth
canals, some of the outlets will be through pumping stations and others through
gravity outlets. Another variance is that due to different topographic conditions
the main conveyance canals do not surround the irrigated area but cut through it.
As In Area 1, the conveyance canals are divided into three nominal lengths:

The Primary canal, from the entrance structure to the division

structure,

The main canal, from the division structure along three pumping stations
and four gravity outlets, terminating in a wasteway channel to take

care of disposed water (as when dewatering the canal).

The branch canal, arising from the division structure and incorporating
one pumping station and one gravity outlet.

The branch canal also terminates in a wasteway channel. Longitudinal
sections of the conveyance canals are illustrated in Figs. G/8 and G/9.

(b) Water Requirements and Design Discharges
Water for irrigation will be drawn from the main canals by means of
The basic water requirements

four pumping stations and five gravity outlets,
were calculated in the same way and under the same assumptions as for Area

No.1, f.e. for 330 irrigation hours in the peak month, plus operational and con-

veyance |osses.

A summary of the water requirements and design discharges are given in

Table G/3. These discharges correspond to the irrigation demand, as shown

in Table F/2.

Using the design discharges, the hydraulic char
ptions and design criteria adop-

acteristics of the canal

sections were determined In line with the assum
ted for Area No.l. A summary of the hydraulic characteristics are given in

Table G/4.

(c) Related Structures
The plan of the main conveyance system Includes the following

Structures:
(1) Along the Primary Canal

Entrance structure at the
(chainage 0 + 000);

beginning of the canal
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- Drainage crossing (chainage 0 + 00);
- Division structure (chainage 0 + 400);
(11) Along the Main Canal

- Pumping station P.S. "' and OCutlet R.l. (both at chainage
0 + 900);

- Drop structure (chainage 0 + 925);

- Road Crossing (chainage 1 + 250);

P Outlet R.2 (chainage 1 + 45C);

- Dralnage crossing (chainage 1 + 700);
- Outlet R.3 (chainage 2 + 000);

~

- Drop structure (chainage 2 < 025);

- Drainage crossing (chainage 2 + 500);

- Pumping station P,S, !2! (chainage 2 + 700);

- Crossing of the Accra-Winneba Road (chainage 3 + 050);
- Outlet R.4 (chainage 3 + 100);

- Pumping station P.S, !3! (chainage 3 + 250);

- End structure and wasteway channel (chainage 3 + 270).

(111) Along the Branch Canal
~ Pumping station P.S, '4! (chainage 0 + 500);
- Drainage crossing (chainage 0 + 850);
- Outlet R.5 (chainage 1 + 300);
- £nd structure and wasteway channel (chainage 1 + 320).

Note that the chalnage for the primary and main canals is continuous while
ft of the branch canal Is separate. Brief description of the structures are
iven In Appendix G-2.

Ce Pumping Stations

(1) General
ing stations will be installed, seven in Area No.l

In all, eleven pump
nd four in Area No.2. These pumping stations will be installed alongside the

tiln conveyance canals, to supply the head required for the sprinkler irrigated
reas, As mentioned before, Area No.1 will be occupied by mixed farms irrigated
¥ sprinklers, The sites of the pumping stations in this area were determined
ith the view that each pumping station would serve an area of about 200 ha,
“cept for one, serving an irrigation block of only about 90 ha,

In Area No.2, the pumping stations will deliver water to the sprinkier irrigated
fixed farms only; the rice farms will be surface irrigated.

At the pumping station site the trapezoidal cross~section of the canal will be

flodified to rectangular to receive the inlcts of the pumps.
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The pumps themselves can be either vertical or horizontal, If the former
s selected, the direct shaft couples motor type Is recommended with pump assem=

ply overhanging the canal, supported by beams and girders. In the case of
wrizontal Pumps, the motor-pump assemb!v (directly coupled, on a joint frame or
sid) will be located on the canal embankment with the suction pipe overhanging
the canalls side. This arrangement will facil itate removal of the units for
ralntenance and inspection.

For horizontal pumps the pumping station will be housed [n a lightly con=
sructed structure, which will house also the electric switchboards and auxi=
llary equipment (except the transformer which will be located outside on a pole)
s well as the pipings, valves, etc. In case of vertical pumping units, the units
will be of weather -proof type and installed outside, with the delivery pipes
entering the structure which houses the electric switchboards and other appur=
fenances.

For the design criteria of the pumping stations, see Appendix G~1. Typi=
cal layout of a pumping station with horizontal pumps is illustrated in Fig. G/104

(2) Pumping Stations of Area No. 1
As mentioned above, there are seven pumping stations in this

dea, designated as stations 'Al, 'B!, CI, DI, tEt, 'Fl and 'G! as shown N
Fig. G/3.

The capacities of these pumping stations were determined according to the

peak month water demands of the corresponding irrigation blocks, including ope=
rational losses, as discussed in section b (1) of this chapter.

Table G/5 lists the calculated required capacity of each pumping station, as
vell as the suggested [nstalled capacity ratings.

TABLE G/5: DATA ON PUMPING STATIONS IN AREA No.l

Pumping | Calculated max, Rated capacity Number of capacity of units }
station | demand installed installedl/

. cu.m/hr cu.m/hr cu.m/hr

A 520 550 1 x 350 + 1x200 (+1x200)
B 1,450 1,450 3 x 350 + 2x200 (+1x200)
G 1,510 1,600 4 x 350 + 1x200 (+1x200)
E 970 1,050 3 x 350 (+1x200)
- 1,210 1,250 3 x 350 + 1x200 (+1x200)
g 870 900 2 x 350 + 1x200 (+1x200)
G 1,000 1,050 3 x 350 (+1x200)
Total 7,530 7,850 19 x 350 + 6x200 (+7x200)

capacity of stand=by units.

I-/ In parantheses are given the numbers and rated
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Altenatively,
talled with only the rated capacity while the project will centrally store a

(3) Pumping
There are four pumping stat
a1, 131 and i41, as shown in Fligs G/7.

month water demands of the corresponding irrigation blocks, including operational

32 pumping units,
if the pumping units are standardized,

per of standby units for repla

¢t is recommended that 3 units of 350 cuym/hr,

be held In reserve.
Statlons of Area No,?2

G~-12

|n all there are 3 pumping units in pumping station 1AL,
4 units in D', 5 units In lET,

6 units In B!, 6
4 units in 'F! and 4 units in Gt -

including standbys,

cement wherever required,

the pumping stations can

Under this arrange-
and 2 units of 200 cu,m/r

well as the suggested installed ca

lons in this Area designated as stations {11,

Their capacities conform to the peak

losses as discussed in section b(2) of this chapter,

Table G/6 lists the calculated required capacity of each pumping station,

pacity ratings.

TABLE G/6: DATA ON PUMPING STATIONS_IN AREA NO,2

Calculated hated capacity

Pumping \jumber and capacity of units
station |max de- |installed Instaijed 1/ cu.m/hr,
mand cu, m/hr
cu, m/hr : :
1 103 105 3 x 35 (+ 1 x 35)
2 117 120 1x50+2x35(+1x35)
3 85 85 1x50+1x35(+lx35)
4 210 220 3B +2-96 95 (+ 1 x 35)
Total 515 520 5x 50 +8 x 35 (+ 4 x 35)

standbys,

instead of

quired,

In all there are 4 pumping unlits
units In P, S, 13! and 6 units In PeSe

in pumping station 111,

_1_/ In parantheses are given the number and rated capacity of standby unitse.

4 units in P.S. 121, 3

141 - totalling 17 pumping units, including

having the standby units at the pumping stations, the project

and 3 units of 35 cu.,m/hr be hel
(d) Power Supply

The pumping stations
presented in the foll
poration of Ghana (ECG) which submitted also the relevant cost estimates,

will be powered by electricity.

could centrally store a number of standby units for replacement wherever re=
Under this arrangement it is ~ ecommended that 2 units of 50 cu,m/hr
d as standby.

The Information

owling was obtained by the courtesy of the Electricity Cor=
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(1) Power Supply for Area NC, 1

At the KV outiet side of the 33/11 KV Torkuse transformer station
s four point connection box will be instailed, From it a double 11 KV under~
ground cabie will tead to the intake pumping station, which wil] be equipped
with 11 KV switchgear and 11/0,415/0,240 KV transformer, A connection

petween this transformen and the motoris switchgear will complete the power
supply works at this ends:

One of the other connections in the It KV outiet box in the Torkuse
slation will serve the irrigation pumping siations in Area No, 1. An 11 KV
buried Iine will cross the Accra-W inneba road, continuing as an overhead
11 KV tine throughout the Area, The alignment of this jine will roughly con=
form with that of the main water conveyance scheme, (.€, westward along
the Winneba road and the southward along the Kokrobite road to pumping
station 'Ct; another 11 KV line wiil branch off from this line westward across
e Area to the Oduponkpehe-=Nyanyanu road and then southward along this
| road to pumping siation IGf, Short connecting branches will lead from the
main line to those pumping stations not directly ajongside the main line, N

all, there wiii be some 11,5 km of high tension (11 KV) lines in Area 1,

The power (in€s Wikl terminate ar each pumping station in step~down

11/0,415/0.240 K\v transformer sub-stations. The rated capacities of these

iransformers are aiven In T able G/ 7.

s i S g 4
e e e e .

TARLE G/7: TRANSECRMER SUB-STATIONS IN AREA NO.

AL pumping | installed capacity

LA g |2 .| SO

Y 100
300
300
200
300
200
200

@ TmQOOOW

(2) Power Supply for Area No,2

om a main 11 KV line
he Accra~W inneba

Power for this Area will be supplied fr

that the ECG pians to construct in the near future along t
station at mile 13), As

' road for serving other consumers (the G.B.C.
Area are small

| the rated power demands of the pumping stations of this
| & different supply scheme was adopted here,
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The two main pumping stations, Nos, 2t and 13!, will receive the In
from the main line through 2 single shared step~down transformer sub-
sation of 11/0,415/0.240 KV, rated at 50 KVA, to be located near the
if KV main fine (aiongside the main road), From this sub-station lower
wltage lines (415 V) wlit 1ead to the twp pumping stations, along the canal

embankment. ~ The total jength of these iines is about 0,6 km.

The other two pumping stations Nos, 111 and i, will also share one
pansformer sub-station (11/0.415/0,240 KV) with a rated capacity of 75 KVA,
| |0 be installed approximately midway between them, This transformer will
be suppiled by a 1.1 km high-tension (11 KV) line from the main line on the
Accra=Winneba road, Two lower tension (415 V) lines of total jength of about

1 km wilt tead from the transformer sub-station to the pumping stations,

| 2, Main Drainage System

a, Gener al

irrigaifon and drainage are compliementary, for irrigated farming

cannot be practised on land that is not properiy drained, implementation
. of the dralnage system will proceed concurently with that of the irrigation
| works,

The sources of excess water that make drainage necessary are both

outside and within the Project Area,
- Surface runoff into the Project Area from adjaceni foothilis

inundaies low=iylng areas,
- Runoff from rainfall in the area itself,
jocal depressions causing damage 10 cropse
& in parts of the area damage may also be caused by the temporary
ing heavy=textured subsoll,
operational y additional probiems

which may accumulate in

water table perching on the underly

- Once;the Ifrlgation system becomes

may arise due partly to seepage of water from the conveyance

canals and péartly to the percolation of surplus:irrigation waier
rajsing the water table,

One shouid also bear in mind the proximity of the pro

ocean on one side and to the Weijja impounding Resevoir on the other side,

ject areas to the

In order to create proper drainage conditions, two measures have

been taken:

(1) Ejevations were taken into account in the delineation of the deve-
lopment areas, so that even the |owest plots will be at feast 4 m
(12 ft) above M,S,L., and 2 m (6 1) above t

in the Weija Reservoir,

he maximum water |evel







[

|

' will have to be regulated and enlarged to accommodate the free passa

G - 15

(11) An extensive dralnage system, described in the following, Is to be

constructed throughout the project areas.

For the purpose of cost allocation, the drainage system of the project was

| dvided In three parts, namely: the main system, the secondary network (on-

fym and irrigation block), and subsurface drainage. This chapter deals with

the first and last of the three components, these being of a more general charac-
The secondary drainage works have been described in Chapter F.

Design criteria for the drainage system are presented in Appendix G=-1.

lers

(b) Drainage Works in Area No.l
The functions of the maln surface drainage system In this Area are to
corvey runoff from the surrounding areas, to remove surplus waters originating

within the Area Itself and to serve as outlets for the sub-surface drainage

system.
The Okurudu river which intersects Area No.l will serve as the primary

wllector for most of the drainage channels. The northeastern part of the Area,

" which is beyond the water divide of the Okurudu river, will drain directly into

the Welja Impounding Reservoir.

The Okurudu river can fulfil the function of main collector over most of its

course, except for a relatively short stretch of about 1.3 km (0.8 mile) which

ge of floods

and excess waters.

The main drainage channels will run in a herringbone pattern into and
through the irrigation blocks, extending to beyond the Area proper through &
series of existing culverts to intercept income runoff. In ail ttiste WitE RS
about 16.7 km (10.4 miles) of main drainage channels.

Typical cross-sections of the drainage channels are shown in Fig.

(¢) Drhainage Works In Area No.2

The surface scheme of Area No.2 Is infact Comp"'s_ed
as follows:

() The areas north and east of the maln conveyance (irrigation) canal will

G/11.

of two systems,

' be drajned directly into the Densu river through a series of fanning out drain-

% channels: :

(1) The areas south and w st of the main conveyance canal will b
by enlarging and regulating existing depressions, mainly to the western side of
the hill. The runoff will be led along the existing waterways (which will have
to be regulated), crossing the Accra-Winneba road thr
®d reaching ultimately the Densu river.

e drained

ough the existing culvert
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The eastern slope of the hill will be drained by means of an

_ interceptor, running parallel to the conveyance ([rt;lgatlon) canal,
The runoff will be conveyed southward throughtthe existing culvert
under the Accra-Winneba road - back to the Densu river,

in all, some 6.3 km (3.9 miles) of main drainage channels

“will be excavated In this area,

d, Subsurface Drainage

Although a number of conductivity and infiltration tests have been
carrled out In the project areas, they do not amount to an intensive survey
of the subsoil. A number of holes were augered down to & depth of 3,5 m {
(11,5 ft), but no sharp changes In the soll properties could be visually ob=
'.erwd, though there was a gradual increase of the quarzite co,ment with
dpth, Thus, it Is difficult to predict at this stage whether , of when sub-
surface drainage may be required, In view of the Impo&tance of this matter,
It is highly recommended to conduct an intensive Investigation regarding this
subject, Pending such an Investigation this study envisages the need for sub-

surface drainage over about one-half of Areas No,1 and No.2 (all sprinkier
irrigated mixed farms)s

It has been assumed that the on-farm surface drainage works will be
effective enough In draining off all the water accumulating in tocal depre-
ssions, so that the cubsurfdcecsystem wiil have to remove only the excess
irrlgation water, It has aiso been estimated that under conditions of well=
waters will not exceed 25 percent of the
gross quantity applied and that surplus water will have to be drained off
at a rate equal to twice that of the peak Infiltration of excess water, Thus,
the dally drainage duty of the subsurface Ifrigation system was calculated as
2 x (6 mm/day x 0,25) = 3 mm/ day. | .

The drains will generally be laid in the clayey substratum underlying
the area, necessitating a sand-grave| envelope around the drainsie It is

also recommended that the backfill of the trench (after the drains are laid)
at jeast up to the depth of the sandy

controlled sprinkier irrigation such

be composed of excavated sandy soils,
layer proper.

As mentioned above, the layout of the subsurface drainage system Will

be Independent of farm boundaries and plot par cel lation, However ; It will

be adapted to the -gor;q'aj fopog*aphy and to the locations of possible outlets
In the main drainage channeis. A possible scheme for the network design Is
the gridiron system whereby the drains are aligned in
directfon of the prevalling slope and discharge into perpendicular collector
drains, Outlets from the collectors to the main drains will be located at

intervals of 200 m (650 ft) or more.

parallel lines in the
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Manholes will be constructed at junctions and every 400 m (about 450 yards)

slong the line. .Automatic flap gates will be fitted to the outlets to prevent

packflows and to pre
The cost of the subsurface drainage system was evaluated on a per ha

basis, shown in Appendix Table G-3/12. Considering the present depth of the
unsatwated zone in Area No.1 it can be safely predicted that the relief sub=-

vent the ingress of small animals into the drains.

qurface drainage system will not be needed during the first five years of irri=-

gation, However, in Area No.2, where the soils are somewhat heavier in tex=

wre the need for cubsurface drainage may arise earlier, possibly in the third
year of irrigation, The cost estimates of project works reflect these assump=

tionss
5, Roads
ae General
The road network serving the project may be divided into three
categories:
- Main roads, connecting the project areas with markets and supply

centres;
- Access roads, connecting the villages within the project areas and

leading to project facilities;
- Service roads, for the supervision, operation and maintenance of the

irrigation and drainage facilities.

The Project Area lies along the main Accra-Winneba road,
others unpaved but in good condition)

mentioned above. These
d markets in Accra, as

which together

with other existing roads (some tarred,
may well serve as the main arteries in the sense
roads connect the project areas with the main anticipate

well as with the supply sources, such as the Tema industrial estates and the

commercial centres of Accra. The construction and maintenance of these roads

is administered by the central authorities regardless of project development,

consequently, they are not included in this study.

b. Access Roads

(1) Access Roads in Area No. 1

good roads: the main
(mile 13) road in

This area is practically surrounded by three

Accra-Winneba road in the north, the paved Kokrobite
anyanu road In the west,

the east and the unpaved but very good Ny
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here Is also a fourth road, passable by vehicles but in poor condition, boun-
This road crosses the Okrudu river, just upstream
e lagoon, over an existing bridge (partly Irish bridge but with

T
ding the Area in the south.

1o Its entry to th

openings 1o allow dry passage in low-flow conditions).

Though the existing roads bound the entire Area No.1 on its four sides,
the plans call for an additional access road to be constructed between the villa=

ges of Tubakrom and Bantama. This road will be surfaced with compacted and

levelled laterite to permit year-round traffic. The road will cross the Okrudu
rlver by means of a bridge similar in design and construction to that of the

south road. The alignment of this road will be determined in co-ordination with

the parcellation of the irrigation blocks and with the main drainage channels

along Its route. Its total length will be about 3.6 km (2.2 miles).

(2) Access Roads in Area No, 2
This Area Is rather small and

central hill by an existing unpaved road, which {s In rather poor condition.
The plan provides for improvement of the existing road as well as for Its

extension around the western side of the hill towards pumping station '1'. The
with the crossing being incor por ated

is accessible up to the foot of the

road will cross the main conveyance canal,
into the canalls related structures. The length of the extension road is about
0,8 km (0.5 mile)

Being devoid of villages, no additional
this Area,

Cs Service Roads

The design of both conveyance (irrigation) canals an

nels provides for service roads along their embankmentss The primary pur=

pose of these service roads Is to facilitate the operation and maintenance of
- , they will also serve the far =

access roads are contemplated for

d drainage chan=

the canals and their related structures, however

mers in the transportation of products, supplies and farm machinery.
provide access to the pumping stations

Similar service roads will also
d to other

(located mostly along the existing roads and canal embankments) an

on~farm facilities described elsewhere in this study.
In all cases, the design of the relevant on=farm wor

foads, so that In this respect no separate provision

ks Includes service

s are called for.
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Future Development Possibilities

Although the capacity of the Weija Impounding Reservoir considerably .
ceeds the Irrigation requirements of this project, this study has been confined
he boundaries prescribed by the soil survey and the subsequent development

4,

ot

planse Observations indicate that there are in the vicinity of the project add|-

iional areas which might lend themselves to irrigated agricultural development
and the following considerations are presented to this end.

The most |ikely areas for posgsible future development |ie to the north and
sorthwest of Area No,1 and to the south and southwest of Area No.2,

a, Area No,l

Whilst the design cititeria for the engineering works have been selec-

ied with a view to maximum efficiency within the frame of the terms of reference,
the generous safety factors incorporated in the design, along with modifications

in some of the parameters, would permit the extension of the irrigated areas,

along the following lines,

(i) The intake pumping station:
The present design cails for the Installation of five operating pumping

units plus one fully ‘equipped and installed (l.e. pump, motor and rising i

main) standby unit. The required standby capacities could be ensured by
by allocating additional but not Installed.;;iuMp'-'and
the supply rate by some 15 to 20

aljternative means ~ €59

motor units - permitting an increase of

percent, Another obvious possibility is to repiace one or more units by

larger ones; such a solution would, however , Influence materially the

design parameters.

(i1) The €bhveyance system:
resented in this study are pased on rat
nclude that

The recommendations p her cona

A more detailed study may well co

servative design standards. .
e 1
nal capacities. |

ure dimensions can accommodate additio

the recommended siruct
jes, one of

t design does not allow for added suppl

But even if the presen
capacity can be

the advantages of a gravity conveyance system is that its

easi|y enlarged at a rejatively small additional costs
(it1) THe irrigation pumping stations:=

Similariy to the intake pumping station, these have also been provided
With instajled standby units, These may serve to increase the supply ca=-

pability, provided that aljternativei arrangements are made with regard to
the fiexible design of the pumping stations

the standby capacity. Moreover,
faciiltatestiihe addifiom or repllacement ofiunits:.
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The Incorporatjon of additional irrigated lands to the northwest of the Area
nay necessitate the redesign of pumping station 'Df, However, this would still
|eave large segments of the system unaffected, among them all of the branch
canals and the sections of the main canal down-stream of pumping station 'DI,
neluding the inverted syphon. Thus, the overall additional outiay would not be
excessives

b, Area No,2

Since the Irrigation outlet is incorporated in the spillway of the Welja
New Dam, Its dlameter cannot be altered, Nevertheless, the amount of water Jo
delivered can be increased, for the original design took into consideration hlmorr
watep demands than the quantities quoted in this study. The conveyance system
consists of canals, which are rather flexible and may be easily ehlarged, Thus
any reasonabje Increase in conveyance flows that may be called for by addition=
al development areas, should not encounter major difficulties.

5, Cost Estimates

a, Definitions
For the purpose of estimating the costs, the engineering works have
. peen divided Into eight constituents, which are defined in the following:

(1) Feeder works.

These Include the main intake pumping station of Area No,1 with its
array of rising mains, and In Area No.2 - the feeder pipe from the end
of the delivery pipe Incorporated in the welja New Dam works to the head
of the conveyance (irrigation) canal,

(i1) Main canals,
These are the conveyance canals in both Areas regardiess of their

designation as primary, main, or branch sections. This item covers the

cost of the canals proper Without their related structures.
(i1i1) Structures In main _canals.

These are the structurés related to the main ca

nals, including the

gravity irrigation outlets in Area NO« 24
(iv) Pumping stations,

These are the irrigation pumping stations
to supply the required head for the

installed alongside the main

conveyance system in both Areas,
sprinkleré.
(v) Electricity supplye

This item covers the electricity suppl
Project, excluding the 33 KV lines and the 33

Torkuse village.

y network to pe allocated to the
/11 KV substation near
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(vi) Main surface drainage,

This Includes the regulation of the Ckrudu river in Area No,!
and the maln drains In both Areas, It does not cover the irri=
gation block and on-farm drainage works, whose costs are given
in Chapter F,.

(vil) Roads,
These are the access roads, as defined in Section 3-b of this

Chapter.

tvitl) Subsurface dralnage,

All the works involved in subsurface drainage in both Areas,

b. Cost Estimates

The estimated costs of construction and equipment of project

engineering works are presented in a series of tables in the following
pages,

Table G/8 lists the principal project data and quantities that form

the basis of the cost calculation. The quantities have been estimated in

sed In this chapter under the appropriate
items

accordance with the works propo
headings, The unit costs of earth and concreté works and of other

are given In Table G/9, These unit costs represent the prices pre-

vailing In February 1976, derived from contractorst bids and supported

ce in

similar projects, The cost of pumping units is based on quotations submitted !
e available

by the Consultants! familiaeity with prices through their experien

by several manufacturers and electricity costs have been mad

by the E, C., G.
Table G/10, G/11 and G/12 summarize the costs of the main engi-
neering works - in the Project as a whol€,

respectivelys It will be noted that 15 percent of th
er 10 percent has been

in Area No,1 and in Area No.2,
e basic costs have been

allowed for physical contingencies and that @ furth

added for engineering services.

A breakcown of the engineering investments for cach of the items

listed in the summary tables is presented i Appendix G=3.
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TABLE G/8: BASIC PRCJZCT DATA FOR COST ESTIMATES

P
item Unit Total Area No.1|Area No.2

e
Net irrigated area ha 1,500 1,320 180
water requirement at farm gate
. Mixed farm type cu.m/hr/ha | 4.95

(ha) (1,410 (1,320) (90)
- Rice farm type cu.m/hr/ha ! 11,5

(ha) (90) - (90)
water requirement at the head
of the system:
.= Annual MCM 16.8 13.7 3.1
- In the peak month (Nov) MCM 3:31 273 0.60
-'Max. discharge cu.m/sec 2,79 2,28 0.51
Rising mains km 3.1 2.1 1.0
Maln canals km 17:1 12:5 4,6
Pipes in Inverted syphons km 1.5 13 -
Pumping station No. 11 7 4
Total installed power kw 1,280 1,200 80
Power demand:
- Annual 1,000 kwh |3,722 3,586 136
- In the peak month 1,000 kwh 737 710 27
Electricity lines km 14,2 11,5 2.7
Maln drainage system kmi 24.3 18.0 6.3
Subsurface drainage ha 750 660 90
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TABLE G/9: UNIT COSTS OF PROJECT WCRKS

A
Unit Unit cost
ltem ¢

A, Earthworks
Clearing sgq.m 0,75
Stripping sq.m 0,50
Excavation of canals, In all soil types cu.m 3,50
Excavation for structures, in all soll types cu.m 4,00 {
Excavation of trenches for pipe laying cu,m 4,00
Filling and compacting excavated materials In
embankments cu. m 1.10
Supply, spreading, compacting and trimming of
clayey material In canal linings cu.m 7.50
Supply and placing of envelope material around
subsurface drains cu.m 1C. 00
Supply and dumping of rip=rap and rockfill cu.m 36,00
Supply and spreading of laterite for road surfacing sqem 1.25
Transportation of excavated material in trucks ton/km 0.20

Bs Concrete Works

Concrete in walls and floors, 15 cm thick:

Class "A" (1:1:2) cu.m 250,00
Class "B'" (1:1%:3) cu.m 200, 00
Class 'C!" (1:2:4) cu.m 165,00
Reinfor cement steel, cut and bent ton 1,800.00

Cs Misceilaneous Works
ton 2,500, 00

Metal works (trash racks, hand rails, gates)

Plpes: 350. 00

900 mm (36") dia, steel, incl. laying m 380,00
900 mm (36") dia, concrete, supply only m ”50.00
700 mm (28!) dia, A«C., Incl. laying m 206
600 mm (24") dia, concrete, supply only m St
500 mm (20") dia, A.C., Incl, laying m e
150 mm ( 6") dla, concrete, supply only m g
100 mm ( 4") dia, concrete, supply only m .
Electriclty lines, Including poles:
11 KV (aluminium) m :g,;gg:gg
0.415 KV (copper) ’
Buildings:
Standard construction (offices, workshops, etc.) sq.m 150, 00
sq.,m 100. 00

Light construction (sheds, etc.)
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TABLE G/10: SUMMARY OF COST ESTIMATE FOR MAIN

ENGINEERING WORKS ~ ENTIRE PROJECT

#1,000
fr-— Basic |Contin- | Fleld | Engin., | Total
[tem estimate |gencies cost services
15% 10%

Feeder Works 1,030,2 | 154.5 | 1,184,7 | 118.4 | 1,303.1
Veln Canals 1,777.6 | 266.6 | 2,084.2 | 306.9Y | 2,351.1
gtructures in main canals 791.4 118.7 910.1 91,0 1,001,1
pumping stations 1,090,8 163.6 | 1,254,6 | 125.4 1,379.8
Electricity supply 325.6 48,8 374.4 37.5 411.9
Main surface drainage 1,042.4 156.3 | 1,198,7 | 119.9 1,318.6
Roads 126.4 19.0 145,4 14,5 159,9
Subsurface drainage 1,200,0 180,0 | 1,380,0 | 138.0 1,518,0

i/ 10% for englneering services plus #102,500 for com

TABLE G/11: SUMMARY OF COST ESTIMATE FOR MAIN

ENGINEERING WORKS = AREA No.l

plementary surveys.

¢1,000
Basic |Contin- Field Engin. Total
Item estimate | gencies | < cost services
15% 10%
Feeder works 704,7 105.7 810, 4 31.0I 891.4
Maln canals 1,506,9 | 226,0 | 1,732.9 28,3/ | 1,981.2
Structures in main canals 670, 5 100.6 7711 77.1 848, 2
Pumping stations 1,006, 1 150.9 | 1,157.0] 118.7 | 1,272,7
Electricity supply 261.5 39,2 300, 7 30,1 330.8
Main surface drailnage 782.2 1173 899.5 90,0 989, 5
Roads 102.0 |- 1R S DRE] SiteE 129,0
Subsurface dralnage 1,056,0 | 158.4 1,214.4 | 121.4 1,335.8
surveys.

1/ 10% for engineering services plus &7

5,000 for complementary
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H., PRCJZCT ORGANIZATION AND MANAGEMLNT

gts of the i
Targets he Crganization System

Il

The construction of the irrigation and crainage systems and that of the acr
itral infrastructure provides farmers only with part of the physical means r'e.
qired for stepping up production. However, these installations and other physi

-

«l facilities are not sufficient in themselves. The smooth and successful func

e

jloning of ‘modern agriculture, in addition to requiring efficient operation and

)
F ([
-

saintenance of the various installations depends largely on the services at the
dsposal of the farmer, such as training, supply of inputs, marketing, credit cte.
p order to derive maximum economic and social benefits from the agricultural

potential of the Project Area, the installations and services of the project must be

MR

cperated and managed in such a way as to ensure the efficiency of all farm

- to co-ordinate and integrate all agricultural and related activiti

activities.
The aims of the proposed organization are: E
- to establish an organizational framework which will enable efficient Eﬁ
oper ation of the facilities and services needed by the farmer; t:
as In :‘Ek

order to achieve the objectives of the project.
2 Guidelines for_the Planning of the Organizational Systems

the project and for the organizational systems to be
al independence in so far as

To realize the aims of
iully effective, the Project will be granted operation
its day-to~day functioning is concerned.

The Project will come under the responsibil
the Ministry of Agriculture. Other bodies Involved,

the Agriculture Department and the Agricultural Mechanization and Transport
s the Agricultural Development Bank “‘

g of the Project through their represen= |
de the Project Management in |
l

ity of the irrigation Department of

such as the var ious units of

Department and outide organizations such a
(AD,B,) will be given a share in the runnin
tatives on a Co-ordination Committee which will gut
specific fields of activity.

Members of the Co-ordination Co

project and the respective bodies they represent.
ject will be run cen

mmittee will serve as the link between the 'l f

During the development and I\

Initial oper ations stages the Pro trally by the Project Mana=
gement, comprised of the Project Manager and the heads ©

v
ices required by the project will bé supplied by the Project
e directions of the respe

the
relevant sections or from outside sour ces under th

f sections. All ser=
Management throual

] J'u |

units,
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The Project Management will, as far as possible, make use of the scrvices
ady existing in the area, such as the farm machinery station at Cduponkpkhe

alre
[Kasua-Garlba), existing supply and marketinc channsls, etc., thereby taking

.antage of experience acquired and avoid overlapping of activities and mush=

rooming of the project staff. The proximity of the project to Accra will facili=
ite the finding of existing services, such as marketing outlets, workshops, con=

ractors for maintenance, ¢tc.

The Project Management will mediats between farmers and the various out-

side bodies that provide credit, marketing and othor services thus leaving the

farmer free to concentrate his efforts in acricultural production. The organiza=

tional structure must be as simple as possible and comprchensible to the projcct

staff and farmers alike.

The division of duties and authority must be clear-cut and unam
ust be simple and

biguous.

Lines of communication and work procedurcs and methods m
straightforward. Vague or complicated processes lead to inefficizncy and a lack
of confidence In the Project. Authority for operative decisions within the frame-

work of the policy laid down, will, as far as possible, be delegated to the opera-=

tion level personnel in the various fields of activity. The dzlegation of authority

and responsibility to levels directly involved and familiar with the Project and its
day-to-day problems leads to smoother and faster decision taking process and is

conductive of closer identification of the managerial set=up with the project.
inimum the cost of cstablishment and operation of
g facilitizs and services, It is pro=
The proximity of

In order to reduce to a m
the management orcanization, by using existin

posed to locate the Project Management headquarters in Accra.
te contact between the farmer and the

the Project Area to the city will facilita
in the cours:

management, which in turn will boost the farmers! confidence and,

of time, make it easier for the farmers themselves to take an active part in the

management of the project.
Projéct development is a s
In Its Initial phase and thence to operation in its ultimate phase.

the purposes of a development project Is to bring about certaln changes in envi=- :
ust be sulted to local conditiors; §

tep-by=-step process from construction to operation

Since one of

fonmental conditions, the organizational structure m

It should b= able to change with time and adapt itself to n2

Stage of development. The organizational set-up will be analysed throughout the
since each of stages makes Its own demands on the

w Situations at each

Phases of project development,

Organizational set-up.
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g'oupsi

n planning the organization special emphasis will be laid on the encourag.mcnt

wllobor ate in self-contained g

hemselve

ervices are r equired.

3, Supporting Services

ely on the efficient oper ation to the farmer.

a. General

H=3

rojacts,

ing of farmers towards resourcefulness and mutual help,. The NNOSOA
could be utilized as a suitable framework for encouraging farmers to )
It should be borned in mind that the f_ern'ler!i
s will eventually have to run their own crganizatiecn and grovide v.hatover |

As has been stated above, a successful farming enterprise depends lar=
The Froject Managemant must sct up

i, organization capable of providing the services and conducting the activitics as

follows
- Oper ation and maintenance of the irrigation and drainage systom and
service roads in the Project Area.
- Provision of agricultural extension service to the farmers, .includi'ng
agricultural planning, training and instruction, and field exper imentation.
- Supply of acricultural inputs such as seeds, fertilizers and pesticides.
-~ Marketing services and appurtenant facilities such as storage and trans-
portation.
- Co-ordination of the provision of agricultural cultivation scrvice.
- Co-ordination of Credit for investments and werking capital.
b, irrigation _and Drainags
The main physical compenents of the Project are the irrigation and
(rainage systems, as described in Chapters = and C.

system through the Water Supply and Drainage Se€
from the headwcrks up to the conne

Farmers in each of the irrigatio

for the system

Individual farm.,

The Froject Manageracent

vl ll

operate and ricintain th

ctico

farmers in each block) will form an Irrigation Group.

the help of the Agricultural
times and applications, in conjunction with the Wa
Which will control pumping operations accordingly.

responsible for the maintenance of on~farm pipeli

F

—

|/

Groups set up for the C
farms moving Inrotation

ommon cult

instructor Will co~ordinate am

ter

nes

between croup members

n blocks (between 60

2 irrication and arainage

n which will b= spensible

ction to the fipe netwerk on the

and 90

Members of the Croup, with
ong themselves irrigation
Supply and Drainage Section,

The Irrigation Group will be

and fer irrigation opurations .

ivation of group members!

pIOtS.

“‘--'——-_'_". S ——————— -

——— e ———




e — = ==
— T




H=4
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The Group wlill elect from among its members an Irrigation Coordinator, a task
which will rotate at fixed time intervals. The Coordinator, assisted bg: two
other members of the croup, Will be responsible for the execution and coordina=
tion of irrigation activities. Together, the irrigation Coordinators of the
croups will form an Irrigation Committee which will assist the Director of the
water Supply and Drainage Section and represent the farmers using ‘ne system
vis=a=vis the section.

The arrangement will afford the farmers the opportunity of under standing
the system, enabling them eventually to participate In its management.

This division of functions between the Water Supply and Drainage Section
and the farmers themselves will enable the Section to concentraie on the fach-
nical and operative aspects of water supply leaving to the farmers the initia=
tive for developing their farms and using the water &t their disposal to the
best advantage;’ it will also encourage collaboration :irong the farmers. During
the Initial stages of operation the Ac ‘feultural instrucior Will act also as the
irrigation Coordinator of the block. At the design stage It will be necessary
to draw up detalled guldelines for the activities of the irrigation Groups.

The Water Supply and Drainage Section will act through two units:

() The Operation Unit will be responsible for the operation of
Iso keep records

pumping stations, sluices and valves; it will a
of the quantities of water supplied to the varlous blocks. The

r supplied to the biock will be charged in

quantities of wate
It is r'ecorr.rr.ended

equal measure to the members of the groups
that water used for rice irrigation be charged as a fixed sum
according to the size of the plote The price o
be determined by the Project Management on the basis of cost
calculations and In accordance Wwith the policy of the Ministry
of Agriculture. Although the farmer would be hardput to pay
the price should be sufficiently high to
er him from using

f the water wiil

real cost of the water,

discourage waste, yet not as high as to det

the water.

As the system (s planned for 15~hour
n two shifts.

ible for the maintenance

a day Irrigation, the unit

must be set up so as to operate |

(i1) The Maintenance Unit will be respons
and repalr of the varjous irrigation installations and the drai-
be carried out by the Unit itself;

nage. Minor repairs only will

for bigger repair jobs and road
unit could be assisted by competent €0
it of the Irrigation Depar tment of

and canal improvements the
ntractors or by the main=

tenance un
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the Ministry of Acriculture, The Maintenance Unit will also have
the task of training the farmers in the use and maintenance of irrigation
equipment.,
The Cffice of this Unit, as well as its workshop and spare parts store Will
e located to the Intake pumping station of Area No.1, The staff will have at
heir disposal a pick-up, a small wheeled tractor and bicycles for operators and

dtchriders:
Since the personnel required for this Unit is largely com

wery effort should be made to recruit and train the necessary staff already at the

prised of technicians,

nception of project implementation. insufficiently skilled operation and maintenance

ams may cause severe damage to the system and Irrepairable losses in agricul-

wral productions
c. Extension and Agricultural Planning

Improved installations and services are only part of the ar icultural

ribution of the development

development programme. The most important cont
The Extension and

ocess is to raise the standards of the farmers themselves:

pr
with an agricu ltural pro=

Agricultural Planning Service will provide the farmers
gramme, and supply all the training and know~how they need in crder to cope

successfully with the implementation of the programme. Except for the ultimate
shase of development the Extension Service will be an integral part of the Projec

Management, Agricultural training will mainly consits of on-the~job training by
assigned to every fevw irrigation

Ferm Instructors. A Farm Instructor will be
placed

blocks and he will be assisted by specialists in the various disciplines,

st his disposal by the Ministry of Agricuiture.

ted from each irrigation block, who will

A number of farmers will be selec
guidance,

be in close touch With the Farm Instructor, receiving from him regular
e other farmers the know~=how necessary for the

it is proposed to make use of the NNOBCA
d in this way each Farm

and they in turn will pass on to th

efficient management of their farms.
gricultural know=how an

armerse

groups for the dissemination of a
Instructor will be able to reach a large number of f

In addition to the field extension and on-the-job training;
Service will hold courses and seminars both for farmers and
y courses for the Farm Instructors themselves to keep them

in their fields.
agricultural programme inclu=
for

the Extension
project workers,

including supplementar
up to date with the latest developments

The agricultural Planning Unit Will draw up an
d'ng cropping and cuitivations. This programme will also serve as the basis

supervised credit schemes,




—
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d. Supply and Marketing Service

The functions of supply of input [tems and marketing of produce are
iinked by logic and by tradition. The farmeris expenditures are spread over
a relatively long period, while his Income generally comes in a lump sum once
or twice a year, or at any rate, in a stream which does not coincide with his
stream of expenditures. By linking supply and marketing, credit arrangements
can also be worked out more easily, Furthermore, both supply and marketing
are tied to the agricultural cycle, so that the manpower and facllities of one
or the other are underemp loyed during parts of the year. Linking supply and
marketing results in more efficient utilization of manpower and of facilities.

(1) Supply Service
The principal items of production Inputs suppliied under this heading

are seeds, fertilizers and pesticides. The supply service acts as the farmer'!s

purchasing agent. Centralized purchasing and delivery to the farm relieves the
faermer of the need to travel to distant centres; furthermore, centralized pur=
ber of farms permits the setting of quality standar ds
credit, etc., as a

chasing for a large num
and offers the farmer the benefits of price reductions,

result of bulk purchases.

The farm supply service is coordinated with the agricultural gpian which

determines the approximate quantities of supplies. ©On this basis, the scrvice

enters Into agreements With producers and suppliers for providing the required

quantities at specified delivery dates. The supply serv
either by project vehicles, or through

ith the original supplier.

ice arranges for the

delivery of the supplies to the farm,
agreements with private {ranspori companies or W

Accordingly, the tasks of the supply service are:
~ Purchasing - translating the agricultural plan into a procurement plan,

drawing up agreements with suppliers, specifying standards, preparing

purchasing, and obtaining credits.
g the materials from the local supply
jce to the farmer, debiting

supply schedules,
- Sale to Farmers = transferrin
depots to the farms, determining the sale pr

farmers! accounts and collecting payments.

(11) Marketing Service

The marketing service collects the agric
dellvers the produce to the market,

ultural produce from the farm

gate, performs all handling and processing,
sells It, and distributes the proceeds among the farmers. The marketing ser-

vice frees the individual farmer from the necessity of finding outlets for his
produce and its standing on the market is strong enough to assure the farmer a

fair price.
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This service obtains seasonal and long-range forecasts of crop ylelds and,
o this basis, enters into agreements for marketing the produce. Such agree-
rents define the handling and processing to be done before the produce reaches
ihe market, including grading, sorting, packing, etc. To some extent, the mar=
keting service may influence the agricultural programme, since It is sensitive to
rice changes, to demand and market requirements, Regular Information on mar-

ket fluctuations and demand will serve to revise the agricultural plan and adapt

t to changing conditions.

The marketing service is of great importance, since It is the main channel
through which the farmer obtains his income. High ylelds, improved quality,
¢fficient cultivations and seasonal advantages may all be nullified by defects In

the marketing service.
The Marketing Unit should take advantage of the vicinity of the Project Area

{sting market at Oduponkpehe by entrusting the collection of
rcha~

to Accra and the ex
ts transportation and other post=harvest operations to the pu
The Project Management

necessary [nvestments

the produce, |
sers with whom the sales agreement has been made.
should refrain from setting up facilities and from making un

in this field. The tasks of the marketing service are:

- Sale: =~ negotiating seasonal and long~term marketing agreements,

determining prices and standards, fixing terms of payment, and collection of

payments.
- Book~keeping =

ies earned through sales of produce to the ¢
of the produce will be

keeping the accounts of individual farmers! and trans-

learing account.

ferring mon
It should also be borne in mind that at least part

marketed directly by the farmers.
e. Agricultural Cultivation Service

The land cultivation service carries ou
pment, In keeping with the agr
the seedbed and ending wi
ned to a certain extent

t the necessary agro~technical
jcultural development

operations by mechanical equi
th the harvest of

plan, starting with the preparation of
he timing of field operations IS determi
ice, close co~ordination Is

also needed to ensure effective

the crops. Since t
by other services, such as the water supply serv

necessary among the services. Co-ordination is
utilization and maintenance of agricultural equipment.
Several alternative possibilities have been cons
and co-ordinated cultivation to the farmers:
(i) Through a cultivation unit belonging to t

{dered for properly organized

he Project Authority;
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(1) Through the provision of agricultural machinery to the farmers;
(1 Through cultivation co-operatives of the farmers themselves;
(iv) Through governmental agencies or other contracting bodies,

Although the farmers of the region may some day purchase their own iractors,
it |s strongly recommended to rely in the Initial stages on the Oduponkpehe farm
nachinery statlon of the Ministry of Agriculture, Mechanization Section,

The station will have to be recognized, enabling it to undertake the required

grvices In the operation stageés.

The setting up of cultivation co-operativas should be considered, It is proposed
that people In the area who Wlil not be receiving lands but posSsess technical skilld be

wrganized into such co~operatives, acting as contractors vis-.@-vis the farmers,

The planning, co-ordination and supervision of cultivation should: be one of the
projectManagement'ls tasks and _.should include the following:

(I) The annual and seasonal planning of agricultural cultivation;

(11) The setting of standards for cultivations;
(1) Cwverall supervision of cultivation with respect to cuality of work and timely
5 execution;

(Iv) The collection of data and information as a basis for the imgrovement of the

service and of planning for the coming years.
It Is proposed that co-ordination with the machinery station be done by a member
of the office team. Planning activities should be the responsibllity of the Planning

and Extension staff,

Each Irrigation block Wil also be designated as @ cultivation block and one of
the farmer s from the block wlill be efected as Cultivation Co-ordinator and Supervisor,

The farm Instructors Will assist farmers in the co-ordination of cultivation acti=~

Ities and In supervising and checking the standard of the wor

Ty

k performed,

f, Credit, Accounting and Clearing Sepvice

Modern agricuiture; With its attendant use ofwater , fertilizers, pesticides

mer a far better income than tr aditional farming.

and mechanization, brings the far
t coincide, the farmer

However , because the streams of income and expenditure do no

I§ often heavily dependent on credit, Without a system which can make available credit

in sufficiently large Quantities with a minimum of bureaucracy, the projectls goals will

Not be reallized,
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The farmer needs credit for the following purposes:

_ working capital for the financing of production operations (short-term credit)

_ Additional investments In farm development and/or acquisition of implements
and equipment for the farmer or a group of farmer s (medium~term credit)

. Famlly allowance to be cranted to the farmer during the initial period until
he has an Income from the sale of his produce,

. Loans for financing the purchase of co~operative shares,

- Farmerst Assoclatlon will also have the right to apply for credits for the
financing of thelr activities and acqulsition In accordance with the policy
of the Ministry of Agriculture and of the AD, B,

The main source of credit will be the Agricultural Development Bank, which
will make avallabte three types of joans.

. Shori-term: 0 = 17 years,
- Medjum=term: 13 ~ 5 years
- Lonhg-term: Over 5 years,

Short-term loans are granted to meet production costs. Medium~term loans are

granted for the purchase of farm equipment, livestock and other means of production,

Long~term loans are made avallable for extensive New projects or for the improvement

of existing ones, The Bank Will appoint a Credit Supervisor who will be in charge of

matter s connected with project credits Conslderation should be given the possibility

of making the Credlt Supervisor a member of the Co-ordination Committee Working n

assoclation with the Project Management,

Co-ordination of ail the project credit activitles Will be carried out by a Credit

Co~ordinator 4 a member of the Project Administration Sectione.
the fr amework of long~term or annual agreements
uction and investment progr ammes,

Crédit will be oranted within
according to the credit forecast based on the prod

These programmes wlil be drawn up by the acricultural planners in conjuction with the

Farm Instructors and wiil be ratifled by the Project Management for submittal to the

Bank,

In addition to Its credit co~ordinating task the Project Administration section wiill

have an Aegounting Unit which wiil conduct all debiting, crediting and cash operations

required for Ikeeping the accounts of users of the Irrigation systém.
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At the ultimate stage of development farmers! co-operatives are likely to

\e as the natural channel through which credit will be extended and loans

ids The co-operative will have the necessary organization and facilities;
L)

jhermor € it will have its own funds and, therefore, will have less need to

kprow on its owna.
§ Lhe Objectives and Organizational Structure at Varlous Stages of Development

a. General
————‘-—-"
A development project is by its nature an instrument for planned change,

and consequently its organizational struciure must allow for changing circum-

In the course of project development from planning and construction
ion, a number of stages will be discerned. The tran=
nsiderable

stances.
up to its ultimate oper at
tion from one stage to the next is gradual and there Is generally co
Nevertheless, for the present purpose, the pro-~

sl
over lapping between stages.
ject may be divided into two main stages:

(1) Construction and implementation stage.

lii) Operation stage-.

=ach of these stages makes [ts own special demands on those involved and on

lke organizational structure.
b, The Construction Siage

This stage, during which the physical stru
the road and power networks are constr ucted

jvities involved and also with

ctures and installations of the

irrigation and drainage system ,
differs from the operation stage both in the act
regard to the technical qualifications of the participants.

Construction will be carried out by competent contracting agencies, under the
kipervision of the Project Management and the irrigation Department of the Ministry

Agriculture. The installations will be handed over to the Project when completed
ation stage will last four years, an area

\n order to permit commencement of agri- I}l

d run in. The construction and implement

about 400 ha being developed each year-

liral production without having to complete the
k by block, so© that every ye

infrastructure in the whole area i

is proposed to develop the area bloC ar a number of

toCks will enter into nnoduction__ Ever or cultivation and every |
d will be put under the management of the Project. ‘

a No.1 and after this has been completed, deve-
the headworks in each area must be 5

y block that is ready f

stallation that has been complete

Development will start in Are
t’pment of Area No. 2 wiil follow. Obviously,
mpleted, in the first year of its development.
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e installation to the project will take place only after they

Handing over of th
tisfaction of the Project Team and after it has been ascer=

peen run=in to the sa
ject Team is sufficiently trained for taking over their operation

ned that the Pro
maintenance.
The first year of the

This applies mainly to the irrigation system.
consiruction stage will be utilized by the Project Mana~

ent for setting=up the organization for the tasks awaliting It at the subsequent
As stated, after the first year, the construction and operation stages will

gese
requiring co~ordination between the various bodies

lap for a number of years,

ating in the field.
|lations belong to the rrigation and dralnage system it is

being a technically qualified man, should
d with construction and

since the main insta

oposed that the head of this section,

ve as laison between the Project and the agency concerne

elopments

During the detailed design stage
passing ail of construction and
he plan for the commencement of farm production.
construction

it will be necessary to draw up a detaiied

Jan of operations encom development and their co=-

rdination and integr ation with 1

Assignments to be carried out by the Project Management at the

er the first blocks, are as follows:

llage, until taking ov
project In its initial stages;

- Recrultment of manpower for running the

= Initial training of per sonnel appointed to the various tasks;

work procedures and regulations;

o Organization of project uniis;
ements for initial operations;

- Drawing up budgets and credit arrang

- Selection of candidates from among the farmers for partlcipation in the
Project;

F Integration of the selected farmers into the construction activities and

preparation of the area;
o Drawing up the detailed agric
o Completing logistic preparations and finalizing avenue

Project staff in ihe first year of this stage will include the Project Manager
nd the extension service. Wwhilst

ultural plan for the first season;
s of credit.

eads of secretarial and per sonnel sections a
| will be appointed to fill

his stage is In progress personne
s discussed in the follo~

e posts required during the initial stage of operation; a
Wing.
Cy Oper ation _Stage

The operation siage may be broken down into sub=-stages, or phases.
Wrresponding to the progress of project developmente.

(i) Initial Operation, and

(1) Uiltimate Operation.







.
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l.
y first the main effort will be directed to establishing and activating the nece- '
msemces, putting ‘nto operation the facilities and irrigation blocks that have \

ompleteds improving yields and steering the project towards economic self-

During the transition to the ultimate phase emphasis will be placed on

ining the services. stepping up agricultural production, and especially on

ng the farmers and others involved in the project to act on thelr own, so that

te operation phase the Project Management can tr ansfer (ts tasks onto

e ultima
whe witl with the aid of their organizations (Co-oper'atlve, !|

mers t hanseives;

dination . and irrigation Committee) gradually take over responsibility for run= |

the projects:
The duration of each one of the above phases wiil depend on the rate of

opment of the project. The transition from one phase to the next need not take

!
Lat the same time for each project component.
The Organizational Set-up in the !nitial Operation Phase
for ihe set-up of the Project Management in the ini=

H/1 with details of the manpower requirements
in various levels

The organiza;:ionai chart
Joperation phase is shown in Fig.
fn in Table H/1. A summary of responsibitities and activities

fhe organization are described In the following.

a, Project Management

At ihis stage the project W
irrigation Department of the Ministry of Agriculture. The

nal independence in all flelds of activitye \

i'l be run by the Project Manager under the

guidance of the
project will be given operatio

To co-ordinate the oper ational poiicy of ihe Project, a Co-ordination Commi=

will be established, consisting of representat
frcies whose participation may be of assistance to the project.

ives of ministerial and other
These repre-
.

atives will provide !'ink between the project and the respective agencies: For

ple, the representative of the ADB may serve as the Bankls Credit Superviser
the project.
The Co-ordination Commitiee, chaired by ihe representative of the ¥rrigation

hmmentt will inciude representaiives of the following: |

- Agriculture Department )
% Mechanization and Transport Depar iment 1

Agricultural Development Bank |
The Min!stry of Agr culture wili also aopoint an audl k|
t:f"”m” up the activities of the Project with regard

i . "
will also audi: the project accoun:s:

tor and controller who

to the Ministry's policy .
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TABLE H/1: MANPOWER REQUIREMENTS IN THE INITIAL !
OPERATION PHASE
r--'-—*Fum:tlon _ Year -. % :
TEE R 4 4 o ! 1
Eo]ect Management l x
Project Manager 1 1 1 1 1 \ T;
Secretary 1 1 1 1 1 l ‘ &"
Water Supply and Dralnage '! | £
Operations and maintenance engineer 1 1 1 1 i f *
Operations foreman 1 1 1 1 I hat
Malntenance foreman 1 1 1 1 1 lf §
Operators 1 2 4 6 i K'
Ditchriders e BT S B I E
Mechanics " bk St I 1 4
Tractor driver 1 1 1 1 -f-i T
Driver 1 1 1 1 1 .,
Clerk y sk q o Hys ERRTRE -5i b
3 I |
Extension Service ii. < *
Senior agronomist 1 1 1 1 1 'J
Junior agronomist = planner 1 1 1 1 1 ?5 ’; 5
Fleld extension workers 1 2 ‘ 3 |:'
Clerk 1 1 1 1 L "
AdmInistr ation ‘{ |
Manager 1 1 1 1 1 i |
Accountants 1 1 2 2 2 1 |
Clerk 1 1 1 1 1 | |
Drivers 1 2 3 4 4 Il
Storekeeper 1 1 1 1 i|
Supply_and Marketing | J
Manager and ) . | ‘
Marketing Officer) 1 1 ! ! |
Purchaser and cultlvation coordinator 1 1 1 L _
Clerk ¥ 1 1 1 |
Total 13| 24| 28 |32 36 | \i
I
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The Project Manager , who i8S charged with carrying out the policy of the

Ministry will administer the project through the heads of four sections, as shown

n the organization charty Fig. H/1.

be Water Supply and Drainage Section

The Water Supply and Dr alnage Section, headed by an Engineer who witl
be assisted by a team of technicians, as detailed in Table H/1 will undertake the
lasks as described in paragraph 3=b of this Chapter.

¢, Pianning and Extension Service

The planning and Extension Service, headed by a senjor agronomist with

the assistance of a junior acronomist in the field of agricultural planning, training

services, and aor feultural experimentation, and assisted also by a team of field
instructors who wiii guide farmers as described in paragraph 3 - ¢ of this Chapter. !

d, Administration Section

This section wili run Aall administrative services required for the proper

operation of the project, Including a secretariat, per sonne| unit and accounting both

for the transportation pool at the disposal of the project and will be responsibie for

its proper operation and maintenance, ©Cne of the main tasks of thig section will be

the handling of credits, The section will draw up credltm_prog‘ammes based on the
|| be res-

i — = ——

findings of agricuitural planning and marketing and supply forecasts, it wi

ponsible, after approvai by the Project Manager for submitting the credit to the

Bank and for dealing with all aspects of credit procurement for the farmer s,

Because of the vital importance of this subject it is proposed that all credit matters

be handied directly by the section head.

In addition, the administr ation section will be engaged In gathering information

on the various project activities and presenting it in the form of periodical reports

to the various fevels,

e, Supply and Marketing Section

The Supply and Marketing section which will deal with all commercial and

contractuzl aspects of the rejations with suppliers, purchasers and tractor stations, ! '
i, Legal Advisor and Administrative Committee ':
|

the Project Manager will also be assisted l |

Apart from the heads of sections,
by a fegal adviser and from time to time by experts on specific subjects.
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An administrative committee, headed by the Project Manager and consis-
ting of the heads of sections, and two representatives of the farmers, will
serve as a forum for the co-ordination of project management,

As stated, the irrigation and cultivation blocks will constitute the
units for the purposes of field extension, irrigation and mechanized cultiva-
tlonse To this end, a number of functionaries will be elected by the farmers
from among themselves for the followl‘ng posts:

- . Farmers! activities, organizer (1eader);

A S Ui s

ge The Farmers l
|
1
|

- irrigation co=ordinator;

- ¢ Cultlvation activities co-ordinator;

_ A number of training group heads (preferably these groups should ' 3
colncide with the NNOBOA groups)

This body, to be elected for a fixed periody Willy In addition to the
ncily with the co-ordinator represen-

ting It In matters concerning the block as a whole, The agricultural Instruc-=
L

tor Will guide the group in the performance of its taskse Naturally, his H
intervention will be at its peak during the Initial stages and will gradually , ii
decrease until his tasks will be confined to agricultural advices

|

S ST 2 R T

aforesaid tasks, also act as a Block Cou

6. The Organizational Set-up at the Ultimate Oper ation Phase
imate phase must take place gradually and should

Excessive speeding-up of the process endanger
Although the aim of the ultimate
y for agricultural production and ? |
management of the supporting services to the farmers themselves, the Ministry b
of Agriculture, through its various agencies, will continue to supply the plan- :
hing and extension services and operate the water supply and drainage systems : 5!-'
The management of the supporting services will be In the hands of a farmers! _ ..
co-oper ative, to which every farmer in the area will belonge The gener al ;
meeting of the members Will elect three or four farmers to form an Admini= \ 1;
trative Council, to which the co-ordinator s of the agricultural block will be l %
co-opted, The C"ouncil will appoint a Co~-oper ative Manager who will receive ’._
a salary from the co-operative and will manage t ng servi-

he supply and marketl |
ces and the administrations These services, as well as the extension service ‘ 3
and the water supply will operate in the same organization |

al framework as in
the preceding phase, except that the organizational subordination will be

different, 1[
|

The transition to the uilt
be managed with utmost cares
the achievements of the preceding stage.
phase Is the transfer of the responsibilit

g —— e
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the transition to this phase will be gradual. At
the various functionaries of the co-operative will

dministration by the project management will continue
servers attached to the

As already pointed out,
s beginning of the process,

th
ualected, but the central a

e elected representatives will act as ob
fil enable the co-operative members to learn about
le to test their readiness to take

y function and th

ranagement. This stage W
and the management will be ab
anagement will start transferring

until the latter can

pelr future tasks,

ver responsibilitys Gradually, the Project M

meadninistr‘ation of the services to the co-operative.

Jimately take over .

The organization set-up at the ultimate phase is shown in Fig. H/2-

tive will be financed out of the monies pald
p for their shares by the members who wili be granted a special loan for this
arpose. This loan will be repaid in the course of a number of years. During

ciiviiies the co-oper ative may still need financial suppori
od it will have to become

The activities of the co-opera

he first years of its a
by the Ministry of Agriculiure, but within a set peri
wlf-sufficient and finance its activities out of its profits or from members? contri=

butions.
omous status of the co-operative it is recommended
f Agriculture and that

d by the Ministry ©
jes a representative of the
erver .

In spite of the auton
that an auditor and controller be appointe
dring the initial period of Its independent aciivit

Ministry be a member of the Administrative Committee, at least as an obs

locks shail reiain the

The organization of agricultural activities within the b

frm worked out for the preceding phasee
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J. ECONOMIC EVALUATION
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The purpose of the economic evaluation of this project is to appraise the
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J. ECONOMIC EVALUATION

B _lﬂtr'oduction

The purpose of the economic evaluation of this project is to appraise the
:effects of the proposed irrigation scheme and of the consequent changes in farming
practice and thus to determine the incremental economic contribution accruing from
project implementation. This has been done by comparing the estimated '"natural"
increase In production in the Project Area With production expected under the
roposed irrigation scheme.

The physical development of the project will be completed in four years,
roceeding in the following four stages:

Year/Stage Area developed. ha
Gross Nei
1 460 400
2 460 400
3 460 400
4 345 300
Total 1,725 1,500

Should the necessity arise for a subsurface drainage system (see Chapter G),

its installation will also be staged over four years, beginning in the fifth year

The econcmic lifetime of the project has been estimated at 40 years.

However , as will be shown in the financial analysis of the farm types, implemen~

tation,

Prices and other economic parameters employed in the evalua
in order to obtain reliable . firmly based con-

tion have been

conservatively estimated throughout,
clusions as to the economic feasibility of the project.

2. Farm Gate Prices and Input Costs (a) Farm Gate Prices.
year 1985 - the year of maturity of the

Farm gate prices projected for the
Irrigation project - have been used for all the crops recommended in the agr'-

cultural plan. The procedures employed for estimating the market potential and
jces are described in detall in Appendix J=1. The

for calculating the farm gate pr
which take into account

price forecasts are expressed in constant 1975 terms,
variations due to anticipated changes in price relation

inflation.

s but not the effect of




- —




J - 2

since the anticipated demand for the crops that will be ¢rown in the project
|| exceed domestic supplies In Ghana, especially in the Eastern Region, prices
L1985 are likely to be higher than in 1975. Nevertheless, the 1975 price lcvels

E.,e been adopted, in keeping with the conservative conception applied throughout

|'
|
l
i
I
s evaluation, aimed at present'ng a realistic assessment of project feasibility. |
The prices prevailing in 1975 have been used as the projected farm gate ’
vices for all-crops with the exception of rice, which is considered to be an !
gportant subst’tute (see Table J/1). The farm gate price of rice is based on the i
rojected 1985 C,1.F. price calculated from the forecast worid market price,

Two of the field crops, maize and groundnuts, cre potentially exportable. |
wever , since their forccast export prices - estimated at the official rate of !
ﬁchange - are lower than the 1975 domestic market prices, the latter were adopted

» these crops too as the 1985 farm gate price.

TABLE J/1: FARM GATE PRICES CF PROJECT CROPS

¢/ton
‘:I Crop i Farm gate price r Projected farm gate |
| : 1975 price 1985 i |
; Cassava { 82 82 :
| Maize i 196 196 E |
: Groundnuts E 476 476 I -!
: Rice } 177 ! 204 I
| Tobacco 1,800 1,800 | It
Tomatoes 264 ! 264 E |
Pepper 1,200 ! 1.200 i ‘5
| Eggplants 200 200 [ I
| Okro 138 158 ' |

b. Agricultural Inout Costs |

The forecast prices of fertilizers have been based on projections of :
ices are sitll distorted by the effects ‘

Id market prices, because current pr

the ol crisis and they are noi expected to remain at their present level. For

festicides the 1975 prices have been used as the projected cost for 1985. Seeds

d machinery~hire are subsidized to farmers and for these inputs the 1975 prices f i

Ve been adopted, but without the subsidies. :_ !
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A list of the unit costs of inputs and the cost estimate for fertilizers are
| presented in Appendix J-2.

3 Project Costs

The investments and O & M costs involved in the implementation of the

| Weija irrigation Project have been discussed in Chapter F, G and H. This
section presents an itemized distribution of these costs over the assumed life-
| time of 40 years of the project in local and foreign currencies.

Table J/2 shows that total Investments over an 8~-year construction period
- will amount to about #17.3 million, including the foreign currency component,

' totalling US $6.9 million.

Notes to Table J/2:

(1) It is assumed that construction work will take eight years, starting in
1978.

(2) All investment items Include contingencies at the rate of 15% and an
additional 10% for engineering services and supervision of construction.

(3) The conveyance, irrigation and surface drainage systems will be com-
pleted within the first four years of development.

(4) Construction of the subsurface dralnage network will begin in the fifth
year of development. Costs cover one-half of the Project Area, as
explained in Chapter G. Rice lands will have no subsurface drainage.

{5) Investments in on-farm development follow the irrigation development
schedule, For rice farms, on=farm [nvestments are included in the
cost of the [rrigation system.

(6) Investments in infrastructure and supporting facilities are scheduled as
follows: 357 in the first year of implementation, 30% in the second
year, 25% in the third year and 10% in the fourth year.

(7) The lifetime of the various project components are standards normally
adopted in projects of this nature.

(8) The foreign currency components of the investments represent the follo=

wing proportions of the total:

%
- Welja Dam 60
- Civil engineering equipment 40
- Electro-mechanical equipment 90
- Irrigation system 35
-~ Drainage system 40
-~ On=farm development (sprinkler~irrigated farms) 85

40,

- Infrastructure and supporting facilities
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|
|
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| Table J/3 Iists the annual operatlon and maintenance costs of the main project
' components, including the annual foreign currency outlay, starting in the second
| year of impiementation,

Notes to Table J/3:

‘ (1) Energy costs were estimated as a function of the electricity requirement
; and the unit cost of electricity, Thelr Increase over the first four years
r| matches the scheduled deveiopment of irrigated areas.
| (2) O & M costs of the dam were taken at 0.75% of the investments in the
Weijja Dam, I
(3) O & M of the clvil engineering works was estimated at 1% of the corres-
ponding Investments,
' (4) O & M of the electro~-mechanical equipment was estimated at 1,8% of the
' corresponding investments,
(5) O &M of the Irrigation and surface drainage system was estimated at
1% of the corresponding Investments, and that of the subsurface drainage -
at 2,5% of the Investment, :
; (6) O & M of the infrastructural and supporting facilities w
| 1% of the Investments,

! (7) Operators and vehicies project ma
ower and vehicle:requirements,” as des-

as estimated at

nagemeni and extension services were

asssessed according to the manp
cribed In Chapter H, Co=-operative management cosis are not included
y are reflected ajready In the marketing and Inputs COSts,
ted as the

herewith as the
(8) The foreign currency components of O & M costs were estima

foliowing proportions of the total:
~ Energy costs 807

- All the rest 33%

ary of the cost streams = investments in the project, inclu=

Table J/4 is a summ
sed in the economic évaluation,

ding renewal costs, and O &M ~ which have been u

4,  Project Benefits

The value of project products and input costs are |isted in Tables J/ 5 and J6,
respectively, under the two alternatives: with and without the inclusion of cassava
in the cropping plan. The difference between the output values and input costs gives

the gross returns and these are shown in Table J/7. This table also gives the

t would be attained without implementation of

¢ Table J/7 represent the benefit

s a direct contribution of

corresponding estimated returns tha

the irrigation scheme, The last two columns ©
| income accruing each year a

stream, [,e, the incrementa
atlv.)-

project implementation (with and without cassava altern

i.
|
|
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TABLZ J/3: OPZRATION AND MAINT ENANCE COSTS

in ¢ thousands and U,S, @ thousands

i| 3
'- Wl Y ear !
: 5_l
' 3
: » i ? . ’ ’ onward
1, Participation in Weija
| Dam sil £ s &L 5 F 0] 0 8
| 2. Civil engineering wor ks 17 1 o7 L35 | 4a | 44 | 44 | 44 44
3, Electromechanical
equipment 13 ] 20 [ 25 | 29 | 29 | 29 | 29 29
4. Irrigation system 10 | 21 31 38 | 38| 38 | 38 38
| 5, On-farm development 3 6 9| 1 11 1 11 11
6, Surface drainage works 11 | 21 | 20 | 37 } 37 | 37 | 37 37
| 7. Subsurface drainage
5’ works 10 20 | 35 38
| 8. Infrastructure and
: supporting fac. 1 2 2 3 3 3 3
i' 9, Project management and
admin. 25 32 49 | 49 49 49 49 49
10, Operations and vehicles 20 | 3T7x 51 65 | 65 65 | 65 65
(11, Extension services 11 122 1334 | 1] 41 41 41
Sub total &/ " 1110 l106 |272 |325 |335 [345 |360 | 363
| Foreign currency
|  component 2/ _l 35| 56| 78| 93| 96| 99 |103 104
112, Energy 11122 33|38 38|38} 38 38
Forei currenc
com pog\r:ant 4 sl 15| 23] 26| 26| 26} 26 26
—
13, Total 1-/ - | 130 |218 |305 363 | 373 | 383 |[398 401
| Forei currenc }
E < 1 az | 71 l1or 1119 J122 [125 1120 ¢ 130

l/ Total operation and maintenance costs,

2/ Foreign currency component, in thousand U,S, dollars.

in thousand Cedis.
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TABLE J/4;: SUMMARY OF COST STREMS

- iInvestments i O &M
" Total Z|F.C U.S Total & [F.Co WIS,
i thousandg{thousands: thousands thousands
1 | 5,882 ]2,555 | - ’
2 | 3,569 |1,429 | 130 42
aud 3,337 |1,253 218 71
4 | 3,243 1,229 305 101
5 400 122 363 119
6 400 122 373 122
7 582 177 383 125
8 136 41 398 129
9 - & 401 130
10 - - 401 130
1 - - 401 130
12 - - 401 130
13 167 124 401 130
14 167 124 401 130
15 167 124 401 130
16 94 68 401 130
17 2k o 401 130
18 b ed 401 130
20 = ", 401 130
21 701 549 401 130
22 383 300 401 130
23 320 250 401 130
24 232 181 401 130
25 167 124 401 130
26 167 124 401 130
27 167 124 401 130
28 94 68 401 439
29 = - 401 130
30 400 122 401 130
31 400 122 401 130
32 | ,s82 177 401 1oy
33 136 41 401 3%
” = - 401 130
35 & - 401 130
3¢ = P 401 130
37 167 124 401 130
38 167 124 401 e
39 167 124 401 130
40 o4 68 401 i
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TABL:E J/5: VALUE OF PROJECT CUTPUT BY YEZARS AND STAGES

OF DEVEL CPMENT

¢ thousands

¥ S Bk Stage 1 [Stage 2 iSlagc 5 iStago 4 i T otal
A. With Cassava ! E
Alternative '

1 1,132.81 - - ! " 1,132.81

2 1,497.97 1,132.81 1 - L. o o lnisi0. 78

3 1,887.31 |1,497.97 {1,132.81 - 4,518, 09

4 2.297.81 11,887,31 11,497.97 | 668.17 |6,351.26

5 2.671.50 12,207.81 1,887.31 | 87823 |7,734.85

6 2,780,12 |2,671.50 |2,297 81 !1,101.00 | 8.850.43

7 2,780.12 12,780,12 |2,671,50 {1,334.87 |9,566.61

8 2,780, 12 |2,780.12 |2,780.12 |1,549.42 !g.sag.7a

9 onward 2.780.12 |2.780-12 {2,780.12 |1 624,80 19“965‘16
|
B. Without Cassava i
Alternative !

$3 5 1,128.90 - * 4 }I_i28.90

2 1,476.29 |1,128.90 - - 1]2,605-19

3 1,863.67 |1,476.29 |1,128.90 ks o5 |4.asa,86

4 2,264.56 |1,863.67 {1,476 29 | 66611 6.270,63

5 2.624.74 |2,264.56 |1,863.67 | 866.65 |7,619.62

6 2,700.66 |2,624,74 |2,264. 56 | 1,088, 59 | 8.678, 55

7 2,700,66 |2,700.66 |2,624.74 |1.317.41 49 343, 47

8 2.700.66 |2,700.66 |2,700.66 |1,524.87 |9.626.05

9 onward 2,700.66 |2,700,66 12,700.66 1,565,09 19,685 07

of development.
the maturation process of the respective por

The four stages, relate
Area that will be incorporated from the f
Subsequent increases In output deir
tion

to successive portions of the Project
irst to ihe fourth year

onsirate
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TABLE J/6: [NPUT COSTS BY YEARS AND STAGES OF DZVILOPMENT

¢ thousands

|

!

!

!

|

5 1) ‘ .

Y ar Stage 1 [Stage 2 iStage 3 'i Stage 4 Total E i
E

A. With Cassava
Alternatjve l
! 448.54 - - - | 448,54 |
2 505,96 |448.54 . : 954.50 | |
3 561.25 |505,96 |448.54 - 1,515.75 \
4 616.72 |561.25 [505.96 |315.36 |1,999.29 ; |
5 671.83 [616.72 [561.25 |354.63 |2,204.,43 | |
6 671.83 |671.83 [671.83 |392.90 |2,446.51 ;[
7 671.83 |671.83 |671.83 [431.02 |2,446.51 ?
8 671.83 |671.83 (671,83 |469.07 (2 ,484.56 ]{
9 onward 671.83 |671,83 |671.83 |469.07 }2,484.56 ﬁ
B. Without Cassava 1 '
Alternative |
1 449,78 - - - 449 .78 |
2 505.48 |449.78 - - 955,21 f
3 558.76 (505,43 [449.78 % 1,513.97 A\
4 612.27 1558,76 150543 131601 11,992.47 I |
5 665.43 |612.27 1558,76 | 354 35 12.190.81 \l !
6 665.43 |665.43 |612.27 |391.59 |3,334.72 r
7 665.43 |665.43 |665.43 |428.68 12,424.97 | |
8 665.43 |665.43 |665.43 |465.71 |2.462.00 !
9 onward 665,43 |665.43 |665.43 465.71 !2,462.00 ' |
| 8
Note: The four stages relate to successive portions of the Project l
Area that will be incor por ated from the first to the fourth year |
of development. Subsequent increases in input costs demonsirate l'

the maturation process of the respective portion. i '
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5, Economic Appraisal of the Froject

a. Analysis of the Basic Plan r‘

In this analysis, three commonly employed criteria have been adopted'for r;

measuring the economic contribution of irrigation development:
- internal rate of return
- Benefit-cost ratio
- Net present value

The application of several analytical paramcters makes it possible to shed

light on the economic characteristics of the project from different perspectives. | i

Thus, the benefit-cost ratio and the internal rate of return - which gives a
measure of the break-even rate of return of the investment - apgraise the pro-
ject as a separate entity, On the other hand, establishment of the present value
of income arising in the future - through discounting it at a rate of Interest equi-
valent to the rate of which it could be invested - enables the plannér to compare

project performance with the performance of similar projects. #

The economic analysis evaluates direct project benefits, i.e, all returns
from farm operations, and not the secondary or intangible benefit flows,

The resuits of the analysis, presented in Table J/8, show an internal rate
of return of 20,8% and 20,1% for "with!' and without cassava' alternative,
respectively, At a 13% discount rate the corresponding benefit-cost ratios for

cent
with!! and "without cassava'' alternatives are 1,67 and 1,60 and the net present £
b -
values: Q11,6 million and 10,4 million. -
TABLE .yB: INTERNAL RATE OF RETURN, BENEFIT-COST RATIO
AND NET PRESENT VALUE b Q.
; he
Crop internal rate of| Discount rate| Benefit-cost Nelt é:resont
y ratio valu
Alternative return % % | i
"With cassava 10 2.12 21,2
13 1.67 1.6 h
15 1,44 e 3
]
20,8
19.6
"Without cassava 10 2,03
13 1.60 10,4
15 1,39 6.4
20,1 H

gr g+ T e e——————— <L L.

e
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b. Sonsitivity Tects
Zix sensitivity itests were carried out in ordur to muensur  the impact of |
pssible divergences in the cost and benefit streams on the cconomic feasibility of
ne project. The results of these tests, summarized in Table J/9, show the effect
f the following deviations from the basic assumptions:
e All investment and O & |4 costs increased by 107 Y
2. All investments and O & M costs increased by 207
33 All investments and O & M costs increased by 30, -
4, Benefits declined by 10% ‘ s,
5. Benefits declined by 207 Is
6. Benefits declined by 307 ld thet
ed
in tests 1, 2 and 3, bencfits remcin at th: basic level and in tests 4, 5
V.
nd 6, costs remain at the basic level.
TABLEZ J/9: RESULTS CF SIPX SINSITIVITY TESTS S~
S—— I
‘ Sensitivity test I
Economic parameter Discount | y 1
rate % 1 2 3 ; 4 1 5 6 |
| i ¥ | |
A, "With Cassava' i i ‘ | | Fcent
Alternative | j : : ! b
internal rate of i I i !
return, % { . |19.1]17.0]16.6}18,9117.1 ¢ 15.1 |
# f ¥ | 1
Benefit-cost ramo 10 1,92} 1.76] 1.63} 1,90 I.GO| 1.48 F
| s Qe
13 1.521 1.39| 1.28} 1.50} 1.33!} 1.17
e
15 1.31) 1.20] 1.11] 1.300 1.18i 1 0 “’
Net present value, ]
£ million 10 19.31 17,4 15.5] 17,2 | 13.2] 9.1
_ 13 9.8 B.1 8.8 6.7} 5,51 %9 .1
i 15 STV 0T " 3lT 491 2.55 06 '}
| i /
'B. "Without Cassava" |
i Alternative * 1 1
! |
1 I |
! internal rate of
return, % .| 18.5] 17.2| 16.01 18,4 | 16,6} 14.6
| ——
| e JU— e
Benefit-costratio 10 1.05] 1,69} 1,56 1.83] 1.62] 1.42 ’
13 1.464 138 tv2s) 1oaa ] 1,787 .12
15 1.26) 1,151 1.0711,25 [ 1 11} 0.97
| [ il e et St
_f ! | { T
I‘ Net present value, i 5 | ] > I
| ¢ million 10 !:7.7':59,:;.9915,7,1:.9:.3‘0 |
i 13 | J-?l Tl ._:.;;‘.i 7.?| 4,9 2.1 t
' 15 A1 Bt el kbt 1316 |
.Ls-.___.. W o el el s g !__,_ et 55 _______}_,__,______;_ el A Wi 5
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The sensitivity analyses show that even in the event of a 30 percent
increase in project costs or a 30 percent drop in benefits the project would still
be cconomically feasible, at the 13 percent interest rate adopted in this study
(see Appendix J-2, Section 3 for calculation of the shadow rate of interest).

Ca Foreign =xchange Benefits

Of the crops recommended in the agricultural plan, two = rice and
tobacco - are import substitutes and another two = maize and groundnuts - are
potentially exportable commodities., In estimating the foreign exchange coritribu=
tion of these products, Table J/10 lists the revenues and Table J/11 the inputs
In US dollars, using C.1.F. prices for import substitutes and F.O0.B., prices
for export products. |t will be seen that the added value in foreign exchange
amounts to % 662,000 In the "with cassava' alternative and to 985,000 in the
'without cassava'' alternative.

TABLE J/10: FORE(GN EXCHANGE VALUE OF MPORT SUBSTITUTE
AND EXPORTABLE CROPS

I
Pr oduc=- 1985 Foreign
C Area |Yield tion FoB/CIF | exchange
i ha ton/ ha price 1/ | value, US
usg/ton | thousands
With Cassava
Alternative
Rice 180 4,5 810 233 189
Tobacco 202 1.4 395 1,360 537
Maize 282 3.5 987 105 104
Groundnuts 563 2.5 1,408 345 486
Total 1,316
Without Cassava
Alternative
Rlce 180 4,5 810 233 189
Tobacco 282 1.4 395 1,360 537
Maize 564 P 1,971 105 207
Groundnuts 845 220 2,113 345 729
Total 1,662

1/ In 1975 constant prices.

e et e
..
1

cent
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TABLE J/11: FOREIGN EXCHANGE COMPONENT OF INPUT COSTS ;

Input Total Forelgn exchange i
Crop Area | costsl/ | input component2/ -
- costs = r
ha Z/ha ¢ thous= us 9 1
ands ¢ thousands | thous- E ?
ands 3
With Cassava l
Alternative bly.
Rice 180 217 39 27 23 ad
Groundnuts 563 168 95 67 58 b
Maize 282 188 53 37 32 g9 that
Tobacco 282 204 58 41 36 Ired
Tomatoes 503 620 3t2 218 190 .
Pepper 345 450 155 109 95 ;
Eggplants 63 470 30 21 18 e
Okr o 218 254 55 39 34
Cassava 282 220 62 43 37
oO&M 131
Total 654
cent
Without Cassava tve~
Alternative i
Rice 180 217 39 27 23 '
Groundnuts 845 168 142 99 86 i
Maize 564 188 106 74 64 e
Tobacco 282 204 58 41 36 g
Tomatoes 503 620 312 218 190
Pepper 345 450 155 109 95
Eggplants 63 470 30 21 18
Okro 218 254 55 39 34 :
O &M 8. _
)
Total 677 S f

1_/ Costs of fertilizers, pesticides and machinery.
2/ Calculated at 70% of the input cost.

Foreign exchange contribution of the project in US P
With cassava Without cassava ._

Value of products 1,316,000 1,662,000
Inputs In foreign currency 654,000 677,000 |
Added value 662,000 985,000 |

_w_:—-'
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6. Financlal Analysis of the Farm Types
as General '
Whereas the economic analysis of the project deals with lis overall

feasibility, the financial analysis evaluates future farm-level cash flows for
the varjous farm types described in the agricultural plans Output prices
assumed here are as forecast for the year 1985 in the project!s economic
anal ysise
As family labour has no weight in the cash flow, no cost was assigned to
this item as an input. However, funds have been allotted for family allowance,
to cater for the support of the family, and this may |egitimately be considered
renumeration for family labours The family allowance Is considered an integral
part of farm expenses, since the well-being of the family should be assured
before the farm!s payment ability can ‘be determined,
The inputs include water charges in the farm of o

costs at the fully oper ational stage of the projects
The fixed component of project investment reimbur sement was not included

in the financlal analysis, because the decision as to how the financial burden
of the project investment l's to be shared between the farmers and the State
rests with the Government, HoWever, the item "net cash flow" gives an Indi-
cation of the ability of each farm to contribute to the reimbur sement of pr'f)ect
investments and can aiso be of help in the formulation of a taxation pollcy‘.

s for which the projections were made

peration and maintenance

The three representative farm type

were those discussed in the agricultural plan, namely:
- Two mixed farm types = one with and on® without cassavay occupying

2.5 ha each (2.25 ha net) - typifying the holdings in all of Area No.

and in part of Area No.2;
- A 5-ha rice farm, as the represent

ative farm type proposed for part

of Area Noe«2 onlys
The planned crop areas and estimated budgets

represented in Tables g/5 and E/6y respectively, In Chapter E.

of the three farm types are

_1_/ At present, farmers pay no income taxe

Fes

na=-

Frv
hiy.

bns ,

ys
%d that
ired
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be Results of the Analysis

(1) Representatlve Mixed Farm Types = Table J/12 ]T’
The net cash flow reaches a steady state In the sixth year of develop= .
ment, both for the with cassava' and ''without Cassava'' alternatives, These ‘
two farm types show positive cash flow balances from the very beginning. Indeed, o J

the net cash flow figures of ¢2,768 in the first year and C 11,177 in the

¥
dixth year (With cassava) and #2,717 and ¢10,727 respectively (\/ithout cassava)= /™Y %
are well above the allowance of #1,300 for the family. :
(2) Representative Rice Farm Type = Table J/13 nly. :
Here too the net cash flow reaches a steady state in the sixth year, =3 :
but the cash flow balance is negative during the initial two years. The net » i
cash flow obtalned ranges from ¢635 In the first year to the positive value of . thes l
!52,200 obtalned at the steady state stage and is considerably below the cash reg
flow accruing from the mixed farm types. "z ‘
TABLE J/12: FINANCIAL ANALYSIS OF THE REPRESENTATIVE o5 |
MIXED FARM TYPES | |
o H
Year 1 2 3 4 5 6 I
Item onward ‘
rcent
"WITH CASSAVA! cve-
AL TERNATIVE
A. Funds
1. Value of production |(6,372) | | 8,426 (10,618 12,925 |15,027 | 15,638 5
2. Revolving fund loan |_2,178 2,377 2,560 2,746 2,990 _2,990 he
Total funds 5.550 |10,803 [13,176 115,671 18,017 118,628 1 |
B. Use of Funds
1. Inputs (2,184) |(2,381) (2,566) (2,752) (2,997) (2,997)
- Purchased Inputs 1,610 1,789 1,957 2,126 2,294 2,294
- Contingencies, 10% 161 179 196 213 229 229 _
= oO&M 413 413 413 413 474 474 ]
2. Loan reimbursement | 2,298 2,507 | 2,701 2,897 | 3,15 3,154 !
3. Famlly allowance 1,300 1,300 1,300 1,300 1,300 1,300 |
Total use of funds 5,782 | 6,188 | 6,567 6,040 | 7,451 | 7,451 |
Net cash flow (A-B) 2,768 | 4,615 6,609 | 8,722 10,566 | 11,177 _l!:
j







TABLE J/12 (CONT'D) FINANCIAL
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ANALYSIS OF THE

REPRESENTAT IVE
MIXED FARM TYPES
¢

Item ;i ! 2 3 4 S onward
WITHOUT CASSAVA
AL TERNATIVE
A. Funds
1. Value of production| 6,350 8,304 | 10,483 12,738 | 14,764 | 15,191
2, Revolving fund loan 2,206 3_&9_;5 2,575 2,756 2,992 2,992

Total funds 8,556(10,699 |13,058 15,404 | 17,756 | 18,183
B. Use of Funds
1. Inputs (2,212)(2,401) |(2,581) (2,762) | (2,999) | (2,999)
- Purchased Inputs 1,635 1,807 | 1,971 | 2,135 2,205 | 2,295
- Contingencles, 10% 164 181 197 214 230 230
- O M 413 413 413 413 474 474
2. Loan relmbl.rsamemJ 2,327| 2,527 2,717 | 2,908 3,157 3,157
3, Famlly allowance 1,300{ 1,300 1,300 1,300 1,300 1,300
Total use of funds 5,839| 6,228 | 6,59 | 6,970 7,456 | 7,456
Net Cash Flow (A-B) 2,717| 4,471 | 6,460 8,524 | 10,300 10,727

TABLE J/13: FINANCIAL ANALYSH

S OF THE REPRESCNTAT VE

RICE FARM TYPE

¢
6
Year
d
item 1 2 3 4 5 onwar
A. Funds
1. Value of production| 3,672 4,590 | 5,508 | 6,426 7,344 | 8,262
2. Revolving fund loan| 2,945 3,221 | 3,703 4,153 | 4,609 4,609
Total funds 6,617| 7,811 | 9,211 10,579 | 11,953 12,871
B. Use of Funds
1. Inputs (2,845)[(3,141) (3,603) | (4,053) (4,509) | (4,509)
- Purchase Inputs 2,086| 2,244 | 2,406 2,558 | 2,715 | 2,718
- Hired labour - 112 369 626 884 884
- Contingencies, 10% 209 235 278 319 360 360
- O&M 550 550 550 550 550 550
2. Loan relmbursement 3,107 3,398 | 3,907 | 4,381 4,862 4.8?:!
3, Famlly allowance 1,300| 1,300 1!300 l__,_.'iE.O 1!300 1,3
Total use of funds 7,252| 7,839 8,810 9,734 {10,671 10,671
Net Cash Flow (A-B) -635 -28 401 845 L_l_,zsz 2,200

bcent
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(3) Explanatory Notes to Tables J/12 and J/13

= Value of production (gross return): According to the farm gate prices
listed In Section 2 of the chapter, which have also been used in the
i economlc analysis.
= Revolving fund loan: Covers the costs of the inputs, including pur cha=

sed Inputs, hired labour, water charges and contingencies.
‘ - Purchased [nputs: Include seeds, fertilizers, pesticides and machinery

(see Appendlx J-2, Section 1).
- Hired labours;: The labour demand for each crop was calculated monthly.

It was estimated, on the basis of an average family size of six persons,
that a famlly can supply up to 450 workdays p.a. or 50 to 60 work~days
per month and up to 70 work=-days in the peak month, It was assumed thet
the labour demand beyond 70 work-days per month would be met by hired
labour at a cost of #2.60 per work-day (See Appendix J-2, Section 2
for the shadow cost of labour).

! - O & M: Includes the variable costs of the irrigation and drainage sys-~

| tems, as estlmated In Appendix J=2, Section 4.

- Contingencles: Estimated at 10 percent of pur-chased inputs and hired

labour e
he principal and the

{ - Loan relmbursement: Covers the repayment of t
5,5 percent

Interest of the revolving fund loan. The interest inouted was
of the pr!nc!pe.:lj based on information provided by the Agricultural Deve=

‘ lopment B.ank_.1
owance s pased on the above mentioned

ily can devote Up to 450 work-days p:a:

- Family allowance: Family all

assumption that the farmer's fam
Because of the responsibility involved, the

risks, etc., the ¢2.60 per day has been
Thus, the family allowance of

to working thelr own land.
management skills required,
increased by 10 percent, to #2.86.

WS

#1,300 was ontalned by multiplying ¢2.86 by 450.

te of 11 percent p:acy

'V The ADB normally grants loans to farmers at a ra
The agricultural plan

which Includes Interest and various other charges-
ix months (one crop season).

envisages an average borrowing period of s
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