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Chapter 1 
 

Project Motivation  
and Objectives 

  
 
 
 
1.1 The issue 
 
Poor water quality and sanitation continue to pose a major threat to 
human health. Diarrhoea, which is spread easily in an environment of 
poor hygiene and inadequate sanitation, kills about 2.2 million people 
each year, most of them children under five years of age. Some 200 
million people worldwide are infected with Schistosomiasis, of whom 20 
million suffer severe consequences; 146 million are threatened by 
blindness due to Trachoma. 
 
Water quality is deteriorating in many places, and some cities in the 
developing world treat only about 10 per cent of their sewage. As a result, 
developing countries are facing enormous health crises. 
 
 
1.1.1 The United Nations millennium development goals 
 
The United Nations millennium declaration has confirmed the central role 
of water in sustainable development and in efforts to eradicate poverty. 
One of the key targets stated in the millennium declaration is to halve, by 
2015, the proportion of people without sustainable access to safe 
drinking water. In addition, the 2002 World Summit for Sustainable 
Development set the target for access to sanitation, i.e. halving, by 2015, 
the proportion of people who do not have access to basic sanitation. 
 
WHO and UNICEF established a Joint Monitoring Programme for Water 
Supply and Sanitation (JMP). The overall aim of the JMP is to report 
globally on the status of the water supply and sanitation sector (last 
figures published in the Global Water Supply and Sanitation Assessment 
2000 report), and to monitor progress of achieving the Millennium 
Development Goals related to water supply and sanitation. 
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1.1.2 The health benefits of safe water and adequate sanitation 
 
Studies show that better access to improved water supply, adequate 
sanitation and hygiene have significant impacts on health: 
 

• Improved water supply can reduce episodes of diarrhoea by 21%. 
• Basic sanitation can reduce episodes of diarrhoea by 37.5%. 
• To provide piped water supply in the household with treatment to 

remove pathogens, quality monitoring as well as sewage connection 
with partial treatment of wastewaters, as in developed countries, 
could achieve a reduction in diarrhoeal episodes of up to 77%. 

 

Expanding water supply and sanitation coverage for those who lack them 
would do much to reduce the global burden of water-related diseases 
and to improve the quality of life. The question is how much would this 
cost? 
 
 
1.1.3 Previous WHO work 
 
Costs consist of all resources required to put in place and maintain the 
interventions, including investment costs (planning, construction, house 
alterations, etc.) and recurrent costs (operation, maintenance, monitoring, 
regulation, etc.).  
 
In a recent study, the WHO estimated the total global costs per year to 
achieve a selected number of targets. The main source of data was the 
Global Water Supply and Sanitation Assessment 2000 report (WHO, 
UNICEF, 2000). All WHO countries were sent a questionnaire, asking 
about the costs of construction for water and sanitation improvements, at 
cost per person covered.  
 
The response rate was high, although it was felt that some of the data 
was unreliable, and there was not sufficient time or resources to follow-up 
or validates the data. Assumptions were made about the length of life of 
the equipment involved in making the improvements and for the operation 
and maintenance, surveillance, regulation, etc, as a percentage of the 
annual equivalent investment cost. A final total cost per intervention, per 
person covered, per year was estimated.  
 
A more affordable and better methodology than the one used for the 
global analysis is greatly needed in order to obtain more accurate 
estimates at local and country levels. This new methodology is the 
product of a joint research in costing assessment between the WHO and 
the Department of Econometrics of the University of Geneva (DE-
UNIGE).  
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1.2 Cost-effectiveness analysis of WS&S projects 
 
Costing is only one step in the process of assessing WS&S projects from 
an economic point of view. In turn, an economic assessment, based on a 
comprehensive cost-effectiveness analysis, is only one piece of the full 
set of information (economic, environmental, institutional, social, political, 
etc.) used by decision makers in their decision process. Still, economic 
analysis is an essential component of this decision process and costing 
an unavoidable element of economic analysis. 
 
To understand the role and scope of our project, it is therefore important 
to set the costing of WS&S projects in the general framework of cost-
effectiveness analysis of these projects. Figure 1 displays a flow chart of 
the main steps of a cost-effectiveness analysis of WS&S projects (tinted 
with grey), showing their mutual links and those with non-economic 
information. Starting with the definition of the project rationale and 
objectives, the cost-effectiveness analysis entails the following tasks: 
 

• Analyzing and forecasting the needs for project outputs, 
 
• Establishing the gap between future needs and supply from 

existing facilities after ensuring their optimum use, 
 
• Identifying project alternatives to meet the above gap in terms of 

technology, process, scale and location, 
 
• Performing least-cost analysis using economic prices for all 

inputs in order to identify the best economic alternative, 
 
• Assessing whether the project’s effectiveness will be sustainable 

throughout the life of the project through cost-recovery, tariff and 
subsidy (if any) based on financial (liquidity) analysis, 

 
• Testing for risks associated with the project through sensitivity 

and risk analyses, 
 
• Identifying and assessing distributional effects of the project and 

poverty reduction impact. 
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Figure 1: Flow Chart for  Cost-  Effectiveness Analysis  of Water Supply   
and Sanitation Projects 1
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1.3 Costing Methodology 
 
In this process, we develop a relevant methodology allowing identification 
and costing of the technical alternatives to meet the required output. This 
information permits performing least-cost analyses, in order to identify the 
best economic alternatives to meet the gap between the identified needs 
and output supply from optimum use of existing facilities. As shown in 
Figure 1, this costing methodology should take into account not only the 
economic costs of the resources invested into the WS&S project 
implementation, but also: 
 

• External costs, arising out of environmental damages or 
protection, 

• Opportunity costs, namely the forgone benefits of diverting 
raw water from productive activities, like agriculture, to non 
productive ones, like basic residential uses, 

• Depletion premiums, to value the cost of water sources 
conservation, such as groundwater aquifers (reservoirs). 

 
Clearly, an assessment of these non-market costs calls for an 
identification of the environmental impact of the assessed WS&S project 
through an environmental analysis. 
 
Therefore, the main objective of this project is to develop a methodology 
for developing countries on how to collect and estimate costs of 
improving access to safe water supply and sanitation services. This 
methodology may be applied at local or country levels. This manual is 
conceived as a practical guidance to support the implementation of this 
methodology to carry on water supply projects in rural areas. It explains, 
systematically, the process by which cost for improved drinking water 
sources may be estimated.  
 
Developing this methodology has involved the following major tasks: 
 

• Designing a conceptual framework, 
• Designing a questionnaire and a procedure for data collection, 
• Designing a procedure for data processing, aggregation and 

interpretation, 
• Testing of the methodology in a few chosen countries through 

local consultants, 
• Writing guidelines for a practical implementation of the 

methodology in terms of the least-cost analysis in rural areas 
according to non conventional technologies. 
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As part of a more general project on how to assess both the health gains 
and the costs of differing levels of service (cost-effectiveness) at a local 
or country level, this project was conducted in collaboration with the 
Water, Sanitation and Health Unit of the WHO. The general methodology 
will be tested in a small number of countries. So far, Peru and The 
Philippines have been identified as direct participants. 
 
Assessing costing of a group of selected interventions could be used to 
select alternatives, finding the maximum health gains subject to a limited 
budget and constraints, or to achieve the defined health goals at the 
lowest possible costs. Using this approach, our methodology is a link and 
an important tool for planners, decision-making and project officers in 
policy of water and sanitation developments for future normative 
activities. Also, the project stresses the importance of the partnership 
between the community and the professionals of the planner programs.  
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Chapter 2 
 

The Conceptual 
Framework 

 
 
 
 
2.1 An approach to select a least-cost WS technology 
 
The idea is to identify and to assess the different parameters of improved 
drinking WS technologies by means of physical or technical and socio-
economic surveys. The output of these surveys gives us a guide to the 
constraints universe for selecting the adapted or improved WS 
technologies required for the community. Once these technologies are 
selected a least-cost analysis is carried out in order to make comparisons 
between alternatives. Figure 2 displays a flow chart of the main steps of 
the methodology we suggest for selecting a least-cost WS technology. 
 
The purpose of a least-cost analysis is to promote the economically 
efficient allocation of resources in terms of the minimum cost of improved 
drinking WS technologies that achieve the maximal benefits on the 
community’s health. In this context the cost for selecting WS technologies 
should reflect economic cost. 
 
Economic costs of households and utilities are based on the physical 
conditions of the locality, such as abundance or scarcity of water, land, 
labour, etc. Financial costs of households and utilities are dependent 
upon policy conditions of loans and interest rates that reflect the 
opportunity cost of capital, cases of taxes and subsidies should be 
ignored because there is only transfer of money within the economy. 
Some distortions between financial and economic costs can be due to 
national government’s equity goals and input shadow (opportunity) 
prices. 
 
Therefore, costing WS technologies gives to policy-makers an economic 
and financial baseline for their planning decisions, and each assessment 
represents the opportunity cost for the nation for provide the adapted WS 
technology.  
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Figure 2: Approach for selecting a 
least-cost WS technology 
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The required data in costing involves all relevant costs, which must be 
included and evaluated (household and water utility costs); also if some 
assumptions are used by different technologies they must be mutually 
consistent. In other words, WS technologies are valued in terms of use 
cost of the project (such as, construction, operation, maintenance, 
administration and overheads) plus the opportunity cost of water 
(irrigation). For non conventional technologies, the use costs generally 
are low in terms of the project design, but the opportunity costs may be 
high. Conversely in urban technologies the use costs are very high and 
the opportunity costs are very low. 
 
Once the adapted WS technologies are selected, the next step is to 
estimate their life cycle process in terms of costing, i.e. construction, 
operating, maintenance, administration and overheads costs. Assessing 
the entire life cost process involves close cooperation between the 
economist and the planner engineer.  
 
Other types of costs, such as community organization, hygiene education 
and technical assistance are not directly related to the construction of 
these technologies but they are normally provided as a complement cost 
in any WS program. Therefore, this type of costs should be quantified 
with regard to the chosen adapted WS technology.  
 
Further, hygiene and education programs are very important in the 
implementation of the chosen technologies; these programs are intended 
to change the behavioural patterns for improving health in the community 
and improve living conditions in an environment free of disease. The idea 
in these types of programs is not to tell people what they must to do, but 
rather explain to them why they need to do it and how it will help them. 
 
Once the costs of adapted WS technologies are evaluated, the least-cost 
analysis permits to select, from among the adapted technologies, the 
best economic alternative. In planned WS&S sequences least-cost 
analysis can be implemented conjointly.   
 
The conceptual framework for selecting least-cost in WS technologies 
generally deals with the ranking of mutually exclusive alternatives of 
producing the same output (i.e. m3/month). The cost indicators to use in 
this least-cost selection are presented in section 5.4 of this manual.  
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Chapter 3 
 

Non Conventional WS 
Technologies for Rural Areas 

 
 
 
 
3.1 Process of water supply 
 
The essential elements of a water supply process in rural areas are 
shown in Figure 3, as: 
 

• Water Source: Represents all the fresh water that comes 
from evaporation to precipitation. The types of water source 
are: 

• Superficial: Lakes, rivers, and channels, 
• Groundwater: Water bearing, dug/wells, springs 

and flowing springs, 
• Pluvial: Rainwater. 

 

Groundwater and surface water are the more important 
sources of water. Rainwater can also be a good source free 
from contamination. The main considerations for the 
selection of a source of water supply are the quantity and 
quality levels and its costs.  

 
 The quantity of water available at all times of the year should 

meet all the requirements of the community and the quantity 
of water should be such that the requirements for treatment 
are a minimum. The cost involved in development, operation 
and maintenance of the water supply system should be 
reasonably affordable to the consumers. 

 
• Water Collection: A protected dug well and pumping are the 

more common collection devices, which are dependent on 
the source of the water supply. Dug wells are common in 
groundwater, while an intake with pumping facilities is 
required if the water is to be collected from a surface water 
source. A permanent roof is needed for collection of 
rainwater for water supply. 
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Figure 3 Chart flow of WS process 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water sources
- Groundwater 
- Surface water 
- Rainwater 

Water Collection
- Dug wells 
- Pumps with a power system 

                                                 Water Storage

Distribution
- Individual 
connections 
 

- Public 
water points 

Consumption 

 

The 
household 
transfers 
water at home 

Storage and Treatment at home 

Central Treatment system

Distribution
- Individual 
connections 
- Public 
water points 

 

The 
household 
transfers 
water at home 

 

Distribution 
- Individual 
connections 
- Public 
water points 

Water Transmission
- Gravity 

- Pumping 



Practical Manual of Non Conventional Water Supply Technologies 13 

• Water Transmission: Normally by gravity or pumping, these 
devices carry the water from the water source to storing 
before treatment or water consumption. 

 
• Water Storage: The storage reservoirs with a capacity of 

storing water for the anticipated water demand before 
treatment and distribution.  

 
• Water Treatment: The type and degree of treatment 

required is dependent on the quality of water. Groundwater is 
relatively free from disease-bacteria but rich in mineral 
substances that require removal. Surface water requires 
removal of turbidity and micro-organisms. The more common 
method for water treatment includes sedimentation, aeration, 
filtration, demineralisation and disinfection. 

 
• Water Distribution: Deliver action of water to individual 

consumers. The means could be piped or un-piped. The non 
conventional water supply based in standpipes does not 
require a domiciliary distribution network but they are 
required to be distributed over the area in such a way that 
distances from households are reasonable. 

 
The main underlying objectives in any water supply system are: 
 

• To supply water in adequate quantity: The water supplied 
to the community should meet all the requirements for water 
and be available when required. 

 
• To supply safe water: When water is unpolluted and free 

from toxic substances. The water should comply with the 
requirements of water quality standards. 

 
• To make water easily available to the consumers: In 

order to encourage the use of adequate water for personal 
consumption and sanitation cleanliness. The distance 
between the source of water and the point of consumption 
plays a most important role in water consumption. 
Accessibility as well as privacy at the source also influences 
often water consumption. 
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3.2 Non Conventional WS technologies 
 
The different technologies involved in a water supply process depend on 
its type of water source. A recent report called “Meeting the MDG 
drinking. Target: Water and Sanitation. A mid-Term assessment of 
progress” in July 2004 and prepared by the WHO/UNICEF Joint 
Monitoring Programme and launched in partnership with the Water 
Supply and Sanitation Collaborative Council defines the indicators in 
terms of health as improved and unimproved technologies of drinking 
water sources and sanitation facilities. 
 
As concerns the water supply, we adopted this classification in the 
preparation of the manual. Improved drinking water technologies, rather 
than unimproved technologies, are those more likely to reach the 
underlying objectives in any adequate water supply system.  
 
Improved drinking water technologies: 
 

• Household connection 
• Public standpipe 
• Borehole 
• Protected dug well 
• Protected spring 
• Rainwater collection 

 
Unimproved drinking water technologies: 
 

• Unprotected well 
• Unprotected spring 
• Rivers or ponds 
• Vendor-provider water 
• Bottled water 
• Tanker truck water 

 
A brief explanation of the improved technologies is presented below; for a 
more specific description Appendix I presents these technologies at a 
more detailed levels. 
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Description of Improved drinking water technologies 
 
a) Household connection 

Figure 4 

Basically this is the more improved technology; the drinking water is 
treated and piped through house connection or yard tap. Drinking water 
is conduced by pressure using a pump from the storage tank, satisfying 
the flow requirement demanded by the consumers solving the three main 
underlying objectives.  
 
 
b) Public standpipe 

Figure 5 

In this type of technology water comes from a groundwater source and it 
is obtained through a public standpipe, which is shared by more than one 
household. A public standpipe requires a high level of water pressure. 
Generally, a public standpipe is located in a public square, on the 
premises, at a distance from the house influences water consumption, 
due to the laborious job of carrying of water. 
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c) Borehole 
Figure 6 

A borehole technology is designed for abstraction of groundwater; a 
hand-pump is operated in a suction mode. The suction pump draws water 
from a shallow or borehole depth by creating a vacuum in the suction 
pipe. The suction hand-pump can practically extract water from up to a 
depth of 7.5m static water levels. 
 
d) Protected dug well/spring 

Figure 7 

The dug well is a method of groundwater withdrawal in which a hole is 
dug in the ground to a depth below the groundwater. Flowing in dug wells 
is actuated by the lowering of the water in the well. Usually no special 
equipment or skill is required for the construction of dug well and spring. 
Protection is recommended in both technologies for bacterial 
contamination. The upper part of the well lining and the space between 
the wall and soil should be properly sealed. 
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e) Rainwater collection 
Figure 8 

 
In tropical countries with rainfall, rainwater can be a potential source of 
water supply. Protected ponds replenished by rainwater are a main 
source of water supply in the coastal areas. The collection, storage and 
use of rainwater could be organized but it needs development through 
adoption of appropriate technologies. 
 
The rainwater uses the surface of the roof of the house as discharge. The 
water is collected and stored in the domicile, and it is put under treatment 
in the house later. Its advantages are simplicity, low cost and high 
physical chemical quality, but this technology involves variability of the 
precipitation, no continuous service and the necessity for chlorine in the 
house. 
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Chapter 4 
 

Adapted non conventional  
WS technologies  

 
 
 
 
 
4.1 Concept of adapted technologies 
 
Among the available WS technologies, only some are well suited to be 
used for a specific project. Particular local conditions of the project can 
rule out the use of some available technologies as a consequence of 
their incompatibility with some existing constraints. These constraints can 
be either financial, economic, technical, environmental, institutional, 
cultural and social.  
 
Therefore, before tackling the costing of available technologies, it is 
important to identify all the constraints to cope with and to discard all the 
technologies not fulfilling these constraints. The remaining technologies, 
once performed this elimination process, will be called “adapted” to the 
project under assessment.   
 
 
4.2 Constraints identifying criteria 
 
To identify the constraints a WS project is confronted, it is useful to rely 
on a set of guiding criteria. In what follow, we outline the main criteria 
useful to screen the constraints to be taken into account. Of course, our 
list is not intended to be exhaustive. Some other criteria can be relevant 
depending on local conditions of the assessed project. 
 
 
Financial constraints 
 
Availability of resources for the project, whether drawn from local, 
national, international, private or users sources, must be adequate to 
meet all the costs (planning, design construction, promotion, operation 
and maintenance together with normal expansions of the systems). Also, 
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important considerations affect investment decisions such as the 
sustainability (cost recovery through water pricing, level of subsidies), the 
viability (project net profits benefits, average incremental financial cost, 
net present value, borrowing rates, financial rate of return), and the timing 
of investments (construction, operation and maintenance). 
 
 
Economic constraints 
 
Reliable water demand forecasts are important for determining the 
consumption path of the users. However, in water supply facilities the 
price of water is not efficient, tariffs are below the cost and then the 
government generally subsidizes deficits. Other factors to consider are, 
the level of hidden/sunk costs (normally higher in urban areas rather than 
rural areas), the economies or diseconomies of scale, the opportunity 
cost of the water, the degree of saleability of water (domestic users are 
end users, non-domestics users are intermediate and end users), and the 
users’ willingness to pay.  
 
 
Physical or technical constraints 
 
- Distribution of the rural population: We can identify two types of rural 
population group: 
 

• Concentrated population: It is a settlement whose primary 
population activity is not urban farming. The population could 
be rural concentrated if density > 15 [house/km2]. 

 
• Dispersed population: It is a settlement whose population 

is not grouped or agglomerated. The population could be 
rural dispersed if density < 15 [house/km2]. 

 
The population will be non rural if the case is otherwise than the two 
cases presented above.  
 
- Minimum endowment of water quantity: Water quantity depends on 
local considerations and studies with regard to the type of source. The 
source should provide sufficient water during the highest demand days in 
dry periods; otherwise people will turn to other sources of uncertain 
quality. This constraint could be associated with the “Climate Conditions” 
where more water is used in warm and dry climates than in wet and cold 
climates. Water consumption on summer days is 30 to 50% higher than 
the average daily demand. 
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- Selection of the water source: A major principle in water supply is that 
waters should be drawn from the purest source that is feasible. This 
principle needs especially to be followed in developing countries where 
waterborne infectious diseases may be endemic and health risks are 
much greater than in industrialized countries. The selection also involves 
the quantity supplied and location.  
 
- Location of the water source: The location and layout is affected by 
hydrologic and topographic conditions. The choice between gravity and 
pumping, as well as most other technical choices, depends upon 
minimizing cost.  
 
- Type of water treatment, water quality: Sources of water are often 
selected on the basis of earlier experience in the area. It is essential to 
ascertain whether or not present supplies are of satisfactory quality and, 
if not, whether the poor quality results from natural circumstances such 
as a high mineral level of groundwater or from human made pollution. 
 
Generally, a superficial water source requires treatment for human 
consumption. The physical chemistry quality of the treated water should 
have the established norms of quality in the present legislation. 
Therefore, the type of water treatment will depend on its quality.  
 
Some factors could affect the level of water quality and service, such as: 
 

• Water acceptability: Drinking water may be safe but can be 
unacceptable because of colour, turbidity or odour or perhaps 
because it is different from what the community is accustomed to. 

 
• System capacity: All the design factors that establish the required 

capacity in the service area, such as, the design period, the 
population at the end of the design period, the per capita average 
and peak water consumption and the extension to rural activities. 

 
• Water distribution service: Many options are available but 

improved solutions are recommended, although some are more 
costly. Where residential metering is not to be provided, a layout, 
which will allow district metering, would be desirable. 

 
• Ownership of the water service: The rights of the water service 

cannot be considered to have a single owner since several 
physical-technical aspects should be considered, such as: 
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- Water rights: The water rights should be defined clearly; 
generally in developing countries the water rights are not 
constituted and we can also say that this factor could be a 
technical and legal constraint as well. 
 
- Land and equipment property: Identify the owners of the 
land when the equipment or the infrastructure of the water 
service has been build. It could be the government, water 
utilities, households, municipality, etc. 

 
- Technology and materials: Normally, in rural areas of developing 
countries, labour costs are lower than capital costs, therefore designs 
should be labour intensive with use of local materials. 
 
- Sanitation: Where sanitation is to be provided, the system of sanitation 
adopted influences the amount of water required. 
 
 
Environmental constraints 
 
Groundwater exploitation is an important priority in environmental 
assessment in water supply services. Groundwater resources should be 
protected and conserved; they represent an intrinsic value to the 
biodiversity and an economic value in springs, rivers, and lakes as an 
important tourist area. The water supply source is a dynamic flow, so its 
cycles vary in quantity and quality from different seasons increasing 
variability and uncertainty and also climate change can affect it.  
 
A water source is a scarce resource and could generate damage in the 
biodiversity environment when it is used in an excessive way, generally 
by lack of water management. Also it depends on location, climate, 
season, and potential use by people. The scarcity of water is a relative 
factor determined by the number and type of technology, and the quality 
and quantity of water. Therefore, practitioners should evaluate the effects 
of interventions in terms of environment benefits and costs before the 
execution of the water supply facilities. 
 
 
Socio-economic constraints 
 
One of the most important factors that we must determine for the 
selection of the technology are the socio-economic aspects, which are 
measured as a function of the socio-economic levels of the population; 
for example, experience indicates that populations with better income 
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levels have access to more complex water supply technologies than 
those populations that are not in this condition, where the technological 
solutions must be simpler or adapted. 
 
For this reason, a selection method of standardized socio-economic 
indicators should be outlined which reflects the level of poverty of the 
rural populations. This method should rank all the geographical areas of 
the population from the more poor areas to the least poor areas of the 
country (map of poverty). Generally, the categories can be classified into 
three types: very poor, poor and acceptable.  
 
In order to obtain the poverty indicators the following factors should be 
included:  
 

• Education (rate of illiteracy and rate of scholar non-
attendance),  

• Occupation (number of children that work, percentage of the 
population economically active without profession),  

• Habitat conditions (percentage of squeeze homes and 
percentage of houses with precarious structures),  

• Basic services (percentage of houses without a public water 
connection, percentage of houses without a public sewage 
network and percentage of houses without an electric system). 

 
These indicators could be divided equally together to have a weight of 
50% of the index. The indicators of infantile mortality and the percentage 
of chronically under-nourished children form the other 50%. These factors 
explain the important situation of extreme poverty of the family. Other 
typologies could be applied3; the more important ones, regarding the 
conditions of the country, should be tested. Normally in developing 
countries the rural population presents levels of quality of life with 
characteristics of very poor and poor. 
 
Also socio-economic constraints are influenced by hygiene behaviour and 
prevention education, such as proper housing, nutrition and clothing. 
 
 
Social & cultural constraints 
 
Social perspectives support particular water supply technologies and 
should be assessed by a social analysis of the community. Attitudes to 

                                                 
3 See “Geographical aspects of inequality and poverty”, by Uwe Deichmann, The World Bank, January 
1999. 
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water such as taste, quality and quantity in domestic or livelihood 
activities can reveal whether water is considered a public good and 
whether people are willing to pay for a new or an improved service level.  
 
The planning of the implementation should recognize the culture and its 
possible adaptation to change. Sometimes the community do not 
constitute a single culture; ethnicity, gender, political fascism are 
constraints that make the decisions of water supply implementation 
difficult. 
 
The government or the local authority should assume the implementation 
of the water supply technologies in a participatory process with the 
community. This process should promote, validate, organize, and 
encourage the water supply project. 
 
 
Institutional constraints 
 
The institutional aspect can be described by the degree of involvement of 
different parties such as, government (national, regional, and 
municipality); the private sector (non-profit, commercial) and the users, 
with related issues such as policies, laws, rules and regulations of the 
water supply project implementation. These institutions must be in place 
in any water supply project with the responsibility of providing water or at 
least providing technical assistance to communities that supply water. 
When the parties work together, then they can create a favourable 
environment for sustainable development. Without effective institutional 
parties, and with asymmetric information between them, it is difficult to 
implement water supply facilities.  
 
The considered factors to assess in an institutional framework are the 
level of acquiring suitable staff, human resources development (skills 
required), logistic support (timely activities procurement), and 
standardization (at national level). 
 
 
4.3 Assessment of WS needs 
 
In order to assess WS needs it is useful to differentiate between “effective 
demand” and “present water supply”. The present water supply is the 
observed water consumption, but when the source of water imposes 
restrictions to consumers or when consumers decide to use other 
secondary sources, demand is equal to present supply augmented by the 
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unsatisfied demand. It is this virtual quantity that we shall call effective 
demand. Therefore, the water sources may restrict the effective demand.  
 
In economic terms the effective demand for water supply is the quantity 
of water demanded of a given quality at a specified price. Therefore, it 
involves a detailed demand analysis that allows to assess the water 
supply level to provide, the size and timing of investments and the 
economic benefits. 
 
The effective demand considers the demand for water of a certain quality 
(chemical composition, taste and odours, water pressure, reliability of 
supply, accessibility and convenience) and this quality is strongly 
correlated with better levels of health. The combination of the quality 
factors produces drinking water and the users are willing to pay a higher 
price for the service level of a higher quality of water (house connection 
rather than public standpipe). Therefore, the income of domestic users is 
an important parameter for selection of water quality; domestic users with 
a high income are willing to pay more for a better quality of water, but in 
relative terms the people with the highest incomes are willing to pay a 
smaller percentage of their income for water than people with lower 
incomes. 
 
Analysing effective demand means identifying the WS needs if the water 
will be used for drinking, because the benefits of drinking water are the 
consequence of the improvement in quality. Nevertheless, in some rural 
communities a greater amount of water for general consumption has 
more benefits on health than better quality of water, because water 
improves the practices of personal and domestic hygiene (e.g. washing of 
hands, food washing and cleaning of the house). The manual only 
focuses on the WS technologies required to supply drinking water.  
 
Therefore, reliable WS needs assessment is important for determining 
the adapted technologies to use. Urban and rural users have different 
general consumption and drinking paths, therefore the needs 
assessment for considering better levels of water quality also differs. 
Where the targeted project beneficiaries are poor with very low incomes 
and living standards below the country-specific poverty line, and where 
there is a high incidence of water-related diseases because of the lack or 
unavailability of quality water, the demand for this group is likely to be 
categorized as a basic need.  
 
In urban areas, users are normally charged for their water supply, 
whereas in rural areas, formal water supply may not exist and rural users 
generally do not pay for water consumption. In urban areas attempts can 
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be made to derive an estimate of the price and income elasticity of 
demand; in rural areas this is more difficult to assess but some 
estimations can be used, e.g. contingent valuation4. 
 
In urban and rural areas, the parameters of the water demand are the 
water price, household income, population growth, access level to the 
water source, transportation cost of water, alternative sources, 
opportunity cost of water, availability of water services levels, present 
water used in peak and non-peak periods, weather elements (rainfall, 
temperature) and unaccounted for water5. 
 
Other WS needs benefits include the time saved carrying the water. 
When the mother has more time available, she mainly uses it in activities 
related to food, including the preparation of better conditions of food for 
children. With greater availability of time, the women/men can also 
increase their activities for the earning of income. A greater amount of 
water can also generate a greater domestic production of food. 
 
 
4.4 Selection of adapted WS technologies 
 
The adapted technologies of a real project should be tested. Primarily, a 
detailed revision of the present conditions of non conventional WS 
technologies in rural areas can give us the fieldwork to treat. These 
technologies can be considered as the most used in rural areas, but are 
also considered the improved new technologies.   

 
From an efficiency and social welfare point of view, in the selection of the 
WS technologies all the constraints should be considered in such a way 
that their interrelation leads to the selection of the best adaptable WS 
technology for the population in relation to the expectations and needs of 
the users. 
 
It is necessary to emphasize that the activities for the implementation of 
WS systems should include from the beginning the recognition of the 
beneficiaries’ communities. The data collected should be registered in 
specially designed questionnaire forms. For physical-technical and socio-
economic constraints the descriptive data helps to select the most usual 
facilities (see Appendix I). Other constraints such as, financial, 

                                                 
4 A direct method of non-market valuation in which users are asked directly their willingness to pay for a 
specific hypothetical quantity or quality of goods or services such as water supply. 
 
5 The difference between the water produced (and distributed) and the water sold, or the water produced 
but not sold. 
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environmental, social and institutional constraints should be evaluated by 
local considerations. 
 
The basic data to obtain from physical-technical and socio-economic 
questionnaires are: 
 
In a physical-technical questionnaire: 
 
a) General information:  

• Name and political location (state or regional, municipality) of 
the area or sector, 

• Type of hydrology of the area, 
• Type and quality of the land. 

 
b) Communication ways: quality of the routes (availability and feasibility 

of transit in winter) and distances to the other population areas. 
 
c) Urbanization characteristics:  

• Description of the locality or area, 
• Demography: Number and type of houses (density 

considered in the locality and in the project area), 
• Distance to schools, postal services, public services, and 

equipment of the community. 
 
d) Existing sanitary conditions: 

• Type of present water supply: source and present sanitary 
state, 

• Disposal of excreta: type and present sanitary state. 
 
e) Electrical energy: 

• Responsible company, 
• Continuity of the provision, 
• Power installed and available in the locality. 

 
In a socio-economic questionnaire: 
 
a) Predominant labour activities:  
 

• Levels of income 
• Sources of available work in the locality 

 
b) Existing communitarian organizations, including a brief information on 

leaders recognized by the community. 
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c) Needs of the community with respect to the water supply and 

sanitation. 
 
d) Contributions and responsibilities of the community in the execution of 

the project, such as financial, material, labour and control. 
 
The decision process displayed in Figure 9 shows the selection phases 
that may serve as a useful tool or reference to help decision makers in 
the identification and selection of the more adapted non conventional WS 
technology in rural areas. Although it is believed that the selection 
process is related and applicable to most situations in developing 
countries, there will always be occasional circumstances for which the 
most adapted technology is not the one that this selection process 
suggests. 
 
This selection process is most useful when there is no formal water 
supply technology in the locality under consideration. In some cases any 
existing water supply technology can influence the technology chosen in 
ways that the process cannot fully capture. It is important to consider 
water supply technologies existing or planned in neighbouring areas 
because these alternatives may enable the locality to reduce its costs 
below what they would otherwise be. 
 
After selecting the adapted WS technology, some important points should 
be stressed in the process of costing a WS technology: 
 

• The definition of a baseline. The baseline refers to the present 
situation of existing adapted technologies in the community, for 
example an existing level of service of water supply, such as, 
standpipes. In some cases the community lacks of existing 
services but a natural source of consumption exits. 

 
• The definition of a level of service to be considered. For 

example, the piped house connection to a household of 7 
persons, providing each one with a 24-hour water supply, and a 
per capita consumption of 100 liters per capita day. 

 
• The definition of interventions, in terms of the scope. For 

example if we assume that the existing network only requires 
some piping to serve a new home, or if we assume that the water 
intake, the transmission and treatment works will all need to be 
expanded if we are to convert from a system of standpipes to 
house connections. 
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• The identification of the type of costs to be included. In 

practice, water utility and household construction costs; water 
utility and household operations and maintenance costs; water 
utility and community promotional, education and overhead 
costs.   

 
Although the main factor in comparing alternatives is cost, other 
important non quantifiable factors should be taken into account, such as: 
 

• Water quality:  A water source of better quality is preferable to 
one of lower quality. 

 
• Availability of material: A system that does not depend upon 

import of spare parts or chemicals from abroad is to be preferred, 
even if costs appear somewhat greater. 

 
• Reliability: A gravity system is inherently more reliable, and 

hence preferable to a pumped system because it operates 
without pump, fuel and electric power, and requires less 
maintenance and fewer skilled people. 
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Figure 9.  Selection of adapted WS technologies in rural areas 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Distribution of rural population 
- Concentrated 
- Dispersed 

Socio-economic conditions 
- Acceptable 
- Poor 
- Very poor

Type of water source 
- Superficial 
- Groundwater 
- Pluvial

Water treatment 
- Mineral concentration 
- Water pollution 

Water acceptability 
- Colour and turbidity 
- Odour and taste 

Water transmission 
- Gravity 
- Pumping 

Adapted WS Technologies 
- Household connection 
- Public standpipe 
- Borehole 
- Protected dug well 
- Protected spring 
- Rainwater collection

Minimum endowment of water 
- Quantity 
- Climate conditions 
- Season 
- Need of sanitation
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Chapter 5 
 

Costing Methodology 
 
 
 
 
 
5.1 Logic and issues 
 
Our methodology of collecting and analysing cost data of adapted WS 
technologies relies on a bottom-up approach that disaggregates the WS 
process according to the main activities described in chapter 3, namely: 
water collection, water transmission, water treatment, water storage and 
water distribution to final users. 
 
Identifying the disaggregated costs components of a WS system is far 
from trivial. On the one hand, government decision makers are naturally 
most keen to know the costs supported by their departments, but from an 
economic perspective, we are just as keen to know the significant 
household costs (e.g. plumbing) that the water utility will never see. 
Giving guidelines on how to identify costs and where to find data with 
which to estimate the cost of a WS technology lies at the heart of this 
exercise.  
 
This methodology requires two types of considerations: the form of 
collecting costs of the components of a WS technology and the analysis 
of the collected cost data. Questionnaires for data collection with user’s 
guidelines are presented in Appendix II. 
 
The main points of our bottom-up costing methodology that we wish to 
stress in this chapter are: 
 

• The need for a clear definition of which costs are to be included, 
and which are to be excluded. 

 
• The need to consider construction costs, maintenance, and 

operation costs, jointly with other relevant costs such as 
administration, training, promotion and education.  
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• The need to address carefully the issues of non market costs 
(e.g. community and household contributions in operation and 
maintenance should be realistically valued, and not simply taken 
as free).  

 
• The need to adjust market prices of goods and services when 

they do not reflect the national opportunity costs of resources.   
 
• The need to separate the costs of hygiene promotion and 

education for water supply technologies when they are part of a 
general health campaign. 

 
• The need to calculate the additional cost of moving from one 

service level to another (improving, upgrading, planned WS 
sequences and extensions from new projects).  
 
For example, the total cost of building a system of standpipes, 
and then extending the system to serve house connections is not 
the same as the total cost of building a system designed for 
house connections from the beginning. We cannot assume that 
the cost of the extension is simply the difference between a 
system of house connections and a system of standpipes. 

 
 
5.2 Costs' typology 
 
For each activity we consider four types of costs, according to the 
infrastructure, operation, maintenance, administration and other relevant 
and overhead costs.  
 
A brief description is presented below: 
 
 
a) Investment costs 
 
The investment costs include those costs that can be identified in the 
construction and equipment activities, such as: 
 

• Preliminary studies: This contemplates the pre-investment 
stage, which considers the study of the technical, social, and 
environmental aspects in the construction project. 

 
• Equipment: Capital cost in infrastructure and power systems.  
 



Practical Manual of Non Conventional Water Supply Technologies 32 

• Local material: Materials bought or acquired by the 
community or the municipality in the local markets of the 
country.   

 
• Imported material: Materials of foreign origin.  
 
• Qualified workers: Specialized people that work as civil 

engineers, civil constructors, technical staff, and social science 
professionals.  

 
• Non-qualified workers: Non-specialized people that work, for 

example in excavation, carrying of materials, cleaning, etc. 
Normally the people from the community provide these work 
activities.  

 
• Semi-qualified workers: Generally a type of worker between 

qualified and non-qualified. It depends on the work activity. 
 
• Other investments costs: Which are related with the 

investments, such as, management, administration, direction, 
coordination, logistic, transportation, communications, office 
costs, private executors and control of quality, and any other 
unassigned cost of the investment project. 

 
• Contingencies: An amount or percentage of the investments 

included in a project account to allow for adverse conditions 
that will add to the base costs. 

 
Investment costs in each identified activity of a WS process (collection, 
pumping, transmission, treatment, storage and distribution) are presented 
in the following Figure 10. Note that the relevant inputs to be assessed 
are singled out according to they concern materials (M), equipment (E) or 
labour (L). 
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Figure 10. Investment costs 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Investment costs (water utility and household)

Materials (M) Equipment (E) Labour (L) 

Water              Water                              Water                        Water                               Water                        Water
Collection              Pumping                         Transmission            Treatment                       Storage                      Distribution 

Well 
excavation: 
- Hand dug 
(M,L) 
- Driven (M,L) 
- Jetted (M,L) 
- Bored  (M,L) 
 
Well lining: 
- Dug lining 
(M.L) 
- Drilled (M,L) 
   lining (M,L) 
- Fence (M,L) 
 
Rain 
collection: 
- Gutter and 
detachable 
pipe (M,L) 
 
Well drilling: 
- Drilled well 
(E,L) 

Power system
superstructure: 
- Diesel pump (M,L) 
- Electric pump (M,L) 
- Solar pump (M,L) 
- Wind pump (M,L) 
 
Power system 
engine: 
- Diesel motor (E,L) 
- Electric motor (E,L) 
- Solar cells (E,L) 
- Wind engine (E,L) 
 
Pumps: 
- Axial flow (E,L) 
- Centrifugal (E,L) 
- Submersible (E,L) 
- Hydraulic ram (E,L) 
 
Manual pumps: 
- Suction plunger 
hand pump (E,L) 
- Direct action hand 
pump (E,L) 
- Deep well piston 
(E,L) 
- Deep well 
diaphragm (E,L) 

Transport: 
- Pipes (M,L) 
 
 
 

Central 
Treatment: 
- Storage and 
sedimentation 
(M,L) 
- Up-flow rough 
filters (M,L) 
- Slow sand 
filtration (M,L) 
- Piped 
chlorination (M,L) 
- Small filter (M,L) 
- Chlorination 
tank (E,L) 
 
Household 
Treatment: 
- Slow sand filter 
(M,L) 
- Chlorination 
(M,L) 
- Heating (M,L) 
- Slow sand filter 
tank (E,L) 
 
 

Storing Tank: 
- Concrete lined 
earthen reservoir 
(M,L) 
- Reinforced 
concrete 
reservoir (M,L) 
- Elevated 
reservoir-tower 
(M,L) 
- Ferro-cement 
tank (M,L) 

Distribution 
Network: 
- Pipes (M,L) 
- Connection 
(M,L) 
- Trench 
bulldozer and 
compactor 
(E,L) 
- water-meter 
(E,L) 
 
Public 
Standpipe: 
- Connection 
(M,L) 
- Wall 
supporting 
(M,L) 
- Spillage 
(M,L) 
- Trench (M,L) 
 
Carry: 
- Rope and 
bucket (M,L) 

- Engineering 
Studies 
 
- Contingencies 
 
- Work 
supervision 
 
- Other 
incidentals 
 

Other 
costs 
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b) Maintenance and operation costs 
 
These costs comprise all expenditures that are required to keep a system 
in operation and in good condition after it is placed on line. They include 
expenses for personnel, chemicals, electricity, fuels, materials, 
maintenance, spare parts, office supplies and rents for buildings, vehicles 
and other equipment. Costs for modest system expansion may also be 
included. 
 
These two types of costs are separable in terms of activity and planning. 
A brief description is displayed below: 
 

• Maintenance costs: In general maintenance costs of equipments 
increase over time and they depend on the activity level (ideally, 
utilization should be 100% of the available equipments otherwise we 
have immobilized equipments).  
 
Therefore, to assess these costs it is important to have the planning 
of maintenance of the equipments, given by the provider. The 
planning of maintenance should identify all the activities involved in 
maintenance and the activity levels for implementation (hours of 
working by activity, replacement parts, repairs procedures, inputs, 
etc.). If these activities and activity levels evolve in time, an annual 
cost for maintenance can be computed as an annual constant cost 
equivalent to the present value of the changing maintenance costs 
over the use-life of the equipments. This concept and the 
computation formula will be presented in section 5.3. 

 
• Operation costs: In general operation costs are constants over the 

time if the prices of inputs (e.g. $/KWh) and activity level or output 
(e.g. m3 of drinkable water delivered) remains the same. In this case, 
operation costs can be assessed as a constant annuity over the use-
life of the equipments. In the opposite, an annual constant equivalent 
cost should be computed, in the same way as for maintenance costs. 

 
Maintenance and operation costs in each identified activity of a WS 
process (collection, pumping, transmission, treatment, storage and 
distribution) are presented in the following Figures 11 and 12. Note that 
the relevant inputs to be assessed are singled out according to they 
concern materials (M), equipment (E), power systems (PS) or labour (L). 
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      Figure 11.  Maintenance costs 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Maintenance costs

Materials (M) Equipment (E) 

Water                     Water                                Water             Water                               Water                                 Water 
Collection                    Pumping                           Transmission              Treatment                        Storage                              Distribution 

Well 
disinfection: 
- Dug well (M,L) 
 
Well lining: 
- Dug lining (M,L) 
- Drilled  
   lining (M,L) 
- Fence (M,L) 
 
Catchment and 
intake: 
- Storage dams (M,L) 
- Protected spring 
(M,L) 
- Protected side 
intake (M,L) 
- Bottom river (M,L) 
- Floating intake 
(M,L) 
- Sump intake (M,L) 
 
Rain collection: 
- Gutter and 
detachable pipe 
(M,L) 
 
Intake: 
- Suction pump (E,L) 
 

Storing tank: 
- Concrete lined 
earthen reservoir 
(M,L) 
- Reinforced 
concrete reservoir 
(M,L) 
- Elevated reservoir 
(tower) (M,L) 
- Ferro-cement tank 
(M,L) 
 

Central treatment: 
- Storage and 
sedimentation (M,L) 
- Up-flow rough 
filters (M,L) 
- Slow sand filtration 
(M,L) 
- Piped chlorination 
(M,L) 
- Small filter (M,L) 
- Chlorination tank 
(E,L) 
 
Household 
treatment: 
- Slow sand filter 
(M,L) 
- Chlorination (M,L) 
- Heating (M,L) 
- Slow sand filter 
(E,L) 
 
 

Power system
superstructure: 
- Diesel pump (M,L) 
- Electric pump (M,L) 
- Solar pump (M,L) 
- Wind pump (M,L) 
 
Power system 
engine: 
- Diesel motor (E,L) 
- Electric motor (E,L) 
- Solar cells (E,L) 
- Wind engine (E,L) 
 
Pumps: 
- Axial flow (E,L) 
- Centrifugal (E,L) 
- Submersible (E,L) 
- Hydraulic ram (E,L) 
 
Manual pumps: 
- Suction plunger 
hand pump (E,L) 
- Direct action hand 
pump (E,L) 
- Deep well piston 
(E,L) 
- Deep well 
diaphragm (E,L) 

Transport: 
- Pipes (M,L) 
 
 
 

Distribution 
network: 
- Pipes (M,L) 
- Connection 
(M,L) 
- Trench 
bulldozer and 
compactor (E,L) 
- water-meter 
(E,L) 
 
Public 
standpipe: 
- Connection 
(M,L) 
- Wall supporting 
(M,L) 
- Spillage (M,L) 
- Trench (M,L) 
 
Carry: 
- Rope and 
bucket (M,L) 

Labour (L) 
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Figure 12. Operation costs 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

c) Other relevant costs  
 
The implementation costs for the functioning of a WS technology are 
relevant for the correct operation of the system, the more important are:  
administrative costs of the system, training costs, promotional and 
educational costs. The quantification of these costs depends on the 
design parameters of each WS technology; therefore, it is usual to 
assess them as a percentage of the construction costs. Figure 13 show 
the main components. Also a brief explanation of these costs is 
presented below. 
 

• Administration costs: These costs are related to the management 
and administration services in WS services. They are usually 
estimated as a percentage of the construction costs. 

 

Operation costs

Materials (M) Power services (PS) Labour (L) 

Water                 Water                    Water                 Water                        Water                      Water 
Collection                  Pumping              Transmission           Treatment                 Storage                    Distribution 

Well 
Disinfection: 
- Dug well (M,L) 
 
Catchment and 
intake: 
- Caretaker (L) 
 
Suction pump: 
- Diesel (PS) 
- Electricity (PS) 
 

Storing tank: 
- Disinfection 
(M,L) 
 

Central treatment: 
- Chlorination (M,L) 
- Filter (M,L) 
- Sand (M,L) 
-Sodium hypochlorite 
(M,L) 
 
Household 
treatment: 
- Heating (M,L) 
- Chlorination (M,L) 
- Sodium 
hypochlorite (M,L) 
 
Power services: 
- Diesel (PS) 
- Electricity (PS) 
 
 

Pumps: 
- Diesel 
(PS) 
- Electricity 
(PS) 
 

Transport: 
- Gravity (PS, 
L) 
- Pumping 
(PS, L) 
 

Distribution 
network: 
- Connection 
(M,L) 
 
Public 
standpipe: 
- Connection 
(M,L) 
- Supporting 
(M,L) 
 
Pumps: 
- Diesel (PS) 
- Electricity 
(PS) 
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• Training cost in administration, operation and maintenance: In 
WS services training is a fundamental aspect for the correct use of 
the water source, which implies a transformation in social aspects of 
the community.  

 

 The training costs in administration, operation and maintenance 
regard the programs and audits to help local managers and their staff 
in charge of the WS services to develop their knowledge in technical 
as well as administrative skills, such as, accounting, budgeting, 
inventory control, personnel management and public relations. 
Generally, the community takes these charges, and the municipality 
or WS suppliers should incur in training for the community. 

 

 As administration costs, training costs are usually estimated as a 
percentage of the construction costs.  

 
• Promotion & education costs: The promotion and education costs 

for health and hygiene consider all specific activities related to the 
improvement of hygiene habits in rural communities. These costs 
include the costs in trainers, rent of services, acquisition or rent of 
equipment, materials and inputs, transport and logistic support. For 
example, in rural localities in Peru, the average time required for 
promotion interventions is one year and the percentage in terms of 
the construction cost is between 10 to 15%. 

 
    
 

Figure 13. Other relevant costs 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Other relevant costs

Administration Training Promotion, education  
 

& overhead 

- Management 
- Administration 
services 
- Billing procedures 

- in Administration 
- in Maintenance 
- in Operation 

- Health Education 
- Community overhead 
- Water utility overhead 
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5.3 Economic costing 
 
Once the adapted technologies have been identified by the project 
engineer, it is necessary to rank such feasible projects according to their 
costs.  
 
When the adapted WS technologies present differences in the levels or 
quality of services, a least-cost choice will not necessarily be the one that 
is economically optimal, as some other adapted technologies can have 
non quantified benefits that compensate their exceeding costs with 
respect to the least-cost solution. Indeed, only alternatives providing the 
same level and quality of services can be compared according to a cost 
criteria, in order to select the least cost alternative as the most suitable. 
 
Nevertheless, even when differences in level or quality of services are 
present, a cost comparison of adapted technologies, if properly 
conducted, can reveal the trade off costs’ corresponding to the different 
level or quality of services provided by the competing technologies. 
Indeed, trade off costs’ provide the decision maker with a useful 
information to decide how much they are willing to pay to obtain various 
standards of service. In this sense, costing should be seen as a farther 
screening of the various WS technologies that have already passed the 
test of technical and social feasibility. 
 
 
5.3.1. Principles of economic costing 
 
The primary intent of economic costing is to develop an economic price 
that represents the opportunity cost to the national economy of producing 
a given WS service. In practice, there are three principles to follow in 
preparing estimates of economic costs: 
 

• All relevant costs to the economy, regardless of who incurs 
them, must be included. 

 
• Each cost must be properly evaluated using economic prices 

representing the national opportunity costs of the resources 
invested in the WS project. 

 
• The assumptions used for costing different technologies must 

be mutually consistent and comparable. 
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5.3.2. Inclusion of all relevant costs 
 
All costs to the economy should be included, irrespective whether they 
are borne by the utility, the households, the national government and 
other entities. However, some financial costs, such as taxes and 
subsidies, should be ignored because these are only a transfer of money 
within the economy and not a cost to it.  
 
The determination of which costs to include should rest on a comparison 
over time both with and without the project. In particular, it is essential to 
estimate how the current situation would improve or deteriorate over the 
project period without the project implementation. 
 
In addition, a broad enough view of the WS project must be taken so that 
all relevant costs will be included. 
 
 
5.3.3. Estimating economic prices of resources 
 
As a consequence of socio-political policies of governments only loosely 
related to economic objectives, actual prices do not always reflect the 
actual resources scarcities to the national economy. Such distorted prices 
should be corrected using appropriated “shadow factors”, in order to 
correctly value the economic cost of WS projects.   
 
Calculating these converting factors is a difficult task that requires 
intimate knowledge of the country's economy. A good source of these 
figures can be obtained from the Ministry of Economic Development or 
the Ministry of Planning of the country; an also from the World Bank or 
the Inter-American, Asian or African Development Bank specializing in 
the countries concerned. 
 
In the economic costing of WS technologies there are four shadow 
factors that must be incorporated in the analysis. 
 
• Unskilled labour wage  

Due to minimum wage legislation, unskilled labor is economically 
overvalued, that is, its wage is higher than its real productivity, 
resulting in unemployment. This means that, if a country has large 
unskilled labor force unemployment, the shadow factor for unskilled 
labor force would be close to zero, because there is almost no cost to 
the national economy that results from employment of such workers, 
since they would be otherwise unemployed. 
 
At the contrary, if a country has few unemployed unskilled workers, 
then this shadow factor would be 1, as this situation is an indicator 
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that the market wage for this labor fairly reflects economic value. In 
developing countries the shadow factor for unskilled labor is between 
0.5 to 1. 

 
• Foreign exchange for imported materials and equipments 

Many governments do not permit free movement of the exchange 
rate of foreign currency for their national currency in the international 
money markets. They prefer to fix its value in terms of the mayor 
trading partner. As a result, imports cost fewer, in terms of national 
currency value, than they would and exports are overpriced in foreign 
currency value. This same result may also be achieved by a system 
of import restrictions, export taxes or both. 

  
The foreign exchange shadow factor to be used in such situations is 
the ratio of the shadow exchange rate to the official exchange rate 
fixed by the government, which is greater than 1. 

 
• Opportunity cost of capital 

The opportunity cost of capital is the price of capital defined as the 
marginal productivity of additional investment in the best alternative 
use. This means that the price of capital to be used in economic 
costing of WS projects should be set equal to the rate of return on 
capital invested, for example, in buying shares in a well-managed 
industrial firm of the country.  
 
In developing countries, as a result of scarcity of capital, one expects 
a relatively high opportunity cost of capital compared to that of 
developed countries, usually ranging from 8% to 15%.  

 
• Price of land, water, power and other direct inputs 

The prices of some inputs of WS systems are controlled by 
governments or they incorporate government subsidies. For 
economic costing of WS systems, these prices should be calculated 
as if the inputs where sold on competitive markets. 

 
For land, a good approximation of its shadow price can be obtained 
by reviewing recent sales record of similar land in the area. For water 
and power, it is not possible to estimate directly what a free market 
price would be for these items because the government has a 
monopoly in their production. Nevertheless, an approximation of the 
shadow prices of these inputs can be obtained by computing their 
average incremental production cost, according to the formula 
presented below. 
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In addition to these adjustments of actual prices of resources, an 
economic costing of WS systems must value the physical capital 
components of such systems at their replacement costs rather than at 
their historical costs, because historical costs should be disregarded in 
making decisions about future investments. This means that the costing 
of such components should be based on bids collected by tender. 
 
 
5.3.4. Computing comparable costs 
 
Different WS technologies involve construction, operation and 
maintenance costs that occur at different points in time, some annually, 
like operation costs, others less regularly, like maintenance and 
replacement costs, some only once, like heavy infrastructures. To make 
these different sequences of costs comparable and to consolidate all this 
costs it is necessary to bring expenditures at different times to values at 
the same reference time.  
 
The costs comparability of different WS projects is achieved by 
computing the present value of each economic cost component of a 
project using a common discount rate reflecting the opportunity cost of 
capital and by consolidating all these discounted costs in a Full Cost 
Present Value (FCPV) of the project. This calculation is performed using 
the following formula:     
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with 

 
tC  the economic construction costs incurred in year t, 

tO  the economic operation costs incurred in year t, 

tM  the economic maintenance costs incurred in year t, 

tOC  the economic relevant overhead costs incurred in year t, 
i  the annual opportunity cost of capital used as discount rate, 
T  the design lifetime of the project (in years). 
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For WS projects that are fully utilized upon construction, costs 
comparisons through FCPV can be replaced by a costing criteria of much 
easer interpretation, namely the Average Equivalent Cost (AEC), defined 
as the constant annuity to be paid during the project life-cycle of T  years 
to refund the full cost of the project at an opportunity cost of capital i . 
This equivalence is stated by the following formula: 
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When the level of services provided by the adapted WS technologies 
vary in time and across technologies, FCPV or AEC criteria cannot be 
used for least-cost comparisons. In these situations, an indicator of the 
WS system production is needed, like the size of population served or the 
quantity of water supplied. Using such an indicator, it is possible to 
compute Unit Full Cost Present Value (UFCPV), according to the 
following formula: 
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where tQ  stands for the level of services provided in year t, measured 
according to some indicator of the WS system production. This formula 
provides a full cost present value per unit of annual production of a WS 
system not fully used immediately at its design capacity but gradually 
over time. Such a unit cost is computed by dividing the FCPV of the 
system with a measure of its life-cycle production, computed by valuing 
the services provided in the future less then those produced immediately, 
just as costs incurred in the future have a lower present value than those 
incurred immediately. 
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Note that for a system that is utilized at full capacity ( 1Q ) upon 
construction, the UFCPV reduces to a Unit Average Equivalent Cost 
(UAEC), namely an average equivalent cost per unit of annual 
production:    
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An alternative to UFCPV, allowing to make cost comparisons across WS 
adapted technologies whose capacities are planned to be used gradually 
over time, is represented by the so called Average Incremental Cost 
(AIC) defined by the following formula: 
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It is a measure of the FCPV of a WS system per unit of service provided 
during the entire life-cycle of the system, rather than per unit of annual 
service, as it is the case for the UFCPV. The use of this unit cost criteria 
seems to be suitable, in particular, when the level of services of the WS 
system is quantified by the number of supplied persons or households. 
Indeed, in such a case, the AIC represents the FCPV per person or 
household served over the entire life-cycle of the WS system. 
 
Note that for a system that is utilized at full capacity upon construction, 
the AIC reduces to an Average Full Cost Present Value (AFCPV) per unit 
of the design population, i.e.: 
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WS technologies  
 
 
 
 
 
 
I.1 Introduction 
 
 
This appendix has the finality to give a summary of the wide variation of 
non conventional water supply technologies in order to help planners and 
decisions makers in the selection process. Hence, it is not a chapter to 
define a selection criterion. For a selection choice, specialized 
engineering books should be consulted.  
 
The objective is to show the existing and suitable non conventional water 
sources technologies in a description fact sheet, which defines the factors 
that influence their costs. These technologies depend on the water 
sources and its adaptability from different local constraints. A technology 
should, as much as possible, match people’s needs, expectations, 
preferences and cultural habits taking into account its convenience, 
manageability, maintainability and affordability. Each fact sheets of this 
appendix have been developed using literature available in the World 
Health Organization, The Word Bank and SKAT. 
 
Each fact sheet shows the following format: A short summary of the 
technology; a report of the operation & maintenance activities; the 
difficulties, inconvenients and comments. 
 
Also, several activities can be founded from the water source to the final 
consumption, such as, collecting, lifting, transporting, treatment, storage 
and distribution. These activities involve certain degree of technologies 
that characterize by which means water sources can be transported to 
final consumers.  
 
For the final choice, it should be appropriated to refer to more specialized 
books that highlight all the necessary factors which are not technically 
clarified in this appendix. Many countries already have excellent manuals, 
which are identified in the bibliography and which may be useful in 
adapting this manual to local needs. 
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I.2 Sources of water  
 
 
The first step in designing a water supply system is to select a suitable 
source or combination of sources. The source must be capable of 
supplying enough water for the community. The process of choosing the 
suitable source depends on local conditions. This part deals with the 
most commonly found and used water sources in rural areas. In many 
situations, several water sources are traditionally in use for different 
purposes and at different times of the year. Any improvement planning 
should take into account the rationale behind existing use of water 
sources. Some sources are more reliable, convenient or simply taste 
better. If an “improvement” means worse performance on one aspect, 
people may return to their traditional contaminated source. 
 
As far as the source is concerned, the most important factor of choice, is 
the quality of its water, in order to minimize the costs of treatment; thus 
making the source economically and technically more attractive. The 
selection of the source will also depend on its yield, therefore on its 
reliability; on its quality; its distance to the community that it must serve, 
notably if the water can be collected by gravity or if pumping is required; 
on its vulnerability to natural hazards, such as flooding and freezing; and 
its accessibility. Moreover, the final choice of the source will depend 
especially on the quantity and quality of its water but also on the 
collecting costs and the funds available, taking into account the cost of 
development and operation. 
 
 
The possible types of sources of water are:  

 
• Rainwater, direct precipitation catchments; 
• Groundwater from springs, infiltration galleries, shallow wells or 

deep wells; 
• Surface water from a stream, from a river, an estuary, or a lake; 
• Water (raw or treated) purchased from a nearby city or 

community; 
• Or a conjunctive use of two or more of the above sources. 
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I.2.1 Groundwater sources 
 
Groundwater sources are the most commonly exploited for non 
conventional water supplies; the reason being that amongst the various 
source options, ground water is by far the most practical and safe in 
nature. If its water is of adequate quantity and quality, the groundwater 
source will be preferred to another because it requires less treatment 
than surface water, is easier to protect and can be located closer the 
targeted community. The disadvantages that can be mentioned are that 
ground water is often high in mineral content and that it usually requires 
pumping. 
 
Different type of groundwater sources can be found and therefore require 
different technologies. Infiltrations drains may be considered for shallow 
ground water at medium depth. Tube wells are suitable for drawing water 
from deeper water-bearing ground strata. Dug wells are usually within 
local construction capabilities; whereas the drilling of tube wells will 
require more sophisticated equipment and considerable expertise.  
 
We can classify them according to their quality in the following way: 
 
• Upland springs: such sources are almost ideal as they are least likely 

to be contaminated and they are often at sufficient elevation to 
provide water by gravity. Moreover, since the recharge area is 
generally more remote from the population than other sources, they 
are more easily protected from despoliation. 

 
• Artesian springs and wells: an artesian spring discharges water 

under pressure. Artesian wells can be flowing or non-flowing. A 
flowing artesian well behaves like an artesian spring. In a non-flowing 
artesian well, the water level in the well is above the water table, but 
needs to be pumped. A major advantage of artesian sources is that it 
is not easily contaminated, because the aquifer is under pressure. 
The recharge area can be spoiled but, because it is generally 
considerably distant from the point of extraction, it tends to be 
cleansed in flowing underground. However, their yield and the 
likelihood of their being overdeveloped is the major concern. In fact, 
excessive withdrawals may eliminate the pressure in the aquifer 
entirely. 
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• Deep wells: they can be in free or confined aquifers. Free aquifers 
are exposed to the surface while confined aquifers have an 
impermeable overlying stratum. In fact, a confined aquifer is like an 
artesian aquifer without pressure. Wells in free aquifers are more 
subject to pollution than those in confined aquifers. 

 
• Infiltration galleries: free groundwater flowing towards streams, 

estuaries or lakes from upland sources can be intercepted by 
infiltration galleries, which are perforated pipes laid at right angles to 
the direction of flow. Infiltration galleries are useful in wetlands near 
coastal areas where the deeper water are saline and the gallery can 
pick up the superficial fresh water. What’s more, they are often used 
as river intakes to provide water of higher quality. 

 
• Shallow wells: shallow wells are the most widely used sources of 

groundwater because their adequacy is most easily determined and 
they are cheaper to construct. Also, they can be fitted with hand 
pumps where supplies are not economically feasible. In fact, they are 
similar to infiltration galleries but one gallery is the equivalent of a line 
of shallow wells. However, shallow wells often suffer from 
deficiencies in both quantity and quality because their aquifers are 
shallow and close to the ground surface. They are more likely to run 
dry in dry weather than other groundwater sources. 

 
If groundwater is not available, or where the cost of digging a well is to 
high, it will be necessary to consider surface water. 
 
 
I.2.2 Surface sources 
 
Surface water originates mostly from run-off and rainfall water. It includes 
large rivers, ponds, lakes and small upland streams which may originate 
from springs and collect run-off from watersheds. The quantity of run-off 
depends upon a large number of factors, the most important of which are 
the amount and intensity of rainfall, climate, vegetation, and, the 
geological and topographical features of the area under consideration. 
The quality of surface water is governed by its content of living organisms 
and by the amount of mineral and organic matter, which it has picked up 
in the course of its formation. 
 
Surface sources should only be considered after possible groundwater 
sources have been explored. The advantage of surface sources is that 
they are generally more certain in their yield but they almost always 
require treatment. The costs and difficulties associated with surface water 
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treatment, particularly the day-to-day problems of operation and 
maintenance of water treatment plants, need to be carefully considered 
before surface water sources are exploited. However, they are preferred 
where groundwater is saline or high in fluorides. 
 
We can classify the sources according to their quality in the following 
way: 
 
• Upland streams: they offer the best potential for surface supplies. 

Because their watersheds are small they are least likely to be 
polluted and are most easily protected. Upland supplies also offer the 
potential for gravity supplies. On the other hand, dry weather flows 
may be inappropriate to provide water demands for the maximum 
day so impoundment may be necessary to provide seasonal storage. 
Despite the isolation of an upland source, a sanitary survey and 
quality determinations in wet and dry seasons are necessary to 
provide a basis for watershed control activities and water treatment. 

 
• Lakes: nearby lakes can be excellent sources of water. If located at 

high elevation they can provide gravity flow. Their main disadvantage 
is the potential for impaired quality as a result of activities on the 
watershed and on the lake itself. Accordingly a sanitary survey is 
important together with water quality analyses. Lakes subject to 
pollution may present more problems than rivers because rivers tend 
to cleanse themselves when the pollution is abated, while lakes may 
require long periods of time to overcome the effects of polluting 
discharges. 

 
• Rivers: they offer convenient sources of supply for small 

communities, because they are almost always large enough. 
However, they are often the least appropriate because they are often 
of poor quality and small communities are not in a position to exert 
much control of upstream pollution. Also, intakes on large rivers are 
likely to be costly and pumping costs will also be great as rivers are 
at relatively low elevation. Because the technology of treatment may 
be a problem, it may be appropriate where river water is the only 
option to consider taking water from a larger community nearby. 

 
 
I.2.3 Regional supply 
 
Water supply projects exhibit significant economies of scale. If a water 
source is adequate, developing it for twice or three times the capacity 
reduces the unit cost substantially. Hence two, three or more 
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communities developing a source together may provide significant 
economies for each of them. Joint enterprise of several communities 
developing a common source may make it economically feasible to 
develop a higher quality source, for example, a source at a greater 
distance that would not be feasible for each community separately.  
 
Depending upon local circumstances, such as the geographical layout of 
the communities and the topography, it may be feasible to build a 
common treatment facility and to operate the water supply systems for 
the several communities as a single entity. Such regionalization will 
produce additional economies as well as great operating effectiveness as 
it may be feasible to employ more highly qualified personnel for large 
system that for a small system. 
 
Another option is to take water from a nearby community that has 
developed a source and facilities larger than it needs. Such an approach 
may be economically attractive to both the communities. The smaller 
community may get its supply at much lower construction cost while the 
larger community can reap income from its investment in resources that 
are otherwise not being used. 
 
 
I.2.4 Conjunctive use 
 
In special circumstances, where a single source is not expected to be 
adequate the year around, consideration should be given to using two 
sources conjunctively. The most promising approach is the conjunctive 
use of surface and groundwater. In general, streams tend to dry up 
during summer or other dry weather periods, although they may be 
entirely adequate during other seasons of the year. If it is not feasible to 
build an impounding reservoir to provide seasonal storage, a 
groundwater source may be used during dry weather. During wet 
weather, water is drawn from the stream and the groundwater aquifer is 
allowed to recharge. The aquifer provides for seasonal storage. 
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I.3 Water collecting technologies 
 
 
An important factor is the potential yield of the source that needs to be 
known. Based upon the yield of the existing sources and the expected 
needs of the users a water collecting activity is proposed. There are 
many ways to catch or collect water, like catchments systems, wells and 
intakes. The idea is to stop, collect, extract and store water before 
treatment. 
 
The collecting activity depends on the permeability and the design 
capacity of the water source. The importance of these factors varies 
considerably depending on local conditions. A hydrologist may need to 
be consulted to evaluate these factors if experience with wells in the 
vicinity does not provide enough guidance. 
 
 
I.3.1 Catchments system  
 
It is a way of gathering water for store and then collecting. It is not for 
moving water, like in wells. The most common cases are the rainwater 
catchments, storage dams and spring water catchments. 
 
Rainwater catchments systems gather rain on the roof of a house using 
gutters and down-pipes and lead it to one or more storage containers 
ranging from simple pots to large ferro-cements tanks.  
 
In storage dams, the surface sources of water can be gathered for human 
use. Water is caught and store behind the dam or diverted to a separate 
reservoir. Important factors in the planning of dams are annual rainfall 
and evaporation pattern, present use and runoff coefficient of catchments 
area and building site. User can take the water directly from the dam or it 
can be treated and distributed in a network system.  
 
Spring water catchments systems abduct and protect ground water flows 
at the points where these arrive at the surface to facilitate their 
abstraction. Two main categories of spring water catchments exist: 
gravity springs flow on a natural underground slope to the surface, where 
the water flows horizontally on the ground and artesian springs when 
water is trapped between impervious layers and is forced vertically to the 
surface under pressure.  
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I.3.2 Wells  
 
Wells are generally classified according to their method of construction. 
For non conventional water supplies wells are hand dug, driven, jetted, 
bored, or drilled wells. Their selection depends on the depth of the 
aquifer, the soil type and the construction equipment and the financial 
resources available. All wells have four basic parts: casing, intake area, 
wellhead and water lifting device.  
 
 
Hand-Dug wells 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The yield of the dug wells depends mainly on the permeability of the 
aquifer and the wells depth, the soil condition, and the enlargement of the 
diameter increases the yield slightly. For example, doubling the diameter 
augment the yield less than 10%, but does provide storage. 
 
 
Driven wells 
 
 
 
 
 
 
 
 
 
 
 
 

Hand-Dug wells are the most common method 
of extracting water from the ground. The 
construction requires neither special equipment 
nor special skills. However, it can be risky to 
build unless the necessary skills are available 
locally; but, if they are, it can be constructed 
cheaply with local equipment and materials. 
The most important advantage is that water 
can be drawn from it by bucket and rope if a 
pump cannot be afforded, or breaks down. The 
depth of the wells is rarely more than 10 
meters and 1 to 1.3 meters in diameter. 

A pointed metal tube known as a well point is 
fitted to the end of a pipe and driven into the 
ground, usually through being hit by a heavy 
hammer until the point reaches the water bearing 
formation. Driven tube wells are a suitable option 
in soft ground, to depths of up to 15 meters, but 
are inappropriate in hard rock formations and 
areas where many boulders or other hard 
obstacles are encountered in the ground. In clay 
formations, the screen opening may become 
clogged with clay during the driving. The feasible 
diameter ranges from 30 to 50 mm.
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The yield of the driven wells is normally 5 to 100 m3 per day, but may be 
more in very permeable soils. 
 
 
Jetted wells 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The simplest method, known as "the palm and slugger", consist to a pipe 
is moved up and down by a lever, and a person's hand on the top of the 
pipe is used as a valve to pump water upwards, closing as the pipes rises 
and opening as it falls. 
 
The yield of the jetted wells has the same range as driven wells: 5 to 100 
m3 per day. 
 
 
Bored wells 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In this technology, as the name implies, a jet of 
water is used to help to develop the borehole. 
This requires specialised equipment and a 
plentiful supply of water, so the application may 
be limited. A pump with a capacity of 
approximately 500l/m at a pressure of 3 to 5 
atmospheres is necessary to create the jetting 
stream. The application of the jetting stream is 
limited on unconsolidated soil formations without 
large boulders. Jetting of wells is very greater 
depths, up to 50m or more. The diameter of the 
jetting pipe ranges 30 to 50 mm, but larger jetting 
pipes may be used. 

The bored tube well, which can be sunk by hand 
to depths up to 40m with an auger, a simple tool 
twisted by hand to drive into the ground. Special 
fittings are available to pass through small rocks 
to remove loose soil and to bail out waterlogged 
material from below the water table. They can be 
constructed with simple hand operated 
equipment in soft ground; otherwise mechanical 
powered equipment is necessary. The hand 
method is used in drilling to depths of about 15m 
in clay, silt and sand formations.  
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The diameter of hand-drilled wells may reach 200 mm or more. With 
engine powered augers, wells of large diameters (300 mm and more) 
may be constructed and greater can be reached. 
 
The yield of hand drilled wells ranges from 5 to several hundred m3 per 
day. 
 
 
Drilled wells 
 
 
 
 
 
 
 
 
 
 
 
 
Depending of the equipment and ground condition, wells of up to 600mm 
diameter may be constructed to the depth of up to100m. The rotary 
drilling method uses a rotating bit for cutting the borehole. It can be 
employed in any soil or rock formation. 
 
The yield of percussion wells varies from below one hundred to several 
thousand m3 per day. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The term "drilled wells" is normally used to 
describe methods using engine powered 
mechanical drillings rigs. This is the most 
expensive method for construction boreholes 
and in terms of operation and maintenance. 
Two methods are generally used: the 
percussion method and the rotary method. The 
first employed the principle of a free4 falling 
heavy bit delivering blows against the bottom of 
the well hole, forcing its way into the ground. 
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I.3.3 Intakes  
 
 
Intakes for spring 
 
The main advantage of intakes for springs is to protect it from pollution. 
Two basic types of intake structure are used: 
 

• Infiltration galleries or collection ditches. The construction 
consists of perforated or open joint pipes, sited in a gravel filter or 
a small-perforated tunnel. The infiltration gallery expands across 
the entire water-bearing zone to accumulate the maximum 
amount of water. The intake should extend below the water-
bearing zone to allow the free flow into the discharge can be 
controlled. Anti-seepage walls may have to be constructing either 
along the drain ditch or close to the collection box to avoid water 
from escaping. For sanitary protection, the drains or gallery 
should be at least 3 m below the surface and may be preserved 
against pollution. A protective zone should be established. Within 
this area, any source of pollution should be evaded. House, 
stables, animal grazing or other activity that pollute the water 
should be banned. 

 
• Spring boxes save the water from several pipes and permit the 

inspection of the water flow and quality. An overflow must to be 
establishing to discharge the flow water whenever the supply has 
to be disconnected. The chamber should be constructed in such 
way that contamination of the collected water is not permitted. 
Masonry and concrete seem to be the most appropriate building 
materials for spring and collection boxes. 

 
 
Surfaces water intakes 
 
Intakes are necessary where surface waters are used. Their placement 
and design on the type of surface source. The intakes can be: 
 

• A pipe into the water is usually enclosed by a protected screen 
establish in a small structure to maintain debris from hitting and 
breaking the pipe and enter into the system. The pipe opening 
depends upon the capacity, with optional velocity altering from 
0.5 to 1.0 m/s 
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• An infiltration system underground is either a well next to the 
water source or a perforated pipe placed either in the riverbed or 
next to the river. The infiltration pipe is delimited by gravel and 
smaller rock, grade with the smallest material on the outside so it 
doesn't obstruct the pipe. An infiltration offers a better quality of 
water than the other surface water system because the water is 
accumulating through a natural filter. 

 
• A tower positioned into the water, which let drawing water at one 

of several elevations. 
 
River intakes structures: 
 

• Should be situated in a zone with excellent water quality. 
 
• Should have a constant bed and slope, with satisfactory water 

depth. 
 

• Should be low in silt, sand and algae. 
 

• Should not clog navigation or flood drainage and should meet 
requests regard dredging. 

 
• Should be located as near the site where the water will be supply 

as possible. 
 

• Should be positioned upstream from residential and industrial 
development. 
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I.3.A Fact Sheets 
 
 
Catchments systems 
 
1) Rooftop water harvesting 

 
Operation activities: In case there is no foul device, the user has to 
divert away the first 20 litters or so of every rainstorm. Fully automatic 
foul flush devices often are not very reliable. Water is taken from the 
storage tank by tapping, pumping or using a bucket and rope. 
 
Maintenance activities: Just before the rainy season, the system has to 
be checked for holes and broken or affected parts and repaired if 
necessary. During the rainy season the system is checked regularly, 
cleaned when dirty and after each dry period of more than a month. 
Filters should be cleaned every few months. Chlorination of water may be 
necessary. 

 
Advantages: Recurrent cost for materials and spare parts are very low. 
The recurrent personnel require no special skills. Useful in developing 
countries with many rainy seasons and where other improved water 
supply systems are difficult to realize. 
 
Inconvenient: The water may be insufficient for drinking purposes during 
certain periods in the year. The investment needed for the construction of 
a tank and suitable roofing is often beyond the financial capacity of 
households. The acceptation depends of the taste of the water. 

Brief description: The principle is to 
catch rainwater on the roof of a 
house using gutters and downpipes 
(made of local wood, bamboo, 
galvanized iron or PVC) and leads it 
to one or more storage containers 
ranging from simple pots to large 
ferrocement tanks. A foul flush 
device or detachable down-pipe is 
fitted for exclusion of the first 20 
litters of runoff during a rainstorm, 
which is generally most 
contaminated with dust, leaves, 
insects and bird droppings.   
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2) Catchments and storage dams 
 
 
 
 
 
 
 
 
 
 
 
 
Dams may consist of raised banks of compacted earth (usually with an 
impermeable clay core, store aprons and a spillway to discharge excess 
runoff), masonry or concrete (reinforcing or not). We only refer to dams of 
less than few meters high. User can take water directly from the dam or it 
can be treated and distributed in a larger system. 
 
Operation activities: Operation by a caretaker can include action such 
as opening and closing of valves or sluices in the dam or conduits to a 
reservoir. Abstraction of the water from the water points is usually done 
by users (often women and children). 
 
Maintenance activities: During the year, animals and people have to be 
kept away from the catchments area and reservoir. The dam, valves, 
sluices and conduits have to be checked for leaks and structural failures. 
The catchments area must to be checked for contamination and erosion. 
To avoid mosquito breeding and the possible spread of malaria, Tilapia 
fish can be introduced to the reservoir.  
 
Advantages: Continuous use of water source. Recurrent material costs 
are usually small. Caretaker should be added or a person who lives or 
farms near the site could be appointed. 
 
Inconvenient: Problems on contamination of the water. Waterborne and 
water-related diseases like bilharzias and malaria. Even if law does 
provide some protection, catchments areas are vulnerable to damage by 
animals and people.  
 
 
 
 
 

Brief description: With the help of a 
dam, the rainwater or snow 
catchments of a natural surface like 
a bedrock area or a valley can be 
made available for human use. 
Water is caught and stored behind 
the dam or diverted to a separate 
reservoir. Important factors in the 
planning of dams are annual rainfall 
and evaporation pattern, present use 
and runoff coefficient of catchments 
area, water demand, geology and 
geography of catchments area and 
building site.  
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3) Spring water collection 
 

 
 

prevent surface water from leaking in. The drain usually is placed in a 
gravel pack covered with sand and may lead to a conduit or a reservoir. 
To prevent contamination from infiltration from the surface, a ditch, known 
as the interceptor drain, diverts surface water away from the spring box 
and a fence keeps animals out of the spring area. 
 
Operation activities: Water should be permitted to flow out freely all the 
time to prevent it finding another way out of the aquifer. Operation may 
include activities such as opening or closing valves to divert the water to 
a reservoir or a drain. Spring and surroundings must be kept clean. 
 
Maintenance activities:  The main point is to prevent pollution both in 
the area where the spring water infiltrates into the ground and in the 
immediate surroundings of the spring. Check the water flow from the 
spring box. If there is an increase in turbidity, surface runoff has to be 
identified and the protection of the spring improved. If water flow 
decreases, it has to be suspected that the collection system is clogged. 
 
Advantages: Recurrent material costs are usually very low. Caretakers 
will need to be added but will usually be low as well. Total recurrent costs 
are often less than US$ 1 per year per capita, which includes O&M costs 
for the water transport system. 
 
Inconvenient: Problems may arise though when a sudden large 
investment is needed for construction or a large repair or replacement of 
the system. Some springs may not deliver enough water during the year. 
Not all springs produce clean water of acceptable taste. Springs may be 
sited too far from the households or on private owned land.  

Brief description: 
This system adducts 
and protects ground 
water flows at the 
points where these 
arrive at the surface. 
The main parts of a 
spring water collection 
are a drain under the 
lowest natural water 
level, a protective 
structure providing 
stability and a  seal  to 
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Wells 
 
1) Dug Well 

 
 
Operation activities:  In the case of water abstraction with a rope and 
bucket, operation may exist of taking off and replacing the cover of the 
well.  
 
Maintenance activities: Usually little maintenance is required. Check 
daily for any debris visible in the well and remove. Clean the concrete 
apron. Check the fence and drainage and repair or clean. If the well has 
fallen dry or does not yields enough water, it has to be extended and 
lined further downwards. The users of the system can execute it, 
whereas larger repairs may require higher skilled labour, which can 
usually be provided by local craftsmen. 
 
Advantages: Recurrent material costs are usually small. Caretakers will 
need to be added but will usually be low as well. Dug well can often be 
constructed with only locally available tools, materials and skills. In case 
that the water lifting system breaks down and cannot be repaired, it can 
continue to be used with rope and bucket. Also, it has a greater storage 
capacity and it can be constructed in formations where hand or even 
mechanical drilling is difficult or impossible. 
 
Inconvenient: Wells constructed at locations which are too far from the 
users’ or which are too difficult to reach, will not or insufficiently be used 
or maintained. Wells should not be sunk near places with latrines.  
 
 
 

Brief description: A dug well gives 
access to groundwater from an aquifer 
and facilitates its abstraction. The term 
“dug” refers to those wells which can 
be entered by a person to clean or 
deepen and which will therefore rarely 
be less than 0.8m in diameter. Its 
structure consists in three main parts: a 
stone, brick or concrete apron; the 
lining between ground and water level 
and the lining under the water level. 
Other components often found are: a 
drain and a fence with a gate 
surrounding the well. 
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2) Drilled Well     

    
Operation activities: Operation of the well itself is usually not required. 
When production capacity of the well is lower than the demand, daily 
monitoring of the water level may be necessary. Abstraction of the water 
from the well is usually done by the users, often women and children, or 
by a caretaker. 
 
Maintenance activities: Apart for cleaning the apron daily and 
occasionally cleaning the drain and repairing the fence, if present, there 
are hardly any maintenance activities. There are various rehabilitation 
technologies such as forced air and water pumping, brushing and 
treatment with chemicals. It is very difficult to deepen an existing drilled 
well. 
 
Advantages: Recurrent material costs are usually small. Caretakers will 
need to be added but will usually be low as well. Also, irrigation may be 
another use of the well. 
 
Inconvenient: Occasional large maintenance activities such as 
rehabilitation of the well may suddenly require a high investment, which 
may pose problems if this has to be financed by the community, The life 
expectancy of a good well is over twenty years but after a few years the 
yield may diminish drastically and rehabilitation may be necessary. Well 
construction depends of geo-hydrological conditions, depth and yield of 
aquifers and presence of rock formations above them. Wells constructed 
at locations which are too far from the users or which are too difficult to 
reach, will not be sufficiently used or maintained. Wells should not be 
sunk near places with latrines. 
 
 

Brief description: Drilled wells, 
tube-wells or boreholes gives 
access to groundwater in an 
aquifer and facilitate its 
abstraction. They differ from dug 
wells in the small diameter, 
generally varying between 0.1m 
and 0.25m from the casing, 
which does not allow a person to 
enter for cleaning or deepening.  
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3) Subsurface harvesting systems 

 
 
 
Both dam types have wing walls embedded in the riverbanks against 
which rocks may be piled up to prevent erosion. 
 
Operation activities: Operation may include activities such as opening 
or closing of the gravity pipe, control and monitoring tasks, and operation 
of the water supply systems. 
 
Maintenance activities: Usually little maintenance is required. Regular 
cleaning of well or gravity pipe if applicable. After each large flood, check 
the dam to see if the water has damaged it. During the dry season, raise 
a raised sand dam by a maximum of 50cm if the reservoir has filled up.  
 
Advantages: For subsurface dams, recurrent material costs are usually 
low. Caretakers will need to be added but will usually be low as well.  
 
Inconvenient: The distance between possible construction sires and 
water users may be too large. Locally available materials may not meet 
the high requirements in construction. The investment, in labour, cash or 
kind, needed for the construction of subsurface harvesting systems may 
be beyond the capacity of communities. Subsurface harvesting is 
inappropriate where the resulting rise of the water table could have a 
negative impact on, agriculture, infrastructure works or buildings. 
 
 
 
 
 

Brief description: Subsurface harvesting 
systems retain groundwater flows and 
facilitate their abstraction. Two main 
systems are distinguished: subsurface 
dams, where an impermeable dam is built 
across a surface aquifer and based on top 
of an impermeable layer. The crest of the 
dams is about one meter under the surface 
level to prevent land becoming 
waterlogged; and raised-sand dams where 
an impermeable dam is built across the 
bed of seasonal sand-filled river with the 
crest reaching a few decimetres above the 
upstream riverbed.  
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Intakes 
 
1) Protected side intake 

 
 
The river water may enter the side intake through a screen and a spillway 
overflow may be provided. Sometimes protected side intakes are 
combined with a dam and a flushing sluice that enables flushing the 
upstream part of the river. 
 
Operation activities: Operation is usually done by a caretaker. Daily, a 
valve or a sluice may have to be adjusted and the inlet to the channel or 
pump must be checked; any debris obstructing it must be removed, any 
damage repaired. 
 
Maintenance activities: Preventing maintenance consists of painting 
screens and other metal part like sluices or valves. Depending on 
sedimentation, the intake canal and silt trap have to be desalted. Any 
debris has to be cleaned from screens regularly and if they get damaged, 
they have to be welded. During the rainy season the inlet may have to be 
checked and cleaned more frequently. Any erosion damage to the 
riverbank or bed has to be repaired immediately with boulders, rocks, 
bags filled with sand, etc. Cracks in the concrete structure have to be 
repaired every year. 
 
Advantages: In general, recurrent costs are low, especially if the inlet is 
not subject to erosion. 
 
Inconvenient: River and lake water may be polluted. Clogging by silt or 
debris. Undermining by river currents. 
 

Brief description: A protected side 
intake provides a stable place in the bank 
of a river or lake from where the water 
can flow into a channel or enter the 
suction pipe of a pump. Side intakes are 
sturdy structures, usually made of 
reinforced concrete, and may have 
valves or sluices to flush any sediment 
that might settle. Often a protected side 
intake is combined with a weir in the river 
that keeps the water at the required level, 
a sand trap to let sand settle and a 
spillway to release excess water.  
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2) Bottom River Intake 

 
 
From the canal, the water enters a sand trap and after that it may pass a 
valve and flow by gravity or be pumped into the rest of the system. 
 
Operation activities: Operation is usually done by a caretaker. The inlet 
must be checked regularly. Debris obstructing it must be removed and 
any damage repaired. The sand trap must be cleaned regularly. 
 
Maintenance activities: Preventing maintenance consists of painting 
screens and other metal parts like sluices or valves. Depending on silt 
and bed load transport, sand trap and screen will have to be cleaned 
regularly and sometimes the screen or a valve may need repair. Any 
erosion undermining the structure must be repaired immediately. Each 
year the concrete structure has to be checked for cracks and repaired if 
needed. 
 
Advantages: Recurrent costs are low, especially if the inlet is not subject 
to erosion. 
 
Inconvenient: River and lake water may be polluted. During the dry 
season, the amount of available water may be too low. Clogging by silt or 
debris. Undermining by river currents. 
 
 
 
 
 
 
 
 

Brief description: Bottom river intakes 
for drinking water systems are usually 
applied in small rivers and streams 
where sediment content and bed local 
transport are low. The water is 
abstracted through a screen over a 
canal, usually made of concrete that is 
built in the riverbed. The bars of the 
screen are laid in the direction of the 
current and sloping downwards so that 
coarse material cannot enter and 
continues its course.
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3) Floating intake 
 

 
 
 
For the construction of the pontoon, a steel or wooden frame can be 
made with floaters of empty oil drums, plastic containers or sealed steel 
tubes of at least 30cm diameter. 
 
Operation activities: Operation is usually done by a caretaker. The 
pump inlet must be checked before and during pump operation; any 
debris obstructing it must be removed, any damage repaired. Mooring 
cables have to be checked daily and adjusted if necessary. 
 
Maintenance activities: Flexible pipe connections must be checked for 
leaks together with daily pump and inlet inspection. When the inlet gets 
obstructed it must be cleaned. Any damaged to mooring or the pontoon 
structure must be repaired immediately. Depending on the materials used 
the pontoon has to be painted regularly, at least once a year for steel 
parts. 
 
Advantages: Depending on pump, yield of source could be much 
appropriated. Low expenses may be expected for welding and painting, 
replacement of cables and some other material costs. 
 
Inconvenient: Collision with floating objects. Worn pipe connectors 
between pontoon and bank. Lakes and rivers may be of poor quality. 
 
 
 
 
 

Brief description: Floating intakes for 
drinking water systems allow abstraction of 
water from a river or lake near the surface, 
thus avoiding the heavier silt loads 
transported close to the bottom during 
floods. The inlet of the suction pipe of a 
pump is connected just under the water 
level to a floating pontoon that is moored to 
the bank or bottom of the lake or river. The 
pump itself can be located on the bank or 
the pontoon. The advantage of placing the 
pumping the pontoon is that it can be 
combined with a turbine to use water 
current energy and that the suction pipe 
can be extremely short.
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4) Sump Intake 

 
 
 
Operation activities: Operation is commonly done by a caretaker. The 
sump must be checked daily for sufficient water inflow; any debris 
obstructing it must be removed, any damage repaired. 
 
Maintenance activities: Most of the maintenance goes to the pump. The 
intake itself needs some cleaning and desalting. If it caves in or if the 
river or lake bank erodes, repairs have to be made. 
 
Advantages: Apart from some labour costs, sump inlets present few 
recurrent costs. 
 
Inconvenient: silt or debris may clog the inlet pipe. Erosion caused by 
river current may undermine the intake structure and the bank. Water 
quality from rivers and lakes may be poor. Not suited for rivers that are 
very shallow at low flow rates. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Brief description: In a sump intake, 
water from a river or a lake flows through 
an underwater pipe to a well or sump 
from where it is lifted, usually into the 
initial purification stages of a drinking 
water system. The inflow opening of the 
underwater pipe is located below the low 
water level and is screened. The well 
provides a place for sedimentation and 
protects the pump against damage by 
floating objects. Sometimes two sump 
intakes are built for one pump in order to 
facilitate cleaning. 
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I.4 Water lifting technologies 
 
 
Water lifting means a considerable amount of additional operation and 
maintenance activities and potential problems, so often gravity systems 
are preferred, if available. Therefore, when distances to a gravity water 
source get very long, or quality and quantity are not appropriate; water 
will have to be lifted. 
 
For this purpose, a great variety of lifting technologies options exists from 
the simple manual rope and bucket to more sophisticated types of 
pumps.  
 
 
I.4.1 Pumps 
 
Pumps are complex machines; it is therefore recommended that any 
installation, operation or maintenance should not undertake by untrained 
and inexperienced staff. 
 
 
Classification of pumps 
 
Pumps could be kinetic or positive displacement. Kinetics pumps are 
centrifugal, peripheral and specials (gas, electromagnetic, etc.). Positive 
displacement pumps are basically rotary and reciprocating (hand pump). 
 
Among the kinetics pumps the most commonly used is the centrifugal 
pump, which may be of a single-stage or multistage type. The centrifugal 
pump in its several variations has almost completely displaced all other 
types of pumping equipment for piped water supplies. The hand pump 
uses human and animal power, Other types of pumps include rotary, 
injection or jet, air lift, and hydraulic ram pumps, and are largely used for 
special applications. 
 
For small communities in developing countries, human and animal 
powers are often the most readily available power for pumping water, 
particularly in rural areas. Under suitable conditions, wind power is of 
relevance. Solar energy has potential but has been little used for water 
pumping to date. Diesel engines and electric motors imply much greater 
expense, both in capital and recurrent cost and also require skilled 
operation and maintenance. They should only be used if the necessary 
fuel or electricity and operating costs are affordable and if adequate 
trained personnel for maintenance and spare parts are obtainable. 
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Selection of Pumps 
 
Some important considerations for selection of pumps include: 
 

• Nature of the water to be pumped. The nature of the water 
will determine the type of impeller best suited for the purpose 
and the material to be used for pump construction. For 
pumping clear water, pumps with single or double suction and 
close-type impellers are recommended. For pumping muddy 
water, pumps with mixed flow impellers are suitable. For 
pumping brackish water, corrosion-resistant materials should 
be used. 

 
• Pumping capacity and lifting head. For small units, the 

single suction, closed impeller, type of pump is more practical. 
For larger plant, the horizontal shaft, double suction, volume 
casing centrifugal pump is the most commonly used type. 

 
• Initial cost of pump and its driving equipment. Efficiency is 

a very important factor where electric motors are used, 
particularly where power is expensive. In some circumstances, 
a new pump installed to replace and old, inefficient one would 
pay for itself within a very short time simply by reducing 
electricity consumption. 

 
• Extent and reliability of maintenance. Pumps in which all 

moving parts are above ground and easily accessible are 
preferable and will in most instances be easier to maintain. 
However, if qualified maintenance can be assured, pumps with 
submerged cylinders should be considered. 

 
• Desirability of standardisation and reduction of spare 

parts. When a number of pumps are involved, it is desirable to 
standardise the units so that parts are easily interchangeable in 
times of emergency, and to reduce the number and diversity of 
spare parts to be stocked for repair and maintenance 
purposes. 

 
• Fluctuations in suction levels. Suction lift is of great 

importance when dealing with centrifugal pumps. Normally, the 
pump should be installed such that the distance of the centre 
line of its suction opening from the lowest water level obtained 
in the well. If the suction lift exceeds the maximum value, 
serious problems like cavitations may result. 
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I.4.2 Power systems 
 
Pumps for non conventional water supply systems are normally powered 
by hand, electric motors, or diesel or petrol engines. In special cases 
pumps may also be powered by animals, water (turbine, hydraulic ram), 
windmills or solar cells. 
 
 
Human Power 
 
It is restricted to small systems. Human pumping rates commonly do not 
exceed about 30 l/min at lift heads of several meters only and may 
become much lower for larger heads. Experience shows that hand 
pumps used by the general public, as contrasted with hand pumps for 
individual households, show excessive water and maintenance problems. 
 
 
Electric Power Sources 
 
Where electricity is available from a central supply nearby, it is the most 
convenient and economical power source for a pump. Small electric 
motors are low in initial cost and maintenance and easy to operate. The 
electric power source should be reliable and not subject to significant 
voltage variation. If the reliability is low and power outages of several 
hours are frequent, sufficient elevated storage or an emergency power 
source should be provided. The required power supply in KW can be 
estimated from pump tables supplied by pump manufacturers.  
 
 
Combustion Engines 
 
In the absence of electricity or as standby in event of power failure, 
diesel, petrol or gas engines may be used to drive pumps directly. 
Normally this arrangement is cheaper and more efficient than using a 
motor-driven generator to produce electricity to drive the pump. However, 
where submersible pumps are used, an electricity generator driven by a 
combustion engine is necessary. 
 
 
Other Power Sources 
 
In special situations other power sources may become technically and 
economically feasible, like windmills, turbine water and solar cells. 
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I.4.A Fact Sheets 
 
 
Pumps and Lifting Devices 
 
1) Rope and Bucket through a Pullet or on a Windlass 

 
 
Operation activities: Lower and raise the bucket by paying out and 
pulling in the rope or rotating the windlass. One must be careful not to 
dirty the rope or bucket. 
 
Maintenance activities: Preventive maintenance consists of greasing 
the bearings of the windlass or pulley. Small repairs are limited to 
patching of holes in bucket and hose, reconnecting hinge of bucket and 
fixing windlass bearings or handle. All repairs can be done by local 
people and with tools and materials available in the community or area. 
 
Advantages: Depending of quality, only occasional purchase of rope, 
bucket, hose, wire, etc, also occasional repair costs of windlass are low. 
The area of use is all over the world, mainly in rural areas.  
 
Inconvenient: Fast deterioration of bad quality rope. Bucket falls into 
well. In windlass with hose systems the hose breaks frequently. Hygiene 
is very poor, especially when rope and bucket touch hands and ground. 
Communal wells often tend to get more contaminated than family-owned 
wells. 
 
 
 
 
 
 

Brief description: Mostly used with hand-
dug wells. A bucket on a rope is lowered 
into the water. When hitting the water, the 
bucket dips and fills itself and is pulled up 
with the rope. For water depths of less than 
10m, one can use a windlass with a hose 
running from the bottom of the bucket to a 
spout at the side of the well. Even with this 
system and a protected well, hygiene is 
poorer than with a bucket pump. 
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2) Bucket Pump 

 
 
 
Operation activities: Rotate the handle of the windlass; handle the 
bucket. Adult and children can operate the pump. 
 
Maintenance activities: Keep pump and environment clean. Preventive 
maintenance consists of lubricating the wooden bearings of the windlass, 
checking nuts and bolts and checking the functioning of the valve. Small 
repairs are the replacement of the valve washer, repair of a link in the 
chain. Main repair is the fixing of the bottom edge of the bucket. 
Sometimes replacement will be needed for the chain, the bucket or the 
bearings of the windlass. 
 
Advantages: Easy use for operator. Recurrent costs are mainly of new 
washers for the valve. 
 
Inconvenient: Low discharges rates. Danger of contamination in 
communal wells. Chlorine for well disinfection often not locally available. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Brief description: Mostly used in drilled 
wells. Consist of a windlass over 125mm 
PVC tube in which a narrow bucket with a 
valve in the bottom is lowered into the 
water on a chain. When the bucket hits the 
water, the valve opens and the water flows 
in. Raising the bucket, the valves closed 
and the water stays inside. Releasing the 
water, the operator of the pump rests the 
bucket on a water discharge, which open 
the valve in the bottom. The bearings of the 
windlass are made of wood.
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3) Rope Pump 

 
 
 
Operation activities: This can be done by men, women, and children. 
Turning the handle of the pulley wheel makes the water comes up. After 
pumping, the wheel has to be held for a moment in order to drain the 
water in the riser pipe and to prevent the washers from being pulled back 
in the pipe, which would cause extra wear. Site and pump must be kept 
clean. 
 
Maintenance activities: Depending on use and type of bearings, at 
intervals not to exceed one week, the axle bearings must be greased. 
Fixations of the pulley wheel and the rope have to be checked regularly. 
About every six months till every three years, the rope has to be 
replaced, and every few years the washers have to be renewed. Tubes 
last for at least six years; the frame and pulley wheel of the pump can last 
from six to twelve years; and the rope guide should last for several years. 
All repairs can be done by the users themselves, sometimes with the 
assistance of a craftsman for welding. 
 
Advantages: Although quality of designed and construction may differ 
significantly, the rope pump has the potential to be low in cost and 
operated and maintained at the village level. 
 
Inconvenient: Traditional rope pumps have a lift of only about 10m. The 
pump requires more care by users than many other pumps and is more 
susceptible to contamination. Excessive wear of the rope because of 
exposure to sun. Poor installation of inferior quality, pulley, or guide 
block. Problems with the pulley wheel. Poor quality of pistons, frame 
structure, pulley and guide block. Rope exposed to open environment, 
needs to be protected. 
 

Brief description: The basic parts of a rope 
pump are a pulley wheel above the well, a 
riser pipe from under the water level to an 
outlet just under the wheel, and a rope with 
rubber or plastic washers that goes through 
the pipe over the wheel, back down into the 
wheel and into the pipe again. When the 
wheel is being turned, the upward moving 
washers lift water into the pipe towards the 
outflow. The rope pump can be made 
completely at village level using wood, rope 
and PVC or bored out bamboo tubing.
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4) Suction Plunger Hand-pump 

 
 
 
 

With the next upstroke this water is pushed up by the plunger and flows 
out at the top while new water flows up in the suction pipe. 
 
Operation activities: Operation begins with priming the pump by pouring 
clean water on the plunger through the top of the pump stand. Pumping 
is done by moving a handle up and down, usually while standing beside 
the pump.  
 
Maintenance activities: Suction pumps are relatively easy to maintain. 
This can be done by a village pump caretaker or by the users 
themselves, using simple tools, basic spare parts and materials. 
Preventing maintenance consists of greasing bearings and inspection of 
the interior of the pump stand. During these inspections, smaller repairs 
like replacement or washers etc. may prove to be necessary. For major 
repairs, higher skilled persons as well as more specialized tools and 
material may be needed. 
 
Advantages: Easy use for functioning in rural and low-income areas 
where groundwater tables are within 7 m. from the surface. The pump 
may function without major problems for over seven years.   
 
Inconvenient: The maximum pumping lift of about 7m. is the biggest 
drawback of suction pumps. Suction pumps must be primed, for which 
contaminated water is often used. Most pumps are designed for family 
use and are not sturdy enough for more intensive communal use. 
 
 
 

Brief description: A suction plunger hand 
pump has its cylinder and plunger (or 
piston) locates above the water level, 
usually within the pump stand itself. These 
pumps must be primed by pouring water on 
the plunger. On the up-stroke of the 
plunger, the pressure in the suction pipe is 
reduced and the atmospheric pressure on 
the water outside pushed the water up into 
this pipe. On the down-stroke, a check 
valve at the inlet of the suction pipe closes 
and water passes the plunger through the 
opened plunger valve.  
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5) Deep Well Diaphragm Pump  

 
 
 
Operation activities: Operation is done by pushing down the pedal by 
foot or handle. Considerable effort is needed to push the pedal, which is 
acceptable since full body weight can be applied. 
 
Maintenance activities: Every day, the pump head, platform and 
surroundings should be cleaned, nuts and bolts be tight. Every month, 
the drive piston, rings and guide bushing should be checked and 
replaced if necessary. Depending on borehole conditions and at least 
once a year, the down-hole parts have to be checked and the whole 
pump should be washed with clean water. A major repair is the 
replacement of the diaphragm.  
 
Advantages: The principle of the pump is attractive because it allows the 
use of thin flexing hoses, making it easy to install or remove without the 
need for special tools or materials. It is possible to install several pumps 
in a single well or borehole. 
 
Inconvenient: Unsuitable for use by children and pregnant women. 
When the community is unable to suddenly pay the high costs for 
replacement of the diaphragm or when no skilled mechanic is available 
when such replacement is needed, users may temporally be forced to 
return to their traditional sources. 
 
 
 
 
 
 
 

Brief description: Inside a cylindrical pump 
body at the bottom of the well, a flexible 
diaphragm shrinks and expands like a tube 
shaped balloon taking the water in through 
an inlet valve connected to a flexible hose 
which leads it to the surface. The piston is 
moved usually by a pushing down a foot 
pedal. When foot pressure is removed, the 
elasticity of the diaphragm forces water out of 
it and back up the pilot pipe to lift the pedal. 
Another type of similar pump is the Piston 
Hand-pump.
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6) Centrifugal Pump 

 
 
 
 

In order to be able to place the pump above the suction limit, some 
pumps inject a jet stream of water at the inlet of the suction pipe. 
 
Operating activities: During pumping, check condition of engine, water 
output of pump, vibration. If the pump house runs dry, clean water has to 
be poured into it. Maintain pump inlet, keep pump and engine clean. 
Report running hours, problems, servicing, maintenance and repairs in 
logbook. 
 
Maintenance activities: Dismantle pump annually, remove rising main 
from well and inspect. Check inlet screen, foot valve and pipe threads 
and re-cut corroded or damaged threads. The foot valve might need a 
new rubber or have to be replaced. All other repairs, like replacement of 
bearings or impeller, involve high costs and have to be done by qualified 
technicians. 
 
Advantages: Improved type of pump, no human power is needed. The 
cost for spare parts, materials, tools and equipment are generally low 
compared to the costs for fuel or electricity. 
 
Inconvenient: Price and reliability of electricity or fuel and the need for 
skilled technicians. Debris, sand or other particles entering into the pump, 
causing abrasion damage. Cavitations damages caused by clogged inlet. 
Damage to pipeline system due to severe pressure surges caused by 
abrupt starting and stopping of pump. Fast wear of bearings if pump and 
engine are badly aligned. 
 
 

Brief description: The essential components 
of a centrifugal pump are the fast rotating 
impeller and the casing. Water flows in at the 
centre of the impeller, which imparts kinetic 
energy to it, producing an outward flow due to 
the centrifugal forces. The kinetic energy of the 
water is partly converted to useful pressure 
which forces the water into the delivery pipe. 
The water leaving the eye of the impeller 
creates a suction, which draws water from the 
source into the pump. Because pump and 
engine are located under water, this is called a 
submersible pump. 
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7) Submersible Pump 
 

 
 
 
 
 

Operation activities: During pumping, check water flow clearness and 
power consumption of pump. If water is turbid, the well has to be cleaned 
or the pump will wear quickly. Report running hours, problems, servicing, 
maintenance and repairs in logbook.  
 
Maintenance activities: Remove pump and rising main from well and 
inspect annually. Check inlet screen, valve and pipe threads and re-cut 
corroded or damaged threads. Replace badly corroded pipes. Inspect 
electric cables and check insulation between cables. All other repairs, like 
replacement of stages, involve high cost and have to be done by a skilled 
technician. 
 
Advantages: Improved type of pump, no human power is needed. The 
cost for spare parts, materials, tools and equipment are generally low 
compared to expenses for electricity. 
 
Inconvenient: Price and reliability of electricity or fuel and high 
technology level are the main limitations. Sand or other particles entering 
into the pump, causing abrasion damage. Corrosion of rising main. 
Damage caused by abrupt starting and stopping of pump. 
 
 
 
 
 
 

Brief description: Because pump 
and engine are located underwater, 
this is called a submersible pump. 
Usually it is a multi-staged pump, 
placed above the engine and under a 
check valve, which leads to the rising 
main. In order to prevent the pump 
from running dry, the water level in 
the well must be monitored, and 
pumping must be stopped if the 
water level drops to the intake of the 
pump. Power is delivered through a 
heavily insulated electricity cable 
connected to a switch panel at the 
side of the well.  
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8) Axial Flow Pump 
 

 
 
 
 
Many rotary pumps use an impeller that is shaped somewhere in 
between an axial-flow and a centrifugal impeller to serve for specific 
situations.  
 
Operation activities: Before operation the caretaker has to see if the 
inlet is clean and during operation he has to check that it runs smoothly 
and water output is normal. Maintain pump inlet, keep pump and engine 
clean. Report running hours, problems, servicing maintenance and 
repairs in logbook. 
 
Maintenance activities: Dismantle pump annually and check impeller 
blades, guide vanes and bearings for damage, check for oxidation. 
Repair, paint or replace if necessary. Grease bearings if appropriate. 
Replacements of bearings, seals or impeller sometimes involve high cost 
and have to be done by qualified technicians. 
 
Advantages: Only low pumping heads are needed.  
 
Inconvenient: Debris, sand or other particles entering into the pump, 
causing abrasion damage. Cavitations damage caused by clogged inlet. 
Damage to pipeline system due to severe pressure surges caused by 
abrupt starting and stopping of pump. Rapid wear of bearings if pump 
and engine are badly aligned. Also, price and reliability of electricity or 
fuel and high technology level are the main limitations. 
 
 
 
 

Brief description: The axial-flow or 
propeller pump moves the water similar 
to a ship’s propeller; in fact, often a 
boat propeller is used to improvise an 
axial flow pump. In contrast to the 
centrifugal pump, the water flows 
through the pump in the same direction 
as the drive shaft. These pumps are 
specifically suited for high flows and 
low-pressure heads. It turns in a 
cylindrical casing where fixed guide 
blades may be installed in order to 
minimize whirls.  
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9) Hydraulic ram pump 

 
 
 
New designs use a buffer chamber that contains a piece of compressible 
rubber instead of air. 
 
Operation activities: Hydraulic rams have to be started by hand, 
repeatedly opening the impulse valve until the pump continues to operate 
by itself. The weight or spring tension on the impulse valve may have to 
be adjusted to reach the right frequency. Pump inlet, pump and site must 
be kept clean. 
 
Maintenance activities: Proper functioning of the delivery valve must be 
checked weekly, bolts should be tightened and occasionally the pump will 
have to be dismantled and cleaned from sand and silt accumulated in it. 
Once in a while, the rubbers of the valves will have to be replaced, the 
frequency depending greatly on rubber quality.  
 
Advantages: Because of the low cost of a hydraulic ram pump and 
intake works, this technology is suitable for communal use. 
 
Inconvenient: Hydraulic rams need a water supply that is at least one 
metre higher than the pump body. When the pumping lift is high, the 
amount of water pumped is only a fraction of the intake through the drive 
pipe. For that reason, output flow is generally low. 

Brief description: Hydraulic rams are 
devices that pump water using the shock 
energy of flowing water mass that is 
suddenly forced to stop. Only part of the 
water used is pumped up to higher altitude. 
At the beginning of the pump cycle, water 
starts to flow from the source down through 
a several meters long inclined and rigid 
drive pipe into the hydraulic ram body and 
out through the impulse valve. If the water 
has accumulated enough velocity, it forces 
the impulse valve to close with a blow and 
the water in the drive pipe suddenly comes 
to a stop. This produces a shockwave in 
the water mass that forces an amount of 
water through the delivery valve, which is 
located in the pump body, into a buffering 
air chamber and from there up the 
delivered pipe.
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Power systems 
 
1) Electric Power Sources 

 
Brief description: Where electricity is available from a central supply 
system nearby, it is the most convenient and economical power source 
for a pump. The costs of these systems vary depending on the distance 
of the pump site from the grip, the size of the distribution network, and the 
type of reservoir. 
 
Operation activities: The electric power source should be reliable and 
not subject to significant voltage variation. 
 
Maintenance activities: Submersible electric pumps can operate with 
little maintenance. Repairs in the stop to star pump control device. 
 
Advantages: If a distribution network with standpipes is already installed, 
then the access to the source is relatively easy. 
 
Inconvenient: A water storage tank is required to ensure water supply 
during the period when power supplies are suspended and to balance the 
hourly fluctuations in demand.  
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2) Diesel Engine 

 
Brief description: Diesel engines are very often used as a stationary 
power source. The main parts of the engine are the cylinders, pistons, 
valves and crankshaft. Efficiency of diesel engines is higher and they 
need less maintenance than petrol engines. Diesel engines can differ in 
size, speed, cycle, cooling system, etc. 
 
Operation activities: The engine must be operated by a trained 
caretaker. Every engine has its own typical operating instructions. Before 
starting it, the levels of fuel, oil and cooling water are checked.  
 
Maintenance activities: Every day the outside of the engine must be 
cleaned, and in dusty conditions the air filter must be checked and 
cleaned. Some parts may need manual lubrication. The engine is 
serviced for preventive maintenance according to the number of hours it 
has run. 
 
Advantages: The capital cost for engine, generator and pump are 
acceptable. It is practicable in areas of especially high power need and 
where no grid electricity is available. 
 
Inconvenient: Frequent maintenance. Fuel cost a lot and may be difficult 
to get. From time to time a specialist mechanic is needed for service and 
repairs. 
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3) Solar Cell systems 

 
Brief description: They convert the energy from light directly to 
electricity. They are made from special materials like silicon, germanium, 
selenium, etc. A number of solar cells wired together under a protective 
glass plate is called a module. Modules can be connected in parallel or 
series according to the required voltage and current. The electricity 
produced may go directly to an engine or be stored in batteries. 
 
Operation activities: Solar cell systems work completely automatically. 
No operation is needed. 
 
Maintenance activities: Taking dust off the glass module plates 
periodically is about the only regular maintenance. The external wires, 
supporting structure of the array, cover of electronic components and a 
fence may need some occasional repairs. 
 
Advantages: It is practicable in areas of especially high power need and 
where no grid electricity is available. The system requires little operation 
and maintenance. 
 
Inconvenient: Initial investment is high. Not so feasible for areas with 
less insulation than 3 KWh/m2/day. 
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4) Windmill 

 
Brief description: The most common models have a rotor fixed to a 
horizontal axis and mounted on a tower of steel. Wind forces move the 
rotor and this movement could be used to drive a pump, usually of the 
piston type. Transmission can be direct or via a gear box. A vane keeps 
the rotor facing the wind and positions it parallel to the wind in case of 
excessive speeds. 
 
Operation activities: Some windmills require manual release of the 
furling mechanism after excessive wind. When no pumping is needed, 
the windmill may be temporarily furled out of the wind by hand. Windmill 
and pump functioning should be checked regularly to correct any 
abnormally. 
 
Maintenance activities: Every month, the windmill and pump must be 
checked visually. Loose nuts and bolts have to be tightened and grease 
may be needed on moving parts. Especially the bolts on pumping rods 
tend to get loose. Poor maintenance will lead to rapid bearing wear, and 
wind damage to rotor and other parts. 
 
Advantages: In windy areas where fuel is expensive or the supply is 
unreliable, windmill pumps have proven to be a very competitive 
alternative to diesel-driven pump systems. 
 
Inconvenient: When wind speeds are lower than 2m/s, most windmills 
cannot pump. Also, badly trained or irresponsible caretakers may block 
the furling mechanism so excessive winds damage the windmill. Moving 
parts may wear fast because of lack of lubrication. 
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I.5 Water treatment technologies 
 
 
One of the most important objectives in any WS project is to select the 
best quality source of eater, which is economically feasible, to minimize 
dependence on treatment. The selection and design of treatment 
processes is to keep them as simple as possible and to assure their 
proper operation with a minimum of attention. The technology necessary 
for water treatment in rural communities is well established and it is rare 
that innovative treatment will be advantageous. 
 
 
I.5.1 Treatment of Groundwater 
 
Groundwater is the preferred source of water for rural communities 
because it is generally of high quality and requires little treatment. 
Following is a summary of the types of treatment processes most likely to 
be required for groundwater supplies. 
 
No Treatment 
Gravity springs and deep well supplies may be quite safe without 
disinfection, if the source can be protected against contamination. This 
needs to be affirmed by a sanitary survey and bacteriological examination 
of the water. 
 
Disinfection Only 
Groundwater, with disinfection as the only treatment, is the most common 
type of supply for small communities. Calcium hypochlorite or bleaching 
powder are most appropriate. On-site hypochlorination is feasible if units 
are manufactured locally and experience in their use has shown them to 
be reliable. 
 
Iron Removal 
Many groundwaters’ sources are high in iron and/or manganese. These 
pose no health problem but their removal is often desirable because they 
discolour the water, clothes and rice. The most common treatment is 
aeration, generally by spraying, followed possible by sedimentation if the 
iron content is very high, and slow or rapid filtration. Manganese removal 
may often be improved by chlorination before filtration. If the source is 
protected, and the treatment facilities enclosed, disinfection may not be 
necessary. 
 
Fluoride Removal 
Excessive fluorides are a serous health problem. Where fluorides need to 
be removed, the most suitable approaches are by ion exchange in 



Practical Manual of Non Conventional Water Supply Technologies 84 

activated aluminium or bone char filters or by coagulation with aluminium. 
Defluoridation is costly and not always effective, so selection of an 
alternative source, even at greater cost, may be the most feasible 
solution. 
 
Softening 
Hard waters make for difficulties in clothes washing. With the availability 
of modern detergents for washing, softening is not likely to be justified, 
given its high cost. 
 
 
I.5.2 Treatment of Surface Waters 
 
Following is a summary of the types of treatment processes most likely to 
be required for surfaces supplies. 
 
Disinfection only 
All surface waters must have at least disinfection. If the waters meet 
turbidity and colour standards without other treatment, disinfection alone 
will suffice. Where surface waters are highly coloured or turbid, resulting 
in a high chlorine demand, then treatment as discussed below may be 
justified prior to disinfection. Where water is polluted with wastewaters, 
treatment beyond disinfection is certainly required. 
 
Slow sand filtration 
Where surface water exceed the degree of turbidity standards slow sand 
treatment is appropriate. Such filtration requires no pre-treatment, is 
simple in construction and operation, low in cost and is well suited to rural 
communities. Roughing filters may be useful to prepare waters with 
slightly excess turbidity. Disinfection is requires after filtration. 
 
Rapid sand filtration 
Most river supplies or other surface supplies that are high in turbidity, 
even if only during the wet season, require rapid sand treatment, with 
pre-treatment generally consisting of chemical coagulation, flocculation 
and sedimentation. Slow sand filters clog too quickly. 
 
Activated Carbon treatment 
Should it be necessary to draw water from a source with excessive taste 
and odour or from a highly polluted source, activated carbon may be 
useful. Powered is added with the coagulant to absorb tastes and odours. 
It is not too expensive because it needs to be used only during those 
periods when tastes and odours are troublesome.  
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I.5.A Fact Sheets 
 
Household Water Treatment Systems 
 
1) Heating 

 
 

If it is not to be stored in the same pot in which it was boiled, the water 
should be poured into a clean storage container immediately after boiling 
in order to let the heat of this water kill most of the bacteria remaining in 
the storage container. 
 
Operation activities: Boiling water is usually done by women on a 
kitchen stove. Water is put in a clean pot that is placed on the lit stove. 
Sometimes herbs are added to the water. When the water starts to boil, 
the amount of fuel can be reduced and after boiling for ten minutes the 
water is allowed to cool down.  
 
Maintenance activities: Maintenance of the stove and pots forms part of 
everyday maintenance of the kitchen. Depending on design, quality of 
materials and workmanship and intensity of use, occasionally the stove 
has to be repaired or replaced. 
 
Advantages: No extra investments apart from a container for the boiled 
water. Disinfection is organized within the household. 
 
Inconvenient: Costs depend very much on fuel prices and stove 
efficiency. 
 
 
 
 

Brief Description: Heating is an 
effective way to free water from 
microorganisms. Usually it is 
recommended to let water boil for at 
least ten minutes at sea level and for a 
longer time at higher altitudes where 
boiling temperatures are lower. High 
turbidity does not affect disinfection by 
boiling but if the water is to be filtered, 
this must be done before boiling. For 
household use, water is mostly boiled 
in a pot on a stove.  
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2) Household Slow Sand Filter 

 
 
 
Operation activities: Operation of a slow sand filter is crucial to its 
effectiveness. The flow of water must be maintained constantly at 0.1m 
per hour to provide the organisms in the filter with a stable flow of 
nutrients and oxygen and give them time to purify the water. Flow 
regulation is done by adjusting the floating weir. The raw water storage 
tank must never get empty. 
 
Maintenance activities: After a few weeks to months of operation, 
depending on raw water quality, the flow rate in the filter gets too low and 
1 or 2 cm of sand and organic material have to be scraped off the top of 
the filter, washed, dried in the sun and put aside. When the filter bed 
becomes too thin, the washed sand is restored. Every year the tank must 
be checked for corrosion.  
 
Advantages: With good operation and maintenance, a household slow 
sand filter produces water virtually free from disease causing organisms. 
 
Inconvenient: In some regions, sand is expensive or difficult to get. As 
an alternative, other material like burnt rice husks could be used. 
Household slow sand filters require a substantial investment and 
dedicated operation and maintenance, and as a result can be quite 
expensive. 
 
 
 
 
 

Brief description: Water purification in 
a household slow sand filter is a 
combination of biological, physical and 
chemical processes occurring when 
water slowly passes downwards 
through a bed of sand. Fine particles 
are filtered out while in the sand and on 
top of the filter bed, a population of 
microorganism develops that feeds on 
bacteria, viruses and organic matter in 
the water, which has a purifying effect.  
The system consists of a raw water 
supply, a filter tank and a clean water 
tank. 
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3) Domestic Chlorination 

 
 
 
Operation activities: A concentrated chlorine solution has to be made 
freshly at least every week but preferable more frequently. Chlorine-
producing chemicals should be store in a cool and dry place and one 
should be careful to avoid contact with eye or clothes. Disinfection with 
chlorine can easily be learned. 
 
Maintenance activities: Apart from cleaning and occasional 
replacement of containers and utensils, no maintenance is needed. 
 
Advantages: All costs are recurrent costs. Relative low cost of chlorine. 
Some training of people at household level will be useful. 
 
Inconvenient: Chlorination does not kill all pathogenic organisms but is 
generally very effective. Water containing suspended solids is not 
suitable for chlorination. High cost and unavailability can be serious 
limitations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Brief description: Chlorination of water 
at household level can be applied as an 
emergency measure or as part of 
everyday life. When water quality cannot 
be trusted, a fixed amount of a 
concentred chlorine solution is added to 
a container with fixed amount of clear 
water. The amount of chlorine needed 
depends mainly on the concentration of 
an organic matter in the water and has to 
be determined for each situation.  
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Central Water Treatment Systems 
 
1) Pot Chlorination in Well 

 
 
 
 
Operation activities: Every month, depending among other factors on 
water quality and quantity used, the pot is taken out of the water and the 
mixture of clean dry sand and bleaching powder is replaced. Then the pot 
is placed back. The sand can be partly reused after washing and drying.  
 
Maintenance activities: Apart from occasional replacement of the pot, 
plastic cover, rope and utensils, no maintenance is needed. 
 
Advantages: Pot chlorination can be applied as an emergency measure 
or for longer periods. This method is suitable in areas where water 
sources need continuous disinfection and bleaching powder is available. 
 
Inconvenient: When the water contains a lot of organic matter or 
suspended material, proper disinfection will require a lot of bleaching 
powder. Regular testing of residual chlorine in the water is needed. High 
cost and unavailable can be serious limitations. 
 
 
 
 
 
 
 
 
 
 

Brief description: Pot chlorination is a 
method of continuous disinfection of the 
water in a dug well, spring or storage 
tank. A pot made of ceramics, plastic or 
other suitable material is filled with a 
mixture of two or three parts of sand and 
one of bleaching powder, sealed on the 
top with plastic and placed under the 
water level. Sometimes the pot is placed 
inside another pot to slow down diffusion. 
The size of the pot and the number and 
size of the holes have to be adapted to 
the quantity of the water and the 
amounts used daily. 
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2) Storage and Sedimentation 

 
 
 
Operation activities: Usually water will be let in every day or 
continuously but when water quality becomes too low and sufficient 
storage exists, water intake may be stopped temporarily. 
 
Maintenance activities: Depending on silt content and reservoir depth, 
the reservoir will have to be flushed regularly in order to remove the 
deposited silt. All valves must be opened and closed at least once every 
two months to keep them from getting stuck. Occasionally valves may 
need repair or replacement and leaks reservoir will have to be fixed. 
 
Advantages: Depending on construction technology used. It is 
convenient to use in area where raw water contains many solids in 
suspension or where quality or quantity at the source vary considerably. 
 
Inconvenient: If the solids in the water do not settle fast enough, 
flocculation may be needed. 
 
 
 
 
 
 
 
 
 
 
 
 

Brief description: The quality of raw 
water can be improved considerably 
by storage. A large storage reservoir 
permits avoiding intake when water 
quantity and quality at the source is 
temporally low. It can be constructed 
in many ways: as an unlined pool at 
groundwater level; it may have a 
lining of loam, clay or concrete or be 
completely constructed in brick or 
concrete. Commonly, reservoirs for 
sedimentation have two separate 
sections; while one is use the other 
can be cleaned. 
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3) Up-flow Roughing Filter 

 
 
An up-flow filter box can be made of brickwork, concrete of ferro-cement. 
Water flows in through an under-drains system on the bottom, usually a 
perforated PVC pipe, which also permits rapid abstraction during cleaning 
when the flow direction is reversed. 
 
Operation activities: The filters are operated on a continuous basis. 
Operation consists of regulating the water flow and checking the turbidity 
of the effluent. If this turbidity gets too high or the filters get clogged, it 
should be cleaned.  
 
Maintenance activities: Up flowing roughing filters are cleaned by 
backwashing and rapidly draining the water in the filter box. The surface 
layer of the filter has to be cleaned at least one a month, also the inlet 
and outlet should be cleaned. After several years of operation, hydraulic 
cleaning alone is not enough any more and the different filter layers have 
to be removes and cleaned. All valves have to be opened and closed at 
least once every two months in order to keep them from getting stuck. 
 
Advantages: Good performance in terms of effluent and removal of 
suspended solids. 
 
Inconvenient: Roughing filters only remove part of solids and pathogens 
in water. Additional treatment is needed. 
 
 
 
 
 
 
 

Brief description: Roughing filters 
are often used as a pretreatment 
technology as they remove the 
suspended solids from the water 
that could rapidly clog a slow sand 
filter. They can remove a 
considerable amount of pathogens, 
iron and manganese. There are 
different types of roughing filters 
with different flow directions and 
with different types of filter 
medium. 
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4) Slow Sand Filtration 

 
 
An inlet provides for smooth entrance of the raw water and an outlet 
structure leads the clean water from the drains to the clean water mains. 
 
Operation activities: Operation of a slow sand filter is crucial for its 
effectiveness. The flow of water must be maintained in the range of 0.1 
and 0.3 m per hour to provide the organisms in the filter with a stable flow 
of nutrients and oxygen and give them time to purify the water. Flow rates 
may have to be adjusted accordingly or the layer of supernatant water on 
the filter will get too high.  
 
Maintenance activities: When flow velocities get too low the filter is 
drained and the top layer of the sand is scraped off, washed, dried in the 
sun and stored. Hygienic measures must to be taken every time 
someone enters a filter unit for maintenance or inspection. Valves must 
be opened and closed every two months to keep them from getting stuck. 
 
Advantages: With good operation and maintenance a slow sand filter 
produces water virtually free from harmful organisms. 
 
Inconvenient: In some regions, sand may be expensive or difficult to get. 
An alternative such as burnt rice husks may be used. Slow sand filters 
require a substantial investment and dedicated operation and 
maintenance. 
 
 
 
 
 
 

Brief description: It is a combination 
of biological, physical and chemical 
processes occurring when water slowly 
passes downwards through a bed of 
sand. Fine particles are filtered out, 
and in the sand and on top of the filter-
bed, a population of microorganism 
develops that feeds on bacteria, 
viruses and organic matter in the 
water. The filter reservoirs have drains 
on the bottom, covered with gravel and 
the filter sand.
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5) Chlorination in Piped Water Supply Systems 

 
 
 
Operation activities: The chlorine tank has to be refilled with a fleshly 
prepared solution once or twice a week. The flow rate has to be checked 
and adjusted if necessary. Operators must be very careful to avoid 
contact of chlorine compounds or solutions with eyes or clothes. 
 
Maintenance activities: Chlorinators regularly have to be adjusted and 
cleaned of chlorine salts. When chlorine affects hoses they have to be 
replaced. If a steel chlorine tank is used, it must to be painted and 
checked for corrosion. Protective gloves and utensils used for the 
replacement, and the shelter of the chlorine solution tank needs 
maintenance. 
 
Advantages: Recurrent costs for chlorine-producing chemicals are low. 
In other countries this figure may differ substantially. Costs for rubber 
gloves, hoses and other spare parts are also generally low. 
 
Inconvenient: Chlorination does not kill all pathogenic organisms but is 
generally very effective. When water contains a lot of organic matter or 
suspended material, pretreatment will be needed. High cost and 
unavailability of chorine compound can be serious limitations. 
 
 
 
 
 
 

Brief description: Chlorination is a chemical 
method of disinfecting water that kills nearly 
all pathogens and provides a barrier against 
re-infection. It can be applied as the last 
stage in a drinking water treatment process 
or as the only measure when water quality is 
already reasonable good. The most used low 
technology methods are batch chlorination 
and flow chlorination. For batch chlorination, 
a concentrated chlorine solution is adds to 
the water in a reservoir with in-and outlets 
closed. Flow chlorination continuously feed 
small quantities of weakly concentrated 
chlorine solution to a flow of fresh water, 
often at the in-stream of a clear water 
reservoir.
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I.6 Water storage systems 
 
 
I.6.1 Storage reservoirs 
 
Water supply systems are well served by elevated service reservoirs: 
 

• To maintain uniform pressure in the distribution system, 
• To store water for use during periods of peak demand, 
• To provide a reserve for supply during pump or power failures.  

 
The advantages of including elevated storage in a system are many: 
 

• It permits the pumps to operate at a low, steady rate, without much 
on-and-off cycling, thereby lengthening the life of the motors. 

 
• It eliminates the need for pressure tanks for pump regulation. 
 
• It permits much smaller pumps to be used, because they need only 

to provide the maximum day flow, without elevated storage, the 
pumps need to provide for peak hourly flow. 

 
• It reduces the size of transmission lines because they need to be 

only maximum-day capacity and not peak hour. 
 
• It reduces the required power capacity for the pumps and the total 

power used, because the head losses in the system are lower at 
lower flow rates. 

 
• It reduces the required capacity of the clear well at a treatment 

plant, which is necessary to permit the plant to operate at a uniform 
rate. It also permits the supply or the treatment facility to operate 
intermittently while maintaining service. 

 
• It permits simple constant-feed chemical feed devices to be used. 

This is important where chlorination is the only treatment. 
 
• It may provide contact time for the chlorine where there is no 

treatment plant. 
 
• It assure water supply during short periods of power failure, which 

are frequent in many rural communities. 
 
• It provides water for emergencies, such as during transmission line 

breaks, pump or source failures, and the like. 
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The storage capacity of elevated tanks is calculated on the volume 
required to make up for hourly variations in demand as evaluated to the 
rate of pumping, plus a volume for emergency. If provision is to be 
completed for fire protection, this needs to be added. 
 
However, care should be taken to prevent tanks and reservoirs from 
becoming breeding places for malaria mosquitoes, especially in 
seasonally areas where malaria transmission decreases during the dry 
season. The creation of any permanent water surfaces accessible to 
mosquitoes may promote their breeding in the dry season, unless special 
precautions are taken. Storage tanks should therefore be covered, 
ventilated pipes screened with mosquito-proof mesh, and steps taken to 
avoid the creation of breeding sites downstream from the overflow. Ponds 
and dams may need special measures to prevent their banks becoming 
overgrown with weeds for instance by paving them at water levels. 
 
 
Location and elevation 
 
Tank location and elevation affect pipe size and pump requirements. The 
best choice for service storage, if available, is a ground tank at an 
elevated location near the community to be served. If the land is flat, the 
storage tank must be elevated on a tower; it is often convenient to place 
the tank either at the site of the treatment plant or pumping station in 
order to facilitate operation and maintenance, or at a central location in 
the distribution network. If the area to be served stretches over a long 
distance, with the source at the one end, the reservoir might be built at 
the other end of town. This allows the tank to be lower and the 
distribution pipes to be smaller, because water would be fed to 
consumers from two directions. Such a location provides added reliability 
in event of a break in the transmission main. 
 
 
Storage technologies 
 
Of the storage options reviewed, the concentred-line earthen reservoir is 
the only one that serves for raw water storage. In many cases, it can be 
used instead of open concrete reservoirs, and O&M implications should 
be seen in combination with water-lifting method that makes raw water 
storage necessary.  
 
Some reservoirs technologies not discussed here are fibreglass, break 
pressure, suspended crossing, valve boxes, frictional diffusers, master 
water meters, etc. 
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I.6.A Fact Sheets 
 
 
Storage 
 
1) Concrete-lined earthen reservoir 

 
 
 
Operation activities: Operation of a reservoir is mainly a matter of 
opening and closing inlet and outlet valves and sluices according to water 
need in the system and water quality at the inlet. 
 
Maintenance activities: Valves and sluices have to be opened and 
closed once a month so they do not get stuck. At least once a year, the 
reservoir has to be emptied of sediment, cleaned and the lining inspected 
and disinfected with chlorine. Cracks or other damage to the lining have 
to be repaired. 
 
Advantages: It is the only technology that serves for raw water storage. 
Linings can also be made of clay, loam, plastic or asphalt. 
 
Inconvenient: In regions with prolonged water shortages, the required 
size of a reservoir may be too big for financing by the community. Rapid 
filling with silt may be a problem but it improves raw water quality.  
 
 
 
 
 
 
 
 

Brief description: Lined earthen 
reservoirs can be built in natural 
depressions or constructed by a 
combination of excavation and building a 
dam around the reservoir. In-and outlets 
are installed during the earthwork. The 
inside of the reservoir is waterproofed by 
a lining of concrete that is usually poured 
on site in big elements of several metres 
diameter. A sealing of bituminous or 
others waterproof material is used to 
connect elements.
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2) Reinforced Concrete Reservoir 

 
 
 
 
 
Operation activities: Operation consists of opening and closing valves 
and managing chlorine if provided. If the reservoir does not deliver 
directly to a tap, operation is usually done by a caretaker. 
 
Maintenance activities: A well-designed and built reservoir needs very 
little maintenance. The surroundings must be clean on a regular basis, 
every month valves must be closed and opened to avoid getting stuck, 
and screens must be checked.  Once a year, or when contamination is 
suspected, the reservoir has to be drained, desalted, cleaned and 
disinfected with chlorine. 
 
Advantages: Some construction technologies use bamboo or other local 
materials to reinforce concrete. Outlets are built a little above the floor of 
the reservoir which has a slope pitched down towards one point where a 
washout pipe permits flushing. 
 
Inconvenient: Reinforced concrete is expensive and settlement of the 
soil under the structure may be great due to the heavy weight of 
concrete. 
 
 
 
 

Brief description: Reinforced concrete 
clear water reservoir store clean water to 
release it on demand and are made of 
concrete reinforced with steel bars or 
steel mesh. Chemical additives are often 
mixed with the concrete to improve 
permeability. Reinforced reservoirs are 
built on the site, on a solid base of rock 
or undisturbed sand. To protect water 
from contamination, the reservoir is 
covered with a roof of which can be 
made of different materials, but usually 
reinforced concrete is used. In the top of 
the tank an aeration pipe with a screen 
permits fresh air circulation in the tank 
but keeps rodents and insects out. A 
manhole in the roof gives access for 
cleaning and repair. 
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3) Elevated Steel Reservoir 

 
 
 
 
 
Operation activities: Operation consists of opening and closing valves 
and managing chlorination if provided and is usually done by a caretaker 
living nearby. 
 
Maintenance activities: At least every six months, the inside of the 
reservoir has to be cleaned. Once a year, the painting of the tank and the 
sand should be maintained. Any leaks should be repaired immediately. 
Every time someone enters the reservoir, it has to be completely 
disinfected using chlorine solution. Every two months valves must be 
closed and opened to avoid getting stuck and screens must be checked. 
 
Advantages: Stock of water in dry period. 
 
Inconvenient: Compared to concrete, Ferro cement or even wood, steel 
reservoir needs relatively more maintenance. 
 
 
 
 
 
 
 
 
 

Brief description: Elevated steel 
reservoirs store clean water in a steel 
tank on a high stand or tower. The high 
position of the tank provides the 
pressure needed to reach other points 
in the distribution system. For 
communal needs, elevated steel tanks 
are often constructed from galvanized 
steel elements bolted or welded 
together. They can be built faster and 
the transport cost of the material is 
generally lower. Several pipes are 
connected to the tank: inlet, outlet 
overflow and washout. In the cover, an 
inspection entry is provided and a 
screened vent hole or pipe maintains 
atmospheric pressure in the tank. 
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4) Ferro-cement Tank 

 
 
 
An aeration pipe with a screen will need to permits fresh air circulation 
but keeps rodents and insects out. Water flows into the reservoir through 
an inlet pipe, which is above water level so it cannot flow back and so 
one can hear if water is arriving. 
 
Operation activities: Operation consists of opening and closing valves 
and managing chlorination if proved and is usually done by a caretaker 
living nearby. 
 
Maintenance activities: A well designed and built tank need very little 
maintenance. The surroundings, including the drain, must be kept clean, 
every month valves must be closed and opened to avoid getting stuck 
and screens must be checked. Once a year, the reservoir has to be 
drained, desalted, cleaned and disinfected with chlorine. 
 
Advantages: Avoid pollution in water. T avoid bending forces in the 
material, most ferrocement tanks have round walls, in the form of a 
cylinder, a globe or an egg. Ferrocement tanks compared to concrete 
reservoirs are relatively light and flexible. 
 
Inconvenient: Ferrocement is less suitable for rectangular structures. In 
some regions without ferrocement technology, it may take some time for 
people to accept its different concept of construction. Generally, people 
do not trust the thin walls and think they involve too much steel. 
 
 

Brief description: Ferro-cement water 
tanks are made of a structure of steel 
mesh and wire covered on the inside 
and outside with a thin layer of cement-
and-sand mortar. They can be used at 
household level or for complete 
communities and provide a relatively 
inexpensive and easy-to-maintain way 
of storage. Compared to concrete 
reservoirs, ferro-cement tanks are 
relatively light and flexible. To protect 
clear water from contamination, the 
tank is covered with a lid or a roof, 
which can be made of different 
materials, but ferro-cement, is usually 
also used. 
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I.7 Water distribution systems 
 
 
Ideally, drinking water should be provided inside or near each household, 
and generally this leads to an increase on time in the volume of water 
used even if only a single tap is installed, then this activities should also 
encourage hygiene. 
 

I.7.1 Distribution systems 
 
Distribution systems are classified as branched networks and looped 
networks. 
 

• Branched networks are relatively easy to design and are less 
costly to construct in small systems. However, they are less 
reliable, as any break or maintenance work in the network result 
in cutting off the supply to part of the system and the dead ends 
impair water quality. A network can be started with branched 
system, with the ends of the branches "looped" at a later time to 
improve flow conditions and provide greater reliability. 

 
• Looped networks are common in densely populated areas. They 

provide a greater reliability of services than branched networks 
eliminate dead ends, and recover flow conditions during periods 
of high local demand. Looped networks may be designed based 
on a main loop which feeds into secondary pipes or based on a 
branched networks with several interconnections resulting in 
loops. 
 

The cost of the distribution networks depends mainly on the total length 
of pipes installed. Consequently, the design of the network should be 
carefully considered and the future development of the service area 
should be estimated.  
 
Normally, pipes are situated in or along the main street with branches into 
residential access roads. To guarantee that the pipe can be simply 
founded for future repairs or checks, a reliable layout system may be 
adopted, always laying the pipes on the same side of the road. 
 
The depth of the pipe depends on the strength of the pipe materials; the 
traffic load; and the depth to the frost line. 
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I.7.A Fact Sheets 
 
 
Distribution 
 
1) Public Stand-post 

 
 
 
A solid stone or concrete slab or apron under the tap and a drainage 
system must lead spilled water away and prevent the formation of muddy 
pools. A fence may be needed to keep cattle away. 
 
Operation activities: Water users clean and fill their containers at the 
tap. Bathing and washing of clothes is usually not permitted at the 
standpost itself. The tap site has to be cleaned daily and the drain 
inspected. 
 
Maintenance activities: The drain must be cleaned. Formation of pools 
must be prevented. Occasionally the tubing may leak or need 
replacement. 
 
Advantages: Users per tap maximum of 200 people.  
 
Inconvenient: If people are willing to organize communal use and 
maintenance the only limitation is the cost. Special attention should be 
given to how the water is handled after recollection at the tapstand in 
order to prevent subsequent contamination. 
 
 

Brief description: At a public stand-
post people from various households 
can get water from one or more taps. 
Because they are used by many 
people and often not so well taken care 
of, the design and construction have to 
be more sturdy than with domestic 
connections. The stand-post includes a 
service connection to the supplying 
water conduit, a supporting column or 
wall to enable easy filling of the water 
containers. The taps can be a globe or 
a self-closing type. The column or wall 
may be of wood, brickwork, dry stone 
masonry, concrete, etc.  
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2) Domestic Connection 

 
 
At the entry point to the premises, a gate valve and a water meter can be 
installed. Drainage facilities must also be provided.  
 
Operation activities: Taps are used throughout the day. They should not 
be left open or leak. Formation of mud and pools by wastewater must be 
avoided. The tap and site have to be cleaned daily and the drain 
inspected. 
 
Maintenance activities: Once in a while a rubber washer or other part of 
the tap may have to be replaced. Any structure on the tap site and the 
drainage system may need repairing too. Occasionally the tubing may 
leak or need replacement.  
 
Advantage: Domestic connection. 
 
Inconvenient: Initial costs for household connections are higher. Also 
the network gets more complicated to maintain. If water is scarce, it may 
be difficult to guarantee water for all. 
 
 
 
 
 
 
 
 
 
 
 

Brief description: When enough 
water and funds are available, it can be 
an option to connect every house or 
yard to a piped water system. This is 
more convenient for water users, 
generally increases water use and 
improves hygiene. A service pipe 
usually made of polyethylene or PVC 
leads from the distribution network to 
the house or the yard. It leads to a 
single tap on a post or to a system of 
pipes and taps in the house. 
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3) Small Flow Water Meter 

 
 
 
Operating activities: Every month, the counter is read by a appointed 
person who writes down the new meter count in a book. The difference 
between two reads about the same meters is the amount used and 
consumers will be billed according to theses quantities.  
 
Maintenance activities: When the water is free of silt, a good quality 
water meter needs very little maintenance, but for repairs a specialized 
workshop will have to do the job. When the strainer at the inlet gets 
clogged, cleaning can be done locally. It is advisable to clean the strainer 
at least one a year, depending on meter and water quality. If it does not 
function, it has to be replaced or recalibrated. The old meter may be 
checked by a representative of the water committee against another 
meter known to be accurate. 
 
Advantages: Household pays its water consumption. 
 
Inconvenient: High initial costs. Increased operation cost. Not suited for 
water with high silt load. 
 
 
 
 
 
 
 
 
 
 
 

Brief description: Water meters, in 
combination with public standpost or 
domestic connections, provide the means 
to obtain water fees according to volume 
delivered and to regulate water use via a 
price mechanism. They consist of a flow 
measuring device, a counter and a 
protective housing with an inlet and an 
outlet. A shut-off valve is always installed 
at the up-flow side of the meter to permit 
servicing. 
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II.1 PHYSICAL-TECHNICAL QUESTIONNAIRE 
 
 
 

Date :_________________ 
I. GENERAL INFORMATION 

 
1. Country ______________________________. 
2. City _________________________________. 
3. Location, town or village ________________. 
4. Number of inhabitants___________________. 
5. Number of houses______________________. 
6. Number of families (mean)_______________. 
7. Number of persons (mean)_______________. 
8. Density [houses/m2] ____________________. 
 

 
II. URBANIZATION CHARACTERISTICS 

 
9. Description of the community:____________________________________ 

____________________________________________________________. 
 

10. Type of houses:_____________________________. 
 
11. Schools, postal office, public services:______________________________. 

 
12. Equipment of the community:_____________________________________. 

 
13. Distance to the near community __________ km. 

 
14. Quality of the communications (highway, roads, etc.). 

 Very good 
 Good 
 Average 
 Poor 
 Bad 

 
15. Type of way of transportation (you may choose more than one answer). 

 Automobile 
 Bus 
 Train 
 Other(s) _______________. 

 
16. Present WS technology(s). 

 Tanker truck water, vendor-provider water 
 Unprotected well/spring 
 Rainwater collection 
 Protected spring 
 Protected dug well 
 Borehole 
 Public standpipe 
 Household connection 
 Other technologies 

(specify)____________________________________. 
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17. Type of Water Supply source. 
 Surface 
 Groundwater 
 Rainwater 

  Other_____________________________________________________. 
 

18. Present sanitation system. 
 None 
 Bucket latrine 
 Public or shared latrine 
 Pit latrine 
 Ventilated improved pit latrine (VIP) 
 Pour-flush latrine 
 Connection to septic system 
 Connection to a public sewer 
 Other technologies (specify)___________________________________. 

 
19. Power Energy responsible company _________________________  
 
20. Power installed __________KWh. 

 
21. Continuity of provision (consider a 24 hours of the mean day). 

___:___, through ___:___. 
 

22. Scheme of the locality: 
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III. HYDROLOGICAL AND CLIMATE ASPECTS 
 
23. Geographical location. 

 Coastal 
 Continental 
 Forest 
 Mountain 
 Other ______________. 

 
24. Temperature regimen (min and max). 

Winter    ____;____ Celsius Degrees. 
Spring    ____;____ Celsius Degrees. 
Summer ____;____ Celsius Degrees. 
Fall         ____;____ Celsius Degrees. 

 
25. Pluvial regimen ______mm/year. 
 
26. Rainy months (multiple choices). 

 January 
 February 
 March 
 April 
 June 
 July 
 August 
 September 
 October 
 November 
 December 

 
27. Dry months (multiple choices). 

 January 
 February 
 March 
 April 
 June 
 July 
 August 
 September 
 October 
 November 
 December 

 
 

Name and signature of the person that filled the questionnaire. 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
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II.2 SOCIO-ECONOMIC QUESTIONNAIRE 
 

 
Date :_______________ 
 

 
I. GENERAL INFORMATION 

 
1. Country ______________________________. 
2. City _________________________________. 
3. Location, town or village ________________. 
4. Type of location. 

  Urban 
 Peri-Urban 
 Rural 

 
 

II. COMMUNITY CHARACTERISTICS 
 
5. Number of inhabitants___________________. 
6. Number of houses______________________. 
7. Number of families (mean)________________. 
8. Number of persons (mean)________________. 
9. Density [houses/m2] _____________________. 

 
10. Proportion of men and women. 

 Men  _____% 
 Women  _____% 

 
11. Demographic structure of the population. 

less than 5 years ________ persons or % 
5-12 years  ________ persons or % 
13-18 years  ________ persons or % 
18-45 years  ________ persons or % 
45-65 years  ________ persons or % 
more than 65 years ________ persons or % 

 
12. Proportion of population according to educational level. 

 Complete University Education ____% 
  Incomplete University Education ____%  
  Complete Secondary Education ____% 
  Incomplete Secondary Education ____% 
  Complete Primary Education ____% 
  Incomplete Primary Education ____% 

 No Education ____% 
 

13. Level of income according to population 20-percentile. 
 1% to 20%  ________ USD$ or local currency 
 20% to 39% ________ USD$ or local currency 
 40% to 59% ________ USD$ or local currency 
 60% to 79% ________ USD$ or local currency 
 80% to 100% ________ USD$ or local currency 
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14. Level of  employment 
 Formally ______% 
 Informally ______% 
 Seasonally ______% 
 Year round ______% 

 
15. Proportion of population according production sectors. 

 Agriculture and Cattle ____% 
 Commerce and Industry ____% 
 Transport and Telecommunication ____% 
 Mining ____% 
 Forest ____% 
 Tourism ____% 
 Housing and Construction ____% 
 Services ____% 
 Other __________________ ____% 

 
 

III. SOCIAL ORGANIZATIONS / ACTIVITIES 
 

16. Local Organizations: 
     Yes No 

- Local Neighbours   ____ ____    
- Parents and Family Centres  ____ ____ 
- Sport Clubs   ____ ____ 
- Mothers Centres   ____ ____ 

 
17. Names of Social Organization leaders: 

____________________________________________________ 
____________________________________________________ 

  ____________________________________________________ 
  

18. Attitude of the community to the sanitation: 
 ____________________________________________________ 

____________________________________________________ 
 ____________________________________________________ 
 

19. Responsibilities and possible contributions of the community in the WS project. 
 Financial resources _____%      or _____local currency or USD  
 Materials _____%       or _____ local currency or USD 
 Labour  _____%       or _____ Hours 
 Equipments  _____%         or _____ local currency or USD 
 Other(s)  _____%         or _____ Hours/local currency 

 
 

Name and signature of the person that filled the questionnaire. 
_____________________________________________________________________ 
_____________________________________________________________________ 
_____________________________________________________________________ 
 
 
 
 
 
 



Practical Manual of Non Conventional Water Supply Technologies 109 

II.3 COSTING QUESTIONNAIRE OF NON CONVENTIONAL  
WS TECHNOLOGIES 

 

 
 
III.3.1 User’s guide of the WS costing questionnaire 
 
The WS costing questionnaire is designed for collecting information about 
the cost of improved drinking water supply systems in a planning 
process. 
 
You may find various cases that define the baseline, such as: 
 
 

• A community without a WS infrastructure, but planning to build 
an infrastructure in the future. 

 

 This case corresponds to a community that satisfies the basic water 
needs by natural sources, for example, a river, but plan to build a WS 
system in the near future. 

 
 
• A community that wants to extend or improve its present WS 

infrastructure. 
 
 This case corresponds to a community that currently uses a WS 

infrastructure, but that wants to use another better technology for 
example, building a household connection system, starting from a 
public standpipe. The idea is to collect only data on the cost of 
extensions.  
 
 

Depending on the chosen case, the practitioner should complete the 
entire questionnaire or only part of it, in terms of the cost data of the 
planning project. 
 
The required cost data involves the acquisition costs or bid contracts of 
the WS technologies in terms of design of the full capacity of the 
systems. 
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III.3.1.1 Data Sources 
 
Identifying data sources with which to estimate costs depends on:  
 

- Construction costs. They are the most easy to identify, as these 
costs may be determined using bids contracts. For small-scale works 
that are not let for bids contracts, other sources of data must be 
identified, e.g. NGOs. 
 
- Operation and maintenance costs. They are more problematic 
than construction costs, as they require someone to manage cost 
records effectively over the years. These may be available from the 
utilities in larger towns and cities, and from local entities in rural 
settings.  
 
- Promotional costs. They are best determined from those involved 
in promotional programs, e.g. government agencies and NGOs.   

 
The practitioner, a sanitary engineer (the appropriate person to fill out the 
questionnaires) should identify the sources of data among local entities 
and institutions. As a practical recommendation, we suggest to consult 
these entities is as the following order:  
 

1) Local authorities: Generally, local authorities, such as, a 
committee, a directory, or a similar entity, treat the administrative 
issues of the non conventional WS&S technologies for rural 
communities. In these cases, they should have at least the expenses 
related to the construction, maintenance and operation of WS&S 
systems. 
 
2) Municipality Office Council or City Office: In some cases the 
Municipality Office Council (or City Office) has “public works 
departments” that are in charge of the local infrastructure of any 
WS&S program. Generally, they should have the data of the WS&S 
technologies administrated by them. 
 
3) Public Works Secretary: The Public Works Secretary, or Ministry 
Secretary of Public Works, or a Government Public Institution, are in 
charge of the planning of construction and the control of the non 
conventional WS&S technologies in rural communities.  
 
Generally, these institutions have engineering work-studies audited 
by a multilateral organization, such as, the World Bank (WB), the 
Inter-American Development Bank (IADB), the Asian Development 
Bank (ADB) and the African Development Bank (AFDB). 
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With regard to the expenses in promotion and hygiene education, the 
practitioner should consult these institutions and the Health Secretary 
or Ministry Secretary of Health of the country. 

 
4) Other Sources: When the practitioner cannot find any data from 
the public sources, the practitioner should consult the private 
sources, such as, construction firms, consulting firms, or anyone that 
had a participation in the construction or pre-studies related with non 
conventional WS&S technologies in the rural communities. 

 
 
III.3.1.2 How to fill out the questionnaire 
 
The Costing Questionnaire of WS technologies comprises two sections. 
Section I considers general aspects of the area, such as: 
 
a) The country, 
b) The responsible organization of responding, 
c) The present WS project, 
d) The name of the town and the city where the WS technology(s) is/are 

located, 
e) The size of the population for which the system was projected, 
f) The average quantity of persons per family, 
g) The average water consumption (litres per person per day),  
h) The full capacity of the present WS technology, 
i) The projected capacity of the new or extended WS technology, 
j) The type of water source, 
k) The type of existing sanitation technologies, 
l) The selection of the improved drinking water source, such as: 
 

• Household connection,     
• Public standpipe,    
• Borehole, 
• Protected dug well, 
• Protected spring, 
• Rainwater collection 
• Other technology(s). 

 
Section II intended to recover the cost of the chosen WS technology. This 
section is divided into four sub-sections: 
 

• Investments costs: including costs for materials, equipment, 
labour, and other relevant costs. This last cost category includes 
the costs of any necessary or incidentals activities of technical 
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implementation, such as, supervision works, contingencies and 
engineering field studies. 

 
• Maintenance costs: including costs for materials, labour, and 

equipment used in maintenance. 
 

• Operation costs: including costs for materials, labour, and 
power services. 

 
• Other relevant costs: including costs for administration, training, 

promotion and education.  
 

Description tables of improved WS technologies are provided in Appendix 
III to help filling out correctly the items and sub-items of Section II of the 
costing questionnaire. To avoid errors in this task, we also recommend to 
refer to the technical manuals presented in the bibliography. 
   
Questionnaire’s tables are structured in two levels: items and sub-items. 
Items refer to the main activities of a WS process as described in chapter 
3. Sub-items refer to the available technologies to implement these 
activities. For example, “Water Collection” item refers to the activity of 
collecting water from a source of water supply. Sub-items refer to the 
available collection devices to implement the “Water collection” activity, 
like “Well Excavation” or “Well Drilling”. 
 
Sub-Items are not considered for the sub-section of the questionnaire 
devoted to “Other Relevant Costs”. 
 
As a rule, the practitioner should collect cost data starting from the sub-
item level. If this detailed data is not available, the practitioner must 
provide consolidated cost data at the item level. If an item or sub-item is 
not relevant for costing the WS project, this should be mentioned using 
the acronym NA (not applicable).  
 
Costs should be recorded in local currency unit. According to the date 
they will incur, costs will be adjusted for inflation using a consumer price 
index (CPI). 
 
IMPORTANT: THE TABLES INCLUDED IN THE QUESTIONNAIRE ARE 
A GUIDE AND THEY CONSIDER ONLY THE MOST COMMON WORK, 
MATERIALS, EQUIPMENT AND LABOR IN ORDER TO CONSTRUCT, 
MAINTAIN AND OPERATE THE WATER SUPPLY SYSTEM. 
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II.3.2 COSTING QUESTIONNAIRE  
SECTION I – GENERAL ASPECTS 

 
1. Country: ____________________________________________. 

 
2. Responsible organization of responding: 

____________________________________________________. 
 

SELECT A NEW PROJECT OR UNDER CONSTRUCTION WS TECHNOLOGY(S) 
AND ANSWER THE FOLLOWING QUESTIONS. 

 
3. Name of the projected or under construction or already constructed WS 

technology(s). 
  ____________________________________________________________. 
 

4. Name of the town and city where the WS technology(s) is located. 
  ____________________________________________________________. 
  

5. Size of the population for which the systems technology(s) was designed: 
___________inhabitants. 

 
6. Full capacity of present WS technology(s)_________________m3/sec. 

 
7. Projected capacity of extended or new WS technology(s)_____________ m3/sec. 

 
8. Average family size: ________. 

 
 

9. Average water consumption per person per day: _______ litres. 
 
 

10. Improved drinking water technology(s). 
 Rainwater collection 
 Protected spring 
 Protected dug well 
 Borehole 
 Public standpipe 
 Household connection 
 Other technologies 

(specify)________________________________________. 
 

11. Type of WS source. 
 Superficial 
 Groundwater 
 Rainwater 

  Other________________________________________________________ 
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SECTION II – WS TECHNOLOGIES 
 
 
IMPORTANT: Before filling out this section of the questionnaire, one should read 
Appendix III, presenting a tabular description of non conventional WS technologies.  
 
 
I. Investment Costs (in local currency unit, LCU) 
 
IN ACCORDANCE WITH THE CHOSEN WS TECHNOLOGY OF QUESTION 10 OF 
SECTION I, COMPLETE THE FOLLOWING TABLES. 
 
Fill out the following table. Consider all Materials used in Construction. The table contains 
pre-classified items, which may be changed if exist others items or sub items. Please, 
conserve the same schematic form of the table when you will include new items. 
 

DIRECT COSTS 

Item Sub item Description Acquisition 
Cost (LCU) 

Month/ 
year of 

acquisition 

Useful 
life 

(years) 
Qty Size 

Materials         

Water Collection          
Down gutter pipes (only Rooftop water harvesting)     
 Wood gutter Wood gutter structure      m 
  Nails     Kg 
  Other __________      
        
 Galvanized iron 

gutter 
Galvanized iron gutter      m 

  Welding     Units 
  Other __________      
        
 PVC gutter PVC Gutter     m 
  PVC adhesive     liters 
  Other __________      
        
 Other _______ Other __________      
        
Catchments      
 Storage dams Reinforced concrete     m3 

  Non-reinforce 
concrete 

    m3 

  Masonry     m3 
  PVC     m 
  Other______      
        
 Protected spring  Protective structure     m3 
  Pipes drain     m 
  Seal (puddle clay)     m3 
  PVC     m 
  Valve     Unit 
  Other______      
        
 Other _______ Other ______      
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DIRECT COSTS 

Item Sub item Description Acquisition 
Cost (LCU) 

Month/ 
year of 

acquisition 
Useful life 

(years) Qty Size 

Intakes      
 Protected side 

intake 
Suction pipe     m 

  Reinforced concrete     m3 
  Strainer filter (screen)     Unit 
  Other______      
        
 Bottom river Suction pipe     m 
  Reinforced concrete     m3 
  Strainer filter (screen)     Unit 
  Stone Pitching     Unit 
  Gabions     m 
  Other______      
        
 Floating intake Suction pipe     m 
  Floating pontoon      Unit 
  Strainer filter (screen)     Unit 
  Other______      
        
 Sump intake Suction pipe     m 
  Stone in gabions or 

timber crib 
    m3 

  Sump as silt trap     Unit 
  Strainer filter (screen)     Unit 
  Other______      
        
 Other _______ Other ______      
        
Well Excavation and Drilling       
  Hand dug well Shovel      Unit 
    Pillory      Unit 
    Other______        
             
  Driven well Sledgehammer      Unit 
    Drive Cap      Unit 
    Other______        
             
  Jetted well Pump      Unit 
    Plastic Pipe      m 
    Other______        
             
  Bored well Auger Iron      Pcs 
    Plastic Pipe      m 
    Other______        
        
 Other______ Other______      
        
Well Lining       
 Dug well Cement      
   Sand      
   Gravel      
   Other______      
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DIRECT COSTS 

Item Sub item Description Acquisition 
Cost (LCU) 

Month/ 
year of 

acquisition 
Useful life 

(years) 
  
Qty 
  

 
Size 

 
 Drilled well lining Cement     Kg 
  Tube or boreholes     m 
  Gravel     m3 
  Sand     m3 
  Other______      
        
 Other______ Other______      
         
Water Pumping         
Pumps           
  Manual Pump Bucket      Unit 
    Rope      Unit 
    Bucket pump      Unit 
  Rope pump     Unit 
  Other______     Unit 
              
  Diesel Pump Wood for 

Superstructure 
     Unit 

  Slate for 
Superstructure 

    Unit 

    Cables       m 
    Pipes       m 
    Other______         
              
  Electric Pump Wood for 

Superstructure 
     Unit 

    Slate for 
Superstructure 

     Unit 

    Cables       m 
    Pipes       m 
    Other______         
              
  Solar Pump Superstructure      Unit 
  Slate for 

Superstructure 
    Unit 

  Cables      m 
    Pipes       m 
    Other______         
        
 Wind Pump Superstructure     Unit 
  Slate for 

Superstructure 
    Unit 

  Cables      m 
   Pipes      m 
   Other______       
        
 Other______ Other______      
        
Water Transmission      
 Manual 

Transporting 
Bucket     Unit 

  Rope     m 
  Pulley     Unit 
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DIRECT COSTS 

Item Sub item Description Acquisition 
Cost (LCU) 

Month/year 
of 

acquisition 

  
Useful life 

(years) 
Qty 

 
Size 

 
  Windlass with hose     Unit 
  Other______      
        
 Pipes Transporting Cement     Kg 
   Sand     m3 
   PVC pipes     m 
   Other______     m 
        
 Other______ Other______      
        
Water Storage      
Storage Tank           
  Concrete-lined 

earthen reservoir 
Cement      Kg 

   Sand      m3 
    Gravel      m3 
    Bitumen for lining      m3 
  Pipes (inspection)     m 
    Other______        
        
  Reinforced 

concrete reservoir 
PVC tank or other      Unit 

  Steel mesh     Kg 
  Concrete roof     m2 

  PVC roof     m2 
  Wood roof     m2 
  Steel bars     Kg 
  PVC aeration     m 
  Cement (drain)     Kg 
  Concrete reinforced     m2 

  Sand     m3 
  Gravel     m3 
  Pipes (inspection)     m 
  Screen     Unit 
  Manhole     Unit 
  Other______      
        
 Elevated steel 

reservoir (tower) 
Galvanized steel     Kg 

  Steel     Kg 
  Wood     Kg 
  Cement     Kg 
  Concrete 

reinforced 
    m2 

  Sand     m3 
  Gravel     m3 
  Pipes (inspection)     m 
  Other______      
        
 Ferro-cement tank PVC tank or other     Unit 
  PVC aeration     m 
  Wire screen     m 
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DIRECT COSTS 

Item Sub item Description Acquisition 
Cost (LCU) 

Month/year 
of 

acquisition 

 
Useful life 

(years) 
 Qty Size 

  Wood for fence     m 
  Cement (drain)     Kg 
  Sand     m3 
  Gravel     m3 
  Pipes (inspection)     m 
  Screen     Unit 
    Manhole      Unit 
  Other______      
        
 Cement fence 

(Ferro-cement 
tank) 

Cement     Kg 

   Sand     m3 
   Gravel     m3 
   Other______       
        
 Other______ Other______       
        
Water Treatment         
Household Treatment           
 Heating Water boil     Unit 
  Other______      
        
 Chlorination Chlorine solutions     litres 
  Other______      
        
  Slow sand filter Sand      m3 
    Gravel      m3 
    Other______         
        
 Other______ Other______      
        
Central Treatment           
  Storage and 

sedimentation 
Unlined pool       Unit 

    Other______         
              
  Up-flow roughing 

filters 
Sand      m3 

    Gravel      m3 
    Bricks      Unit 
    Concrete      Unit 
    PVC pipes      m 
    Valves      Unit 
    Other______         
              
 Small filter Charcoal     Kg 
  Sand     m3 

  Gravel     m3 

  Other______      
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DIRECT COSTS 

Item Sub item Description Acquisition 
Cost (LCU) 

Month/year 
of 

acquisition 
Useful life 

(years)  Qty Size 

 Slow sand 
filtration 

Sand     m3 

   Gravel     m3 
   Bricks     Kg 
   Concrete     Kg 
   Metal tube     m 
   Valves     m 
   Other______      
  Chlorination in 

piped systems 
Chlorine solution      litres 

  Valve     Unit 
  PVC pipe     m 
  Other______      
        
 Other______ Other______      
        
Water Distribution         
Tap Connection           
  Connection Tap      Unit 
  PVC pipe     m 
  Other______      
        
 Other______ Other______      
             
Public Standpipe           
  Connection Tap      Unit 
    PVC pipe      m 
    Cement      Kg 
    Sand      m3 
    Other______        
             
  Supporting  Wood      Kg 
  Brickwork     Kg 
  Dry stone masonry     Kg 
  Concrete     Kg 
  Globe or self-

closing tap 
    Unit 

  Concrete slab or 
apron 

    Kg 

    Regulating Valve      Unit 
    Other______         
              
  Cement fence 

(supporting) 
Cement      Kg 

    Sand      m3 
    Gravel      m3 
    Other______         
              
  Wood fence 

(supporting) 
Wood for structure 
(indicate 
type_________) 

     Unit 

    Paint      litres 
  Other______      
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DIRECT COSTS 

Item Sub item Description Acquisition 
Cost (LCU) 

Month/year 
of 

acquisition 

 Useful 
life 

(years) 

  
 Qty 
  

Size 

 Spillage collector Bricks     Kg 
  Strainer     Unit 
   Cement     Kg 
   Sand     m3 
   Gravel     m3 
   Other______      
        
 Other______ Other______      
        
Distribution Network           
  Private 

Connection 
Tap      Unit 

    PVC pipe      m 
    Cement      Kg 
    Sand      m3 
    Other______         
        
 Other______ Other______      
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Fill out the following table. Consider all types of Investments in Equipments. The table 
contains pre-classified items, which may be changed if exist others items or sub items. 
Please, conserve the same schematic form of the table when you will include new items. 
 

DIRECT COSTS 

Item Sub item Description Acquisition 
Cost (LCU) 

Month/ 
year of 

acquisition 

Useful 
life 

(years) 
Qty Size 

Equipment        

Water Collection          
Intakes       
 Protected side 

intake 
Suction pump     Unit 

        
 Bottom river Suction pump     Unit 
        
 Floating intake Suction pump     Unit 
        
 Sump intake Suction pump     Unit 
        
 Other ______ Other ______      
        
Well Excavation            
  Well Drilling Hydraulics rotator 

rigs Rented 
       Hou

rs 
    Percussion rigs 

Rented 
       Hou

rs 
    Other______          
        
 Other______ Other______      
        
Water Pumping      
Pumps       
 Manual Pump Suction plunger 

hand pump 
    Unit 

  Direct action hand 
pump 

    Unit 

  Deep well piston 
pump 

    Unit 

  Deep well 
diaphragm pump 

    Unit 

    Other______          
        
 Diesel pump Diesel Engine     Unit 
   Other______      
        
 Electric pump Electric Motor     Unit 
  Control Panel     Unit 
   Other______      
        
 Solar pump Solar Cells     Unit 
  Other______      
        
 Wind pump Wind tower     Unit 
  Other______      
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DIRECT COSTS 

Item Sub item Description Acquisition 
Cost (LCU) 

Month/ 
year of 

acquisition 

Useful 
life 

(years) 
Qty Size 

 Axial flow 
pump 

Pump     Unit 

        
 Centrifugal 

pump 
Pump     Unit 

        
 Submersible 

pump 
Pump     Unit 

        
 Hydraulic ram 

pump 
Pump     Unit 

        
 Other______ Other______      
        
Water Treatment      
Household Treatment       
 Slow and filter Water raw tank     Unit 
  Filter tank     Unit 
  Clean water tank     Unit 
  Other______      
        
 Other______ Other______      
Central Treatment       
 Chlorination 

in piped 
systems 

Reservoir tank       Unit 

  Other______      
        
 Other______ Other______      
        
Water Distribution      
Private connection       
 Trench Bulldozer (rented, 

included operator) 
    Hou

rs 
   Compactor 

machine (rented, 
included operator) 

    Hou
rs 

   Other______      
        
 Supporting Water meter     Unit 
   Other______      
        
 Other______ Other______      
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Fill out the following table. Consider all types of Labour used in Construction. The table 
contains pre-classified items, which may be changed if exist others items or sub items. 
Please, conserve the same schematic form of the table when you will include new items. 
 

DIRECT COSTS 

Item Sub item Description 
Working 

fees 
(LCU/hour) 

Quantity 
(hours) 

Month/ 
year of 
works 

Total 
working 

costs 

Labour     

Water Collection       
Down gutter pipes (Rooftop water 
harvesting) 

    

 Wood gutter Worker non-
qualified  

    

  Supervisor 
qualified 

    

  Other __________     
       
 Galvanized 

iron gutter 
Worker non-
qualified  

    

  Supervisor 
qualified 

    

  Other __________     
       
 PVC gutter Worker non-

qualified  
    

  Supervisor 
qualified 

    

  Other __________     
       
 Other ______ Other __________     
       
Catchments     
 Storage 

dams 
Worker qualified     

  Other __________     
       
 Protected 

spring 
Worker qualified     

  Other __________     
       
 Other ______ Other __________     
Intakes      
 Protected 

side intake 
Worker qualified     

  Other __________     
       
 Bottom river Worker qualified     
  Other __________     
       
 Floating 

intake 
Worker qualified     

  Other __________     
       
 Sump intake Worker qualified     
  Other __________     
 Other ______ Other __________     
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DIRECT COSTS 

Item Sub item Description Working fees 
(LCU/hour) 

Quantity 
(hours) 

Month/ 
year of 
works 

Total 
working 

costs 
Well Excavation and 
Drilling 

     

  Hand dug 
well 

Worker non-qualified      

    Supervisor qualified      
       
  Driven well Worker non-qualified      
    Supervisor qualified      
       
  Jetted well Worker non-qualified      
    Supervisor qualified      
       
  Bored well Worker non-qualified      
    Supervisor qualified      
       
  Drilled well Worker qualified      
    Supervisor qualified      
       
  Other______ Other____________      
           
Well Lining        
  Dug well Worker qualified or 

semi-qualified 
     

    Supervisor qualified      
       

  Drilled well 
lining 

Worker qualified or 
semi-qualified 

     

    Supervisor qualified      
       
 Other______ Other_____________     
         
Water Pumping      
Manual Pump        
  Rope and 

bucket 
Worker non-qualified      

    Supervisor qualified      
       
 Bucket pump Worker semi-qualified     
  Supervisor qualified     
       
 Rope pump Worker semi-qualified     
  Supervisor qualified     
 Suction 

plunger hand 
pump 

Plumber qualified      

 Direct action 
hand pump 

Plumber qualified     

 Deep well 
piston pump 

Plumber qualified     

 Deep well 
diaphragm 
pump 

Plumber qualified     

 Other______ Other_____________     
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DIRECT COSTS 

Item Sub item Description 
Working 

fees 
(LCU/hour) 

Quantity 
(hours) 

Month/ 
year of 
works 

Total 
working 

costs 
Power Pump      
 Axial flow pump Plumber qualified     
 Centrifugal 

pump 
Plumber qualified     

 Submersible 
pump 

Plumber qualified     

 Hydraulic ram 
pump 

Plumber qualified     

 Other______ Other______     
       
Power systems      
  Diesel, electric, 

solar and wind 
pump 

Worker qualified     

 Other______ Other______     
       
Water Transmission     
  Manual 

Transporting 
Worker non-qualified     

 Rope and 
bucket 

Family member     

  Pipes 
Transporting 

Plumber-Worker 
qualified 

    

 Other______ Other______     
       
Water Storage     
Storage tank      
 Concrete-lined 

earthen 
reservoir 

Worker qualified     

 Reinforced 
concrete 
reservoir 

Worker qualified     

 Elevated steel   
reservoir (tower) 

Worker qualified     

 Ferro-cement 
tank 

Worker qualified     

 Other______ Other______     
       
Water Treatment     
Household Treatment       
 Heating Family member     
  Slow sand filter Family member     
  Chlorination Family member     
 Other______ Other______     
       
Central Treatment         
 Small filter Worker semi-qualified     
 Storage and 

sedimentation 
Plumber qualified     

 Up-flow roughing 
filters 

Plumber qualified     
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DIRECT COSTS 

Item Sub item Description Working fees 
(LCU/hour) 

Quantity 
(hours) 

Month/ 
year of 
works 

Total 
working 

costs 
  Slow sand 

filtration 
Plumber qualified      

 Chlorination in 
piped systems 

Plumber qualified     

 Other______ Other______     
         
Water Distribution      
Tap Connection         
  Tap Worker semi-qualified      
  Other______ Other______      
       
Public Standpipe        
 Trench Worker non-qualified     
  Connection Worker qualified      
  Supporting  Worker non-qualified      
  Cement 

fence 
Worker non-qualified      

  Wood fence Worker non-qualified      
  Collecting 

spillage 
Worker qualified      

  Other______ Other______      
       
Private Connection      
 Trench Worker qualified     
 Connection Worker qualified     
  Other______ Other______      

 
 
 
Fill out the following table. Consider all Contingencies in Investments. The table contains 
pre-classified items, which may be changed if exist others items or sub items. Please, 
conserve the same schematic form of the table when you will include new items. 
 

INDIRECT COSTS 

Item Sub item Description Unit Qty Month/
year 

Incidentals 
fees 

(LCU/hour) 

Total 
incidentals 

costs 

Incidentals       
  

  
  

  Work 
supervision 

  Hours       

  Engineering’s 
Studies 

   Hours       

  Other______ Other______         
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II. Maintenance Costs (in local currency) 
 

 

Fill out the following table. Consider all types of Materials used in Maintenance refer to the 
present year of operation. The table contains pre-classified items, which may be changed if 
exist others items or sub items. Please, conserve the same schematic form of the table 
when you will include new items. 
 
 

MAINTENANCE COSTS 
Item Sub item Description Current Annual 

Cost (LCU) 
Annual 

Quantity Size 

Materials     

Water Collection       
Down gutter pipes (Rooftop water harvesting)    
 Wood gutter Replacement of pieces   Units 
  Cleaning   Hours 
  Other __________    
      
 Galvanized iron 

gutter 
Replacement of pieces   Units 

  Cleaning   Units 
  Other __________    
      
 PVC gutter Replacement of pieces   Units 
  Cleaning   Units 
  Other __________    
 Other _______ Other __________    
      
Catchments    
 Storage dams Replacement of pieces   Units 
  Structure repairs   m2 

  Cleaning   Units 
  Other __________    
      
 Protected spring Replacement of pieces   Units 
  Structure repairs   m2 
  Cleaning   Units 
  Other __________    
 Other _______ Other __________    
      
Intakes    
 Protected side intake Replacement of pieces   Units 
  Painting   liters 
  Structure repairs   m2 
  Cleaning and desalting   Units 
  Other __________    
      
 Bottom river Replacement of pieces   Units 
  Painting   liters 
  Structure repairs   m2 
  Cleaning and desalting   Units 
  Other __________    
      
 Floating intake Replacement of pieces   Units 
  Pontoon repairs   Units 
  Painting   liters 
  Cleaning and desalting   Units 
  Other __________    
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MAINTENANCE COSTS 

Item Sub item Description Current Annual 
Cost(LCU) 

Annual 
Quantity Size 

 Sump intake Replacement of pieces   Units 
  Structure repairs   m2 
  Cleaning and desalting   Units 
  Other __________    
      
Well Disinfection     
 Dug well Chlorine    tablets 
  Sodium hypo-chlorite   liters 
  Other______    
 Other______ Other______    
      
Well Lining       
  Dug Well Replacement of pieces    Unit 
    Extension of well    m3 
    Other______     
          
  Drilled well lining Replacement of pieces    Unit 
    Extension of well    m3 
    Other______     
 Other______ Other______    
          
Water Pumping     
Manual Pumps       
  Rope and bucket Replacement of pieces    Unit 
    Grease for bearing    Unit 
    Bucket    Unit 
    Rope    Unit 
    Other______     
      
 Bucket pump Replacement of pieces   Unit 
   Grease for bearing   Unit 
   Other______    
      
 Rope pump Replacement of pieces   Unit 
  Repairs of structure   m2 
   Grease for bearing   Unit 
   Bucket   Unit 
   Rope   Unit 
  Paint   liters 
  Other______    
        
 Suction plunger 

hand pump 
Replacement of pieces   Unit 

  Other______    
      
 Direct action hand 

pump 
Replacement of pieces   Unit 

  Other______    
      
 Deep well piston 

pump 
Replacement of pieces   Unit 

  Other______    
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MAINTENANCE COSTS 
Item Sub item Description Current Annual 

Cost (LCU) 
Annual 

Quantity Size 

 Deep well 
diaphragm pump 

Replacement of pieces   Unit 

  Other______    
 Power system        
  Diesel Pump Replacement of pieces     Unit 
  Other______    
      
  Electric Pump Replacement of pieces     Unit 
    Other______      
      
 Solar Pump Replacement of pieces   Unit 
   Other______    
      
 Wind Pump Replacement of pieces   Unit 
   Other______    
      
 Other______ Other______    
           
Water Transmission      
  Manual Transporting Replacement of bucket    Unit 
  Replacement of rope   Unit 
    Other______      
      
  Pipes Transporting Replacement of pipes    m 
  Cement   Kg 
    Sand    m3 
  Other______    
      
 Other______ Other______    
      
Water Storage    
Tanks     
 Concrete-lined 

earthen reservoir 
Replacement of pieces   Unit 

  Valves   Unit 
  Screens   Unit 
  Concrete-lined   Kg 
  Other______    
      
 Reinforced concrete 

reservoir 
Replacement of pieces   Unit 

  Valves   Unit 
  Brushes   Unit 
  Sponges   Unit 
  Screens   Unit 
  Other______    
      
 Elevated steel 

reservoir (tower) 
Replacement of pieces   Unit 

  Valves   Unit 
  Screens   Unit 
  Other______    
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MAINTENANCE COSTS 
Item Sub item Description Current Annual 

Cost (LCU) 
Annual 

Quantity Size 

      
 Ferro-cement tank Replacement of pieces   Unit 
  Valves   Unit 
  Brushes   Unit 
  Sponges   Unit 
  Chemicals for disinfection   liters 
  Screens   Unit 
  Other______    
      
 Other______ Other______    
      
Water Treatment      
Household Treatment        
 Heating Replacement of water boil   Unit 
  Other______    
      
  Slow sand filter Replacement of pieces    Unit 
    Other______      
      
 Chlorination Replacement of pieces   Unit 
  Other______    
      
 Other______ Other______    
      
Central Treatment        
 Storage and 

sedimentation 
Replacement of pieces   Unit 

  Valves   Unit 
  Other______    
      
 Up-flow roughing 

filters 
Replacement of pieces    Unit 

    Grease for valve    Unit 
    Valves    Unit 
    Other______      
           
  Slow sand filtration Replacement of pieces    Unit 
  Grease for valve   Unit 
    Sand     m3 
    Filter    Unit 
    Valves    Unit 
    Other______      
      
 Small filter Replacement of pieces   Unit 
  Other______    
      
 Chlorine in piped 

systems 
Refill chlorine tank   liters 

  Replacement of pieces   Unit 
  Other______    
      
 Other______ Other______    
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MAINTENANCE COSTS 
Item Sub item Description Current Annual 

Cost (LCU) 
Annual 

Quantity Size 

Water Distribution      
Tap Distribution        
  Connection Replacement of Tap    Unit 
    Other______      
      
 Other______ Other______    
           
Public Distribution        
  Standpipe 

Connection 
Replacement of Tap    Unit 

    Replacements of pipes     m 
  Drain   m 
  Strainer   Unit 
    Cement    Kg 
    Sand    m3 
    Other______      
      
  Fence Cement    Kg 
    Sand    m3 
    Gravel    m3 
  Wood   Kg 
  Paint   liters 
    Other______      
           
 Other______ Other______    
           
Private Distribution        
  Private Connection Replacement of pieces    Unit 
  Tap   Unit 
  Replacement of pipes   m 
    Cement    Kg 
    Sand    m3 
    Other______      
      
 Other______ Other______    
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Fill out the following table. Consider all types of Equipment used in Maintenance refer to 
the present year of operation. The table contains a pre-classified items, which may be 
changed if exist others items or sub items. Please, conserve the same schematic form of 
the table when you will include new items. 
 
 

MAINTENANCE COSTS 

Item Sub item Description Current Annual 
Cost (LCU) 

Annual 
Quantity Size 

Equipment      

Water Collection     
Intakes     
 Suction pump Replacement and repairs 

(indicate: each____years) 
   Unit 

  Other______    
      
 Other _______ Other ______    
      
Water Pumping       
Manual Pump         
  Suction plunger 

hand pump 
Replacement and repairs 
(indicate: each____years) 

   Unit 

  Other______    
      
 Direct action 

hand 
pump 

Replacement and repairs 
(indicate: each____years) 

  Unit 

  Other______    
      
 Deep well 

piston pump 
Replacement and repairs 
(indicate: each____years) 

  Unit 

  Other______    
      
 Deep well 

diaphragm 
pump 

Replacement and repairs 
(indicate: each____years) 

  Unit 

    Other______     
      
Power Pump        
 Axial flow pump Power replacement and 

repairs (indicate: 
each_____years) 

  Unit 

  Other______    
      
 Centrifugal 

pump 
Power replacement and 
repairs (indicate: 
each_____years) 

  Unit 

  Other______    
      
 Submersible 

pump 
Power replacement and 
repairs (indicate: 
each_____years) 

  Unit 

  Other______    
      
 Hydraulic ram 

pump 
Pump replacement and repairs 
(indicate: each____years) 

  Unit 

  Other______    
      
 Other______ Other______    
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MAINTENANCE COSTS 
Item Sub item Description Current Annual 

Cost (LCU) 
Annual 

Quantity Size 

Power system     
 Diesel Power Pump replacement and repairs 

(indicate: each____years) 
  Unit 

  Other______    
      
 Electric Power Pump replacement and repairs 

(indicate: each____years) 
  Unit 

  Other______    
      
 Solar Power Pump replacement and repairs 

(indicate: each____years) 
  Unit 

  Other______    
      
 Wind Power Pump replacement and repairs 

(indicate: each____years) 
  Unit 

  Other______    
      
 Other______ Other______    
      
Water Treatment    
Household Treatment     
 Slow sand filter Water row tank replacement 

(indicate: each____years) 
  Unit 

  Filter tank replacement 
(indicate: each____years) 

  Unit 

  Clean water tank replacement 
(indicate: each____years) 

  Unit 

  Other______    
      
 Other______ Other______    
      
Central Treatment     
 Chlorination in 

piped systems 
Reservoir tank   Unit 

  Other______    
      
 Other______ Other______    
      
Water Distribution     
  Connection Replacement of water meter 

(indicate: each____years) 
   Unit 

    Other______       
      
 Other______ Other______    
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Fill out the following table. Consider all types of Labour used in Maintenance refer to the 
present year of operation. The table contains a pre-classified items, which may be changed 
if exist others items or sub items. Please, conserve the same schematic form of the table 
when you will include new items. 
 

MAINTENANCE COSTS 

Item Sub item Description 
Working 

fees 
(LCU/hour)

Annual 
Quantity 
(hours) 

Total annual 
working cost 

Labour      

Water Collection       
Down gutter pipes (Rooftop water harvesting)    
 Wood gutter Repairs or replaces - Worker 

non-qualified 
   

  Cleaning – Worker non-qualified    
  Other __________    
 Galvanized 

iron gutter 
Repairs or replaces - Worker 
semi-qualified 

   

  Cleaning – Worker non-qualified    
  Other __________    
 PVC gutter Repairs or replaces - Worker 

semi-qualified 
   

  Cleaning – Worker non-qualified    
  Other __________    
 Other ______ Other __________    
Catchments    
 Storage dams Repairs or replaces – Worker 

qualified 
   

  Cleaning – Worker non-qualified    
  Other __________    
 Protected 

spring 
Repairs or replaces – Worker 
qualified 

   

  Cleaning – Worker non-qualified    
  Other __________    
 Other ______ Other __________    
Intakes    
 Protected side 

intake 
Repairs or replaces – Worker 
qualified 

   

  Cleaning – Worker non-qualified    
  Other __________    
 Bottom river Repairs or replaces – Worker 

qualified 
   

  Cleaning – Worker non-qualified    
  Other __________    
 Floating intake Repairs or replaces – Worker 

qualified 
   

  Cleaning – Worker non-qualified    
  Other __________    
 Sump intake Repairs or replaces – Worker 

qualified 
   

  Cleaning – Worker non-qualified    
  Other __________    
 Other _______ Other __________    
Well Disinfection     
 Dug well Worker non-qualified    
  Other __________    
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MAINTENANCE COSTS 

Item Sub item Description 
Working 

fees 
(LCU/hour)

Annual 
Quantity 
(hours) 

Total 
annual 

working 
cost 

Well Lining         
  Dug Well Repairs - Worker semi-qualified       
  Extension - Worker qualified    
  Cleaning - Worker non-qualified    
  Other______    
      
 Drilled well lining Repairs - Worker semi-qualified    
  Rehabilitation - Worker qualified    
  Cleaning - Worker non-qualified    
  Other______    
 Other______ Other______    
Water Pumping        
Manual Pump          
 Rope and bucket Worker non-qualified    
  Other______    
 Bucket pump Worker semi-qualified    
  Other______    
 Suction plunger 

hand pump 
Plumber qualified    

  Other______    
 Direct action 

hand pump 
Plumber qualified    

  Other______    
 Deep well piston 

pump 
Plumber qualified    

  Other______    
 Deep well 

diaphragm pump 
Plumber qualified    

  Other______    
 Other______ Other______    
Power Pump     
 Axial flow pump Plumber qualified    
  Other______    
 Centrifugal pump Plumber qualified    
  Other______    
 Submersible 

pump 
Plumber qualified    

  Other______    
 Hydraulic ram 

pump 
Plumber qualified    

  Other______    
 Other______ Other______    
Power System         
  Diesel Pump Worker qualified       
  Other______    
  Electric Pump Worker qualified       
  Other______    
 Solar Worker qualified    
  Other______    
 Wind Worker qualified    
   Other______       
 Other______ Other______    
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MAINTENANCE COSTS 

Item Sub item Description 
Working 

fees 
(LCU/hour)

Annual 
Quantity 
(hours) 

Total 
annual 

working 
cost 

Water Transmission        
  Rope and bucket Family member       
  Other______    
  Pipes Transporting Worker qualified       
  Other______    
      
 Other______ Other______    
Water Storage    
Tanks     
 Concrete-lined earthen 

reservoir 
Worker semi-qualified 
(caretaker- inspection) 

   

  Plumber qualified    
  Other______    
 Reinforced concrete 

reservoir 
Worker semi-qualified 
(caretaker- inspection) 

   

  Plumber qualified    
  Other______    
 Elevated steel reservoir 

(tower) 
Worker semi-qualified 
(caretaker- inspection) 

   

  Plumber qualified    
  Other______    
 Ferrocement tank Worker semi-qualified 

(caretaker- inspection) 
   

  Plumber qualified    
  Other______    
      
 Other______ Other______    
Water Treatment       
Household Treatment         
 Heating Family member    
  Other______    
  Slow sand filter Family member       
  Other______    
 Chlorination Family member    
  Other______    
      
 Other______ Other______    
Central Treatment         
 Storage and 

sedimentation 
Worker semi-qualified 
(caretaker- inspection) 

   

  Other______    
  Upflow roughing filters Worker semi-qualified 

(caretaker- inspection) 
     

  
  Other______    
  Slow sand filtration Worker semi-qualified 

(caretaker- inspection) 
     

  
  Other______    
 Small filter Worker semi-qualified 

(caretaker- inspection) 
   

  Other______    
      
 Other______ Other______    
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MAINTENANCE COSTS 

Item Sub item Description 
Working 

fees 
(LCU/hour)

Annual 
Quantity 
(hours) 

Total 
annual 

working 
cost 

Water Distribution       
Tap Connection         
  Tap Plumber qualified       
  Other______    
      
 Other______ Other______    
      
Public Standpipe          
  Connection Plumber qualified       
  Other______    
  Fence Worker non-qualified       
  Other______    
  Drain Worker qualified       
  Other______    
 Other______ Other______    
Distribution Network         
 Private Connection Plumber qualified    
  Other______    
 Other______ Other______    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Practical Manual of Non Conventional Water Supply Technologies 138 

III. Operation Costs (in local currency unit) 
 

Fill out the following table. Consider all types of Materials used in Operation. The table 
contains pre-classified items, which may be changed if exist others items or sub items. 
Please, conserve the same schematic form of the table when you will include new items. 
 

OPERATION COSTS 

Item Sub item Description Current Annual 
Cost (LCU) 

Annual 
Quantity Size 

Materials     

Water Collection       
Well Disinfection     
 Dug well Chlorine    tablets 
  Sodium hypo-chlorite   liters 
  Other______    
      
 Other______ Other______    
      
Water Storage     
 Storage tank Chlorine    tablets 
  Sodium hypo-chlorite   liters 
  Other______    
      
 Other _______ Other __________    
      
Water Treatment      
Household Treatment        
 Heating Fuel   liters 
  Wood   Kg. 
  Other______    
      
 Slow sand filter Chlorine    tablets 
   Sodium hypo-chlorite   liters 
  Other______    
 Chlorination Chlorine    tablets 
  Sodium hypo-chlorite   liters 
  Other______    
      
 Other______ Other______    
           
Central Treatment        
 Storage and 

sedimentation 
Chlorine    tablets 

  Sodium hypo-chlorite   liters 
  Other______    
      
 Upflow roughing filters Filter    Pcs 
    Other______      
      
  Slow sand filtration Sand    m3 
  Filter   Units 
    Other______       
      
 Small filter Chlorine   tablets 
  Sodium hypo-chlorite   liters 
  Other______    
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OPERATION COSTS 
Item Sub item Description Current Annual 

Cost (LCU) 
Annual 

Quantity Size 

 Chlorine in piped systems Chlorine    tablets 
  Sodium hypo-chlorite   liters 
  Other______    
      
 Other______ Other______    

 
 
 
 
 
Fill out the following table. Consider all types of Power Services used for Equipment 
Operation. The table contains a pre-classified items, which may be changed if exist others 
items or sub items. Please, keep the same schematic form of the table when you will 
include a new item.  
 

OPERATION COSTS 
Item Sub item Description Current Annual 

Cost (LCU) Annual Quantity Size 

Power Services      

Water Collection     
 Suction pump Diesel   liters 
  Electricity   KWh 
  Other _________    
      
 Other _________ Other _________    
Water Pumping          
  Diesel Pumps Oil    liters 
  Fuel   liters 
  Other _________    
      
 Electric Pumps Electricity   KWh 
    Other _________     
      
 Other _________ Other _________    
Water Transmission     
 Diesel Pumps Oil   liters 
  Fuel   liters 
  Other _________    
      
 Electric Pumps Electricity   KWh 
   Other _________    
      
 Other _________ Other _________    
Water Distribution     
 Diesel Pumps Oil   liters 
  Fuel   liters 
  Other _________    
      
 Electric Pumps Electricity   KWh 
   Other _________    
      
 Other _________ Other _________    
      



Practical Manual of Non Conventional Water Supply Technologies 140 

OPERATION COSTS 

Item Sub item Description Current Annual 
Cost (LCU) 

Annual 
Quantity Size 

Water Treatment     
 Diesel  Oil   liters 
  Fuel   liters 
  Other _________    
      
 Electric Electricity   KWh 
   Other _________    
      
 Other _________ Other _________    
      
Other _________________     
 Other _________ Other _________    
      

 
 
 
Fill out the following table. Consider all types of Labour used in Operation. The table 
contains a pre-classified items, which may be changed if exist others items or sub items. 
Please, conserve the same schematic form of the table when you will include new items. 
 

OPERATION COSTS 

Item Sub item Description 
Working 

fees 
(LCU/hour)

Annual 
Quantity 
(hours) 

Total Annual 
working cost 

Labour      

Water Collection        
Catchments     
 Storage dams Caretaker    
  Other______    
 Protected spring Caretaker    
  Other______    
      
 Other______ Other______    
      
Intakes     
 Protected side 

intake 
Caretaker    

  Other______    
 Bottom river Caretaker    
  Other______    
 Floating intake Caretaker    
  Other______    
 Sump intake Caretaker    
  Other______    
      
 Other______ Other______    
      
Well Disinfection     
 Dug well Worker non-qualified    
  Other______    
      
 Other______ Other______    
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OPERATION COSTS 

Item Sub item Description 
Working 

fees 
(LCU/hour)

Annual 
Quantity 
(hours) 

Total Annual 
working cost 

Water Pumping       
Pump         
  Manual Pumping Worker non-qualified       
     Other______       
 Axial flow pump Worker semi-qualified    
  Other______    
 Centrifugal pump Worker semi-qualified    
  Other______    
 Submersible pump Worker semi-qualified    
  Other______    
 Hydraulic ram pump Worker semi-qualified    
  Other______    
 Other______ Other______    
      
Power System         
  Diesel Pump Worker semi-qualified       
  Other______    
  Electric Pump Worker semi-qualified       
  Other______    
 Solar Worker semi-qualified    
  Other______    
 Wind Worker semi-qualified    
   Other______       
 Other______ Other______     
      
Water Transmission       
  Pipes Transporting Worker semi-qualified       
  Other______    
 Other______ Other______    
      
Water Storage     
 Storage tank Worker semi-qualified    
  Other______    
 Other______ Other______    
      
Water Treatment       
Household Treatment         
 Heating Family member    
  Other______    
  Slow sand filter Family member       
  Other______    
 Chlorination Family member    
  Other______    
 Other______ Other______    
      
Central Treatment         
 Storage and 

sedimentation 
Worker semi-qualified    

  Other______    
  Up-flow roughing 

filters 
Worker semi-qualified       

  Other______    
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OPERATION COSTS 

Item Sub item Description 
Working 

fees 
(LCU/hour)

Annual 
Quantity 
(hours) 

Total Annual 
working cost 

  Slow sand filtration Worker semi-qualified       
  Other______    
 Small filter Worker semi-qualified    
  Other______    
 Chlorine in piped 

systems 
Worker semi-qualified    

  Other______    
 Other______ Other______    
      
Water Distribution       
Tap Connection         
  Tap Worker qualified       
  Other______    
 Other______ Other______    
      
Public Standpipe         
  Connection Worker semi-qualified       
  Cement fence Worker non-qualified       
  Wood fence Worker non-qualified       
  Other______    
 Other______ Other______    
      
Distribution Network          
 Private Connection Worker qualified    
  Other______    
 Other______ Other______    
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IV. Other Relevant Costs (in local currency) 
 
Filling out the following table. Consider all Other Relevant costs in WS technologies. The 
table contains a pre-classified items, which may be changed if exist others items or sub 
items. Please, conserve the same schematic form of the table when you will include new 
items. 
 

RELEVANT COSTS 

Item Sub item Description Unit Qty 
or % 

Working 
fees 

(LCU/hour) 
Total 

Amount 

Other Relevant Costs       
 Administration 

costs 
Management % of construction 

costs 
   

   Hours    
   Other______    
       
  Administration 

services 
% of construction 
costs 

   

   Hours    
   Other______    
       
  Other______ Other______    
       
  Training costs in Administration % of construction 

costs 
      

   Hours    
   Other______    
       
  in Maintenance % of construction 

costs 
   

   Hours    
   Other______    
       
  in Operation % of construction 

costs 
   

   Hours    
   Other______    
       
  Other______ Other______    
       
 Promotion & 

education costs 
in Education 
Health 

% of construction 
costs 

   

   Hours    
   per family    
   Other______    
       
  Other______ Other______    
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Appendix III 
 
 
III  Description tables of improved WS 

technologies 
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III.1 Household connection 
 
 

Household connection  
Investments Costs 

 
DIRECT COSTS 

ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 
MATERIALS    

Water 
Collection 

Well Excavation Hand dug well Various tools (shovel, pillory and others) 

  Driven well Sledgehammer, drive cap, metal well 
point 

  Jetted well Tripod and pulley, supply water hollow 
drill (rod in section), pump, plastic pipe 

  Bored well Tripod, handle, coupling, auger iron, 
plastic or asbestos pipe 

 Well Lining Dug well Stone, brick or concrete (headwall). 
Concrete rings, masonry with bricks or 
concrete blocks, clay, backfill (lining), 
gravel or prefabricated caisson intake 

  Drilled well lining Concrete, PVC pipe, gravel 
    

Water 
Pumping 

Power system Diesel pump Superstructure (wood, slate, others) 

   Cables, pipes, etc. 
  Electric pump Superstructure (wood, slate, others) 
   Cables, pipes, etc. 
  Solar pump Cables, pipes, etc. 
  Wind pump Cables, pipes, etc. 
    

Water 
Transmission 

 Pipes Concrete, PVC or others 

    
Water 

Treatment 
Central 
Treatment 

Storage and sedimentation Unlined pool or dirt with a lining of 
plastic (loam, clay, concrete, brick), 
chemicals 

  Up-flow roughing filters Sand, gravel, coconut husk fibre. 
Brickwork, concrete or ferro-cement, 
PVC pipe, valve, plastic wire mesh 

  Slow sand filtration Sand, gravel, chemicals, valve, 
concrete, bricks, ferro-cement, metal 
tube 

  Chlorination in piped 
supply systems 

Chlorine solution, valve, PVC tube 

 Household 
Treatment 

Slow sand filter Sand and gravel 

  Chlorination Chlorine solutions 
    

Water 
Storage 

Storing tank  Concrete-lined earthen 
reservoir 

Concrete, in and outlets, bituminous 
filling (or other waterproof materials) or 
ferro-cement 

  Reinforced concrete 
reservoir 

Drain, concrete reinforced with steel 
bars or steel mesh, a roof of different 
materials (e.g. concrete reinforced), 
aeration pipe with a screen, a manhole, 
an inlet and outlets. 
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DIRECT COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

  Elevated reservoir (tower) For family use, the tank can be made of 
an oil-drum and the tower of bamboo or 
wood; for communal use, the tank can 
be made with galvanized steel and the 
tower of steel, wooden, or reinforced 
concrete. Several pipes and inspection 
entry are needed. 

  Ferro-cement tank Aeration pipe, manhole, lid, wire screen 
mesh wrapped around outside of form, 
drainage and fence. 

Water 
Distribution 

Distribution 
Network 

Private connection Pipe (PVC or other), tap, cement, sand 

  Trench Various tools (shovel, pillory and others) 
EQUIPMENT    

Water 
Collection 

Well Drilling Drilled well Hydraulic rotary rigs or percussion rigs 

Water 
Pumping 

Power system Diesel  Motor  

  Electric  Motor, control panel 
  Solar  Photovoltaic or solar cells 
  Wind Rotor fixed to a horizontal axis and 

mounted on a tower of steel. A gear box 
is needed. 

 Pump Axial flow pump Often a boat propeller is used to 
improvise an axial flow pump. It turns in 
s cylindrical casing where fixed guide 
blades may be installed. 

  Centrifugal pump The essential components are the fast 
rotating impeller and the casing. 

  Submersible pump Pump and motor 
  Hydraulic ram pump Drive pipe, delivery valve, air chamber 

Water 
Transmission 

Pump Electric Motor, control panel 

Water 
Treatment 

Central 
Treatment 

Chlorination in piped 
supply systems 

Reservoir tank 

 Household 
treatment 

Slow sand filter Water raw tank, filter tank and clean 
water tank 

Water 
Distribution 

Private 
connection 

Trench Bulldozer (rented - included operator) 

    Compactor machine (rented - included 
operator) 

  Supporting  Water meter 
LABOUR    

Water 
Collection 

Well Excavation Hand dug well Worker non-qualified and supervisor 
qualified  

  Driven well Worker non-qualified and supervisor 
qualified  

  Jetted well Worker non-qualified and supervisor 
qualified  

  Bored well Worker non-qualified and supervisor 
qualified  

  Drilled well Worker qualified 
 Well Lining Dug well Worker qualified or semi-qualified 
  Drilled well lining Worker qualified or semi-qualified 

Water 
Pumping 

Power system Diesel  Worker qualified 

  Electric  Worker qualified 
  Solar  Worker qualified 
  Wind Worker qualified 
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DIRECT COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

 Pumping Axial flow pump Plumber qualified 
  Centrifugal pump Plumber qualified 
  Submersible pump Plumber qualified 
  Hydraulic ram pump Plumber qualified 

Water 
Transmission 

Power system Electric  Worker qualified 

  Pipes Worker qualified 
Water 

Treatment 
Central 
Treatment 

Storage and sedimentation Plumber qualified 

  Up-flow roughing filters Plumber qualified 
  Slow sand filtration Plumber qualified 
  Chlorination in piped 

supply systems 
Plumber qualified 

 Household 
Treatment 

Slow sand filter Member of the family 

  Chlorination Member of the family 
Water 

Storage 
Storing tank Concrete-lined earthen 

reservoir 
Worker qualified 

  Reinforced concrete 
reservoir 

Worker qualified 

  Elevated reservoir (tower) Worker qualified 
  Ferro-cement tank Worker qualified 

Water 
Distribution 

Private 
connection 

Connection Worker qualified 

  Trench Worker semi-qualified 
 
 

 
 

Household connection 
Indirect Costs 

 

INDIRECT COSTS 

ITEM 

 
SUBITEM 

 
DESCRIPTION 

Engineering’s Studies   
Work supervision   
Contingencies   
Other incidentals     
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Household connection 
Operation and maintenance costs  

 

O&M COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

MATERIALS    
Water 

Collection 
Well 
Disinfection 

Dug well Chlorine (or other chemical 
product) 

 Well Lining Dug well Repairing the apron, headwall, 
drain 

   Cleaning the apron, headwall, 
drain 

   Extension of the well 
  Drilled well lining Repairing the apron, headwall, 

drain 
   Cleaning the apron, headwall, 

drain 
   Rehabilitation of the well (various 

technologies such as air forced 
and water pumping, brushing and 
treatment with chemicals) 

Water 
Pumping 

Power system Diesel Cleaning the structure 

   Check and replacement of power 
system pieces 

   Fuel, oil 
  Electric Cleaning the structure 
   Checking and replacement of 

power system pieces 
  Solar  Cleaning the structure 
   Checking and replacement of 

power system pieces 
  Wind Cleaning the structure 
   Checking and replacement of 

power system pieces 
Water 

Transmission 
 Pipes Replacement of pieces 

Water 
Storage 

Storing tank Concrete-lined earthen reservoir Cleaning, checking the valves, 
screens and lining 

   Drained and disinfected the 
reservoir 

  Reinforced concrete reservoir Cleaning, checking the valves 
and screens 

   Drained and disinfected the 
reservoir 

    
  Elevated reservoir (tower) Cleaning, checking the valves 

and screens 
   Drained and disinfected the 

reservoir 
   Painting the tank and tower 
  Ferro-cement tank Cleaning, checking the valves 

and screens 
   Drained and disinfected the 

reservoir 
Water 

Treatment 
Central 
Treatment 

Storage and sedimentation Regulate inlet 

   Flush deposited silt 
   Repair or replace valve 
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O&M COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

  Up-flow roughing filters Regulate flow 
   Cleaning site 
   Grease valve 
   Repair or replace valve 
  Slow sand filtration Check flow 
   Cleaning site 
   Scrape off sand, wash dry and 

store 
   Re-sand filter 

   Repair or replace valve and 
metal tube 

   Disinfect filter outlet 
  Chlorination in piped supply systems Refill chlorine tank 
   Clean and replace chlorinator 

   Check and adjust doses 
 Household 

Treatment 
Slow sand filter Cleaning or replacement 

  Chlorination Cleaning 
Water 

Distribution 
Private 
Connection 

Connection Replacement of pipe 

  Trench Repairs 
EQUIPMENT    
Water Pumping Pump Axial flow pump Replacement the pump 

  Centrifugal pump Replacement the pump 
  Submersible pump Replacement the pump 
  Hydraulic ram pump Replacement the pump 

Water 
Treatment 

Household 
Treatment 

Slow sand filter Replacement of pieces 

  Chlorination Replacement of pieces 
 Outside 

Treatment 
Storage and sedimentation Repair and replacement of 

pieces 
  Up-flow roughing filters Repair and replacement of 

pieces 
  Slow sand filtration Repair and replacement of 

pieces 
  Chlorine in piped systems Repair and replacement of 

pieces 
   Refill chlorine tank 

Water 
Distribution 

Private 
Connection 

Supporting  Replacement of the water meter 

LABOUR    
Water 

Collection 
Well Disinfection Dug well External worker qualified 

 Well Lining Dug well Repairs (Worker semi-qualified) 
   Extension (Worker qualified) 
   Cleaning (Worker non-qualified) 
  Drilled well lining Repairs (Worker semi-qualified) 
   Rehabilitation (Worker qualified) 
   Cleaning (Worker non-qualified) 

Water 
Pumping 

Power system Diesel  Worker qualified 

  Electric  Worker qualified 
  Solar  Worker qualified 
  Wind Worker qualified 
 Pumping Axial flow pump Plumber qualified 
  Centrifugal pump Plumber qualified 
  Submersible pump Plumber qualified 
  Diesel engine Plumber qualified 
  Hydraulic ram pump Plumber qualified 
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O&M COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 
Water 

Transmission 
 Pipes transporting Worker qualified 

Water 
Storage 

Storing tank Concrete-lined earthen reservoir Worker semi qualified (caretaker) 
and plumber qualified 

  Reinforced concrete reservoir Worker semi qualified (caretaker) 
and plumber qualified 

  Elevated reservoir (tower) Worker semi qualified (caretaker) 
and plumber qualified 

  Ferro-cement tank Worker semi qualified (caretaker) 
and plumber qualified 

  Collecting spillage Worker qualified 
Water 

Treatment 
Household 
Treatment 

Heating Family member 

  Slow sand filter Family member 
  Chlorination Family member 
 Central 

Treatment 
Storage and sedimentation Worker semi qualified (caretaker) 

and qualified 
  Up-flow roughing filters Worker semi qualified (caretaker) 

and qualified 
  Slow sand filtration Worker semi qualified (caretaker) 

and qualified 
  Chlorination in piped supply systems Worker semi qualified (caretaker) 

and qualified 
Water 

Distribution 
Private 
Connection 

Connection Plumber qualified 

  Supporting  Worker qualified 
  Trench Worker semi-qualified 
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III.2 Public standpipe 
 

Public standpipe 
Investment costs 

 

DIRECT COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

Materials    
Water 

Collection 
Well Excavation Hand dug well Various tools (shovel, pillory and others) 

  Driven well Sledgehammer, drive cap, metal well 
point 

  Jetted well Tripod and pulley, supply water hollow 
drill (rod in section), pump, plastic pipe 

  Bored well Tripod, handle, coupling, auger iron, 
plastic or asbestos pipe 

 Well Lining Dug well Stone, brick or concrete (headwall). 
Concrete rings, masonry with bricks or 
concrete blocks, clay, backfill (lining), 
gravel or prefabricated caisson intake 

  Drilled well lining Concrete, PVC pipe, gravel 
Water 

Pumping 
Power system Diesel pump Superstructure (wood, slate, others) 

   Cables, pipes, etc. 
  Electric pump Superstructure (wood, slate, others) 
   Cables, pipes, etc. 
  Solar pump Cables, pipes, etc. 
  Wind pump Cables, pipes, etc. 

Water 
Transmission 

 Pipes Concrete, PVC or others 

Water 
Storage 

Storing tank  Concrete-lined earthen 
reservoir 

Concrete, in and outlets, bituminous 
filling (or other waterproof materials) or 
ferro-cement 

  Reinforced concrete 
reservoir 

Drain, concrete reinforced with steel 
bars or steel mesh, a roof of different 
materials (e.g. concrete reinforced), 
aeration pipe with a screen, a manhole, 
an inlet and outlets. 

  Elevated reservoir (tower) For family use, the tank can be made of 
an oil-drum and the tower of bamboo or 
wood; for communal use, the tank can 
be made with galvanized steel and the 
tower of steel, wooden, or reinforced 
concrete. Several pipes and inspection 
entry are needed. 

  Ferro-cement tank Aeration pipe, manhole, lid, wire screen 
mesh wrapped around outside of form, 
drainage and fence 

Water 
Distribution 

Public Standpipe Connection Pipe (PVC or other), tap, cement, sand 

  Supporting Column in wall (wood, brickwork, dry 
stone masonry concrete), one (or more) 
globe or self-closing tap, regulating 
valve, a solid stone or concrete slab or 
apron, and a fence. 

  Collecting spillage Concrete paid, drain, soak-away (pit 
filled with stones and covered with a 
layer of soil) 

  Trench Various tools (shovel, pillory and others) 
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DIRECT COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 
Water 

Treatment 
 Slow sand filter Sand and gravel 

  Chlorination Chlorine solutions 
Equipment    

Water 
Collection 

Well Drilling Drilled well Hydraulic rotary rigs or percussion rigs 

Water 
Pumping 

Power system Diesel  Motor  

  Electric  Motor, control panel 
  Solar  Photovoltaic or solar cells 
  Wind Rotor fixed to a horizontal axis and 

mounted on a tower of steel. A gearbox 
is needed. 

 Pump Axial flow pump Often a boat propeller is used to 
improvise an axial flow pump. It turns in 
s cylindrical casing where fixed guide 
blades may be installed. 

  Centrifugal pump The essential components are the fast 
rotating impeller and the casing. 

  Submersible pump Pump and motor 
  Hydraulic ram pump Drive pipe, delivery valve, air chamber 

Water 
Distribution 

Public Standpipe Trench Bulldozer (rented - included operator) 

    Compactor machine (rented - included 
operator) 

  Supporting  Water meter 
Water 

Treatment 
Water 
Disinfection 

Slow sand filter Water raw tank, filter tank and clean 
water tank 

Labour    
Water 

Collection 
Well Excavation Hand dug well Worker non-qualified and supervisor 

qualified  
  Driven well Worker non-qualified and supervisor 

qualified  
  Jetted well Worker non-qualified and supervisor 

qualified  
  Bored well Worker non-qualified and supervisor 

qualified  
  Drilled well Worker qualified 
 Well Lining Dug well Worker qualified or semi-qualified 
  Drilled well lining Worker qualified or semi-qualified 

Water 
Pumping 

Power system Diesel  Worker qualified 

  Electric  Worker qualified 
  Solar  Worker qualified 
  Wind Worker qualified 
 Pump Axial flow pump Plumber qualified 
  Centrifugal pump Plumber qualified 
  Submersible pump Plumber qualified 
  Hydraulic ram pump Plumber qualified 

Water 
Transmission 

 Pipes Worker qualified 

Water 
Storage 

Receiver tank Concrete-lined earthen 
reservoir 

Worker qualified 

  Reinforced concrete 
reservoir 

Worker qualified 

  Elevated reservoir (tower) Worker qualified 
  Ferro-cement tank Worker qualified 
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DIRECT COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 
Water 

Distribution 
Public Standpipe Connection Worker qualified 

  Trench Worker non-qualified  
  Supporting  Worker non-qualified and qualified 
  Collecting spillage Worker qualified 

Water 
Treatment 

 Slow sand filter Member of the family 

  Chlorination Member of the family 

 
 
 
 

 
Public Standpipe 

Indirect costs 
 

INDIRECT COSTS 
ITEM SUB-ITEM DESCRIPTION 

Engineering’s Studies   
Work supervision   
Contingencies   
Other incidentals     
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Public Standpipe 
Operation and maintenance costs   

 

O&M COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

Materials    
Water 

Collection 
Well 
Disinfection 

Dug well Chlorine (or other chemical product) 

 Well Lining Dug well Repairing the apron, headwall, drain 
   Cleaning the apron, headwall, drain 
   Extension of the well 
  Drilled well lining Repairing the apron, headwall, drain 
   Cleaning the apron, headwall, drain 
   Rehabilitation of the well (various 

technologies such as air forced and 
water pumping, brushing and treatment 
with chemicals) 

Water 
Pumping 

Power system Diesel Cleaning the structure 

   Check and replacement of power 
system pieces 

   Fuel, oil 
  Electric Cleaning the structure 
   Checking and replacement of power 

system pieces 
  Solar  Cleaning the structure 
   Checking and replacement of power 

system pieces 
  Wind Cleaning the structure 
   Checking and replacement of power 

system pieces 
 Manual Pumping Suction plunger hand 

pump 
Repairing and replacement of pieces 

  Direct action hand 
pump 

Repairing and replacement of pieces 

  Deep well piston pump Repairing and replacement of pieces 
  Deep well diaphragm 

pump 
Repairing and replacement of pieces 

Water 
Transmission 

 Pipes Repairing and replacement of pieces 

Water 
Storage 

Storing tank Concrete-lined earthen 
reservoir 

Cleaning, checking the valves, screens 
and lining 

   Drained and disinfected the reservoir 
  Reinforced concrete 

reservoir 
Cleaning, checking the valves and 
screens 

   Drained and disinfected the reservoir 
  Elevated reservoir 

(tower) 
Cleaning, checking the valves and 
screens 

   Drained and disinfected the reservoir 
   Painting the tank and tower 
  Ferro-cement tank Cleaning, checking the valves and 

screens 
    
    
   Drained and disinfected the reservoir 

Water 
Distribution 

Public Standpipe Connection Replacement of pipe 

  Supporting  Clean the structure 
Check and repair the platform, tap and 
valve 
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O&M COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

  Collecting spillage Check and repair the pad, drain, soak-
away 

Water 
Treatment 

Water 
Disinfection 

Slow sand filter Cleaning or replacement 

  Chlorination Cleaning 
Equipment    

Water 
Collection 

Pumping Axial flow pump Replacement the pump 

  Centrifugal pump Replacement the pump 
  Submersible pump Replacement the pump 
  Hydraulic ram pump Replacement the pump 
    

Water 
Distribution 

Public Standpipe Connection Replacement of the water meter 

Water 
Treatment 

Water 
Disinfection 

Slow sand filter Replacement of pieces 

Labour    
Water 

Collection 
Well Disinfection Dug well External worker qualified 

 Well Lining Dug well Repairs (Worker semi-qualified) 
   Extension (Worker qualified) 
   Cleaning (Worker non-qualified) 
  Drilled well lining Repairs (Worker semi-qualified) 
   Rehabilitation (Worker qualified) 
   Cleaning (Worker non-qualified) 

Water 
Pumping 

Power system Diesel  Worker qualified 

  Electric  Worker qualified 
  Solar  Worker qualified 
  Wind Worker qualified 
 Pump Axial flow pump Plumber qualified 
  Centrifugal pump Plumber qualified 
  Submersible pump Plumber qualified 
  Diesel engine Plumber qualified 
  Hydraulic ram pump Plumber qualified 

Water 
Storage 

Storage tank Concrete-lined earthen 
reservoir 

Worker semi qualified (caretaker) and 
plumber qualified 

  Reinforced concrete 
reservoir 

Worker semi qualified (caretaker) and 
plumber qualified 

  Elevated reservoir 
(tower) 

Worker semi qualified (caretaker) and 
plumber qualified 

  Ferro-cement tank Worker semi qualified (caretaker) and 
plumber qualified 

Water 
Transmission 

 Pipes Worker qualified 

Water 
Distribution 

Public Standpipe Connection Worker semi-qualified 

  Supporting  Plumber qualified  
  Collecting spillage Plumber qualified 

Water 
Treatment 

Water 
Disinfection 

Heating Family member 

  Slow sand filter Family member 
  Chlorination Family member 
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III.3 Protected dug well/spring or borehole 
 
 

Protected dug well/spring or borehole 
Investment Costs 

 

DIRECT COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

Materials    
Water 

Collection 
Well Excavation Hand dug well Various tools (shovel, pillory and others) 

  Driven well Sledgehammer, drive cap, metal well 
point 

  Jetted well Tripod and pulley, supply water hollow 
drill (rod in section), pump, plastic pipe 

  Bored well Tripod, handle, coupling, auger iron, 
plastic or asbestos pipe 

 Well Lining Dug well Stone, brick or concrete (headwall). 
Concrete rings, masonry with bricks or 
concrete blocks, clay, backfill (lining), 
gravel or prefabricated caisson intake 

  Drilled well lining Concrete, PVC pipe, gravel 
  Fence Concrete, wood. 

Water 
Pumping 

Power system Diesel Cables, superstructure (wood, slate, etc.) 

  Electric Cables, superstructure (wood, slate, etc.) 
  Solar pump Cables, superstructure (wood, slate, etc.) 
  Wind pump Cables, superstructure (wood, slate, etc.) 

Water 
Transmission 

 Pipes Concrete, PVC or others 

Water 
Storage 

Storage tank  Concrete-lined earthen 
reservoir 

Concrete, in and outlets, bituminous filling 
(or other waterproof materials) or ferro-
cement 

  Reinforced concrete 
reservoir 

Drain, concrete reinforced with steel bars 
or steel mesh, a roof of different materials 
(e.g. concrete reinforced), aeration pipe 
with a screen, a manhole, an inlet and 
outlets. 

  Elevated reservoir (tower) For family use, the tank can be made of 
an oil-drum and the tower of bamboo, for 
communal use, the tank can be made with 
galvanized steel and the tower of steel, 
wooden, or reinforced concrete. Several 
pipes and inspection entry are needed. 

  Ferro-cement tank Aeration pipe, manhole, lid, wire screen 
mesh wrapped around outside of form, 
drainage and fence. 

Water 
Distribution 

Connection Gravity Tap located in the inferior part of the 
receiver tank. Extraction of water by 
gravity. 

Water 
Treatment 

 Slow sand filter Sand and gravel 

  Chlorination Chlorine solutions 
Equipment    

Water 
Collection 

Well Drilling Drilled well Hydraulic rotary rigs or percussion rigs 

Water 
Pumping 

Power system Diesel  Motor  

  Electric  Motor, control panel 
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DIRECT COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

  Solar  Photovoltaic or solar cells 
  Wind Rotor fixed to a horizontal axis and 

mounted on a tower of steel. A gearbox is 
needed. 

 Pump Axial flow pump Often a boat propeller is used to 
improvise an axial flow pump. It turns in s 
cylindrical casing where fixed guide 
blades may be installed. 

  Centrifugal pump Fast rotating impeller and casing. 
  Submersible pump Pump and motor 
  Hydraulic ram pump Drive pipe, delivery valve, air chamber 

Water 
Treatment 

Water 
Disinfection 

Slow sand filter Water raw tank, filter tank and clean water 
tank 

Labour    
Water 

Collection 
Well Excavation Hand dug well Worker non-qualified and supervisor 

qualified  
  Driven well Worker non-qualified and supervisor 

qualified  
  Jetted well Worker non-qualified and supervisor 

qualified  
  Bored well Worker non-qualified and supervisor 

qualified  
  Drilled well Worker qualified 
 Well Lining Dug well Worker qualified or semi-qualified 
  Drilled well lining Worker qualified or semi-qualified 
  Fence Worker semi-qualified 

Water 
Pumping 

Power system Diesel  Worker qualified 

  Electric  Worker qualified 
  Solar pump Worker qualified 
  Wind pump Worker qualified 
 Pumping Axial flow pump Plumber qualified 
  Centrifugal pump Plumber qualified 
  Submersible pump Plumber qualified 
  Hydraulic ram pump Plumber qualified 

Water 
Transmission 

 Pipes Worker qualified 

Water 
Storage 

Storage tank Concrete-lined earthen 
reservoir 

Worker qualified 

  Reinforced concrete 
reservoir 

Worker qualified 

  Elevated reservoir (tower) Worker qualified 
  Ferro-cement tank Worker qualified 

Water 
Distribution 

Connection Tap Worker semi-qualified 

Water 
Treatment 

 Slow sand filter Member of the family 

  Chlorination Member of the family 
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Protected dug well/spring or borehole 
Indirect Costs 

 

INDIRECT COSTS 
ITEM SUB-ITEM DESCRIPTION 

Engineering’s Studies   
Work supervision   
Contingencies   
Other incidentals     
 
 
 

Protected dug well/spring or borehole 
Operation and maintenance costs   

 

O&M COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

Materials    
Water 

Collection 
Well 
Disinfection 

Dug well Chlorine (or other chemical 
product) 

 Well Lining Dug well Repairing the apron, headwall, 
drain 

   Cleaning the apron, headwall, 
drain 

   Extension of the well 
  Drilled well lining Repairing the apron, headwall, 

drain 
   Cleaning the apron, headwall, 

drain 
   Rehabilitation of the well (various 

technologies such as air forced 
and water pumping, brushing and 
treatment with chemicals) 

  Fence Paint and replacement 
Water 

Pumping 
Power system Diesel Cleaning the structure 

   Check and replacement of power 
system pieces 

   Fuel, oil 
  Electric Cleaning the structure 
   Checking and replacement of 

power system pieces 
   Electricity 
  Solar  Cleaning the structure 
   Checking and replacement of 

power system pieces 
  Wind Cleaning the structure 
   Checking and replacement of 

power system pieces 
Water 

Transmission 
 Pipes Replacement 

Water 
Storage 

Storage tank Concrete-lined earthen reservoir Cleaning, checking the valves, 
screens and lining 

   Drained and disinfected the 
reservoir 

  Reinforced concrete reservoir Cleaning, checking the valves 
and screens 

   Drained and disinfected the 
reservoir 
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O&M COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

  Elevated reservoir (tower) Cleaning, checking the valves 
and screens 

   Drained and disinfected the 
reservoir 

   Painting the tank and tower 
  Ferro-cement tank Cleaning, checking the valves 

and screens 
   Drained and disinfected the 

reservoir 
Water 

Distribution 
Connection  Replacement of taps 

Water 
Treatment 

Water 
Disinfection 

Slow sand filter Cleaning or replacement 

Equipment    
Water 

Collecting 
Pumping Axial flow pump Replacement of the pump 

  Centrifugal pump Replacement of the pump 
  Submersible pump Replacement of the pump 
  Hydraulic ram pump Replacement of the pump 

Labour    
Water 

Collection 
Well Disinfection Dug well External worker qualified 

 Well Lining Dug well Repairs (Worker semi-qualified) 
   Extension (Worker qualified) 
   Cleaning (Worker non-qualified) 
  Drilled well lining Repairs (Worker semi-qualified) 
   Rehabilitation (Worker qualified) 
   Cleaning (Worker non-qualified) 
  Fence Worker semi-qualified 

Water 
Pumping 

Power system Diesel  Worker qualified 

  Electric  Worker qualified 
  Solar  Worker qualified 
  Wind Worker qualified 
 Pumping Axial flow pump Plumber qualified 
  Centrifugal pump Plumber qualified 
  Submersible pump Plumber qualified 
  Diesel engine Plumber qualified 
  Hydraulic ram pump Plumber qualified 

Water 
Transmission 

 Pipes Worker semi-qualified 

Water 
Storage 

Storage tank Concrete-lined earthen reservoir Worker semi qualified (caretaker) 
and plumber qualified 

  Reinforced concrete reservoir Worker semi qualified (caretaker) 
and plumber qualified 

  Elevated steel reservoir (tower) Worker semi qualified (caretaker) 
and plumber qualified 

  Ferro-cement tank Worker semi qualified (caretaker) 
and plumber qualified 

Water 
Distribution 

Connection Tap Worker semi-qualified 

Water 
Treatment 

Water 
Disinfection 

Heating Family member 

  Slow sand filter Family member 
  Chlorination Family member 
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III.4 Rainwater collection 
 

 
Rainwater collection 

Investment costs 
 

 

DIRECT COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

Materials    
Water 

Collection 
Gutter and 
detachable down 
pipe 

Wood  Wood gutter. Some tools like hammer, nails 
and others. 

  Galvanized iron Galvanized iron gutter, welting, and others. 
  PVC PVC’s gutter, PVC adhesive, some tools like 

hammer, screwdriver and others. 
Water 

Transmission 
Gravity PVC pipes Extraction of water by gravity. 

Water 
Storage 

Storage tank  Reinforced 
concrete 
reservoir 

Drain, concrete reinforced with steel bars or 
steel mesh, a roof of different materials (e.g. 
concrete reinforced), aeration pipe with a 
screen, a manhole, an inlet and outlets. 

  Ferro-cement 
tank 

Aeration pipe, manhole, lid, wire screen mesh 
wrapped around outside of form, drainage 
and fence. 

Water 
Distribution 

Carry Rope and bucket Bucket, rope, pulley or a windlass with a hose 

 Connection Tap Tap located in the inferior part of the receiver 
tank 

Water 
Treatment 

Central treatment Small filter Gravel, sand and charcoal (before entering 
the storage tank) 

 Household 
Treatment 

Heating Water boil 

  Slow sand filter Sand and gravel 
  Chlorination Chlorine solutions 

Equipment    
Water 

Treatment 
Water 
Disinfection 

Slow sand filter Water raw tank, filter tank and clean water 
tank 

Labour    
Water 

Collection 
Gutter and 
detachable down 
pipe 

Wood  Worker non-qualified and supervisor qualified 

  Galvanized iron Worker non-qualified and supervisor qualified  
  PVC Worker non-qualified and supervisor qualified  

Water 
Transmission 

Gravity PVC pipes Worker non-qualified and supervisor qualified 

Water 
Storage 

Storage tank Reinforced 
concrete 
reservoir 

Worker qualified 

  Ferro-cement 
tank 

Worker qualified 

Water 
Distribution 

Carry Rope and bucket Family member 

 Connection Tap Worker semi-qualified 
Water 

Treatment 
Central treatment Small filter Worker non-qualified 

 Household 
Treatment 

Heating Family member 

  Slow sand filter Family member 
  Chlorination Family member 
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Rainwater collection 
Indirect costs 

 

INDIRECT COSTS 

ITEM 
SUBITEM DESCRIPTION 

Engineering’s Studies   
Work supervision   
Contingencies   
Other incidentals     
 
 

Rainwater collection 
Operation and maintenance costs 

 
 

O&M COSTS 
ITEM SUB-ITEM TECHNOLOGY DESCRIPTION 

Materials    
Water 

Collection 
Gutter and 
detachable down 
pipe 

Wood, Galvanized Iron or PVC Repairing or replacing the 
wood gutter 

   Cleaning the gutter and down-
pipes 

Water 
Transmission 

Gravity PVC pipes Replacement  

Water 
Storage 

Receiver tank Reinforced concrete reservoir Cleaning, checking the valves 
and screens 

   Reservoir drained and 
disinfected 

  Ferro-cement tank Cleaning, checking the valves 
and screens 

   Reservoir drained and 
disinfected 

Water 
Distribution 

Connection Tap Replacement of tap(s) 

Water 
Treatment 

Water 
Disinfection 

Slow sand filter Cleaning or replacement 

Labour    
Water 

Collection 
Gutter  Wood, Galvanized Iron or PVC Repairs or Replaces (Worker 

non-qualified) 
   Cleaning (Worker non-

qualified) 
 Detachable down 

pipe 
Wood, Galvanized Iron or PVC Family member 

Water 
Transmission 

Gravity PVC pipes Worker semi-qualified 

Water  
Storage 

Receiver tank Reinforced concrete reservoir Worker semi qualified 
(caretaker) and plumber 
qualified 

  Ferro-cement tank Worker semi qualified 
(caretaker) and plumber 
qualified 

 Transporting Carry of water Family member 
Water 

Treatment 
Water 
Disinfection 

Heating Family member 

  Slow sand filter Family member 
  Chlorination Family member 
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