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The most important human asset is the brain. Therefore, the least one can 
do before introducing human powered pumps is to use one's brain. 
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SUMMARY 

In this research 8 human powered water pumps are compared with respect to their 
suitability for irrigation of vegetable gardens of small scale farming households in 
Zambia. Since the situation with respect to vegetable gardening differs from location 
to location throughout Zambia, a general comparison is not possible. The comparison 
is done for one case, Kapete, a settlement ± 50 km east of Lusaka. 
This research basically consists of 2 parts, an assessment at the Technology 
Development and Advisory Unit (r.D.A.U.) in Lusaka and an assessment in Kapete. 
The assessment at T.D.A.U. consists mainly of a multicriteria evaluation using the 
following criteria: yield, costs, durability, maintenance and repair, mobility and ease 
of operation. A great deal of the data for this evaluation comes from the results of 
laboratory tests at T.D.A.U. The result of the assessment at T.D.A.U. is the selection 
of 3 pumps for a field test in Kapete. The assessment in Kapete consists of a 
multicriteria evaluation analogue to the evaluation at T.D.A.U., a profitability analysis, 
a scan of the financial strength of the farming households, and a scan of the overall 
judgement of the farmers. 

The result of the assessment is that, from the pumps tested, the rope and washer 
pump is the most suitable pump for the case in Kapete. However the pump is not 
ready for implementation. The research brought forward that at least the following 
conditions must be met: 1) The cost of the pump must be reduced to make it more 
competitive with the traditional method of watering with buckets. 2) The limited 
financial strength of the farming households requires an appropriate arrangement to 
finance the investment in the pump. 3) Technical problems, in particular with respect 
to the installation of the pump, have to be solved. 
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1 INTRODUCTION 

1.1 Introduction to T.D.A.U. 

Because this research has been carried out at the Technology Development 
and Advisory Unit (T.D.A.U.) in Lusaka, Zambia, this organization deserves 
some attention first. 

In short, T.D.A.U. offers itself as a partner to governmental and non
governmental organizations, international development aid organizations and 
private entrepreneurs who want to introduce new technologies in Zambia. The 
unit gives technical assistance in the (re)designing and testing of equipment to 
suit the Zambian conditions. T.D.A.U. also assists in doing market and 
feasibility studies, and in the dissemination of technologies. 

T.D.A.U. concentrates on technologies suitable for small and emergent farmers, 
rural craftsmen and small rural entrepreneurs. For the medium and larger scale 
industry, the unit offers its services in repair and maintenance, and the 
production of spare parts. 

The philosophy of T.D.A.U. is that the technology offered should be appropriate 
to the actual level of development. In most cases it means the adaptation and 
re-designing of existing, often imported, equipment. Where necessary, the unit 
comes up with its own new designs. In line with its philosophy, T.D.A.U. 
recognizes that technologies need to have technical, economic, and social 
viability. The unit is therefore involved in assessment and extension activities 
like e.g. technology-need surveys, field tests, training, etc. 
A procedure aimed at by T.D.A.U., is that once a technology is chosen, 
laboratory and field tests give the necessary base to assess the equipment. 
Next, a prototype which stands the first trials is further tested in pilot projects. 
The unit or batch production of the equipment in T.D.A.U.'s workshop, helps to 
identify production problems that can occur in case Zambian entrepreneurs 
take over the manufacturing. The pilot projects are mostly done by T.D.A.U.'s 
clients and the unit provides the equipment and assistance. After a successful 
pilot phase, the production of equipment is handed over to Zambian 
entrepreneurs. During the first year of serial production, T.D.A.U. still offers its 
assistance. 

T.D.A.U. is a non-profit, operationally autonomous, self financing unit within the 
management structure of the University of Zambia. 

1.2 Human powered water pumps for irrigation as a technology 

In Zambia about 51 % of the people live in rural areas. Compared to other 
African countries Zambia's rural population is relatively small. By far the 
majority of the rural population is directly involved in agriculture. About 76 % of 
the farming households live at the subsistence level and hardly create a food 
surplus. Twenty per cent are small scale farming households. There are few 
large scale farms and a great part of their produce is exported. Consequently, 
Zambia's food production for the urban population heavily depends on small 
scale farmers. More information on Zambia and Zambian farmers can be found 
in chapter 2. 



The climate in Zambia divides a year roughly into two periods: the dry season 
and the wet season. During the wet season, small scale farmers grow their 
rain-fed crops, mostly maize. During the dry season they often try to make 
money by growing vegetables. The vegetables are grown in gardens close to a 
nearby stream. In some situations hand dug wells provide the water, a drilled 
tube well is too expensive. The vegetables are sold within the village 
community or transported to nearby towns to be sold on the market. 
Watering gardens is mostly done by using buckets. A person goes down to 
where the water is and fills one or two buckets. The buckets are carried to 
where the water is needed and emptied. It is the watering method used to 
water the vegetable gardens which is discussed throughout this report. 

Each watering method has to compete with other alternatives. This is best 
shown by the aims-tools-impacts cycle given in figure 1.1. 
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Figure 1.1 The aims-tools-impacts cycle (1]. 

A particular watering method can be considered as a tool (technology) to 
achieve a particular aim. The aim is set by the target group: small scale 
farming households who currently water their vegetable garden using buckets. 
The aim is to water vegetable gardens of the target group. Each tool has Its 
own range of impacts. A feed back of the impacts to the aims takes place 
which results in different options: 

- complementary measures to match the aim and impacts more to satisfaction; 
- the choice of an other tool; 
- adjusting the aim by the parties concerned and start the cycle again; 
- if the aims and impacts match, the cycle ends with implementation; 
- if It becomes clear that aims and impacts can not be matched, the cycle ends 

by choosing the "no-go" option. 

Different "tools" (methods) that compete with each other are: buckets, human 
powered pumps, animal powered pumps, and motor pumps. The general 
feeling at T.D.A.U. is that, comparing these tools, a human powered pump can 
be a useful implement to increase the watering capacity of the farming 
household. The potential to increase the watering capacity is briefly 
investigated in chapter 2. On the one hand, it offers the household the 
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possibility to improve its situation. By making a more efficient use of the human 
muscle power, the watering becomes less cumbersome. The vegetable 
production can possibly be increased or time can be saved which can be used 
for other activities. On the other hand, the mere possibility to increase the food 
production in Zambia as such, can be considered as an improvement. The 
production of human powered pumps also opens up opportunities for 
Zambia's manufacturing industry. The animal powered pump also offers some 
possibilities. However, since it requires oxen and higher capital investments, it 
will be appropriate for only the upper stratum of the small scale farming 
households. The purchasing power of the small scale farming household, for 
the time being, is too small to afford a motor pump. A motor pump also 
requires costly imported fuel which is hard to find in remote areas. 

In view of the above, T.D.A.U. believes there is a demand for human powered 
pumps for small scale irrigation. It is therefore that T.D.A.U. has decided to 
include the field of human powered water pumps for irrigation in its range of 
activities. Recently, T.D.A.U. also initiated activities in the field of animal 
powered pumping. 

1.3 Problem description 

As mentioned before, T.D.A.U. wants to explore the field of human powered 
water pumps. It would not be advisable just to pick any pump, make it, and try 
to sell it. Most of the technical and socio-economic data, of importance when 
selecting and (re)designing human powered water pumps appropriate for small 
scale irrigation purposes in Zambia, are lacking. If we were given a number of 
human powered pumps and a situation where such a pump is thought of as 
the best technological option for watering, we would not know which particular 
pump to choose, how to possibly redesign it to make it suit the local 
conditions better, and how useful it actually would be. Of course, we would 
have some idea, but we would not feel very sure of ourselves. Up to now, 
T.D.A.U.'s activities on small scale irrigation were concentrated around one 
pump (the diaphragm foot pump), of which a small number has been made in 
the past. Some extension activities have taken place, but T.D.A.U. feels that a 
fresh and more thorough approach is necessary. What is needed is a 
comparative study of pumps, using a sound structure of decision taking and 
reliable information to support the decisions. As stated in 1.1, once a 
technology has been chosen, laboratory and field tests form the basis for 
assessing equipment. Such a basis is missing for human powered pumps. In 
order to find pumps that suit the local conditions best, we need to compare 
pumps in a laboratory situation at T.D.A.U. and in the field. 

1.4 Research objectives 

In principle, we would like to compare all human powered pumps in all sorts of 
different situations that occur in Zambia. Of course, this is not possible. Due to 
various constraints the research objective must be narrowed. We can not 
compare all pumps but only a limited number. The situation in Zambia differs 
from location to location in almost every respect. Within the scope of this 
research we can only make a comparison for one particular situation. The 
research must therefore be confined to one case, in which a limited number of 
pumps are compared for one situation. This research, therefore, required 
preparatory work by: 
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- limiting the number of pumps to a workable number of about 5-1 O 
(chapter 3). The selected pumps are presented in§ 3.4; 

- selecting a site for the comparison, (chapter 4). The site selected is Kapete, 
± 50 km east of Lusaka. 

The research objectives are now defined as follows: 

1) to identify, from 5-1 O selected human powered water pumps, the 
pump(s) that is (are) most suitable to water vegetable gardens in a 
selected site in Zambia. 

2) to contribute to the basis for the assessment of human powered water 
pumps as a ''tool" for small scale irrigation in general. 

1.5 Methodology 

1.5.1 Basic approach 

Not all pumps suit the conditions in Zambia equally. In case it is clear that a 
pump is less appropriate we want to prevent that we put too much effort in its 
investigation. On the other hand, a pump that suits the conditions in Zambia 
better deserves more effort when investigating it. What we need is some kind 
of selection process to reduce the number of pumps while increasing the effort 
in the investigation of each pump. This research can be seen as part of such a 
selection process in which we can distinguish a number of steps: 

- from the pumps found in literature, a selection has to be made of human 
powered pumps that could be used for small scale irrigation purposes in 
Zambia; 

- from these pumps a number of pumps have to be selected that are worth 
further testing at T.D.A.U; 

- tests at T.D.A.U. result in a selection of a number of pumps that are worth 
testing in the field; 

- field tests result in a selection of a number of pumps that suit the conditions 
in the field the best. 

As part of the preliminary work required by this research, two steps of the 
selection process have already been carried out for the greatest part. The 
result is a survey containing 95 pumps that could be used for small scale 
irrigation purposes in Zambia, and a preliminary selection of 9 pumps to be 
further tested at T.D.A.U. [2]. The criteria used for the survey were established 
by T.D.A.U. Because of its preliminary character, the range of 9 pumps 
selected for further testing at T.D.A.U. still needs attention. The range, 
therefore, only serves as a starting point in chapter 3 where the pumps 
assessed are discussed. 
The tests at T.D.A.U. and the field tests make up this research. 

As the selection process proceeds the number of pumps under investigation 
declines but the scope of investigation broadens. In other words, the number 
of variables under consideration increases with each step, making the selection 
more refined and detailed. This principle forms the basic approach of this 
research. 
The pumps that remain are subject to a number of options such as, 
modification, implementation (which means manufacturing or purchasing), or 
the "no-go" option. Note that during the continuation of the selection process 
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we approach the target group. Figure 1.2 illustrates the character of the 
selection process. 

Lit. [2] 

- •14 
this research 

number of pumps 

scope of investigation 

time 

modifications 
manufacturing/ 
purchasing 
"no-go" option 

Figure 1.2 The character of the selection process. 

1.5.2 The methodology used to assess the pumps at T.D.A.U. 
and in the field 

The assessment at T.D.A.U. and in the field is carried out with use of the 
instruments presented in figure 1.3. 

multicriteria evaluation 

multicriteria evaluation 

profitability analysis 

scan of the financial strength 
of the farming household 

scan of the overall judgement 
of the farmer 

Figure 1.3 The instruments used to assess the pumps. 

During the first stage of this research the pumps are assessed at T.D.A.U. by 
using a multicriteria evaluation technique. The data to carry out the evaluation 
are provided at T.D.A.U. and to a great extent result from laboratory tests. The 
assessment enables a reduction of the number of pumps to be assessed in the 
field. 
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During the second stage of the research, in line with the basic approach, a 
broader scope of investigation Is used. Besides a multicriteria evaluation the 
assessment in the field includes a profitability analysis, a scan of the financial 
strength of the farming household, and a scan of the overall judgement of the 
farmers. During the second stage, the criteria used to carry out the multicriteria 
evaluation are the same as those used during the first stage. However, the 
weights and scores are provided by the farming households at the test site. 

Multicriteria evaluation, by its nature, requires a lot of data and forms a rather 
elaborate instrument. Since it constitutes a great part of this research, it is 
discussed more extensively below. The other instruments are discussed briefly. 

multicriteria evaluation 

If we want to select pumps, we need to compare them and decide which ones 
are the best. A convenient way to approach this problem is to use an 
evaluation matrix. The alternatives to choose from (pumps) and the criteria 
used for selection compose the matrix. The scores form the elements of the 
matrix. They reflect to which degree an alternative meets a criterion. The 
criteria used and the way the scores are determined are discussed in 
subsequent chapters. The criteria used are: 

- yield of the pump; 
- cost of the pump; 
- durability; 
- maintenance and repair; 
- mobility; 
- ease of operation. 

Only in very few cases we don't need further analysis to select the best 
alternatives. A straightforward interpretation is usually not possible. The use of 
a multicriteria evaluation technique helps us to select alternatives. We first need 
to indicate the relative importance of the criteria. Once this is done, we can use 
one of the arithmetic techniques available that combines the information from 
the evaluation matrix and the information on the importance of the criteria. The 
result is an appraisal score for each alternative. The appraisal score indicates 
the general quality of an alternative. 
There are several techniques to determine and indicate the relative importance 
of the criteria. There are also a large number of arithmetic techniques to come 
to appraisal scores. This is not the right place for a detailed discussion of such 
techniques. They are referred to in subsequent chapters. 
Of course the quality of the outcome of a multicriteria evaluation as described 
above, depends on the input and techniques used. There is always an amount 
of uncertainty involved. Nevertheless, it is an adequate instrument that helps us 
to select the most appropriate pumps. 

profitability analysis 

The profitability analysis consists of comparing the calculated profits, varying 
the size of the garden and the watering method. The human powered pumps in 
question are compared mutually and with the traditional bucket method. In 
relation to the profitability analysis, the possibility to expand the gardens , 
using human powered pumps, is investigated. 
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scan of financial strength of the farming household 

The financial strength of the farming household is indicated by the income from 
cash crops and other income. The income from vegetables during the dry 
season and the income from other cash crops during the wet season are 
calculated. The total income of the farming household is compared with the 
expenditures related to the use of the human powered pumps in question. 

scan of the overall judgement of the farmer 

Finally, the three instruments discussed above are completed by the overall 
judgement of the farmer. Analogous to the three instruments, the farmers have 
been asked to rank the pumps according to their general qualities, to indicate 
which pumps are profitable, and to indicate which pumps they can afford. 

1.5.3 Methods of data collection 

The data used in this research have been collected in various ways: 

- a study of international and Zambia specific literature available at the UNZA 
library, T.D.A.U. documentation centre, Ministry of Agriculture and Water 
Development, C.l.C.A. documentation centre; 

- communication with key informants at several organizations: 

Ministry of Agriculture and Water Development (information on 
human powered water pumps and related projects); 

- Institute for African Studies (information on the women's 
position within the small scale farming household); 

- Department of Agricultural Engineering of UNZA (information on 
irrigation and related quantitative data); 

- Department of Mechanical Engineering of UNZA (information on 
general qualities of mechanical constructions); 

- T.D.A.U. (various technical and socio-economical information); 
- Agricultural officers at district- block- and camp-level 

(information on possible test sites near Chongwe town); 
- Staff members of aid organizations (information on a related 

project NORAD, income from growing maize IMAG); 
- Kasisi mission (information on small scale farming and related 

quantitative data on irrigation); 

- communication with members of farming households at the test site, men, 
women and children. Most information was collected through informal 
discussions. To collect quantitative information on prices of inputs and 
outputs a structured interview took place; 

- personal observation especially at the test site but also during visits of several 
gardens at other sites and villages, provided useful information; 

- visits of several hardware shops in Lusaka resulted in information on prices of 
different inputs. 
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1.6 Limitations and relevance of the research 

It has not been our intention to carry out a comprehensive in-depth impact 
analysis of human powered water pumps as a "tool" in general or to point out 
''the best pump" for small scale irrigation purposes in Zambia. Instead the 
intention was to explore the potentials of application of particular pumps in a 
particular case and to unearth possible problems and counteractive measures. 
The nature of this research is strictly explorative. 

In view of constraints, of which "time" is the most important, the research is 
characterized by a rather practical approach. Our aim was to do what can 
reasonably be done within six months to meet the objectives of this research 
to a satisfactory extent. It means establishing priorities, making inevitable 
compromises between quantity and quality of data, etc. 

The relevance of this research is to contribute to the discussion on the function 
of human powered water pumps in rural development in Zambia and more 
specifically on the type of pump that can be used. The research also 
contributes to the methodology that can be used to assess and select pumps 
meant for small scale irrigation. 

1.7 The structure of the research represented in diagram form 

For the completeness of this introductory chapter, the structure of this 
research, including the preparatory work, is represented in figure 1.4. The 
preparatory work is dealt with in chapter 3 (the range of pumps assessed) and 
chapter 4 (the selection of a test site). The assessment at T.D.A.U. is described 
in chapter 5, the assessment in the field is described in chapter 6. Finally, 
chapter 7 deals with the conclusion and recommendations. 
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2 HUMAN POWERED PUMPS FOR SMALL SCALE IRRIGATION 
IN ZAMBIA: SOME INTRODUCTORY ISSUES 

2. 1 Background information on Zambia 

Zambia is a landlocked country in Southern Africa with an estimated population 
of 8 million people and an area of about 753·103 km2 (=20 x The 
Netherlands), see figure 2.1. In 1964 Zambia became an independent multi
party state in which the United National Independence Party (U.N.l.P.), lead by 
president Kaunda formed the most important party. 
Under British rule Zambia was an export enclave of minerals, mainly copper. 
There was hardly any attention for small scale agriculture. The rural areas 
remained undeveloped and served as a reservoir of cheap labour for the 
mines. After independence, this imbalanced orientation towards copper to a 
great extent formed the basis for the problems Zambia is facing today. 

Figure 2.1 Zambia. 

~ 

~ 

Muchinga 
:! Mts. 

~~ 

During the first years of independence, the relatively high income from the 
copper exports made the government focus most of its attention on the mining 
industry. The exports of copper enabled the government to set up structures 
for e.g. education and health care. All in all, Zambia was doing relatively well 
compared to other African states. Because of the "copperboom" a process of 
urbanization was taking place. People left the rural areas to find a job in the 
mining industry and related industries. 
Some attention was given to agriculture but the overall results were 
disappointing [3]. The majority of the farmers in Zambia were and still are 
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subsistence and small scale farmers. Therefore government had set out a 
policy to stimulate the villagers to produce more for the {urban)market but 
without success. One of the reasons was an over reliance on complex 
machinery, such as tractors, without adequate technical training. Other reasons 
were the inefficient marketing, and the mis-management of credit facilities. The 
policy favoured only a small group of farmers and large sums of money were 
wasted. In fact, it had a contrary effect. It discouraged people to stay in the 
rural areas. Many people left the land to seek a better future in the urban areas 
and became urban consumers themselves. In 1965, just after the 
independence, the urban population made up 23 % of the total population. In 
1974 this was 33 % and in 1989 not less than 49 % (4]. 

During the seventies, severe problems occurred. The price of oil increased 
strongly and the price of copper decreased. At that time copper provided 95 % 
of the country's foreign exchange. Zambia also supported the liberation war in 
Southern Africa at high cost. Meanwhile, continuous conflicts between political 
parties and the problems brought along with the end of the "copperboom" 
caused that the position of the U.N.l.P., as the one truly national party, became 
very precarious. Therefore, in 1972 the U.N.l.P., lead by Kaunda, turned 
Zambia into a one-party state. 

The dependence on the mining industry became clear. The consequences of 
the fallen income from copper exports were enormous. The budgets for e.g. 
education and health care had to be cut drastically. Foreign exchange, e.g. to 
buy essential spare parts, became scarce. The declining income hampered 
food imports and urbanization was still taking place. 
The government realized it had to diversify the economy and give more priority 
to agriculture. Less people in the rural areas had to produce for more people in 
the urban areas. It required an increasing productivity of agriculture. The third 
national development plan {1979-1983) involved a new strategy. The "Basic 
Needs Strategy" put priority to increasing the agricultural production and the 
incomes of the large group subsistence farmers. Programmes were developed 
to stimulate people to return to their villages but failed. The rural areas had 
been disregarded for a long time. Most of the plans got bogged down in 
bureaucracy, or were hampered by a lack of money. Meanwhile, in the urban 
areas a poor stratum of people hit by the economic crisis arose. Nowadays in 
Lusaka, about 50 % of the people is officially unemployed and is active in the 
informal sector. Malnutrition increasingly forms a problem. 

Up to now, government plans to improve the situation of the subsistence and 
small scale farmers have not been successful. On the contrary, there is a lot of 
criticism, e.g. on the price policy set by the government, which is said to be 
only to the benefit of the urban population. The government controls the prices 
the farmers receive for maize, the staple food in Zambia, and subsidizes the 
consumer price of maize. Low receipts for maize and large expends on 
fertilizer are likely to reduce the amounts of maize produced, which brings 
along more problems. Other issues that concern the subsistence and small 
scale farmers are a lack of proper agricultural tools and transport facilities to 
bring products to the market. 

In recent years, the U.N.l.P. has been put under increasing pressure from 
different sides. 
To compensate for the lack of income during the seventies and eighties 
Zambia built up a large external debt which currently amounts about 8 
milliard $. In talks on new loans and debt reconstruction, the IMF and other 
creditors wanted to reform the Zambian economy towards a free market 
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economy and e.g. abolish the subsidies on food. The most important 
conditions stipulated by the creditors are privatizing state-owned companies, 
investments in agriculture, developing other exports besides copper, cutbacks 
in government expenditures. _ 
Also from inside Zambia pressure rose. The large urban population had fallen 
victim to inflation and offered strong resistance against abolishing subsidies on 
food. The rural population demanded more attention for their problems and 
protested particularly against the agricultural price policy. Meanwhile, the 
country's social infrastructure was collapsing due to the general economic 
slump. 
The call for a political change towards a multi-party system increased. In 1990 
under great pressure of, particularly urban population, president Kaunda 
announced multi-party elections to be held in October 1991. The Movement for 
Multi-party Democracy (M.M.D.) lead by Frederick Chiluba won the elections. 

Concluding, the first 1 O years of Zambia's independence had been rather 
prosperous but from the mid-seventies until today the situation became 
increasingly worse. In 1981 the G.N.P. p.c. was still 700 $,at the time of writing 
this report it is estimated at 380 $. The growth of the G.N.P. p.c. over the 
period 1965-1989 is about - 2 % p.a. The debt service imposes a heavy load 
on the country's economy. The estimated population growth is 3.6 %, among 
the highest of the world. The future of Zambia doesn't seem very bright. The 
Zambian economy still depends much on the mining industry. Agriculture, 
especially the majority of subsistence and small scale farmers, deserves more 
attention. 

2.2 Characteristics of Zambian farms 

The farming sector in Zambia can be divided into four categories: 

- traditional farms (subsistence farmers); households that produce mainly to 
meet their own needs. They rely on hand cultivation and hardly use external 
inputs; 

- small scale farms; farms of 1-5 hectares, some external inputs are used, like 
fertilizer, and part of the crop is sold. They rely on hand cultivation but in 
some cases animal power by using oxen is available; 

- medium scale farms (emergent farmers); farms of 5-40 hectares of which 
virtually all produce is sold. They still rely on family labour but also use 
animal power or sometimes mechanized power; 

- large scale farms or commercial farms; farms of more than 40 hectares, 
using more advanced technologies and relying on hired labour. 

In table 2.1, the most important characteristics of these different farm 
categories are shown. The information dates from 1983 but still it gives an 
indication of the size of each category. 
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Table 2 1 Characteristics of main categories of Zambian farms [5 6] 
' 

category traditional small scale medium scale large scale 

fertilizer; fertilizer; 
main inputs fertilizer; seeds; pesticide; seeds; 
purchased none seeds; pesticide herbicide pesticide; 

herbicide 

main source of occasional production of production of production 

cash food cash crop cash crop of cash crop 
surplus surplus surplus surplus 

hand; ox hire; several teams of possibly 

hand; ox one or two oxen; tractor some oxen; 
power source hire teams of oxen; hire; possibly tractor 

possibly tractor tractor ownership 
hire ownership 

family; family; family; casual permanent 
labour source communal communal and and possibly and casual 

possibly casual permanent 

size of farm < 1 
[hectares] 

1-5 5-40 > 40 

number of farms 462,600 122,400 21,350 730 

percentage of farms 76.2 20.2 3.5 0.1 

population involved 2,081,600 918,000 202,900 36,500 

percentage of 64.3 
population involved 

28.3 6.3 1.1 

average population 
involved per farm 

4.5 7.5 9.5 50 

Regarding the characteristics of the different categories of farms, the potential 
user group of the pumps discussed in this report consists of the upper stratum 
of the traditional farmers, the small scale farmers and, perhaps, the lower 
stratum of the medium scale farmers. The lower stratum of the subsistence 
farmers will hardly have cash. For the upper stratum of the emergent farmers 
and the large scale commercial farmers, the level of technology embodied in 
the pumps does not fit in with the existing level of technology already in use, 
like motor pumps, sprinkler systems and tractors, etc. 
In case of the subsistence farmers, the small scale farmers and, to a lesser 
extent, the emergent farmers, one farm can be associated with one household. 
In this report a farming household is sometimes referred to by only referring to 
the family head, the farmer. It will be clear from the context if this is the case. 

2.3 Human powered pumps for irrigation in a theoretical 
technical perspective 

In chapter 1 it has already been mentioned that the vegetable gardens are 
currently watered by using buckets. In this section the potential to increase the 
watering capacity, through the use of human powered pumps, is briefly 
investigated, using a pure theoretical technical approach. 

Let us first start with the climatic data that enable us to calculate the water 
requirement. Two important variables are rainfall R, and evapotranspiration ET. 
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Evapotranspiration reflects the process of water entering the air as vapour. It 
includes evaporation from open water surfaces and wet soil, and transpiration 
by the plant leaves. In case there is not enough rainfall, irrigation has to 
provide the additional water for the evaporation that would occur if water was 
freely available to the plants. The reference crop evapotranspiration ET 0 is 
defined as ''the rate of evapotranspiration from and extensive surface of 8-
15 cm grass cover of uniform height, actively growing, completely shading the 
ground and not in short of water'' [7]. ET 0 of course varies with the climatic 
conditions like humidity, temperature and wind. 

For Lusaka International Airport the data on rainfall and reference crop 
evapotranspiration are presented in figure 2.2. Of course, such data differ per 
location throughout Zambia. Therefore, strictly speaking, the results from the 
calculations that follow are only valid for the area around Lusaka. Nevertheless, 
the results do give insight in the possibilities offered by human powered pumps 
to water vegetable gardens. 
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Rainfall and reference crop evapotranspiration at Lusaka 
International Airport; monthly average over 30 years [23]. 

As we can see in figure 2.2, the maximum deficit of water occurs during the 
months September and October, about 183 mm/month for the reference crop. 

Under the same climatic conditions, different crops require different amounts of 
water. The water requirement also varies with the stage of growth. The actual 
amount of water required by a crop, the crop evapotranspiration ET c• is related 
to the reference crop evapotranspiration ET 0 by the crop coefficient K.,: 

K.: depends on the type of crop and the growth stage. Figure 2.3 shows a 
typical crop coefficient curve. 
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Figure 2.3 A typical crop coefficient curve [7] 

For tomatoes, the maximum crop coefficient is about 1.2. This is relatively high 
compared to other vegetables (cabbage 1.1, green beans 1.0). Therefore, K,, is 
given the value 1.2 for further calculations. In the "worst'' case, the crop 
coefficient reaches this maximum during the month October. In this case the 
crop evapotranspiration would be: 

ETc = 1.2 * 196 = 235 mm/month 

The nett crop irrigation requirement, In, is calculated by subtracting the rainfall 
R from ETc, so: 

In = 235 - 13 = 222 mm/month = 7.4 mm/day1 

Due to field application losses, the amount of water that needs to be delivered 
to the field, If, is greater than the nett crop irrigation requirement, In. The field 
irrigation efficiency, a, is defined as In/If. The magnitude of a depends on the 
method of irrigation. For surface irrigation methods, like basin and furrow 
irrigation, applicable in case of human powered pumps, a= 0.4-0.6. Losses 
occur due to deep percolation, and overspill and wastage of water. Overhead 
irrigation methods, like sprinkler systems, have better field efficiency but are 
less appropriate incase of human powered pumps. Moreover, they require 
higher capital investments. Therefore for further calculations we assume a = 
0.5, so: 

If = 7.4 / 0.5 = 14.8 mm/day 

Stern [7] and Tillman [24] indicate that, under favourable conditions when the 
water is easily accessible, one man can manage to water a plot of 500 m2 in 
an 8-hour working day, using buckets. Let us therefore use a plot of 500 m2 as 
a basis for further investigation. 

This figure corresponds with figures given by J. Knops, agricultural engineer at the 
University of Zambia and brother Paul a missionary at the Kasisi mission near Lusaka. 
The figures they give are respectively 6.5-8.5 mm/day and 7 mm/day. 
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To calculate the amount of water to be pumped, we need to take possible 
conveyance losses into account. In case a hosepipe is used to bring the water 
to the field, the loss of water will be negligible. On the other hand, when using 
an earth channel, the loss e.g. through seepage can be substantial. In such 
case the loss depends, among other things, on the length of the channel and 
the type of soil. The conveyance losses are hard to determine. To illustrate the 
consequence of the conveyance losses it is assumed the water is brought to 
the field by a 25 m long channel with a loss of 0. 7 m3 /hour. 

In case the conveyance losses are negligible, the amount of water needed is: 

500 m2 * 14.8·10·3 m/day = 7.4 m3/day 

In case the conveyance losses are as assumed the amount of water needed is: 

7.4 m3 /day + 0.7 m3 for every hour pumped 

The above illustrates that, in case an earth channel is used, a minimum yield is 
required to counteract the conveyance losses. Also note that a pump with a 
relatively high yield has the advantage of reducing the conveyance losses, and 
therefore, reduces the pumping time more than proportional. 

The output of a human powered pump is not precisely predictable. It depends 
on the human work capability, the efficiency of the pump, and the total head. 
According to Fraenkel [8], the human work capability is in the region of 200-
300 Wh/day. Assuming a human work capability of 200 Wh/day and a pump 
efficiency of 60 %, figure 2.4 shows the daily output one may expect at 
different heads. 
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As we can see in figure 2.4, at a head above ± 6 m it will become a problem if 
one person has to water a garden under the given assumptions. At a head of 
2 m, a person can pump about 3 times the required daily amount of water. 
This would bring along the prospect to either expand the garden, reduce the 
watering time, or, if possible, store the water in the root zone of the plants and 
water less frequently. In case the conveyance losses are taken into account, 
the maximum head will depend on the time pumped, under the given 
assumptions it will, of course, be lower than 6 m. For example, if one pumps 
four hours it would be ± 4 m. 

Instead of using the concept of human work capability, we can also approach 
the problem using the concept of human power. The average human power 
depends on the duration of the effort. Up to a certain extent, the operator of a 
pump is free to determine with which power he or she will operate a pump. 
According to Fraenkel [8], a person should be able to produce an average 
power of 50-75 Watt during 4 hours. Other estimates are made by Hofkes [9] 
60-90 Watt during 3 hours, O'Hea [1 O] 82 Watt pedal power during 4 hours, 
Stern [7] 60 Watt for prolonged work (operating a hand pump). A conservative 
assumption for the average available human power is 50 Watt during 4 hours. 
It means that the amounts of water presented in figure 2.4 can be pumped in 
four hours by one person. As mentioned before, pumping with relatively high 
power reduces the conveyance losses and therefore, more than proportionally, 
reduces the pumping time. Besides this advantage, from a theoretical point of 
view, pumping with high power doesn't safe time. After all, the total work 
capability remains the same. 

The relation between the size of land that can be watered using buckets and 
the size of land that can be watered using a human powered pump is 
approximated by formula 2.1, see Appendix I. 

Formula 2.1 

Where: 

~ is the land that can be watered using buckets [m] 
~ is the land that can be watered using a human powered pump [m] 
µb is the efficiency of lifting water using buckets 
µP is the efficiency of lifting water using a human powered pump 
B is the field irrigation efficiency using buckets 
a is the field irrigation efficiency using a human powered pump 
h is the total head [m] 
c is the energy it takes to distribute the water with buckets [J/m3

] 

d be the specific mass of water [kg/m3
] 

g be the gravitational acceleration [m/s2
] 

Using buckets, a large part of the available human work capability is used to 
distribute the water. The work available to lift water is therefore less. The 
amount of water lifted, of course, not only depends on the work available but 
also on µ, the efficiency of the lifting method. When lifting the water with 
buckets, it often means walking up and down a slope. It is likely that the 
efficiency of such a lifting method, µb, is lower than µP, the efficiency of a 
human powered pump. Formula 2.1 indicates that, particularly at low heads, 
the use of a human powered water pump seems advantageous. At low heads, 
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the distribution of the water with buckets will consume a greater part of the 
total work capability. When using a human powered pump this part is used to 
lift water. 

Using buckets, the water can be applied to the plants with relatively great 
precision. In other words, the field Irrigation efficiency, B, of this method is 
likely to be higher than the field irrigation efficiency, ~. of the method using 
pumps. Also the conveyance losses, not represented in formula 2.1, are 
negligible . The amount of water to be lifted is therefore less compared to a 
watering method using pumps. 

Summarized, the technical possibilities offered by a human powered water 
pump for watering vegetable gardens depends on many factors like; the size of 
the garden, the head, the pump efficiency, the conveyance losses, the field 
irrigation efficiency, the crop, the type of soil, the climate etc. It will be clear 
that a general statement on the possibility to apply a human powered water 
pump is hardly possible. Nevertheless, it is calculated that for a garden of 
500 m2

, under favourable conditions, like a low head and small conveyance 
losses, the amount of water that can be pumped by a single person in a day 
can be 2 or 3 times the maximal amount needed. If 500 m2 is considered the 
maximum a person can water under favourable conditions using buckets, this 
indicates a substantial increase of a person's watering capacity is possible. 
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3 THE RANGE OF PUMPS ASSESSED 

3.1 Introduction 

Only a limited number of pumps can be assessed. T.D.A.U. suggested a range 
of 5-1 o pumps. Since it forms the input for this research, it is important to 
discuss the composition of this range. We can distinguish two viewpoints on 
which we can base the selection. 
On the one hand, we want to assess the "best" pumps, the ones which are 
most appropriate as far as we can judge. Here we face a problem. The 
selection is seriously hindered by a lack of information on the pumps. We want 
to select pumps for further testing, but without tests data remain lacking to 
support a selection. On the other hand, it is desirable to assess pumps which 
are significantly different from each other w.r.t. a number of important qualities. 
Only then, the assessment allows an optimal comparison. The latter makes 
sense particulary in cases where there is little information to base decisions on. 
An example: If we want to identify a convenient way of operation we need to 
assess pumps with different ways of operation. 
These two different viewpoints can result in a conflict. The "best" pumps don't 
have to be significantly different w.r.t. qualities considered important. A 
compromise is to assess the "best" of different pumps, using the limited 
information as good as we can. 
The rest of this chapter explains the way the range of pumps to be assessed at 
T.D.A.U., is finally determined. 

3.2 The initial composition of the range of pumps to be assessed 

In [2] the compromise above formed the basis for a preliminary selection of 
9 pumps. This preliminary selection is used as a starting point for this research. 
The pumps in [2] are distinguished using two qualities; the way of operation, 
and the mechanical principles applied. The first refers to the movements the 
operator has to make when using the pump. The second refers to, e.g., the 
use of a diaphragm, piston, impeller, etc. As far as advisable for each type of 
pump e.g. diaphragm, one or more pumps are selected that are thought to be 
the best, using the scarce information on the pumps available. It is made sure 
that the range of pumps composed this way also includes different ways of 
operation. A number of pumps have been tested by the World Bank. For these 
pumps a selection guide, written by the World Bank, has been used. 
The 9 pumps selected this way are listed below. Some of the pumps are 
manufactured on a commercial basis, others are designs, made available by 
research and aid organizations. The designs have to be built by T.D.A.U. More 
information about the pumps discussed in this chapter can be found in the 
literature which will be referred to, or in Appendix II. 

-Archimedes screw; VITA; USA [11] 
- 1-1h-JB Centrifugal pump; China [12] 
- Diaphragm hand pump; VITA; USA [13] 
- Inertia pump; VITA; USA [14] 
- Blair pump; Blair institute; Zimbabwe [15] 
- Rower pump; SWS filtration; UK [15,16] 
- Pitcher pump; VITA; USA [17] 
- Semi-Rotary pump; Monster; The Netherlands [18] 
- Rope and washer pump; Peru-GTZ project [15] 
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At the beginning of this research, the range of pumps listed above has been 
discussed at T.D.A.U. It was decided to adopt the result for the most part. For 
practical and methodological reasons some modifications and additions were 
desirable. 

First, a criterion used for the survey [2] (see preparatory work) was readjusted 
by T.D.A.U. The minimal total head had initially been set at 0.6 m. On further 
consideration this was too low. A better limit is 1.5 m. According to T.D.A.U., 
the possibilities to apply pumps, with a maximal total head less than 1.5 m are, 
very few. The Archimedes screw, with a maximal total head of 0.75 m, 
therefore was rejected. There is no alternative known, which uses the same 
principle, to replace this pump. The possibility of putting pumps in series is not 
considered in this research. 
Second, for practical reasons, the rope and washer pump from Peru was 
replaced by a similar design from the W.H.0. [19], which can be built at 
T.D.A.U. According to the Ministry of Agriculture of Zambia, a few pumps of 
this type had been built by the Farm Training Institute at Keembe in Zambia 1• 

However, there was no evidence of any serious testing or introduction among 
farmers. 
Third, 2 other pumps were added to the range of pumps to be assessed at 
T.D.A.U. They are the diaphragm foot pump [20] developed by the IRRI in the 
Philippines, and the so called twin treadle pump. The twin treadle pump has 
originally been developed by a development organization in Bangladesh [21] 
but It is modified by the mission at Kasisi, in Zambia. As a result of past 
activities in the field of human powered pumping, the first pump had already 
been built at T.D.A.U. There were 2 reasons to include these pumps in the 
program. Both pumps are operated by using the feet, a way of operation so far 
only represented by the centrifugal pump. Both pumps were made in Zambia 
and had never been subject to comparative tests. 

The initial composition of the range of pumps for the assessment at T.D.A.U. is 
shown below. 

- 1-1h-JB Centrifugal pump; China [12] 
- Diaphragm hand pump; VITA; USA [13] 
- Inertia pump; VITA; USA (14] 
- Blair pump; Blair institute; Zimbabwe [15] 
- Rower pump; SWS filtration; UK [16] 
- Pitcher pump; VITA; USA [17] 
- Semi-Rotary pump; Monster; The Netherlands [18] 
- Rope and washer pump; WHO Skill development project; Zambia [19] 
- Diaphragm foot pump; IRRI; The Philippines [20] 
- Twin Treadle pump; Kasisi mission; Zambia 

3.3 The purchase and construction of the pumps 

3.3.1 Guidelines w.r.t. modifications 

The information available in literature on the pumps that were constructed at 
T.D.A.U. was often very poor, incomplete, or even not usable. Another difficulty 
was that the prescribed materials or parts were not always available. It means 

Based upon an interview d.d. 30-10-90 with Mr. Silumesi, senior member of staff of the 
Ministry of Agriculture and Water Development, Lusaka, Zambia. 
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a lot of problems had to be solved during the construction which resulted in 
inevitable modifications. A guideline used was that the construction of a pump, 
which was not commercially available, had to be possible at T.D.A.U., 
otherwise the pump was rejected. (T.D.A.U. has a relatively well equipped 
workshop and being in the capital Lusaka it has good access to materials 
available in Zambia). Note that the guideline above formed a criterion within the 
selection process. 
Besides inevitable modifications, we can think of modifications that are not 
strictly necessary but which to my idea improve the pump. However, the idea 
adhered to during this research was not to alter a design before assessing it. 
The assumption behind this is that the designer has designed a pump 
optimally, using the right dimensions and materials, etc. This does not at all 
exclude re-designing, it only puts this stage after testing the original design. In 
some cases, however, some obvious improvements were realized before the 
actual assessment. 

3.3.2 Problems and modifications 

During the purchase and construction of the pumps, listed at the end of § 3.2, 
some problems occurred. 
According to the contract on the conditions of sale, the centrifugal pump from 
China would arrive in Lusaka at the very latest, two weeks before the beginning 
first tests at T.D.A.U. However, this pump did not arrive in Lusaka in time to 
take part in the tests. There was no reasonable alternative to replace this type 
of pump. Therefore it was decided to continue the research without the 
centrifugal pump. 
With the construction of the inertia pump a lot of difficulties were experienced. 
It was very troublesome to built this pump at T.D.A.U. It seems there was not 
much experience in soldering and the proper soldering water was not 
available. The joints were too vulnerable and not airtight, which is essential. 
The pump could not be constructed as it was meant to be. A PVC version, 
constructed out of standard components, was considered as an alternative but 
these components were not available in Lusaka. Moreover, it had been decided 
to stick to the original design as much as possible. The inertia pump was thus 
rejected even before testing. 

A number of modifications deserve some attention. In [17) the Pitcher pump is 
used to draw water from a drilled tube well. The pump is shown in a fixed 
position on a permanent support above the well. Without altering the pump as 
such, the application possibilities of this pump are increased by putting it on a 
mobile support. Instead of a rigid 1" GI pipe, 1" hosepipe is used to draw water 
from a stream or hand-dug well. 
The information on the W.H.0. design of the rope and washer pump was very 
poor. The design is rather rickety and leafs much room for some obvious 
improvements. The pump constructed at T.D.A.U. has been modified compared 
to the W.H.0. design in the sense that it is a more sturdy version of the same 
pump. 

3.4 The final composition of the range of pumps assessed 

Given the problems that occurred during the purchase and construction of the 
pumps, the final composition of the range of pumps assessed looks as shown 
on the next page. 
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- Diaphragm hand pump; VITA; USA [13] 
- Blair pump; Blair institute; Zimbabwe [15] 
- Rower pump; SWS filtration; UK [16] 
- Pitcher pump; VITA; USA [17] 
- Semi-Rotary pump; Monster; The Netherlands [18] 
- Rope and washer pump; WHO Skill development project; Zambia [19] 
- Diaphragm foot pump; IRRI; The Philippines [20] 
- Twin Treadle pump; Kasisi mission; Zambia 
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4 THE SELECTION OF THE TEST SITE 

4.1 Introduction 

In chapter 3, we discussed the range of pumps to assessed. In this chapter we 
will discuss the test site. The range of pumps to be tested and the test site 
compose the case under investigation. 
In the next paragraph, the basic conditions and search method are discussed. 
In subsequent paragraphs, the actual selection of the site is discussed followed 
by a description of the site chosen. 

4.2 Basic conditions, search method and sites visited 

There are 2 basic conditions that have to met by the test site. In the first place, 
small scale farming households should have vegetable gardens during the dry 
season which are watered by using buckets. Second, for practical reasons, the 
site should not be far from Lusaka. If possible, not more than a few hours 
driving from Lusaka so that a one day visit is possible. It saves time and 
facilitates the monitoring of the tests. 

The area around Chongwe town meets both these conditions. Chongwe is 
about 50 km east from Lusaka. It is known that during the dry season the small 
scale farmers in the area grow vegetables for the market in Lusaka. Most of the 
vegetable gardens lie along small streams. They form the branches of the 
Chongwe river which joins the Zambezi about 80 km south-east of Chongwe 
town, see figure 4.1. 

In the field of agriculture, Zambia is divided in districts with a district officer as 
an administrative head. The districts are divided in blocks with a block officer 
for each block. Each block again, is divided in camps with a camp officer as a 
head. A camp is the smallest agricultural administrative unit. The camp officer 
reports to the block officer who, in turn, reports to the district officer who 
reports directly to the Ministry in Lusaka. 
To find potential test sites the agricultural officers, at different levels in the area 
around Chongwe town, have been consulted. The result is that 8 potential test 
sites have been visited. Two sites are close to Kapete School in Kapete camp, 
which falls under Chongwe block, see figure 4.1. Two other sites are near to 
the Chalimbana Training College, also in Chongwe block. Three sites are near 
to Nyangwena in Nyangwena camp, part of the Bunda Bunda Block. The last 
site is close to Kampekete in Kampekete camp, which also falls under 
Chongwe block. All sites visited lie in the Lusaka rural district. 

4.3 The selection of the test site from the sites visited 

4.3.1 Some information on the sites visited 

At a site there can be more than one garden. Each garden usually belongs to a 
single family. A maximum of 4 gardens has been found next to each other 
along the same stream. The size of the gardens is roughly estimated at about 
v.i-~ lima (1 lima= 0.25 ha). The condition of the gardens differed between the 
sites, but also between families with gardens at the same site. Some families 
still had to prepare their garden, others were about to have their first cut of 
rape. All gardens were watered by using buckets. 
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At one site near Kapete School, 2 families each had a garden of about !h lima. 
According to the camp officer, these gardens were rather big and the families 
used paid labour to have the watering done. At the other site near Kapete 
School, 2 families each had a garden of about 114 lima along a stream. The 
camp officer was a farmer himself and appeared to be very understanding and 
practical. 
At Chalimbana, the first site could only be shown from a distance, so 
information on the actual layout is missing. The second site was very swampy. 
One of these 2 sites was to be used by a group of about 8 youths, to learn 
how to garden. However, according to their leader they had not yet organized 
themselves properly. 
Three sites were visited in Nyangwena camp. The first site was divided in 4 
equal gardens by 4 families. Although there was some cooperation, each family 
planned its garden activities individually. The gardens were situated on a rather 
steep slope. For the lower part of the gardens the water was taken from a 
stream, for the upper part the water was taken from hand-dug wells. One of the 
farmers explained he was thinking of buying a motor pump for K 12,0001

• He 
said he had to borrow K 5,000 from friends. At the second site there was only 
one garden. It was in use by a single man retired from the mines. He owned a 

This was not a realistic price at the time the visit took place (march '91). Based upon 
several visits to different hardware shops in Lusaka more realistic prices for the smallest 
motor pump, hosepipe etc. excluded, are K 30,000 at AFE (5-10-90) and K 50,000 at 
Tarry's Ouly '91) 
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motor pump which he had used last year. Although he was complaining that 
he could not manage the watering alone, he did not use his pump this year 
because of the fuel expenses. At the third site in Nyangwena camp there was a 
polygamous farmer. He never watered his garden himself, it was mostly done 
by his children. His wives had their own gardens as a separate business. He 
had owned a motor pump but had sold it because the fuel expenses were too 
high and it had given him "a lot of problems". 
Finally, at the site at Kampekete, there were 2 families which had gardens that 
were opposite to each other at a stream. 

4.3.2 Criteria used 

Eight criteria have been used to select the test site. 

- Technical viability for a test set up: We would like a situation in which it is 
easy to test pumps from a technical point of view. Factors that play a role are 
e.g. the accessibility of the water and the technical possibilities to install the 
pumps. 

- On site experience of informants: We would like a situation in which the 
persons involved with the tests have used the site in question before. This 
makes it possible to make a fair comparison between watering with buckets 
and pumps. 

- Number of people actively involved with the gardens: The number of people 
involved with the gardens should be practical to work with and not too small. 
We would like more than only one single opinion on e.g. the ease of 
operation of a pump. 

- Women involvement: According to habitual role patterns, women perform a 
great number of important tasks in the field of agriculture. In a lot of cases 
the watering and maintenance of the vegetable garden is such a task2. 
Therefore, we wish to choose a test site were we expect women to be 
actively involved with the tests. 

- Data quality: When doing a field test, the validity and reliability of the data 
collected depend on many different factors. It can happen that the informants 
give biased information, simply in order to achieve their own objectives e.g. 
to obtain any equipment, no matter whether it can really be of use. Especially 
when more projects have taken place in an area, the area can get "saturated" 
and the quality of the data collected declines. Although it is hard to assess 
this factor completely beforehand, from conversations with those involved one 
can get a fairly good idea. 

- Key informant qualities: This factor is partly related with the above but 
important enough to mention separately. The role of the key informant is 
considered very important, because he/she forms the link between T.D.A.U. 
and the people at the test site. We would like a key informant that has the 
interest and understanding desired. 

2 Based upon an interview d.d. 13-11-90 with Mrs. I. Mansa, research worker at the Institute 
for African Studies in Lusaka, Zambia. 
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- Representativity of site: It makes sense to test pumps in a situation that 
resembles a large number of situations in Zambia. The results from this case 
can be of great value in other similar cases. As far as the lay out of the site is 
concerned, a site as shown in figure 4.2 is rather common3

. The water level 
is about 2-4 m below the level of the garden depending on whether it is the 
beginning or the end of the dry season. Of course, from a methodological 
point of view, the conclusions of this research are only valid for the case 
investigated. 

Figure 4.2 A common water level at a site. 

- Time constraints: The time schedule of the farmers at the test site should 
correspond as much as possible with the time schedule of this research. It 
means that, at the time we want to start the field tests, there should be a 
demand for water and the farmers should be ready to use the pumps. 

4.3.3 Selecting a test site 

To support a decision, the matrix shown in table 4.1 has been filled in. In view 
of the constraints that accompany this research, a detailed measurement 
instrument to measure the scores on each criteria has not been developed. 
The scores are determined according to our best possible knowledge. The 
same applies to the evaluation of the matrix. The matrix should not be seen as 
the base for a in depth analysis, but rather as a visualization of the pros and 
cons of each site. It helps to make a more sound decision when selecting a 
test site out of the 8 possible sites. 

If all criteria have the same weight, the sites at Kampekete and Kapete 2 are 
clearly the best. The only two criteria which they score different on are, 
"key informant qualities", and "time constraints". Looking at these criteria, there 
are no major time constraints at Kapete 2 but "key informant qualities" scores 
much better than at Kampekete. Therefore, Kapete 2 has been chosen as the 
test site to base this research on. In this report, from now on, the test site 
Kapete 2 is simply referred to as Kapete. 

3 Based upon an interview d.d. 5·11·90 with Mr. J Knops, agricultural engineer at the 
Department of Agricultural Engineering at the University of Zambia, Lusaka, Zambia. 
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Table 4.1 The evaluatlon matrix to select a test site. 

Kapete Kapete Chalimbana Chalimbana Nyangwena Nyangwena Nyangwena Kampekete 
I II I II I II Ill I 

technical viability - + ?4 - -- ++ + + 
for a test set up 

one site ++ ++ + ++ ++ 
experience 

++ - -

number of people 55 7 8 8 19 1 4 6 
actively involved 

women ? ? yes no minor yes 
involvement 

yes yes 

data quality + ++ -- -- + - - ++ 

key informant 
++ ++ -- -- + + + -qualities 

representativity - ++ ?4 -- - ++ ++ ++ 
of site 

time constraints - + - - -- ++ + ++ 

4 Site could not be visited from nearby 

5 Hired labour excluded 



4.4 A short description of the test site chosen 

4.4.1 Site layout 

Originally, only 2 farmers, Mr. Mayungano and Mr. Chambwa, with their families 
were preparing a garden at Kapete. They had both grown vegetables at Kapete 
the year before. Mr. Mayungano explained that, in the past, he had left an 
other site because the water dried up there. According to both farmers, the 
water at Kapete would not dry up. Their gardens were situated next to each 
other. 
When it became clear that Kapete had been chosen as a test site, the camp 
officer and key informant, Mr. Mudenda, decided to prepare a garden next to 
the other 2 gardens. The year before, Mr. Mudenda and his family had a 
garden at an other site. Figure 4.3 shows a layout of the site. 

21 m 665 m2 

651 m2 

Mr. Mayungano Mr. Chambwa 

256 m2 

E E ..,. Mr. Mudenda 
<'II ~ 

E <'II E 
I() <O 
C') ~ 

4m 31 m .. x" 16 m 

IODDD 
00 oa. 

0 
~ 

Figure 4.3 The layout of the test site at Kapete. 

The farmers indicated that the land was usually allotted by the headman on the 
farmers request. 

The dimensions represent the planned size of the gardens at the time of 
preparing them. The water level has been measured at point "x", indicated in 
figure 4.3. It was about 1. 7 m below the level of the garden at the stream side. 
According to the farmers, this level could sink up to 2 m during the dry season. 
The water would draw back from the sides to the middle of the stream. As 
indicated in figure 4.4, the major part of the garden area was sloping 
downward from the stream side 
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Figure 4.4 The water level at the beginning and the end of the dry season, 
according to the farmers at Kapete. 

4.4.2 Vegetables and watering 

The vegetables that the farmers planned to grow were: Rape, okra, tomatoes, 
green beans, cucumber, baby melon, cabbage, onions and sweet corn. These 
are the same vegetables they had grown the year before. 

The farmers indicated that, in general, all members of the family who were 
capable, were involved with watering the gardens. Mr. Chambwa said that the 
garden he had planned was the same he had had before. To water this garden 
would take three persons, with one bucket each, 2!h hours every day except 
saturday6 

More details on the vegetables and watering can be found in chapter 6, where 
the actual field tests are discussed. 

6 
All three families belong to the Seventh Day Adventist Church. 
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5 THE ASSESSMENT AT T.D.A.U. 

5.1 Introduction 

In the two preceding chapters the range of pumps assessed and the test site 
have been discussed. In § 1.5 it is explained that this research consists of two 
major parts, the assessment at T.D.A.U. and the assessment in the field. This 
chapter discusses the assessment at T.D.A.U. We can not test the complete 
range of pumps in the field. The primary objective of the assessment at 
T.D.A.U. is to enable a selection of pumps for further testing in Kapete. The 
next paragraph deals with the criteria used for the selection. In paragraph 5.3 it 
is explained how the scores on each criterion have been measured and the 
results are presented. In § 5.4, some of the problems that occurred during the 
tests at T.D.A.U. are discussed, and possible solutions are suggested. The 
evaluation of the results of § 5.3 is described in paragraph 5.5. Finally, § 5.6 
deals with the conclusion. 

5.2 The criteria used to assess the pumps at T.D.A.U. 

Most literature on human powered pumps refers to the use of such pumps for 
community water supply. One of the reasons probably is ''The International 
Water Supply and Sanitation Decade" (1981-1990), launched by the United 
Nations. Literature on comparative research of hand pumps for irrigation, has 
not been found. 
Goh Sing Yau [25] describes the laboratory and field testing of one particular 
hand pump. Much attention is paid to the efficiency of the pump and the wear 
of particular parts. Sharp and Graham [28] mention characteristics like, 
capacity for local manufacture, cost of manufacture, reliability and durability, 
maintenance capability at the village level, and technical performance, to 
assess pumps. Pacey [27] stresses the importance of maintenance, and the 
fact that maintenance is not a pure technical matter. Mc Junkin [26] mentions 
that "pumps are needed which are more durable, trouble-free, sanitary, and 
inexpensive; which require maintenance within the limitations of local 
capabilities; that are easily operated and acceptable to users, including women 
and children; and are suitable for local manufacture using local materials, 
equipment, and manpower." In his handbook on hand pumps, he states that a 
comparison of test results is hampered by the lack of common criteria. The 
probably most comprehensive study of handpumps "the rural water supply 
handpump project" [15], has been initiated by the World Bank. The criteria 
used in this project are; the discharge rate, ease of maintenance, reliability, 
corrosion resistance, abrasion resistance, and manufacturing needs. 

To assess the pumps at T.D.A.U., the following criteria have been used: 

- yield; 
- cost; 
- durability; 
- maintenance and repair; 
- mobility; 
- ease of operation. 

These criteria roughly represent the criteria found in literature. In view of the 
intended use of the pumps, sanitary aspects are considered not important. 
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Because of the possible need to remove a pump from the field, e.g to use it on 
other locations, or to enable a co-operate use, the criterion "mobility" has been 
added. For reasons stated below, "manufacturing needs" is omitted as a 
criteria. Each criterion will be discussed more extensively in the next 
paragraph. 

All the criteria mentioned above are of importance at the village level. These 
criteria are considered more important than criteria that predominantly play a 
role at the national level, like possibilities for local manufacture. After all, it is 
the farmer who, given a particular yield, prize, etc., decides to use an 
implement or not, without reference to variables that play a role at the national 
level. In other words, the interests at the village level are given priority. Only in 
case the 6 criteria above have not enough power of discernment, criteria on 
the national level will be used. 

There is one point that has not been mentioned but still deserves attention. The 
technical appropriateness of a pump depends on the layout of the site. Three 
typical sites can be distinguished, they are shown in figure 5.1. The garden 
area can slope downward towards the stream or well, see figure 5.1 a. The area 
can slope upward towards the stream, see figure 5.1 b. The area does not have 
a slope, see figure 5.1 c. 

Figure 5.1 Three types of sites that can be distinguished. 

In principle, all pumps can be used in each site type. However, the ease with 
which they can be applied differs. An example: In case of a site as shown in 
figure 5.1 a, a pump that can deliver water under pressure, like the diaphragm 
hand pump, seems to have an advantage over one that can not do this, like 
the rope and washer pump. The question is, however, whether it is possible to 
use this pump quality, in this early stage of the research, to select pumps for a 
field test. The answer is "no", because one must have a clear picture of the 
ways each pump can be applied in each type of site and the accompanying 
advantages and disadvantages. This is not the fact at this stage of the 
research. 
In the actual field test, the ease with which a pump is applied in a particular 
type of site is reflected by auxiliary costs, e.g. the costs of hosepipe. 

The test site at Kapete corresponds with the site shown in figure 5.1 b. It is 
believed that, because the water can be transported by gravity, the ease with 
which the pumps can be applied does not differ much in such case anyway. 
Even if one would have introduced a criterion "technical appropriateness to site 
type", the scores would probably be the same and the criterion would not have 
influenced the selection. 
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5.3 Measurements and results 

5.3. 1 The yield 

A problem we face here is that the yield not only depends on the pump, but 
also on the operator, the head and the time pumped. A way to handle this 
problem is to determine the yield characteristics (yield =f(total head)) for 
different operators who all pump the same time. 
Another problem is that for some of the pumps the ratio between suction head 
and total head is not pre-determined. For these pumps, we don't know the 
optimal ratio between the suction head and the total head. This first has to be 
found out. Only then we can determine the yield characteristics as mentioned 
above. 

In a laboratory test like this, we would like to expose the pumps to a relatively 
high load in order to get an idea on the maximum performance and the 
durability. We also want to have the pumps tested by both sexes to find any 
difference in the yield but also in the ease of operation. Due to practical 
constraints, the number of operators is limited to 3. Considering the above, the 
pumps are tested by 2 male and 1 female operator. 
To determine the yield characteristics, a pumping time of 30 min. is considered 
long enough to result in a yield that reasonably corresponds with the 
performance we may expect in the field. This is supported by the example 
given in figure 5.2. The graph represents the expected potential average power 
of a person (60 kg), pedalling an ergometer, as a function of the duration of 
the effort. The example indicates that after about 30 min. the average power, 
generated by a person, declines only little. It is believed that the right hand part 
of the graph relates to the real use of the pumps in the field better than the left 
hand part . 
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The potential average power of a person pedalling an 
ergometer depending on the duration of the effort; O'Hea 
[10]. 
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The aim is to measure the yield at about 2 m and 4 m total head. These are 
heads that occur in the field. To complete the picture a third measurement is 
done, H possible at about 6 m. Due to practical constraints these 3 heads 
could only be approximated. 

To determine the optimal ratio between the suction head and the total head, a 
pumping time of 1 O min. is considered long enough. The yield calculated from 
these tests is strictly used for a comparison of different suction/total head 
ratios. The absolute value is not used as an indication for the performance in 
the field. The total head at which these short tests are done is 4 m. For each 
pump the yield Is measured at 4-5 different ratios. It is assumed that the 
optimal suction/total head ratio found at a total head of 4 m also applies to 
total heads of 2 m and 6 m. 

The yield is measured by calculating the amount of water that has been 
pumped into a container during a particular period of time. The hosepipe 
resistance during all tests is kept to a minimum. Figure 5.3 shows the test set 
up which has been used to measure the yield at different heads. 

Fiaure 5.3 The test set up to measure the yield of the pumps. 
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The 3 operators that pumped are: 

Dany d' 

Oby d' 

Joyce~ 

age: 17 years 
age: 27 years 
age: 23 years 

weight: 60 kg 
weight: 70 kg 
weight: 63 kg 

To ensure maximum effort on the part of the operators a bonus system has 
been used. 

Let us now concentrate on the short tests. There are 3 pumps for which the 
suction/total head ratio is not pre-determined, they are: 

- the twin treadle pump made in Kasisi; 
- the diaphragm hand pump made at T.D.A.U.; 
- the semi-rotary pump imported from The Netherlands. 

The twin treadle pump is in fact a combination of 2 parallel piston pumps. 
Since the 2 pumps are mechanically coupled, in such a way that the operating 
forces are balanced, the operator may not experience the effect of a different 
suction/total head ratio. From a pure mechanical point of view, the pistons are 
exposed to a different load in case the suction/total head ratio is changed. The 
diaphragm hand pump has been tested because it directly reflects the 
suction/total head ratio in its operation. The semi-rotary pump is a true double 
acting pump. Therefore, we don't expect any optimal suction/total head ratio 
for this pump. Still, to verify this, it has been tested. 
The results of the tests are given in table 5.1. In figure 5.4, the results are 
presented by a graph for each pump. 

If we have a look at the graphs of figure 5.4, we can see that the twin treadle 
pump tends to give the highest yield when the suction head is minimal. An 
explanation for this could be the that the leak of air during the suction stroke of 
the piston is minimal in this situation. To prevent the air leaking via the leather 
piston seals, the pump needs to be primed. Although it is primed, it is rather 
difficult to get the pump "started". This is probably due to a defective valve 
action. Also the relatively large volume of the suction line, compared to the 
swept cylinder volume, contributes to this problem. For suction heads above 
2 m, the pump is not at all able to draw water. The conclusion is that, in case 
of the twin treadle pump, the suction head must be minimized. 
The graph for the diaphragm hand pump indicates that this pump gives the 
highest yield in case the suction head and delivery head are about equal. In 
such a case, the forces to push the handle forward and to pull it backward are 
about the same. This makes the pump much easier to operate. The conclusion 
is that, for the diaphragm hand pump, the suction head must be about half the 
total head. 
As far as the semi-rotary pump is concerned, the graph does not indicate any 
optimal suction/total head ratio, as we expected. 

Using the results above, for each of the 8 pumps, the yield is measured at 3 
different total heads by 3 different operators each pumping 30 min. The results 
of these tests are given in table 5.2. The same results are presented by a graph 
for each pump in figure 5.5. It was not possible to test all pumps at 6 m due to 
practical constraints by the test set up. 
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Table 5 2 The yield at different total heads the pumping time is 30 min I 

total head [m) 2.30 4.20 6.03 
blair pump 

Joyce 0.69 0.79 0.47 
yield 

[m3/h] operator Dany 0.85 0.80 0.63 

Oby 0.92 1.00 0.73 

diaphragm total head [m) 1.96 3.83 5.00 

hand pump 
Joyce 3.86 2.48 1.81 (5.1 m) 

yield operator Dany 4.23 2.77 2.12 
[m3/h] 

Oby 4.37 2.40 1.47 

rope and total head [ m] 2.08 3.07 3.93 

washer pump 
Joyce 6.99 5.21 4.47 

yield operator Dany 8.29 5.41 5.23 
[m3/h] 

Oby 7.34 6.3 5.07 

semi rotary total head [m) 2.07 4.10 6.14 

pump 
Joyce 3.39 2.73 1.64 

yield operator Dany 3.76 3.69 2.65 
[m3/h] 

Oby 3.49 3.17 2.60 

twin treadle total head [m) 2.10 3.90 4.92 

pump 
Joyce 4.04 2.27 1.36 

yield operator Dany 5.05 2.56 (4 m) 2.10 
[m3/h] 

Oby 5.21 2.39 2.30 

diaphragm total head [m) 2.00 4.07 5.50 

foot pump 
Joyce 2.46 0 0 

yield operator Dany 3.07 1.16 0 
[m3/h] 

Oby 3.21 1.69 0 

total head [m) 2.52 4.35 5.33 
pitcher pump 

Joyce 1.64 1.13 0.72 
yield 

[m3/h) operator Dany 1.8 0.94 0.86 

Oby 1.86 1.22 0.86 

total head [m) 1.94 3.78 4.75 
rower pump 

Joyce 2.66 2.47 1.39 
yield 

operator Dany 3.01 2.68 2.11 [m3/h] 

Oby 3.1 3.24 2.24 
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5.3.2 Cost 

At this stage of the research, the cost refer to the cost of both the pump and 
the pump support. Any auxiliary cost are omitted, see § 5.2. Of course, the 
auxiliary cost have been investigated during the field tests. The exact cost are 
not known because information, not only on the auxiliary materials, but also on 
the life of the equipment, is lacking. The criterion durability, which includes the 
life of the equipment, therefore, also determines the cost of the equipment. 
At this stage of the research, the price that T.D.A.U. would sell the pump for, 
has been used as an indication for the cost. To determine this price, the 
calculation usual at T.D.A.U. to set the selling price of its implements, has been 
applied. The structure of this calculation is illustrated by the example below. 
The example refers to a small batch production of the diaphragm hand pump. 
The calculation can also be applied to equipment that has been imported by 
T.D.A.U. All calculations are based on Kwacha prices and rates of March '91. 

Cost of labour: 

Number of man-hours T.D.A.U. workshop: 32.4 
Allowance of 1 O %: + 3.2 
Number of man-hours to calculate with: 35.6 

Man-hour rate for small batch production: K 250.00 per man-hour. 

Total labour cost: 35.6 * 250 = 

Cost of local materials: 

: 5.2 kg Mass of common steel parts 
Price of common steel : K 150.00 per kg 

Common steel parts: 5.2 * 150 = 
Special steel parts: 
Wooden parts: 
Steel and wood 

Steel and wood 
Allowance of 1 O % for auxiliary materials 

Total local materials of steel and wood: 

K 780.00 
840.00 

+ 754.00 
K 2,374.00 

K 2,374.00 
+ 237.00 

Other local materials: inner tube for diaphragm 

Cost of imported materials: 

Shadow rate march '91 

Fasteners: 
Transport allowance 15% 

1 US $ = K 90.00 

us$ 14.84 
+ 2.23 

us$ 17.07 

K 8,900.00 

K 2,611.00 

K 250.00 

Total imported materials: 17.07 * 90 = + K 1.536.00 

Total selling price diaphragm hand pump (small batch) K 13,297.00 
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The overhead costs are included in the man-hour rate. For small batch 
production (10-20) this rate is K 250.00 . For single unit production, the rate is 
K 784.00. These rates are based on T.D.A.U.'s experience. It is assumed that 
the pumps will possibly be produced in small batches at T.D.A.U. For a fair 
comparison, expatriates have been ascribed Zambian salaries that are 
common for similar positions within similar organizations. For reasons of 
inflation, the figures change from time to time, but of course, the real value 
more or less remains the same. The number of man-hours used has been 
carefully counted during the production of the equipment at T.D.A.U.'s 
workshop. 
To calculate the cost of imported materials and equipment, the shadow rate of 
K 901 for 1 US $ has been used. This is done because, in reality, private 
suppliers of equipment use the shadow rate to convert the price of imported 
goods from US $ into Kwacha. Even if they paid less than the shadow rate, 
e.g. in case they were granted subsidized dollars by the government, they will 
still charge the shadow rate, not to sell the equipment below its true market 
value. 
For pumps bought in Zambia, the price paid by T.D.A.U. is used as an 
indication for the cost. 

For each pump, the actual calculations are presented in appendix Ill. The 
results have been put together in table 5.3. One should not ascribe great 
accuracy to these results but at least they reflect the mutual ratio of the costs 
of the pumps (auxiliary materials excluded) on March 1991. 

Table 5 3 The cost of the pumps [Kwacha March 1991) 

cost pump cost support total cost (auxiliary 
materials excluded) 

blair 15, 111 1,865 16,976 

diaphragm hand pump 13,297 - 13,297 

rope and washer pump 10,415 - 10,415 

semi rotary pump 27,781 3,729 31,510 

twin treadle pump 7,000 . 7,000 

diaphragm foot pump 24,000 - 24,000 

pitcher pump 6,701 2,883 9,584 

rower pump 9,000 - 9,000 

5.3.3 Durability 

We want the pumps to have a long life without problems, so durability must 
play a role in the assessment. Durability has to be distinguished from 
maintenance and repair. A pump can be very durable, but once it breaks 
down, it can be impossible to repair at it the village level. Also the maintenance 
of a very durable pump can be very hard to carry out. On the other hand, we 

This is the rate that most merchants and entrepreneurs in Lusaka were prepared to buy 
US $ for in march 1991. The development of dollar rates is illustrated by figure 6.8 in this 
report 
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can think of a pump which breaks down relatively easy, but the repair can 
easily be done by the villagers themselves. Indicators for the durability are, the 
expected life, problems that occurred during the tests, the robustness of the 
design, etc. 
To measure the durability at T.D.A.U., we use the overall opinion of 3 
informants2

, 2 mechanical engineers and the chief technician at T.D.A.U.'s 
workshop. They have been requested to express their opinion on the durability 
of each pump on a scale from Oto 100, independent from each other, where O 
is extremely bad and 100 is extremely good. It is assumed that all pumps are 
maintained properly. The scores of each informant are converted into rank 
numbers. Pumps that have the same rank number do not at all need to have 
the same individual scores. It means the informants can agree on the mutual 
relation of the pumps w.r.t. durability, but can disagree on whether the 
durability as such is good or bad. On the other hand, pumps that have about 
the same individual score, do not necessarily have equal rank numbers. It 
means the informants can agree on the durability in an absolute sense, but can 
disagree on the mutual relation of the pumps w.r.t. durability. 

On the basis of the rank numbers, a discussion has been initiated between the 
informants. Through this discussion, they had the opportunity to convince each 
other to adjust the scores. A lot of arguments turned up that completed the 
base upon which the informants based their scores. After the discussion, the 
informants have been asked whether they wanted to alter any score. 
Using the scores after the discussion, the average score is calculated for each 
pump. Of course, the averages include a certain amount of pseudo accuracy. 
An average of 86 does not indicate the pump is more durable than a pump 
with an average of 83. The durability for both pumps is considered very good. 
Therefore, the averages of the individual scores are distributed among 4 
classes as shown below. 

[0,25] + + 
<25,50] + 
<50,75] 
<75,100] 

very good 
good 
bad 

very bad 

These classes form a more realistic distinction. The scale from O to 100 has 
been used, in first instance, to unearth the differences between the informants, 
which feed the discussion. Ranks and outliers are more easily detected this 
way. The method is more accurate to classify the pumps into the 4 classes 
compared to a direct classification. The results are given in table 5.4. 

2 Dr. lr. Sitters, lecturer at the department of mechanical engineering at LINZA , lr. Wouters 
project engineer at T.D.A.U., Mr. LS. Sitenge chief technician of T.D.A.U.'s workshop. 
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Table 5 4 The durability of the pumps 

informant 1 informant 2 informant 3 result 

blair pump 50 70 70 + 

diaphragm hand pump 35 50 50 -
rope and washer pump 40 50 30 -

semi rotary pump 70 70 80 + 

twin treadle pump 10 30 20 -
diaphragm foot pump 45 50 60 + 

pitcher pump 45 45 50 -

rower pump 60 60 70 + 

The most important matters discussed were: 

- the effect of direct sunlight on PVC; 
- the durability of wood in contact with water; 
- the pivot points of the diaphragm foot pump; 
- the connection of the pivot pin to the pump rod of the pitcher pump. 

5.3.4 Maintenance and repair 

The maintenance and repair of pumps should be possible at the village level. 
The ease with which a pump can be maintained and repaired is indicated by 
the complexity of the design, the tools and materials used, etc. Maintenance 
and repair are discussed as one single criterion because there is not always a 
clear distinction between both concepts. They both relate to complexity, tools 
and materials the same way. 
To measure maintenance and repair, the same method is used as described in 
the preceding paragraph on durability. The informants3 are familiar with the 
level of maintenance and repair that can be carried out at the village level. The 
results are shown in table 5.5. 

3 
Dr. lr. Lemmens manager T.D.A.U., lr. Wouters project engineer T.D.A.U., Mr. L.S. Sitenge 
chief technician workshop T.D.A.U. 
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Table 5 5 Maintenance and repair of the pumps 

informant 1 informant 2 informant 3 result 

blair pump 30 40 30 -
diaphragm hand pump 80 80 80 ++ 

rope and washer pump 70 70 65 + 

semi rotary pump 30 20 40 -
twin treadle pump 20 40 50 -

diaphragm foot pump 40 50 50 -
pitcher pump 70 60 60 + 

rower pump 30 30 30 -

The most important matters discussed were: 

- the availability of the rope of the rope and washer pump; 
- the availability of the asbestos seals part of the semi-rotary pump; 
- the inability to repair PVC at the village level. 

5.3.5 Mobility 

Mobility refers to the ease with which a pump can be removed within the field 
or from the field to another location. Mobility plays a role in case a pump is 
shared by a number of families, or in case it is desirable to take a pump home, 
e.g. to prevent it from being stolen. In some cases, the mere use of the pump 
to irrigate a garden, can require mobility within the field. Indications for mobility 
are the weight, the size, the extent to which a pump is literally fixed to the field, 
the possibilities for disassembly, etc. 
To measure mobility, the same method is used as described in § 5.3.3. on 
durability4

• The results are given in table 5.6 below. 

Table 5 6 The mobility of the pumps 

informant 1 informant 2 informant 3 result 

blair pump 50 20 40 -
diaphragm hand pump 90 70 65 + 

rope and washer pump 10 0 30 -
semi rotary pump 70 60 60 + 

twin treadle pump 50 40 50 -
diaphragm foot pump 80 70 65 + 

pitcher pump 95 70 65 ++ 

rower pump 10 0 40 -

4 The informants are those listed in footnote 3 
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The most important matter discussed was the pole that is part of the twin 
treadle pump. This pole supports the pivots of the 2 treadle bars and should be 
dug into the ground. 

5.3.6 Ease of operation 

An indication for the ease of operation is the experience of the operators. To 
measure the ease of operation, the method used in § 5.3.3 can not be applied. 
The scores on ease of operation are very personal. It is hard to convince 
someone that a pump is easy to operate if he/she has tried the pump and 
disagrees. Moreover, the inability of the operators to abstract allows only a 
simple measuring method. A direct classification into 4 classes has been tried 
but without success. A repetition the day after proved this method was not 
reliable. A more successful method is to let an operator point out the best and 
worst pump w.r.t. ease of operation. Drawings are made of each of the 8 
pumps under investigation. After the best and worst pump have been pointed 
out, both accompanying drawings are covered to visualize the decision and the 
question is repeated. This way, each operator ranks the pumps. A repetition 
after 2 weeks proved this method had sufficient reliability. The results are 
shown in table 5.7. Rank number 1 indicates the pump is relatively easy to 
operate. As we can see, the opinions of the operators are divided. Note that 
these rank numbers represent the global experience of the operators, after 
having tried each pump at different heads. 

Table 5 7 The ease of operation of the pumps 

Joyce Dany Oby 

blair pump 7 8 6 

diaphragm hand pump 3 3 7 

rope and washer pump 1 4 1 

semi rotary pump 5 2 3 

twin treadle pump 2 1 4 

diaphragm foot pump 8 5 5 

pitcher pump 4 7 8 

rower pump 6 6 2 

5.4 Findings during the tests at T.D.A.U. 

The Blair pump 

When pumping, most of the time, both hands are used to move the handle up 
and down. To get a high yield, the handle is moved up and down as far as the 
stops allow. The operation seems very uncomfortable, too much work is done 
with the back. 
The "seal-less" design of this pump results in a very low volumetric efficiency. 
The leakage water is carried off through a hole in the outer pipe, see figure 5.6. 
The amount of water carried off is substantial compared to the relatively small 
yield. 
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At the outlet, the water has a considerable velocity which is not of use. It would 
be better to reduce the (velocity) resistance and to convert the energy involved 
into extra yield. 

hole to carry off leakage water 

Figure 5.6 A simplified sectional view of the lower end of the blair pump, note 
the seal-less design. 

All in all, the Blair pump seems a pump typically meant for community water 
supply where a relatively large number of operators pump small quantities of 
water. Based on the findings during the tests, it seems advisable not to 
introduce this pump to serve small scale irrigation purposes. 

The diaphragm hand pump 

At low heads, the pump is much easier to operate than at higher heads. The 
large surface of the diaphragm directly "amplifies" a higher head into increased 
forces, and the frequency one can pump with will drop. An advantage seems 
that the operators can use their weight when operating the pump. 
The pivot rod, that connects the handle with the pump body, slowly moved out 
of position during pumping. One of the pivot rod mounting-clamps showed a 
fatigue failure after about 5 hours of testing, see figure 5. 7. It has been 
replaced by a similar clamp made of 3 mm, instead of 2 mm, thick sheet metal. 
The construction of the pivot rod and the mounting clamps should be 
reconsidered. 
To prevent leakage, the diaphragm must be clamped tight between the top and 
bottom frame by tightening the unit assembly bolts. By doing so, the top plate 
split 2 times during assembly. To prevent the wood from splitting, the corners 
of the top plate have been reinforced with angle iron, see figure 5.7. 
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Figure 5.7 The reinforcement of the top plate of the diaphragm hand pump 
and the failure of the pivot rod mounting clamp. 

The rope and washer pump 

During the first tests, the rope got constantly stuck between the grooved rim 
which is composed of 2 half car tyres. The rim is mounted on a wooden wheel. 
It is found that a steel ring, made of flat bar, that reinforces the outer half car 
tyre, prevents the rope from getting stuck, see figure 5.8. Still, much will 
depend on the qualities of the car tyre used. 
The yield and ease of operation of this pump are relatively good. 

I 

----G-
1 
' 
I 

modified 

Figure 5.8 A steel ring prevented the rope from getting stuck between the 2 
half car tyres of the rope and washer pump. 
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The semi-rotary pump 

After a number of tests the pump started to squeak, which points at friction. 
Therefore, the gland packing has been greased again. Nevertheless, it took quit 
a lot of force to pull the pump loose at the start sometimes. After a few strokes 
the operation became smooth again. There was a very small leakage of water 
via the gland. One of the operators claimed he didn't experience the difference 
very much between different heads. This could indicate that the friction forms a 
substantial part of the load for the operator. Another indication for the same 
thought is the considerable friction one feels when pumping without water. 
However, the influence of water as a lubricant should be noted. 

The twin treadle pump 

It is rather hard to draw water with this pump. The joints of the hosepipe with 
the inlet and outlet, are tightened by wrapping straps of car inner tube around 
them. This method is simple and cheap, but the essential air tightness of the 
suction line is not guaranteed. 
During the tests, one of the treadle bars broke as shown in figure 5.9. The 
failure occurred at a weak spot of the bar where there is a hole and a notch. At 
the same spot the mechanical load is maximal. The bar was replaced by a 
more sturdy one, made at T.D.A.U.'s carpentry workshop. 

0 0 

u I 
I 

K 

Figure 5.9 The failure of the treadle bar of the twin treadle pump. 

The pump body is composed of parts of PVC pipe which are joint together by 
using a hot air gun. The PVC parts of the pump and the joints are brittle, which 
makes them very vulnerable to shocks. The shock that went together with the 
failure of the treadle bar, produced a crack exactly where the inlet joined the 
rest of the pump body. 
Especially when the head was relatively high, there was a considerable leak of 
water via the leather piston seal and the PVC cylinder wall, see figure 5.10. This 
leak lowered the volumetric efficiency substantially. All in all there seems much 
room to improve the twin treadle pump. 
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Figure 5.1 o The leak of water via the leather piston seal and the PVC 
cylinder wall of the twin treadle pump during a pressure stroke. 

The diaphragm foot pump 

At heads of about 2 m, the operation is relatively easy but at 4 m the female 
operator already decided to quit, after she had tried her best. At 5.5 m all 
operators quit because it was too hard to operate the pump. To increase the 
force on the pedals, the pump frame is needed to push one self off. Like with 
the diaphragm hand pump, the large surface of the diaphragm directly reflects 
the head in the ease of operation. 

The pitcher pump 

The efficiency of the pitcher pump varies strongly with the pumping frequency. 
If one pumps too fast, the yield hardly increases or will even drop. It seems the 
efficiency Is maximal at a power which is smaller than the available power of 
the operator, and drops drastically in case the power is increased. It appears 
that when the pump is efficiently used the operator has a surplus of power. 
There were no further technical problems. The pump needs priming, but is 
able to draw water from at least 5.33 m. 
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The rower pump 

During the tests, the foot valve seat let loose several times from its housing in 
the cylinder. Two self-tapping screws, through the cylinder into the valve seat, 
proved to prevent the seat from moving. At times, the piston got stuck in the 
cylinder when pushing It downward. During the tests at 4. 75 m, it sometimes 
took more force pushing the piston downward instead of upward. It is 
advisable to feedback these findings to MEC, which assembled the pump. 

5.5 The evaluation 

5.5.1 The evaluation matrix 

Using the results from paragraph 5.3., we are able to compile the evaluation 
matrix for Kapete. A problem we face here is that we can not store all 
information in one single matrix. At the start of the dry season the required 
head is about 2 m. According to the farmers, the head required at the end of 
the dry season is about 4 m. The yield strongly depends on the head. 
Therefore, we are forced to construct at least 2 matrices, 1 for the beginning 
and 1 for the end of the dry season. 
Another problem is that we don't know exactly who will do the pumping in 
Kapete. The men, the women, the children, or any combination of these groups 
will be the possible future operators. We can only find out during the field tests, 
and even then the division of tasks might not be representative for the division 
of tasks in the non-test situation. For the moment, we can only rely on the 
indications we have. As mentioned in § 4.4.2., the farmers indicated that the 
watering was done by all members of the family who are capable to do so. 
However they didn't indicate the division of the amount of work involved, 
among the family members. Another indication is the habitual role pattern. 
According to this pattern, the watering and the maintenance of the vegetable 
gardens is a women's task5. Also the experience of T.D.A.U. points in this 
direction6

• Of course the experience in the past is based upon a watering 
method using buckets. A "new" technology might alter any existing patterns. 
Considered the above, it was decided to evaluate 2 matrices for all 3 operators 
but to give preference to the result based on the scores of the female operator. 
It means 6 matrices are evaluated. 
To find the yield at 2 m and 4 m, the graphs of figure 5.5 are interpolated or 
extrapolated when necessary. Table 5.8 is a combined presentation of the 
evaluation matrices for 2 m and 4 m for all 3 operators. Note that, w.r.t. ease of 
operation, a low rank number implies the pump is relatively easy to operate. 

5 Based upon an interview d.d. 13-11-90 with Mrs. I. Mansa, research worker at the Institute 
for African Studies in Lusaka, Zambia. 

6 
Based upon an interview d.d. 6-11-90 with Dr. lr. Lemmens, manager T.D.A.U. 
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Table 5.8 A combined presentation of the evaluation matrices 

Blair 
diaphr. rope and semi- twin diaphr. 

pitcher 
hand washer rotary treadle foot 

rower 

2m 0.6 3.8 7.0 3.4 4.1 2.4 1.7 2.6 
Joyce 

4m 0.7 2.3 4.4 2.7 2.1 0.0 1.2 2.2 

yield 2m 0.8 4.2 8.3 3.8 5.1 3.1 2.0 3.0 
Dany 

[m3/h] 4m 0.7 2.6 5.2 3.7 2.6 1.2 1.1 2.6 

2m 0.9 4.3 7.4 3.5 5.2 3.2 2.0 3.1 
Oby 

4m 1.0 2.3 5.0 3.2 2.2 1.7 1.4 3.2 

cost [Kwacha March '91] 17,000 13,300 10,400 31,500 7,000 24,000 9,600 9,000 

durability + - - + - - + - + 

maintenance and repair - + + + - - - + -

mobility - + -- + - + + + - -

Joyce 7 3 1 5 2 8 4 6 

ease of 
Dany 8 3 4 2 1 5 7 6 

operation 

Oby 6 7 1 3 4 5 8 2 



5.5.2 The weights 

The weights indicate the relative importance of each criterion. Several 
preference measurement methods are available to come to weights. An 
attractive approach, because of its simplicity, is directly ranking all criteria on 
the basis of their importance, also called complete ranking. It has been 
established that respondents are able to discriminate optimally 7 criteria. The 
more criteria the less appropriate it is to perform a complete ranking. With only 
6 criteria under investigation, this method seems well applicable. 
Voogd [22], assumes this rankings can be considered as units on a cardinal 
scale. Therefore, the weights can be found by using formula 5.1. Note that In 
this case a low rank number indicates the criterion is important. In case of 
several informants, the group weights are given by the average of the individual 
weights. 

Let r1 be the rank number of criterion j. 
Let w1 be the weight of criterion j. 

_ max(r)-'J+1
100 ~-

~'t 
Formula 5.1 

Like the scores on the criteria, the weights are also determined at T.D.A.U. In 
principle, it would be better to have the weight set established by the farmers. 
Given a number of criteria, the farmers themselves know better which criteria 
deserve priority in Kapete. One reason why this has not been done is that it 
saves time. Another reason is that the farmers are able to rank the criteria 
much better if the field tests are going on for a while and they know what it is 
all about. 
Nevertheless, establishing weights at T.D.A.U. can be seen as a short cut. This 
short cut will be checked by measuring the priorities of the farmers during the 
field tests and applying the resulting weight set to the evaluation described in 
this paragraph. This check should prove whether we reasonably selected the 
right pumps for the field tests or not, according to this evaluation instrument, 
and given the scores in the matrices as they are. 
At this stage of the research, the selection of pumps, using the weight set 
established at T.D.A.U., is supported by a sensitivity analysis see§ 5.5.4. 

The ranking at T.D.A.U. has been done by myself and the manager of T.D.A.U., 
independent of each other. The result Is given in table 5.9. Both weight sets are 
similar except that "maintenance and repair" and "durability" exchange rank 
numbers. Since proper maintenance, to a certain extent, prevents breakdowns 
and repairs, it has been decided to give "maintenance and repair" more weight 
than durability and to adopt the marked weight set given in table 5.9. 

50 



Table 5.9 Weights established at T.D.A.U. 

van Schijndel Lemmens 

rank# weight rank# weight 

yield 29 

cost 2 2 23 

durability 4 4 19 

maintenance + repair 3 3 14 

mobility 6 6 5 

ease of operation 5 5 10 

5.5.3 The evaluation technique 

To combine the information embodied in the evaluation matrices and the 
weight set, we need an appropriate evaluation technique. If we have a closer 
look at the evaluation matrices we find that some criteria are assessed on a 
quantitative scale, other criteria are assessed on a qualitative scale. If we use a 
quantitative evaluation technique, quantitative characteristics will be ascribed to 
qualitative data which, of course, is not correct. If we use a qualitative 
evaluation technique, the quantitative information will be only partially used. 
What we need is a mixed data evaluation technique. Voogd [22] describes an 
analytical mixed data evaluation technique based on a pairwise comparison of 
alternatives. This technique has been successfully applied in similar cases, see 
e.g. [1]. The technique is described below. For a more elaborate discussion 
see Voogd. 

First a distinction is made between the ordinal and cardinal criteria. 

Let I be the number of alternatives. 
Let J be the number of criteria. 
Let 0 be the set of ordinal criteria. 
Let C be the set of cardinal criteria. 

Let ei.1 be the score on criterion j of alternative i. 
Let w1 be the weight of criterion j. 

To standardize the scores of all quantitative criteria to a common unit, we use 
formula 5.2. 

E = ewmln(e/) 
J.I max( e1 )-min( e1) 

for jeC Formula 5.2 

It is important to make sure that all standardized scores have the same 
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direction, the higher the score the better the alternative. Therefore, the 
standardized scores on the criterion "cost" have been transformed by 
subtracting them from 1. The dominance measure, a1,r, of alternative i over 
alternative i', for all cardinal criteria together, is given by formula 5.3. 

Formula 5.3 

For the qualitative criteria, the scores e1,1 have been transformed so that e1,1 > e1,r 
in case alternative i is better that alternative i' on criterion j. The dominance 
measure ,a11., of alternative i over alternative i', for all ordinal criteria together, is 
given by formula 5.4 

Formula 5.4 

In order to make both dominance measures, a1 r and a11., comparable, they are 
standardized in the same unit. The standardized dominance measures for the 
cardinal criteria, d11., is given by formula 5.5. The standardized dominance 
measures for the Ordinal Criteria, al I" iS given by formula 5.6. 

Formula 5.5 

Formula 5.6 

Both standardized dominance measures are now combined into a single 
overall dominance score, m1,1., of alternative i over alternative i', for all criteria. 
This overall dominance score is given by formula 5.7. 

Formula 5.7 

Finally, the appraisal score s1 for alternative i is given by formula 5.8. 

Formula 5.8 

Only the ordinal characteristics of the appraisal scores are used. In case s1>s1., 

it implies that, according to the evaluation technique.the general quality of 
alternative i is better than the general quality of alternative i'. It should be noted 
that the evaluation technique rather has a instrumental value than a decision 
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taking function. It is a result based on postulated priorities which should be 
interpreted with some reservations. 

5.5.4 Results and sensitivity analysis 

The appraisal scores have been calculated with the help of a personal 
computer. The appraisal scores have automatically been transformed into rank 
numbers. The results are presented in table 5.1 o. Rank number 1 indicates the 
pump is "better" than the other pumps in the table. 

Table 5.1 O The results of the evaluation indicated by rank numbers. 
(Evaluation matrices and weight set by T.D.A.U.) 

Joyce Dany Oby 

2m 4m 2m 4m 2m 4m 

blair 8 7 8 8 8 7 

diaphr. hand 

rope and washer 

semi-rotary 

twin treadle 

diaphr. foot 

pitcher 

rower 

Due to practical constraints, we can only select a maximum of 3 pumps for the 
field tests. Therefore, all pumps with a rank number 3 or better have been 
marked in table 5.10. Table 5.10 indicates that, irrespective of the head and 
operator, the rope and washer pump and the diaphragm hand pump should be 
selected. The selection of a third pump is less straight forward but the pitcher 
pump seems the best option. The more, since it has been decided to give 
preference to the scores of the female operator (Joyce), at this stage of the 
research. 

Let us now check the sensitivity of the selection of these 3 pumps to changes 
in the weights of the criteria. The selection of the pumps, especially of the third 
pump, is for the most part based on the scores of the female operator, Joyce. 
It is, therefore, that we use these scores as a base for a sensitivity analysis. 
The method used is as follows. The total weight divided over the criteria is 100. 
For each criterion, j, the weight, wi, is varied from O to 95, with steps of 5. 
Because of arithmetical constraints, wi can only be increased up to 95. The 
weight that remains, (100-w1), is divided among the other criteria according to 
their proportion in the original weight set, see § 5.5.2. The result is 20 new 
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weight sets per criterion. This way, it is investigated to which extent the weight 
of a particular criterion can differ from its original weight, so that the 3 "best" 
pumps, applying the original weight set, remain the 3 "best", applying the new 
weight sets. During the analysis, the scores of the female operator at 2 m and 
4 m are used as a base. 
For reasons of readability, the results of the analysis have been put together in 
appendix IV. 

It should be noted that this sensitivity analysis, of course, is rather limited. Only 
the weight of 1 criterion is assumed to be estimated wrong but, of course, 2 or 
more weights can be estimated wrong within the same setting. Another point is 
that the analysis is only applied using the scores of 1 operator. Anyway, a 
more elaborated analysis is beyond the scope of this research. Moreover, we 
do not want to "crack a nut with a sledgehammer''. Looking at the results in 
appendix IV, it is felt that the analysis supports the selection of the rope and 
washer pump, the diaphragm pump and the pitcher pump. 

5.6 Conclusion 

Considering the general findings during the tests at T.D.A.U. and the results of 
the multicriteria evaluation, from the pumps assessed at T.D.A.U., the 3 pumps 
that are best suited for further tests in Kapete are: 

- the diaphragm hand pump; 
- the rope and washer pump; 
- the pitcher pump. 
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6 THE ASSESSMENT IN THE FIELD 

6. 1 Introduction 

The assessment at T.D.A.U. has been discussed in the preceding chapter. The 
result is a selection of 3 pumps for further field testing in Kapete. This chapter 
describes the assessment in Kapete itself. It is the second major part of this 
research. The primary objective of this assessment is to identify the pump(s) 
that are most suitable to water the vegetable gardens in Kapete. 
Paragraph 6.2 describes the methodology and organization of the field test. 
The installation of the pumps in the field is described in § 6.3. In § 6.4 the 
findings during the field test, like problems that occurred and possible 
solutions, are discussed. As part of the field test, for a period of almost 2 
months, it has been recorded who's pumping and how much time. The results 
of these records are presented in § 6.5. Paragraph 6.6 describes the 
assessment using the same criteria and evaluation technique as in the 
preceding chapter. This should be seen as the first part of the field test. 
Additional to this assessment, § 6. 7 deals with financial profitability. This should 
be seen as the second part of the field test. Paragraph 6.8 deals with the third 
part, which is an assessment of the pumps based on the financial strength of 
the farming households. Paragraph 6.9 discusses the overall judgement of the 
farmers, which forms the fourth part. Finally, § 6.1 o combines the 4 parts into a 
conclusion. 

6.2 The methodology and organization of the field test 

6.2.1 The methodology of the field test 

Up to this stage of the research, the data used to select the pumps were 
provided by informants who were not the possible future buyers and operators. 
During the field test, however, the possible future buyers and operators are 
used as a data source as much as possible. To make a ''fresh" start, the 3 
pumps selected have been given a blank record. 

The pumps are assessed using 4 different ways: 

The first way is similar to the multicriteria evaluation used in the preceding 
chapter. The same criteria are used but the scores on most of the criteria are 
measured in the field. Also the weight set is based on preferences measured in 
the field. The measuring techniques are adopted to the situation in Kapete. The 
procedure to come to appraisal scores is the same as in the preceding 
chapter. 

The second way is to investigate the financial profitability. Because of a lack of 
data, a detailed calculation of the financial profitability is not possible, e.g. we 
don't know the lifespan of the pumps. Nevertheless, calculations can result in a 
clear indication for the mutual ratio of the financial profitability. 

The third way is to scan the financial strength of the farming household. The 
possibilities of the household to finance the investment in a pump, needs 
attention. Therefore, the different sources of income are discussed which leads 
to an indication of the disposable income of the farming household. 
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The fourth way is to scan the overall judgement of the farmer. The 3 ways 
mentioned before can be seen as instruments that assist in decision taking. 
The data are collected systematically and processed to come to an appraisal 
score, a statement on the profitability of a pump, or a statement on the 
possibility of the farmers to finance the investment in a pump. In fact, the 
instruments simulate the decision, taken by the farmer, in different ways. It 
makes sense, therefore, to complete the outcome of the 3 instruments with the 
overall judgement of the farmer. 

The results of the 4 instruments are combined to come to the final result. 

6.2.2 The organization of the field test 

The men, women, older children, other family members and friends, involved 
with the watering of the 3 gardens at the test site, were gathered for an 
introduction of the project. It was explained why T.D.A.U. needed their help 
and, above all, why T.D.A.U. needed reliable information. 
As an incentive, It was agreed with the farmers that, after the field test, they 
could select 1 of the 3 pumps, and use it for free during the rest of the dry 
season. In case they wanted to buy a pump for their own use, T.D.A.U. would 
charge a reduced price. 

There are different ways to use a pump to irrigate a garden. One way is to use 
the pump only to fill a bucket, which is carried to the plants that need the 
water. Other methods are the use of hosepipe or furrows to carry the water to 
the plants. During the tests, the farmers were free to experiment and use the 
pumps the way they liked. Auxiliary materials, like hosepipe, were provided by 
T.D.A.U. on request, but the farmers were clearly informed about the cost of 
the auxiliary equipment. All together, It means the farmers were actively 
involved in searching for the best and cost efficient ways to use the pumps. 

The field test covered a period of about 2 months. It was aimed at to have all 
pumps tested at all 3 gardens, but for practical reasons this was not possible. 
The rope and washer pump has been installed in the garden of Mr. Chambwa. 
The diaphragm hand pump has been installed in the garden of Mr. Mayungano 
and Mr. Mudenda. The pitcher pump, which hardly requires installation, has 
been used in all 3 gardens. The installation of the pumps is discussed in the 
next paragraph. 
It was made sure that all persons involved in the watering got acquainted with 
each of the 3 pumps during the test period. 

During the field test, our key informant Mr. Mudenda, camp officer and farmer 
himself, was requested to keep a daily record of the time each operator 
pumped in each garden. 

6.3 The installation of the pumps 

The pitcher pump hardly requires any installation work. The pump is simply 
placed in the garden. A 1" rubber 1 hosepipe connected to the inlet of the 
pump is submerged in the water. To prevent the pump from pumping sand, the 

A PVC hosepipe is less expensive than rubber, however, the PVC hosepipe available 

does not withstand ultra-violet radiation and looses its flexibility after a short while. 
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inlet of the hosepipe is kept just under the water level by tying It to a stick. The 
pump needs to be primed. This means one needs to poor water into the open 
cylinder when first using the pump. 

The diaphragm hand pump is installed on a platform, by the river bank, see 
figure 6.1. The height of the platform is chosen so, that the suction head is 
about the same as the delivery head, see § 5.3.1. The platform is made by 
levelling part of the bank, using simple hand tools like a hoe, shovel and axe. It 
was made sure that there was enough space for the operator to stand, and 
that there were no sharp bends in the hosepipe. Making the platform in Kapete 
took about 30 min. The hosepipe is used to draw the water from the river and 
deliver It at the garden level. 

platform 

Figure 6.1 The platform for the diaphragm hand pump. 

To install the rope and washer pump, 2 options were considered. One option is 
to construct a wooden platform on poles above the river. The second option is 
to dig a deep trench in the river bank. In close consultation with the farmers, 
the second option was chosen. The reason is that a platform above the river 
requires larger investments than a trench. A disadvantage of a (not reinforced) 
trench is the risk of collapsing. Due to the heavy rains in the wet season the 
trench will probably collapse. However, the farmers preferred to dig a trench 
every year instead of investing in a platform above the water. 

To dig below the water level, a small dyke prevented the water from pouring 
into the trench, see figure 6.2. After the required depth was reached, the dyke 
was opened. The trench was dug deep enough to allow the riser pipe to sink 
about 1 m below the water level. This was considered deep enough to cover 
the sinking of the water level during the test period of 2 months. Where the 
PVC pipe went down the trench, the width of the trench was about 0.3 m. To 
distribute the weight of the pump and the operator, the pump was mounted on 
branches. The branches, in tum, were covered with ant hill soil, used as 
cement, to fix the branches and provide a suitable place for the operator to 
stand. 
It took 2 persons less than a day to dig the complete trench, cut the branches 
and install the pump. The tools used were a hoe, a shovel and axes. 

The position of the pumps in the field is shown in figure 6.3 (next paragraph). 
The position of the pumps has been chosen in consultation with the farmers. 
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sectional view of the 
trench at water level 

Figure 6.2 The trench dug to bring the water to the rope and washer pump. 

6.4 Findings during the field test 

6.4. 1 Experiments and applications 

At the beginning of the field test, the farmers were experimenting how to use 
the pumps the best. 

An experiment was done with a funnel connected to the spout of the pitcher 
pump. The funnel was made by the farmers themselves. A hosepipe, 
connected to the funnel, was used to transport the water to the plants. The 
experiment was not very successful because of the poor quality of the funnel. 
A major drawback of the idea is the use of extra hosepipe, which is relatively 
expensive2

• Nevertheless, the idea deserves to be further investigated. 
In one occasion, a hosepipe with a length of 35 m was attached to the pump. 
It enabled the pump to be placed over 30 m land inward. After priming, the 
pump was still able to draw water. 
Another experiment done with the pitcher pump, was to transport the water to 
the plants by pumping the water into a furrow. However, the yield of the pump 
appeared to be too low. The water drained down into the sandy soil and didn't 
move forward in the furrow. 
It seems the low yield of the pitcher pump doesn't allow any spill of water and 
requires that the water is brought to the plants with the least possible loss. 
Therefore, during the course of the field test, the farmers used the pitcher 
pump to fill a bucket and carried the water to the plants. 

The diaphragm hand pump needed little experimenting. From the beginning, 
the farmers used the pump to apply 2 forms of surface irrigation. 
One, is to pump the water into a furrow that transports the water by gravity to 
vegetable paddies. The vegetable paddies are situated along the sides of the 
furrow and have small dykes around them. Wherever a paddy is, the furrow is 
temporarily blocked to make the level of the water in the furrow rise. When the 
level is high enough, the dyke is temporarily opened to let the water float the 
paddy. This is repeated for each paddy. This method of irrigation is referred to 

2 The price of 1" rubber hosepipe was K 520 per m at Andy's (20-5-'91),the price of the 
pump the pump support included was between K 9,600 (March '91) and K 15,000 (25-6-
1991). 
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as basin irrigation [7]. The method was applied by Mr. Mayungano. The 
vegetables he grew this way were: rape, cabbage, and baby melon. A plastic 
fertilizer bag is used to prevent the furrow from being damaged by the force of 
the water leaving the delivery hosepipe. 
Another method is to pump the water into a main furrow which transports the 
water by gravity to several narrow furrows at right angles to Its side. The plants 
are planted in the middle of the narrow furrows. To make the water level rise 
the main furrow is temporarily blocked. When the level is high enough, the 
water is allowed to enter the narrow furrows. It was possible to float several 
narrow furrows at a time. This method was used by Mr. Mudenda. The 
vegetables he grew this way were e.g okra and onion. 
Both farmers only used hosepipe to deliver the water at the garden level. The 
transport to the plants is done by gravity through the use of furrows. Note that, 
also in this case, although the use of hosepipe is limited, the cost of hosepipe 
is relatively high. The price of 2" rubber hosepipe is K 1, 1 oo per meter. The 
contemporary price of the diaphragm hand pump is K 22,0004

• 

The rope and washer pump was placed in Mr. Chambwa's garden. The pump 
was used to apply both surface irrigation methods mentioned before. The high 
yield of the pump proved to be advantageous to compensate for the drainage 
in case the water is transported by furrows. Even the far end of 
Mr. Mayungano's garden could be served by this pump. Mr. Mayungano joined 
the furrow he had made for the diaphragm hand pump with a furrow leading to 
the rope and washer pump. He became a main user of the rope and washer 
pump, together with Mr. Chambwa. 
The farmers put forward the idea of mounting a second handle on the pump 
shaft, so that 2 operators could operate the pump at the same time. The pump 
has given considerable problems w.r.t. Its installation. This is discussed in the 
next section. 

A schematic presentation of the use of the pumps is given by figure 6.3, in 
which the 2 different irrigation methods applied are distinguished. The pitcher 
pump has been in use in each garden. Appendix V illustrates the use of the 
pumps with photographs. 

3 At Andy's hardware shop (25-6-1991) 

4 
This price is higher than the price in March '91 because T.D.A.U. had to adjust its rates 
for reasons of inflation 
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Figure 6.3 The different ways the diaphragm hand pump and the rope and 
washer pump are used to water the gardens. 

6.4.2 Problems and possible solutions 

The rope and washer pump 

After 10 days of testing, the trench partly collapsed, and the fallen soil blocked 
the inlet of the pump, see figure 6.4. 

Figure 6.4 The trench partly collapsed. 

According to the farmers, the spill water had eroded the sides of the trench bit 
by bit. The sides of the trench consisted of sandy soil. Only just above the 
water level there was a sharp change into a more solid clay-like soil. In 
consultation with the farmers, it was decided to remove the pump from the · 
trench and to broaden the trench from about 0.3 m to 1 m. This way, any spill 
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water had less chance to affect the sides of the trench. Another measure was 
to make a longer gutter that delivered the water further from the pump and, in 
order to prevent the water from being spilled, to make the sides of the gutter 
higher, see figure 6.5. 

Figure 6.5 The improved trench. 

sectional view of the 
trench at water level 

After these measures were taken, the problem didn't occur any more during 
the remaining period of the field test. However, after this experience the 
farmers still felt that the trench should be improved with wood and cement. The 
related auxiliary costs will play a role in case of the rope and washer pump. 

Another problem with the rope and washer pump is that the inlet section of the 
PVC pipe is cut by the rope entering the pipe. Using heat, the inlet is given a 
funnel-like shape to allow the rope with the washers to enter the pipe smoothly. 
It appeared that this does not prevent the nylon rope from cutting the PVC, see 
figure 6.6. To prevent the cutting of the rope, a part that reinforces the inlet 
must be designed. 

D 
Figure 6.6 The bottom end of the PVC pipe damaged by the nylon rope. 

The diaphragm hand pump 

The diaphragm hand pump showed the same problems as during the tests at 
T.D.A.U. The pivot pin moved from its position and one of the pivot pin 
mounting-clamps showed a fatigue failure (the one that had not been replaced 
yet during the tests at T.D.A.U.), see figure 5.7. Another problem was that the 
nuts, which lock the pivot pin that connects the handle with the diaphragm 
support, loosened from time to time. The problems were solved by replacing 
both pivot pins by pins locked with split pins. The mounting clamp was 
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replaced by one made from thicker sheet metal. Since its construction is 
vulnerable to the cyclic loading, an alternative should be found for the 
mounting-clamps. 
Finally, it should be noted that the rubber hosepipe, at the suction side of the 
diaphragm hand pump, was so soft that it squeezed during the suction stroke. 
It didn't cause any problem yet, but at larger suction heads it probably will. 

The pitcher pump 

The spout of the pitcher pump must be improved. When filling a bucket, the 
wind can blow the water wide of the bucket. The spout must, therefore, be 
closer to the ground. 
The pump is vulnerable with respect to air leaks because of the long suction 
line. Especially the joints require extra attention. A small air leak proved to 
lower the efficiency of the pump substantially. 

Seepage 

In case furrows are used to transport the water, the seepage forms a problem. 
Especially in the garden of Mr. Mudenda, a lot of water seeped down into the 
sandy soil and never reached the plants. The use of ant hill soil to plaster the 
furrows, seems a solution. The farmers use the same soil to plaster their 
houses. They also used ant hill soil to make a pump stand for the rope and 
washer pump. Both cement and plastic foil were rejected by the farmers, 
because of the cost. 
It is worth mentioning that a furrow, plastered with cement, is probable less 
expensive than the use of hosepipe. A 25 kg bag of cement costs K 4505

• The 
contemporary prize of 2" rubber hosepipe is K 1, 1003 per meter. 

Abrasion 

To avoid sand being pumped with the water, the farmers were advised to keep 
the inlet of the suction line just below the water level. This is easily done by 
tying the inlet to a stick pierced into the bottom of the river. Unfortunately, for 
some reason, this was not always done. Therefore, occasionally, it happened 
that a very abrasive mixture of sand and water was pumped. 
Especially in case of the pitcher pump this was noticeable. The operation of 
the pump became less easy. One could also hear the sand grating the cylinder 
wall. An inspection of the leather piston seal showed the damage. Flint chips 
had produced rather deep cuts in the leather. It is clear that the abrasion 
resistance of the pitcher pump is low. On the other hand, it should be noted 
that the leather seal can be replaced relatively easy. 
The diaphragm hand pump proved to have a much better abrasion resistance. 
There is no relative motion, like between the piston and the cylinder of the 
pitcher pump. In one occasion, Mr. Mudenda complained the diaphragm hand 
pump didn't work any more. It appeared one of the valves was blocked by a 1" 
pebble. 
The abrasion resistance of the rope and washer pump seems good. The rope, 
the washers, and the pipe, showed little signs of wear through abrasion. Of 
course, only tests over a longer period of time can give a more definite result. 

5 Several hardware shops along Cha Cha Cha road, Lusaka (June 1991). 
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Theft 

The farmers kept the diaphragm hand pump and the pitcher pump at home. 
They indicated that the risk of theft was rather high. For the rope and washer 
pump there was no choice but to leave it at the site. 

6.4.3 NORAD 

The Norwegian agency for international development (NORAD) showed much 
interest in the project. One of their staff members, Mr. P.C. Vaagland, was 
initiating a project on small scale irrigation of vegetable gardens in an area 
around Livingstone. The farmers in the area sold their products on the market 
in Livingstone. After showing the pumps in Kapete, T.D.A.U. was requested to 
demonstrate the pumps at 2 sites in the area around Livingstone. 
The sites visited in Livingstone were more of the type shown in figure 5.1 a and 
5.1 c. During the demonstration of the rope and washer pump, the farmers 
were discussing how to distribute the water in the garden. They proposed to 
make a long gutter of wood to bring the water to the opposite side of the 
garden, and distribute it from there by gravity, using furrows. Another idea was 
to catch the water in a funnel with a hosepipe connected to it. 
The above shows that the ease with which a pump can be applied depends on 
the type of site. In this case, distributing the water probably brings along 
additional cost. Of course, there is always the alternative of distributing the 
water using a bucket. 
The same experience applies to the diaphragm hand pump. 

At both sites, it was indicated that the yield of the pitcher pump was too low. 
The pump was placed at the upper side of the garden. It was tried to transport 
the water through furrows, but, like in Kapete, most of the water drained down 
into the soil. A competition between a person filling a bucket with the pitcher 
pump in the middle of the garden and a person filling a bucket directly at the 
river side, proved the one with the bucket was faster. The farmers indicated 
that the combination of a hosepipe and a funnel connected to the pump was a 
more effective way to transport the water, but that the yield was still too low to 
bring improvement. 

After the demonstration, NORAD decided to order 15 diaphragm hand pumps 
from T.D.A.U. 
The introduction of the diaphragm hand pump in the area around Livingstone 
should be seen as a pilot project. It is the next step in investigating the 
technical and socio-economic viability of the use of human powered water 
pumps to irrigate vegetable gardens in general, and, more specifically, the use 
of the diaphragm hand pump. 

6.5 The operators and the time they pumped 

On request of T.D.A.U., the camp officer and farmer himself, Mr. Mudenda, 
kept a daily record of the persons that pumped and the time these persons 
pumped. This has been done for each of the gardens separately. To be able to 
interpret the records, it is necessary to briefly introduce the persons that 
pumped. 
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Persons that pumped regularly: 

- The Mayungano family: 

Mr. Mayungano adult d' 

Mrs. Mayungano adult ~ 
Miss. Delly adult ~ sister of Mr. Mayungano. 

Mr. Mayungano and Mrs. Mayungano have children, 
but they are too young to operate a pump. 

- The Chambwa family: 

Mr. Chambwa adult d' 

Mrs. Chambwa adult ~ 

Mr. Chambwa and Mrs. Chambwa have children, but 
they are too young to operate a pump. 

- The Mudenda family: 

adult d' 

adult~ 
17 years d' first son of Mr. Mudenda and Mrs. Mudenda 
15 years d' second son ,, ,, ,, ,, 

Mr. Mudenda 
Mrs. Mudenda 
Zephoniah 
Jechoniah 
Austin 22 years d' brother of Mrs. Mudenda, who is single and 

lives with Mr. Mudenda and Mrs. Mudenda. 

Mr. Mudenda and Mrs. Mudenda have more children, 
but they are too young to operate a pump. 

Persons that pumped occasionally: 

Stanley adult d' 

Cephas adult d' 

Mr. Mweembwa adult d' 

visitor of Mr. Mayungano 
nephew of Mr. Mayungano 
visitor of Mr. Chambwa 

For each garden, the daily records have been combined over the whole period 
of the field test. The result is shown in table 6.1 a-c. The persons who only 
pumped occasionally at a particular garden have been joined and called 
"Others". 

If we have a look at table 6.1 a-c on the next page, we see that the pumping is 
not done by the farmer alone. At the garden of the Mayungano family, about 
66 % of the time, it was the farmer's wife or his sister who operated the pumps. 
The same applies to the garden of the Mudenda family where, about 70% of 
the time, it was Mrs. Mudenda or her son Zephoniah that operated the pumps. 
Things are a bit different In case of the Chambwa family. Mr. Chambwa did not 
have much family to help him with the garden. Moreover, Mrs. chambwa was a 
full time teacher at Kapete school. She only pumped on sundays. Therefore, 
Mr. Mudenda had offered Mr. Chambwa the help of 2 of his family members, 
Austin and his son Zephoniah. 
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Table 6.1 a The operators and the time they pumped at 
Mr. Mayungano's garden 

operator time pumped 
[min.] 

% 

Mr. Mayungano 403 20.8 

Mrs. Mayungano 708 36.5 

Miss. Delly 576 29.7 

Stanley 130 6.7 

Austin 55 2.8 
Others 252 12.9 

Mr. Mweembwa 47 2.4 

Cephas 20 1.0 

Total 1939 100 

Table 6.1 b The operators and the time they pumped at 
Mr. Chambwa's garden 

operator time pumped 
[min.) 

% 

Mr. Chambwa 1043 44.6 

Mrs. Chambwa 195 8.3 

Austin 686 29.4 

Zephoniah 403 17.2 

Others I Mr. Mweembwa 10 I 10 0.4 I 0.4 

Total 2337 100 

Table 6.1 c The operators and the time they pumped at 
Mr. Mudenda's garden 

operator time pumped % 
(min.) 

Mr. Mudenda 460 27.9 

Mrs. Mudenda 559 33.9 

Jechoniah 592 35.9 

Others I Austin 40 I 40 2.4 I 2.4 

Total 1651 100 

It is worth mentioning that, whenever furrows were used, it was the farmer 
most of the time, who directed the water to the plants by opening and closing 
the furrows and dykes, while another member of the family (women or child) 
was operating the pump. 
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Of course, the records should be interpreted with some reservations. The 
records only cover a period of about 8 weeks, from 12-5-'91 up to 5-7-'91. 
The new technology did not have much time to "settle" to allow reliable 
measurements. It takes more time before the real extent of the impacts on 
every day life of a small scale farming household become visible. Nevertheless, 
the records do indicate that it is not the farmer alone that operates the pumps. 
A great deal of the time it was the wife of the farmer, the older children and 
other family members, that operated the pump. The latter supports the earlier 
decision to give much importance to the data produced by female operators, 
see § 5.5.1. This should also be reflected in the further evaluation of the 
pumps. 

6.6 The assessment based on multicriteria evaluation 

6.6.1 The criteria, measurements and scores 

Like mentioned in § 6.2.1, the criteria used for this evaluation are the same as 
used for the evaluation at T.D.A.U. These criteria are: 

-yield; 
- cost; 
- durability; 
- maintenance and repair; 
- mobility; 
- ease of operation. 

This section discusses the way the scores on each criteria have been 
measured and presents the results of the measurements. 

For practical reasons, the yield could be measured at only one head, the head 
given by the situation in Kapete as it was. The yield is measured by pumping 
the water into a drum. While the drum is filled using the pump, it is emptied by 
hand using buckets. The yield results from the number of buckets and the 
average content of the buckets used. It is made sure that the level in the drum 
is the same at the end and the beginning of the measurement. The 
measurements are done with a male and a female operator, both pumping 30 
min. The results have been put together in table 6.2. 

The 2 operators are: 

Mr. Chambwa age: 33 years weight: 74 kg 
Mrs. Mayungano age: 32 years weight: 59 kg 
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Table 6 2 The yield measured in the field 

diaphragm rope and 
pitcher pump7 

hand pump6 washer pump 

head [m] 2.3 2.5 2.9 

Yield Mr. Chambwa 3.6 6.3 0.8 

[m3/h] Mrs. Mayungano8 3.4 5.2 0.7 

Note that the differences in total head are not disturbing the comparison. They 
are merely the result of applying different pumps in the same practical situation 
in the field. 

In the preceding chapter, the cost referred to the sum of the cost of both the 
pump and the pump support. During the field test, the farmers indicated which 
auxiliary materials they would need. The cost of these materials are now 
included in the total cost. Meanwhile, for reasons of inflation, T.D.A.U. had to 
adjust its rates. Therefore, the prices of the pumps are not the same as in table 
5.3. This does not disturb the comparison. The assessment at T.D.A.U. and the 
assessment in the field are both based on a simultaneous comparison of 
pumps, the first in March '91 the second in June '91. 
The cost of the pump (support included) is indicated by the selling price of 
T.D.A.U. The way T.D.A.U. calculates its selling price has already been 
explained, see § 5.3.2. The cost of the auxiliary materials is based on the 
selling price of hardware shops in Lusaka, and indications of the farmers 
themselves. 

We can make the following calculations for the cost of auxiliary materials: 

Diaphragm hand pump: hosepipe 2" 7 m; K 1,100 per meter K 7,700.00 
2 hose clips; K 11 O per piece + 220.00 

K 7,920.00 

Rope and washer pump: planks K 4,000.00 
900.00 

+ 140.00 
K 5,040.00 

2 bags of cement, 25 kg each 
nails 

Pitcher pump: hosepipe 1" 15 m; K 520 per meter K 7,800.00 
1 hose clip + 90.00 

K 7,890.00 

6 A length of 7 m 2" rubber hosepipe was connected. 

7 
A length of 15 m 1" rubber hosepipe was connected. 

8 Mrs. Mayungano was operating the pump with a child on her back. 
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The auxiliary materials which go with the rope and washer pump are meant for 
reinforcing the trench. 

The total cost are presented In table 6.3. All prices indicated are those of 
June '91. 

Table 6 3 The total cost of the pumps included auxiliary materials 

diaphragm rope and pitcher 
hand pump washer pump pump 

cost pump 22,000 15,500 15,0009 

cost auxiliary materials 7,920 5,040 7,890 

Total cost [Kwacha June '91) 29,920 20,540 22,890 

To compare: the contemporary price of a small motor-driven pump (about 1 
Hp, excluding hosepipe etc) is about K 50,00010

• 

Durability 

The situation in Kapete allows only a simply measurement method. Another 
matter is that, in view of the habitual role patterns, only the farmers themselves 
can serve as informants in case of the criteria durability, maintenance and 
repair, and mobility. 
The durability is measured by asking the farmers to rank the pumps w.r.t. this 
criterion. The opinions of the 3 farmers are considered of equal importance. 
Using the evaluation technique as described in § 5.5.3, the 3 individual rank 
orders are combined into 1 single rank order, as if it concerned 3 ordinal 
criteria with equal weights. The result is shown below, in table 6.4. Rank 
number 1 indicates the pump is more durable than the other pumps. 
The diaphragm hand pump has been given rank number 3 by the farmers 
because they believed the diaphragm would not last a long time. Another issue 
was the low resistance of the pitcher pump against abrasion by water 
containing sand. 

Table 6 4 The durability according to the farmers. 

diaphragm rope and washer pitcher pump 
hand pump pump 

Mr. Mayungano 3 1 2 

Mr. Chambwa 2 1 3 

Mr. Mudenda 2 1 3 

Combined 
rank order 

2 1 3 

9 Included pump support. 

10 At Tarry's hardware store, Lusaka, June 1991. 
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Maintenance and reoair 

For maintenance and repair the same measurement technique is used as for 
durability, the result is given in table 6.5. Rank number 1 indicates the pump is 
easier to maintain and repair than other pumps. 
In case of the diaphragm hand pump, it was the availability of the diaphragm 
that could give problems, according to the farmers. They also said that the 
repair or renewal of the piston of the pitcher pump, especially the leather seal, 
could be a problem. 

Table 6 5 Maintenance and repair according to the farmers 

diaphragm rope and washer pitcher pump 
hand pump pump 

Mr. Mayungano 2 1 3 

Mr. Chambwa 3 1 2 

Mr. Mudenda 3 1 2 

Combined 3 1 2 
rank order 

Mobility 

Also for the criterion mobility the same measurement technique is used as for 
durability. The result is presented in table 6.6. Rank number 1 indicates the 
pump is more mobile that other pumps. 

Table 6 6 The mobility according to the farmers 

diaphragm rope and washer pitcher pump 
hand pump pump 

Mr. Mayungano 2 3 1 

Mr. Chambwa 2 3 1 

Mr. Mudenda 2 3 1 

Combined 
rank order 

2 3 1 

Ease of operation 

All persons who operated the pumps regularly have been asked to rank the 
pumps w.r.t. ease of operation. The results are shown in table 6.7. Rank 
number 1 indicates the pump is easier to operate than other pumps. 
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Table 6 7 The ease of operation according to the operators in the field 

diaphragm rope and pitcher pump 
hand pump washer pump 

Mr. Mayungano 2 1 3 

Mr. Chambwa 3 1 2 
Adult c1 

Mr. Mudenda 2 1 3 

Austin 3 1 2 

Mrs. Mayungano 2 1 3 

Mrs. Chambwa 2 1 3 
Adult 9 

Mrs. Mudenda 2 1 3 

Miss. Deily 3 2 1 

Zephoniah c1 17 years 1 2 3 

Jechoniah c1 15 years 1 3 2 

For this purpose a strict distinction between an adult and a child is hard to 
make. Nevertheless, Zephoniah and Jechoniah, the 2 sons of Mr. and Mrs. 
Mudenda, have been distinguished from the other operators. They both 
indicated that the rope and washer pump took "a lot of force". Jechoniah also 
indicated that for him, the handle of the rope and washer pump was a bit too 
high. 

6.6.2 The evaluation matrix and the weights 

The evaluation matrix 

Now that all the scores on the criteria have been measured, we can construct 
the evaluation matrix. Again, like in the preceding chapter, we can not process 
all information by evaluating 1 matrix. 
The scores of the 3 farmers on durability have been combined into 1 score. 
This is done because, like the cost, the durability at Kapete is a pump quality 
which is considered independent of the informant. It means the farmers are 
only used to measure the quality. The latter also applies to maintenance and 
repair and mobility. 
The ease of operation on the other hand, like the yield, depends on the 
operator. To prevent a loss of information, the scores of each operator on ease 
of operation have not been combined. 
For practical reasons, It was not possible to measure the yield for each 
operator but only for 1 male and 1 female operator. However, based on age 
and physical appearance, It can be assumed that the yield produced by Mr. 
Chambwa reasonably corresponds with the yield produced by the other male 
adult operators. For the same reasons, it can be assumed that the yield 
produced by Mrs. Mayungano reasonably represents the yield produced by the 
other female adult operators. A problem is the yield produced by Zephoniah 
and Jechoniah. The best approach, however, seems to represent the yield they 
produce by the yield produced by the female adults. 
Table 6.8 is a combined presentation of 10 evaluation matrices, 1 for each 
operator. 
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Table 6 8 A combined presentation of the evaluation matrices 

diaphragm rope and pitcher 
hand pump washer pump pump 

yield adult rJ Mr. Chambwa 3.6 6.3 0.8 

[m3/h] adult 9 Mrs. Mayungano 3.4 5.2 0.7 

total cost [Kwacha june '91] 29,920 20,540 22,890 

durability 2 1 3 

maintenance and repair 3 1 2 

mobility 2 3 1 

Mr. Mayungano 2 1 3 

Mr. Chambwa 3 1 2 
adult rJ 

Mr. Mudenda 2 1 3 

Austin 3 1 2 

ease of Mrs. Mayungano 2 1 3 
operation 

Mrs. Chambwa 2 1 3 
adult 9 

Mrs. Mudenda 2 1 3 

Miss. Delly 3 2 1 

Zephoniah r117 years 1 2 3 

Jechoniah rJ 15 years 1 3 2 

The weights 

In view of the habitual role patterns, only the farmers can serve as informants 
when it comes to determining the relative importance of the criteria. 
To determine the weight of each criterion the method described in § 5.5.2 has 
been used. As an aid, each criterion was represented by a drawing. The farmer 
was asked to point out the most important criterion, independent from the 
other farmers. The drawing that corresponded with the criterion pointed out 
was covered and the question was repeated. The rank order produced this way 
is used to calculate an individual weight set for each farmer using formula 5.1. 
The results are gathered in table 6.9. The group weight is arrived at by simply 
taking the average of the individual weights [22). 
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Table 6.9 The weights established by the farmers. 

Mr. Mayungano Mr. Chambwa Mr. Mudenda group 

rank II weight rank II weight rank II weight weight 

yield 3 19 4 14 3 19 

cost 5 10 5 10 4 14 

durability 4 14 3 19 5 10 

maint. + repair 29 29 29 

mobility 6 5 6 5 6 5 

ease of operat. 2 23 2 23 2 23 

6.6.3 Checking the earlier resuH at T.D.A.U. 

Before continuing with the results of the multicrlteria evaluation in the field we 
will check the earlier result at T.D.A.U. Like mentioned before in § 5.5.2, 
establishing a weight set at T.D.A.U. to select pumps for the field test can be 
seen as a short cut. If we apply the group weight set of the farmers to process 
the evaluation matrices in the preceding chapter, we can check whether the 
right pumps were selected for the field test, as far as the weights are 
concerned. The result is presented in table 6.10. 

Table 6.1 o The results of the evaluation indicated by rank numbers. 
(Evaluation matrices by T.D.A.U., weight set by Kapete) 

Joyce Dany Oby 

2m 4m 2m 4m 2m 4m 

blair 7 7 8 8 8 8 

diaphr. hand 1:1·1·1:1111::111··11:1111.·:1::: :111·1 .. :ll,'·111:~11::11:11:1111·.lj: 
rope and washer ·111·1·11·11:1111~1·1·:1:11111111::1 

semi-rotary 5 4 4 

twin treadle 4 4 4 4 7 7 

diaphr. foot 8 8 6 7 6 6 

pitcher :1·:'~:.:.::::::1:::1:::::11:1::1 5 5 5 5 

rower 6 7 6 

Table 6.10 indicates that irrespective of the head and operator the rope and 
washer pump and the diaphragm hand pump should have been selected for 
the field test. Since it was decided to give preference to the scores of the 
female operator, again the pitcher pump seems to be the third pump that 
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should have been tested in the field. 
The pitcher pump, in spite of the changed weight set, still gets rank number 3 
using the scores of the female operator as a base. This proves that, like was 
suggested by the sensitivity analysis, the selection of the 3 pumps for the field 
test was indeed rather insensitive to changes in the weight set. 

6.6.4 ResuHs 

To combine the information embodied in the evaluation matrices and the 
weights, we can use the same evaluation technique as described in § 5.5.3. 
The problem is exactly the same as In the preceding chapter, except that this 
time there are only 3 alternatives to chose from, instead of 8. 
The are 2 ways to process the information. The first is a more individual 
approach per garden. We can group the operators per garden and process the 
accompanying evaluation matrices using the individual weight set of the farmer. 
The second approach Is more communal. In this approach the operators are 
not grouped per garden and all evaluation matrices are processed using the 
group weight set. 
The first approach is rejected because It would fragment the available 
information too much. Three separate conclusions, each based on the 
information of 3 or 4 operators, have less value than 1 conclusion based on 
the information of 1 O operators. The use of the group weight set is supported 
by the fact that the individual weight sets don't differ much from the group 
weight set. The group weight set reasonably indicates the priorities in the field. 
The appraisal scores have been calculated using a personal computer and 
transformed Into rank numbers. The results are given in table 6.11. Rank 
number 1 indicates a pump is "better" than the other pumps. 

Table 6.11 The results of the evaluation indicated by rank numbers. 
(Evaluation matrices by Kapete, weight set by Kapete) 

diaphragm rope and pitcher pump 
hand pump washer pump 

Mr. Mayungano 2 1 3 

Mr. Chambwa 3 1 2 
adult rJ 

Mr. Mudenda 2 1 3 

Austin 3 1 2 

Mrs. Mayungano 2 1 3 

Mrs. Chambwa 2 1 3 
adult 9 

Mrs. Mudenda 2 1 3 

Deily 3 1 2 

Zephoniah 2 1 3 

Jechoniah 2 1 3 

As we can see, the rope and washer pump appears to be the "best" alternative 
according to this evaluation. This is rather obvious because it has the best 
score on all criteria except for mobility which has little weight. 
As mentioned before in § 5.5.3, the results of the evaluation are just an aid in 
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taking a decision and should be interpreted with some reservations. A 
drawback of this evaluation technique is that the weights do not depend on the 
score (non-linear weighting). The latter means that if an alternative scores 
extremely low on a particular criterion this is not given extra attention by giving 
the criterion extra weight. At the beginning of the field test, preconditions were 
not known. A minimum score on yield could not be set. In the course of the 
field test, however, it became clear that the yield of the pitcher pump is 
insufficient. Therefore, the pitcher pump tested must be rejected as the second 
best alternative. 
In some cases the pitcher pump is ascribed rank number 2. Some operators 
find it easier to operate than the diaphragm hand pump and the criterion ease 
of operation has been given relatively much weight compared to yield. This is 
an indication that it is worth the effort to improve the yield of the pitcher pump. 
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6.7 The assessment based on a profitability analysis 

6.7.1 The model 

To assess the financial profitability, the model illustrated by figure 6.7 is taken 
as a starting point. The costs of a vegetable garden consists of constant costs 
and variable costs. The constant costs do not vary with the size of the garden 
and consist of depreciation of the tools used, a hoe, buckets, a pump. The 
variable cost consist of the cost of fertilizer, chemicals and seeds. The 
proceeds of the garden vary, among other factors, with the size of the garden. 

.. ,, 
" " v 
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a. ,, 
c 
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total cost pump 

total costs buckets 
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Figure 6. 7 The model used to assess the financial profitability. 
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The proceeds, the total costs of the method using buckets and the total costs 
of the method using a particular pump are represented by the corresponding 
lines in the graph. The constant costs of the method with a pump are indicated 
with "CCP". The constant costs of the method with buckets are indicated by 
"CCB". 
To make a profit, using the bucket method, one should at least have a garden 
of L 1 m2

• The maximum size of the garden using the bucket method is L2 m2
• 

To make a profit, using a watering method with a pump, the garden should at 
least cover an area of L3 m2

• In case a pump Is used, to make a profit that is 
equal to the profit using a bucket, the garden should at least have an area of 
L4 m2

• 

Note that this section only discusses the profitability of an investment in a 
pump. Whether the farmers are able to invest in a pump at all is discussed in 
the next paragraph. The matter of financing the investment is left aside for the 
time being. 

6.7.2 Costs and proceeds 

To get an idea of the costs and proceeds of a vegetable garden, information is 
used which is based on the gardens that the farmers had during the dry 
season in 1990 (the season before this field test took place). The data have 
been collected systematically through a structured interview, see appendix VI. 
To enable a fair comparison, all prices are converted into the same unit 
[Kwacha June '91]. This is done using the first window dollar rate given in 
figure 6.8. The subsidized first window rate does not indicate the real value of 
the Kwacha compared to the dollar but it does give an indication of the 
inflation in Zambia. The first window rate is used for internal government 
transactions. The second window rate is also set by the government. It is the 
subsidized rate that private enterprises can occasionally buy dollars for from 
the government. 
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Figure 6.8 Different Kwacha rates during the time this research took place, 
source: Central Statistical Office, Lusaka, Zambia. 

75 



To calculate the constant costs in case of a pump, It is assumed that all pumps 
last only 1 season. The real life of the pumps is not known and, of course, It 
can be different for each pump. Perhaps 1 season may not be a realistic 
assumption, but at least It gives insight in the financial risk involved. Table 6.12 
presents the results of the interviews with the farmers. More detailed 
calculations can be found in appendix VII. The crops grown were: tomatoes, 
rape, baby melons, okra, green beans, cucumber, onions, cabbage, Irish 
potatoes and sweet maize. 

Table 612 Seasonal costs and proceeds of gardening. 

Mr. Mayungano Mr. Chambwa Mr. Mudenda 

garden size 1990 [m2
] 800 450 120 

buckets 650 650 650 

constant costs diaphragm 
of different hand pump 

30,070 30,070 30,070 

watering methods 

[Kwacha June '91] rope and 20,690 20,690 20,690 
washer pump 

pitcher pump 23,540 23,540 23,540 

variable cost 4.2 20 21 
[Kwacha June '91/m2] 

proceeds 5.6 132 179 
[Kwacha June '91/m2] 

The figures in table 6.12 are not very accurate, but they do give quit a good 
indication of costs and proceeds, especially the mutual ratio of the costs of 
different watering methods. Note that the constant costs of bucket method are 
less than 4 % of the constant costs of any method using a pump. 

The interviews and calculations lead to a few more general remarks: 

- the expenditures for transporting the vegetables to the market play an 
important role, see appendix VII. These expenditures absorb a substantial 
part of the receipts and can even lead to a loss at times. This is a rather 
typical example of the general transport problem in Zambia; 

- the prices of vegetables vary strongly with time. An example, Mr. Mudenda 
sold his tomatoes for K 300.00 per box in October '90 whereas Mr. Chambwa 
had to sell part of his tomatoes for K 50.00 per box in December '90; 

- the method of gardening depends much on the farmer, e.g. his ability to 
invest in fertilizer. An example, Mr. Mayungano spends K 1,365.00 in April '90 
on fertilizer, herbicides, and seeds, on a garden of about 800 m2

, whereas Mr. 
Chambwa spends about K 4,272.00 in July '90 on a garden of 450 m2

• 
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6.7.3 Watering capacity and expansion 

The watering capacity of a watering method is defined as the area of land that 
can be watered per man-hour. To get an idea of the magnitude of a possible 
increase of the watering capacity a comparison is made between the bucket 
method and the methods using pumps. This comparison is based on the 
garden the farmers had during the dry season of 1990. They were asked to 
indicate the number of people, the number of days per week, and the number 
of hours per day It would take to water this garden. For the bucket method 
they knew this from experience. In case of the method with pumps, having 
tried them for some time, It was not hard to make an estimate. The results are 
shown in table 6.13. 

Table 6.13 The number of man-hours per week needed to water the 
original gardens, according to estimates of the farmers. 

Mr. Mayungano Mr. Chambwa Mr. Mudenda 

size of garden [m2
] 800 450 120 

buckets 36 45 36 

diaphragm hand pump 8 12 8 

rope and washer pump 3 6 3 

pitcher pump 36 54 27 

As we can see, the figures in table 6.13 indicate an increase of watering 
capacity in case of the diaphragm hand pump and the rope and washer pump. 
The pitcher pump does not really increase the capacity, It might even decrease 
the capacity. Note that we find great differences in the intensity with which the 
gardens were watered. 

In case a pump increases the watering capacity, It doesn't automatically mean 
an increase of the yield of the land. There is a broad range of possible 
alternatives which complicates the analysis. If the pump and other factors 
allow, a farmer can expand the garden to such a size that the watering takes 
the same amount of man-hours as watering the original garden with the bucket 
method. An other alternative is that the farmer expands only little, and he and 
his family can use the remaining time for other activities. It means the farmer 
and his family would have time for activities with a higher (marginal) value than 
the expansion of the garden. 
During the interview, all farmers indicated that the diaphragm hand pump and 
the rope and washer pump allow an expansion of the gardens, and that they 
would expand if they had one of these pumps. They pointed out that the 
pitcher pump does not allow any expansion. 
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Before continuing with the size of the expansion, an other issue needs to be 
discussed. It is not only the pump that should allow expansion of the garden. 
There are many more factors that play a role like: 

- the increased financial input; 
- the possibility to sell the vegetables; 
- the rights of neighbouring land users. 

To get an idea of the constraints which are important, the farmers have been 
asked what determined the size of their gardens in the past. 
Mr. Mayungano made clear he could not afford the larger investments in e.g. 
fertilizer, and that he and his family couldn't water more land with buckets. 
Mr. Chambwa also said he and his family couldn't water more land with 
buckets. Mr. Mudenda indicated that his family could water more land with 
buckets, but not more than 240 m2

• He said that, because he was a camp 
officer and had moved to Kapete only 2 years ago, he had been too occupied 
with other activities. 
Although the issue was explicitly mentioned during the interview, none of the 
farmers doubted that they could sell the possible extra crop. They also 
indicated that they would not face any problems with neighbouring land users 
if they wanted to expand their gardens. 
Summarized, we can say that according to the farmers, up to now, the 
increased financial inputs and the watering formed the 2 major issues when 
expanding their vegetable gardens. 

In the interview, the farmers have been asked to which size they thought they 
could expand the garden they had during the dry season of 1990 using 
different watering methods. They were explicitly asked to take all factors into 
account that play a role when expanding, and not only the possibilities of the 
pump itself. The increased financial input, due to any initial investment in a 
pump (see the next paragraph), has been left aside. The results are presented 
in table 6.14. 

Table 6.14 The possible size of the gardens in 1990 in [m2
] according 

to the farmers in case of different watering methods. 

Mr. Mayungano Mr. Chambwa Mr. Mudenda 

original size 1990 800 450 120 

bucket method no expansion no expansion 240 

diaphragm hand pump 1500 900 240 

rope and washer pump 1500 1350 360 

pitcher pump no expansion no expansion no expansion 

If we have a look at table 6.14 we see that, as mentioned before, the farmers 
indicate the rope and washer pump, and to a lesser extent the diaphragm hand 
pump, can lead to an extension of the vegetable gardens. The farmers related 
the extension of their garden to its original size. Depending on the pump, they 
indicated they could have gardens up to 3 times the original size. 
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In absolute terms the sizes of the gardens differ a lot. Mr. Mayungano indicated 
that he and his family could water 1500 m2 with the diaphragm hand pump, 
whereas Mr. Mudenda Indicated that he and his family could water 240 m2 

using the same pump. This confirms the differences between the farmers, 
already found in table 6.13, when It comes to the intensity with which the 
gardens are watered. 

6.7.4 Results 

Since we have an idea of the costs, the proceeds and the possible expansion, 
we can now apply the model discussed earlier. Before doing so It must be said 
that, in view of the accuracy of the data, the results must be interpreted with 
some reservations. It is better not to attach great value to the absolute 
magnitude of the calculated profits. Keep in mind that, to enable a comparison, 
all profits are converted into the same unit [Kwacha June '91 ). These amounts 
do not reflect the money to the actual disposal of the farmers. The calculations 
are meant to give insight in the mutual ratio of the profitability of different 
pumps in different situations characterized by the data provided by the 3 
farmers at Kapete. Note that the calculations are based on the fictitious 
situation in which the pumps are used to water the gardens during the dry 
season of 1990. 

The seasonal profit is calculated by subtracting the total seasonal costs from 
the seasonal proceeds. This is done for each of the 4 watering methods using 
the data on costs proceeds and expansion of the 3 farmers as a base. The 
results are shown in figure 6.9 below. 
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Figure 6.9 The farmer's (fictitious) seasonal profit depending on the size of 
the garden and watering method. 
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In case of Mr. Mayungano none of the pumps would result in a profit. The 
difference between the (variable) proceeds and the variable costs is too small 
to make up for the constant costs, the depreciation of the pump. Even when 
using the relatively cheap buckets to water his garden, Mr. Mayungano could 
hardly make a profit. The case of Mr. Mayungano clearly illustrates that the 
introduction of a pump can lead to almost a complete loss. This can have a 
large number of reasons but 2 reasons that probably play a role in the case of 
Mr. Mayungano are: 

- the inability to invest and the related extensive way of gardening. 
Mr. Mayungano uses about 3 bags of fertilizer on a garden of 800 m2

, 

whereas Mr. Chambwa uses 4 bags for his garden of 450 m2
; 

- price fluctuations. Mr. Mayungano sold his rape in May '90 for K 60 per bag 
and paid K 30 per bag for transport. Mr. Chambwa sold his rape in December 
'90 for K 250 and paid K 80 per bag for transport. Adjusted for inflation, Mr. 
Chambwa received more than 3* times as much nett for a bag of rape than 
Mr. Mayungano. 

In case of Mr. Chambwa, the use of the rope and washer pump or the 
diaphragm hand pump would result in larger profits than the use of buckets. 
Doubling the size of the garden would be enough to accomplish this. It is 
obvious that the pitcher pump, compared to the buckets, would only reduce 
the profit. Considering the lower initial investment involved, and the possibilities 
to extent the garden, the rope and washer pump should be preferred to the 
diaphragm hand pump. 

In case of Mr. Mudenda, the use of the pumps would not result in larger 
profits. Compared to the bucket method, the possible extension of the garden 
using the rope and washer pump is not enough to result in a larger profit. The 
diaphragm hand pump and the pitcher pump don't allow any expansion and 
would, therefore, only lower the profit. The case of Mr. Mudenda illustrates that 
the bucket method of watering can still be competitive method. 

Up to now, it was assumed the pump had a life of 1 season. In case the pump 
lasts more than 1 season, its cost will drop and it will become more 
competitive with the buckets. To have the same profit as with the bucket 
method, the minimal expansion of the garden (L4-L2, in figure 6.7), using a 
method with a pump, is calculated by using formula 6.1. The results are shown 
in figure 6.10. The pitcher pump is left aside since it does not allow any 
expansion. Again, the data on cost and proceeds provided by the 3 farmers 
have been used as a base. 

Where: T, is the price of the pump 
b, are the seasonal cost of 2 buckets 
I,,. is the life of the pump in seasons 
p, are the variable proceeds per m2 

c, are the variable costs per m2 

Formula 6.1 
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Figure 6.1 o The effect of the life of the pumps on the minimal required 
expansion to compete with buckets. 

As we can see in figure 6.10, the minimal required expansion for a pump to be 
competitive with the bucket method of watering drops fast. In case the life of 
the pumps would be 2 seasons they would already form a much more 
attractive investment for Mr. Mudenda. Of course, much depends on the prices 
paid for the vegetables. This is, again, illustrated by the case of Mr. Mayungano 
who operated with a very low profit margin. Even if he would expand to the 
limit he indicated (1500 m2

) It would take a life of about 13 seasons of the rope 
and washer pump to make only a small seasonal profit (K 4 70). Figure 6.1 O is 
meant to illustrate the effect of the life the pumps in different situations 
(vegetable prices). One should not attach great value to the absolute 
magnitude of the figures. 

Up to now, the value of time has not been discussed. This requires an analysis 
which is beyond the scope of this research. For the case of Kapete a general 
remark however can be made. 
Combining the possible expansion of the gardens with the increase of the 
watering capacity, see table 6.13 and 6.14, It is likely that the introduction of 
the rope and washer pump and the diaphragm hand pump will save time. In 
other words, given the possible expansion of the gardens indicated by the 
farmers, watering an expanded garden with these pumps would probably 
require less man-hours than watering the original garden with buckets. The 
value of the time saved increases the profitability of the pumps. The results are 
therefore biased to the detriment of the pumps. 
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Table 5.1 The yield at different suction heads. the total head is 4 m, 
the pumping time is 1 O min. 

twW1 treadle suction head (m) 0.27 0.93 1.64 2.60 3.48 

pump 
Joyce 1.96 1.96 1.76 0 0 

yield operator Dany 3.03 2.77 2.94 0 0 
[m3/h] 

Oby 3.58 2.13 2.54 0 0 

diaphragm suction head [ m] 026 0.92 1.58 2.57 3.44 

hand pump 
Joyce 1.78 1.85 3.19 2.99 1.11 

yield operator Dany 2.25 2.09 2.9 2.96 2.32 
[m3/h] 

Oby 2.39 1.99 2.97 2.84 1.88 

semi rotary suction head [m] - 1.11 1.73 2.42 3.38 

pump 
Joyce - 3.21 2.96 2.98 3.41 

yield operator Dany - 3.68 3.89 3.21 3.71 
(m3/h] 

Oby - 3.52 3.10 3.80 3.46 

twin treadle pump diaphragm (hand)pump l semi rotary pump 
lolal head 4 meler total head 4 meler totol head 4 meter 

5 
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Figure 5.4 The yield at cmern suction heads, total head 4 m, pumping time 10 mkl. 
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6.8 The assessment based on a scan of the financial strength 
of the farming household 

In this paragraph, It is investigated to which extent the farming household at 
Kapete can finance an investment in a pump. 
The preceding paragraph already gave an idea of the profits made with 
growing vegetables during the dry season in 1990. We also need to look at the 
activities during the wet season and other income generating activities. 

During the wet season, maize is the most important cash crop for the farmers 
at Kapete. Besides maize, they also grow other crops to make money, like 
groundnuts, sweet potatoes, beans and baby melons. Some vegetables are 
grown the whole year round, others only during the dry season. During the wet 
season plant diseases complicate the growing of some crops to a great 
extent11

• If we concentrate on maize, the usual procedure is as follows. The 
farmer sells his maize to the farmers co-operation. The "co-op" sells the maize 
to the milling companies. The milling companies sell the maize meal to the 
consumers. The consumer price is subsidized and fixed by the government. 
The price the farmers receive for their maize is also fixed. In 1990 this was K 
284.00 per 90 kg bag, in 1991 It is fixed at K 800.00 per bag. To be able to pay 
the farmers for their maize, the co-operation often relies on a loan from the 
bank. The policy of the bank towards the co-operation depends very much on 
the policy of the government w.r.t. subsidizing the staple food of Zambia. It can 
take months before the farmers receive the money for the maize they delivered 
to the co-operation. The mechanism described above is illustrated by 
figure 6.11. 

To have a reasonable yield, the farmers need to invest in fertilizer. The major 
part of the money received for the maize is spent on fertilizer for the next 
season. Occasionally, It is possible to have a loan from the co-op to buy 
fertilizer. 

11 
According to ir. J. Knops, agricultural engineer at the Department of Agricultural 

Engineering at the University of Zambia, Lusaka, Zambia. 
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Figure 6.11 The mechanism by which maize finds Its way to the market. 

Table 6.15 gives an idea of the farmers receipts from the wet season crop. The 
information, collected through an structured interview, is based on the wet 
season which started around December 1990 and ended around March 1991. 
The farmers expected to be paid in November for their maize they harvested in 
June. Since payments for the crops occur at different points in time, all amount 
are converted into the same un1t12 [Kwacha June '91]. 

Table 6 15 The receipts for the crops grown during the wet season 

Mr. Mayungano Mr. Chambwa Mr. Mudenda 

maize (#bags) 6,444 (10) 12,888 (20) 51.552 (80) 

sweet potatoes 1,500 

other 
ground nuts crops 5,400 

other 626 

pay-off loan co-op - 17,200 

total [Kwacha June'91) 12,470 14,388 34,352 

All 3 farmers indicated they would need most of the money to buy fertilizer for 
the next season. The latter is supported by a simple calculation based on the 
amounts and prices of fertilizer needed. To produce a bag of maize worth 
K 800, one needs 0.4 bag of fertilizer costing about K 1,50013

• Under these 
conditions It means that to produce the same quantity of maize the next 
season one needs to invest 75 % of the receipts in fertilizer only. Given the 
amounts of money involved and subtracting other crop related costs, not much 
remains to cover the cost of living. It is clear that an investment of K 20,000 or 
K 30,000 can not be financed by the profits made with the crops grown during 
the wet season. 

12 

13 

A rate of K 80 .00 per US $ has been used to convert the receipts for the maize into 

[Kwacha June '91). 

According to H. van Sloten Lusaka June '91, project co-ordinator Palabana A.D.P. 
training project. 
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Let us have a look at the income from other activities besides selling crops. 
Mr. Mayungano and Mr. Chambwa stated that they had tried to make some 
money with charcoal burning but without success. It has been mentioned 
before that Mrs. Chambwa was a teacher at Kapete primary school, her salary 
should be added to the household income. Of course, Mr. Mudenda also has a 
salary from being an agricultural officer. In addition, he now and then makes 
some money with "tin-smithing" and carpentry. 
The incomes from paid labour, in case of Mrs. Chambwa and Mr. Mudenda, 
have not been further investigated. As an indication: the nett salary of a lower 
echelon government employee is about K 2,000 - K 2,500 per month14 on a 
full time bases. 

Of course, the income of a farmer differs from year to year but the above and 
the preceding paragraph on profitability give an idea of the disposable income 
of the different farmers and their families. With respect to the capacity to 
finance an investment in a pump the following can be said: 

- in view of financial strength of Mr. Mayungano and his family an expenditure 
of K 20,000 up to K 30,000 is out of the question. Only a loan or similar 
method of payment can could make a pump attainable for Mr. Mayungano; 

- in case of Mr. Chambwa and Mr. Mudenda an expenditure of K 20,000 up to 
K 30,000 might be possible. The salaries earned by Mrs. Chambwa and 
Mr. Mudenda are of decisive importance here. However, an expenditure of 
this magnitude decreases the budget for other expenditures drastically. 
Buying fertilizer for the coming season would be out of the question. Any 
expenditure of such magnitude should therefore be considered extremely 
careful; 
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6.9 The assessment based on the overall judgement of the farmer 

Up to this stage of the research, the information collected from the farmers 
consisted of small parts of detailed information. It formed the input for the 
assessment of the pumps so far. This paragraph concentrates on a more direct 
assessment of the pumps by the farmers. Corresponding with the assessments 
based on multicriteria evaluation, profitability, and financial strength, the 

14 
Based upon the salaries paid at T.D.A.U. in June 1991 
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farmers were asked: 

- to rank the pumps according to their general quality; 

- to indicate whether they could make a profit with a particular pump; 

- to indicate whether they could afford the pump. 

The results are presented in table 6.16. Rank number 1 indicates the general 
quality of the pump is better than the general quality of other pumps. 

Table 6 16 The overall judgement of the farmer 

Mr. Mayungano Mr. Chambwa Mr. Mudenda 

general quality 2 2 2 

diaphragm 
profitable hand pump yes yes yes 

affordable no no yes 

general quality 1 1 1 

rope and 
profitable washer pump yes yes yes 

affordable no yes yes 

general quality 3 3 3 

pitcher pump profitable no no no 

affordable no yes yes 

86 



6.10 Conclusion 

From the pumps assessed, the rope and washer pump is most suitable to 
water the vegetable gardens in the case of Kapete. However, at least the 
following conditions have to be met before implementation: 

- The costs of the pump, including auxiliary materials, must be reduced in 
order to form a more competitive watering method compared with the 
traditional bucket method. 

- The expenditures related to the investment in the pump, must be reduced to 
a level at which they do not form a too radical interference with the available 
budget. 

- The technical problems encountered during the assessment must be solved. 

The diaphragm hand pump forms the best alternative for the rope and washer 
pump but the same conditions must be met. 
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7 CONCLUSION AND RECOMMENDATIONS 

Conclusion 

Considering the results of the laboratory tests at T.D.A.U. and the field tests in 
Kapete, from the pumps tested, the rope and washer pump is the most suitable 
pump to water the vegetable gardens at Kapete. In most respects the pump 
has an advantage over the other pumps tested. Particularly the pump has a 
remarkable high yield. 
That the rope and washer pump is more suitable than other pumps does not 
mean that it is ready to be implemented. At least the following conditions, 
brought forward by this research, have to be met: 

- the costs of the traditional method of watering using buckets are very low. In 
spite of the relatively low costs of the rope and washer pump, compared to 
most other pumps assessed, Its costs (included auxiliary materials) are still 
much higher than the costs of buckets. To achieve a more competitive 
watering method, compared to the traditional method, the costs of the pump 
must be reduced; 

- the financial strength of the farmers is very limited. Financing the investment 
in a pump forms a problem. Appropriate measures must be taken to make 
the investment possible. The expenditures related to the investment in a 
pump must be reduced to a level at which they do not form a too drastic 
burden to the available budget; 

- the technical problems that occurred during the assessment, in particular 
w.r.t. installation of the pump, must be solved. 

A good alternative for the rope and washer pump is the diaphragm hand 
pump. The diaphragm hand pump has the advantage that It is more mobile 
and easier to install than the rope and washer pump. However, the same 
conditions as stated above must be met. 

General recommendations 

In case the costs of a pump, including auxiliary materials, can not be reduced 
to a level at which Its use becomes competitive with the traditional bucket 
method, a subsidy can provide a solution. Aid organizations play an important 
role in such case. However, if the outlook is that a subsidy will have a 
structural character It is advisable not to introduce the pump. It would make 
both the producer and the user of the pump dependent on the subsidy. A level 
of cost of K 5,000 - K 10,000 [K June '91] per season seems acceptable in the 
case of Kapete. 

Although a human powered water pump can be a profitable investment, the 
case in Kapete indicates that an investment of K 20,000 [K June '91], or even 
more, seems too large for a small scale farming household. A suitable method 
to finance the investment must therefore be found. Aid organizations can play 
an important role in helping the farmer to invest in a pump. Expenditures in the 
order of K 5,000 [K June '91] at a time seem more appropriate. 

The profitability of a pump, of course, depends much on the producer prices 
for vegetables. Therefore, firm statements on the profitability of the investment 
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in a pump are hardly possible. The case in Kapete proves the producer prices 
can fluctuate strongly. It would be advisable to keep record of producer prices 
of vegetables throughout the year to get more insight in these fluctuations and 
prices as such and in the profitability of a pump. 

The case in Kapete proves that the transport problem can play an important 
role when selling vegetables outside the local community. The possibilities of 
transport and the cost of transport should not be overlooked when considering 
the introduction of a pump. 

The case in Kapete proves that auxiliary materials and equipment can play an 
important role and should not be overlooked when assessing pumps. Auxiliary 
materials and equipment can increase the total costs substantially. 

The case in Kapete proves that women and children can form an important 
part of the user group and as such can not be neglected. One should be 
aware of this when selecting a pump to irrigate a garden. 

The selection of a suitable pump for a particular case is rather complex and 
depends on a considerable number of factors. It is advisable to use a case by 
case approach and to be very careful with interpolating results. 

This research should be seen as a first step to investigate and select human 
powered water pumps for small scale irrigation. It is advisable to initiate a pilot 
project to obtain more data on technical and socio-economic matters. 
Continuing monitoring and assistance are necessities for a proper assessment. 

If any pump is to be constructed at T.D.A.U., it is advisable to produce a 
complete set of drawings of the pumps in question. 

The use of simple jigs is advisable in case of batch production. It will reduce 
the number of man-hours needed and improves the interchangeability of the 
parts. 

Technical recommendations 

Most technical problems that occurred during the assessment are discussed in 
§ 5.4 and § 6.4. Possible solutions are described in the same paragraphs. It is 
advisable to take note of the problems that occurred during tests and to check 
whether alternative solutions should be preferred. 

The diaphragm hand pump, as it is, should not be used at heads higher than 
± 4 m. Otherwise, forces will become too large. For higher heads it would be 
recommendable to experiment with a down-scaled version. The diaphragm 
should be made of the inner tube of a truck instead of that of a luxury car. To 
reduce the cost of the diaphragm hand pump, it is advisable to use a more 
appropriate basic material, instead of massive round bar, to make the inlet and 
outlet nozzles. 

The rope and washer pump, as it is, should not be used at heads higher than 
± 4 m. For higher heads it would be advisable to experiment with a smaller 
diameter pipe and a smaller diameter wheel. The possibility to mount two 
handles is also worth consideration. The handle used, seems rather light. 
Therefore it would be recommendable to redesign it. 
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Concerning the twin treadle pump, the recommendations that follow are 
applicable. The overall design should be more sturdy. The parts should be 
standardized to make them Interchangeable (e.g. between the left and right 
side of the pump), and to allow an unambiguous assembly of the pump. The 
volume of the suction line of the pump should be reduced. More attention 
should be paid to the quality of the PVC joints. They are vulnerable through 
their brittleness and not airtight. The treadle bars can be improved by avoiding 
notches in the wood that introduce a failure taking account of the direction of 
the grains in the wood. The pump, as It is, is meant for heads lower than ± 2 
m. For higher heads It is recommendable to experiment with a down scaled 
version. 

The diaphragm foot pump, as It is, is designed to be used at relatively low 
heads. It is recommendable to experiment with a smaller diaphragm for heads 
higher than ± 2 m. 

It is recommendable to experiment with an up-scaled version of the pitcher 
pump. An up-scaled version will probably make a more efficient use of the 
power available under normal working conditions possible. The spout of the 
pitcher pump should be so that the wind has no effect when filling a bucket. A 
possibility to connect a hosepipe to the spout would increase the possibilities 
to distribute the water. The pivot connections of the pitcher pump should be 
redesigned. The wear resistance of these connections seems very low. To 
reduce the cost of the pitcher pump it is advisable to use a more appropriate 
basic material, instead of standard 3" GI pipe, to make the pump cylinder. 
Seamless irrigation pipe may be a possibility. 

Recommendations for further investigations 

The farmers at Kapete claim they would be able to sell the possible extra crop 
when using a pump without any problem. In case human powered pumps are 
introduced on a larger scale, It is advisable to do a market study for 
vegetables. 

The introduction of a pump goes together with a change of agricultural 
methods. It is advisable to investigate the introduction of pumps from a more 
agricultural perspective, in order to avoid a misapplication of the new method 
e.g the loss of soil nutrients. 

The introduction of a pump results in a reorganization of tasks within the 
farming household. It is advisable to investigate to which extent the result is in 
line with the goals of all individuals and parties involved. 

It is advisable to investigate wether a pump can be manufactured within the 
rural industrial sector. Potential benefits can be a reduction of the costs, easy 
communication between user and manufacturer and the development of local 
expertise. 

It is advisable to investigate the possibilities of the co-operate use of a pump 
as a means to reduce the costs. 

During writing this report the centrifugal pump made in China arrived at 
T.D.A.U. It is advisable, still, to test this pump. 
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APPENDIX I 

Let: 

In be the nett crop irrigation requirement [m/day] 
Ob be the daily amount of water a person carries from the water source using 

buckets [m3 /day] 
OP be the daily amount of water a person pumps [m3 /day] 
~ be the land that can be watered using buckets [m2

] 

~ be the land that can be watered using a human powered pump [m2
] 

µb be the efficiency of lifting water using buckets 
µP be the efficiency of lifting water using a human powered pump 
B be the field irrigation efficiency using buckets 
a be the field irrigation efficiency using a human powered pump 
h be the total head [m] 
c be the energy it takes to distribute the water with buckets [J/m3

] 

W be the work capability of one person per day [J/day] 
d be the specific mass of water [kg/m3

] 

g be the gravitational acceleration [m/s2
] 

In case conveyance losses are negligible the following equations hold: 

~ * In/a = OP (1) and ~ * ln/B = Ob (2) 

In case a person's work capability is used to lift water with a pump the 
following equation holds: 

op * d * g * h I µp = w (3) 

In case a person's work capability is used to lift water with buckets and 
distribute it the following equation holds: 

ob * d * g * h I µb + ob * c = w (4) 

If a person's daily work input is equal for operating a pump and "operating" the 
buckets, equation (3) and (4) can be combined into: 

ob = op I ( µp/µb + c/(d*g*h)) (5) 

Combining equation (5) with (1) and (2) finally gives: 

~ = {(B/a) * 1/[µp/µb + c/(d*g*h)]} * ~ (6) 



APPENDIX II 

The diaphragm hand oumo constructed and tested at T.D.A.U. 

(the original construction manual (13] Is Included at the encl of this appendix) 



The rope and washer pump 
as presented in [19] 

I I 
I I I 
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I I 

1/ ~ 
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The rooe and washer pumo constructed and tested at T.D.A.U. 
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The rower pump 

The pitcher pymp constructed 
and tested at T.D.A.U. 

(the original construction manual (17] Is 
included at the end of this appendix) 

(assembled at Makenl Ecumenical Centre, Zambia) 



The 1 *-JB centrifugal pump 
The diaphragm foot pump 
(built at T.D.AU., Zambia) 



The twin treadle pump built at the Kasisi mission, Zambia. 



JB FOOT WJ\TER PUMP INSTRUCTIONS 
Ml\DE IH /\NYU MECI 11\H ICl\l. Fl\CTORY 

f',IJIJ.2Jll.2i.m foot llalllr rumps is m~inly used for farmland irrigation.such 
as the in i11at1011 of smal I areas of fr Y lands and the seasonn! Irrigation in a 
ulunm. 111°1 c3n also be used to dischmge/fill wnter fro111 into 11ethane tank, antl 
t·1 trnnsrort I iquid with physical property si11i lar to water, and te111peratura 
1 o-.er limn GO ·c . 

I .Technical characteristics 
i-- I I I I 
I Type I \later pipe I pedal rate I flow rate I del Ivery 
I I Diameter I (r/11in) I ("•' lh) I (•) 
t - - I I I I 
I 1! Jll I 4 o I 3 s 4 s I s 8 I < 6 

I ift 
;· ------, 
I I/hole weight I 
I (with fra•) I 

T 
I 3 o I 

I I I I I 
2jfi I s o I 3 s 4 5 • I 8 I 2 I < .. 4 3 2 I 

1--- I - -I --- -· ----1- .. -·--=1-·~--~---t-_.;__:__ __ I 
I •!JB I 6 s I 3 s 4 5 I I 2 I 7 I < 2 3 2 I 
,!___.. I I -·-·-··'-- .. --·-· ····---1. .... ____ _ 

II .Structu1-e 

ll1e water pump Consists of bear fra111e,pedals Variable speed case,ru•p(Volute, 
Centrifugal impeller and pu111p cover),botto• Valve. 

Beer fra11e Is to SUPP01·t Variable speed case end hu•an body.The seat can be 
adjusted to th!! height of huaan body. 

The Variable speed case Is 111ede of grey cast-Iron.with four sets of 202 axle 
bearings, its funt ion is to transfer POver ,change speed and surpport the body of 
the pu111p. 

Volute.Centrifugal l11peller end pump cover are all aade of cast-iron.They ere 
the elementary parts of the pu11p so111e basic characteristles, Such folv rate 
delivery lift etc.can be decided by them.Bottom Valve is the way the pu111p lets 
in water, its work is to stop i111duce vater,and precent foreign substenced fro• 
getting iii. 

Ill.Directions f"or use 

I. Preparation 
a.Get the ground where the pu1p lntalled well arranged. 
b.Lubricate the PUllP C see. 
c.Fix t.he input/output water pipe connect the Input pipe to the water Inlet 

on the pu11p cover.and the other end to bottom value connect the output pipe to 
the water outlet on the volute.Both pipe are rubber pipes with proper 
size(I~ inch fot 1~ Jll,2inch for 2Jll.~! inch for ~+JB).An iron or plastic take 
with the sa111e size may be connexted between every two rubber pipes when 
neccessary.But the joints •usl be fixed tighrly with iron wire.Ho leak is 
allnwPd.Try your best to reduce the windings of the pipe Jibe. 

d. But the bottom value upright at 200-300111 be low water surface. 
e.the part of output water pipe commexted to volute turns upward. 
f.Fill in inducing water through water outlet.at the 11e•ti11e,unscev the 

plug scren on the volute.to let out air,when the whole volute full of water 
tighten the plug screw.start the pedal and begin to work. 

2. instruclion whi In working 
a.View from the pu111p,the pedal-rotation is clock wise.That is pedal 

forward, as riding a bike. 
b.Unifor111 the force on pedals. 
c.Don't pedal back ward when stopping let pedals stop auto1Bticalllng 
cl.Regularly lubricating 

3.Finlshing work 
a.Remove output/input water pipes 
b.Empty the volute Input pipe of water in it. 
c.clean the mud.dry the water' leave the pu111p in dn places. 

IV.f.faintenance and Servicing .. 



a.Lubrieating 

Lubricating forlS 

I Lubricated llu11ber of I kings of lubricating re•allber 
I place places I 'Iii d 

I Flange oil hol I I Gll443-64 llJ-30 118chlne I Lubricate once bef 
I es on peda Is I I oil I ore work and once 
I on tie case I I I an 
i----··-- I -----+--- ·---'------l 

I Variable speed I I GB-143- 6·t llT-30 I clean and lubricate 
I case I I Mchine ol 1 I one a year 
I I I I j--rr---------1-----i----------t---:.--------+ 
I I 
I i'ix le bear Ing I 
I I 
,.-- I 

I 

4 
I Gll491-05 ZG-2 
I 
I Line greare 
I 
I 

I clean and lubricate 
I one a year 
I 
I 
I 

2. If something abnor11al happens while working, stop to detect and repain acconding 
to the fellowing obstache Auoldance. 

V • Obs tac he Auo i dance. 

~----·-, 

I Breakdown I Reasons I Maintenance 
I Inducing \later I a.Botto• value unclosed I a. inspect and adjust 
I can"t be fill I b. input water pipe leaks I betto• value 
I I ' I b.change or repair 
I I I input pipe and fix it r- . ·------i 
I llo water I a. llaven' t f i II in Inducing I 
I out I water or Inducing water I 
I I het enough I 
I I b.WTong rotation I 
I I c. input pire le1•ks I 
I I d.overheight of water in I 
I I .. take I 
I I e.waler pipe blocked I 
I I f. leaks on the pipe I ine I 

f----- I I 
1 llo more water I a.bottom value hot fully 
I out after a I closed 
I break I 
t-----·-·-···-1 
I T"o heavy during I 
I work I 
I I 
I I 
I I 
: I 
I I 
I I 
I I 

a.Filler two tight 
b.contrlfugal h1peller 
scren is coose 
c.outpur pipe Is too 

s11a I I 
d. input pipe flattened 
e. Too 11any and two I ong 

windings of output/in 
put pipes 

r------11----------l 
I Low flo ...-ate I 
I I 
I I 
I I 
I I 
I I 

I 

a.botto• valve hlocked 
b.ct>ntrlfusal h1pel ler 
blocked 
c.botto1 valve is not 

deep enough under 
water 

a.make sure Inducing 
va tc-r is enough 

b. inspect rotation 
c.change or repair 

input pipe and fix it 
d.lov do~TI water Intake 

height 
e. shorter we ter 

pipes or avoid the pipe 
windings 

inspect and adjust bot to• 
value 

a.redo the fillers 
b. tighten the centrifugal 

h1pe 11 er scren 
c.Arrange the pipeline as 

required 
d.Reduce the pipe joints 
e.reduce windings shorten the 

pipeline 

a.clean the botto1 valve 
b. clean· centrifugal l1peller · 
c.Deepen botto1 valve 
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PITCHER PUMP. 

""'. ~·:l' 

This bulletin describe.s one method ·of constructing a simple hand pump; the 
pump is comnonly_ called a "pitcher pump." · , 

:: .. ; .. ~:·,"i'.t:":''' .. './_::.>~ <~' :~:·. 

This pump lifts between 8 and 10 . gallons a 'minute···for about 10-to 15-foot 
suction. The maximum depth at which the pump can lift has been detennined 
to be approximately 25 feet at or near sea level. · 

";,. ~;~ .. 

Construction of this pump'requires access to welding equipment and basic 
metal working tools. Several substitute construction methods are possible 
and as each particular assembly of the pump is described, alternat~ con-
struction methods are provided. · ·· ' 

!•I 

Please send testing results, comments, suggestions and requests for further 
information to: 

Technical Bulletins 
VITA Publications Service 
3706 Rhode Island Avenue 
Mt. Rainier, MO 20822 

. •': ~ . . . ' : . ,. ~ 

.,, . .:. .. · ... ~ · ..... "' ;, .:.:.._. '' ·" .. -· 
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PITCHER PUMP 



PITCHER PUMP 

Tools and Materials Required 

• Welding equipment 
• Drills for metal, sizes 3/16", 1/411

, 3/8 11 and 1/211 

• Hacksaw 
• Hamner 
• Wrenches (pliers and pipe wrench} 
• Screwdriver 
• File 
• Wood plane 
• Wood saw 

Sheers capable of cutting sheet metal, leather and rubber 
• Emery paper 

Materials: 

Quantity 
1 
1 
1 
2 
1 
l 
l 
l 
l 
1 
1 

1 
1 
4 
l 

l 

l 
1 
2 
l 

Part No. 
1 
la 
lb 
le 
2 
3 
3a 
3b 
3c 
3d 
3e 

3f 
4 
4a 
4b 

5 

Sa 
Sb 
Sc 
6 

* G.I. - Galvanized iron 
I.D. - Inner diameter 
0.0. - Outer diameter 

Description 
211 x 5" x 24 11 hardwood 
Bolt, 1/411 x 311 + 1/411 nut and flat washer 
Bolt 3/811 x 3 1/211 + nut 
Metal strap 1/411 x 1" x 811 

311 I.D. x 1811 
- G.I. pipe (threaded on one end) 

1/211 dia. x 18 11 steel rod (threaded on one end) 
3/16 11 dia. x 1 1/211 cotter pin or nail 
11211 I.D. flat washer 
2 1/2" 0.0., 1/211 I.D. rubber inner tube disk 
2-3/411 dia. x 1 1/211 hardwood block (piston) 
1/8" x 111 x 9 1/211 leather strap 

Note: brads or screws required to hold leather 
- strap to 3d. Will need about 10-12 111 

long flat headed nails; if brass nails 
are available, use them. 

1/2" machine nut - to fit on 3 
311 I.D. pipe connector 
1/4" x 1" x 1 11211 steel bar stock 
111 I.D. pipe flange. Substitute can be a 111 I.D. 

pipe connector welded to a 1/411 thick x 3 1/411 

dia. steel ring 
1/8" x 2 1/2" dia. leather disk cut to an oval 

shapel shorter dia. ±211 

1/411 I.D. x 1 1/211 O.D. sheet metal disk 
1/411 x l" machine screw and nut 
3/16 11 x 1 1/211 machine screws and 4 nuts 
111 G.I. pipe length as needed (up to 24') 

- 1 -



PITCHER PUMP 

(CUT-AWAY VIEW) 

PISTON&. 
PISTON ROD 
® MEiAL (P1srcN) ROD 

I CC i TC: R ? IN - NA I L) C 
ME T . .o\L WASHER ~+-_µ..--1. 
RUBEER DISK 

~ WOODEN CYLLINDE 
Q;; LEATHER RING 

/ 
,/ 

\ 
· ... .....____ 

-..._ 

--- -···--
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FOOT VALVE 
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Gc:NERAL PARTS G~OUPI "IG: 

(I) HANDLE ASSEMBLY 

@ CYLLINOER 

@PISTON RCO ASSEMSLY 

@CONNECTOR/REDUCER 
@ F'OOT VALVE ASSEMSLY 

@SUCTION PIPE/INLET 
·FILTER 
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Construction 

Construction has been broken down into six assemblies titled: 1) Handle; 
2) Cylinder; 3) Piston and piston rod; 4) Connector/reducer; 5) foot valve; 
and 6) Suction pipe and inlet filter. 

l} Handle Assembly: 

The handle is cut according to the following drawing from good hardwood stock 
measuring 2" x 5" x 24". 

.SIDE VIEW 

Ii TOP VIEW 

A 3" x 5/8" slot, centered on the 2" edge, is cut into the short end of the 
handle. This slot will hold the piston rod. The long end of the handle is 
tapered and smoothed to pennit easy hand action. 

Drill a 1/4 11 hole through the slotted end, about 1/2" in from the top and 
front edges. This hole will accommodate bolt #la which secures the piston 
rod. 

Drill 3/811 holes at points 5", 6", and 711 from the 1/4" hole, and parallel 
to it, approximately equidistant from top and bottom edges. These holes will 
permit mounting the handle at any one of three points so as to provide a 
variety of possible leverages in working the pump. 

Parts #le are as shown in the diagrams and materials list 1/411 x 111 x 811 long 
steel bars which should be bent to their midpoint about 20°. 

At one end of the bars 3/8" holes should be bored. This is to support the 
handle via the bolt #lb. 

The straps welded to the cylinder are as shown in the cutaway view. 

- 4 -
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Alternate method of constructing the handle, part le: 

Part le could also be constructed by slotting and drilling a 1211 long section 
of 211 x 411 piece of wood the acconmodate the handle. The wooden piece could 
then be strapped on to the cylinder via two wooden clamps, each of which would 
be cut to fit halfway around the cylinder, thus avoiding the necessity of 
welding equipment. 

2) Cylinder assembly: 

The cylinder is made simply from a piece of 311 inside dia
meter G.I. pipe. The spout for the cylinder could be made 
by cutting two slots in the unthreaded end of the pipe. 
One slot should be cut 311 long straight down from the un
threaded end; the other slot should be cut 311 across the 
unthreaded end and at a point perpendicular to the bottom 
of the first slot. By bending the two resulting tabs out
ward and welding a metal plate across the bottom, a spout 
can be formed. 

Alternate method of construction of cylinder: 

The bottom of the spout could be bolted to the sides, 
thus eliminating again the need for welding. 

A final note on cylinder is that the inside of the cylinder should be sanded 
as smoothly as possible with emory paper or equivalent. 

3) Piston rod assembly: 

The piston rod assembly is as shown, (3, 3a) but a few addi
tional points are worth mentioning: a 1/411 hole should be 
drilled through the piston rod 1/211 down from the top. 
Another hole 3/16" diameter should also be bored 211 up from 
the threaded or bottom end of the rod. 

Piston assembly: 

The holes in hardwood block 3d should be carefully drilled so 
that the 1/211 diameter center hole is exactly on center and 
parallel to the outside circumference of the block. The 3/811 

diameter side holes should be equidistant from the center 
hole, and should also be parallel to the sides of the block. 
The distance from the center of the center hole to the cen
ters of the side holes should be 111

• 

As shown in the diagram, the lower portion of the piston 
block has a slightly larger diameter than the upper portion. 
This lower portion should be 1/411 thick and 2 3/411 in dia
meter. It should be 1/3" larger than the upper part. 

- 5 -
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Leather part 3e is a section of leather strap wrapped around the piston block 
and tacked on to the smaller upper section. The leather is tacked along its 
lower edge to permit the upper half to bend outward. The leather strap should 
be pounded with a hamtter all along its upper edge before it is tacked to the 
block. This will force the leather into a cone shape so it will seal more 
effectively against the cylinder wall. It might be helpful {but isn't neces
sary) to sew the strap together at the joint. 

Finally, rubber disk 3c is fitted over the top of the piston and large metal 
washer 3b fs fitted over that so that it covers the side holes. 

4) Connector/reducer assembly: 

The connector reducer assembly consists of a 311 {inside diameter) pipe connec
tor (4) which has a pipe flange {4b) welded on to one end. The mounting holes 
in the pipe flange are welded shut. If a pipe flange is unavailable, a substi
tute can be made with a 111 {inside diameter) pipe connector and a steel ring 
{3 1/411 outside diameter, 1 1/411 inside diameter and 1/411 thick). The 111 con
nector is then simply welded to the ring and the resulting assembly welded to 
the 311 diameter connector as before. Take care to make these welds watertight. 

The connector also serves as a housing from which the 
pump can be mounted. 

Four 1/411 x 111 x 1 1/2" metal bars {4a) are welded at 
right angles to each other on the very bottom end of 
the 311 diameter pipe connector; 3/8 11 diameter holes 
are bored in these four metal tabs. Note that the 
metal tabs should be slightly rounded where they 
contact the pipe connector as this will facilitate 
easier alignment and better welding. 

S) Foot valve assembly: 

The foot valve assembly consists of an oval-shaped 
leather disk (S), a sheet metal disk {Sa), a 1/4 11 x 
111 machine screw and nut {Sb) and two 3/16• machine 
screws and, NOTE: four nuts (Sc). 

The foot valve leather is shaped to an oval as shown 

A 1/411 hole is punched through the 
leather. at.. a point about 5/8 11 to 3/4 11 in from one 
end. The sheet metal disk is bolted to the 
leather oval through this hole as shown in the 
diagram. The bolt and sheet metal disk rein
force the leather as it closes over the 
suction inlet. 

Two 3/16" holes are then cut through the lea
ther about 111 apart and 1/2" in from the closest 
point of contact with the side of the leather. 

- 6 -



Two corresponding 3/16" holes are drilled into the reducer assembly (4b) as 
shown in the diagram. Mark these holes carefully as they detennine the loca
tion and effectiveness of the foot valve leather to a considerable extent. 

A slight notch 1/16" deep is cut across the leather to encourage it to bend 
along a specified line. The groove should be cut as close as possible to the 
3/16" nuts whfch mount the leather disk. 

The 3/16 11 machine screws are inserted through the bottom of the reducer assem
bly. Two 3/16" nuts are then screwed on through the inside and fastened 
securely. Above these nuts is placed the foot valve leather which is followed 
with the two remaining 3/16"_nuts. Some tar or pitch should be applied to the 
holes in the reducer before and after the insertion of the 3/16 11 machine screws 
to prevent air and/or water leaks. 

The effectiveness of the foot valve will be detennined by the seal it ~akes 
with the suction inlet. It cannot be overemphasized that considerable care 
must be taken to make the suction inlet as flat and smooth as possible before 
mounting the foot valve leather. 

6) Suction pipe and inlet filter assembly: 

This isn't really an assembly at all.· Rather it is merely 
the required length of 111 diameter length of suction pipe. . ' 

The inlet filter is made simply by cutting approximately 
75 slots 111 long at the bottom end of the suction tube. 
The slots should be spaced out over approximately 12" 
measured up from the bottom and be located on both sides 
of the pipe. Take care to avoid cutting too deeply as 
this will weaken the suction pipe. 

The bottom end of the suction pipe should be pounded flat 
so as to force the water to be drawn in through the slots. 

Operation 

In order to start this pump in operation it will be necessary to pour water 
into the cylinder while cranking the handle for a few strokes. The idea be
hind this is to develop a low pressure area below the piston and above the 
foot valve. The low pressure-area draws water in through the foot valve 
as the piston moves upward. At the top of the stroke of the piston, the foo~ 
valve will close and prevent the water from escaping back down into the suction 
pipe. 

As the piston moves downward, the water is forced through the holes in the pis
ton, past the rubber disk and into the area above the piston. By the time the 
piston is at the bottom of the stroke, most of the water should be above the 
piston. As the piston is again lifted, the water spills out of the spout. At 
the same time, more water enters through the foot valve. 
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Quite often when this type of pump is first installed in a bored tube well, it 
becomes necessary to draw very fine silty and clay particles through the fil
ter before the water will enter the suction tube readily. This process is 
known as "developing the well" and it may take from two hours to a total of 
severa_l days of continuing use of the pump before the water becomes clear. 
If the pump is mechanically sound you will note that as the water becomes 
clearer the pump will also be easier to operate. · 

Maintenance & Adjustment 

The piston and foot valve leathers will need to be replaced periodically. Be
cause the quality of leather and metal pipe which you may have on hand is not 
known by the author, exact life of the piston leather and foot valve cannot be 
stated. Pumps made with factory machine tools and materials will often last 
7 or 8 months under continued use before the leathers must be replaced. It is 
very important to locate the foot valve so that it does not come in contact 
with the piston as this will severely hamper efficient operation • 

. . 
Keep the handle mounting and piston rod connecting bolt tight at all times. 

If, after the well is developed, i.e., the water is clear (flowing freely), 
the pump continues to be easy to operate but draws little water, an air leak 
may have developed. Air leaks may develop in one of four places: 1) where 
the cylinder is screwed into the connector reducer unit; 2) where the suction 
tube is screwed into the connector reducer unit and/or 3} where the piston 
rod meets the rubber disk; 4) where the piston leather meets the cylinder. . .. 

In the areas mentioned, where the threads are leaking, pipe compound or equiva
lent will solve the problem •.... 

·'.'-• 

Where the contact between the.rubber disk and piston rod leaks, it is necessary 
to replace the rubber disk making the inner hole slightly smaller than 1/2" in 
diameter. 

When leaks occur where the piston leather meets the cylinder, it is wise to re
place the piston leather and/or rub it with a good leather oil or equivalent. 

While the above description will provide you with adequate infonnation to pro
duce this particular kind of pump, it could be taken as a guideline for manufac
ture and operation of piston pumps in general. This report should provide in
fonnation by which you can adapt the theory to your own conditions. 

Some modifications already suggested are: 

• bushings in the handle assembly 

• using screws rather than bolts to connect pump to base support 

• building support of wood rather than brick shcwn in illustration 

• installing guide for the piston rod to help insure straight move
ment of piston inside dylinder 

• enlarging cylinder diameter 4 or 5 inches 

- 8 -
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Diaphragm Pump 
•' .... ' 

DR. RICHARD G. KOEGEL 

The hand operat~d pump presented here was first used in Vietnam; it is made 
entirely of wood, rubber, common pipe fittings, and metal fasteners, wash
ers, and bushings. It consists of a watertight wooden box fitted at intake 
and outlet openings with two rubber flap valves. The rubber diaphragm, made 
from old auto inner tube material, fonns the working piston of the device. 
The pump handle is attached to the diaphragm. Movement of the handle in
creases or decreases the vo 1 ume within .. the ·box and this ·change of volume 

· activitates the intake and outlet valves to allow water to be pumped throug'h 
the mechanism. Two to three liters per stroke can be pumped to a height of 
three to four meters. The pump can be operated by one or two men, and can be 
easily adapted for use with animal or wi,nd power. 

~ ' . 

Dr. Richard G. Koegel, theprimary author of this plan, is with the Univer
sity of Wisconsin at Madison's Department of Mechanical Engineering. A VITA 
Volunteer for almost 12 years, Koegel previously spent eight years in Asia 
and Africa where he designed, built and tested a number of the technologies 
now disseminated by VITA. 

Please send testing results, comments, suggestions and requests for further 
information to: · -

Technical Bulletins 
VITA Publications Service 
3706 Rhode Island Avenue 
Mt. Rainier, MD 20822 USA 

VOWNTEERS 
IN TECHNICAL . . ~: . ' 

ASSISTANCE ' ' 3706 RtxX:ie iSianci A~ ' Mt rbrier. tvb'Yord. USA X)822 
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Tools 

Wood saw, wood rasp (or file); wood drills 1/4", 3/8" 
and 1/2" 

Drill for metal, 3/8" diameter--can substitute with a 
means of punching a 3/8" hole in sheet metal 

Screwdriver and pliers or any type of adjustable wrench 
Wood chisel (or a means of boring a hole 2" in diameter 

into hardwood). 
Tin snips 

. Metal saw {'~hacksaw") and metal .file 

VTAPHRAGM PUMP · 

Materials 

(Note that planks of 12 x 14" widths can be substituted by an assemblage of 
smaller width boards which are adequately cross-braced.) 

~ 

l 
l 
1 
4 
4 
l 
2 
1 
1 
2 

2 

3 

6 

1 

Size 

2" x 2" x 36" {hardwood) 
l" x 611 x 8 1/2" {hardwood) 
1" x 14" x 14" (hardwood) 
l" x 4" x 12" (hardwood) 
1" x 4" x 10" (hardwood) 
2" x 4" x 611 (hardwood) 
l" x 7" x 7" (hardwood) 
2" x 14" x 48" (hardwood) 
2" x 4" x 611 (hardwood) 
+l/16" x 12" x 12" (inner tube 
- rubber)* 
.:!:,l/16" x 2 1/2" x 2 3/4" (inner 

tube rubber) 

.:!:,l/16" x 4" x 611 {inner tube rubber) 

3/8" dia. x 4" (machine bolts, nuts 
and flat washers) 

3/8" dia. x 5" (machine bolts, nuts 
and flat washers) 

Description & Part No. () 

handle, {l) 
handle arm, (la) 
top plate, (2) 
top and bottom frame, (3) & (5) 
top and bottom frame, (3) & (5) 
diaphragm support arm, (4c) 
diaphragm supports, {4a) 
baseboard, (9) 
spacer block (6e) 

diaphragm (4) and bottom gasket (8) 

outlet check valve (6) and inlet check 
valve (7) 

outlet and inlet valve gaskets (6d), 
(6e) & (7d) 

arm to pump handle bolts (lb) 

diaphragm support arm connector (4d) 



Jlli'..:_ Size Descrietion & Part No. {} 

4 3/8 11 dia. x 1/1/2 11 {machine bolts, 
nuts and flat washers) inlet valve assembly bolts {7f) 

2 1/411 dia. x 111 {machine bolts, nuts 
and flat washers) outlet and inlet valve reinforcements 

{6b) & {7b) 
12 3/811 dia. x 12" {machine bolts, 

nuts and flat washers) unit assembly bolts--requires 24 flat 
washers (10) 

24 +l/4 11 x 211 (lag bolts or wood 
- screws) top and bottom frame fastening 

screws {3a) & (5a) 
9 +3/16 11 x 2" (lag bolts or wood 

- screws) aphragm support fastening screws (4b) 
2 +l/4 11 x 3 1/2" (lag bolts or wood 

- screws) diaphragm support arm fastening 
screws (4b) 

6 3/4" length (flat head nails) outlet and inlet check valve fasteners 
(6c) & (7c) 

2 +l/16" x 2 1/211 dia. (sheet metal 
disks) outlet and inlet check valve rein-

forcement (6a) & (7a) 
2 +l/16" x 111 x 411 (sheet metal band) pivot rod mounting clamps (ld) 
1 l/2" dia. x 8" {steel rod) pivot rod for handle {le) 
2 211 inner dia. (pipe flange)** outlet (6g) and inlet (7e) 
l +2 oz. (waterproof glue, gum, or 

pitch) for sealing the joints in the pump 
chamber against water and air leaks 

* More thickness of rubber for the diaphragm may be required when pumping to 
greater heights (or heavier weight inner tube material). 

** Obtain the metal pipe flanges first. The size of these flanges will greatly 
affect the subsequent assembly of both the inlet and outlet check valves, 
the location of the inlet and outlet holes, as well as the alignment of the 
mounting bolts for same. A substitute for the pipe flange could be made by 
welding a 211 pipe coupling to a 1/411 thick steel plate which would function 
as the face plate of the flange, the inside of the steel plate being cut out 
to form a 211 diameter hole. 



PUMP HANDLE AND TOP HOUSING 

Assembly 

Handle is smoothed along top 6-8 11 where 
it will eventually be grasped. At points 
211 and 511 up from the lower end, bore two 
3/811 holes through the side of the 
handle. At a point 111 up from lower 
end bore a l/2 11 hole parallel to 
3/811 holes. 0 
Handle arm is cut as follows: 

r1-o 
I t - o i I ..:;-0 / 

3"/_... ./ 

-~ i 

7 I <p ? . 
--L... :-, ,:;;-,~t-,~,,;-:-l ---4~.,..,... _1;,__z.....J·-1 

~!--_,__~·----

The holes at the larger end are 
3/811

, 3/811 and 1/2 11 respectively 
top to bottom. A second 1/2" 
hole should be drilled for 
future adjustments. 

The two mounting clamps (ld) are 
pieces of 16 gauge sheet metal 
which are wrapped over the pivot 
rod. They are then drilled with 
a 3/8 11 drill. These clamps are 
eventually mounted to the frame 
via two of the pump unit assembly 
bolts (part 10). 

In making the top frame assembly 
make the frame as flat and square 
as possible with particular 
emphasis on the bottom face, as 
this face will secure the diaphragm 
in place. 

/a.. ~HAND/..e lt!ZJ.1 
61Zf1N ~;: /JcOD 

~ ~AJ 
HcZt ZOAJf7rl.J..'r-
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DIAPHRAGM 

Assembly 

Diaphragm {4) is cut from inner tube. Holes 
in rubber section should be made after dia
phragm supports are aligned. Supports 
clamp over the diaphragm and are fastened 
together with wood screws or equivalent. 
NOTE: Smooth the edges and round the 
corners of the diaphragm supports 
around which the diaphragm will 
eventually be bending. 

Support ann is fastened to both upper 
and lower support by means of wood 
screws or lag screws. Use hardwood 
for support arm. Bore two 3/8" 
diameter holes at points 111 and 211 

down from top of support ann and in 
the center with respect to the verti
cal side of the block. The addi
tional hole is provided for eventual 
adjustment. 

This pump has actually been built 
according to the specifications 
provided here; that is, with the 
diaphragm supports and support arm 
fastened together with screws. 
It has been suggested that 
bolts might be stronger than 
screws, and would ease the task 
of replacing a worn diaphragm. In 
an earlier design, the bottom housing 
pieces were held together by long 
threaded rods through holes in the ends 
which extended slightly beyond the sides 
of the housing. This allowed the bottom 
housing to be tightened easily if 
leakage developed. 

Part (4d) fastens the support arm to the 
handle ann, which converts the back and 
forth motion of the handle into the up 
and down motion of the diaphragm. 

The grain in the upper diaphragm support 
should run horizontally and at goo to the 
grain of the lower support (parts 4a). 
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BOTTOM HOUSING WITH VALVE ASSEMBLY 

(See following page for details) 

@ 

*Parts 6-6c are similar 
to parts 7-7c. The former 

assembly is tacked onto the out
side of the frame, the latter to the 

inside. 

*Parts 5 and 5a are similar to parts 3 
and Ja. Two 2" dia. holes should be 
bored on center in the two opposite 
sides as shown. Four 3/8" dia. holes 
are also bored around the 2" hole, to 
eventually accommodate the check valve 
assembly. 

*As with the upper frame part 3, the 
lower frame should measure 12" on 
the outside edges, and 10" on the 
inside edges. 



All joints shown in the previous diagram should 
be made airtight by sealing with the waterproof 
glue, gum or pitch. Make all joints as close 
fitting as possible to aid in waterproofing. 

Note the following areas for possible discrep
ancy due to variations of materials used in 
construction: 

(1) The pipe flanges, parts 6g and 7e should not 
touch the baseboard, or overlap the upper frame 
as this will affect the watertightness of the 
joints. Cut the flat face of the flange to the 
necessary size in order to avoid this problem. 

Where the handle arm mounts to the diaphragm 
support arm, make sure that the connecting bolt 
(4d) does not rub the slot in the top plate 
while the handle is moved back and forth. If 
it does, cut the bolt shorter or cut an appro
priate notch in the top plate. 

The unit assembly bolts, although not shown, are 
inserted from the bottom of the pump through the 
top face plate. Flat washers should be placed 
on both the bottom and top. Take care to align 
the top face plate and baseboard for accurate 
location of holes for the unit assembly bolts. 

O<ffl..CT VAi.Ve AS5€HBt..Y 
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In bolting the upper and lower units to the base
board, tighten all of the bolts with gradual even 
pressure, alternating from one side of the frame 
to the other. 
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Operation 

Operation involves pr1m1ng the pump at the beginning of its initial application. 
To do this, simply fill the pump up, pivoting the pump on its inlet side and 
fill the diaphragm chamber with water through the outlet. With the pump in 
this position and with the inlet hose inserted into the water source, crank 
the pump while pouring more water into the chamber. The pump will soon become 
energized. The time and effort required to prime the pump will depend on the 
depth and/or length of the inlet pipe. In general, five or ten strokes of the 
pump handle should be sufficient. 

Two pumps arranged as shown 
and actuated by a person 
shifting his weight from side 
to side (from one leg to the 
other, bicycle fashion) would 
make efficient use of human 
effort. 



Mr. Mudenda 

vegetable quantity price receipts/ expenditures 

tomatoes 15 boxes K 300 per box + 4,500.00 
transp. /tom. 15 boxes K 80 per box - 1,200.00 
okra 9 bags K 400 per bag + 3,600.00 
transp. /okra 9 bags K 80 per bag - 720.00 
rape sold locally + 3,000.00 
okra sold locally + 600.00 
tomatoes sold locally + 1,500.00 
onion sold locally + 50.00 
cabbage sold locally + 200.00 
Irish potatoes sold locally + 100.00 
maize sold locally + 310.00 
proceeds + 11,940.00 

total receipts K 13,860 
total transport expenditures K 1,920 ( = 14 % of receipts) 

The major part of the receipts were received around Okt'90 

11,940 [K Oct'90) = 21,528 [K June'91] 

size of garden: 120 [m2
) 

Proceeds = 179 [K June'91 /m2
) 



The Proceeds are defined as the receipts for the vegetables minus the expenditures 
for the transport to the market. 

· Mr. Mayunqano 

vegetable 

rape 
baby melon 
transport 
proceeds 

total receipts 

quantity 

40 bags 
10 boxes 
50 boxes/bags 

price 

K 60 per pocket 
K 100 per box 
K 30 per box/bag 

K 3,400 

receipts/ expenditures 

+ 2,400.00 
+ 1,000.00 
- 1.500.00 

K 1,900.00 

total transport expenditures K 1,500 ( :=44 % of receipts) 

The major part of the receipts were received in May'90 

1,900 [K May'90] .. 4,473 [K June'91] 

size of garden: 800 [m2
] 

Proceeds := 5.6 [K June'91 /m2
] 

Mr. Chambwa 

vegetable quantity price receipts/ expenditures 

tomatoes 5 boxes K 50 per box + 250.00 
tomatoes 10 boxes K 200 per box + 2,000.00 
transp./tom. 15 boxes K 80 per box - 1,200.00 
rape 150 bag K 250 per bag + 37,500.00 
transp./rape 150 bag K 80 per bag - 12,000.00 
baby melons 20 boxes K 80 per box + 1,600.00 
transp./melons 20 boxes K 80 per box - 1,600.00 
okra 400 kg K 25 per kg + 10,000.00 
transp. /okra 400 kg K800 - 800.00 
green beans 220 kg K 20 per kg + 4,400.00 
transp. /beans 220 kg K 320 - 320.00 
cucumber 23 boxes K 80 per box + 1,840.00 
transp./cucumber 23 boxes K 80 per box - 1,840.00 
proceeds + 39,830.00 

total receipts K 57,590 
total transport expenditures K 17,760 (:=31 % of receipts) 

The major part of the receipts were received around Dec'90/Jan'91 

39,830 [K Dec'90/Jan'91] := 59,689 [K June'91] 

size of garden: 450 [m2
] 

Proceeds := 132 [K June'91 /m2
] 



Variable costs are defined as costs that vary with the size of the garden. 

The variable costs also depend on the farming method of the farmer and his ability to 
invest. The variable costs consist of fertilizer, chemicals, and seeds. 

Mr. Mayungano 

fertilizer 
chemicals 
seeds 

1, 149.00 ( =3 bags) 
120.00 

+ 96.00 
K 1,365.00 the major part was spent in April'90 

1,365 [K april'90] = 3,37 4 [K June'91) 

size of garden: 800 [m2
) 

Variable cost = 4.2 [K June'91 /m2
) 

Mr. Chambwa 

fertilizer 
chemicals 
seeds 

1,612.00 ( =4 bags) 
2,350.00 

+ 310.00 
K 4,272.00 the major part was spent in July'90 

4,272 [K July'90) = 8,909 [K June'91) 

size of garden: 450 [m2
) 

Variable cost = 20 [K June'91 /m2
) 

Mr. Mudenda 

fertilizer 
chemicals 
seeds 

792.00 ( =2 bags) 
00.00 

+ 210.00 
K 1,002.00 the major part was spent in April'90 

1,002 [K April'90] = 2,477 [K June'91) 

size of garden: 120 [m2
) 

Variable cost = 21 [K June'91 /m2
) 



APPENDIX VII 

Constant costs are defined as costs which doe not or hardly vary with the size of 
the garden. The are considered to be about the same for each farmer. 

In case of the method using buckets it is assumed the constant costs consist of the 
depreciation of a hoe and two metal buckets 

The method using buckets 

implement price [K June'91] life [year] 

hoe 
buckets 

600 
1,600 

4 
4 

yearly costs [K June'91] 

150.00 
+ 400.00 
K 650.00 

In case of the method using a pump it is assumed the constant costs consist of the 
depreciation of the pump (auxiliary equipment included), a hoe, buckets (only in the 
case of the pitcher pump. 

The method using a diaphragm hand pump 

implement price [K June'91] life [year] 

D.H. pump 29,920 
hoe 600 

1 
4 

The method using a rope and washer pump 

implement price [K June'91] life [year] 

R.W. pump 20,540 
hoe 600 

1 
4 

The method using a pitcher pump 

implement price [K June'91] life [year] 

P. pump 
hoe 
buckets 

22,890 
600 
1,600 

1 
4 
4 

yearly costs [K June'91] 

29,920.00 
+ 150.00 

K 30,070.00 

yearly costs [K June'91] 

20,540.00 
+ 150.00 

K 20,690.00 

yearly costs [K June'91] 

22,890.00 
150.00 

+ 1.600.00 
K 23,540.00 



8 expansion 

Mayungano 

buckets 

D.H.P. 

R.W.P. 

P.P. 

9 restrictions for size 1990 

cost of inputs 
can not sell more vegetables 
can not water more land 
can not work more land 
neighbouring land claimed 
other reasons 

Chambwa 

D Income wet season crop 1991 and other income 

10 income crops (per farmer) 

crop: #units: price per unit: 

11 loans: 

12 receipts are used for: 

13 other income generating activities: 

Mudenda 

date receipts: 



APPENDIX VI 

Name: 

A Costs of inputs of vegetable garden 1990 

variable costs 

1 size of garden 1990 

2 expenditures for: #units: 

3 month in which major part was spent: 

constant costs 

4 tools used: life of tool: 

B Proceeds from vegetable gardening 1990 

5 vegetable: #units: receipts: 

6 month in which major part of receipts were received: 

C Watering garden 1990 

7 watering capacity (per farmer) 

buckets 

D.H.P. 

R.W.P. 

P.P. 

#persons: # hours per day: 

price per unit: 

current price of tool: 

expenditures: 

# days per week: 
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============================================================================================================== 
DURABILITY T.D.A.U. 4 m woman 
============================================================================================================== 

0 5 10 14 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

BLAIR 7 7 7 7 7 6 6 6 5 5 
DIAPHR.H. 2 2 2 2 2 2 2 2 3 4 
ROPE&W. 1 1 1 1 1 1 1 1 1 2 
SEMI ROT. 6 6 6 6 6 5 5 4 4 3 
TWIN TR. 4 4 4 5 5 7 8 8 8 8 
DIAPHR. F 8 8 8 8 8 8 7 7 7 7 
PITCHER 3 3 3 3 3 3 3 5 6 6 
ROWER 5 5 5 4 4 4 4 3 2 
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============================================================================================================== 
VILLAGE LEVEL MAINTENACE AND REPAIRIBILTY T.D.A.U. 4 m woman 

============================================================================================================== 
0 5 10 15 19 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

BLAIR 7 
DIAPHR.H. 3 
ROPE&W. 1 
SEMI ROT. 5 
TWIN TR. 6 
DIAPHR. F 8 
PITCHER 4 
ROWER 2 
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============================================================================================================== 
MOBILITY T.D.A.U. 4m woman 

============================================================================================================== 

BLAIR 
DIAPHR.H. 
ROPE&W. 
SEMI ROT. 
TWIN TR. 
DIAPHR. F. 
PITCHER 
ROWER 

0 0 

7 

2 

6 

5 
8 

3 

4 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

7 

2 

6 

5 

8 
3 

4 

7 7 
2 

2 
6 4 

5 5 

8 8 
3 3 
4 6 

7 

1 

3 

4 

5 

8 
2 

6 

8 

2 

3 
4 

5 

7 

1 

6 

8 8 7 
2 2 2 

3 3 4 
4 4 3 
5 5 5 

6 6 6 
1 

7 7 8 

7 

2 

4 

3 

5 

6 

8 

7 

2 

5 

3 

6 

4 

8 

7 
2 

6 

3 
5 

4 

1 

8 

7 

2 

6 

3 

5 

4 

8 

6 

2 

7 

3 

5 
4 

8 

6 

2 

7 

3 

5 

4 

1 

8 

6 

2 
7 

3 

5 
4 

8 

6 

2 

7 

3 

5 

4 

1 

8 

6 6 6 
2 2 2 
7 7 7 
3 3 3 
5 5 5 
4 4 4 
1 1 

8 8 8 

============================================================================================================== 
GLOBAL EASE OF OPERATION T.D.A.U. 4 m woman 

============================================================================================================== 

BLAIR 
DIAPHR.H. 
ROPE&W. 
SEMI ROT. 
TWIN TR. 
DIAPHR. F. 
PITCHER 
ROWER 

0 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

6 7 7 7 7 7 7 7 7 7 
2 2 2 2 2 2 2 2 2 2 
1 1 1 
5 5 6 6 6 6 6 6 6 6 
7 6 5 4 4 4 3 3 3 3 
8 8 8 8 8 8 8 8 8 8 
3 3 3 3 3 3 4 4 4 4 
4 4 4 5 5 5 5 5 5 5 

7 7 7 7 
2 3 3 3 
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6 6 6 5 
3 2 2 2 
8 8 8 8 
4 4 4 4 
5 5 5 6 

7 7 7 
3 3 3 
1 

5 5 5 
2 2 2 
8 8 8 
4 4 4 
6 6 6 

7 7 7 
3 3 3 

1 1 

5 5 5 
2 2 2 
8 8 8 
4 4 4 
6 6 6 



============================================================================================================== 
MOBILITY T.D.A.U. 2 m woman 
============================================================================================================== 

0 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

BLAIR 
DIAPHR.H. 
ROPE&W. 
SEMI ROT. 
TWIN TR. 
DIAPHR. F. 
PITCHER 
ROWER 

7 8 8 8 8 
2 2 2 1 

2 3 
6 6 6 5 5 
5 4 4 4 4 
8 7 7 7 6 
3 3 3 3 2 
4 5 5 6 7 

8 8 

1 2 

3 3 
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6 6 
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8 7 7 7 7 7 7 6 
2 2 2 2 2 2 2 2 
3 3 5 5 6 6 6 7 
4 4 3 3 3 3 3 3 
5 6 6 6 5 5 5 5 
6 5 4 4 4 4 4 4 
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============================================================================================================== 
GLOBAL EASE OF OPERATION T.D.A.U. 2 m woman 
============================================================================================================== 

0 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
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============================================================================================================== 
YIELD T.D.A.U. 4 m woman 
============================================================================================================== 

0 5 10 15 20 25 29 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

BLAIR 6 6 
DIAPHR.H. 1 1 
ROPE&W. 3 2 
SEMI ROT. 7 7 
TWIN TR. 5 5 
DIAPHR. F 8 8 
PITCHER 2 3 
ROWER 4 4 
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============================================================================================================== 
COST PUMP+ SUPPORT T.D.A.U. 4 m woman 

============================================================================================================== 
0 5 10 15 20 23 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

BLAIR 7 7 7 7 
DIAPHR.H. 2 2 2 2 
ROPE&W. 1 1 
SEMI ROT. 4 4 4 5 
TWIN TR. 6 6 6 6 
DIAPHR. F 8 8 8 8 
PITCHER 3 3 3 3 
ROWER 5 5 5 4 
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APPENDIX IV 

============================================================================================================== 
YIELD T.D.A.U. 2 m woman 
============================================================================================================== 

0 5 10 15 20 25 29 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

BLAIR 6 
DIAPHR.H. 
ROPE&W. 3 
SEMI ROT. 7 
TWIN TR. 5 
DIAPHR. F 8 
PITCHER 2 
ROWER 4 
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============================================================================================================== 
COST PUMP+ SUPPORT T.D.A.U. 2 m woman 
============================================================================================================== 

0 5 10 15 20 23 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

BLAIR 8 
DIAPHR.H. 2 
ROPE&W. 
SEMI ROT. 4 
TWIN TR. 7 
DIAPHR. F 6 
PITCHER 3 
ROWER 5 
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============================================================================================================== 
DURABILITY T.D.A.U. 2 m woman 
============================================================================================================== 

0 5 10 14 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

BLAIR 8 
DIAPHR.H. 2 
ROPE&W. 
SEMI ROT. 6 
TWIN TR. 3 
DIAPHR. F 7 
PITCHER 4 
ROWER 5 
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VILLAGE LEVEL MAINTENACE AND REPAIRIBILTY T.D.A.U. 2 m woman 
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ROWER 3 4 4 
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Cost of imported materials: 

Shadow rate March '91 1 US $ = K 90.00 

Fasteners: 
Transport allowance 15% 

Total imported materials: 00.00 * 90 = 

us$ 00.00 
+ 00.00 

us$ 00.00 

Total selling price rower pump (purchased locally) 

+ K 00.00 

K 9,000.00 



Cost of local materials: 

: 2.7 kg Mass of common steel parts 
Price of common steel 
Price of wood 

: K 150.00 per kg 
: K 164.00 per m 

Common steel parts: 2.7 * 150 = 
Special steel parts: 
Wooden parts: 3.5 meter 
Steel and wood 

Steel and wood 
Allowance of 10 % for auxiliary materials 

Local materials of steel and wood: 

Other local materials: 

Cost of imported materials: 

Shadow rate March '91 1 US $ = K 90.00 

Fasteners: 
Transport allowance 15% 

Total imported materials: 5.34 * 90 = 

K 405.00 
00.00 

+ 574.00 
K 979.00 

K 979.00 
+ 98.00 

us$ 4.64 
+ 0.70 

us$ 5.34 

Total selling price pitcher pump support (small batch production) 

rower pump 

Cost of labour: 

Number of man-hours T.D.A.U. workshop: 00.0 
Allowance of 10 %: + 0.0 
Number of man-hours to calculate with: 00.0 

Man-hour rate for small batch production: K 250.00 per man-hour 

Total labour cost small batch production: 00.0 * 250 = 

Cost of local materials: 

: 0.0 kg Mass of common steel parts 
Price of common steel 
Price of wood 

: K 150.00 per kg 
: K 164.00 perm 

Common steel parts: 0.0 * 150 = 
Special steel parts: 
Wooden parts: 0.0 meter 
Steel and wood 

Steel and wood 
Allowance of 10 % for auxiliary materials 

Local materials of steel and wood: 

K 00.00 
00.00 

+ 00.00 
K 00.00 

K 00.00 
+ 00.00 

Other local materials: one rower pump, manufactured by Makeni Ecumenical Centre 

K 1,077.00 

K 00.00 

+ K 481.00 

K 2,883.00 

K 00.00 

K 00.00 

K 9,000.00 



pitcher pump 

Cost of labour: 

Number of man-hours T.D.A.U. workshop: 18.3 
Allowance of 10 %: + 1.8 
Number of man-hours to calculate with: 20.1 

Man-hour rate for small batch production: K 250.00 per man-hour 

Total labour cost small batch production: 20.1 * 250 = 

Cost of local materials: 

: 6.3 kg Mass of common steel parts 
Price of common steel 
Price of wood 

: K 150.00 per kg 
: K 164.00 perm 

Common steel parts: 6.3 * 150 = 
Special steel parts: 
Wooden parts: 0.6 meter 
Steel and wood 

Steel and wood 
Allowance of 10 % for auxiliary materials 

Local materials of steel and wood: 

Other local materials: inner tube rubber 
leather 

Cost of imported materials: 

Shadow rate March '91 1 US $ = K 90.00 

Fasteners: 
Transport allowance 15% 

Total imported materials: 1.70 * 90 = 

K 945.00 
00.00 

+ 98.00 
K 1043.00 

K 1043.00 
+ 104.00 

us$ 1.48 
+ 0.22 

us$ 1.70 

Total selling price pitcher pump (small batch production) 

pitcher pump support 

Cost of labour: 

Number of man-hours T.D.A.U. workshop: 4.8 
Allowance of 10 %: + 0.5 
Number of man-hours to calculate with: 5.3 

Man-hour rate for small batch production: K 250.00 per man-hour 

Total labour cost small batch production: 5.3 * 250 = 

K 5,025.00 

K 1,148.00 

K 20.00 
K 355.00 

+ K 153.00 

K 6,701.00 

K 1,325.00 



Cost of imported materials: 

Shadow rate March '91 1 US $ = K 90.00 

Fasteners: 
Transport allowance 15% 

Total imported materials: 9.01 * 90 = 

us$ 7.86 
+ 1.15 

us$ 9.01 

Total selling price semi rotary pump support (small batch production) 

twin treadle pump 

Cost of labour: 

Number of man-hours T.D.A.U. workshop: 00.0 
Allowance of 10 %: + 0.0 
Number of man-hours to calculate with: 00.0 

Man-hour rate for small batch production: K 250.00 per man-hour 

Total labour cost small batch production: 00.0 * 250 = 

Cost of local materials: 

: 0.0 kg Mass of common steel parts 
Price of common steel 
Price of wood 

: K 150.00 per kg 
: K 164.00 perm 

Common steel parts: 0.0 * 150 = 
Special steel parts: 
Wooden parts: 0.0 meter 
Steel and wood 

Steel and wood 
Allowance of 10 % for auxiliary materials 

Local materials of steel and wood: 

K 00.00 
00.00 

+ 00.00 
K 00.00 

K 00.00 
+ 00.00 

Other local materials: one twin treadle pump, manufactured by Kasisi mission 

Cost of imported materials: 

Shadow rate March '91 1 US $ = K 90.00 

Fasteners: 
Transport allowance 15% 

Total imported materials: 00.00 * 90 = 

us$ 00.00 
+ 00.00 

us$ 00.00 

Total selling price twin treadle pump (purchased locally) 

Diaphragm foot pump 

+ K811.00 

K 3,729.00 

K 00.00 

K 00.00 

K 7,000.00 

+ K 00.00 

K 7,000.00 

A small batch of the diaphragm foot pump was constructed before this research was initiated. The 
selling price has been set by the manager of T.D.A.U. 

Total selling price diaphragm foot pump (constructed at T.D.A.U.) K 24,000.00 



Cost of imported materials: 

Shadow rate March '91 1 US $ = K 90.00 

Fasteners: 
Transport allowance 15% 

Total imported materials: 18.29 * 90 = 

us$ 15.90 
+ 2.39 

us$ 18.29 

Total selling price rope and washer pump (small batch production) 

semi rotary pump 

Cost of imported materials: 

Shadow rate March '91 1 US $ = K 90.00 

Semi rotary pump: 
Transport allowance 15% 

Total imported materials: 308.68 * 90 = 

us$ 268.42 
+ 40.26 

us$ 308.68 

Total selling price semi rotary pump (imported) 

semi rotary pump support 

Cost of labour: 

Number of man-hours T.D.A.U. workshop: 5.9 
Allowance of 10 %: + 0.6 
Number of man-hours to calculate with: 6.5 

Man-hour rate for small batch production: K 250.00 per man-hour 

Total labour cost small batch production: 6.5 * 250 = 

Cost of local materials: 

: 3.9 kg Mass of common steel parts 
Price of common steel 
Price of wood 

: K 150.00 per kg 
: K 164.00 perm 

Common steel parts: 3.9 * 150 = 
Special steel parts: 
Wooden parts: 3.6 meter 
Steel and wood 

Steel and wood 
Allowance of 10 % for auxiliary materials 

Local materials of steel and wood: 

K 585.00 
00.00 

+ 590.00 
K 1,175.00 

K 1,175.00 
+ 118.00 

+ K 1.646.00 

K 10,415.00 

+ K 27,781.00 

K 27,781.00 

K 1,625.00 

K 1,293.00 



Cost of local materials: 

: 5.2 kg Mass of common steel parts 
Price of common steel 
Price of wood 

: K 150.00 per kg 
: K 164.00 perm 

Common steel parts: 5.2 * 150 = 
Special steel parts: 
Wooden parts: 4.6 meter 
Steel and wood 

Steel and wood 
Allowance of 10 % for auxiliary materials 

Local materials of steel and wood: 

K 780.00 
840.00 

+ 754.00 
K 2,374.00 

K 2,374.00 
+ 237.00 

Other local materials: inner tube for diaphragm 

Cost of imported materials: 

Shadow rate March '91 1 US $ = K 90.00 

Fasteners: US $ 14.84 
Transport allowance 15% + 2.23 

us$ 17.07 

Total imported materials: 17.07 * 90 = 

Total selling price diaphragm hand pump (small batch production) 

rope and washer pump 

Cost of labour: 

Number of man-hours T.D.A.U. workshop: 14.9 
Allowance of 10 %: + 1.5 
Number of man-hours to calculate with: 16.4 

Man-hour rate for small batch production: K 250.00 per man-hour 

Total labour cost small batch production: 16.4 * 250 = 

Cost of local materials: 

: 5.9 kg Mass of common steel parts 
Price of common steel 
Price of wood 

: K 150.00 per kg 
: K 164.00 perm 

Common steel parts: 5.9 * 150 = 
Special steel parts: 
Wooden parts: 9.9 meter 
Steel and wood 

Steel and wood 
Allowance of 10 % for auxiliary materials 

Local materials of steel and wood: 

Other local materials: car mat 
nylon rope 
PVC pipe 
car tyre 

K 885.00 
00.00 

+ 1.624.00 
K 2,509.00 

K 2,509.00 
+ 251.00 

K 2,611.00 

K 250.00 

+ K 1.536.00 

K 13,297.00 

K 4,100.00 

K 2,760.00 

K 470.00 
K 28g.oo 
K 650.00 
K 500.00 



APPENDIX Ill 

Blair pump 

Cost of imported materials: 

Shadow rate March '91 1 US $ = K 90.00 

Blair pump: 
Transport allowance 15% 

Total imported materials: 167.90 * 90 = 

Total selling price Blair pump (imported) 

Blair pump support 

Cost of labour: 

us$ 146.00 
+ 21.90 

us$ 167.90 

Number of man-hours T.D.A.U. workshop: 3.0 
Allowance of 10 %: + 0.3 
Number of man-hours to calculate with: 3.3 

Man-hour rate for small batch production: K 250.00 per man-hour 

Total labour cost small batch production: 3.3 * 250 = 

Cost of local materials: 

: 6.3 kg Mass of common steel parts 
Price of common steel 
Price of wood 

: K 150.00 per kg 
: K 164.00 perm 

Common steel parts: 5.2 * 150 = 
Special steel parts: 
Wooden parts: 
Steel and wood 

Steel and wood 
Allowance of 10 % for auxiliary materials 

Local materials of steel and wood: 

K 945.00 
00.00 

+ 00.00 
K 945.00 

K 945.00 
+ 95.00 

Total selling price Blair pump support (small batch production) 

diaphragm hand pump 

Cost of labour: 

Number of man-hours T.D.A.U. workshop: 32.4 
Allowance of 1 O %: + 3.2 
Number of man-hours to calculate with: 35.6 

Man-hour rate for small batch production: K 250.00 per man-hour 

Total labour cost small batch production: 35.6 * 250 = 

+ K 15.111.00 

K 15, 111.00 

K 825.00 

+ K 1.040.00 

K 1865.00 

K 8,900.00 



Maintenance 

The frequency with which the pump's rubber valves must be replaced will vary 
widely with the type and purity of water being pumped as well as the quality of 
rubber available and the amount of hours used. It is estimated that all parts 
should last about 9-12 months under normal usage (2-3 hours per day) prior to 
_replacement of the diaphragm rubber. 

Any failure of this pump to deliver water will, in 9/lOths of the cases, be 
due to air leaks caused either by faulty construction and alignment of valves 
or by a worn valve ·or diaphragm rubber. 

A small quantity of grease should be applied to the two pivot points as needed. 

Adjustment 

In circumstances where greater leverage is required, a second 1/211 diameter 
hole is provided in the handle arm. The pivot rod (part le} could be relo
cated through this hole. A different means of fastening the pivot rod at 
this new location would have to be devised but this matter would hardly tax 
the ingenuity and therefore bears no further consideration here. 

Further and finally, with the pivot rod in the new location, the handle and 
handle arm would have to be rounded at the bottom outside edge to permit 
unobstructed movement. 



IRRIGATION PUMP 

This hand operated pump is made 
entirely of wood and rubber with 
the exception of metal fasteners, 
washers, and bushings at two wear 
points. It consists of a water
tight wooden box fitted with two 
rubber flap valves. A rubber 
diaphragm made from old inner 
tube material forms the top of 
this box. The center of this 
diaphragm is attached to a verti
cal pump handle. Movement of this 
handle increases or decreases the 
volume within the box, and this 
change of volume working in con
nection with the rubber inlet and 
outlet valve allows water to be 
pumped. With this pump, two to 
three liters per stroke can be 
pumped to a height of three to 
four meters. By changing the 
dimensions of the pump, a 
smaller volume could be pumped 
to a higher elevation, or a 
larger volume could be pumped 
to a lower elevation. The pump 
can be operated by one or two 
men, and can be easily adapted 
for use with animal or wind 
power. But use of cheap bamboo piping, water could be pumped for considerable 
distances economically. Two or more pumps can be joined in series or paralleled 
to give the desired pumping characteristics. 

This pump has the following advantages over various other arrangements: 

• Extreme simplicity; no close fitting or machined parts. It can be 
built or repaired with skills and materials found in the average 
village. 

• As opposed to hand irrigation from buckets, the operator remains 
stationary while only the water moves. In using pole and buckets, 
he must raise his entir~ body weight plus that of the pole and 
buckets, totaling one and one-half to two times that of the water 
he carries to the same height as he raises the water. In addition, 
he must make the return trip empty which expends energy without 
moving any water. Needless to say, the pole and bucket system 
wastes a great deal of human energy. 

• The irrigator is independent of motors, the breakdown of which, 
or the lack of fuel for which could mean a crop failure. 
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