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Executive Summary
 

Sub-Saharan African irrigation is receiving dramatically
 
increased attention with the recent advent of severe droughts,
 
a deepening food crisis, and increasing population growth.
 
Indeed, both African governments and donors are taking a close
 
look at irrigation as one of the viable solutions to the food
 
crisis and the droughts.
 

Where surface water supplies are inadequate for irrigated
 
agriculture, water pumping is necessary, and this requires
 
energy. There are several different energy sources which may
 
be harnessed to power the pumps -- although up to now the
 
overwhelming choice of irrigation project designers has been
 
diesel fuel, or electricity where available for the larger
 
pumps. These are currently the most economic energy sources,
 
although at specific sites this may not be the case. Most
 
project designers and personnel have failed to implement
 
experiments with alternative energy sources at the specific
 
project sites. They need to explain in greater detail the
 
rationale for their energy source selection, and either the
 
results of their site specific experiments, or their reasons
 
for not doing them. Furthermore, evaluation teams have often
 
failed to sufficiently document the problems of these
 
irrigation projects' water pumping components, which has made
 
it very difficult for African irrigation project designers to
 
learn from the experiences of these past projects.
 

The most serious problems encountered by .frican irrigation
 
projects' water pumping components, based upon the case studies
 
in this report, are:
 

a). Fluctuating levels of watsr sources, and the lack of 
appropriate technology to deal with them. 

b). Deficient fuel system design, well construction, and
 
inappropriate pump and engine selection.
 

c). Difficulties in the procurement and storage of the
 
water pumps and related inputs, including fuel and spare parts.
 

d). The lack of trained personnel -- particularly diesel
 
engine mechanics and competent administrators.
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WATER PUMPING FOR IRRIGATION IN AFRICA:
 
AN ANALYSIS OF PROJECT PROBLEMS AND ENERGY OPTIONS
 

Introduction
 

Sub-Saharan Africa is suffering from a "food crisis". Food
 
production increased by an average annual rate of only 1.5% for
 
the 1970's, down from 2.0% for the 1960's. Population,

however, increased by an average anpual rate of 2.7% in the
 
1970's, up from 2.5% in the 1960's.1 Thus, per capita food
 
production has been de:lining for the region. Indeed, from
 
1970 to 1979 population was growing faster than agriculture in
 
20 of 31 African countries for which data was available.L
 

The agricultural export sector has also been deteriorating

for Sub-Saharan Africa. In the last two decades African
 
k.ricultural exports have had zero growth in terms of volume,
 
and have grown at only 1.8% a year in terms of value (constant
 
prices) as modest ains in the 1960's were offset by equal


3
losses in the 1970 s.
 World trade in those commodities
 
which Africa exports, however, have grown 4t an average annual
 
rate of 1.8% in volume, and 3.3% in value.
 

Conversely, Sub-Saharan Africa is importing larger amounts
 
of food, and receiving more food aid from a variety of
 
sources. Imports of cereals have grown at an average annual
 
rate of over 9.0% for the last 20 years, and that rate has been
 

5
increasing. Food aid for Africa almost doubled from 800,000
 
tons year in the mid 1970's to about 1.5 million tons in
 
1980.g
 

Some African nations are starting to exhaust their supply

of arable land. Nigeria, Rwanda, and 'Kenyaare all facing such
 
a "neo-Malthusian" situation, while many other African nations
 
- with population growth rates of between 3.0% and 4.0% 
- are
 
heading in that direction. 7 Furthermore, population pressure
 
on a country's arable land tends to result in poor agricultural

practices, such as over cultivation, which in turn leads to
 
soil fertility problems, desertification, and soil erosion.8
 
These factors, along with unpredictable rainfall and drought,
 
are all contributing to the deterioration of Africa's arable
 
lands.
 

The majority of Sub-Saharan African nations are facing
 
declining per capita food production, agricultural exports, and
 
foreign exchange reserves. Governments in these nations, along

with international and national donor organizations, are
 
examining alternative solutions to this regional agricultural
 
crisis.
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One of the possible solutions for many of these nations is
 
irrigation, which up to now has only had a token role in
 
African agriculture. Indeed, only 1.6% of world irrigation is
 
located in Sub-Saharan Africa (see Figure 1). The food crisis,
 
population pressure, and severe droughts have all dramatically
 
increased interest in Sub-Saharan African irrigation.9
 

Gravity-fed irrigation from surface water sources is the
 
most economic method, but surface water supplies are often not
 
available.1 0 Therefore, it is necessary for policy makers to
 
examine the economics of pumping ground water for use in
 
irrigation. The energy used for this method is far greater
 
than for gravity fed irrigation, and it therefore has much
 
higher costs.
 

Different energy sources, however, are available for
 
irrigation pumping and each should be examined for their
 
economic feasibility, and their suitability to Sub-Saharan
 
African conditions. Such an examination, however, must be site
 
specific, and is beyond the scope of this report.
 

The goal of this report is to examine eight AID African
 
irrigation projects and analyze their pumping components. It
 
will first examine the general advantages, disadvantages, and
 
African resource potential of alternative energy sources which
 
may be used for irrigation pumping. It will then review the
 
specific projects to determine:
 

a). if any alternative energy sources were considered
 
for driving the water pumps, and;
 

b). if any of the various energy options were actually
 
tested at the project site
 

It will also review the different problems each projects' water
 
pumping component encountered, according to the project
 
evaluations, and some of the solutions which were proposed to
 
deal with them. Finally, this paper will examine the lessons
 
to be learned from these projects' water pumping experiences.

Abstracts of the plans for each project are located in Annex I.
 

http:available.10
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Figure 1. Sub-Saharan African Irrigated Perimeters - 1981
 

Thousands of Hectares % of World Irrigation
 

World 2122860
 
Asia 134,179 63.0%
 
Sub-Saharan Africa 3,464 1.6%
 

Benin 20
 
Botswana 3
 
Burundi 5
 
Cameroon 10
 
Cape Verde 2
 
Chad 4
 
Ethiopia 60
 
Gambia 32
 
Ghana 23
 
Guinea 13
 
Ivory Coast 27
 
Kenya 48
 
Liberia 4
 
Madagascar 480
 
Malawi 11
 
Mali 115
 
Mauritania 9
 
Mauritius 16
 
Mozambique 68
 
Namibia 8
 
Niger 36
 
Nigeria 30
 
Reunion 5
 
Rwanda 3
 
Senegal 180
 
Sierra Leone 7
 
Somalia 165
 
Sudan 1,850
 
Swaziland 30
 
Tanzania 66
 
Togo 10
 
Uganda 5
 
Upper Volta 6
 
Zaire 7
 
Zambia 6
 
Zimbabwe 100
 

Source: F.A.0. Production Yearbook 1982 p. 57
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Alternative Methods for Irrigation Pumping in Africa:
 
Advantages, and Disadvantages
 

The following is a discussion of alternative methods for
 
irrigation pumping in Africa, which includes a brief assessment
 
of their advantages, disadvantages, and Africa's resource
 
potential for their various energy sources
 

The information contained in the following discussions of
 
"advantages" and "disadvantages" of the various energy sources
 
is based on the following sources:
 

Halcrow, Sir William and Partners. Small-Scale Solar-Powered
 
Irrigation Pu ystems Technical and Economic Review.
 
London, England:---Termediate Tec-ology Development Group
 
Ltd.; September 1981. (Executed by the World Bank) (p. 13)
 

Smerdon, E.T.; Hiler, E.A. En__ in Irrigation in Developing
 
Countries. Washington, D.C.:A.I.D.;December 198U. (A.I.D.
 
Report PN-AAJ-628 a.) (p. 49-52, 59-60)
 

Food and Agricultural Organization. Energy for World
 
Agriculture. Rome, Italy.: 1978 (p. 10-15)
 

1). Petroleum/Diesei Motors.
 

For information on proven oil reserves in Sub-Saharan
 
Africa refer to Figure 2.
 

Advantages. This is a widely available and well
 
developed technology which can produce high energy output on
 
demand. Small diesel engines are portable, and have low
 
initial capital investment costs per unit of output. They are
 
also generally considered to be the most economic method for
 
driving small water pumps.
 

Disadvantages. Petrolei~m/diesel fuel is a finite
 
resource which is expensive. The small diesel and petzol
 
engines have relatively short lives and suffer frequent
 
breakdowns. They are difficult to maincain, and require spare
 
parts and fuel which most Sub-Saharan African nations must
 
import with precious foreign exchange.
 



Estimated oil production 

Pio.,en ,e.rpe-. (thousands of barrels a day) 

Country (billionis of harrels) 1977 1978 1979 1980 

Angola 1,200 	 171 147 144 150 
- 12 34 57Cameroon 200 

Congo Republic 660 34 47 53 56 
145GCbon 450 	 223 210 196 

- - 2Ghana 6 	 -

Ivory Coast 50 - - - 3 

Nigeria 16,700 2,079 1,905 2,301 2,100 

Zaire 130 23. 18 21 22 

Total 19,396 2,530 2,339 2,749 2,535 

a. As of January 1, 1981.
 
Sources. Oil and Gas Io'r'i.l and oth.r petroleum industry sources.
 

Figure 2 ProvenSub-Saharan African Oil Reserves
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2). Human Labor
 

Advantages. Many African nations have a large number
 
of unemployed an under employed laborers. These laborers
 
could be flexibly deployed at a low investment cost.
 

Disadvantages. For some African nations, however,
 
there may not be that much surplus labor, and the opportunity
 
cost of hiring labor may be significavc. Furthermore, laborers
 
can only pump a very low level of water - "one person can only
 
pump enough water to irrigate at most one-half hectaTe when the
 
lift is not more than two meters. One liter of diesel fuel can
 
pump about as much water as one man working for 5 days or an ox
 
working one day."ll
 

3). Draught Animals
 

Advantages. Its an available energy source for many
 
African nations with a medium investment cost, and it is a
 
power source which can be flexibly deplored.
 

Disadvantages. Animals entail a high feeding cost,
 
requiring extra food production, and can only pump limited
 
amounts of water. Furthermore, trypanosomiasis has virtually
 
precluded the use of one-third of the African continent for
 
many draught animals.1 2 "Poor nutrition, lack of dry season
 
fodder, disease, and high mortality rates" are all problems
 
which have plagued African animal traction programs in recent
 
years 
.1
 

4). Centralized Rural Electrification
 

Advantages. Once the transmission lines are installed,
 
the farmer's can purchase the electric pumps for a relatively
 
low investment cost. Electric pumps are both reliable and
 
efficient, assuming the supply of electricity is steady. It is
 
considered to be the most economic and efficient energy source
 
for driving large pumps.
 

Disadvantages. There is a high system investment
 
cost. Generating and distribution costs may also be high,
 
depending on the energy source. A sparse consumer population
 
and high fluctuation in demand often raise the cost of rural
 
electric systems in Sub-Saharan Africa. Finally, extended
 
power failures could cause widespread damage to crops.
 

http:animals.12
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5). Hydropower
 

Potential in Africa. Hydropower potential in Africa is
 
estimated to be 223 gigawat, and only 2% of this potential
 
has been exploited to date. The potential for small-scale
 
hydroelectric power has only been touched, and could benefit
 
from closer engineering and economic analysis. Indeed, it is
 
estimated that Zaire has over 1,000 suitable sites for
 
small-scale hydropower.1 5 Most countries in Sub-Saharan
 
Africa, however have simply not investigated their hydropower
 
potentials. One of the first small-scale hydropower projects
 
ever attempted in Africa - th Yandohun project in Liberia ­
was only implemented in 1980. 1 6 The National Rural Electric
 
Cooperative Association (NRECA), through a AID contract, in
 
currently conducting resource assessments, feasibility studies,
 
and technical and economic analyses regarding small-scale
 
hydropower in Sub-Saharan Africa.
 

Advantages. Hydropower is a long life, low
 
maintenance, pollution free and fuel free power source if
 
proper site conditions are available.
 

Disadvantages. High initial construction costs and
 
relatively rare site conditions limit potential benefits.
 
Damming the water may have negative environmental effects, and
 
may cause rapid silting and back water sedimentation.
 

6). Biomass
 

Potential in Africa. A small number of African
 
countries with surplus production of molasses or sugar can
 
consider the substitution of alcohol for gasoline. These
 
countries include Kenya, Malawi Mauritius, Sudan, Swaziland,
 
Tanzania, Zambia and Zimbabwe.l
 

There are currently 18 African nations with one or more
 
institutions enjaged in biomass experiments or
 
demonstrations. 8 The Ivory Coast and Botswana are
 
constructing cattle dung digesters while Uganda is
 
experimenting with fruit residues. 19 South Africa is
 
implementing a program of biomass irrigation pumps with
 
disappointing results to date. 20 A recent field assessment
 
of renewable energy technologies in Africa by the AID Africa
 
Bureau found that the biomass powered water pumps that they
 
observed were all prototypes in the experimentation stage. It
 
concluded that "anaerobic digesters . . . may hold promise for
 
the provision of power for irrigation pumping," but that they
 

''
 were "inherently complex and capital intensive. 21 Biomass
 
technologies require further experimentation and development
 
before their potential role in African irrigation pumping can
 
be properly assessed.
 

http:hydropower.15
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Advantages. Biomass allows small engines to operate in
 
rural areas without dependence on petroleum. It is a renewable
 
energy source which can produce fertilizer as a by product.
 
The waste can also be reprocessed into cattle feed, which
 
solves many problems of waste disposal and of related
 
environmental pollution. The technologies of gasification and
 
methane production in particular are suitable for developing
 
countries. Indeed, the Phillipines, India, China, and other
 
nations have used them for years.
 

Disadvantages. Biomass fuels are generally low grade,
 
and their impact on engines is largely unknown. Large scale
 
collection of agricultural and animal waste can be costly. The
 
digester requires high inputs of labor and water, and has a
 
high investment cost. The storage of bJ.omass material can be
 
expensive, and provision must be made for spare parts and
 
maintenance. Some of the biomass technologies, such as plant
 
seed oils hold a lot of promise, but are in early stages of
 
development. Fuel from grains, or other food crops has a very
 
high opportunity cost, and the impact of biomass energy
 
programs on food prices and availability must be carefully
 
evaluated for the many arid, food-deficient countries of
 
Sub-Saharan Africa.
 

7). Solar Power
 

For information on African solar resources refer to
 
Figures 3 and 4.
 

Advantages. The sun is almost always available in
 
areas where irrigation is needed. Furthermore, there is a
 
natural correlation between energy availability and irrigation
 
needs because solar radiation dries the soil, and hence the
 
less energy the sun puts out, the more moisture the soil
 
retains. Photovoltaic (PV) cells have long life and low
 
maintenance when properly installed and supported. Solar
 
energy is renewable, non-polluting, safe, and free of fuel
 
costs.
 

Disadvantages. There are technical difficulties in
 
using it on a large scale -- conversion and collection
 
techniques must be improved to reduce the size of the cells.
 
Furthermore, solar PV cells have serious limits on their energy
 
output, and are often only strong enough to serve as a
 
complimentary source of energy. It is an immature and complex
 
technology with extremely high investment costs.
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8). Wind Energy
 

Potential in Africa. Wind energy resources in Africa
 
have not been carefully measured. Large areas have no data
 
measuring systems at all. The most common device that does
 
exist in Africa, the counter cup totalizer, can provide only a
 
rough indication of the wind energy potential as it records the
 
mean speed--which can be difficult to correlate to available
 
energy. Still, a number of areas have been identified as
 
potential regions of good wind power availability, including
 
the Senegal/Mauritania coasts and nearby islands, the northern
 
part of the the Sahelian region of West Africa, the Rift
 
Valley/Lakes region of East Africa, the coastal areas of East
 
Africa, and parts of South Africa. Other regions may also have
 
wind potential but have not been properly surveyed. Much of
 
the interior of the continent has fairly low winds.
 

(Excerpted from "Wind Energy Activities in Africa" by Alan
 
Wyatt and Sam Baldwin 1982 p. 2-4.)
 

For more information on Africa's wind resources refer to
 
Figure 5.
 

Advantages. Wind is a non-polluting energy source
 
which has traditionally been used for pumping water in
 
isolated, rural areas. Wind-powered water pumping is a mature
 
technology with low maintenance and zero fuel costs.
 
Wind-powered pumps are durable, reliable, and simple to
 
operate. Wind conversion technology and spare parts ca. both
 
be built in Africa - Kenya, Zimbabwe, and Tanzania all
 
currently manufacture windmills .4
 

Disadvantages. Variations in energy output are
 
significant according to the duration and force of the wind.
 
Storage of electricity to compensate for this variation is
 
expensive. Wind energy, like solar energy, has only the
 
strength to be a complimentary energy source in many situations
 
- depending on the sign of land to be irrigated, the meters of
 
lift required for pumping, etc. Finally, windmills have high
 
initial capital investment costs.
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Reviews of eight AID African Irrigation
 
Projects and Their Pumping Components
 

The following reviews of selected A.I.D. irrigation
 
projects' pumping components are based upon examinations of the
 
of the microfiche project files in AFR/PD/IPS -- Room 2485 NS.
 
They are also based upon documents gathered from the microfiche
 
project files of PPC/CDIE/DI -- Room 3659 NS.
 

The projects to be reviewed are:
 

1). 650-0026 Wadi Halfa Community Development - Sudan
 

Subproject 2. Youth Training
 
Subproject 3. Irrigation
 

2). 688-0226 SONADER/Africare Small Irrigated
 
Perimeters - Mauritania
 

3). 664-0312.3 Small Holder Irrigation - Tunisia
 

4). 655-0003 Tarrafal Water Resources - Cape Verde
 

5). 608-0127 Doukkala Irrigation - Morocco
 

6). 685-0208 Bakel Crop Production - Senegal.
 

7). 688-0213 Action Ble - Mali
 

8). 688-0206 Action Riz-Sorgho - Mali
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650-0026 Sudan - Wadi Halfa Community Development
 

Project 650-0026 used pumps, but did not specify which type
 
of pumps, nor what energy source they used.
 

One of the problems of the Wadi Halfa project's pumping
 
component was the fluctuating level of its water source--Lake
 
Nasser. The level of the lake is controlled by the operation
 
of the Aswan dam, and the lake level is often very low.
 
Indeed, in 1981 an (IVS) International Voluntary Services
 
agronomist started a 5-feddan experimental irrigated farm for
 
local youth training, but it had to be abandoned because the
 
lake had receeded too far for the pumps to effectively draw
 
water in for irrigation.44 In response, I.V.S. is providing
 
a suction pump with much greater pumping capacity for the next
 
experimental farm.
 

Another problem encountered was with the design of the
 
boreholes . Preliminary studies by the Sudanese government had
 
asserted that no casings would be necessary because the lake
 
was in direct contact with sandstone.25 The preliminary

analysis was incorrect, and resulted in a delay for subproject
 
3, the inland irrigation scheme. 2
 

The project is still active, though AID's final year of
 
funding was FY81. Total AID funding to the Wadi Halfa project
 
amounted to $518,000. Only 2 of 5 subprojects, however, had
 
irrigation components - subproject 2, youth training on the
 
experimental irrigated farm, and subproject 3, the inland
 
irrigation scheme.
 

It was planned that a windmill powered pump would be used
 
for at least Qe of the five boreholes to be drilled for
 
subproject 3.0 This was to be done to test the efficiency

of windmill powered pumps in the Wadi Halfa area but no
-

mention was made of it in the project evaluations. No economic
 
analysis was available in the project file.
 

http:sandstone.25
http:irrigation.44
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682-0226 Mauritania - Small Irrigated Perimeters 

Project 6820226 used SLENZI motor Rumps, which were found
 
to be unadaptable to the environment. 28 The pumps suffered
 
from serious and frequent breakdowns, and the pump batteries
 
were often deficient.

29
 

The pumping component of 682-0226 had many serious problems
 
which negatively affected the entire project. There was not a
 
sufficient s tem for stocking spare parts and providing needed
 
maintenance. An Africare technical advisor attempted to
 
teach SONADER mechanics and pump operators through on-the-job
 
training and technical advice, with little emphasis on formal
 
training. The training was insufficient, however, which
 
contributed t the project's record of poor pump

maintenance.
 

There are currently not enough irrigated perimeters in the
 
Gouraye sector to support a private supplier and mechanic who
 
could service the pumps. 2 If more perimeters are
 
constructed in this sector, however such a private venture
 
could become economically feasible.3
 

The fluctuation of the Senegal river caused further
 
problems for the project. The pumps used at Gouraye were not
 
floating, and thus when the water level s Fiously declined the
 
pumps could not provide sufficient water.J4 Trenches were
 
dug to alleviate the problem, but the volume of wate 5only
 
permitted the pumps to operate for about 30 minutes.5 In
 
DiaguilyJ plans for iirigation were abandoned because of this
 
problem.3 u In order for some of the abandoned perimeters to
 
have been irrigated more than 150 meters of extra piping would
 
have been required, and it was not available. 3 7
 

The unreliability of the pumps slowed down the adoption
 
rate of new technology by the farmers. Indeed, pumping

problems 3were8 the major cause of hesitation among the

farmers.
 

The project had to be extended 9 months to address
 
deficiencies in the prgisions of spare parts, equipment, and
 
maintenance for pumps.
 

The project's funding was finally terminated after $457,000
 
had been invested by AID.4 0
 

No alternative energy sources for the water pumping
 
component appear to have been considered.
 

http:available.37
http:water.J4
http:deficient.29
http:environment.28
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664-312.3 Tunisia Small Holder Irrigation
 

Project 664-0312.3 is using Johnson degp-well electric
 
pumps for the three irrigation perimeters.'+ . In addition,
 
323 existing shallow wells and 17 ne 2 ones are being equipped


2 .
with diesel or electric driven pumps
 

The civil works for the perimeters were almost complete at
 
the time of the evaluation in March 1983, but the Johnson pumps
 

.
were not yet installed4 This delay occurred because
 
Tunisian customs failed to clear the Johnson pumps until
 
Januuy 1983, even though they arrived in Tunis in April

1982 . Thus, customs clearance was cited in the evaluation
 
as one of the main implementation problems for the irrigated
 
perimeters.
 

Another problem encountered with the pumping component of
 
this project was the lack of training among the farmers,
 
technicians, and personnel of supporting government agencies.

The evaluation noted that "the in-country time spent on
 
individual consultant assignments was tog short and
 
co-ordination was apparently inadequate"4 5. Thus, the
 
expatriate technical consultants should have more contact with
 
the Tunisians.
 

Furthermore, when some of the Tunisian technicians were
 
flown to the U.S. they observed irrigation practices, but were
 

.
not trained4 6 Such training trips should be specifically

designed as an intensive and practical short course covering

irrigation problems "such as pump operation and maintenance. 4 7
 

The evaluation noted that the perimeters appeared to lack a 
detailed operational and manage gnt program relating to, among
other things, pump maintenance. . It recommended that such 
programs be created. 

The project is still active, with A.I.D. contributing

$4,400,000 in loans and $400,000 in grants to the Tunisian
 
government4 9 .
 

No alternative energy sources appear to have been
 
considered for the pumping component of this irrigation project.
 

No economic analysis of the costs and benefits of
 
alternative irrigation approaches was done for 664-0312.3. But
 
this was because no systematic data was being collected. The
 
evaluation team recommended "that a systematic program of data
 
collection and analysis to appraise costs and benefits from
 
alternative investments in irrigation systems "should be
 

.
established.50
 

http:established.50
http:maintenance.47
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655-0003 Cape Verde -Tarrafal:
 
Irrigation Investigations and Training
 

The Tarrafal irrigation project was concerned with
 
investigation and training, rather than the construction of
 
actual perimeters. Nevertheless, there was a brief examination
 
of the role of water pumping and wells.
 

The mid-term special evaluation of project 655-0003
 
,recommended that the government of Cape Verde (GOV) should be
 
certain to train field technicians on the operation and
 
maintenance of diesel and electrical pumps
 

Furthermore, the report asserts that the GOCV should
 
carefully observe the drilled test wells to determine where
 
reliable levels of sustained pumping can be established without
 
aquifer deterioration (i.e. without draining the water
 
table.)

5 2
 

Concerning construction of the wells and the installation
 
of the pumps, the report recognizes that flooding could be a
 
problem. It asserts that the new masonry walls built around
 
some of the wells are too low to protect against flooding, and
 
recommends that the wells themselve5 be raised - especially if
 
turbine pumps are to be installed. 1
 

The evaluation also recommends that the masonry caps should
 
be removed from the wells, and that steel caps should be put in
 
their place to make the wells more secure.54
 

The project funding was completed in FY 1983 after a total
 
investment of $3,217,000.55
 

The project evaluation team recommended that a windmill be
 
installed to determine if it could effectively pumps
 
water.5 6 . No such determination, however, was written into
 
the final project report.
 

No economic analysis was done in either the project
 
evaluation summary (mid-term special. evaluation) or the final
 
project report. However, economic studies of both "traditional
 
and alternative irrigation systems in terms of efficiency.
 
water use, operation and maintenance costs, and management

"were done.P
 

http:water.56
http:3,217,000.55
http:secure.54
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608-0127 Morocco - Doukkala Sprinkler Irrigation.
 

Project 608-0127 will consist of 4 pumping stations, each
 
driven by electric motors. 58 . Each station will be fitted
 
with underground conduits and hydrants. The 4 sectors of the
 
Doukkala area, totaling 15,400 hectares, will be irrigated by a
 
large sprinkler system.
 

The project was delayed for a few months because the low
 
bidder defaulted on the delivery contract for sprinkler heads,
 
which in turn required a new contract to be negotiated with the
 
second lowest bidder.5 9 .
 

The most serious implementation delays, however, were in 
the "Americianizig" of the project materials and designs. The 
project engineering components were originally designed and 
specified by a French engineering firm (SCET) .- However, when 
A.I.D. contracting and equipment became involved, major
 

.
modifications were required. The evaluation team
 
concluded that" where AID funds and U.S. equipment are
 
involved, U.S. engineering and contracting Goncepts should be
 
involved from the earliest possible moment. %1.
 

The Doukkala project is continuing as planned. AID has
 
contributed $13,000,000 to the total project costs of
 
$94,000,000.62. No economic analysis was performed in the
 
evaluation, and no alternative energy sources for the pumps
 
were mentioned.
 

685-0208 Senegal - Bakel Irrigated Perimeters
 

Lister HR-2 (2 cylinder) and HR-3 (3 cylinder) diesel
 
engines were used exclusively throughout the Bakel irrigation

project. 63. However, there were different types of pumps
 
used with these engines, and with different results. The
 
evaluation team found the 5 Marlo pumps to be both inefficient
 
and unreliable, and advised that they "be retired from
 
service". 64 Conversely, they found the Deloule pgmp used
 
with the HR-3 engines to be the best combination. 5 50
 
pumping plants using various combinations of Lister engines and
 
pumps ere operating at the time of the evaluation in January
 
1982.6 These plants were installed on small fiberglass and
 
metal rafts to draw water from either the Senegal river, or
 
from swamps.
 

http:service".64
http:94,000,000.62
http:bidder.59
http:motors.58
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There were serious problems encountered with the floating
 
pumps stations, despite the assertion in the project paper that
 
such set-uns had "been tested for two years in the Bakel area
 
and (were) operating satisfactorily."6 7 Indeed, the existing
 
float systems were found to be grossly inadequate,: and reports
 
indicated that four to five floats per year were tipping over
 

68

and drowning the engines.


Another problem with the floats was that most were listing
 
at various angles. This was damaging the diesel engines by
 
adversely affecting their lub *cating systems and loading the
 
shafts anJ bearings unevenly.94 The evaluation team
 
estimated that inadequate floats were" responsible for
 
increasing maintenance and repairs by at least 25% project
 
wise, and at the same time reducing engine life by a like
 
amount."' 0
 

The report observes that the floats "are" breaking up
 
because of the small support area for the pump, the vibration
 

'71

of the engine, and collision with floating debris." It
 
recommends the use of wider timbers to better support the
 
weight of the pump, heavier plywood put together with marine
 
glue to frame the fiberglass," d rubber mounting pads to help
 
absorb the shock of the engine.
 

The fueling systems are also a problem area for the
 
project. Fuel is currently brought in 200 liter drums brought
 
by boat or truck. The fuel is poured in open buckets and
 
carried to the floats, resulting
 
in considerable contamination with dirt and water. According
 
to evaluation team estimates," a 25% reduction in engine life
 

''
 and a 25% increase in maintenance costs. 7 The evaluation
 
recommends that 2000 liter storage tanks should be built for
 
each pumping plant to "PQvide a safety margin against fuel
 

"
 delivzry interruptions. /4 Furthermore, either closed
 
containers or hoses should be used to carry the fuel to the
 
engines.75
 

The evaluation reports that the pumping plants maintenance
 
programs were casual at best",7 Indeed, the project
 
mechanics were overburdened by nor repairs and problems
 
caused by improper maintenance.T' The SAED (Senegalese
 
Ministry of Agriculture) chief mechanic was very capable, but
 
he had both insufficient help and tools to keep up with pumping
 
maintenance and repair for the project. 78 The report
 
concludes that the farmer operators and SAED mechanics must be
 
trained about "routine preventative maintenance practices,
 
minor repairs and service; record keeping; plus principles of
 
diesel engines, centrifugal pumps, and water lifting.7
 

http:project.78
http:engines.75
http:unevenly.94
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The Pg8 Ject has been active since FY 77 at a total cost
°
 $7,2092000.
 

Alternative energy sources for water pumping were to be
 
tested under this project. Indeed, AID and the Government of
 
France each funded $625,000 to firms in their countries ­
Thermo-Electron and SOFRETES respectively - to construct a
 
solar thermal pump facility.8 1 It was to replace diesel
 
pumps on one of the perimeters as an experiment.
 

The evaluation team, however, found many problems with the
 
solar facility. Its potential to irrigate land is considered
 
to be about the same as a standard floating 2-cylinder diesel
 
pumping plant. 8 2 The solar facility is materials intensive,
 
requiring large amounts of glass, aluminum, and copy, and thus
 
its cos "tends to rise as fast or faster than energy


8 3
costs.'b Furthermore, the facility will be expensive to
 
operate in terms of: "salaries and expenses for expatriate

technicians; cleaning, repair, and maintenance of the
 

'84
collectors; and maintenance of the machinery. They

recommended that he solar thermal facility be terminated as
 
soon as possible.85 Four months after the evaluation was
 
published Thermo Electron wrote a project status report. The
 
report no d that the solar station was 33 months behind
 

o°
 schedule.
 

Furthermore, it noted that when the current estimated
 
completion cost was added to past expendi res the total
 
unplanned cost overrun would be $737,002.9 !
 

688-0213 Mali - Action Ble
 

The Action Ble project using low head 4HP diesel engines
 
with a lift of 5-15 meters. The pumps are expected to
 
irrigate 4 hectares a piece, with one farmer per hectare.8 9
 

The project has had many serious problems in its brief
 
history. Indeed, AID suspended project funding in 1981 due to
 
serious administrative deficiencies in the Action Ble
 
organization. 9 The parastatal or9anizatioi was supposed to
 
establish a revolving credit fund to provide participating

farmers with credit for financing the purchase of irrigation


91
pumps." The money that was supposed to be put into the
 
fund, however, was spent on operating expenses contrary to the
 
project agreement. 92
 

http:hectare.89
http:possible.85
http:plant.82
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The organization, without mission approval, "shipped 425
 
pumps from secure storage in Bamako, the capital of Mali, to
 
the project site at Dire. 93 277 pumps were found by an
 
auditing team lying in an open field without adequate security
 
or storage--several were damaged by weather.
 

Adtion Ble has not formulated a policy on the issue of
 
delinquent borrowers, nor have they determined what to charge
 
farmers for pumps and fuel. 9 5 Action Ble was negligent in
 
providing necessary inputs, such as diesel fuel, and "farmers
 
(have) in turn lost confidence" in the organization.96 AID
 
funds were suspended until all these administrative policies
 
were resolved.
 

In April 1982 W. DeRafols, a consultant, wrote an economic
 
analysis of Action Ble. He listed a series of major project
 
constraints, of which the following had a negative impact on
 
the pumping component: 97
 

1) The lack of roads to the project site at Dire makes
 
transportation of diesel fuel supplies, spare parts, and
 
other pumping inputs very difficult.
 

2) Even if the inputs could be easily transported, Action
 
BI.G lacks proper storage facilities for them. A pumping
 
sta-ion for fuel needs to be constructed.
 

3) The farmers need mechanics to service the pumps.
 
Action Ble currently has an insufficient number.
 

4) Assigning only one pump to 4 farmers creates arguments
 
and other complications.
 

5) The farmers need to be trained more about the skills of
 
irrigation. The untrained farmers tend to pump excess
 
water, wasti A and raising operation costs.
ng f'isl 


6) The lack of a proper agricultural credit program
 
prevents most farmers from purchasing inputs in advance,
 
mainly fuel. This is a long standing problem with Action
 
Ble.
 

DeRafols concluded that, in light of these and other
 
constraints, "most of the farmers do not have a positive
 
return" in project Action Ble. 98
 

http:organization.96
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The project is on-going, with a total projected cost of
 
$2,066,000.
 

Animal power, in the form of "flow pumps", (See Figure 6)
 
was to be tested as an alternative energy source for pumping in
 
this project.9 9 Furthermore, both solar pumps and animal
 
pumps We economically assessed in comparison to diesel
 
pumps. But these alternative pumps appear to have been
 
ignored in the post project paper documentation.
 

688-0206 Mali - Action Riz-Sorgho
 

Action Riz-Sorgho's design team initially rejected the use
 
of small motor pumps for the project (project paper appendix

A). They believed that insubmersible dikes would be the key to
 
both assuring and increasing rice production. An AID
 
evaluation in April 1981 asserted that this approach was
 
"inherently wrong" and that the design team had a "lack of
 
understanding of farming practices and exigencies in the Niger
 
River corridor".101
 

The Action Riz-Sorgho (ARS) staff has been handling the
 
pumps they do have very poorly. The evaluation reports that
 
over half of the ARS motor pumps are lying idle and
 
non-operati nal," and the "supply rooms (are) in
 

''
 disarray. 1u 2 Furthermore, ARS staff are "(failing) tQ^^
 
respond to farmers requests for ... pumping services. 3
 

The ARS project staff and management, the evaluation
 
concludes, are neither "technically trained (nor) focus 
 4
 
enough to meet the needs of the agricultural situation. L4
 
The projects personnel fail "to give priority to technical
 
needs - engineering and logistics are geneglly downgraded


5
within the projects managerial framework.I
 

There was also a problem with the ARS personnels' attitudes
 
and communications regarding the farmers. Many farm villagers,
 
despite the presence of a ARS extension agent in 8eir village,

did not even know pumping services were offered.iV ARS
 
staff often 'stated the need to 'oblige' or even force farmers
 

10 7
 to follow ARS instruction.'"


The ARS office at Tacherane, which in principle was
 
supposed to serve approximmely 500 farmers, had only two 6HP
 
pumps, and one was broken.1 The ARS office at Gargouna had
 
three 4-5HP pumps, but only one was rented out, because one was
 
broken, and the other one was "too heavy to move."1 09
 

http:project.99
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The evaluation recommends that the Action Rig-Tugho
 
administration should be "revamped and redefined". They
 
assert that local cooperative stores, as opposed to the ARS
 
staff, should handle the pumps and related equipment. I1 l The
 
increased use of diesel-fueled water pumps in encouraged to
 
decrease the risk and increase the leld and income of farmers
 
participating in Action Riz-Sorgho.
 

The project is still active, with a projected total cost of
 
$4,285,000.i3
 

An animal-driven "flow pump" was scheduled to be tested in
 
this project as an alternative to the motor pumps. The
 
evaluation team, however, observed that ARS personnel were
 
unable "to install or to conduct a test program" on an
 

"I 14
'
 animal-powered flow pump. Furthermore, an ox-drawn water
 
lifting device, the Noria (See Figure 7), was supposed to be
 
tested for irrigation potential. At the time of the April 1981
 
evaluation, however, the Noria had not been tested. I1 5
 

http:tested.I1
http:equipment.I1
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Conclusions
 

1). Africa has great wind, solar, biomass, and hydropower
 
resources. Site specific experiments, however, are necessary

to determine their technical and economic feasibility for
 
driving water pumps. Conversely, Sub-Saharan Africa has few
 
proven reserves of oil.
 

2). rfne price of oil, a finite resource, will Inevitably

rise as it becomes more scarce. The price of renewable energy

technologies, however, will start to fall as demand for them
 
increases and as they are developed over time.
 

3). irrigation water pumping will be necessary for arid
 
and semi-arid areas where -urface water supplies are
 
inadequate. Furthermore, as oil prices increase, alternative
 
energy sources will have to be harnessed for the purpose of
 
water pumping.
 

4). AID has had relativel.y few irrigation projects 
in Sub-Saharan Africa. Those that have been implemented have 
had many serious problems with, among other things, their wreter 
pumping components. These problems for six Sub--S!haran and 1wo 
North African AID irrigation projects .e summaLzed at the snd 
of this section. 

5). AID has almost exclusively used diesel and gasoline

driven water pumps for their African irri,-ation projects.

Furthermore, they have rarely experimented with pumaps drivea by
alternative fuels. As Figure 8 illustrates, only five of eight
irrigation projects reviewed appear to have coridered such
 
experiments*--and none of the experiments have -ctually been
 
implemented.
 

*This determination is based upon examination of the eight
 
project's files--mainly project papers and evaluations--hence
 
energy alternatives may have indeed been considered for all.
 
No results for such experiments, however, were reported in the
 
evaluations.
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Figure 8
 

-PROJECTS THAT EXAMINED ALTERNATIVE
 
E -E-YSOURCES FOR IRRIGATION PUMPING
 

ConsideLed Initiated Completed 
Experiment Experiment Experiment 

650-0026 Windmill ...... 

688-0226 


664-0312.3 --­

655-,0003 Windmill
 

608-0127 ---.
 

685-0208 Solar Thermal Construction is Termination of
 
Pumping faci 33 months behind experiment has
 
!ity schedule/cost been recommended
 

overruns a
 
serious problem
 

688-0213 Flow-pump
 
(see fig. 6)
 

688-0206 Flow-pump, ...
 
Noria ---.
 

(see fig. 7)
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A. Engineering Problems
 

Wadi Halfa
 

1. Fluctuation of Lake Nasser's water level.
 

2. Engineering feasibility study's incorrect analysis of
 
sandstone boreholes.
 

SONADER/Africare Small Irrigated Perimeter
 

3. SLENZI motor pumps are deficient.
 

4. Fluctuation of Senegal River
 

Tarrafal Water Resources
 

5. Wells were built too low to protect pump engines from
 
flooding
 

6. Masonry well caps insufficient protection, should be
 
replaced by steel caps.
 

Doukkala Irrigation
 

7. The "Americanizing" of French engineering design and
 
specification.
 

Bakel Perimeters
 

8. Inefficient selection and pairing of pumps and engines.
 

9. Deficient float design for water pumping stations.
 

10. Deficient fueling systems for water pumping engines.
 

11. Solar pumping station experiment is too materials
 
intensive, and dependent on expatriate technicians.
 

Action Riz-Sorgho
 

12. Project design team erred in rejecting use of small motor
 
pumps.
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B. 	Administrative/Political Problems
 

SONADER/Africare Small Irrigated Perimeters
 

1. System of stocking spare parts and providing maintenance is
 
insufficient.
 

Tunisia Small-Holder Irrigation
 

2. Customs problems delayed delivery of the Johnson pumps, and
 
the entire project, &r 8 months.
 

3. There was no detailed operational and management program
 

for the project.
 

Doukkala Irrigation
 

4. Project was delayed when low bidder defaulted on contract.
 

Bakel Perimeters
 
5. No detailed maintenance program.
 

Action Ble
 

6. Administrative deficiencies resulted in a suspension of
 
funds. These deficiencies included:
 

a). failure to establish a revolving credit
 
fund for farmers to purchase pumps and inputs.
 

b). commodity abuse, e.g. 277 pumps left lying in a field.
 

c). failure to formulate policies on rates to
 
charge farmers for pump rental and other inputs.
 

7. Logistical problems - very isolated region with no good
 
roads.
 

8. Storage problems - pumping station for fuel, and shelter
 

for pumps.
 

Action Riz-Sorgho
 

9. ARS personnel have failed to care for pumps - half their
 
pumps are non-operational.
 

10. ARS personnel are reported to be unqualified - and they
 
have down graded technical, logistical, and engineering matters
 
in their managerial framework.
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C. Training/Manpower Problems
 

SONADER/Africare Small Irrigated Perimeters.
 

1. On-the-job training and technical advice was insufficient
 
in this project to train the SONADER mechanics.
 

Tunisia Small-Holder Irrigatiou
 

2. Expatriate technical consultants were in Tunisia for too
 
short a time, and they failed to provide sufficient training

for the farmers, technicians, and personnel of Tunisian
 
government agencies.
 

3. Tunisian mechanics were flown to the U.S. where they
 

observed irrigation practices, but were not trained.
 

Tarrafal Water Resources.
 

4. Field technicians need to be trained about the operation

and maintenance of diesel and electric pumps.
 

Bakel Irrigated Perimeters
 

5. Farmer operators and Senegalese Ministry of Agriculture
 
(SAED) mechanics need more training.
 

Action Ble
 

6. More mechanics are needed to service pumps.
 

7. Farmers need to be trained more about the skills of
 
irrigation, as they are pumping excess water and wasting fuel
 
at the present.
 

Action Riz-Sorgho
 

8. The ARS staff was found to have insufficient technical
 
training to meet the projects agricultural needs.
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D. Economic Problems
 

SONADER/Africare Small Irrigated Perimeters
 

1. There were not enough perimeters in the area to support a
 
private mechanic for servicing pumps.
 

Bakel Perimeters (Solar Experiment)
 

2. The solar thermal pumping facility has no hope of ever
 
becoming economically competitive with diesel.
 

E. Social Problems
 

SONADER/Africare Small Irrigated Perimeters
 

1. Farmers came to distrust pumps because of their
 
unreliability.
 

Action Ble
 

2. When each pump was assigned to four farmers it created
 
arguments and other complications.
 

Action Riz-Sorgho
 

3. The ARS staff failed to notify farmers about pumping
 
services which were offered. They also forced farmers to
 
follow ARS instructions, which created hostility among the
 
farmers.
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Recommendations
 

1). A.I.D. African irrigation projects should continue to be
 
designed with diesel-powered water pumps because, for the
 
present time, they are the most economical method of water
 
pumping. However, experimentation with alternative energy
 
sources for water pumping should continue because their price

will continue to fall while the price of gasoline and diesel
 
fuel will inevitably rise.
 

2). Such experiments, however, should be less ambitious and
 
more realistic than some of the previously documented ones.
 
Project Action Ble, for instance, planned to test 105
 
animal-driven flow pumps, and yet no such tests have been
 
documented. Project Action Riz-Sorgho planned to test both
 
flow pumps and an ox-drawn water lifting wheel known as the
 
"Noria." An evaluation team noted that the project personnel
 
were unable to either install or to conduct the tests. More
 
care should be taken in designing experiments to insure their
 
practicality.
 

3). The personnel who conduct such experiments should take
 
more care in documenting their results. In many of the
 
projects that were examined in this report experiments with
 
alternative energy sources for water pumping were considered in
 
the project paper or in other planning documents, but the
 
results of such experiments, or the reasons for their
 
cancellation, were no where to be found. The proposed
 
installations of windmills for driving water pumps in the
 
Tarrafal Water Resources project and the Wadi Halfa Community
 
Development project are two examples. Such experiments were to
 
test the windmills' feasibility at the sites of the two
 
projects, but no mention of such experiments were made in later
 
documentation. It is very important to document the results of
 
such experiments, or the reasons for their rejection, so that
 
future African irrigation project designers may learn and
 
benefit from them.
 

4). The designers of future African irrigation projects should
 
be more explicit about which exact type of water pumping

equipment is being proposed for project use, and the evaluation
 
teams should be more explicit about which types of such
 
equipment are performing satisfactorily, and which are not.
 
Such information is critical for the planning of future African
 
irrigation projects as planners may select, from past
 
documentation,. which pump/engine combinations are optimal and
 
which ones should be avoided. In the Bakel evaluation of
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Janurary 1982, for example, the Lister HR-2 and HR-3 diesel
 
engines and the Deloule pumps are cited as the best combination
 
while the Marlo pumps were found to be the most inefficient and
 
unreliable. In contrast to this well documented and very
 
useful information the Wadi Halfa and Doukkala evaluations did
 
not mention which types of pumpq were being used, and the
 
November 1982 evaluation of the Mauritania Small Irrigated
 
Perimeters project which condemned SLENZI motor pumps for their
 
unreliability did not specify which fuel they used.
 

5). Regarding engineering project problems, and relating to
 
the above recommendation, there must be better technical water
 
pumping information written into project documentation -- from
 
the planning stage to the final project evaluation. Specific
 
areas of concern for engineers involved with African irrigation
 
projects include:
 

a). The problem of fluctuating water levels in rivers and
 
lakes, and the issue of how to best pump water from them. The
 
floating pumping stations of Bakel and Mauritania Small
 
Irrigated Perimeters are one possible solution, but putting
 
pumps on rails which go into the water is another one
 
(mentioned in the Janurary 1982 Bakel evaluation.) Another
 
possible solution is to place the pumps on platforms connected
 
to pulleys and beams which go over the river and are lowered or
 
raised according to need by people on shore (mentioned in the
 
Project Evaluation Summary for Wadi Halfa.) Studies of this
 
problem are currently being undertaken in Africa.
 

b). The problem of conforming with foreign engineering
 
designs and specifications in areas where A.I.D. is entering a
 
project. This is particularly a problem with the French is
 
Francophonic Africa as their engineering designs are radically
 
different.
 

c). Other construction problems such as fuel system
 
design, well construction, and pump and engine selection and
 
installation.
 

6). Regarding administrative and political problems with
 
African irrigation projects, personnel weakness was the mejor
 
constraint. Administrative deficiencies have created critical
 
problems with Projects Action Ble and Action Riz-Sorgho, and
 
have plagued all other projects covered in this report to one
 
degree or another. Specific areas of weakness include the
 
project personnels' failure to properly use project funds or
 
commodities (including pumping equipment and the funds to buy
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them), the failure to establish adequate systems of
 
maintainance and spare parts for the pumps, and the failure to
 
formulate necessary policies on rates to charge farmers for
 
pump rental and other inputs. One of the prime concerns of
 
planners designing African irrigation projects should be to
 
ensure the project is staffed with sufficiently trained
 
personnel. This is also a political problem in the sense that
 
the governments of the African countries where the projects are
 
being implemented share expenses, appoint personnel -- as in
 
the case of Project Action Ble and the Government of Mali -­
and eventually are supposed to assume responsibilitly for the
 
projects. These governments must have the political will and
 
administrative ability to run the projects if they are to
 
succeed.
 

7). Regarding training and manpower problems the most
 
significant one was the general lack of competent diesel pump
 
mechanics, although as noted above there are many manpower
 
weaknesses. A.I.D.'s efforts in these projects to train the
 
farmers, mechanics, and government personnel of the African
 
countries have generally been insufficient to meet projcct
 
needs. Formal and intensive training needs to be emphasized.
 
In the Tunisian irrigation project Tunisian mechanics were
 
flown to the U.S. where they "observed" irrigation practices,

but they recieved no formal training. In the Mauritania Small
 
Irrigated Perimeters project the on-the-job training and
 
technical advice that was offered was again insufficient.
 
Indeed, the unreliability of the pumps and the lack of trained
 
mechanics to deal with them was cited as one of the main
 
problems of the project. In Project Action Ble the failure to
 
properly train the farmers about the "discipline" of irrigation
 
resulted ia poor water and energy management, as both fuel and
 
water were wasted.
 

8). Regarding economic problems with the African irrigation
 
projects the private sector cannot always be counted on to
 
support mechanics, spare parts suppliers, and other necessary
 
investments, especially in the beginning years of the project.

The project must be at a large enough scale to support such
 
investments before the public sector can back away from them.
 
In the Mauritania Small Irrigated Perimeter project there were
 
not enough perimeters to support a private diesel mechanic.
 

9). Regarding social problems, more attention should be paid
 
to the social implications of project plans. Social problems
 
can be a serious constraint to an irrigation project's success,
 
as was the case with Project Action Riz-Sorgho when the ARS
 
personnel started coercing farmers to follow instructions, and
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alienating them. This clearly hindered the project and
 
discouraged farmer participation. In Project Action Ble each
 
pump was assigned to four farmers, which resulted in arguments
 
over who got to use the pump and when. Projects should be
 
designed to encourage local farmer participation and to disturb
 
local social patterns and customs as little as possible.
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Annex I. Project Abstracts
 

The following pages are project abstracts from
 
Development Information (PPC/CDIE/DI) computer system
 
(Rm. 3659 NS.) They summarize the project p1Lans, and not the
 
results. Nevertheless, they do provide a coii-Tse description
 
of the irrigation projects which are reviewed in this paper.
 

AFR/TR/SDP, Alan Borst:SL:9/7/84:4342P
 



6500026 	 Sudan
 
WADI HALFA C.OMMUNITY DEVEL:YOUTH TRAIN 
FY 78 - 82 Status: A Total LOP Cost (>.000): s 51I 
Loan or Grant / Appropriation Cod* / LOP Cost: G / FN / 51e 

Subproject: 02
 

<<< DEVELOPMENT PROBLEM >>>
 
THE LAKESHCRE AREA OF WADI HALFA HAS NEVER BEEN CULTIVATED. THE WAD! HALFA 
COMMUNITY NEEDS TO IMPLEMENT AN INTEGRATED AGRICULTURAL TESTING PRO'GRAM. 
INCLUDING IRRIGATION. FERTILIZER AND SEED TESTING, AND ON-THE-JOB TRAINING FOR 
YOUTHS IF 	 THE AREA IS TO BECOME ECONOMICALLY SELF-SUFFICIENT. 

<( STRATEGY >>>
 
FIVE YEAR OPERATIONAL P'ROGRAM GRANT TO INTERNATIONAL VOLUNTARY SERVICES(IVS); 
WILL FINANCE TECHNICAL AND ADVISORY ASSISTANCE AND EL'UIPMENT TO SUDAN'S WADI 
HALFA COMMUNITY TO DEVELOPAN INTEGRATED AGRICULTURAL TESTING PROGFRAM INCLUDING 
Yi:IUTH TRAINING. 

<<< LOGICAL FRAMEWORK >>>
 
GOAL: 	 TO IMPRO ECONOMIC AND SOCIAL CONDITIONS CONTRIBUTING TO T1E 

OVERALL DEVELOPMENT OF SUDAN. SUB-GOAL: TO CREATE CONDITIONS WHICH 
WILL ACCELERATE THE DEVELOPMENT AND RECON'STRUCTION OF WADI HALFA. 

-IRPOSE: 	 TC ENHANCE THE ECONOMIC AND SOCIAL WELL-BEING OF FRESENT AND FUTURE 
WADI HALFA AREA POPULATION BY STIMULATING AGRICULTURAL DEVELOPMENT 
THROUGH IRRIGATION SYSTEMS DEVELOPMENT, CROP TRIALS, AND YOUTH 
AGRICULTURAL VOCATIONAL TRAINING; AND I'MPROVING HEALTH/NUTRITION AND 
SANITATION CONDITIONS. 

-,1TPUTS: 	 I)LAKESHORE IRRIGATION SYSTEM; 2)INLAND 1CRELAND PUMP IRRIGATION 
SYSTEM; 3)YOUTH AGRICULTURAL VOCATIONAL TRAINING FARM PRCORAMME; 
4)C:ROP TRAIL DATA IN FOODC:ROP, FRUIT. AND FODDER PRODUCTION; 
5)EXF'ANDED POTABLE MUNICIPAL WATER SYSCTEM; 6).ANITATICN FACILITIES; 
7)NUTRITION EDUCATION AND PRE-SCHOOL CHILD FEED I'.'G FROGRAMME. 

IN;PUTS: INTERNATIONAL VOLUNTARY SERVIC:E(I VS) AND OHER DONOR C:O'NTRIBUTIONS: 
i)S.IX IVS/C'ATHOLIC RELIEF SERVICES(C.RS) TEC:HN ICIAN: AND STAFF; 
2)CI'oD I T I ES: PLIMPS, CEMENT, HOSE, FIFE, .RILLIN RIG, HANDTOOLS, 
FITTING.ETC, THREE FOUR-WHEEL DRIVE VEHICL-:S, ONE FIVE-TON LORRY, 
ONE 121VA GENERATOR, OFFICE SUPPLIES AND ECUIPMENT, HOUSEHOLD 
FURNITURE, FUEL TRANSPORT AND TRANS'PORATI ON COSTS; 3)TFAININO: 
SEMINARS, WORKSHOPS, OJT, VISUAL AIDS. H,,S.T CONTRIBUTION: 1)600IMM 
TECHNICIANS STAFF AND SKILLED LABOUR, 2)CCOMMi'iITIES: FLIEL, SPARE 
PARTS, WATER SUFPLY 

<<< ABSTRACT > 
OFERAT I ONAL PROGRAM GRANT TO I NTERNATI ONAL VOLUNTARY SERVI CES (I VS) WILL 

".UF'FZ1RT A SIX-PART COMMUNITY DEVELOPMENT PROJECT IN WADI HALFA, t:UDAN. UNDER 
THE SECOND SljBACTIVITY, IVS. TECHNICAL AND ADVISORY ASSISTANCE WILL BE U'SED IN 
IRRIGOATION, H'RTICULTURE, AND ARBORI CULTURE, INCLUDINO ON-THE-JOB TRAINING FOR 
YU,-THS: TH;:CIUGH FIELD TESTING. 

AN rIVS IRRIGATION AGRONOMIST VOLUNTEER WILL INSTALL PUMPS AND DIVIDE THE 
It.4:AND IRRIGATION INTO THREE SECTIONS: A)HORTICULTURAL EXPERIMENTS INVOLVING 
TE'STS' OF FRUIT AND,DATE TREES; B)WINTER ROTATION' FOR BARLEY, SUGAR CANE, AND 
-.nEAT; C)AND WINTER VEGETABLES SUCH AS: ONIONS, BEETS, CABBAGE, PEAS, BEANS. 
P'OTATO'ES. AND SALADS. SHADE AND TIM =R TREES WILL BE PLANTED AROUND THE 
PERIPHERY 	 AS A WINDBREAK. EMPHASIS WILL. BE PLACED ON PRODDUCING HIGH-YIELtI 

http:SERVICES(C.RS


VARIETIES OF TRADITIONAL CROPS TO VERIFY THE MOST ECONOMIC IRRIGATION AND
 

CULTIVATION METHODS. INTRODUCTION OF NEW CROPS WILL AT FIRST PLAY A MINOR
 

ROLE.
 
BOYS AND GIRLS BEING, TRAINED WILL WORK WITH THEIR PARENTS. STIUDENTS WILL 

.WORK ON SMALL PLOTS TO GROW THEIR OWN VEGETABLES. THE PLOTS WILL BE ON TWO
 
SEC;TIONS OF THE FARM (LAKESHORE AND INLAND IRRIGATION), EACH OF 50 FEDDANS,
 

AND WILL AESORB 250 YOUTHS ON A TWO-YEAR PART-TIME COURSE.
 
THE IRRIGATION AGFRONOMIST WILL WORK CLOSELY WITH HIS COUNTERFART
 

PRODUCTIVE
HORTICULTLIRALIST IN SUPERVISING CROP TRIALS. AFTER THE MOST 

VARIETIES ARE IDENTIFIED, A S.EED MULTIPLICATION AND DISTRIBUTION SYSTEM WILL
 

AND CUTTfNGS WILL. BE PURCHA'SED FROM THE
BE INTROD'UCED IN THE COMMUNITY. SEED 
GOVERNMENT OF SUDAN'S AGRICULTURAL RESEARCH AND DEVELOPMENT STCTION AT ATBARA. 

FROIlC:E WILL BE MARKETED THROUGH THE CCMMUNITY'S COOPERATIVE SOCIETY WITH 

TEC"HNICAL. SERVICES OF THE ON-POST OOPERATIVES INSPECTOR. 
IT IS EXPECTED THAT OFFSHOOT ACTIVITIES SUC:H AS FRUIT AND VEGETABLE PAC§ING 

MEAT PROCESSING ANDAND MARKETING, TRANSPORT, ANIMAL HUSBANDRY, DAIRY AND 
MARKETING ZILL r-ROVIDE EMPLOYMENT AND INCOME TO ANYONE WHO ENGAGES INTO 
COMMERCE WITH WA' I HALFA S COOPERATIVE COMMUNITY. 



64'.0006 Sudan 
WADI HALFA COMMUNITY rEVEL:IRRIGATION 
FY 78 ­ 82 Status: A Total LOP Cost (000): $ 518 

Loan or Grant / A~propriatior, Code / LOP Cost: G / FN / 518 

Subproject: 03 

<<< DEVELOPMENT PROBLEM > 
THE INLAND AREA NORTH OF THE WADI HALFA COMMUNITY COULD BE CULTIVATED AT A LOW 
COST IF THE SANDSTONE *BEDS 200 TO 500 FEET BELOW THE SITE ARE SATURATED WITH 

WATER FROM THE NEW LAKE. WITHOUT THE USE OF THAT GROUNDWATER, IT WOULD BE 
THIS POTENTIALL ARABLEiI1.FOSIBLE TO BEGING FARM PRODUCTION ON LAND AND OTHER 

LAND. 

<<< STRATEGY >>>
 
FIVE YEAR OF'ERATIONAL PROGRAM GRANT TO INTERNATIONAL VOLUNTARY SERVICES WILL 

FINANCE VOLUNTEER TECHNICAL AND ADVISORY ASSISTANC:E AND EOUIPMENT TO SUDAN'S 
:JA7,I HALFA C:OMMUNITY TO TEST BOREHOLE IRRIGATION ON 50 FEDDANS CULTIVATION 
LAND. 

<<< LOGICAL FRAMEWORK >>> 
::,OAL: TO IMPROVE ECONOMIC AND SOCIAL CONDITIONS CONTRIBUTING TO THE 

OVERALL DEVELOPMENT OF SUDAN. SUB-GOAL: TO CREATE CONDITIONS WHICH 
4ILL AC:ELERATE THE DEVELOPMENT AND RECONSTRUCTION OF WADI HALFA. 

."RPO":E: TO ENHANCE THE ECONOMIC AND SOCIAL WELL-BEING OF PRESENT AND FUTURE 
WADI HALFA AREA POPULATION BY STIMULATING AGRICULTURAL DEVELOPMENT 
THROUGH IRRIGATION SYSTEMS DEVELOPMENT, CROP TRIALS, AND YOUTH 
AGRICULTURAL VO:ATIONAL TRAINING; AND IMPROVING HEALIH/NUTRITION AND 
SANITATION '-'1,NQlTIONS. 

-:1,'TPUTS: I)LAI:E.:HORE IRRIATICN SYSTEM; )INLAND BOREHOLE PUMP IRRIGATION 
SYSTEM; S)Y-fUTH AGR:ICULTURAL VOCATIONAL TRAINING FARM FR',GF:AMME; 
4)CROP TRIAL DATA IN FOODCROP, FRUIT, AND FODDRR FRIiriOCTION' 
5)EXPANDIED PCTABLE MUNICIPAL WATER SYSTEM; 6)SANITATION FACILITIES; 
7)NUTR1TION ELLUCATION AND PRE-SCHOOL CHILD FEEDING FROI:-RAMME. 

.4'UTS: INTERNATIONAL VOLUNTARY SERVIC:E( IVS) AND OTHER DONOR CONTRIB TION" 
I)SIX IVS/C'ATHOLIC RELIEF SERVICES(CRS) TEC:HNIC*IANS AND STAFF; 
2)C:OMM,'DITIES: PUMPS, CEMENT, HOSE, F'IPE- bRILLING RIG, HANDTC,'L5., 
FITTING,ETC:, THREE FOUR-WHEEL DRIVE VEHIC:LES, ONE FIVE-TON LORRY. 
ONE 12IfVA GENERATOR, OFFICE SUPPLIES AND EiOUIPMENT, HO,U::EHOLD 
FURNITURE, FCIEL TRANSPORT AND TRANSPORTATION COSTS. 3)TRAINING: 
SEMINARS, WO:iR:KSHOPS, O.JT, VISUAL AIDS. HOST CONTRIBUTION: I 1600MM 
TECHNICIANS S.TAtF AND SKILLED LABOUR, 2)C:OMMODITIES: FUEL, 'SPARE 
PARTS, WATER IJF'PLY 

<<< ABSTRACT .>)
 
OPERATIONAL PROGRAM GRANT TO INTERNATIONAL VOLUNTEER S.ERVICES(IVS) WILL 

.2I-F'ORT A SIX-PART COMMUNITY DEVELOPMENT PROJECT IN .ADI HALFA. SUDAN. UNriER 
THE THIRD S.UE-ACTIVITY, IVS TECHNICAL AND ADVISORY ASSISTANCE WILL BE USED TO 
":ES.T B'RF:EH:'LE IRRIGATION TO IRRIGATE A 50 FEDDAN CULTIVATION SITE INLAND FRO 
THE LAI.E.;HC1E AREA. THE SCOIL AT THIS SITE IS OF MARGINALLY BETTER CUALITY THAN 
..HE LA).E-.H;EHRE AREA. THIS IRRIGATION C:OMFNENT OF WADI HALFA COMMUNITY 

'.EVELOF*MENT IS COMPLEMENTARY TO THE COOPERATIVE/YOUTH FARM ACTIVITY, WHICH IS 
-ING PUMF IRRIGATION AT THE LAK'ES-ORE SITE. SHOLIL. THE TEST PROVE THE 

AVAILABILITY OF SUFFICIENT GROUNGWATER AT RECOVERABLE DEPTHS. THE AREA OF 
F'TENTIALLY ARABLE LAND WILL BE VASTLY IN CREASED[. THE TWO CULTIVATION AREAS 



(L.A.E:HcRE AND INLAND) WILL COME -UNDER COMMON MANAGEMENT AND CONTROL, WITH 
COOPERATIVE CROP TRIALS TAKING PLACE SIMULTANEOUSLY. 

A DANDO 400 TYPE MOBILE PERCI'y:SI0N DRILLING RC WILL BE USED TO DRILL 200 TO 
500 FEET THROUGH SAND, SOIL, AND SOFT SANDSTONE. FOUR TRAINEE DRILLERS WILL 
OPERATE AND MAINTAIN THE RIG THROUGH THE LIFE OF THE PRCJECT. THE IVS WATER 
5NGINEER WILL SUPERVISE AND CONTROL THE USE OF THE RIG AND WILL TRAIN THE 
DRILLERS.
 

UP TO FIVE BOREHOLES WILL BE FITTED WITH A DIESEL POWERED SUjC:TION FUMP. ONE 
HOLE WILL FITTED WITH AN EXPERIMENTAL WINDMILL POWERED PUMP, AS THERE IS A 
PREVAILING WIND AT WADI HALFA. 

THERE IS A RISK THAT WATER MAY NC- BE FOUND IN SUFFICIENT VOLUME. SHOULD 
THIS BE THE CASE, THE PUMPS PURCHASEEO FOR THIS PURCHASE WILL BE USED TO EXPAND 
THE LAVESHORE AREA BY 500 FEEDANS. TH!- RIG WILL- BE USED FOR FURTHER WATER
 
EXPLORATIO ON ALTERNATIVE SITES ALONG THE LAKE WHERE THE GEOLOGICAL STRUCTURE 
IS FAVORABLE. 

IT WILL ALSO BE USED TO EXPAND THE SANITATION SCHEME TO CIPE WITH THE NEEDS 
OF THE EXPANDING POPULATION. 



6820226 Mauritania 
Small Perimeters 
FY 81 -S2 Status: T Total LOP Cost (xO0Oi! S 457 

457Loan or Grant / Appropriation COde / LCP Cost: G / SH / 


<<< ABSTRACT >>> 
Project to introduce villae-level, farnyer-marinaed, irri.pated crop 

Production in the southern Part of Mauritania alon the Senegal River. The 

Project will assist the National Society for Rural Development (SONADER), a 

Parastatal a_=ency responsible for. 0evelopir,.'and executing irrigation schemes, 
to develop new irrigated farms under village cooPerative control. 

Project activities will include the introductior of motor Pumps, the 
Par-celing of e>isting perimeters in 0.40 ha sectcrs, the initiation 0f a 
credit system through village cooperatives, and a lon -term trairning Program
 

for villagers and PUmP operators. The proposed credit system will allow 
cooperatives to Purchase Pumps, fertilizer, seeds, insecticides, and spare 
Parts. AFRICARE will Provide technical assistance in all agricultural 
Productiorn activities, the construction of irrigation works, farm mana-gement, 

and rice marketing. (ABS)
 

•* -4C.e* 	 + .1* • 4.c *************************~****** ~ ** *C**.** e 

6640112 	 Tunisia
 
Central Tunisia Rural Development
 
FY 79 - 86 Status: A Total LOP Cost (WO): $ 26612
 
Loan or Gart / Appropriation Code / LOP Cost: L / HE / 3500
 

/ HE / 3272
 
L / FN / 	 11040
 

G/ FN / 	 8*00 
SubproJect: 0? Smrall Holder Irrigation
 

<<< ABSTRACT >)>
 
Project to imProve snall farner access to and use of agr.icultural 

-r,:,urdwater in Central Tunisia by ex ardins on-far.T irrigation infrastructure 
ard dissenirating and institutionalizin_9 appropriate on-farm,water management 
Fractices. The Central Tunisian Development Authority, assisted by Oregon 
State University (OS:U), will have Primary responsibility for implementation. 

The Project will: develop 3 irrigation Perimeters based on 4 existins (but 
capped) deep wells (the Government of Tunisia will develop a fourth 
Perimiter); Provide some 200rrew shallow wells and inprove 100 existing 
5.halloLwells; and develop 100 natural springs for irr iatic, n (and Potable 
otter). OSIU will cordu:t controlled field tests of alterrative water 
nara.enent ard cropping systens, and in cooperaticr with C.DTA will train 
Rrs:,rir,el in irritation and water conservation. (FD-AAN-157) 



6550003 	 Cape Verde
 
TARRAFAL WATER RESOU.'RCES
 
FY 77 - 83 Status: T Total LOP Cost (x000): $ :217 
Loan. or Grant / Appropriation Code / LOP Cost: / FN / 2200 

G /E/ 17 
0 / SH / 1000 

********************************#******************* 	 *********** 

<<< DEVELOPMENT PROSLEM >>> 
Subssisterce a_ r iculture, the PrinciPal source of livelihood ir, Cape Verde, is 
becomins less viable as scarce arable land is devastated t, Fr.olc,n.ed dr.oushts 
internixed with rare downpours which wash awaY valuable topsoil and 
vesetation. To help refTedy this _ituation, the Goverrnmnt of Cape Verde­
(c:CV) has Pr'oposed exPandin. 600 hectares of land already under irris-ation in 
the Tarrafal region. GOCV, however, lacks the furrdini-, equipmernt. and trained 
personrel 	 needed to inplenent this Proposal. 

<<< STRATEGY >)> 
Two-year Project consists of a erant for commodities, technical assistancev 
and trainin-- to test farnland expansion viability in Cape Verde's Tarrafal 
region by constructing water e>ploration structures, developin-- irri.ation 
s;stem Planning, and Providing technical trainring to host country governm,ent 
Personriel. Host country contributiorn consists of PL-4SO revenues along with 
dir ect ccntr ibutions. 

<<< LOGICAL FRAMEWORK >>> 
GOAL: Increase irncome and enPlo'vment for snall farmers in the Tarrafal 

region of Cape Verde. Sub-Goal: Expand arable land under 
'irrie;Ation ir the area, ard idertify and utilize optimal watershed 
conservation and irrigated agriculture methods. 

FURPOSE: 	 Provide the Goverrnment of Cape Verde with the equipnment, technical 
assistansce and trainins reuired for carryin_ out investi.atior, arid 
Planning re sardinse a Proposed 600 hectare expansion in land under 
irrisation in the Tarrafal region. 

Cii.ITF'ITS: 	 1. Wells. 2. aulrries.. 3. Dars, tu r,iels, arid canals. 4. Terraces 
and diles. 5. Technical assistarnce. 6. Trainirng. 

INPUT;: 	 1. A.I.D. Direct Grant: $1,600,000. 2. Government of Ca e Verde 
(GOC.V) FL4:O revenues: S303,000. 3. oC':V Direct C:ontributions: 
4.634, 000. 

CCC APeSTRACT >> 
Grant is provided to the Goverrment of Cape Verde (GC=CV) to conduct 

S.rveSti.satioris and Parnini, resardinse a 600 hectare expansion cf farmland 
under irrigation ir the Tar.rafal region. The GOCV Ministry cf Agriculture arid 
W4ter will be the project e>ecutor. 

Gr.:,unduater exploratin will be undertaken by drillin.s 50 steel-cased wells 
i.f large ard snall diameters, to analyze aquifer characteristics and salinity 
,:hare.ii, rte-ectively. In addition, tren exploratcry smalleries- or slivhitlr 
graded tunnels of 1 km in length and 2 n, in diameter will be drilled. GaIlery 
coristructior, will be cost-effective a- maintenance will riot be needed arid the 
gradirng in the tunnels will eliminate the exPers of Punins. Technical 
assistance will be Pr'ovided to desis_ a plan -r construction of two 
medium-sized danms, each of 100-foot elevation, arid related tunnels and canals 
needed to trarispcrt the dan_ater to the proycsed nearb' irrigation sites. 
With the help of U.S. technical assistance, GOCV technicians will study the 



fear4.Ilit) of cc,rstructin.-terraces arid dikes to control sil er osio..
 

Plans 4or irri.aatior; systems and crop techr,oloies will be developed by two
 

who Will 	 conduct short-term analyses of soil fertility.
U.S. corsultiri- teanis 

for- this PurPo.se. Theelocation of water sources
cultivatiorn Practices, and 

t*arvii also will susu9eCt new cultivation techrnique.%and methods to traraport 
be arried out 

w fter fro. source to field. Finally, econom ic analysis will 

the two U.S. tearris. GCICV persorrnel will


based %.n 	the data collected by 
- ir the areas of hydrol o Y, eol¢oy,

reeie M.S. degree and intensive trainin
 
aqron:-,,', and aaricultural ecnomic3.
 

00 ha portion for 
600 new hectares of farmland will be divided into a

The 
allocate6 	to collective farmin. The 

rese.ar,h 	 and the remainin- 500 ha to be 
will eventually benefit from this 

20,0C)00 inhabitants of the Tar'rafal resion 
if GOCCV's findings are considered ecori -rically feasible.

Project 

(SOLIR:E: PD-AAG-119-Al) 

61:S:1'127 	 M,:rocco 
IC'UI.IKALA .IRRIGATION 
FY 76 - S4 Status: A Total LOP Cost (XCO0): S 130C 
Loan or Grant / Appropriation Code / LOP Cost: L / FN / 13,)00 

<<< DEVELOPMENT PROBLEM >>> 
::;H1:RTAGE OF WATER S;UFFLY DUE TO LIMITED AND IRREGULAR RAINFALL AND INADEOLUATE 

A':.RIC;ILTLIRAL FRAI:TICES:CMBINE TO CREATE LAR,'GE FOODFIt;'O RT REOUIIREM=ENTS AND 
'-:EA:UNAL NEMPLOYMENT WITH LOW PER CAPITA INCCIME AND LIWF'RC'DLCi VE LIRBAN 
IIIGRATI,:,N IN THE DENSELY F':PULATED DOOKKALA AREA OF MORO:CO. 

<<< STRATEGY >>>
 
IN'-.TALL SFFIN:LER AND, DRAINAGE SYSTEMS; CONDUCT DIOUIBLE CROFPIU..2 USING HIGH 
VALUE CROPS WITH HIGH LABOR DEMAND; EXPAND AND STRENGTHEN AGRICULTURAL 
MA',;_EMENT SERVICES AND AG'4RICLILTURAL CREDIT; CONETRI.CT VILLAGE CENTERS, 
",CHOCI',LE, ELECTRICAL GENERATING STATIONS, ROADS AND STILILATE GROWTH OF VILLAGE 
SN- F.AIT RL. 	 TLIRE; CONDLICT LAND CONSOLIDATION AND DI'1STF:ICLITION PROz,,GRAM. 

CCC LCGICAL FRAMEWORK' >I> 
1I:iAL: INC:REASE AGRICLILTURAL PRODUCTION FOR IMPORT SIIBSTITUTICON AND FOR 

EXPORT; INC:REASE EMPLOYMENT IN RURAL AREAS. 

URF'O".E: 	 ES:ETAE:ISH IRRIGATED AGRICULTURE ON 15410 HA IN THE DOU.KALA REGION
 
B1 979.
 

.. FLT'.: 	 1. SPRINKLER IRRIGATION SYSTEM AND DRAINAG.E SySTEM INSTALLE'.
 
2.EXFANDED AGRICULTURAL MANAGEMENT SERVICES AND AGRIC:ULLTURE C.ED IT.
 
3. CiNSTRLICTION OF PROJECT AND VJLLAcGE INFRASTRUCTURE. 

Ii .rL'TZ: 	 LA4D. PLAN;NING, DESIGN AND SUPERVISIOCN. COSTRUCTION ECUIF'MENT AND 
:i,TEr.IALS.. LABOR. CAPITAL. TOTAL FROJECT "":.T:<4.4M; 1IAIDI 
C.ONT'IEIUT!iCN: $l13. M; I BRD C:ONTRIBLITI ON:s :'... • .',; I.,,_,OYEFNrmENT OF MORC:CO 
CI41lRI!BUT ICN : s 51. 4 . 

<CC ABSTRACT >.
 
F'R:.JECT DESIGNED TO CC'NVERT 15410 HECTARES IN NOF.THWEST MOROCCO FROM
 

.','v-FARI1IJCTTC, tIRE EFFICIENT, SPRINKLER-IRF:IGATEr, FARIIIJG. ANCILLARY
 
t ,

.EI;F IT'..: 	 F ARM AC::ESS F:.,D., RESERVOIiS, LAND F'F:EF'AR-TI lON/C":N".i:LIIDAT t ON . 
t.III:REAI:S. ECH:,OL, VILLAGE CENTERS, O1"..M EC!UIFP ENT, MARI:.ETIN/,/EXTEN:.ICiN 
•".1,'C:ES, LIVESTOCKr INDU'-.TRY, ELECTRICITY, C:OMMNICATICNS. WHEAT, Mn]ZE, 
?:EETS., COTTON, TO."MATCES, FCRAGE, LIVESTOCK WILL C:ONE-TITLITE FRIMARY FRCIDUL,:TION 
;, ,ivI:1i13 ACTIVITIES EMPLOYMENT, IMPROVED LIVING CONDITIONS, INCOME,,TIE'S. 	 CREATE 
W4,TER SLFFLY, SCHOOLS FOR POFLILATI ON 32000(PREDOmINANTLY SMALL FARM FAMILIES). 
F:RO..IECT WILL MOST BENEFIT FARMS LESS: 5 HA OR 7:'/. OF DOUK:ALA FARMS. t CREATE 
-,10C KAN YF:&./YR EMF. 'rET. EILHARZIA CONTROL INCL. 

http:CONETRI.CT
http:PurPo.se


:EOW:'S P
senFea 

tEL 

FY 77 - 4 Statu: A TCotal LOP Cost (xO / S 7209 
Lo~an or t'rant IAppropriationa Code / LOP C'.st: G FN / 4200l 

G /SHs' 3009 

FAI: CROP4 PRODUCTION 

<<< DEVELOPMENT PROBLEM >0
 
THE MAJOR CONSTF:AINT TO AGRICULTURE IN THE SENEGAL RIVER BASIN AREA OF SENEGAL
 
IS THE VARIABILITY OF RAINFALL AND THE UNDERLITILIZATION OF WATER RESOURCES. 
THE RIVERSIDE FARMERS NEAR PAVEL GROW DRY SEASON SORGHUM AND MILLET AND A
 

.ORGHUM CROP US.ING POST-FLOOD RECESSION AGRIC:ULTURE. RECESSION CROPPING IS 
LOW-YIELDING AND UNCERTAIN. RICE HAS BEEN TOTALLY LOST FOIR YEARS OUT OF THE 
PAST FIVE. WITH NO ALTERNATIVE TO SUBSISTANCE FARMING, MANY YOUNG PEOPLE 

EMIGRATE TO FIND WORK ELSEWHERE, THUS CALUSING LAC OGROWTH THEA ,F IN REGION. 

<<< STRATEGY >>>
 
SIX-YEAR F'RO_JECT PROVIDES G:ANT FOR FARM CONSTRUI..TION (DIKES, IRRIGATION 
PUMPS, LAND C:LEARING, VILLAGE WAREHOUSES, FARM EC!UIF'MENT), TECHNICAL ADVISORS , 

FARMER TRAINING, AND HEALTH SERVICES 'TO IMPROVE CROP PRODUCTION IN THE BAKEL 

AREA OF SENEGAL. HOST CCUNTFY IMPLEMENTS PRO.JECT OND FINANCES SENEGALES; 
TECHNI:AL ASS.STANCE, ADMINISTRATIVE EXPENSES, ANn A REVOLVING LOAN FUND FOR 
AN'.AL FARM SUPPLY NEEDS. LOCAL FARMERS PROVIDE CONSTRUCTIO'N LABOR AND 
LOtCAL-LEVEL M.NA:EMENT.
 

(<< LOGICAL FRAMEWORK .
 
G:OAL: INCFEAS:ED CEREAL PRODUCTION IN THE SENEGAL RIVER 
A"IN REGION OF
 

.SENEGAL IN ORDER TO PROvIDE A MORE ATTFAC.TIVE ALTERNATIVE TO 
OVER'SEAS. WORK FOR THE SON:KE IN THE AREA.
 

P.IRPO;E: 	 INTRODUC:E FARMER MANAGED IRRIGATED CROP FRODLCTION IN THE EA1'EL AREA 
TO ACOUIAINT THE FARMERS WITH THE IMPRIVED TEOHNLOICS AND 

DEMO'NTF:ATE THE ECONOMIC AND TECHNICAL FEA.IBILITY OF IRRIGATED 
:ULTURE AND INTFODUCE IMPROVED HEALTH AND SANITATION. 

.0,_-.T-.: I)CREATION OF AT LEAST ONE SMALL IRRIGATED FERIMETER IN EACH OF 2: 
. RIVERSIDE VILLAGES. 2)INTRODUCTION OF IMPROVED TECHNOLOGIES 

rJ:LLDIN'. A;,IMAL TRACTION FOR DRYLAND CULTURE I0 EACH FART!C:IFATING 
VILLAGE. T OF HEALTH INTONE;.F-N"ION EXISTING DELIVERY SYSTEM PROJECT 
VI LLAGES. 

INPUTS: 	 I)TECHNICAL ASSISTANCE 2)AMINI TRATIVE INFRASTRUCTURE 
TAr,,INI'TRATIVE OPERATING COSTS 4)FUMFS AND HAND TOOLS 5)VILLAGE 
LAE,-,R &iANIMAL TRACTION EQUIPMENT 7)[,I.ES S:)TRAINING AND MATERIALS 
FOR HEALTH FROG;A,- 9) HEALTH/ ENV I RI:,NMENTAL SURVE I LLANC.E PROGRAM. 

<<< ABSTRACT >)> 
UR.ANT AND 	TECHNICAL ASSISTANCE FROVIDED TO SENEGAL TO INTRODUCE SMALL-SCALE 

IRRIGATED 	 AGRICULTURE INTO 23 VILLAGES ALONG THE _.ENEGAL RIVER NEAR SAKEL. 
PROJEC:T WILL ALSO INTRODUCE IMPROVED PRACTICES FOR THE TRADITIONAL DRY LAND 

CROPS. AND 	 EXFAND HEALTH SERVICES IN THE PARTICIPATING VILLA ' ES. 
AT LEAT ONE ,-ALL PERIMETER AREA, RANGING FROM 30 TO 50 HECTARES, WILL BE 

iRRIGATED 	 IN EACH VILLAGE. THE TOTAL IRRICATED AREA WILL FE OVER 1500 
HECTARES. 	 VILLAGE-LEVEL COORERATIVES WILL MANAGE THE 1RRIGATED PERIMETERS. 
TECHNICAL 	INPUTS WILL BE PROVIDED BY S:AED (SOCIETE D'AMENAGEMENT ET 
"EXFLOITATIO:N DU DELTA - MINISTRY OF .URAL DEVELOPMENT AND HYD:AULICS) AND
 

SERDA (A SENEGALESE C;ONSULTING FIRM). SAED WILL IMPLEMENT THE PROJECT. THE
 
PROJECT C:OMPONENTS INCLIDE:
 

http:7)[,I.ES


I)FARM CONSTRULTICN: SAED WILL LOCATE ANY NEC.E'.$ARY FLOOE' PROTECTION DIIKES 
OR LOW PROTECTION DIKES (2 METERS). 11-8 BULLDOZERS WILL CLEAR STUMPS FROM THE 
PERIMETER AREAS. THEN THE VILLAGERS, SUPERVISED PY SAED TEC:HNIC:AL AGENTS, WILL 
CONDUCT ALL THE IRRIGATION WORKS BY HAND (I.E. CANALS, LATERALS, FIELD BLINDS, 
DR9INS, AND SMALL PERI)IETER DIKES). LIE-TER DIEE:EL POWERED FUMPS WILL EE 
INSTALLED ON E.MALL RAFTS TO DRAW WATER FROM THE SENEGAL RIVER OR FFOM 5WAMPS. 

TECHNICAL ASSISTANCE: ADVISORS WILL HELP FARMERS WITH THE AGRE, N,'MIC ASPECTS 
OF IRRIGATED CULTURE. A SMALL FIELD TRIAL STATION WILL BE ESTADLISHED TO TEST 
THE PACKAGES BEFORE PRESENTATION TO FARMERS. FARERS WILL VISIT SIMILAR 
PROJECTS FOR TRAINING. 3)C'ENTRAL INFRASTRUTURE: HOUSES, A WORFSHOP, A 
WAREHLlSE AND VEHICLES ARE FOR STAFF SUEPPORT. 

4)FARM INPUTS: GOS WILL ESTABLISH A REVOLVING LOAN FUND FOR ANNUAiL FARM 
NEEDS. GOS WILL ALSO INTRODUCE ANIMAL TRACTION TO REDUCE HUMAN LABOR RECOUIRED 
FCiR DRY LAND CROFPF'ING. 

5)HEALTH:_ THE INCIDENCE OF FARAS.ITIC DISEA-;ES. WILL EE MONITC'RED FOR ANY 
±NCREASES DIUE *"0 THE IF:FIGATIOjN. HEALTH SERVICES WILL BE ImPC'VED BY 
RETRAINING DISPENSARY NURS.ES, SUPPLYING EOLUIPMENT AND DRUGS, AWD BY DEVELOPING 
A CADRE OF VILLAGE SANITARIANS AND FEMALE HEALTH WCRl'ERS. 

THE VILLAGE CO-OFS WILL GROW RICE. SORGHUM, AND MAIZE ON I,!L IRRIGATED 
LANDS, AND SELL THE CROPS FOR CASH OUTSIDE THE SAVEL APEA. 

(EiOLIRC:E: B6S9.520i:0057()1) 



68'213 Mal i 
ACTION BLE
 

Total LOP C:ost (CiOC0) $ 206.6
FY 78 - E:3: Status: A 
Loan or Grant / Appropriationr Code / LOP Cost: G / SH / 2066 

<<< DEVELOPMENT PROBLEM >>> 

Poorest country in the world with a Per capita irncone €f only
Ma. A, the fifth 
SIO0, is a nation of Pred&,nr,antly snall pastoral and agricultural farmers. 

While vast lard areas suitable for farnins do exist alon.g the Niger River and 

its tributaries, basic a.Pricultural inputs and irrigational nethcds are 
the finarcial rnor.
lackiri. Unfortunately. the Gcverrment of Mali has neither 

technical re-ources to Put these areas to Productive use.
 

"
 <<< STRATEGY _1X' 


a grant to the Govkrnrrient ,'f Mali for technical
Fcur-year Project ,:cnsists of 

-ssistance. Participant trainine, and corranodities to establish a .Y.sten, of
 

Host country will provids.
irrigatiorn _rair, Production in the Dire area. 


intitutional support ard courterpart fundir,_.
 

<<< LOGICAL FRAMEWORK >>> 
CGO0L: Increased food rain Production which tdill contribute toward Mal i's 

achievement of sel f-sufficiency ir, food. 

cart be irocrea-ed
PURPOSE: To demonrstrate that wheat and sor_9hum production 
ir a narirer whic:h nma-ini:esunder irrigatior ir the Dire area, 


benefits to .naI -at Producers.
 

iCUTPUTS: "Systen of irr-iqatior grain Productiorn furctionirng ir, the project 

area, conpri. ir,. the fcl11owin. elenerots: 1. Small punPs in-talled. 

2. 	 Extersion ! stem established. 3. Farners orani.ed. 4. Farmers 

som~e leeun-es cultivated. 6. Pump repairtrained. 5. Cereals and 
.rYsten.furcti cr, ini. 7. 	 Fuel supply _ystem functionirg. 8. Credit 

Station and or-far, re-earch functicnin.g..ysterr fur,:ti,:,r, n.. 9. 
10. Seed Productior Prorarr functioning. 11. Mrlet system 
furactrnirs. 12. Action S1e operatiora auto-firariced. 

IiFiT'.,1. St-fIffir.r .9 f A.:tic, n BIe . 2. Small Pun,s , certified se ds 

inapFlenert_, and vther inPuts. 3. Funds for constructic of r.jiect 

input warh,:uses, off ices, Pump rep-air .hoP, staff housirm. 4. 

Three vehicles and three notcrt,oatf. 5. Equipment for. offic , 

reFair shop, re.sear ichstation, e.ter, i,:,ri ager ts, necharics. 6. 

FarticiFar.t trainin . 7. S.ciolo.ical n ritcrir,.', 

..


Gr ant is Provided to the Gcverran.erit of Mali to ircreassera.ir production irn 

'the Dire area throu.fh irrii.ticn. Action Ble (AB), a parastatal or-sanizatior., 

will irplenierst the Prc.ject with expatriate technical assistance. 
A s-isten of snmall, farm.r-built irri_9tiori ,Jnps, using water. from a Niger 

diesel Fums (5-15 I, li4t, 

<<< ABcZ.TRAC:T b' 

River tributary, w)11 be created. Some 500 lo.,-head 

4 HF) w ill irrisate 2,,OC ha. Each PunP will be ,uned arid ;.Ferated b',, four 
r
 

In addition, 105 animal-driver,. Pal ita i-tPe

farners cultivatinig 1 ha 	each. 


"flow" Pumps will irrigate 420 ha to demonstrate the feasibilitY of their ue
 

in Mali. To facilitate punirmng operatiori, a Pump repair svsten, including a
 

,:erntral supply shop arid ei.ht itinerant necharics will be e-tabli-hed, aerd
 

fuel supplies (5Ci liters/pump) will be shipped during the flo,:d season.
 

AD will create a revolving fund to Provide farmers with credit to Purchase
 

the Punmps (at real cost, 	 to ensure the perr.arerce of the project), and 

http:throu.fh
http:orani.ed


seeds and fertilizers, along with a seedProduction inputs such as improved 
certified seed. AS wil;
Production Proran. to e.sure sufficient supplies of 


also set up an extension system of 24 a.ents, who will receive pre-service 

trairire ard ir-service trairir,. at the vil la-e level ard who, wil.1 wcrk with 

vi)laee leaders to triri 2,400 area small Far ners ir such areas as Pump 

naraeener, ar d applicationr of farner' own ur,nied seed.
r.irterarce, water 
E>ten.sior efforts will be complemtented by statior and ,r.-iarn research, whose 

irn such areas as varietv trialsresults will be delivered arnnual1y to farmers 
will be irstitut-d to direct Productsard crop rotation. A arL.etire systemr 

cfficial charrnels. To vp:rade AYStoward free narket areas or thou.h 
its staff will be ircreased arid trained to supervise
institutional capability, 

far.er Production, and a wheat levy will be inrstituted to help AB attain 

financial self-sufficiency. 
The ProJ-ct will result in cultivation of 2,420-ha of irrisated wheat, cf 

which 2,200 ha will be double-cropped with sorqhu, and 500 ha triple-crcped 
metric tons of train.by addire le-unes or fora.e, for a total of over 9,000 

(SOURCE: B.S:021'004201) 



6E*0206 'Mali 

MALI CROP PROD. - ACTION RIZ-SORGHO 
4-58FY 76 - 83 Statuv: A Total LOP Cost (xO00): S 

Loan or Grant I Appropriation Code I LOP Cost: 0 / FN / 2005 
. O/3 S f 2253 

<<< DEVELJF> PROL.EM >>>-
IN SIXTH REGION OF MALI ARABLE LAND IS LIMITED TO NIGER RIVER BASIN DUE TO
 

LIMITED RAINFALL AND HIGH SUBSOIL PEFEABILITY. PRODUCTION TECHNIGJES A
 

1NEFFICIENT. CEREAL FlRODUCTION CHRONICALLY DEFICIENT IN THIS REGIONo AREA MUS1
 

,PROT MLIH OF ITS GRAIN.•
 

<<< STRATEGY >>> 

L W-COST, LABOR- INTENSIVE, LOW-TECHNOLOGY APPROACH BUILDS UPON EXISTING 
MORE EFFICIENT FRODUCTION TECHNIQUES."R.FFA".TRLICTLIRE TO INTRODUCE 

<<< LOGICAL FRAMEWORK > 
1-,0AL: INCREASED STANDARD OF LIVING AND NUTRITION FOR 

REGION OF ?-ALI BASED ON STABLE FOOD SUPPLY. 
POPULATION OF 6TH 

.IRFC,-E: INCREASE C.REAL PRODUCTION IN CHRONICALLY DEFICIT GAO AREA OF THE 

6Th REGION CF MALI AND INTRODUCE THE FARMERS IN THE AREA TO THE 

CONCEPT OF TEC:HNOLCGICAL DEVELOPMENT. 

-.-I.IPUTS: IN:RE..ED NJMEER COF HECTARES PROTECTED FROM FLOODS AND LrING 

IMFRCVED TECHIICUES IN THE AREA. INCREASED AVERAGE YIELD PER 
HECTARE. FARMERS FAMILIARIZED WITH NEW TECHNOLOGIES. 

"'UTS: CAPITAL: C.ONC.TRUCTIN OF INSLIBMERSIBLE DII.ES, WATER AND FISH CONTROL 
SEED AND SEED PROTECTION MATERIALS,STRLCTURES, FLIRCHA-Er OF IMFROVED 

F'RCHA.E OF HAND TOCCS. iNSTALLATION OF A FIELD RESEARCH STATION. 

TECHNICAL: STAFFING. ADMINISTRATIVE SUPPORT, TRAINING, DEMONSTRATION.
 

<<< ABLSTRACT >>>
 
' 

IN ,.- REC*IN PROJECT EXF':N[,S EXISTING "ACTION RIZ-SC-RGHO.' IMPROVES 
CONTROL, EMERGENCY F'UIMPING,XST I,- F'CLDER2 WITH FETTER FISH AND WATER 

: r.D1:EEDS:. PERMANENT, INSUBMERSIBLE DIKES A':URE C,MPLETE WATER CONTROL 

;, ALLO'W FARMER TO SHIFT FROM BROA[,C:AST TO TRANSPLANT. PROJECT INTRODUCES 
'Y-,RAWN WATER WHEEL (NORIA). ESTABLISHES LOCAL FIELD RESEARCH STATION. GOM 

CROP PRODUCTION"tA.4GES. FP;CJECT WITH PRESENT STAFF. PROJECT SPLIT FROM EARLIER 
. 0206 BECAUSE OF MAGNITUDE. -

S.OURCE: PD-AAC-I 4-B1) ­


