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Abstract
Presents established information on slow sand filtration, as well as guidelines resulting from
demonstration projects in developing countries.
In Chapter 2, the basic principles of community water supply and community participation
are set out before entering into detailed discussion on the slow sand filtration process-m
Chapter 3. The overall system design is discussed in Chapter 4, and the cost of construction,
operation and maintenance in Chapter 5. The information presented in these first chapters is
illustrated in Chapter 6 with an example of planning and designing a slow sand filtration
system for a hypothetical community. Chapter 7 provides detailed information on the
structural design, which is further illustrated with design examples in Chapter 8. It should be
understoodjiowevcr, that these examples are based on specific local conditions and may not
be directly applicable under other circumstances. In Chapter 9, construction guidelines are
presented, because the quality of construction can be greatly improved in many cases.
Finally, Chapter 10 outlines detailed operation and maintenance procedures and sets out the
importance of proper training. The publication is concluded with a series of appendices.
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Preface

This publication presents established information on slow sand filtration, as well as
guidelines resulting from the International Research and Demonstration Project on
Slow Sand Filtration sponsored by the Department of Research and Development
of The Netherlands Ministry of Foreign Affairs. The project was initiated by
institutions in Colombia, India, Jamaica, Kenya, Sudan and Thailand, in
collaboration with the International Reference Centre for Community Water
Supply and Sanitation (IRC).

These guidelines cover design, construction, as well as operation and
maintenance procedures for water treatment plants using the slow sand filtration
process. Since a properly designed plant will only produce safe water if its caretaker
knows how to keep it fully operational, training of caretakers must receive full
attention as early as the planning stage, and the plant design should facilitate
operation and maintenance.

This publication is the result of collaboration between Mr R. Paramasivam and
Mr A. Raman from the National Environmental Engineering Research Institute,
Nagpur, India, Mr H. Heijnen, Community Water Supply and Sanitation Project,
Pokhara, Nepal, and Mr J.T. Visscher, IRC, The Hague, The Netherlands. The
earlier IRC Technical Paper No. 11: "Slow Sand Filtration for Community Water
Supply in Developing Countries, a Design and Construction Manual", prepared by
J.C. van Dijk and J.H.C.M. Oomen, was an important source of information.

A special thanks goes to Ms C. van Wijk for her advice on community
participation and women's involvement, and to Mr T. Figee who advised on the
technical drawings and sections dealing with construction. All drawings have been
prepared by Mr L. Huijg and final editing was done by Ms M. Simpson and Ms H.
West.

Grateful mention is made of the following persons for reviewing, the draft
document: Dr R.C. Ballance, Mr L. Chainarong, Mr G. Galvis, Professor L.
Huisman, Professor K.J. Ives, Mr G.E. Nepomuceno, Professor M.B. Pescod, Mr
C.L.P.M. Pompe, Mr I.P. Toms, Mr J. Arboleda Valencia and Mr M. Wegelin.
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1. Introduction

In many developing countries, treatment of water to make it fit for human
consumption is still a major problem. Expensive and complex treatment plants
have been built but many of these do not function satisfactorily because of
inappropriate design, irregular power supply, and lack of fuel, chemicals,
replacement parts and trained manpower. There is an obvious need for more
reliable and simpler water treatment systems which can be maintained by local
technicians without major contributions from external sources. Slow sand filtration
has been identified as a method which can fulfil these requirements.

Institutions in Colombia, India, Jamaica, Kenya, Sudan and Thailand, have
cooperated with IRC in an integrated research and demonstration project to field
test the process of slow sand filtration, and to develop practical guidelines for its
application in developing countries. This project started in 1976 with a research
programme to establish the reliability of the process under tropical conditions.
Subsequently, the collaborating institutions set up a number of demonstration
projects to test the effectiveness of this process at community level. Water supply
systems incorporating slow sand filters were built in selected villages by the
agencies responsible for water supply in the participating countries (see Figure 1.1).
These demonstration projects also provided an effective channel for the transfer of
knowledge from the research institutions to the water agencies. To ensure that the
communities would benefit fully from the provision of safe drinking water, a
community participation and health education component was included in the
project. Most participating communities were involved in the discussions and
decision-making and contributed to the schemes by providing labour and materials.
In many of the schemes, caretakers selected from the communities were
responsible for operation and maintenance.

The demonstration programme has shown that slow sand filtration is a simple,
economical and reliable treatment method. Often, it will be the only reliable and
effective method to provide safe drinking water from surface water sources in
developing countries. It was also found that it is essential to initiate the community
education and participation process prior to the introduction of a water supply. It
helps to ensure that the needs of the people are met satisfactorily, that local
resources are mobilized, and that facilities are used and maintained properly.
Furthermore, project findings showed that hygiene education is a key element in
initiating discussion and change of community practices detrimental to hygiene and
sanitation, without which the impact of a safe water supply is limited.

This publication is based on the results and practical experience gained from the
Slow Sand Filtration Project, and on recent publications on the subject. It



particularly focuses on slow sand filtration plants for community water supply in
small and medium sized communities. Wherever possible, simplified "rules of
thumb", tables and graphs are given to eliminate the need for complicated
calculations.

In Chapter 2, the basic principles of community water supply and community
participation are set out before entering into detailed discussion on the slow sand
filtration process in Chapter 3. The overall system design is discussed in Chapter 4,
and the cost of construction, operation and maintenance in Chapter 5. The
information presented in these first chapters is illustrated in Chapter 6 with an
example of planning and designing a slow sand filtration system for a hypothetical
community.

Figure 1.1: Slow sand filter plant, Borujwada, India, 1983



INTRODUCTION

Chapter 7 provides detailed information on the structural design, which is further
illustrated with design examples in Chapter 8. It should be understood, however,
that these examples are based on specific local conditions and may not be directly
applicable under other circumstances.

In Chapter 9, construction guidelines are presented, because the quality of
construction can be greatly improved in many cases. Finally, Chapter 10 outlines
detailed operation and maintenance procedures and sets out the importance of
proper training.

The publication is concluded with a series of appendices which provide
information on pre-treatment, water quality, soil investigation, flow measurement,
chlorination and a listing of participating institutions in the Research and
Demonstration Project on Slow Sand Filtration and documentation centres.

Figure 1.2: Slow sand filter plant, Ban Bangloa, Thailand, 1982



2. Community Water Supply and
Sanitation

2.1 IMPORTANCE OF SAFE WATER SUPPLY

Water which is safe to drink must be free of pathogenic organisms, toxic substances
and an excess of minerals and organic material. To be attractive to consumers,
water should also be free from colour, turbidity, and odour, it should contain
sufficient oxygen, be acceptable in taste, and preferably be "cool".

In 1985, the World Health Organization published the "WHO Guidelines for
Drinking-water Quality", which advises on tolerable levels for bacteriological,
physical and chemical constituents in drinking water (see Appendix I). With the aid
of these guidelines, individual countries are expected to formulate their own
national standards for water quality based on local conditions.

The provision of a nearby water supply sufficient for the daily needs of consumers
will help greatly to decrease the incidence of skin and eye infections, and may also
reduce diarrhoeal diseases and most worm infections, particularly if the water is of
reasonable bacteriological quality. However, the provision of sufficient safe water
will not lead to a major improvement in health conditions unless it is continuously
and correctly used, and domestic hygiene practices and the method of human waste
disposal are also improved. Ways to prevent the transmission of specific diseases
related to water and sanitation are set out in Table 2.1.

2.2 WATER SOURCES

Groundwater, surface water and sometimes rain-water are used as sources for
community water supply. Groundwater can be taken from springs or tapped from
wells or boreholes; surface water from streams, rivers, canals, ponds or lakes; and
rain-water collected from the roofs of houses or from surface runoff areas. Because
the value of the source depends on the quantity and quality of the water to be
abstracted, careful selection is essential and must be based on a sufficiently detailed
survey to ensure that it is reliable and provides water of satisfactory quality.



COMMUNITY WATER SUPPLY AND SANITATION

Table 2.1: Importance of water-and-sanitation-related intervention for infectious disease
control

Disease

Diarrhoea

Viral
Bacterial
Protozoal

Poliomyelitis and
hepatitis A

Worm infections

Ascaris, Trichuris
Hookworm
Pinworm, dwarf tape-
worm
Other tapeworms
Schistosomiasis
Guinea worm
Other worms with
aquatic hosts

Skin infections
Eye infections

Insect-transmitted
diseases

Malaria
Urban yellow fever,
dengue
Bancroftian
filariasis
Onchocerciasis

Water
quality

+ +

+ + +
+

+

+
+

o
o
+
+ + +

o

o
+

o

0

o
o

Water
quantity/
conve-
nience

+ + +
+ + +
+ + +

+ + +

+
+

+ + +
+
+
0

0

+ + +
+ + +

0

o

o
0

Intervention*

Personal
and
domestic
hygiene

+ + +
+ + +
+ + +

+ + +

+
+

+ + +
+
o
o

o

+ + +
+ + +

o

+

o
o

Waste-
water
disposal

o
o
o

o

+

o

o
o
+
o

o

o
+

+

+ +

+ + +
0

Excreta
disposal

+ +
+ +

+ +

+ + +
+ + +

+ + +
+ + +
+ + +
0

+ +

0

+

0

o

+ + +
0

Food
sani-
tation

+ +
+ + +
+ +

+ +

+ +
+ +

+ + +
+ + +
o
o

+ + +

o
o

o

0

o
o

* Degree of importance of intervention:+ + + high ++ medium + lowo negligible

** Vectors bred in water-storage containers

(after Ballancc Source: 1984)
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Groundwater

Groundwater is often the most appropriate source for drinking water, provided it
does not have a high mineral content, which makes it unpleasant or even harmful to
drink and, which makes treatment necessary. Deep groundwater is generally
bacteriologically safe, but shallow groundwater may contain bacterial and viral
pollution from nearby pit latrines, septic tanks or cattle ponds.

Surface water

Surface water generally needs to be treated to be made safe for human consumption
unless the drainage area is uncultivated, unpopulated and well protected. Seasonal
and even daily variation in the quality of surface water is common, for instance,
turbidity may become very high in streams and rivers during rainy periods.

Rain-water

Usually, a community water supply system cannot rely on the collection of rain-
water as its main source, because rainfall is often erratic. Reliability can be
improved by the provision of storage facilities, although only water for drinking and
cooking purposes can usually be stored because of the cost involved. Therefore,
rain-water is only appropriate as a source of supply in areas where surface water or
groundwater is scarce or of poor quality, for instance, in parts of the West Java
Islands in Indonesia where groundwater is brackish.

Rain-water usually contains very few impurities, but when the surface from
which it is collected is not clean, it will require treatment before it is safe to drink.

2.3 TREATMENT REQUIREMENTS

If water from the selected source cannot meet the quality requirements for drinking
water, as indicated in national guidelines for the quality of drinking water or those
of WHO (Appendix I), then it requires treatment. This will increase the cost and
complicate operation and maintenance of the water supply system. For technical
and economic reasons, treatment is usually only feasible for removal of turbidity,
biological impurities, iron, manganese, colour and odour. Of the methods applied
in community water supply, slow sand filtration has proven to be the most suitable
and often cheapest treatment method in many cases.



COMMUNITY WATER SUPPLY AND SANITATION

General considerations for planning and designing water supply schemes in
developing countries are:

° The quality of water supplied should not under any circumstances deteriorate
below certain acceptable limits during the period of time for which the system has
been designed.

c Sufficient water must be provided at all times, and at convenient locations.
Where traditional sources remain competitive, their possible use will have to be
discussed and any improvements will have to be arranged with the users.

° Construction, operation, maintenance, and preferably repair should be within
the competence of local technical staff or the users. Prior to construction, an
assessment should be made of available skills in the community and the water
agency.

c A minimum of equipment should be used, and this should be sturdy, reliable and
preferably available locally.

0 Construction and operation costs should be reduced to a minimum, and limited or
no use should be made of imported materials.

° The system design should minimize the need for chemicals and pumping, and
allow for minimal operator's attendance, because wages are likely to be a heavy
strain on budgets, especially in small communities.

° The system should be planned together with the community to enable adaptation
to local needs and preferences, and to take full advantage of local skills and
knowledge.

° Special steps should be taken to consult the women and to involve them in local
management of the scheme, because they are the first users and have a direct
interest in keeping it functioning.

0 Appropriate systems should be included to monitor the performance of the
treatment system.

° Provision should be made to prevent, or deal with, possible deterioration of the
quality of raw water or breakdown of the treatment system.



2.4 WATER TREATMENT BY SLOW SAND FILTRATION

Slow sand filtration is one of the most effective, simplest, and least expensive water
treatment processes and is therefore particularly suitable for rural areas in
developing countries. Essentially, this process differs from rapid sand filtration
because of its biological nature, its high efficiency, and its suitability for village level
operation and maintenance.

The basic process of slow sand filtration is as follows. Water slowly passes
through a bed of fine sand at a rate of 0.1-0.3 m3/m2/h, thus improving its quality
considerably by removing turbidity and greatly reducing the number of micro-
organisms (bacteria, viruses, cysts). Soon after the filtration process begins, a filter
skin forms on the surface of the bed. This filter skin, or "Schmutzdecke", consists of
retained organic and inorganic material and a wide variety of biologically active
micro-organisms which break down organic matter. This biological activity and
other treatment mechanisms extend through the upper layer of the sand bed,
perhaps to a depth of about 0.4 m. Due to slow water movement and long retention
time, slow sand filtration resembles the percolation of water through the subsoil,
and the process effectively produces water comparable in quality to groundwater.

After the filter has been producing good quality water for several weeks, the
filter skin gradually clogs and cleaning of the filter will be necessary. This is done by
scraping off the top few centimetres of the filter bed and then restarting the
filtration process.

From the considerations set out in Table 2.2, it is clear that the application of slow
sand filtration should be carefully evaluated when designing a water supply scheme.
When surface water is more readily available than groundwater, slow sand
filtration will frequently prove to be the simplest, most economical and reliable
method of preparing safe drinking water.

Pre-treatment of turbid surface water

Slow sand filters can only deal with water of low turbidity, for example, 20-30 NTU
(ncphelometric turbidity units). Raw water with a turbidity level greater than
50 NTU over periods of several weeks, or over 100 NTU for longer than a few days,
causes rapid clogging of the slow sand filters. This would require frequent cleaning
of the filters, which is not acceptable because of the increased work load and the
reduction in production of treated water. The need to pre-treat the raw water to
reduce initial turbidity therefore becomes paramount. Various simple methods are
readily available and easily applicable on a smaller scale, including river bed
filtration, horizontal flow-roughing filtration, vertical flow-roughing filtration and
plain sedimentation.

8
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Table 2.2: Summary of considerations in slow sand filtration

Consideration Comments

Quality of treated water

Ease of construction

Cost of construction

Ease of operation and
maintenance

Cost of operation

Reliability

Cleaning

Large surface area

Rapid clogging of the filters
when turbidity is high

Best single process to improve the physical, chemical
and biological quality of surface water. In many rural
areas, slow sand filtration may be the only feasible
treatment.

The relatively simple designs facilitate construction
from local materials using local labour. Little or no
special pipework or equipment is required.

Construction from local materials using local labour
reduces costs considerable. Imported materials and
equipment are usually not required.

After a short period of training, local caretakers with
little formal education can operate the system.

Operation costs and energy requirements are lower
than for other systems. No chemicals are required.

The process is reliable and mechanical failures are
minimal. Fluctuations in quality of raw water can be
accommodated without disrupting the efficiency of the
process.

The cleaning process is simple but somewhat labour-
intensive. Although the cost may be low, in most
developing countries, labour may not always be
available at the required time.

A fairly large area is required for the filters: about
0.02-0.08 m2 per consumer. Because of the low cost of
land in many rural areas, this may represent only 1-2%
of total construction costs. However, this may be a
constraint in areas where land is scarce.

High turbidity of raw water may cause rapid clogging
of the filters. This may often be overcome by simple
pre-treatment.



Most information on pre-treatment is derived from laboratory testing, although
some also results from the operation of full-scale plants. High turbidity removal
efficiencies have been reported, for example, in Borujwada, India, where peak
turbidity values of over 400 NTU have been reduced to a uniform value of less than
5 NTU by river bed filtration (see Figure 2.1). Horizontal flow-roughing filtration
(see Figure 2.2) has been reported to remove over 70% of turbidity. A horizontal
flow-roughing filter in Fau, Sudan, for example, has reduced peak turbidity values
of approximately 1000 NTU to extremely low figures of 5-20 NTU (Wegelin, 1986).
Satisfactory results are also being obtained with upflow-roughing filtration as
shown by laboratory tests in 1986 in Cali, Colombia, where turbidity removal
efficiencies of 70-85% and efficiencies for the removal of faecal coliform of 80-99%
were recorded.

Information on the design and functioning of pre-treatment systems is still
limited and further study is required to optimize these processes. For more
information on prc-treatment, see Appendix II, which also includes preliminary
guidelines for design and construction.

w^^B^^^| i | i i i t t i^^

•<!•'" "• •'•'••"l";iJh

,.<i;vri . ||i i i i

Figure 2.1: Riverbed filtration, collection well, Borujwada, India
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COMMUNITY WATER SUPPLY AND SANITATION

Chlorination of the effluent

Slow sand filters are a very effective barrier against disease transmission by
drinking water and in this regard, are much more effective than rapid sand filters.
Nevertheless, it is advisable to adopt a multi-barrier system to prevent possible
disease transmission, particularly if faecal contamination of some magnitude is
present in the raw water. Pre-treatment provides a second barrier to some extent
but if continuous chlorination of the slow sand filters' effluent can be ensured, as
may be possible in some developing countries, this would establish a very effective
multi-barrier system.

Information on chlorination is provided in Appendix III. If chlorination is not
possible, sand of a finer grain size and a low rate of filtration may be adopted to
ensure the best possible quality of the slow sand filter, as will be further explained in
Chapter 3.

Figure 2.2: Horizontal flow-roughing filter under construction, Fau, Sudan
(photo 1RCWD)
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2.5 SELECTION OF TREATMENT SYSTEM

When surface water is not safe for human consumption and requires treatment, the
guidelines given in Table 2.3 can be used to select a water treatment system,
adopting slow sand filtration as the main process. The following parameters are
used for selection:
- turbidity expressed in nephelometric turbidity units (NTU);
- faecal coliform count;
- presence of guinea worm or schistosomiasis.
In addition, if the oxygen content of the raw water is low, for example below 4 mg/1,
aeration is required to prevent anaerobic conditions occurring in the slow sand
filter. Schistosomiasis has been included because it can be transmitted through
water contact, but not usually through water ingestion.

2.6 COMMUNITY INVOLVEMENT

Water supply systems have not only to be designed and constructed, but have to be
used and maintained. Continuous and correct use can be achieved more easily
when the community has been given an opportunity to express its needs and points
of view, and has been actively involved in planning and implementing the scheme
(White, 1982; van Wijk, 1986). This implies that all villagers, or at least
representatives of all village sections (men and women, different ethnic and
religious groups, rich and poor), are informed and consulted at an early stage of the
project about the following:
- the benefits of a safe water supply;
- their preferences and the technical and financial consequences of their choice;
- the contributions expected of the community;
- the method used to carry out the project.

In practice, it is not always easy to reach all sections of the community, in
particular the women. Women however, are most directly concerned with water
and sanitation as users, domestic managers, educators of children and protectors of
family health (see Figure 2.3), and thus should be actively involved in all aspects of
the preparation, initiation, organization and maintenance of a safe water supply for
their communities. Often, it will be possible to cooperate with female field workers
in related departments or programmes, to request separate meetings with women
in the communities, or to consult them informally at their work places (van Wijk,
1985).
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Table 2.3: Guideline for the selection of a water treatment system for surfac
rural areas

Average raw water quality Treatment required

Turbidity: 0-5 NTU
Faecal eoliform MPN*: 0
Guinea worm or schistosomiasis not
endemic

Turbidity: 0-5 NTU
Faecal eoliform MPN*: 0
Guinea worm or schistosomiasis endemic

Turbidity: 0-20 NTU
Faecal eoliform MPN*: 1-500

Turbidity: 20-30 NTU
(30 NTU for a few days)
Faecal eoliform MPN*: 1-500

Turbidity. 20-30 NTU
(30 NTU for several weeks)
Faecai eoliform MPN*: 1-500

Turbidity: 30-150 NTU
Faeeal eoliform MPN*: 500-5000

Turbidity: 30-150 NTU
Faecal eoliform MPN*: > 5000

Turbidity: > 150 NTU

- No treatment

- Slow sand filtration

Slow sand filtration;
Chlorination, if possible

Pre-treatment advantageous;
Slow sand filtration;
Chlorination, if possible

Pre-treatment advisable;
Slow sand filtration;
Chlorination, if possible

Pre-ireatment;
Slow sand filtration;
Chlorination, if possible

Pre-treatment;
Slow sand filtration;
Chlorination

Detailed investigation and possible pilot
plant study required

* Faecal eoliform counts per 100 ml

Although the degree of community participation will vary greatly from country
to country and from culture to culture, an attempt has been made to define major
decisions on water supply in which the community should be actively involved (see
Table 2.4).
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Figure 2.3: Women are the main
users of the village water supply

Table 2.4: Community involvement in water supply projects

Project phase

Planning

Construction

Operation

Maintenance

Evaluation

Community decisions and involvement

Selection of type of system e.g. standposts or house
connections, including siting of taps
Agreement on future contributions in cash or kind, and
type of tariff system in view of multiple and productive
water use
Site selection and preparation
Selection of reliable and motivated caretaker(s)
Establishmcntof local water committee for management

Agreement on contributions in cash or kind
Timing of the construction period
Provision of labour

Prevention of water wastage and pollution
Payment of water tariff

Provision of labour support to the caretaker
Contributions in cash or kind for major repairs

Occasional checks on user's satisfaction through informal
discussions
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Participation in planning

The importance of active involvement of the community in planning rural water
supply projects is increasingly being recognized. If community water supply
systems are to continue functioning and to be used by all, systems should be chosen
which are acceptable and affordable for the community. This can be achieved by
determining the expectations of the users and explaining to them the consequences,
financially and otherwise, of possible options. In this way, well-reasoned decisions
can be made on the type of technology and level of service, for example standposts,
group or house connections, and their location. Also, a satisfactory agreement can
be made on the obligations and rights of both the community and the water agency.
Suitable arrangements will already have to be made at the planning stage for the
possible involvement of the community in construction, future maintenance and
revenue collection. For example, it may be arranged in consultation with the
community that cattle owners pay for the water their cattle use, or a differential rate
system may be agreed in which poorer community members who use less water pay
a lower tariff.

The community, particularly the women, have valuable knowledge about the
local situation and water sources which can be vital to the success of a water supply
project. There are examples of treatment plants which cannot be used for part of
the year because the water source dries up or the area is flooded. Such costly
mistakes could have been prevented had the local community been consulted and
the area adequately surveyed. Consultation with the local community may also
prevent conflicts over water use and help to find appropriate solutions to particular
local problems. For example, the manure of freely grazing cattle was polluting the
water source of the village of Alto de los Idolos, Colombia. The water agency
suggested fencing the intake, but the village water committee did not consider this
feasible because of the cost and risk of the fence being stolen, and requiring people
to confine their animals was not compatible with the local patterns of land use and
labour. When the community understood the need to protect the water intake, they
devised their own solution and organized voluntary labour from all user households
to plant thorn bushes as a natural fence. This solution proved to be very effective in
preventing the cattle grazing close to the intake.

Participation in construction

Well-organized community participation during construction (Figure 2.4) can
reduce costs, and may also increase the skills of the community. This participation
can be achieved more easily if the community benefits directly, for example,
through a lower water tariff or the provision of house connections instead of public
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standposts. To increase willingness to participate, construction work must be
planned for periods when the daily work load of the community is low, for example,
outside the planting and harvesting seasons. It is also preferable to contract paid
labour from the community, including the future carctaker(s) of the plant, even
when the community does not have to contribute to construction costs.

Figure 2.4: Community support in digging trenches for the distribution
network, Alto de los Idolos, Colombia
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Participation in operation and maintenance

After a short period of training, community members are able to operate and
maintain slow sand filtration schemes, although daily routine tasks are best done by
one or two caretakers selected from the community. Caretakers need adequate
training and supervision and usually will need some form of compensation. In some
cases, the provision of a tool kit and increased status may be a sufficient reward, or
the donation of a plot of land near the treatment plant and supply of a limited
quantity of raw water may be adequate compensation. However, when a caretaker
receives monthly payment, preferably from the community, this offers the most
effective control mechanism to ensure that operation and maintenance tasks are
properly carried out.

Occasionally, the caretaker(s) may be assisted in labour intensive tasks by other
members of the community, such as when cleaning and re-sanding the filters.
Sometimes, this will be free labour but in other communities payment will be
required. The community members may also contribute considerably by handling
taps with care and reporting leaking taps and pipes immediately, thus avoiding loss
of treated water.

A good relationship with the community is therefore essential and can be
stimulated by informal discussions between caretakers and community members
during regular inspection visits of the distribution network. During these visits, the
caretaker can also assess whether users are satisfied with the supply.

Delegation of construction, management and administration tasks to the
community or a community-based organization has many advantages, provided
that it is officially authorized by the water agency or local government.

How to approach and involve the community

No blueprint can be given as to how the community can best be approached and
involved. However, the first step will generally consist of contacting local
authorities to inform them about the project, and to request organization of a
general meeting to inform the people and seek their views. Where it is difficult for
women or certain sections in the community to raise questions or express their
views, they may be consulted separately and informally. Local leaders can also be
asked to hold a separate meeting of all village women, organized through the local
women's organization or women leaders (van Wijk, 1985). All meetings should be
held at convenient times and places and active discussions should be encouraged.
Early mornings and late afternoons, for example, may be inconvenient for a
meeting, because women will be busy fetching water and preparing food. Daytime
may be equally inconvenient during the planting and harvesting seasons.
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After the concept of the programme has been introduced in the meeting, more

detailed planning and discussions will be required, for example on design,
community support in construction, financing of the operation, and maintenance.
These discussions and consultations can often best be held with a smaller group of
selected community members.

If a village committee already exists, it may be the most convenient partner in the
discussions, provided that it represents the interests of all villagers and not just
those of a specific group. Elsewhere, a special committee or sub-committee may be
formed to make detailed arrangements for approval by the community. Thereafter,
this committee may take responsibility for organizing community support and for
administration of the water supply after construction is completed. In either case,
the committee will usually need some special training for their tasks in management
and financial administration.

Once the first contacts have been established, communities may become very
enthusiastic and rapid follow-up action will be required. In other cases, a
motivation campaign or a hygiene education programme may be required to
convince certain or all community members of the new system's potential, and so
persuade them to participate. Tt should always be remembered that sufficient time
must be devoted to initiating this process of community participation, because it is
often of paramount importance for the long-term functioning and use of the new
facilities.

2.7 HYGIENE EDUCATION

Both community participation and the health impact of the new water supply can be
increased considerably by a hygiene education programme, in which the
relationship between hygiene and the prevention of disease is demonstrated
clearly. This will stimulate the community to use only the safe water supply, and will
also be an important step in demonstrating that provision of safe water alone docs
not prevent the transmission of disease.

Frequently, the potential health benefits of an adequate and accessible supply of
clean water arc not realized because injections continue to be transmitted by other
routes. Improvements in sanitation and upgrading of the water supply system must
be done simultaneously because both hygienic waste disposal and general hygiene
improvements are essential to control the spread of disease.

A hygiene education programme needs to be planned in consultation with the
community. Initially, it should aim to create awareness by discussing the
relationships between disease, water, and sanitation. People are then in a better
position to recognize aspects of their own behaviour and facilities which pose health
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risks, and to take steps to change these practices (Boot, 1984).
The required changes in local practices are best discussed together with the

technical improvements needed. When an atmosphere is created in which
difficulties and constraints can be discussed openly, it becomes easier to find
solutions that are feasible and acceptable for all concerned. One topic relevant for
discussion is the ways in which safe water may become re-polluted. It should be
made clear that water in the distribution system is safe and clean unless impurities
enter this system through leaking or broken pipes. Damage must therefore be
reported immediately to the caretaker as immediate repair is essential. Water may
also become polluted during collection and storage in the home because:
- dirty containers are used to fetch water from the distribution point;
- water comes into contact with dirty hands of the person carrying it;
- water is stored in uncovered containers, thus allowing pollution by dust or dirt;
- water is drawn from storage containers with a dirty utensil, or dirty hands touch

the water when taking it out of the container.
Hygiene education should not be restricted to water usage but should include
sanitation and food hygiene. Food which is not hygienically prepared and stored is a
very important source of disease. For further information, see the IRC Occasional
Paper "Making the links: guidelines for hygiene education in community water
supply and sanitation."
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3. Principles of Slow Sand Filtration

3.1 THE COMPONENTS OF THE FILTER

Basically, a slow sand filter consists of a box containing:
- a supernatant layer of raw water;
- a bed of fine sand;
- a system of underdrains;
- an inlet and outlet structure;
- a set of filter regulation and control devices.
The water flow in a slow sand filter may be controlled at the outlet (Figure 3.1), or
at the inlet of the filter (Figure 3.2), and the method chosen may slightly affect the
structure, the control devices and the functioning, as will be explained in Section
3.4. These components are described briefly in this chapter, and in further detail in
relation to the design of a slow filtration system in Chapter 7.

Filter box

The total height of the filter box, including the floor, may range from 2.5 to 3.0 m
and can be constructed of reinforced concrete, ferrocement, stone or brickwork
masonry. The filter box, effluent channel and clear-water storage reservoir should
be watertight to prevent losses and to avoid contamination of the treated water by
shallow groundwater or surface runoff.

Inlet structure

The inlet structure is intended to allow water to flow into the filter without
damaging the filter skin on top of the sand bed. Usually, the inlet structure is a box
which can also be used to drain the supernatant water quickly.

Supernatant water layer

The supernatant water layer provides a head of water which is sufficient to drive the
raw water through the bed of filter medium, while creating a detention period of
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PRINCIPLES OF SLOW SAND FILTRATION

several hours for the raw water. A range of 1.0-1.5 m is a suitable depth for the
supernatant water layer. It is usual practice to maintain the supernatant water at a
constant level, but an alternative mode of operation which results in a gradually
increasing level may also be used. This will be discussed further in Section 3.4.

Scum outlet

An outlet is necessary for the removal of scum, which may be formed from leaves,
algae and other material floating on the supernatant water. This outlet may also
serve as an overflow for the supernatant water.

Supernatant water

Biological layer

Filter bed ;;

Underdrain system .;< j_

Ventilation

Figure. 3.1; Basic components of an outlet controlled slow sand filter

A: raw-water inlet valve
B: valve for drainage of supernatant water layer
C: valve for back-filling the filter bed with clean water
D: valve for drainage of filter bed and outlet chamber
E: valve lor regulation of the filtration rate
F: valve for delivery of treated water to waste
G: valve for delivery of treated water to the clear-water reservoir
H: outlet weir
I: calibrated flow indicator
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Supernatant water
'_i Biological layer

Filter bed

.—Underdrain system — s'%£

Ventilation

Figure 3.2: Basic components of an inlet controlled slow sand filter

a: valve for raw-water inlet and regulation of filtration rate
b: valve for drainage of supernatant water layer
c: valve for back-filling the filter bed with clean water
d: valve for drainage of filter bed and outlet chamber
e: valve for delivery of treated water to waste
f: valve for delivery of treated water to the clear-water reservoir
g: inlet weir
h: calibrated flow indicator

Filter bed

Although any inert, granular material can be used as the filter medium, sand is
usually selected because it is cheap, inert, durable and widely available. When
placed in the filter, the sand should be free from clay, soil and organic matter.

The filter medium is described in terms of its effective size and uniformity
coefficient. The effective size (es, de or d,n) is the sieve opening which allows
passage of 10% (by weight) of the grains. The uniformity coefficient is the ratio
between the effective size and the sieve opening through which 60% (by weight) of
the grains will pass (d60); uniformity coefficient = dfto/dio.
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Sand used in slow sand filters should be relatively fine, have an effective size in
the range of 0.15-0.30 mm, and a uniformity coefficient lower than 5 but preferably
below 3. It is important that the effective grain size of the sand should not be finer
than necessary, because sand which is too fine will add to the initial head loss (Ellis,
1985) although the quality of the effluent will be improved. If feasible, simple pilot-
plant tests should be carried out to find the most suitable effective grain size.

The minimum thickness of the filter bed should be 0.5 m, but if slow sand
filtration is the only treatment, and the effective grain size is in the higher range, an
increase to 0.6 m would be advisable. To allow for periodic cleaning by removal of
1-2 cm from the top sand layer, 0.3 m is usually added to bring the initial thickness
of the filter bed to 0.8 m (0.9 m). Successive cleanings of the filter, at intervals of
approximately one to three months, will gradually reduce the thickness of the filter
bed so that by the second or third year, the minimum thickness of the filter bed is
reached. The filter bed then needs to be re-sanded, as will be discussed in
Section 10.7.

Underdrain system

The underdrain system serves two purposes: firstly, it provides unobstructed
passage of treated water and secondly, it supports the bed of filter medium.
Usually, it consists of a main and lateral drain constructed from perforated pipes, or
a false floor made of concrete blocks or bricks, and is covered with layers of graded
gravel. These layers prevent the filter sand entering or blocking the undcrdrains
and ensure uniform abstraction of the filtered water. The thickness of the
underdrain system, including the gravel layers, may range from 0.3 to 0.5 m,
although the depth of the underdrain system will be smaller if corrugated pipes are
used (see Section 7.4).

Outlet chamber

The outlet chamber usually consists of two sections separated by a wall, on top of
which a weir is placed with its overflow slightly above the top of the sand bed. This
weir prevents the development of below-atmospheric pressure in the filter bed,
which could lead to the formation of air bubbles underneath the biological layer.
The weir also ensures that the filter operates independently of fluctuations in the
level of the clear-water reservoir.

By allowing the free fall of water over the weir, the oxygen concentration in the
filtered water is increased and the weir chamber should therefore be suitably
ventilated to facilitate aeration.
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3.2 TREATMENT PROCESS

In a slow sand filter impurities in the water arc removed by a combination of
processes: sedimentation, straining, adsorption, and chemical and bacteriological
action. Purification begins in the supernatant water layer where large particles
settle on the filter bed, and smaller particles agglomerate to scttleablc floes as a
result of physical, chemical, or biochemical interactions. Under the influence of
sunlight, algae, which have entered the filter with the raw water, grow and
influence the purification process.

During the first few days, water is purified mainly by mechanical and physical
processes. The resulting accumulation of sediment and organic growth forms a thin
layer on the sand surface, which remains permeable and retains particles even
smaller than the spaces between the sand grains. As this layer (often referred to as
the biological skin or "Schmutzdecke") develops,it becomes the "living quarters"
of vast numbers of micro-organisms which break down organic material retained
from the water, converting it into water, carbon dioxide and other oxides (PO4,
NO3). Nitrogenous organic material will initially be converted into ammonia,
which is then oxidized by specific autotrophic bacteria to nitrite and ultimately to
nitrate.

Most impurities, including bacteria and viruses, are removed from the raw water
as it passes through the filter skin and the layer of filter bed sand just below. The
removal of bacteria from the water is probably due primarily to the action of
predators, such as protozoa. Those impurities carried deeper into the filter bed will
come into contact with, and become attached to, sand grains so that the sand
particles gradually become covered with a thin layer composed mainly of organic
material and micro-organisms. These in turn adsorb the impurities by various
attachment mechanisms. The purification mechanisms extend from the filter skin
to approximately 0.3-0.4 m below the surface of the filter bed, gradually decreasing
in activity at lower levels as the water becomes purified and contains less organic
material and nutrients. More products of the biological processes are removed at
even greater depths by physical processes (adsorption) and biochemical action
(oxidation).

When the micro-organisms become well established, the filter will work
efficiently and produce high quality effluent which is virtually free of disease-
carrying organisms and biodegradable organic matter. The time taken for the filter
to ripen depends on the quality of the raw water, but water temperature and oxygen
levels are also important factors. Ripening of a new filter may generally take about
three weeks, whereas a filter which has been cleaned in a single-day operation may
take only one to two days. The absence of ammonia in the filtrate is an indication
that the ripening process is completed.
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The activity of the micro-organisms lessens considerably as the temperature
decreases, or as the oxygen concentration of the water in the filter medium falls
below 0.5 mg/1. A low oxygen concentration in the influent may even lead to
anaerobic conditions in the filter, particularly when the temperature is high. This
may result in the production of various obnoxious impurities and an unpalatable
effluent so, if necessary, the raw water should be pre-treated to prevent anaerobic
conditions in the filter bed.

Continuous sedimentation and straining of particles will gradually increase
resistance in the filter skin (Figure 3.3), and after one to three months the resistance
becomes too high for the filter to produce sufficient safe water. Filtration capacity
can be restored by cleaning the filter, which is done by draining off the supernatant
water and removing the top 1-2 cm of the sand bed, including the filter skin.
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Figure 3.3: Development of resistance in the filter bed

Effect of algae

Algae develop in slow-moving or standing surface water as a result of the presence
of nutrients, such as nitrates, phosphates and sunlight, and may enter the filter with
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the raw water and then proliferate in the supernatant water. They will be beneficial
to the treatment process if they are in moderate numbers, particularly when they
form part of the filter skin.

However, algal blooms, that is excessive growth of algae, have created problems
in many slow sand filters. In some cases, algal blooms of free-floating, filter-
blocking varieties, have resulted in very short filter runs. In other cases, oxygen
consumption at night by large numbers of algae has created anaerobic conditions in
filters, leading to unpalatable effluents.

Certain types of algae form long filaments which attach to the surface of the sand
in the filter, and in the hot season, entire filter beds can be covered with algae.
During bright, warm conditions, oxygen bubbles produced by the algae may
become attached in such quantities that large masses of algae float to the surface,
pulling with them some of the sand and filter skin, and thus reducing the efficiency
of the filter. Furthermore, masses of algae have to be removed when the bed is
drained for cleaning so that it can be scraped properly.

Control of algae

Techniques to prevent or control troublesome algae growth in slow sand filters
include prc-treatment, shading, chemical treatment, biological methods and
manual removal.

Proper pre-treatment of the water by river bed filtration or horizontal roughing
filtration may be very effective in removing the majority of algae from the raw
water. This may lead to longer filter runs, particularly when combined with
covering of the filters to prevent subsequent algae growth in the supernatant water.
Covering of the filters alone will not be sufficient if algae blooms have already
developed in the raw water. However, the shading principle can be used when
building raw-water storage reservoirs, because construction of deep reservoirs will
help to control the growth of algae.

Chlorination of the supernatant water to control algae growth has been tried, as
well as the addition of copper sulphate, the latter being particularly widely used for
the control of algal blooms in reservoirs. However, direct dosing into a slow sand
filter involves a great risk of accidental overdosing and a subsequent negative effect
on the biological life in the filter, leading to deterioration of the effluent.

Although no hard data arc available, top-feeding fish, such as tilapia, may be of
value in controlling algae growth in slow sand filters. Under no circumstances
should bottom-feeders be introduced, such as carp, as they may damage the
biological layer (Ellis, 1985). Finally, manual removal may be a suitable method of
controlling the growth of filamentous algae.
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3.3 RESULTS OF SLOW SAND FILTRATION

The improvement of water quality brought about by slow sand filtration will differ
from place to place because the process depends on many factors, such as raw water
quality, grain size, the rate of filtration, temperature, and the oxygen content of the
water. An indication of the purification effect of a mature filter, that is a filter with a
fully developed filter skin, is summarized in Table 3.1, based on the work of Ellis
(1985) and the results of the IRC Slow Sand Filtration Project. The figures are from
filters which are being operated under varying conditions, and the results therefore
show a wide range.

Table 3.1: Performance of slow sand filters

Parameter of Purification effect of slow sand filtration
water quality

Colour 30-100% reduction

Turbidity Turbidity is generally reduced to less than 1 NTU

Faecal coliforms Between 95-100% and often 99-100% reduction in the level of

faecal coliforms

Cercariae Virtual removal of cercariae of schistosoma, cysts and ova

Viruses Virtually complete removal

Organic matter 60-75% reduction in COD

Iron and manganese Largely removed

Heavy metals 30-95% reduction

Grain size selection is a crucial factor in filter performance, as illustrated in
Figure 3.4, which represents the results of 18 test runs with pilot filters at a filtration
rate of 0.12 m/h (Bellamy, 1985). Selection of a fine effective grain size will improve
the performance of the treatment process, although it will lead to an increase in
initial head loss.

If there has been little experience with slow sand filters in a certain region or
country, it is preferable to test their performance with the raw-water source in small
pilot plants consisting, for example, of PVC pipes, oil drums or concrete sewer
pipes (Figures 3.5 and 3.6).
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Figure 3.4: Effect of sand size on removal of total coliform bacteria in slow sand filtration
(Bellamy, 1985)

Figure 3.5: Slow sand filter pilot plant, Nagpur, India
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Figure 3.6: Slow sand filter pilot plant, Cali, Colombia

3.4 OPERATION AND CONTROL

The most attractive aspect of slow sand filtration is its simplicity of operation and
control because, after a short training period, the operational procedures can be
mastered by a local caretaker.

Controlling the rate of filtration is the key to adequate functioning of a slow sand
filter. For surface water, operation at a rate between 0.1 and 0.2 m3/m2/h is usually
satisfactory, because the filter tends to clog within a shorter period of time using
higher rates of filtration, as well as causing deterioration in the quality of filtered
water. However, the rate may be increased to 0.3 m3/m2/h for short periods of one
or two days without undue harm, for example, while another filter is being cleaned.
It is important to prevent rapid fluctuations in the filtration rate because bacterial
flora in the filter bed require time to adjust to new situations.
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Control of filtration rate of an outlet controlled filter

The rate of filtration can be regulated by the valve at the outlet of the filter (valve E
in Figure 3.1), Resistance will increase with the course of time, particularly in the
filter skin, and this valve will need to be opened further to maintain the original rate
of filtration.

If the valve cannot be opened further, then cleaning of the filter bed is necessary
to restore the filtration rate. As cleaning means that the filter will be out of service
for at least one or two days, two or more units should be constructed so that the
other(s) can be operated, at a higher rate if necessary, while one is being cleaned or
re-sanded. For example, if the total water output of a two-unit plant is to remain the
same, taking out one filter for cleaning means that the rate of filtration in the other
unit has to be doubled. In a plant with three filter units, the rate in the two
functioning units will have to be raised by 50%. Thus, a larger number of units has
operational advantages, but will be somewhat more costly, as will be explained in
Chapter 5.

Control of filtration rate of an inlet controlled filter

Another way to control the filtration rate is to set the raw-water inlet valve at the
required rate of flow (valve a in Figure 3.2). Initially, the level of the supernatant
water will be low, but with time it will gradually rise to compensate for the increase
in filter resistance. The advantages of this method are that regular adjustment of the
valves is not necessary and the rising water level is an obvious indication that the
filter needs to be cleaned. On the other hand, removal of scum and algae becomes
more complicated. It has not been determined whether the ripening process is
influenced by the lower retention time resulting from the initial low supernatant
water layer (see Figure 3.7). In areas where aquatic weeds can enter the filter and
grow in the filter skin, this method of controlling the filtration rate can only be used
in filters that are roofed.

Mode of operation

It is most effective to operate a slow sand filter continuously because good quality
effluent is ensured, and the smallest filter area is used. Continuous operation of the
filter is feasible where raw water can be fed into the filters by gravity flow, but in
many cases the raw water has to be pumped. If continuous pumping cannot be
guaranteed because of an intermittent power supply or lack of trained staff,
continuous operation at a constant rate may be ensured by constructing a raw-water
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Figure 3.7: Inlet controlled filter preceded by river bed filtration, Choro del Plata,
Colombia

balancing tank. Water is pumped into this tank at certain intervals, before being
continuously fed into the filters by gravity flow. Covering of the tank may be
required to prevent algal growth, particularly when it holds pre-treatcd water.

Alternatively, declining rate filtration can be applied in outlet controlled filters
and this method operates as follows. When there is no power supply, water is not
fed into the filters, but the outlet valve remains open. The level of the supernatant
water will slowly drop and because it provides the head for filtration, the filtration
rate will gradually decrease (Figure 3.8). When the power supply is restored, the
pumps can be started and the level of supernatant water, and thus the filtration rate,
will increase again. Declining rate filtration is often more costly, because a larger
filter bed area is required to obtain the same water output as from continuously
operated filters, but the effluent will still be of acceptable quality.

Declining rate filtration cannot be used in inlet controlled filters, however,
because of the low height of the supernatant water in the first weeks of a filter run.

Unfortunately, it is common practice in some countries to close the outlet valve
during periods when the raw-water pumps are not operating, which means that
filtration is then intermittent because it stops completely during certain periods of
the day. This intermittent operation should not be permitted because it has been
shown conclusively that an unacceptable breakthrough of bacteriological
pollutants occurs four to five hours after the filters recommence operation.
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4. Design Process

Two major stages can be identified when designing a slow sand filter for a particular
location. In the first stage, decisions must be made about:
- system capacity;
- main components and sizing of the water supply system;
- estimated construction and operating costs.
The outcome of the first stage may be used as a basis for fund raising, planning and
organizational purposes. The second stage is the preparation of the system's
structural design and a specification of the equipment and materials involved. The
structural design is dealt with in Chapters 7 and 8.

4.1 SYSTEM CAPACITY

The most important factor to be determined when designing a water supply system
is the capacity of the plant, that is, the total quantity of water required per day, also
referred to as the daily water demand. This is difficult to estimate and depends on
the design period, the number of users the system is to serve, and the quantity of
water to be provided per person per day.

Design period

The design period is the length of time for which the system is expected to provide a
community with good quality water in sufficient quantities. This period should be
neither too short, not less than ten years, nor too long because of economic reasons
and the difficulty of predicting future water demand. A suitable design period for
slow sand filters is usually between ten and fifteen years.

Design population

After the design period has been selected, the design population must be
determined. The projected population growth during that time may be derived
from available demographic data. Socio-economic factors should be taken into
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account when estimating the rate of population growth, such as family planning,
migration, changes in medical care and the level of economic prosperity. However,
demographic data are not always reliable and should be checked against the actual
population in the area to be served by the new system. If necessary, additional data
should be collected.

It is essential that the water supply system is designed to meet the requirements of
the population expected to be living in the community at the end of the design
period by taking into account the design period and the annual growth rate. The
design population can therefore be calculated by multiplying the present
population with a population growth factor as follows:

Pd = Pp (1 + 0.01 a)Y.

where:

Pd = design population
Pp = present population
a = annual growth rate (%)
y = design period

For example, if the present population of a community is 1200, the annual growth
rate 3%, and the design period 15 years, then the population growth factor will be
(1.03)15 = 1.56. This means that during 15 years, the population is likely to increase
to 1.56 x 1200, that is, to 1872. As the new water supply system has to be designed
to provide sufficient water for the community at the end of the design period, it
should therefore be designed for 1872 people. The population growth factors for
various combinations of annual growth rates and design periods are given in Table
4.1.

Table 4

Design
(years)

.1: Population growth

period

factors

Annual

2%

growth rate of population.

3% 4%

10 1.22 1.34 1.48

15 1.35 1.56 1.80

20 1.49 1.81 2.19
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Water demand per capita

The average amount ol water fetched from water supply systems in developing
countries ranges from 20 to 150 litres per person per day. However, this is
influenced by many factors, such as quality and availability of the water, cost,
cultural practices and climate (Table 4.2). The most important of these factors are
the time that people can afford to collect the water, the convenience and
accessibility of the water distribution points, and whether water is also used for
watering livestock.

Table 4.2: Average amount of water use for various types of rural water supplies

Type of supply Average daily Range of daily
water use water use
(l/p/d) (1/p/d)

Point sources 15 5-25
Piped supplies with stand-pipes 30 10-50
Piped connection (single tap) 50 20-150

Based on Feachem et al (1977)

The data in Table 4.2 cannot be directly used to design a water supply system
because they do not take into account that people are often unable to obtain the
amount of water required due to intermittent operation of the supply system, or
because of long waiting times at public standposts. The design of a water supply
system must therefore be based on national, but preferably local, data on the
amount of water to be supplied per person per day, taking into account the
prevailing socio-economic conditions and preferences of the community. When
national guidelines are not available, the water demand per capita can be estimated
from the water requirements for particular uses (see Table 4.3).

Calculation of the design daily water demand

The design daily water demand, that is, the total quantity of water the water supply
system has to provide per day, can be calculated by multiplying the design
population by the quantity of water to be provided per person per day. However, if
water losses and wastage arc not included in the water demand figures, the design
daily water demand should be increased by 20-30%.
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fable 4.3: Estimate of water demand per capita for house
connections in rural areas in India

Water usage

Drinking
Cooking and cleaning
Ablution
Flushing
Bathing
Washing clothes
Watering livestock

Total water usage

1/d

5
18
6
8

20
20
18

95

Based on NEERI (1982)

4.2 MAIN COMPONENTS AND SIZING OF THE WATER SUPPLY
SYSTEM

When the required treatment and the design daily water demand arc known, the
main components and dimensions of the water treatment and distribution system
can be determined.

In rural agricultural areas, water is usually fetched morning and evening, and the
demand may be quite high at these times. It may therefore be useful, within reason,
to design the system for these high demands. Although the cost of the system will be
increased, insufficient water supply during peak hours leads to long queues and
considerable wastage of time, and may also make community members return to
traditional sources of water.

Preferably, the system design should ensure that the treatment system,
particularly slow sand filters, can operate constantly with a daily capacity that
equals demand. In this section, general design features of the main components are
provided, which are illustrated with examples in Chapter 6.

Raw-water intake and pumps

In gravity water supply systems, the raw-water intake is designed for 24-hour
operation. In pumped schemes, it will have to be based on the rate of discharge and
the operating time of the raw-water pumps. In most rural water supply systems,
these pumps operate 8-16 hours per day, depending on the size of the community
and the availability of manpower, electricity and fuel.
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Raw-water balancing tank

When raw-water pumps arc not designed for continuous operation, a raw-water
balancing tank will often be the best solution for ensuring continuous operation of
the filters. Its capacity depends on the pump regime, which is explained in the
example in Chapter 6.

Pre-treatment unit

This unit will preferably be operated 24 hours per day under gravity flow. In
pumped systems, it is advisable to pre-treat the water before it is pumped, or to
use a balancing tank to avoid discontinuous operation.

Slow sand filters

The design criteria for slow sand filters are indicated in Table 4.4. At a rate of
filtration of 0.1 m/h, a continuously operated filter will produce 2.4 m3 of water per
m2 of filter bed surface area per day. Thus, the total surface area required can be
determined by dividing the design daily water demand by 2.4. This total surface
area will be provided in several units rather than a single unit, the number required
depending on the following:

0 At least two filters are required to ensure safe and continuous operation, and to
allow one of the beds to be cleaned. In larger plants, the number of units can often
be increased at little additional cost to ensure greater flexibility in operation and
maintenance. An indication of a suitable number of rectangular units may be
obtained with:

n = 0.5 N / X

where:
n = total number of rectangular units
A = total surface area

° The maximum size of the filter bed is generally 200 m2 in rural areas, to ensure
that cleaning can be carried out within a day.

° Asa rule, the minimum size of a filter bed is 5 m2, but experiments have shown
that filters of less than 1 m2 are equally efficient, provided raw water does not flow
directly along the inside of the walls to the filter drains without being filtered. This
is prevented if the walls have a rough surface.
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Construction and operation costs differ from country to country, and from
system to system. Experienced engineers responsible for water supply systems will
be aware of approximate costs, or will be able to provide an estimation based on a
bill of quantities of materials required for the various units and pipelines.

Table 4.4: General design criteria for slow sand fillers in rural water supply

Design criteria

Design period

Period of operation

Filtration rate in the filters

Filter bed area

Height of filter bed:
initial
minimum

Specification of sand:
effective size
uniformity coefficient

Height of underdrains
including gravel layer

Height of supernatant water

Recommended level

10-15 years

24 h/d

0.1-0.2 m/h

5-200 m2 per filter, minimum of 2 units

0.8-0.9 m
0.5-0.6 m

0.15-0.30 mm
< 5, preferably below 3

0.3-0.5 m

m

Clear-water storage and pumping

The treated water is collected in a clear-water tank or clear-water well, from which
it can be directly distributed, or pumped to one or more higher level storage
reservoirs. When supply by gravity is possible, the clear-water tank must have a
sufficient storage capacity to balance the continuous outflow from the filters against
fluctuating water demand. In other cases, the treated water will have to be pumped
from the clear-water well to a central, overhead storage tank, or to decentralized
tanks of sufficient capacity to enable continuous supply to consumers, even when
the clear-water pumps are not operating.
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Distribution system

The distribution system should, within reason, be designed to meet the maximum
hourly water demand of the community. Decentralized storage within the
distribution system may help to reduce the cost by enabling use of smaller diameter
pipes.

4.3 ESTIMATION OF COST

The last step in the first design stage is to estimate the costs of construction,
operation, and maintenance, and this is discussed further in Chapter 5. These
figures are important for fund-raising, but especially to determine whether the
consumers and the national government can meet the cost of the system. Although
the maintenance costs of slow sand filters arc low in comparison with other
treatment systems, the total maintenance costs of the water supply system may
nevertheless put a heavy burden on the budget of rural communities.
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5. Cost of Slow Sand Filters

5.1 CONSTRUCTION COST

The construction cost of slow sand filters is mainly determined by the cost of
materials such as cement, building sand, gravel, reinforcement steel, filter sand,
pipes and valves. The cost of labour and land is usually of lesser importance. In
rural areas of India for example, the cost of land rarely exceeds 1% of the total
construction cost.

For a given filter bed area, the shape and number of filter units will have little
effect on the cost per unit area of filter bed, but may influence the total wall length
and the cost per unit length, and so affect the total construction cost.

To clarify this, the following equation to calculate the total construction costs of a
filter, excluding the cost of pipes and valves, is given:

Q = Ca x A + C, x Lw

where:
C, = total construction cost, excluding pipes and valves
Ca = combined costs per square metre of filter bed area of floor, underdrains,

gravel, filter sand and excavation
Ci = cost of the walls per running metre of wall length
A — total surface area (m2)
Lw = total wall length (m)

Cost per square metre of filter bed area

An estimation of the cost per square metre of filter bed area in a particular country
or region can be based on the cost of excavation work, concrete, underdrains and
filter material (see Table 5.1).
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COST OF SLOW SAND FILTERS

Table 5.1: Estimate of average cost per m2 of filter bed area of floor, underdrains, gravel,
filter sand and excavation for rural areas in India, 1983

Items

Earthwork excavation

Foundation (concrete)

Floor (reinforced
concrete)

Filter sand (lm) and
gravel (0.3m)

Brick underdrain

Total cost per m2 of
filter bed

Depth
(m)

2.50

0.15

0.15

1.30

Unit
ratc/m'

10

330

885

200

280

Cost/m2

filter bed
(in Indian Rp)*

25

50

135

260

30

Rp 500

* Exchange rate US$ I = Rp 10

Cost per running metre of wall length

The thickness of the wall and the type of building materials used will affect the cost
per unit wall length. Circular filters are only subject to tensile forces meaning that
the wall thickness, and thus the cost per unit wall length, may be less, particularly
for ferrocement filters. However, the advantage of a lower cost per unit wall length
for larger circular units is usually offset by the simpler design and lower labour input
required to construct rectangular units.

In the following example, using a concrete filter built in India in 1983, the average
construction costs per running metre of wall length are calculated. The wall height
of this particular slow sand filter was 2.7 m and the wall thickness was 0.23 m,
therefore giving a wall volume per running metre of 0.23 x 2.7 x 1 = 0.62 m3. In
1983, the average construction cost per volume of 1 m3 of concrete wall for
waterworks in India was Rp 1333 (US$ 133), including labour and material.
Thus,the cost per running metre of wall length in this example was Rp 1333
multiplied by 0.62, a total of Rp 830 (US$ 83).
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Total wall length

The size, shape, and number of filter units will determine the total wall length of the
slow sand filter plant. The total wall length of a filter plant with circular units may be
calculated as follows:

Lwc = 2 Vn x 77 X A

where:
Lwc = total wall length (m)
n = number of filter units
A = total surface area (m2)

Rectangular filters have the advantage of common wall construction if the units
are constructed next to each other (Figure 5.1).

A

\ / 1

n x b

Figure 5.1: Layout of a filter plant with (n) rectangular units
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COST OF SLOW SAND FILTERS

The total wall length of a filter plant with rectangular units may be calculated as
follows:

Lwr = n X b + /(n + 1)

where:
Lwr = total wall length (m)
n = number of units
b = breadth of unit (m)
/ = wall length of unit (m)

For a given surface area and number of units having common walls, the total wall
length will vary with different combinations of (b) and (1) and becomes smallest
when:

where:
/ = wall length of unit (m)
A = total surface area (m2)
n = number of units
b = breadth of unit (m)

For this value of (b), the equation for the minimum wall length for rectangular
filters is:

Lwm = 2/ (n + 1)

= 2 V2A (n + 1)

where:
Lwm = smallest total wall length (m)
/ = wall length unit (m)
n = number of units
A = total surface area (m2)

The dimensions and the total wall length of circular and rectangular filters are
compared in Table 5.2. For smaller filter areas, circular filters (Figure 5.2) seem to
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have an advantage, because although their total wall length is slightly bigger, this is
normally compensated for by thinner walls. Rectangular units seem to be most
appropriate for larger filter areas, greater than 100 m2, divided between more units.

Table 5.2: Slow sand filters and total wall length for various design capacities with a
filtration rate of 0.1 m/h

Surface
area
(m2)

24
50

100
100
200
500
500

c
Diameter
(m)

3.9
5.7

8.0
6.5
9.3

14.6
11.2

ircular filter units

No. of
units

2
2
2
3
3
3
4

Total
wall
length
(m)

24.5
35.4
50.1
61.3
86.8

137.3
158.5

Rectangular filter units

Width x
length
per unit
(m)

3.0 x 4.0
4.3 x 5.8
6.1 x 8.2
4.7x 7.1
6.7 x 10.0

10.6x 15.8
8.8x 14.1

No. of
units

2
2
2
3
3
3
4

Total
wall
length
(m)

24.0
34.6
49.0
56.0
80.0

126.8
141.0

*

Figure 5.2: Circular brick masonry filter, Gezira-Region, Sudan, 1979
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Minimum cost of filters

The cost of a filter plant is affected by the number of units. A larger number of units
will require a greater wall length for the same total surface area.

When calculating the cost of rectangular filters, not only is the number of units an
important factor, but also their layout because they may have common walls
(Figure 5.3). The total cost of rectangular filters for the shortest wall length can be
calculated as follows:

Ctr = Ca.A + 2 C, (n + 1)

where:
Ctr = total cost of rectangular filters for shortest wall length, excluding

appurtenances and land
Ca = combined costs per square metre of filter bed area of floor, underdrains,

gravel, filter sand and excavation
Q = cost of the walls per running metre of wall length
A = total surface area (m2)
n = number of units

Figure 5.3: Slow sand filter plant, Santa Rosa, Colombia, 1985

45



The total cost of circular filters can be calculated as follows:

Ctc - C;i.A + 2 C,yn X j r x A

where:
Ctc = total cost of circular filters, excluding appurtenances and land
Ca = combined cost perm2 of filter bed area of floor, underdrains, gravel, filter

sand and excavation
Ci =* cost of the wall per running metre of wall length
A = total surface area (m2)
n = number of units

The cost per unit area of the filter bed (Ca) and per unit length of wall (C|)
depends on local conditions, the price of construction materials and the cost of
labour. On the basis of the estimated values of (Ca) and (C|) for rural areas in India
in 1983, that is, Rp 500 and Rp 830 respectively (see Table 5.1), the costs per square
metre of rectangular slow sand filters with various capacities and numbers of units
have been estimated (see Table 5.3). To obtain an estimate of the total construction
cost, about 15-20% should be added to these figures to allow for pipes, valves,
appurtenances and land.

Table 5.3: Estimated costs per m2 of rectangular slow sand filters in rural areas in India,
1983

Total
filter

area (irr)

50
100
200
300
500

1000

Capacity*
(m3/h)

5
10
20
30
50

100

* Rate of filtration 0.1 m/h
** Exchanj>e rate US$ 1 = Rp

Cost per m2 based on
units (Rp

2

1.07
0.91
0.79
0.73
0.68
0.63

10

1000)**

3

1.16
0.97
0.83
0.77
0.71
0.65

number of filter

4

1.24
1.02
0.87
0.80
0.73
0.67

5

1.31
1.07
0.91
0.83
0.76
0.68

Economy of scale

The cost estimates given in Table 5.3 show that there is little economy of scale in the
construction of slow sand filters, which means that there is little benefit in
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constructing plants for a long period. For example, assuming a community in rural
India would have a design demand of 20 m3/h in ten years and 30 m3/h in 20 years,
constructing a plant for 30 m3/h (three units) would cost:

300 x 0.77 x 1000 = 231 000 Rp.

Constructing a plant for 20 m3/h (two units), and adding a unit of 10m3/h after ten
years, would require an initial investment of:

200 x 0.79 x 1000 = 158000 Rp.

Assuming that the present value of the additional unit which will have to be
constructed in ten years time is 91000 Rp, the total cost could be approximately

158000 + 91000 = 249000 Rp.

Thus, a design period of 10-15 years is adequate and will keep the initial
investment low. Selecting a period of ten years, plus the option of constructing an
extension thereafter, has the additional advantage that the estimation of future
water demand will be less critical. Nevertheless, provisions for future extensions
will be necessary.

Design flexibility

The cost estimates calculated in Table 5.3 also show that an increase in the number
of units for the same area only increases the cost slightly. The division of a total
filter area of 50 m2 over two units would be 8% cheaper than over three units, and
16% cheaper than over four, while for a total filter area of 500 m2, the figures would
be 3.5% and 7% cheaper respectively. Taking into account that the required
increase in the filtration rate when cleaning one unit is 100% for two units, 50% for
three, and 33% for four, then the expenditure for a larger number of units over the
same filter area may well be considered acceptable.

5.2 OPERATION AND MAINTENANCE COSTS

The operation cost of a slow sand filter depends on the costs of labour, and energy
costs if pumping is required, but general figures cannot be given because of
variation in local situations. For example, small gravity supply systems only require
minimum attendance, and may not even need a watchman in remote areas. They
require a larger labour input only when the filter needs to be cleaned. In contrast,
large plants in pumped systems need continuous attendance by an operator and/or
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watchman. When the pumps are operated 24 hours per day and the work is divided
into three shifts, three operators, and possibly three watchmen, will therefore be
required. Additional labourers may also be required to clean the filters when they
become clogged.

Maintenance costs will include minor repairs to the filters, and replacement of
sand washed out from the scrapings. Although the scrapings removed in the
cleaning process can be washed, stored, and re-used, about 20% of the sand is
washed out from the scrapings together with the silt. Other maintenance costs
relate to the replacement of the filter's few moving parts, although these costs will
also be higher in pumped schemes.

5.3 COST COMPARISON BETWEEN SLOW AND RAPID SAND
FILTRATION

A cost comparison of slow and rapid sand filtration schemes was carried out in India
during 1983. The capital cost of slow sand filtration systems was shown to be less
than that of rapid sand filtration systems, up to a capacity of 3000 m3/day. When
operation and maintenance costs were taken into account, the break-even point
was 8000 m3/day.

Furthermore, the construction cost of a slow sand filter plant in Colombia, with a
capacity of 1500 m3/day (design population 15 000 and a cost of US$ 35 000), was
compared with rapid sand filters. The cost for the rapid sand filters was
approximately double that of the slow sand filters, merely because of the use of
imported equipment.

Thus, slow sand filtration schemes often prove more economically attractive for
communities in many developing countries where a protected water supply is
needed.
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6. Example of Planning and Designing a
Slow Sand Filtration System

6.1 FEASIBILITY STUDY

This chapter details the planning and design procedures carried out when
introducing a slow sand filtration system into a hypothetical village of 1200
inhabitants, who at present collect untreated water from a river. In the example,
the community applies to the water supply authority for a safe, convenient water
supply system because the river is some distance away and the untreated water is
believed to be the source of much disease.

A preliminary survey team is sent to assess the technical and social feasibility of a
new water supply system, as well as the possible economic and health benefits. The
team collect demographic data, agree tentative locations for standposts with
consumers, survey an appropriate location for the treatment plant and the service
reservoir, investigate the availability of construction materials and suitable filter
sand, and conclude that a water supply project is technically feasible and that the
villagers are sufficiently interested to guarantee implementation. However,
personal observations and discussions with the local health worker, indicate that
most intestinal diseases, attributed by the community to the water, are in fact the
result of poor hygiene, limited use of latrines, and unhygienic handling of food. The
survey team advises that a hygiene education programme should be carried out
simultaneously with the implementation of a new water supply system.

Health education must go hand-in-hand with technical provisions to achieve the
maximum impact on health, but only the technical considerations in the design of a
water supply system are discussed in this chapter.

6.2 DESIGN PROCEDURE

A number of steps have been identified in the design procedure lor the new water
supply system for the hypothetical village.
These 17 steps are presented in this section. Assumptions made in each step are
based on the general design considerations presented in chapters 4 and 5. Figures
and data used are derived from the feasibility study referred to in section 6.1. The
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procedure outlined serves primarily as an illustration, but it also indicates the type
of information required for the preparation of an adequate design. It does not
indicate however how the water supply system can be introduced. For information
on this aspect see chapter 2.

Step 1: Selection of design period

The design period is set at 15 years, which means that after a planning and
construction period of 2-3 years, the plant capacity will be adequate for at least 12 or
13 years.

Step 2: Estimation of design population

The annual growth rate is estimated to be 3%. Thus, the present population of 1200
is likely to increase by a factor of 1.56 in 15 years (see Table 4.1) to 1872 people, and
a design population of 1900 is therefore selected.

Step 3: Calculation of design daily water demand

A distribution system with standposts is selected in consultation with the
community and the water consumption is estimated at 50 litres per capita per day.
The water demand is estimated to be 60 litres per capita per day, including losses
and wastage (estimated to be 20%). The design daily water demand is calculated as
follows:

1900 x 60 = 114000 1/d = 114 nrVd (4.75 nrVh).

Step 4: Estimation of maximum hourly water demand

The daily pattern of water use in an adjacent community, which has a piped water
supply, is known (Figure 6.1). The total water consumption in this community is
76 m3/d (3.17 m3/h) and the maximum hourly water consumption is 15 m3/h. Thus,
the peak factor, that is the ratio between maximum and average hourly water
consumption, is 15/3.17 = 4.7 nrVh.

Because conditions in the two villages are similar, the calculation is used to
estimate the design hourly water demand for the new water supply system. This
figure is required for the design of the clear-water tank and distribution system. The
average hourly demand for the new system is thus 114/24 = 4.75 m3/h, and the
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15

I

10

4am 8am 12am 4pm 8pm

Time

Figure 6.1: Daily pattern of water use in an adjacent community

design hourly water demand is 4.7 x 4.75 = 22.3 m3/h. In situations where the
expected daily pattern of water use is not known, the peak factor should be
estimated and although a peak factor of almost five is high, it is not unrealistic for
rural water supply systems. However, if the withdrawal of water is likely to be more
evenly distributed throughout the day, a lower peak factor should be applied.

Step 5: Selection of raw-water source

A raw-water source must be identified to supply the required water demand. From
information on the geological characteristics of the subsoil and a few test boreholes
made with a simple hand drill, groundwater is found to be unusable in this example
and use of the nearby river is therefore investigated. Although hydrological
readings are not available, it is estimated that minimal flow during the dry season
will not drop below 140 1/sec. As the proposed drawoff of 114 m3/d will be less than
1% of the minimum flow, this is quite acceptable. The river is therefore selected as
the raw-water source.
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Step 6: Choice of treatment system

Information obtained from authorities upstream of the project indicate that most of
the water quality parameters are within acceptable limits for human consumption,
except for turbidity (5-100 NTU) and bacteriological parameters (faecal coliforms
+ 100-1000/100 ml). A number of samples taken at the proposed site of the water
intake (at least one at low flow and one at high flow) confirm these findings.

On the basis of the guidelines in Section 2.5, it is decided to treat the water by
plain sedimentation in a storage basin, followed by slow sand filtration (see
Figure 6.2). This treatment will reduce turbidity to less than one NTU, and will also
bring the microbiological parameters within acceptable levels for drinking water.

t I

River and
intake

Pre-treatment Slow sand
filtration

Clear-
water
storage

Distribution system
(standposts)

Figure 6.2: Components of the water supply system

Step 7: Location of raw-water intake

The location for the raw^water intake is determined taking into account
fluctuations in water quality and stability of the river bank. A location inside a river
bend is considered suitable. Flow velocities are low at this point and suspended
particles will therefore settle, although the need for a sufficient water depth at all
times may restrict the number of possible alternative intake locations. The intake is
located upstream from the village to limit contamination of the river water by
excreta.
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Step 8: Location of treatment plant

Factors which influence the location of the treatment plant are:
- location of the water intake;
- availability of a suitable area;
- topography;
- soil properties;
- groundwater level;
- risk of flooding;
- location of water intake and length of distribution system.
The stability and bearing capacity of the soil determine the type of foundation, but
piles and piers are to be avoided if possible. Simple soil investigation methods are
given in Appendix IV.

A high water-table which is close to the soil surface means that drainage will be
required during excavation and construction, and this adds to the complexity and
cost of the project. Provisions must also be made to prevent the treated water
becoming polluted by groundwater, and to prevent the construction being forced
up by water pressure (see Chaper 7).

In the example being discussed, it is possible to find a suitable location for the
treatment plant close to the water intake. This location has the added advantage
that the caretaker can look after the treatment plant and water intake without
travelling long distances between the two.

Step 9: Selection of mode of operation

Continuous operation for 24 hours per day is most appropriate for slow sand filters.
The raw water should preferably be taken from a higher elevation and fed by
gravity to the filters, even if the length of the raw-water main has to be increased,
because the reliability of the plant is increased by eliminating the need for pumping.
Although an entire gravity supply system is often not possible, a detailed survey to
determine the potential of at least partial gravity flow is essential.

In the present example, the sedimentation pond is situated in such a way that
gravity flow of river water to the pond is possible, although the water then has to be
pumped to the filters because of an insufficient difference in levels. To permit
continuous operation of the filters, it is decided that a raw-water storage tank
should be constructed on a small elevation between the sedimentation pond and the
filters. Water will be pumped from the sedimentation pond into the storage tank
and will then be fed continuously to the filters by gravity.
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Step 10: Dimensioning of the sedimentation pond

A large sedimentation pond is constructed by erecting a dam beside the river bank
and the dimensions of such a storage basin can be determined on the basis of the
design criteria described in Appendix II. A detention time of two months was
chosen and a depth of 8 m selected so that assuming about 2 in of water is lost
through the build-up of silt, an effective depth of 6 m remains, requiring an area of
approximately 1150 m2.

Step 11: Calculation of the raw-water pump capacity

Construction of an elevated raw-water storage tank increases the flexibility of the
system, especially when considering the consequences of temporary power cuts,
and reduces staff requirements. In addition, the provision of an elevated tank can
be cost-effective when continuous pumping cannot be guaranteed, rather than
increasing the area of the filter bed and applying declining rate filtration. The size of
the tank is determined by the number of hours of operation and the capacity of the
pumps. In this instance, it is assumed that the operator will work eight hours per day
and operate the raw-water pumps in two shifts, from 6.0 a.m. to 10.0 a.m., and from
4.0 p.m. to 8.0 p.m. Local circumstances may dictate another pattern of attendance
by the operator(s). The pumps are operated eight hours daily to pump the required
114 nrVd, and so need to have a capacity of 114/8 = 14.25 m3/h (4 1/s).

Step 12: Dimensioning of the raw-water balancing tank

On the assumption that the elevated raw-water balancing tank is empty at 6.0 a.m.,
the variation in the quantity of water in the tank throughout the day is given in
Figure 6.3. The balancing tank needs to have a capacity of 47.5 m3 and in order to
cut costs, it is decided that a simple tank, 25 m2 and 2.5 m deep, should be
constructed from raised earthen embankments and lined with black polythene
sheets.

Step 13: Selection of size of filters

In this example, a design filtration rate of 0.1 m/h is selected because the relatively
high turbidity of the raw water would lead to rapid clogging of the filters at higher
rates.
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Because there is a continuous supply of raw water, the filter bed area can be
calculated by dividing the average hourly water demand by the selected rate of
filtration, that is, 4.75/0.1 = 47.5 m2 (48 m2).
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Figure 6.3: Accumulated water inflow and outflow in elevated raw-water balancing tank
throughout a 24-hour period

The most appropriate size for a filter unit is determined by a combination of
construction and operational factors. In this case, a satisfactory solution may be the
use of two filters, each with a net area of 24 m2, although space should be reserved
for a third unit to allow for possible expansion. During cleaning of one filter, the
rate of filtration in the other would have to be increased to 0.2 m/h, but this will still
give a good effluent quality.

Step 14: Dimensioning of the clear-water tank

Because the water can be supplied to consumers by gravity flow, the dimensions of
the clear-water tank have to be determined using the daily pattern of water use and
the water production by the filters. Assuming that the expected water use pattern is
similar to that in the adjacent community (Figure 6.1), the accumulation curve of
water demand and water production by the filter plant can be drawn as shown in
Figure 6.4. The clear-water tank should provide a minimum storage capacity for the
greatest difference between the accumulated water consumption and production
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figures, which in this case is 39.25 m3. If data on the expected pattern of water
consumption are not available, the volume of the storage tank for gravity supply
may be assumed to be 40% of the daily water production of the plant.

120 m3

I 6(J

30

114m3

4am 8am 12am 4pm 8pm 12pm 4am
Time (hours of day)

Water consumption Water production

Figure 6.4: Accumulated water production and water use

Additional storage of 8.75 m3 (two production hours) has been provided to cater
for minor interruptions, by increasing the net storage capacity required to
48 m3. On the assumption that an acceptable variation in water level in the tank is
1.6 m, the net area will have to be 30 m2.

Step 15: Hydraulic design

The hydraulic design of the water supply system (raw-water pumps, clear-water
distribution) depends on the head loss in the treatment units, piping arrangements,
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and the topography of the area. Whenever possible, the system should be based on
gravity supply as it is simpler, more reliable, and more cost-effective if pumps are
not used. Even a partial gravity system, which may require a long pipeline, is
preferable to a fully pumped system and, in fact, a cost comparison on the basis of
capital and recurrent costs will usually favour a gravity supply. A pumped system
has higher recurrent costs due to energy requirements and additional maintenance
of the pumps.

Step 16: Design of the plant layout

The layout of the treatment plant is mainly determined by considerations for
efficient operation and maintenance. An example of a layout is given in Figure 6.5,
where an area is set aside for pre-treatment units, future extension, and basic
services such as operators' workshop, storage and a site road.

Workshop

•—. • Washing
I I platform

Store

Sand
storage

Pre-
treatment
unit

L

Figure 6.5: Possible layout of the water treatment plant
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Step 17: Cost estimation

The estimation of costs for construction, operation, and maintenance of the system
completes the preliminary design procedures, and can be calculated on the basis of
average local cost figures for treatment plants and distribution systems. If these
figures are not available, more detailed calculation based on the estimated quantity
of building materials and labour levels for construction, operation and maintenance
is required. The information generated can be used in discussions with the
community, the appropriate authorities, and in fund raising.

6.3 SUMMARY OF DESIGN EXAMPLE

The example presented in this chapter can be summarized as follows:

Design period:
Present population:
Design population:
Water demand:
Water losses:
Design daily water demand:
Design hourly demand:
Raw-water intake:
Treatment:

Sedimentation pond:
- size
- depth of pond
Capacity of raw-water pumps:
Balancing tank for continuous
operation of slow sand filtration:
- size
- depth
Slow sand filter:
- number
- size
- rate of filtration
Clear-water tank:
- size
- depth

15years
1200
1900
50 1/p/d
20%
114 m3/d (4.75 nvVh)
22.3 m3/h
river
sedimentation,
slow sand filtration

1150 m2

8m
4 1/s

25 m2

2.5 m

2
24 m2

0.1 m/h

30 m2

2.5 m
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7. Structural Design and Design
Considerations

This chapter deals with the structural design of slow sand filters and describes the
design of the main components. Because the details of a design depend on local
conditions, it is not possible to provide "standard" designs for the various
components. Such designs could only be prepared if there is little variation in local
conditions in a region or country, particularly with respect to the groundwater-table
and the bearing capacity of the soil. Information on soil investigation is provided in
Appendix IV to assist in making an appropriate design; general criteria for the
design of pre-treatment units arc given in Appendix II; and information on the
design of chlorination equipment and adequate storage of chlorine components is
given in Appendix III.

7.1 DESIGN OF FILTER BOX

Slow sand filters consist of either a stiff box made from reinforced concrete, mass
concrete, masonry, brickwork or ferrocement, or an excavated structure with
protected sloping walls. Filters with vertical walls may be circular or rectangular in
shape, but those with protected sloping walls are usually rectangular (Figure 7.1).

• t ~
Reinforced
concrete
filter box

Mass concrete
or masonry
filter box

A-A

Protected sloping
wall filter box

t - -- - - X

C-C

Figure 7.1: Structural design of filter box
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Circular filters

Circular filters can be used to advantage in smaller plants, particularly in remote
communities, and can be constructed of masonry (natural stone, quarry stones or
bricks), ferrocement, or reinforced concrete. The latter material has the
disadvantage of requiring complicated formwork. Circular filters have obvious
structural advantages, such as uniform compressive or tensile stresses and limited
bending moments in the wall, and these result in the economic use of materials
(Figure 7.2).

Figure 7.2: Principle of universal compressive and tensile stresses

In filters constructed largely below ground level, the resulting soil pressure
produces compressive forces in the walls of the filter box. However, the pressure of
sand and water in a filter box constructed above the ground will produce tensile
forces in the filter walls and it is then preferable to use ferrocement, reinforced
concrete, or a combination of masonry and ferrocement (Figure 7.3).

Circular filters made from ferrocement can be built above and below ground
level, depending on the groundwater-level. Tanks of about 5 m diameter are
common, but tanks of 10 m diameter have also been built.
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2 layers of chicken mesh wire

II 111 II I

Figure 7.3: Cross-section of filter wall constructed of masonry and ferrocement

The tensile stresses in ferrocement are evenly distributed by a network of closely
laid (10-15 cm) steel bars, of 4-5 mm diameter, and a layer of chicken wire on either
side of the network (Figure 7.4). Thin membrane-like walls of 5-8 cm are sufficient,

Chicken mesh wire

Figure 7.4: Cross-section of the wall of a ferrocement tank
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especially if only tensile stresses are present, as in circular filter boxes. For
calculation of ferrocement dimensions, see publications by Watt, Sharma, et al
(1980), and those published by the International Ferrocement Information Centre
(Appendix VII).

Although the construction of ferrocement tanks is new in many places, local
artisans can learn the trade quickly. Furthermore, construction is quicker and the
cost is appreciably lower than for certain other materials. For example, the
construction cost of a ferrocement tank in Nepal was only 30-50% of that for a stone
masonry tank. A team of one supervisor, two experienced masons/pipe fitters, and
5-10 semi-skilled labourers, can complete two tanks with a diameter of 4 m within
four weeks. Thus, ferrocement work carried out by a small team of artisans may be
quite efficient if adequate training is provided, particularly in curing the
ferrocement.

A combination of brick masonry and ferrocement (Figure 7.3) is also worth
considering. The brick wall is constructed first, serving as formwork for the thin
layer of ferrocement, and construction is therefore quick. An additional advantage
is that the ferrocement is protected by the brickwork.

Figure 7.5: Construction of ferrocement tank using plastic pipe as the inside mould, Nepal,
1986 (photo Heynen)
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Rectangular filters

Provided the necessary skills are available, rectangular filters are usually
constructed of reinforced concrete, but smaller units may also be built in mass
concrete or masonry. The amount of reinforcement depends on the dimensions of
the filter box and the depth of the foundation. A pressure diagram for rectangular
filters constructed above ground level is presented in Figure 7.6.

Figure 7.6: Pressure diagram for rectangular filters

The piping and valves in rectangular filters are easily accessible and future
extensions can be incorporated easily. Both small and large boxes can be used,
because experiments have shown that the quality of effluent from smaller units is
equally good, provided short circuiting along the inside of the walls is prevented.
This can be achieved by roughening the surface of the wall at the height of the sand
bed, for example, by painting the walls with cement milk and covering it with a film
of coarse sand.

Smaller units have the advantage of ensuring watertight construction, which is
important where the filter box is mainly below ground level. Also, shrinkage of
concrete and masonry, differential settlements, and temperature stresses which
depend on the span of the walls, are less in smaller units. Other factors which may
reduce shrinkage arc a low water-cement ratio, and improvement of the
compaction of the concrete mixture.
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Foundation

The filter box may be constructed above, or partly below, ground level. The
minimum depth of the foundation must be 0.3 m in areas where sub-zero
temperatures do not occur, but when constructed below ground level, the wall
should extend at least 0.5 m above the ground to prevent dust, animals, and even
children entering the filter. A filter box placed largely below ground level has
structural advantages because the load on the walls is smaller, due to the outside
soil pressure compensating for the inside water pressure (Figure 7.7). However, the
outside soil pressure should only be partly taken into account in calculations if
sufficient compaction of the soil cannot be guaranteed after construction of the box.
It should also be considered if adequate supervision of possible repairs, for
example, of pipes and valves, cannot be quaranteed, because excavation of soil
next to the box without draining the filter may result in serious cracks in the wall.
The available head of the raw water may affect the possible excavated depth at
which the filter box will be placed, but gravity flow through the entire treatment
plant is generally preferable.

Soil and
water pressure

Water-table

Water pressure

Water and sand
pressure

Figure 7.7: Pressure diagram for a wall of the filter box
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Groundwater-table

In areas where the groundwater-table is high, the filter needs to be located above
ground level, or watertightness of the filter box must be guaranteed to prevent re-
contamination of the filtered water. Filter boxes made of reinforced concrete or
ferrocement will generally be watertight, whereas those of either mass concrete or
masonry are less suitable and require additional protection and careful design to
guarantee watertightness.

Filter boxes constructed below ground level may be forced up by water pressure,
as shown in the following example using the filter box indicated in Figure 7.8 and a
groundwater-table 0.1 m below ground level. Assuming that the specific weight of
concrete is 24 kN/m3, the total weight of the empty filter box can be calculated as
follows:

weight of walls
weight of floor

14 x 0.2 x 2.75 x 24 = 184.8 kN
0.25 x 3 x 4 x 24 = 72.0 kN

total weight of empty filter box 256.8 kN

outside water pressure (waterhead X length x width x gravity) =
2.40 X 3 X 4 x 9.8 = 292 kN.

Figure 7.8: Drainage system underneath filter box
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It can be seen from the calculation that the empty filter box will be forced up by
the water pressure. However, under normal conditions, the box will remain once
the gravel is in place as this adds about 187.8 kN (0.4 x 3 x 4 x 16) to the weight of
the construction. Thus, when the gravel is placed in the box, the filter box indicated
in Figure 7.8 will not be forced up by the water pressure. Drainage therefore has to
be provided during construction to lower the groundwater-table until the gravel is
added, and this can be done by constructing a drainage system underneath the
filters and the clear-water well. The groundwatcr-tablc can then be lowered by
pumping during construction and repair work (Figure 7.8), but as this is obviously
cumbersome, filter boxes are preferably constructed above the groundwater-table.

Wall and floor construction

If the filter walls are constructed of reinforced concrete, the floor must also be of
reinforced concrete. The joints between floor and wall can be stiffened by
extending the floor reinforcement into the lower part of the wall. This joint also
needs to be stiff if the walls arc constructed in ferrocement (Figure 7.9), but not if
they are of mass concrete or masonry. These walls are placed on top of the floor
after a layer of bitumen has been laid at the joint (Figure 7.10). Larger boxes with

Figure 7.9: Wall-floor connection in ferrocement and reinforced concrete
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mass concrete or masonry walls in particular will need a floor of reinforced concrete
to ensure equal settlement. Small boxes, up to 5 m long and on solid ground, may
have a floor of brickwork as well. If a layer of ferrocement is placed inside the box,
larger boxes can also be completely constructed in brickwork.

Unequal loading of non-reinforced floors will result in the development of
cracks. Minimum reinforcement can be provided which is sufficient to prevent the
development of cracks, for example, by placing steel bars of 6 mm diameter at
150 mm intervals in both directions, and at both the top and bottom of the floor.

Bitumen-

Plaster

Figure 7.10: Wall-floor connection in masonry and reinforced concrete

Reinforcement of the wall and floor

The wall thickness and the required reinforcement of walls and floor depends on
many factors, such as the dimensions and shape of the filter box, the bearing
capability of the soil, and the load on the walls. Calculations for each possible
situation are beyond the scope of this publication.

The quality of concrete and steel available in rural areas of developing countries
may not be high and it is therefore advisable to use rather low values for the cube
strength of concrete and the tensile strength of the steel, for example, 17.5 N/mm2
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and 220 N/mm2 respectively. Placing a concrete cover measuring 25 mm over the
reinforcement bars is advisable in rural areas. The minimum amount of
reinforcement can be determined on the basis of a critical loading case, which is the
situation leading to maximum bending moments, or maximum forces, and a
maximum acceptable crack width of, for instance, 0.12 mm.

In addition to this minimal amount, further reinforcement may be required to
reduce shrinkage. Walls and floor are generally cast separately, and shrinkage in
the floor is therefore already in progress when the wall is poured. This will result in
tensile stresses on the horizontal reinforcement which may then have to be
stronger. The quantity of additional reinforcement will depend on the
characteristic strength of the concrete and the reinforcement, and on the wall
thickness. The reinforcement design should provide the best combination of the
mechanical properties of both steel and concrete (see Figure 7.11).

Figure 7.11: Example of a reinforcement design for a wall-floor connection

Protected sloping wall filters

A sloping wall filter is usually partly, or fully, excavated in the subsoil, the stability
of which determines the slope of the walls, although a 1:2 slope is generally
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satisfactory. Suitable materials for lining the walls are masonry, concrete tiles, or
ferrocement (Figure 7.12). Ferrocement seems a very promising choice, but its low
impact-resistance is a slight disadvantage and special constructions are required to
make the filters accessible. The construction costs of sloping wall filters are
relatively low, and unskilled labourers can be used.

Figure 7.12: Various linings for sloping wall filters

Disadvantages of protected sloping wall filters include the following points:

° More land is required than for structures with vertical walls (the design area is the
net filter bed area at the minimum filter bed depth).

a Piping and filter control facilities are less accessible.

° Watertightness of the construction is difficult to guarantee. Where the
groundwater-table is low, this may not be important except for losses, but re-
contamination of the filtered water may occur with a high groundwater-table.

° Fouling of the sloping walls may occur due to the growth of reeds and other
vegetation.

A sloping wall filter may also be constructed in earthwork above ground level.
This reduces the disadvantages, but also results in higher pressure in the upper layer
of the soil, which may cause settlement and fissures. Various types of filter box
constructions are summarized in Table 7.1.
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Table 7.1: Applicability of various types of constructions for slow sand filters

Type of
construction

Protected
sloping well

Mass concrete or
masonry

Ferrocement

Reinforced concrete

Size range
per unit (m2)*

- rectangular
40-400

- circular or square
2-300

- circular
2-120

- rectangular
4-400

- circular
4-400

Thickness
of lining
orwall(tn)

0.04-0.10

0.20-0.30

0.05-0.08

0.20-0.25

0.15-0.20

Comment

- Low cost
- Minimum of skilled labour

required for construction

- Particularly suitable for
small filters in low
groundwater-table
situations

- Possible deformation of
filter walls

- Construction and curing
of ferrocement require
due attention

- Skilled labour required
for formwork and
reinforcement

* For rural areas, the size per unit is best limited to a maximum of 200 m2.

7.2 INLET STRUCTURE

The main functions of the inlet structure are as follows:

° It should reduce the energy of the incoming water to prevent the filter skin being
damaged. This means that the inlet must be located immediately above the sand
bed and the entrance velocity should be low, for example, about 0.1 m/s. As a
rule of thumb, the length of the wooden or concrete planks in the inlet structure
should be as wide in metres as the design flow (nrVh) divided by 20, with a
minimum of 0.4 m and a maximum of 1 m (Figure 7.13). In this way, the height of
the overflowing water will only be a few centimetres when the filter has just been
started up, and thus a gentle flow is obtained.
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° It should provide a means of adjusting the supernatant water level. This can be
done by a float-controlled butterfly valve, a manually operated gate valve, or an
adjustable overflow weir in the inlet channel or pipe. The diameter of the inlet
pipe should be such, that the velocity of the water in the pipe is 0.3-0.5 m/s when
the filters are operated at the designed rate of filtration.

° It should provide a means of shutting down the flow of raw water, generally by
means of a hand-operated gate valve.

° In an inlet controlled filter, it should also provide the means to measure and
control the flow through the filter bed.

Usually, the inlet stucture is a box with an outlet pipe to drain the supernatant
water quickly when the filter needs to be cleaned. Draining this water through the
filter bed would take a considerable period of time because of the comparatively
high resistance of the filter skin immediately before cleaning. Removable wooden
planks measuring 0.05 x 0.10 m enable adjustment of the inlet structure when the
level of the filter bed is reduced as a result of subsequent scrapings.

Max. sand level

1 Min. sand level

Grave]

Drain valve

Figure 7.13: Inlet structure
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7.3 OUTLET STRUCTURE

The main functions of the outlet structure are as follows:

° It should prevent the development of below-atmospheric pressure in the filter
bed. Therefore, a simple overflow weir is often provided, with its crest slightly
above the top of the sand bed.

° It should provide a means of draining the filter. A separate drain pipe is often
included in the outlet structure to pass the water to waste.

0 It should provide a means of refilling the filter with clean water after it has been
scraped. This may be done through the system of underdrains.

° In an outlet controlled filter, it should be possible to measure the flow through the
filter bed. The overflow weir, mentioned above, may also be used for this purpose
by means of a calibrated flow indicator, combined with a V-notch weir. The
relationship between the flow and height of water in a V-notch weir is explained
in Appendix V.

Flow
indicator

Ventilation

Filter regulation
valve

Manhole

Figure 7.14: Outlet box of an outlet controlled filter
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0 In outlet controlled filters, it should provide a means of adjusting the filtration
rate by shutting down the filter. The simplest method is manual adjustment of a
valve or tap.

A suitable design for the filter outlet of an outlet controlled filter is presented in
Figure 7.14. Installation of an overflow weir in the outlet box has the advantage
that the filtered water is aerated, provided the box is adequately ventilated. The
manhole is included to enable cleaning of the box and calibration of the flow
indicator.

7.4 SYSTEM OF UNDERDRAINS

The system of underdrains has a two-fold function:
- to support the filter medium and prevent it being carried into the drainage

system;
- to ensure uniform withdrawal of water over the entire filter area.

The drainage system should be carefully designed and constructed because it
cannot be inspected, cleaned, or repaired without the complete removal of the filter
bed material. Several types of underdrains can be used in slow sand filters and
Figure 7.15 shows the more commonly used systems.

A. Standard bricks
on bricks

B. Precast concrete slabs
on concrete ribs

C. Concrete tiles on
quarters of tiles

35HIJ D. Perforated pipes

E. Corrugated pipes

Figure 7.15: Common systems of underdrains for slow sand filters
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To prevent loss of filter medium through the openings in the underdrain system,
graded layers of gravel are placed between the filter sand and the underdrain
system. Generally, three layers of gravel with grain sizes of 1.0-1.4 mm, 4.0-
6.0 mm, and 16.0-23.0 mm respectively are used in conventional systems. Each of
these layers should be about 100-150 mm thick (Figure 7.16). Recently, corrugated
pipes have been introduced for slow sand filter underdrain systems, and often,
these are only covered with one 100 mm thick layer of fine gravel.

! • ' . ' •

Filter sand 0.2-0.3 mm

'•7$

'.••.I

. . ' I

Coarse sand 1.0-1.4 mm

Gravel 4.0-5.6 mm

Gravel 16.0-23.0 mm

100

100

100

150

Figure 7.16: Filter medium support

Systems made from prefabricated concrete slabs, burned bricks or concrete tiles,
have one feature in common, that is, water flows freely out of the sand bed over a
relatively large area. These systems can therefore be relied upon without
calculation of the hydraulic characteristics, whereas systems using perforated pipes
must be designed more carefully (see Table 7.2).
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Table 7.2: Criteria for dimensioning of underdrain system using perforated pipes

Dimensioning criteria Values

Maximum velocity in manifold
Maximum velocity in laterals
Spacing of laterals
Size of holes in laterals
Spacing of holes in laterals

0.5 m/s
0.5 m/s
1-2 m
2-4 mm
0.1-0.3 m

For small filters of less than 20 m2, a 15 cm layer of broken stones, measuring
about 25-50 mm in size, can also be used as an underdrain system in combination
with a filter support of gravel. An innovative underdrain system is being field tested
in Colombia (Figure 7.17), where corrugated PVC pipes of 6 cm diameter arc
placed one metre apart, and covered with a 0.1 m layer of fine gravel. This
development is interesting because it reduces the need for graded gravel, and also
lessens the total height of the underdiain system compared to traditional systems so
that the total height of the filter box is lower. Some pilot tests are also being carried
out with corrugated pipes wrapped in a woven nylon or plastic fabric. This method
might eliminate the need for gravel, provided the pipes are placed at a closer
distance, for instance 0.6-0.7 m, and the fabric proves to be resistant to micro-
biological clogging.

Figure 7.17: Underdrain system made of corrugated PVC pipe
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7.5 FILTER CONTROL ARRANGEMENTS

The water flow in the filter and the treatment plant needs to be controlled, and this
is done by regulatory valves placed at certain points, which can interrupt the water
flow if required. These valves can be sited with the aid of a flow sheet, which is the
diagram indicating the flow of water through the treatment plant. An example flow
sheet is presented in Figure 7.18.

To
distribution
system

I Weir chamber Flow indicator M *" Valve Y Overflow

Figure 7.18: Flow sheet for slow sand filtration installation (gravity flow)

The simplest control device in a pipeline is a gate valve, or sluice valve
(Figure 7.19), but this is not as accurate as other types of valves because the flow
begins to decrease considerably only when the valve is closed more than 90%.
Despite this, gate valves will be the most appropriate solution for rural areas in
developing countries because of their simplicity. They are available in a size range
of 5-35 cm diameter and simple versions can also be used in open conduits (Figure
7.20). Gate valves which are left shut for a long time tend to stick and will not open
easily, and similarly, valves which have been left open for a long time may not close
properly. Therefore, regular operation of the gate valves is required.

A more accurate flow control device in a pipeline is a butterfly valve because it is
quick acting and allows better control of the How rate. The minimum size of a
butterfly valve is two inches.

Globe valves have a greater head loss than gate or butterfly valves, but are
cheaper and have very good flow control. Sizes of up to two inches are quite suitable
for rural water supply.

76



STRUCTURAL DESIGN CONSIDERATIONS

Figure 7.19: Gate valve for pipelines

Figure 7.20: Gate valve in open conduit
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Hydraulic profile

An example of a hydraulic gradient line, that is, the line which indicates the head
loss over the components of the plant, is set out in Figure 7.21. During operation,
the head loss over the entire plant is kept constant by adjusting the control valves.

Head of water in
sedimentation tank

Head of super-
natant water

Head of water
in clear-water

""! tank

Sedimentation
tank

Slow sand
filter

Valve 1
N

Clear-water
tank

Valve 2
—N

Figure 7.21: Hydraulic gradient line in a slow sand filtration plant (gravity flow)

A = head loss in pipe between sedimentation tank and valve 1
B = head loss over valve 1
C = head loss in pipe between valve 1 and slow sand filter
D = head loss over slow sand filter (increases during filter run)
E = head loss in pipe between slow sand filter and valve 2
F = head loss over filter-regulating valve 2 (decreases during filter run)
G = head loss in pipe between valve 2 and clear-water tank
H = head loss over effluent weir
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7.6 PIPING AND PUMPING

In water supply engineering, it is good practice to "over-design" the major
hydraulic elements of a treatment plant to at least 1.5 times the required capacity.
This ensures that the treatment works can be extended without replacing pipes,
valves and other appurtenances. Gate valves and filter control valves should be
arranged in such a way that extensions can be connected and furthermore,
vulnerable mechanical parts must be easily accessible for control and repair. The
influent and drain-pipes should be quite separate from clear-water pipes.

Centrifugal pumps are used in many water treatment plants. When designing the
pipelines and pumps, it is necessary to know the required flow, the head loss in the
pipeline and the treatment units, and the required pressure head. The head loss in
pipelines can be easily derived from graphs available for most pipe materials, and
an example graph, for PVC pipes, is shown in Figure 7.22.

B 10

ai
5 10

Flow (litres per second)

Figure 7.22: Head losses through friction in PVC pipes
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From Figure 7.22, it can be seen that a flow of 11/s (3.6 irrVh) will cause a head loss
of 0.7 m water column per 1000 m PVC pipe, for a pipeline of 75 mm diameter. Pipe
fittings and bends will add further to this head loss. The head loss in the slow sand
filters amounts to 1 m water column and in pre-sedimentation tanks, between 0.05
and 0.10 m water column.

7.7 CONSTRUCTION OF THE CLEAR-WATER TANK

The clear-water storage tank does not necessarily have to be located at the
treatment plant. Location in the village in fact has the advantage of a more constant
flow in the transport pipe between the treatment plant and village. Also, two or
three smaller tanks can be built, with a total net volume that is equal to the
calculated required storage volume. This may reduce the cost of transport pipes as
smaller diameters can be used, and may increase the reliability of the water supply
system because when one tank is out of order, the others can still supply water.

The foundation for the clear-water tanks will generally be deep, because the loss
of head through the filter is 1 m (Figure 7.21), and some variation in the water level
in the tank must be permitted to balance production and demand.

In small installations, the cover of the clear-water tank can be a simple structure
of ferrocement or wood. For larger tanks, a cover of reinforced concrete or
ferrocement is advisable. When the clear-water tank is covered with a reinforced
concrete slab, the structural design differs from that of slow sand filters because side
pressures are also transmitted to the cover. If the joints between cover and walls are
strengthened with extended reinforcement bars, the strength of the structure
increases, and it may therefore be possible to reduce the thickness of the walls.
When calculating the dimensions of the floor and wall of the tank, the combination
of an empty tank and a high groundwater-table are critical. Careful consideration
should be given to whether the total weight of the construction should be increased,
to prevent it being forced up by the water pressure.

The clear-water tank must be provided with ventilation pipes, a drain-pipe, an
overflow, and a manhole for inspection. If the tank also serves as a chlorine contact
chamber, then the clear-water outlet pipe should be located at such a height above
floor level, that the minimum detention time is 30 minutes.
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8. Design Examples of Slow Sand Filters

Five designs for slow sand filters of varying capacities and constructed in different
materials are presented as examples (Figures 8.1 - 8.5). They are based on specific
conditions and may not be suitable under other circumstances. When necessary,
important local conditions are indicated, such as the height of the groundwater-
table.

The first design is in brick masonry, because of the low water-table. Even if
cracks should develop, they will only result in water losses but will not lead to a
deterioration of the effluent by inflow of groundwater. An alternative is to build
this filter in masonry and ferrocement, as shown in Figure 7.3. The circular
masonry wall serves as an outside mould for the ferrocement and will take up
pressure forces.

Thorough investigations of site conditions have taken place in the second design,
which is a protected sloping wall filter with a ferrocement lining. Part of the soil has
been excavated and used for the bunds. A 40° inclination of the slope could be
selected because the bunds are made of clay.

The third design is in ferrocement, where the filters are placed above ground
level because of the high groundwater-table. The clear-water well has a small
storage capacity because another storage tank has been constructed in the supply
area.

The fourth and largest design example is in reinforced concrete and consists of
four units. This allows for flexible operation, with only a 30% increase in filtration
rate required when one filter unit is out of operation. Provisions for chlorination of
the effluent are included for this larger plant, which may provide water to a
community of 5000-20000 people. Allowances are therefore not made for
discharging initially filtered water to waste.

The last design is a small concrete filter which differs widely from the others
because it is an inlet controlled filter.

Provisions for pre-treatment of the raw water have not been included in any of
the designs, which are therefore only applicable for relatively clear surface water,
with an average turbidity level of less than 20 NTU.If turbidity of the raw water is
higher, a pre-treatment unit must be incorporated, however. All designs allow for
back-filling the filter units after cleaning, or re-sanding directly with the outflow
from another unit. Initial filling through the underdrains may be achieved by
making a temporary connection between the raw-water inlet and the outlet box. In
each of the examples, an estimate of the building materials required for
construction of the slow sand filter units is also provided. This estimate does not
include construction materials for the clear-water well or other units.
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Filter 2

Overflow

Overflow

Section A-A

Figure 8.1: Design features of design example T
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DESIGN EXAMPLES

General:
Water-table
Foundation

Section B-B

3 m below ground level
stable soil

Section C-C

Slow sand filter:
Material
Design capacity
Design flow
No. of units
Size
Height of filter box

brick masonry
4.75 m3/h
0.1 m/h
2
0 5.60 m
2.5 m

Height of underdrain system 0.3 m
Depth of sand bed 0.9 m

Outlet box:
Material
Size
Height

brick masonry
01.40 m
1.50 m

Clear-water tank in brick masonry:
Size 03.10 m
Height 2.00 m

Bill of quantities for filter units:
Steel 1200 kg
Concrete (1:1 Vi;2Vi) 15 m3

Concrete (workfloor) (1:3:5) 5 m3

Mortar (1:2) 4 m3

Masonry 30 m3

Filter sand 45 m3

Filter gravel 15 m3

Gate valves 9
Butterfly valves 2

Figure 8.1: Design features of design example I
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Supply

Raw-water
main

Section A-A

Figure 8.2: Design features of design example II
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DESIGN EXAMPLES

Section B-B

Section C-C

Adjustable supernatant
water drain

Section D-D

General:
Water-table 2 m below ground level
Foundation stable, clayish soil

Slow sand filter:
Material
Inclination of slope
Design capacity
Design flow
No. of units
Net filter area*/unit
Unit size*
Height of filter box
Height of underdrain
Depth of sand bed

ferrocement
40°
14.1 nrVh
0.15m/h
2
47 m2

7x7m
2.6 m

system 0.3 m
0.9 m

Outlet box:
Material
Size
Height

Cleat-water tank:
Size
Height

Bill of quantities for filter units:
Concrete (1:3:5)
Ferrocement mortar (1:2)
Chicken wire mesh
Filter sand (0.15x0.35)
Filter gravel
Gate valves
Butterfly valves

ferrocement
01.40 m
1.50 m

0 5.00 m
2.00 m

6 m3

6 m3

560 m2

70 m3

18 m3

9
2

Figure 8.2: Design features of design example II
* at minimum sand level
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Supply

main

Weir chamber Section B-B

Figure 8.3: Design features of design example III
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DESIGN EXAMPLES

1

General:

1

Section C-C

Water-table 0.4 m below ground level
Foundation reasonably stable soil

Slow sand filter:
Material
Design capacity
Design flow
No. of units
Size
Height of filter box

ferrocement
3.2 m3/h
0.1 m/h
2
0 4.5 m
2.5 m

Height of underdrain system 0,3 m
Depth of sand bed

Outlet box:
Material
Size
Height

0.9 m

ferrocement
0 2.0m
1.50 m

Clear-water tank:
Material
Size
Height

Bill of quantities for filter units
Concrete {l:\Vr.2V2)
Concrete (1:3:5)
Steel
Ferrocement mortar (1:2)
Chicken wire mesh
Filter sand
Filter gravel
Gate valves
Butterfly valves

ferrocement
0 4.5 m
2.00 m

5m 3

2 m3

400 kg
5 m3

280 m2

29 m3

10 m3

9
2

Figure 8.3: Design features of design example III
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A

Filter 4

Filter 3

Filter 2

Supply main

Clear-water Operation
well house

Filter 1

Chlorination
equipment

Section A-A

Figure 8.4: Design features of design example TV
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DESIGN EXAMPLES

H

i -

i -

Section B-B

1

1

1

{

y

.—pi

r

^ -

-
: = * •

General:
Water-table
Foundation

Slow sand filter:
Material
Design capacity
Design flow
No. of units
Size of unit
Height of filter box

1.0 m below ground level
stable soil

reinforced concrete
40 m3/h
0.1 m/h
4
8 x 12,5
2.6m

Height of underdrain system 0.3 m
Depth of sand bed

Outlet box:
Material
Size
Height

0.9 m

reinforced concrete
2x2m
1.5 m

Section C-C

Clear-water tank:
Material reinforced concrete
Size 4 x 6 m
Height 2.60 m
Chlorination bleaching powder

Bill of quantities for filter units:
Concrete (1:1'/2:2'/2)
Concrete (1:3:5)
Steel
Filter sand
Filter gravel c.a.
Gate valves
Butterfly valves

150 m3

30 m3

8000 kg
360 m3

120 m3

10
4

Figure 8.4: Design features of design example IV
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Figure 8.5: Design features of design example V
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DESIGN EXAMPLES

1 I

r1 >
; i

I

Section B-B

General:

Section C-C •

Water-table 2 m below ground level
Foundation stable soil

Slow sand filter, inlet controlled:
Material
Design capacity
Design flow
No. of units
Size of unit
Height of filter box
Height of underdrain system
Depth of sand bed

reinforced concrete
3.6 nvVh
0.15m/h
2
3 x4 m
2.4 m
0.2 m
0.9 m

Outlet box:
Material
Size
Height

Bill of quantities for filter
Concrete (l:r/z;2)
Concrete (1:3:5)
Steel
Filter sand
Fine gravel
Gate valves
Butterfly valve

masonry
1.5x2 m
1.5 m

unit:
15 m3

2 m3

1200 kg
20 m-1

5 m3

4
2

Figure 8.5: Design features of design example V
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9. Construction Guidelines

Good design docs not necessarily mean a good filter plant because much depends
on the quality of materials used for construction, the available skills, and the quality
of supervision provided during construction. Too often, particularly in rural areas,
insufficient attention is paid to the quality of construction and to the quality and
composition of the materials used, resulting in many units with only a short life
span. For example, sand used to make concrete in rural areas may contain clay and
organic matter, but if this material is not washed out, the concrete will be weaker.
Concrete will also be of lower quality and less durable if it is not cured properly.
Thus, the quality and durability of the structures will depend on the care taken by
the contractor or the construction department. These matters need to be discussed
beforehand with the contractor and progress should be regularly checked on the
site, especially if the contractor is not familiar with new materials being used.

Preparation should start with staking out and clearing the site, followed by the
construction of storage facilities for vulnerable or valuable materials, such as pipes,
cement and valves. Excavation can then begin on stable sites to lay the foundation.
Only a simple foundation is required for sand or firm soil, for example, a layer of
compacted coarse sand covered with a work floor of lean concrete (1:3:5) may be
sufficient. A complex pile foundation may be required for unstable sites but as this
involves high costs, it is better to look for another site.

The reinforcement of the floor, and the reinforcement which connects the floor
and walls need to be placed first. Next, the concrete floor has to be poured and be
properly cured by keeping it wet for several days, also done if ferrocement is used
for the walls. The external form should then be placed, followed by positioning of
the wall reinforcement and the pipes which pass through the wall. When all
reinforcement and pipes are correctly placed, the inner formwork can be erected in
readiness for mixing the concrete and pouring the walls. Preferably, pouring should
not be interrupted, and should not be done in the hottest part of the day.
A qualified supervisor should pay close attention to the mixing of the concrete, as
this largely determines the strength and the lifetime of the construction. Careful
attention is also required for compacting and curing the concrete. Compaction can
be achieved by poking with a stick or a vibrating poker, and curing may be done by
placing a layer of water on the floor immediately after the concrete mix has been
placed, so keeping it wet for several days and allowing chemical hardening to occur.
Alternatively, the concrete can be cured by covering it with a cloth, paper, banana
leaves or sand, and spraying with water at intervals throughout the day.
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CONSTRUCTION GUIDELINES

Curing the concrete for a week gives it excellent quality, after which time the forms
can be removed. Quality control of the underdrain system is also essential, because
use of poor quality tiles in the underdrains, for example, may lead to breakage
when the gravel and sand are placed. This will not be observed until the filter is put
into operation and sand and gravel must then be removed to replace the tiles.

9.1 PREPARATION OF A NEW FILTER

After construction, the filter box must be checked for watertightness, which is done
by filling it with water and closing all valves for a 24-hour period. If the water level
drops a few centimetres in this period, leaks must be traced and repaired, and the
procedure repeated. After successful completion of this procedure, the box must be
thoroughly cleaned and washed out before filling it to the design level with washed
gravel and sand (Table 9.1).

Table 9.1: Summary of procedures in preparation of the sand filter

Procedures Details

1. Check for watertightness - Close all valves
- Fill filter box with water and monitor

water level

2. Clean the filter box and the outlet box - Brush walls and floor and wash
thoroughly

3. Fill with gravel - Clean gravel beforehand
- Spread gravel evenly on the drainage

system

4. Fill with sand - Clean and sieve sand beforehand
- Spread sand evenly on top of the gravel

to a height of at least 0.8 m

9.2 BUILDING MATERIALS FOR SLOW SAND FILTERS

The quality and characteristics of building materials used for slow sand filters will
vary from place to place and from time to time, depending on factors such as the
nature and quality of the raw materials, climatic conditions and the attention paid
to handling, processing and finishing.

93



Concrete

Concrete consists of a mixture of sand, gravel, cement and water. It will often be
necessary to test the quality of these components and international standards for
testing methods have been established for this purpose. Testing need not
necessarily be carried out on the building site and samples may therefore be
examined in a laboratory.

The quality of local cement is usually known and need not necessarily be tested.
Care should be taken, however, that the cement is not stored for too long a period,
and that it is stored in a dry place. Sand and gravel should be tested for organic
matter content, and their grain size distribution also has to meet certain
requirements. The water to be used should be clean, fresh and clear.

The proportion of these three components in the concrete mixture will depend on
their characteristics. A mixture of one litre (1.25 kg) cement to 1.5 litres sand to
2.5 litres gravel will usually give good results for watertight constructions. Tt is
advisable to base the mixture on the weight of the cement instead of on its volume,
because loose cement has a greater volume than compacted cement. A mixture of
one litre (1.25 kg) cement to two litres sand to three litres gravel is often used for
reinforced concrete constructions which do not have to be watertight.

In order to guarantee watertightness of the concrete, the following measures
need to be taken:
c Attention must be paid to the grain size distribution, especially the content of fine

material. The content of "fines" consists of the cement and the fraction of sand
particles smaller than 0.3 mm. Recommended levels are given in Table. 9.2.

° The amount of water per m3 concrete must be as low as possible and should be
sufficient to make the concrete just "workable". The effect of variation in initial
water quantity on the compression strength of several concrete mixtures is shown
in Figure 9.1. It may be concluded that if the water content is increased from 140
to 180 1/m3, the ultimate compression strength will decrease from 40 to
30 N/mm2. Because a quantity of water, which may be quite high, will already be
attached to the sand and gravel, it needs to be taken into account when calculating
the quantity of water to be added. Therefore, no more than 120-140 litres should
generally be added to prepare 1 m3 of concrete.

° When it is necessary to economize on cement, it is advisable to increase the
largest grain size of the gravel so that the content of cement can be decreased, for
example 50 mm instead of the usual 30 mm.
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CONSTRUCTION GUIDELINES

0 Due attention needs to be paid to finishing the concrete. It is important to keep
the shuttering and surface of the poured concrete wet by spraying with water,
preferably not of a temperature above 20°-25°C, and to prevent high
temperatures and rapid evaporation. This may be done by erecting a temporary
cover over the concrete.

° For steel reinforcement of concrete, information on the quality of locally
available steel is required.

Table 9.2: Recommended content of fines for normal and large aggregate concrete

Normal concrete

Large aggregate
concrete

Largest grain size
(mm)

10
20
30

50
80

Content of fines
(kg/m3)

500-550
425-475
375-425

300-350
250-300

a
o 50

E E

Sz
a J3

1 «

40

30

140 160 180 Water content (1/m3)

Figure 9.1: Relationship of water content, cement content and compression strength for
cement with a characteristic strength of 42.5 N/mm2
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Ferrocement

Ferrocement consists of a sand-cement mortar which is heavily reinforced with rods
and chicken wire (reinforcement percentage by weight 0.9-1.1%). The
reinforcement consists of a network of vertical and horizontal rods of small
diameter (4-5 mm), spaced at a distance ranging from 50 to 120 mm. A layer of
chicken wire (mesh size 20 mm) is placed on both sides of this network, which is
then embedded in mortar made of one part cement and two parts sand. The sand
content should not contain silt and should be well graded. Coarse sand has the
advantage over fine sand that shrinkage will be lower, but the workability of the
mortar will be less. Fresh cement should preferably be used for the mortar, but if it
is not available, the cement should be sieved before it is put in the mixture.

Ferrocement is particularly suitable for curved structural elements, such as
circular slow sand filters, because bending moments do not occur and a small
degree of deformation is acceptable. Major advantages are also its low cost,
simplicity in construction, and durability.

An inside or outside mould is usually used when constructing ferroecment
reservoirs. When an inside mould is used, the building process is as follows:

° The network of small diameter horizontal and vertical rods and a layer of chicken
wire are placed on the mould and covered with a 10 mm thick layer of mortar.

° The mortar is spread onto the reinforcement with a trowel, up to the inside
mould. A second layer of chicken wire and mortar is applied on top of the first
layer.

° As soon as possible, normally within two hours, successive layers are added in the
same way until the required wall thickness is attained, usually between 40 and
SO mm.

Careful curing is necessary, especially in warm, dry weather, to ensure
satisfactory adherence of the successive layers and a simple check can be made by
rubbing a stone over the surface of the tank. A rather high sound indicates good
construction, whereas a low sound in a section suggests that the successive layers
are not well bonded. To correct this, the weak part of the top layer can be cut away,
the last but one layer roughened, and an extra layer of chicken wire placed on the
damaged spot. A layer of mortar should then be applied and cured properly.
Leakages of tanks can be repaired in a similar way, but if the mortar is well cured
and clean sand and fresh cement are used, weak sections are very rare.

To protect the structure from the weather and to obtain a high degree of
watertightness, a finishing coat of tar epoxy or natural rubber may be required. The
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CONSTRUCTION GUIDELINES

tank may be wrapped in plastic to protect it from acid groundwater when
constructing below surface level. Up-to-date information on the applications of
ferrocement can be obtained from the Ferrocement Information Centre at AIT,
Bangkok (see Appendix VII).

Masonry

Masonry and mortar should be of high quality to obtain a watertight structure. The
wall thickness of circular filters constructed below ground level with a diameter of
5-10 m, should be about 0.2-0.3 m and should be carefully checked for leakages.
Important points in their preparation are:
- vertical joints should never be placed above each other;
- the bricks should not be split in pieces smaller than half the standard size

available locally;
- bricks which have been close to the oven fire should be used because they are

stronger;
- the bricks or stones to be used should not take up more than 25% water.

Mortars for masonry consist of cement, sand and water. A mixture of one part
cement and 2.0-2.5 parts sand is suitable. If the bricks are of low strength then the
strength of the mortar should also be reduced, for instance to 1:4, to prevent
differences in shrinkage between brickwork and mortar. This will lead to a less
rigid, watertight construction and the walls should be rubbed with a brush dipped in
a mixture of one part cement and one part sand to improve watertightness. For
more information on particularly shallow brick tanks and testing the strength of
brickwork walls, see Costa ct al (1981).

Quarry stone masonry may use a large quantity of mortar, particularly if the
stones are irregular in shape and the spaces between are not filled with smaller
stones. If this is the case, consideration should be given to whether construction in
ferrocement would be more efficient. In several locations, a combination of
masonry and ferrocement is used. A 5-10 cm masonry wall is constructed and used
as an outside mould, on which a 2-3 cm layer of ferrocement is placed on the inside.
This structure combines ferrocement's advantageous feature of good water-
tightness, with the higher impact resistance and easy formwork of masonry.

9.3 SELECTION OF FILTER SAND

Slow sand filters require large quantities of sand and the cost involved may
therefore be considerable, particularly if it has to be transported over a long
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distance. Fortunately, the specifications for filter sand are not very strict and
suitable sand can often be found locally. Whether local sand is suitable depends on
the following:
- grain size and distribution;
- silt content;
- solubility.

Grain size and distribution

The most important parameters are grain size, which is determined by the effective
grain size (es), and grain size distribution which is determined by the uniformity
coefficient (UC). These parameters affect the purification efficiency of the slow
sand filter. The effective diameter, or effective size, is the sieve opening through
which 10% (by weight) of the grains will pass (es, de or d10). The uniformity
coefficient is the ratio between the effective diameter and the sieve opening
through which 60% (by weight) of the grains will pass (d60):
uniformity coefficient = dfiO/dio-

Sand used in slow sand filters should be relatively fine and have an effective
diameter in the range of 0.15-0.30 mm, and a uniformity coefficient lower than five
but preferably below three. As explained in section 3.3, finer sand will give better
performance of the filters in terms of water output quality, but will increase the
head loss of the system, thus reducing the period between two successive cleanings.

The effective size and the uniformity coefficient can be identified from a sieve
analysis, and the results can be set out in a table or plotted on a graph (Figure 9.2).
The procedure is as follows:

° A representative sample oi' the sand is collected, for example a mixture of sand
from four or five samples in a staked area. The sample is washed thoroughly to
remove impurities and allowed to dry.

° A quantity of about 500 g of dried sand is then sieved through a series of standard
sieves with the coarsest sieve on the top and the finest on the bottom. Sieving is
continued for a period of 15 minutes and a mechanical sieve shaker is used
regularly.

0 The sand retained in the coarsest sieve is weighed, and that retained in each of the
subsequent sieves is added to the previous amount. It is weighed until the total
amount of sand retained has been weighed.

98



CONSTRUCTION GUIDELINES

jg 100
o

a
'3
on

O

.SP

o
Ml
IB

P-I

25

10

d60
0.2 0.4 0.6 0.8 I

Grain size, d, mm

Figure 9.2: Example of grain size distribution of sand (Huisman and Wood, 1974)

If laboratory analysis is not feasible during the survey of the area, an indication of
the suitability of the sand can be obtained by passing a sample through ASTM
sieves No.18 (1.00 mm) and No.70 (0.21 mm). If most sand particles pass through
No. 18 and are retained in No.70, that is, not more than about 10% passes through,
then the sand is suitable for use in a slow sand filter. If the sand does not meet this
approximated specification, it would be preferable to select another source of sand.
However, if a considerable proportion is retained in sieve No. 18, it may be possible
to use sand from this source, if it is sieved first. It may also be possible to mix with
sand from another location to obtain the required specifications.

Silt content

Sand containing silt requires extensive washing prior to use. An indication of the silt
content can be obtained by putting 100 ml of clean water in a measuring cylinder,
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and adding the sand sample to make the volume up to 200 ml. The mixture should
then be shaken vigorously and the suspension allowed to settle. The turbidity of the
water in the cylinder, as well as the sediment, give a fair indication of the silt content
of the sand. As a guideline, sand requires washing before being placed in the filter if
the silt content is greater than 1%.

Acid solubility

The filter sand should not contain considerable amounts of calcium carbonate,
because this may gradually dissolve and increase the hardness of the water.
Therefore, the acid solubility should not exceed 5% after 30 minutes. It should be
noted, however, that this is not a strict requirement as a higher solubility is
sometimes an advantage. Only water containing aggressive carbon dioxide, for
example, will be able to dissolve the calcium carbonate and will lose its
aggressiveness in doing so. The carbon dioxide might otherwise have led to
corrosion of the distribution network.

The acid solubility can be determined by immersing a washed sand sample of
10 g in 32 ml of concentrated hydrochloric acid, diluted one to one with distilled
water. This should be allowed to stand at room temperature for 30 minutes with
occasional stirring, then washed in distilled water, dried at 110°C for one hour and
weighed. The percentage of acid solubility can then be calculated by dividing the
loss of weight by the original weight, and multiplying the quotient by 100.
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10. Operation and Maintenance
Procedures

10.1 THE CARETAKER'S ROLE

Adequate operation and maintenance of the water supply system is essential to
guarantee regular supply of good quality drinking water. One or more persons will
often be made responsible for these tasks, and are usually known as caretakers or
operators.

Their main task is to ensure the proper functioning of the treatment plant, and
this requires knowledge and experience of the various tasks involved, hence
adequate training. General faults which can be observed as a result of poor training
and supervision include inadequate scraping of the bed, replacing the sand
immediately after washing, not refilling from the bottom, and bypassing filter units.
The results of inadequate training can be illustrated by a situation where the
conform count rose rapidly to very high levels following each filter cleaning, simply
because the caretaker cleaning the filter was wearing the same boots that he wore to
clean out septic tanks (Ellis, 1985).

Supervision should preferably be the responsibility of a regional or national
authority, and it must be as frequent as possible, but irregular in its timing. Regular
health checks of the caretaker(s) are also required to ensure that carriers of enteric
diseases are not employed to clean the filters, because a cholera carrier, for
example, may excrete 106 cholera vibrios per day, and yet feel perfectly well
(Feachem, 1983). In addition, it is necessary to control the sanitary habits of the
workers while in the filter.

In most cases, the task of the caretaker will also involve maintenance of the
distribution system and repair of taps. Regular consultations and discussions with
the community, for example when inspecting the distribution network, will help to
build good relationships and should increase the community's appreciation and
willingness to provide support.

There is also a promotional side to the caretaker's job because he will need to
discuss the importance of clean water and proper storage with the community. If,
lor instance, purified water is collected in a dirty bucket or recontaminated in
another way, then the caretaker's efforts will be in vain. The community can also
help with the operation and maintenance of the water supply system by handling
the system with care and reporting leakages. Good communication with the
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community will also provide the opportunity to inform them in advance of
breakdowns and repairs, thus enabling them to store water for these periods.
Ideally, there should be interaction between the caretaker(s) and all levels of the
community.

To help the caretaker work successfully, the most important tasks and their
frequency need to be detailed. Although the tasks involved in operation and
maintenance of slow sand filters will generally not differ greatly, their frequency
strongly depends on the local situation, as will other tasks which need to be done.
Therefore, a work schedule has to be prepared for each plant and an example is
given in Table 10.1.

Table 10.1: Schedule of activities for caretaker

Frequency Activity

Daily

Weekly

Monthly or less frequently

Yearly or less frequently

Every two years or less
frequently

- Check the raw-water intake (some intakes may be
visited less frequently)

- Visit the slow sand filter
• check and adjust the rate of filtration
• check water level in the filter
• check water level in the clear well
• sample and check water quality

- Check all pumps
- Keep the logbook of the plant

- Check and grease all pumps and moving parts
- Check the stock of fuel and order, if needed
- Check the distribution network, and taps, repair if

necessary
- Communicate with users
- Clean the site of the plant

- Scrape the filter bed(s)
- Wash the scrapings and store the retained sand

- Clean the clear-water well
•- Check the filter and the clear-water well for

watertightness

- Re-sand filter unit(s)

Table 10.1 does not include those tasks which have to be done only once. Tn the
following sections, detailed procedures are set out for all technical tasks associated
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OPERATION AND MAINTENANCE

with the slow sand filtration process, and refer to the diagram of the outlet
controlled slow sand filter presented in Figure 10.1. Procedures to operate an inlet
controlled slow sand filter (Figure 10.2) are only slightly different, but these
differences in procedures will be explained.

D

G

H F

Figure 10.1: Basic valves in an outlet controlled filter

Figure 10.2: Basic valves in an inlet controlled filter
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Proper tools and equipment help to make the caretaker's job easier. Only simple
tools are needed, which can often be made locally, and regular tools are shown in
Figure 10.3.

Figure 10.3: Tools used for operation and maintenance

10.2 STARTING-UP A NEW FILTER

The starting-up procedure of a new filter is carried out by the caretaker, under
supervision. With all valves closed, the back-filling valve C should be partially
opened to permit water to flow slowly upwards from the bottom, through the
drainage system and the gravel and sand bed. When the water level reaches
0.1-0.2 m above the sand surface, valve C should be closed. This method of back-
filling ensures that air accumulated in the system is driven out, especially from the
sand pores, provided that the rate of back-filling is low (0.1-0.2 m/h). This process
will take several hours.

Filtered water should preferably be used for back-filling from the bottom.
However, a temporary connection can be made between the outlet of the pre-
treatment unit, or raw-water source, and valve (C) if it is not available. When valve
C is not included in the design, back-filling can be accomplished through the outlet
box.
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Irregularities in the sand surface may become apparent when the water level rises
above the surface. Drainage valve B and emptying valve D should then be opened
until the water level falls to 0.1m below the sand level. These irregularities must be
corrected because difficulties may arise as a result of puddles of water collecting in
depressions when the filter is drained for cleaning. Valve B can also be used at this
stage, if necessary, to remove floating dirt. If a recharge valve is not provided,
water can be added to the outlet box through the manhole and with valve E open,
this water will recharge the filter.

Charging an outlet controlled filter

When the water has reached the required level of 0.1-0.2 m above the sand surface,
the filter can be filled up to its working level. This is done by closing the back-filling
valve C, and gradually opening the inlet valve A to allow water to enter the filter
through the inlet box. The initial rate of filling should be slow to prevent scouring of
the sand around the inlet, but as the layer of supernatant water rises, the rate of
filling can be increased. When the working depth of the supernatant water is
reached, the filter can be put into operation by opening the filter regulation valve E,
permitting water to flow over the weir into the filtered water chamber. The rate of
flow must also be controlled by the filter regulation valve E. Initially, it should be
0.02 m/h, and increased gradually by 0.02 m/h every hour, until the design filtration
rate is reached (usually 0.1 m/h). If the flow rates during the ripening process are
too low, excessive growth of unicellular green algae may occur which can penetrate
the filter.

The filter must now be run continuously for several weeks to allow it to "ripen",
which will take 1.-3 weeks in tropical areas and longer in more temperate regions.
The time also depends on the nature of the raw water because the fewer micro-
organisms it contains, the longer the ripening process.

As ripening proceeds, and the number of micro-organisms rises, a slight increase
in head loss will occur in the filter bed and the filter skin will gradually become
visible. These are signs that ripening is proceeding satisfactorily. During the
ripening process, the effluent is not bacteriologically safe and therefore must cither
be chlorinated, discharged as waste, or passed to another filter.

The quality of the filtered water should preferably be determined from analyses
which sample both the bacterial counts and turbidity. Weekly samples should be
taken during the first two weeks and daily samples in the next period, until the
analyses show that the water is safe. The water can then be passed into the water
supply system, by closing valve F and opening valve G. If bacteriological testing is
not possible, ammonia determinations can be used as a helpful alternative because
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there should be no ammonia in the filtrate of a mature filter during the day. If
neither bacteriological nor ammonia testing are possible, only tests for turbidity
should be carried out, allowing at least a three-week ripening period after the filter
starts to give clear water. Where chlorination equipment is available, the filtered
water can be used in the ripening period, provided it is properly chlorinated and the
residual chlorine content is checked regularly (Appendix III). The procedures for
starting-up a new filter are summarized in Table 10.2.

Table 10.2: Procedures to start-up a new filter*

Procedures Details

1. Back-fill with water

2. Drain upper 0.1 m of the
bed

3. Level the sand surface

4. Charge the filter

5. Check water quality

6. Pass filtered water into
supply

- Open back-filling valve C until water appears above the
sand surface

- Open supernatant drain valve B

- Level irregularities in sand surface

- Open back-filling valve C until water level is 0.2 m
above the sand surface

- Open inlet valve A and maintain constant supernatant
water level

- Open filter regulation valve E and maintain filtration
rate at 0.02 m/h

- Open the clear-water drainage valve F
- Increase filtration rate 0.02 m/h every hour until design

rate is attained (usually 0.1 m/h)

- During ripening of the filter, check daily whether the
filtered water meets the agreed quality/criteria to be put
into supply

- When the quality of the filtered water is acceptable,
close clear water drainage valve F and open distribution
valve G

In an inlet controlled filter, the filtration rate is maintained with the inlet valve a which is
manipulated in the same way as described for valve E (see Figures 10.1 and 10.2)

Charging an inlet controlled filter

When the water has reached the required level of 0.1-0.2 m above the sand surface,
back-filling is stopped by closing valve c, and the inlet valve a is opened slightly until
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the filtration rate is 0.02 m/h. The valve should be opened a little further every hour
until the design rate is reached, and the filter should then be allowed to ripen before
the water is passed into the distribution system.

10.3 DAILY OPERATION

In outlet controlled filters, the supernatant water level is kept constant and the
filtration rate is controlled by the filter regulation valve E. When the filter has
reached its working condition, regular adjustment of the valve(s) is necessary to
ensure efficient operation and safe effluent. The filter should be run continuously,
that is, for 24 hours per day at a constant rate of filtration, to obtain the best results.
Declining rate filtration may only be used if absolutely necessary, for example,
because of unexpected power cuts. One of the most important tasks of the operator
is therefore to prevent sudden changes in the rate of filtration, because these affect
the purification process and thus lower the quality of the filtered water. The main
procedures in the daily operation of the filters are summarized in Table 10.3.

Table 10.3: Procedures in daily operation of the filters*

Procedures Details

1. Regulate supernatant Manipulate inlet valve A to maintain a constant
water level supernatanL water level

2. Remove scum and Regular removal is necessary
floating dirt

3. Check rate of filtration Check flow indicator

4. Regulate rate of filtration Manipulate filter regulation valve E to maintain a
constant filtration rate

5. Decide when to clean the Cleaning is necessary when the filter regulation valve E is
bed nearly completely opened

* In an inlet controlled filter, the procedures can be restricted to checking the flow
indicator and height of the supernatant water, and removal of floating material (see
Figures 10.1 and 10.2)

Supernatant water level

The level of the supernatant water can be kept at the design level by manipulating
the inlet valve A. With experience, the operator will learn how frequently to adjust
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this valve to maintain the water at the design level. Alternatively, the inlet box
could be provided with an overflow weir which would drain the surplus water, or a
float valve may be installed which automatically keeps the water level constant
(Figure 10.4). Scum floating on the surface of the water should be removed
regularly.

In an inlet controlled filter, the height of the supernatant water will initially be
low but the resistance in the filter skin will gradually increase, together with the
height of the supernatant water, to compensate for the higher resistance. The filter
needs to be cleaned after several weeks or months, when the level of the
supernatant water reaches the level of the overflow.

Figure 10.4: Float valve for constant water level,
Gezira, Sudan 1983

Adjusting the rate of filtration

The filtration rate should be checked once or twice daily (Figure 10.5) on the flow
indicator (Appendix V), and changed if necessary by manipulating the filter
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regulation valve E. As the filter run progresses, however, the head loss builds up at
an increasing rate and the valve needs to be opened further.

Large adjustments of the filter regulation valve indicate that the filter bed will
soon need to be cleaned. As this means that the filter will have to be taken out of
service for 1-2 days, each plant should have at least two filter units. The caretaker
must plan cleaning so that both filters are not out of operation at the same time,
otherwise the continuity of supply is interrupted. Thus, a filter bed may sometimes
have to be cleaned before maximum head loss has been reached.

Figure 10.5: Operator checking rate of filtration at the flow
indicator, Borujwada, India

Daily operation of an inlet controlled filter

In an inlet controlled filter, the quantity of water flowing into the filter is fixed by
the inlet valve a, and daily adjustment is not required. The increase in resistance is
compensated for by an increase in height of the supernatant water.
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10.4 SHUTTING DOWN PROCEDURES

After a filter has been in operation for several weeks or months, depending on
turbidity, the filter regulation valve E is fully open, and the rate of flow begins to
decrease. This is an indication that the resistance of the filter bed is becoming too
great and preparations must be made for cleaning it. Cleaning of inlet controlled
filters is required when the level of the supernatant water reaches the overflow
level.

Removal of floating material

Floating matter, such as leaves and algae, must be removed because it may make
draining the bed difficult and complicates scraping. The level of the supernatant
water is firstly raised by slightly closing the filter regulation valve E and leaving the
inlet valve A open. The water level will then rise and overflow through the scum
outlet, taking the scum with it.

In an inlet controlled filter, floating dirt can only be removed manually. An
excessive amount of floating material can be removed by opening drainage valve B,
so draining the supernatant water.

Drainage of the supernatant water

When as much scum as possible has been washed away, the inlet valve A must be
closed. Water will continue to filter into the system and the water level in the bed
will drop gradually. However, as the water level decreases, the filtration rate also
decreases. If the water level drops slowly, the supernatant water may be drained
more quickly by opening drainage valve B and valve D. While the water is draining,
the walls of the filter should be brushed and washed clean.

When the water has reached the required level of about 0.1-0.2 m below the sand
surface, valves B, D and E must be closed. The bed is then ready for cleaning, and
the opportunity should be taken to check the inlet valve A and the drainage
valve B.

Maintaining the output of the plant

When one bed is shut down, the remaining bed(s) have to operate at a higher rate to
maintain the output of the filtration plant. Therefore, the filter inlet valves and
filter regulation valves on each of the other beds must be opened slightly in two or
three stages, until the required total output from the filtration plant has been
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reached. The permissible maximum filtration rate, which is determined in the
design stage, is usually 0.3 m/h and should not be exceeded in this operation. The
shutting down procedures are outlined in Table 10.4.

Table 10.4: Procedures to shut down a filter*

Procedures Details

1. Remove floating material - Partly close regulation valve E

2. Drain supernatant water - Close water inlet valve A
- Fully re-open filter regulation valve E
- Open drain valve B and empty valve D when water

level drops too slowly
- Clean filter walls with a long brush
- Close valve B and D when the first 0.2 m of the filter

bed is drained

3. Maintain water output of - Adjust the filtration rate in the other filter(s); do not
the plant exceed the rate of 0.3 m/h

* In an inlet controlled filter, scum must be removed by opening inlet valve a further (see
Figures 10.1 and 10.2)

10.5 CLEANING A FILTER BED

When the surface of the filter bed is dry enough, the upper layer of 1-2 cm must be
removed. This scraping process should be done as quickly as possible to limit
interference to the biological life in the deeper layers of the bed, and the method
used depends on the size of the bed. Usually, the material to be removed cannot be
thrown over the side of the filter and must be loaded into a container, then carried
or lifted out of the bed to the sand washing area. As labourers will be in contact with
the sand, their boots and all equipment should be cleaned before use.

If steps are not provided, entry to the bed can be made by a short ladder, and
boards must be laid down in order to prevent dirty surface material being pressed
into the sand. Firstly, a suitable area at the foot of the ladder or steps should be
scraped and covered with boards, and the equipment is then placed on them. The
bed should be marked out in squares of about 3 x 3 m, by scraping narrow strips
which are the width of a board. Boards should be placed on these clean strips and
the scraping can then be carefully completed in each square to the planned
thickness. When scraping has been completed and the dirty sand removed, the sand
surface should be levelled. It may also be necessary to adjust the inlet box to the
new sand level by removing a wooden plank or concrete plate.
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Approximately 1-2 cm of sand should be removed, although the exact amount
will depend on the depth to which the silt has penetrated. This can be determined
from the colour of the sand, which is usually stained by the silt. After several
scrapings, the depth of the sand bed should be checked to determine whether it
needs to be re-sanded. Sometimes, the level at which re-sanding is required is
marked on the filter wall. General procedures for cleaning the filter bed are
summarized in Table 10.5.

Table 10.5: Procedures to clean a filter bed*

Procedures Details

1. Clean equipment

2. Enter the filter bed

3. Protect the filter bed

4. Scrape top layer

5. Remove the scrapings
from the filler bed

6. Remove equipment

7. Level the sand surface

8. Adjust the inlet box to
the sand level

9. Check depth of the sand
bed

10. Re-charge the bed

11. Allow for ripening

12. Pass water into the
supply

13. Adjust the other filter(s)

- Clean all equipment, including boots or feet of the
labourers

- Enter the filter box using a short ladder

- Scrape a small area, cover it with boards, and place the
equipment on these boards

- Mark out areas (3 x 3 m) by scraping narrow strips
- Scrape upper 1-2 em of each area

- Carry scrapings to washing platform

- Remove all equipment

•- Use a scrape board or a fine dented rake u> level the
sand surface

- Remove one wooden plank/metal bar if required

- Measure the height of wall above the filter bed

- Follow procedure in Section 10.2

- Ripening usually takes 1-2 days in tropical areas
(provided cleaning takes no longer than 1 day)

- Close valve F and open valve G

Slowly reduce the filtration rate of the other filters to
the usual rate.

* See Figure 10.1
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Recharging

Recharging should follow the procedure outlined in Section 10.2 and, to prevent
starvation of the bacterial population in the deeper layers of the filter, should start
directly after the cleaning operation has been completed. Preferably, re-charging
should be done using filtered water from an adjacent filter and if this leads to a
temporary reduction in output of the plant, the community should be informed in
advance.

A cleaned filter also needs to ripen, but this is a much faster process and may only
take one or two days. In cases where bacteriological testing is not possible, absence
of ammonia in the filtrate is a suitable indication that the filter is ripe. After
ripening has been completed, the effluent of the cleaned filter can be put into the
water supply, and the filtration rate of the other filters may then be decreased
gradually.

10.6 SAND WASHING BY HOSE

The sand scrapings, and sometimes even new sand, must be washed to remove dirt
before being placed in the filter (Table 10.6). Usually, it is cheaper to wash and
store the scraped sand than to use fresh sand for re-sanding the filters. Scrapings
should be washed immediately after removal from the filter to prevent unpleasant
odours. Washing with a hose is a simple method, for which a platform should be

Table 10.6: Procedures to wash filter sand and filter scrapings

Procedures Details

1. Place sand scrapings or - Immediate washing of the scrapings is required to
new sand on washing prevent unpleasant odours
platform

2. Wash sand - Direct a hose on the sand and move the sand about; the
procedure usually takes one hour

3. Check whether sand is - Rub sand between hands
clean

4. Dry sand - Remove weir to drain water from washing platform
- Spread out sand on platform to dry in the sun

5. Store washed sand - Store washed and dried sand properly to prevent
pollution
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constructed, measuring 3.5 x 1.5 m with an inclination of 5°. The platform should
be surrounded by a wall measuring 60 cm high at the head and 30 cm at the lower
end. Part of the lower end should be closed by a removable wooden weir, some
10 cm high (Figure 10.6).

Approximately 0.5-1.0 m3 of scraped sand is placed on the platform and the
caretaker, using a pressure hose, sprays water on the sand mass to wash off the
organic matter which is then carried along with the water overflowing the weir into
the gutter. It is essential that the sand is stirred during washing to ensure that all the
dirt is removed. When the sand has been thoroughly cleaned, which usually takes
about one hour, the weir should be removed and also the sand after it has been
drained. The washed sand should be spread out in the sun to dry, then stored in a
place free from contamination and conveniently located for transport. The storage
facility may consist of a covered concrete platform about 15 cm above ground level.

It is often cheaper, especially in small plants, to use clear water from the plant for
sand washing, rather than to provide a separate supply from the raw-water source.
The average volume of water required is approximately 5-10 times the volume of
scraped sand. About 20-30% of the sand is lost in the washing process, but care
must be taken not to remove too much of the finer material, otherwise the average
size of the sand particles is increased and impurities will be able to penetrate deeper
into the sand bed. If the fresh sand contains a considerable amount of fine material,
washing can sometimes be used to remove the finest particles before it is placed in
the filter box.

The dirt together with the washing water can be carried to waste, or to a

-i*:tk '1

Figure 10.6: Sand washing platform
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sedimentation pit, where they can be separated. The dirt must be periodically
removed from the sedimentation pit and can be disposed of by spreading it over the
land.

A simple check of whether the sand is clean can be made by rubbing a handful
between the fingers; if there is any sign of dirt on the hand, then the sand is not clean
enough. Another method is to put a small quantity of the sand into a glass cylinder,
add water, shake well and allow to settle. If the sand is clean, practically no
sediment will appear on its surface.

Washing may not remove the strong coating of organic matter adhering to the
grains, but this may disintegrate during storage. Also dirt and dust may enter the
stored sand and it is therefore recommended that the sand be washed again and
passed through a 6 mm sieve to remove coarse material before it is used to re-sand
the filter.

10.7 RE-SANDING

Re-sanding becomes necessary when successive scrapings have reduced the
thickness of the sand bed to 50-60 cm. Fortunately, this rather lengthy operation
only has to be done every two or three years. For example, if the initial thickness
of the filter medium is 80 cm and six scrapings are done per year on average
( 6 x 2 = 12 cm scrapings a year), then re-sanding would be necessary after
2.5 years of operation. The decision to re-sand should be made well in advance and
the work planned, if possible, in a period of low water demand. Re-sanding may
therefore need to be done before the minimum thickness of the sand bed has been
reached.

Before re-sanding, the filter bed must be cleaned (Sections 10.5 and 10.6), and
the water level in the sand must be lowered almost to the gravel layer by opening the
emptying valve (D). Sand may be replaced in one of two ways. The first method is
used in small filters when most of the old sand is removed and stacked nearby. The
new sand is then placed on top of the remaining thin layer (0.2 m) covering the
gravel. After levelling the top of the new sand layer, the old sand, which is rich in
micro-organisms, is replaced on top of the new sand. This enables the re-sanded
filter to become operational within a minimum re-ripening period. New sand
consists of washed sand from earlier scrapings, added to approximately 30% fresh
sand to make up for losses in the washing process. These procedures are
summarized in Table 10.7.

The second method is used in larger filters. The old sand which has to be replaced
is moved to one side, the new sand placed in position and the old sand replaced on
top of the new (Figure 10.7). This process is carried out in strips by removing the
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Table 10.7: Procedures to re-sand a filter*

Procedures Details

1. Scrape off the top layer

2. Drain water from the
filter bed

3. Remove the sand

4. Refill the sand bed

5. Level sand surface

6. Adjust inlet box

7. Re-start filter unit

8. Allow filter bed to ripen

Follow procedures in Section 10.5 and 10.6

Open emptying valve D

Remove sand and place beside filter, or place to one
side in the filter

Place layer of fresh sand in the filter
Replace the old sand on top of the fresh sand

Add timbers to adjust the inlet box to the sand level

Follow procedure in Section 10.2

Under tropical conditions, repening after re-sanding
will take 3-7 days

See Figure 10.2

Figure 10.7: Re-sanding a slow sand filter
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material from the first strip, stacking it to one side in a long ridge, and filling the
trench with washed new sand. The adjacent strip is excavated and material removed
from the second trench is used to cover the new sand in the first. When the entire
bed has been re-sanded, the material from the first trench is used to cover the new
sand in the last strip.

The filtration process is re-started as described in Section 10.2, but re-ripening
will take less time, approximately 3-7 days under tropical conditions and up to two
weeks in more temperate areas.

The total removal of the sand should not be necessary under normal conditions
unless there has been deep penetration by silt, due to a rate of filtration which is too
high. Total removal may also be required when the bicarbonate or carbonate
content of the water is high, resulting in the deposition of crystalline carbonates
around the sand grain, binding them together in hard impermeable lumps (Ellis,
1985).

10.8 RECORD KEEPING

Day-to-day records provide valuable information on the performance of the filters,
the work of the operating staff, and also data for planning improvements. These
records should be kept to a minimum, but to be of use, should include information
on the following:
- quality parameters which have been checked;
- interruptions to the intake of raw water;
- cleaning of the inlet and sump;
- changes in top water level or filtration rate;
- interruptions to filter operation;
- cleaning record (date and time, height of the sand, date and time of return to

operations);
- distribution record (daily production where a water meter is provided,

breakdowns and repairs);
- flushing of the distribution network.

10.9 QUALITY CONTROL

Constraints such as lack of adequate laboratory facilities and trained staff, long
distances involving unacceptable delays between sample collection and testing, and
the high cost of testing, make daily testing of most water quality parameters
impossible in rural water supply schemes. However, with training, caretakers can
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carry out simple tests for turbidity and residual chlorine content. Whenever
possible, the caretaker should perform at least the following tests, although regular
supervision is necessary to ensure reliability of the results:
- turbidity of raw water at the intake to check whether the intake of water should

be stopped;
- turbidity of the inflow and outflow of the filter to determine whether the filter

plant is functioning properly.
Where chlorination is applied, the caretaker should also measure residual chlorine
in the clear-water tank to check whether the water is being disinfected sufficiently.
Complete physico-chemical and bacteriological tests on raw and treated water
should be periodically carried out by a higher level agency.

When a turbidity meter cannot be provided, visual comparison of the turbidity of
the raw water, water inflow, and the water outflow will provide useful information.
This can be done by comparing water samples in uniform glasses, placed side by
side. Additional information on sampling is provided in Appendix VI.
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Appendices

I. SUMMARY OF WHO GUIDELINES FOR DRINKING-WATER
QUALITY

The WHO Guidelines for Drinking-Water Quality aim to provide a basis for the
development of standards which, if properly implemented, will ensure that
drinking water supplies are safe and suitable for human consumption. However,
these minimum standards do not relieve agencies of the need to strive for provision
of water of the best possible quality. Consumers assess water quality essentially on
appearance, odour and taste, and guidelines for these constituents are set out in
Table I.I. The absence of adverse sensory effects does not guarantee safe drinking-
water quality because other parameters also have to be taken into account.

Table 1.1: Guidelines for appearance, odour and taste of drinking water

Parameter Advised tolerable level

Turbidity 5 NTU

1 NTU when disinfection is practised

Colour 15 true colour units (TCU)

Taste and odour Inoffensive to most consumers
Source: WHO (1985)

I.I Guidelines for bacteriological water quality in piped supplies

Ideally, drinking water should not contain disease-carrying micro-organisms. As it
is not feasible to isolate individual micro-organisms in the water, two groups of
indicator organisms arc used: conform organisms and faecal coliforms. The
detection of faecal (thermo-tolcrant) coliform organisms, in particular Escherichia
coli, provides definite evidence of faecal pollution.
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Table 1.2: Guidelines for bacteriological quality of piped water supplies

Water entering Water in
the distribution distribution
system system

Percentage of samples 98% 95%
without coliforms/100 ml.

Maximum no. ofcoliform 3* 3*
organisms/100 ml.

No. of samples with faecal 0 0
coliforms

* In occasional samples only, but not in consecutive samples.
Source: WHO (1985)

Recommended sampling frequencies to test for bacteriological parameters are
indicated in Table 1.3. With respect to the virological quality, it is recommended
that drinking water should be free from any viruses infectious to man by using a
source free from faecal contamination and waste water, or by adequate treatment.
No guidelines have been set by WHO for biological contamination, for example by
protozoa, helminths, algae or other free-living organisms.

Table 1.3: Recommended sampling frequencies for bacteriological parameters

Population served Minimum number of samples per month

Less than 5000 one

5000 to 100 000 one per 5000 population

More than 100 000 one per 10 000 population

Source: WHO (1985)

1.2 Guidelines for physical and chemical contaminants

These guidelines are divided into inorganic constituents which may affect health
(Table 1.4), and those of aesthetic consequence (Table 1.5).
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Table 1.4: Guidelines for selected inorganic constituents of health significance

Parameter Advised tolerable
level (mg/1)

Arsenic 0.05
Cadmium 0.005
Chromium 0.05
Cyanide 0.1
Fluoride* 1.5
Lead 0.05
Mercury 0.001
Nitrate** 10
Selenium 0.01

* Local or climatic conditions may necessitate adaptation
** Measured in mg N/l
Source: WHO (1985)

Organic constituents given in the WHO Guidelines have not been included in
Table T.4 because in general, they are less important for rural areas. However,
these constituents should also be checked in areas of intensive pesticide and
insecticide usages or considerable industrial activity.

Table 1.5: Guidelines for constituents affecting aesthetic quality

Parameter

Aluminium
Chloride
Copper
Hardness*
Hydrogen sulphide**
Iron
Manganese
pi I
Sodium
Total dissolved solids
Sulphate
Zinc

Advised tolerable
level (mg/1)

0.2
250
1.0
500

0.3
0.1
6.5-8.5
200
1000
400
5.0

* Expressed as CaCO-,
** Not detectable by consumers
Source: WHO (1985)
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II. DESIGN CONSIDERATIONS FOR SIMPLE PRE-TREATMENT
SYSTEMS

II. 1 River bed filtration

In river beds of sand or gravel, perforated pipes can be laid to abstract water from
the river. The water will flow through the river bed into the pipe and is collected in a
sump. In some river bed filters or infiltration galleries (Figure II. 1), water quality is
improved to such an extent that no further treatment is required, apart from
chlorination. However, if the water quality improvement is not sufficient or if
chlorine compounds are not easy to obtain, further treatment by slow sand
filtration is required.

±50

10

20

20

Figure II. 1: Cross-section of a river bed gallery
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In a river bed consisting of coarse material, the pipes can be laid with openings
small enough to prevent the entry of river bed material. Drain-pipes should be
packed in one or more gravel layers in river beds of medium to fine sand. The
required grain size of the gravel will depend on the material in the river bed. The
outside layer should be fine enough to retain the river bed material, and the inside
layer should be somewhat larger than the drain openings. For example, for a river
bed with sand particles of effective size 0.2 mm and a drain-pipe with slots 3 mm
wide, the gravel pack should consist of two layers which are each 0.1-0.2 m thick,
one of grain size 1-2 mm and the other of 4-6 mm. The pipe should not be laid
deeper in the bed than necessary because of the cost of excavation, but the top of
the gravel pack should usually be at least 0.5 m below the surface of the river bed. In
places where periods of high flow velocities may lead to scouring of the river bed,
the pipe should be laid deeper. The length of pipe to be provided will depend on the
yield that can be obtained per unit length of pipe. The yield is mainly based on the
permeability of the river bed, the depth at which the pipe is laid, the available water
head, and the acceptable rate of infiltration, which is often taken to be 0.6-1.0 m/h.

The internal diameter of the drain-pipe should be at least 0.1 m. A larger
diameter pipe may be selected, provided that the flow velocity in the pipe is
between 0.5 and 1.0 m/s at the end of the pipe. Lower velocities lead to
accumulation of fine particles which may have passed through the bed, and
subsequently to blockage of the pipe. Higher velocities cause friction losses in the
pipe, leading to uneven withdrawal over the length of the pipe.

Two interesting modifications have been made in Colombia. Firstly, instead of
laying a pipe in the river bed, a weir was constructed in the river. A perforated pipe
was laid upstream on the foot of the weir arrangement and was connected to two
sumps, one on each side of the river. This considerably facilitates cleaning of the
pipe. The pipe was covered with graded gravel of an effective size of 7-10 mm, and
uniformity coefficient of 1.6-2.2 (Figure II.2). Secondly, an even simpler system
diverted part of the flow from the river into a small channel in which the drain-pipes
were placed, covered with about 0.3 m of fine gravel. If clogging should occur, this
system can easily be cleaned by raking the gravel.

II.2 Plain sedimentation

The prime factor in designing a plain sedimentation tank is the required detention
time, which should be long enough to permit the suspended solids to settle. It must
be based on information obtained from a series of samples taken under various flow
conditions of the river, in both the dry and rainy seasons. The settling-velocity
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Figure II.2: Sub-surface abstraction system in a weir (Salazar, 1980)

pattern of particles in the sampled water can be established in the laboratory, and
on the basis of this, the required detention time can be determined.

Although less accurate, the following practical method can also be used directly
in the field. A sample of the raw water is placed in ten glass cylinders or cones, and
after ten minutes the height of deposit in the first cylinder is measured, and the
supernatant water is drained and its turbidity measured. Care should be taken not
to re-suspend the settled particles. Turbidity in the second cylinder should be
measured 20 minutes after the first, and measurements should be taken thereafter
at gradually increasing intervals. Recording these values provides a graph of
residual turbidity versus settlement through the depth of the test cylinder (see
Figure II.3).

The retention time required in the actual plant can be determined by multiplying
the value shown in the graph by a factor equal to the proposed depth of settling
tank, divided by the depth of the test cylinder. For example, Figure II.3 shows that
the turbidity in the 0.5 m high test cylinder was reduced to 14 NTU after two hours.
To obtain the same result in a settling tank of 1.5 m depth, a detention time of two
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times 1.5 divided by 0.5, equalling six hours would be required. From the example,
it can be seen that a longer detention time leads to a further decrease in turbidity,
but this will require a larger tank,thus involving higher construction costs. On the
other hand, passing larger quantities of turbid water to the filter leads to more
frequent cleaning. As a rule of thumb, it is preferable to reduce turbidity to
10 NTU, provided this does not require a detention time of more than 12-24 hours.

Hours

Figure II.3: Example sedimentation curve of river water, using a settling column depth of
0.5 m

Most sedimentation tanks are operated continuously and consist of a rectangular
box made of concrete or masonry, or a dug basin with protected sloping walls.
Circular tanks with radial flow from the inside to the outside arc also used. In
rectangular tanks, the raw-water inlet is on one of the short sides of the tank, and
the outlet on the other short side. Inlet and outlet structures (Figure II.4) are
essential to the proper functioning of the basin. The incoming flow should be
distributed as evenly as possible over the entire width of the basin to reduce
currents and short-circuiting. The outlet stucture usually consists of one or more
weirs across the entire width of the basin.
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Figure II.4: Plain sedimentation tank

The design criteria for rectangular sedimentation tanks, summarized in
Table II. 1, are not applicable universally, but may serve as a guideline.

Sludge can sometimes be drained by a drain-pipe or a hose, but in rural areas,
manual sludge removal is often the most appropriate method. After draining the
tank, the deposited silt can be removed by shovels and buckets, or wheelbarrows. If
silt accumulation is slow, de-silting will only be required at the end of the flood
season, meaning that one tank can be built and that water can be bypassed directly
to the filter when the tank is being cleaned. If the sedimentation tank requires
regular cleaning, division into two compartments is necessary to guarantee
continuous operation of the water treatment plant.
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Table II.1: Design criteria for rectangular sedimentation tanks

Parameter

Detention time
Surface loading
Depth of basin
Outlet weir overflow rate
Length/width ratio
Length/depth ratio for:

large basins
small basins

Calculation*

V/Q
Q/A
H
0/R
L/W
L/H

Range of values

4-12 h
2-10 m/d
1.5-2.5 m
3-10m3/mVh
4:lto6:l

25:1 to 35:1
5:1 to 20:1

H
L
W
R
V
0
A

depth (m)
length (m)
width (m)
total length of overflow of the outlet weir (m)
volume of the basin: L x W x H (nr1)
raw water feed flow (nrVh)
surface area of the basin: L x W (m2)

Storage reservoirs

Because of the long detention time (usually several weeks to a few months),
sedimentation will be quite effective in a storage reservoir. Additional storage
capacity of 40-80% may be required to compensate for losses due to evaporation
and seepage, and to allow for the storage of deposited silt.

A storage reservoir can be constructed by erecting a simple earth dam up to about
6 m high. To reduce seepage, small storage reservoirs can be lined with stabilized
soil, concrete, or masonry. The silt may be removed by the raw-water source itself
during flood flow, or by manual labour. In the first case, waste drains should be
installed, whereas in the second case, bottom drains should be provided to improve
the removal of silt from the water. Access to a storage basin should be restricted to a
minimum to limit pollution of the water. Routine maintenance of storage basins
should include the removal of vegetation and weeds.

II.3 Horizontal flow-roughing filtration

Horizontal flow-roughing filtration is a treatment process which is mainly based on
sedimentation, although with time, biological activity may also play a role. A
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horizontal flow-roughing filter consists of a rectangular box, usually 1.0-1.5 m
deep, with the raw-water inlet on one side and the outlet on the other. The box is
usually divided into three compartments packed with crushed stones of graded sizes
from coarse to fine. Design criteria and a layout for such a filter are given in Table
II.2 and Figure II.5, respectively. Experience with these filters is limited to date,
but promising. Although turbidity removal will depend on local conditions,
particularly on the type of turbidity, it will generally be greater than 70% and values
of 90% have been reported. The deposit of suspended solids removed from the raw
water will slowly build up in the filter. After some time, this will reduce the
efficiency of the filter and ultimately lead to complete clogging. However,
efficiency can be restored by fully opening the underdrain system, so that most of
the deposits will be flushed out by fast drainage. Nevertheless, some may remain
and make subsequent fast drainage less effective and it may therefore become
necessary to clean the filter material after several years. Cleaning can be carried out
by removing and washing the filter material, and replacing it.

Research has been carried out at the Asian Institute of Technology, Bangkok,
and the University of Dar es Salaam, Tanzania, and is still being carried out by
IRCWD, Diibendorf, Switzerland, in a multi-country demonstration project on
horizontal flow-roughing filtration, and in the IRC Slow Sand Filtration Project
(Figure 11.6). For more information, see the design and construction manual on
horizontal flow-roughing filtration published by IRCWD.

Table II.2: Preliminary design guidelines for horizontal flow-roughing filters

Parameter

Horizontal flow (m/h)
Depth (m)
Width (m)
Length of filler media (m):

first compartment(15-2S mm)
second compartment (8-15 mm)
third compartment(4-8 mm)

Average suspended solid
concentration in raw

High (150mg/l)

0.5-0.75
1.0-1.5
1.0-1.5

3.0-5.0
2.0-4.0
1.0-3.0

water

Medium (100-150 mg/1)

0.75-1.5
1.0 -1.5
1.0 -5.0

3.0 -4.0
2.0 -3.0
1.0 -2.0

Source: Wegelin (1986)
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Figure II.5: Layout of a horizontal, coarse media filter, based on Thanh and Quano (1977)
and Wegelin (1986)

Figure 11.6: Pilot horizontal roughing filter, Delhi, India
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III. CHLORINATION

Although well-operated slow sand filters can produce water of safe bacteriological
quality, it is appropriate to include chlorination, wherever feasible, as an additional
barrier to the transmission of disease by water. Chlorine can kill micro-organisms,
such as bacteria, and its addition can therefore make water safe for human
consumption. If applied as the last step, it provides some protection against
possible defects in previous treatment processes. It also provides some protection
against possible pollution due to leakage in the distribution network, and prevents
an aftergrowth of bacteria in the distribution system. The latter is often of minor
importance in rural water supplies because distribution networks are usually small.
Although it is common in most countries to include chJorination in the treatment
process, chlorine compounds are not always readily available in rural areas of
developing countries, and chlorine equipment is often out of operation.

The amount of chlorine that should be added is very small and must be carefully
controlled. Too little is not effective, whereas too much affects the taste, which may
result in consumers rejecting the water for drinking. When chlorine is added to
water, some will react with impurities and only a part will remain available to react
freely as residual chlorine. The amount of free residual chlorine will depend on the
dosage added, the quality and nature of impurities, and the contact time, that is, the
time elapsed after chlorine has been added to the water. The chlorine dose should
be sufficient to provide a free residual of 0.5 mg/1 after 30 minutes of contact time,
when the pH is below 8 (WHO, 1984 and 1985). Water should not be distributed
before this time has elapsed. Further, research suggests that sufficient chlorine
should be added to keep a residual chlorine level of at least 0.2 mg/1 in the
distribution network.

For rural water supply schemes, bleaching powder and calcium hypochlorite are
often used as the source of chlorine. Calcium hypochlorite is a stable and
convenient product to use (60-70% available chlorine), although bleaching powder
is more commonly used because of availability and cost. Tt consists of a mixture of
calcium hypochlorite, calcium chloride and calcium hydroxide and contains 30%-
35% of available chlorine when fresh, that is, 30-35 parts by weight of chlorine per
100 parts by weight of bleaching powder. Bleaching powder should be handled with
care because it is bulky and comparatively unstable. When stored in closed
containers in a cool place, the loss of available chlorine is limited to less than 5% in
40 days. However, incorrect storage in open containers leads to a much higher loss
in available chlorine, 50% or more in 40 days. Loss of available chlorine in chlorine
solution can be considerable and depends strongly on temperature and time (Figure
111.1). Sunlight and heavy metals in the water may also considerably reduce the
available chlorine content. Both the powder and the solution should be stored in a
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Figure III. 1: Loss of available chlorine in chlorine solution in relation to temperature and
time (Ministry of Social Affairs, The Netherlands)

dark, well-ventilated, cool, dry place and in a closed container which is resistant to
corrosion.

The chlorine solution may be prepared by adding an amount of bleaching powder
to a volume of water. This should be done in a well-ventilated space. The
concentration of the solution should not be greater than 2.5%, and this may be
obtained by mixing 2 kg of bleaching powder containing 25% available chlorine,
with 20 litres of water. Firstly, a paste should be made by adding a little water to the
bleaching powder, and this is then dissolved in the remaining amount of water.
Bleaching powder contains insoluble particles which originate from low quality
lime, and the prepared solution should therefore be allowed to settle. Only the
clear supernatant liquid should be poured or siphoned into the storage container or
dosing equipment. Tf the insoluble material is not removed, it will soon clog flow
meters, valves and feed lines. The loss of chlorine in the deposit is very small.

II1.1 Dosing equipment

The chlorine solution is added at a controlled rate to the clear water. In small
schemes, a drip feed chlorinator can be used. In this device the glass tube inlet is
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fixed below a float, and allows the solution to drip constantly to the dosing point
irrespective of the level of the liquid in the container.

The arrangement is useful for feeding chlorine solution into a water supply at a
constant rate, which can be regulated by a cock valve. Therefore, it is particularly
applicable for use in combination with slow sand filters because these are also
operated at a constant rate. Regular checking and cleaning of the drip outlet is
necessary to prevent clogging. To prevent loss of chlorine, the container should not
hold more chlorine solution than is necessary for 3-5 days operation.

For optimum disinfection, the hypochlorite solution should be mixed as quickly
and as thoroughly as possible with the water to be treated. This may be facilitated
by locating the dosing point of the chlorine solution on top of the overflow weir in
the outlet chamber.

IV. SOIL INVESTIGATION

The behaviour of natural soils is very complex, and even advanced laboratory
analyses cannot supply complete information on the reaction of the soil to the load
of the proposed structure. Thus, a large safety factor is required in design.
Furthermore, only simple tests carried out at a low cost are justifiable within the
scope of a rural water supply programme. The site investigation for a treatment
plant will generally comprise the collection of information, exploratory drilling,
and subsurface sounding.

IV.l Collection of information

Information on geological and subsurface conditions in the selected area may be
obtained from the government, other institutes, and also from individuals, for
example, local contractors who have been involved in subsoil exploration there. A
visual inspection of nearby buildings may also provide some useful information, for
example, cracks in walls and settlement indicate the presence of soil layers of high
compressibility.

IV.2 Exploratory drillings

Samples of the subsoil may be obtained for direct observation by drilling holes in
the selected area. Shallow holes up to a depth of about 5-10 m are usually made
with hand augers, and for deeper holes, machine drills are used. Hand drills and
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augers are easy to construct and operate, especially for drilling in sand and clay.
Harder layers, such as laterite or calcite, require the use of a tripod. Pressure can be
increased by a number of people sitting on the cross handle, while two men rotate
the drill.

Tn less cohesive soils and holes below groundwater level, a casing is required to
prevent the hole caving in. Bailers or special sample spoons are also required for
sampling the subsoil. In cohesive soils, samples of subsoil can be taken from the
contents of the auger. An indication of the mechanical properties of the soil, which
basically depend on the size and structure of the particles, can be obtained from
these samples.

Grain size and grain size distribution

Three methods can be used to indentify the grain size and distribution:

° Measuring with the aid of a microscope: this time-consuming method, which also
requires counting the particles, should be used only to check results obtained
using other techniques.

° Sieve analyses: this technique is appropriate for larger fractions which can be seen
with the naked eye (0.06 mm).

° Sedimentation: grains smaller than 0.06 mm can be separated from the larger
fractions by washing, and the grain size distribution of the smaller fraction
obtained from a sedimentation test.

A classification of grain fractions on the basis of the grain size is presented in
Table IV.1. As indicated, the smaller fractions are divided into silt and clay. A
simple test to distinguish silt from clay is to knead a ball of soil under water; a silt
ball will fall apart, but a clay ball will not.

Table IV. I: Classification of grain fractions

Fraction Grain si/.e (mm)

Clay < 0.002
Silt 0.002-0.06
Sand 0.6-2
Gravel 2-20
Boulder > 20

Source: Naninga (1972)

1.37



The names of these fractions are also used for soil types. This can be very
confusing because most soil types contain various fractions, so it is preferable to use
a grain size distribution diagram. In general, sand soils are unconsolidated, high in
porosity and low in compressibility, and clay soils are consolidated, low in porosity
and high in compressibility.

Consistency

The consistency is also an important factor in determining soil stability. Terms used
to describe the degree of cohesion between soil particles and resistance to
deformation are hard, plastic, and soft. In soils having a large fraction of fine grains,
consistency depends greatly on the water content. If the water content increases,
these soils may become unstable. A description of testing the soil consistency is
beyond the scope of this publication.

IV.3 Subsurface soundings

The information obtained from exploratory drillings will often not be sufficient.
Soundings may have to be carried out to provide additional information on which to
base the decision about the type of foundation to be used, and whether
consolidation of the subsoil is required. Soundings are also used to identify soft
spots in the subsoil between the drillings. However, a combination of soundings
and drillings is essential to obtain reliable information, particularly in areas
unfamiliar to the investigator. Two methods of sounding are:

° Static soil penetrometer: in this method, a cone is pressed into the soil at a
standard rate and the cone resistance measured. Resistance will be higher in firm
soils.

0 Standard penetration test: in its most simple form, a standard penetration test
consists of a rod or pipe which is driven into the ground by a drop weight. Records
of the penetration with each blow indicate the relative density of the soil and its
bearing capacity.

V. FLOW MEASUREMENT IN SLOW SAND FILTERS

In slow sand filtration plants, it is necessary to measure the flow through the filters
and to adjust the filtration rate to a pre-set value. Flow measurements can be
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carried out in closed pipelines with venturi meters or other devices, but in rural
water supply it is often more economical to use open measuring weirs. Flow
measurement is then based on the principle that the flow over a weir in an open
channel is related to the depth of the water above the crest of the weir. Three types
of weirs, and discharge equations, are presented in Figure V.I.

Q=1.42xH5/2 = 0.84xH5/2 Q = 1.91xBxH:V2

Figure V. 1: Weirs and discharge equations

The relationship between the discharge (Q) and the depth of water over the weir
(H) are shown in Figure V.2 for rectangular weirs, 90° triangular weirs, and 60°
triangular weirs. With the help of these equations, the discharge can be indicated on
the weir. The operator can then be informed which discharge equals the design rate
of filtration. Measurement will not be very accurate, particularly with a wooden
weir, although a weir made of concrete with a steel plate will give more accurate
readings. Flow measurement can be facilitated by installing a flow indicator about
0.3 m upstream of the weir. This should consist of a float to which a pointer is
connected, which indicates the rate of filtration on a calibrated scale. From this flow
indicator, the operator can easily see whether he has set the correct rate of
filtration.

The accuracy of flow measurements is always limited and regular calibration of
the flow indicator is required. This can be done by measuring the actual discharge
with the aid of a vessel or bucket of known volume and a stopwatch, and adjusting
the flow indicator accordingly.
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Figure V.2: Discharge charts for three types of weirs

VI. WATER QUALITY ANALYSIS

Comprehensive testing of water quality is required for selection of the raw-water
source and to check the quality of the water over time, at least once a year but
preferably more frequently. Often, only a few samples can be taken which may not
be representative, and water quality analysis therefore needs to be combined with
sanitary inspections. These inspections allow for an overall appraisal and provide a
direct method of pin-pointing sources of contamination.

During the planning stage, data should be collected on variations in the quality of
the raw-water source during both the dry and wet seasons. The degree of turbidity
of the raw water is a particularly important parameter for slow sand filtration. The
turbidity level may be high, especially during the early stages of the rainy season
when the runoff water is likely to carry debris and sediments from the river basin
and the river bed. If data are not available from the water authorities, samples need
to be taken by trained staff and analysed in a laboratory. In many countries, it may
be difficult to arrange for occasional testing by trained analysts, although a number
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of routine physical, chemical and bacteriological tests also need to be carried out to
check the functioning of the water treatment plant. A trained analyst will not be
available for these tests and the caretaker therefore needs to take samples and send
them to the laboratory as quickly as possible. Useful information on water quality
testing can be found in WHO'S Guidelines for Drinking-Water Quality, Volume 3
(1985), and in L.G. Hutton's Field Testing of Water in Developing Countries,
WRC (1983).

VI. 1 Collection of a water sample

To obtain reliable results, it is essential that certain basic procedures are followed.
To collect samples for physical and chemical analysis, the sampling device should
be washed out at least three times with a small quantity of the water to be sampled,
and then filled and labelled immediately with time, date, and location. The samples
should not be less than two litres and should be sent for analysis without delay.

Samples from a river, stream, lake or reservoir must represent the average
quality of the water. Therefore, it is undesirable to take samples from too close to
the bank, too far from the intake, or at too great a depth. Stagnant areas and loose
material on the surface of the water should also be avoided. In the plant, the sample
should be taken from places where the water is mixed, such as in the water inlet box,
or from a tap which has been opened for at least five minutes.

VI.2 Bacteriological Examination

One parameter which requires more regular testing if possible, for example once a
month, is the bacteriological quality of the raw and the treated water, because of
the risk of epidemics of water-borne diseases. Two basic methods developed for the
detection of indicator organisms are:

° Multiple tube method: in this technique, different quantities of water are added
to tubes containing a culture medium. The bacteria present in the water
reproduce, and in accordance with the number of tubes inoculated, the range of
dilutions made, and the number of tubes with a positive reaction, the most
probable number (MPN) of bacteria present in the water may be determined
statistically. This method is applicable to samples of raw as well as treated water,
but test results are not ready for 48-96 hours.
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Membrane filter method: in this technique, a measured volume of water is
filtered through a membrane which retains the bacteria on its surface. For water
analysis, the pore diameter is usually 0.45 micrometer. The membrane is then
incubated on a suitable selective medium, which allows the bacteria to reproduce
and to form colonies. The number of colonies counted relates directly to the
bacteriological content of the water sample. This method is not suitable for turbid
water and membranes may not always be easy to obtain, but it is a simple
technique and provides results within 24 hours. Samples for bacteriological
analysis have to be processed in a laboratory within 24 hours and if adequate
transport within this period cannot be guaranteed, portable equipment is
required.

Collection of a sample for bacteriological investigation

Usually, smaller samples are required for bacteriological analysis, but their
collection requires special attention. In addition to being representative, the
sample must also be free of contamination from other sources. Therefore,
containers to collect samples for bacteriological analysis must be sterilized before
use, and these containers are usually obtained from the laboratory.

The bottles must not be opened until immediately before the sample is to be
taken, and the stopper should be withdrawn and held pointing downwards. Bottles
must not be washed and wherever possible, samples should be obtained from a tap.
The tap should be flushed and sterilized (by heating) before the sample is collected.
When sampling places are not easily accessible, for example a well, a sterilized jug
and chain can be used to obtain the water which can then be poured into the bottle.
The jug and chain can be sterilized by burning methylated spirit in the jug with the
chain in it, and the sample is collected when the jug has cooled.

The sample bottles must be labelled with the following information immediately
after collection so that they can be identified:
- name and address of laboratory to carry out the analysis;
- source of sample;
- type of analysis;
- date and time of sample.

The sample should be packed in ice or refrigerated to prevent any bacteria from
multiplying or dying. The sample must be sent to the laboratory as quickly as
possible because analysis must start within 24 hours of collection.

When a bacteriological sample is taken after the chlorination stage, it must be de-
chlorinated. If this is not done, any residual chlorine present in the sample will
continue to exert its sterilizing action, and the results of the analysis will bear no
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relation to the quality of the water at the time of sampling. The de-chlorination
should be done according to instructions of the laboratory staff, and may well be
carried out by them adding a crystal of sodium thiosulphate to the sample bottle
before it is sterilized. A more detailed discussion of the various bacteriological test
methods is beyond the scope of this publication. (For more information, see the
WHO Guidelines for Drinking-Water Quality, Volume 3, 1985).

VII. PARTICIPATING INSTITUTIONS IN THE SLOW SAND
FILTRATION PROJECT AND DOCUMENTATION CENTRES

VII.1 Participating Institutions:

Instituto Naciona) de Salud
Division of Basic Rural Sanitation
Ap. Aereo 80080
Bogota, Colombia

Univalle
Departemento de Fluidos
Ap. Aereo 2188, Nacional 439
Cali, Colombia

University of Science and Technology
Faculty of Engineering
Civil Engineering Department
Kumasi, Ghana

National Environmental Engineering Research Institute
Nehru Marg
Nagpur 440020, India

National Water Commission
P.O. Box 65
Kingston, Jamaica

Ministry of Health
Public Health Department
P.O. Box 30017
Nairobi, Kenya
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University of Nairobi
Civil Engineering Department
P.O. Box 310097
Nairobi, Kenya

National Administration for Water
P.O. Box 381
Khartoum, Sudan

University of Khartoum
P.O. Box 321
Khartoum, Sudan

Asian Institute of Technology
P.O. Box 2754
Bangkok 10501, Thailand

Provincial Waterworks Authority
72 Jang Wattana Rd.
Laksi Bangkhen
Bangkok 10210, Thailand

VII.2 Documentation Centres:

AIT
Asian Institute of Technology
P.O. Box 2754
Bangkok 10501, Thailand

CIEH
Comite Inter Africain d'Etudes Hydrauliques
B.P. 369
Ouagadougou, Upper Volta

GRET
34, Rue Dumont d'Urville
75116 Paris, France

IFFIC/AIT
P.O. Box 2754
Bangkok 10501, Thailand
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IRC
P.O. Box 93190
2509 AD The Hague, The Netherlands

IRCWD
Ueberlandstrasse 133
CH-8600 Duebendorf
Switzerland

ITDG
Intermediate Technology Development Group
9 King Street
London WC2E 8HN, UK

WHO
Distribution and Sales Service
1211 Geneva 27, Switzerland

World Bank
1818 H. Street, N.W.
Washington, DC 20433, USA

VIII. GLOSSARY

Aeration

Bacteria

Below-atmospheric
pressure

A process to increase the oxygen content of water, for
example, by spraying it in the air.

Micro-organism of simple structure and small size. Most are
composed of only one cell, and some are capable of
movement. Some cause disease, but many others are useful.

When the overflow level in the filter outlet is lower than the
sand surface (a common construction failure in many
plants), and the head loss in the filter skin exceeds the
available head of the supernatant water layer, thus creating
a below-atmospheric pressure and releasing gases from
solution in the water. The released gases in the low-pressure
region below the filter skin may form bubbles in the filter
bed pores.
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Biochemical action

Chemical Oxygen
Demand (COD)

Chlorine

Chlorination

Coagulation

Concrete
compressive
strength

Declining rate
filtration

Decomposition

Depreciation

Design capacity

Chemical change resulting from the action of living
organisms.

The amount of oxygen consumed by a specified oxidizing
agent in the oxidation of the matter present in a (water)
sample. The COD approximates the oxygen theoretically
required for complete oxidation of the carbonaceous matter
to carbon dioxide and water. This term is restricted to the
standard oxidation test employing a boiling solution of
potassium dichromate acid.

A chemical element which is toxic for bacteria and viruses.

Addition of chlorine to eliminate bacteria and viruses,
which might have passed through the preceding water
treatment process, to ensure that the water is safe for
drinking.

A chemical technique directed towards destabilization and
initial aggregation of colloidal and finely divided suspended
particles by the addition of a floc-forming chemical or by
biological processes.

The maximum allowable force per unit of area without the
occurrence of shear or deformation.

A specific mode of operation of slow sand filters in which,
periodically, the supernatant water level will gradually fall
and the water will be filtered at a continuously declining
rate.

Breaking down a complex substance into simpler
substances.

An estimated period (on the basis of experience) after
which equipment should be replaced due to wear and tear.

The capacity (m3/h) of a newly designed water supply
system.
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Design period The period a water supply system is designed for, without
need for extension.

Discharge of the Quantity of water which flows out of the pump per unit of
pump time.

Distribution system Network of pipes through which the water is transported to
the consumers.

Effective diameter

Effluent

Faecal coliforms

Flocculation

Flow
characteristics

Freeboard

Gravity flow

Yearly growth
rate

The size of the sieve opening through which 10% diameter
(by weight) of the sand grains will just pass (symbol: d]0).
Also indicated by "effective size."

Partially or completely treated water flowing out of a
treatment plant.

Indicator organisms of faecal pollution, particularly
Escherichia coli, a bacterium which lives in the intestines of
man and other mammals. As it is excreted in faeces in large
numbers, its presence in water is indicative of the degree of
faecal contamination and thus of the possible presence of
pathogenic organisms.

A slow mixing technique whereby destabilized particles are
induced to come together, make contact, and form larger
agglomerates.

The data which define the nature of a river, for example,
discharge and velocity.

The vertical distance between the maximum water level in a
tank and the top of the side walls, provided to prevent the
water from being blown over the walls.

Flow caused by gravity force.

The yearly rate of multiplication, expressed as the rate of
increase in population per unit of population present (as a
percentage).
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Hydraulic feeder

Hydraulic gradient

Hydrological year

Influent

MPN

N,kN

NTU

Pathogen

Peak factor

Population growth
factor

Scum

Chemical dosing equipment consisting of non-mechanical
appliances.

A graph showing the subsequent loss of head inthe various
sections of a treatment unit passed through by the water to
be treated.

A year in the lifetime of a river which covers all variations in
its hydrological characteristics due to rainfall, runoff,
evaporation, artificial (man-made) withdrawals or
discharges, etc.

Untreated or partially treated water, flowing into a section
of the treatment plant.

Most Probable Number: a statistical estimate obtained from
bacteriological analysis of the number of viable bacteria in a
(water) sample.

Newton, kiloNewton: the unit for measurement of force;
1 N is approximately 9.8 kg ms"2; 1 kN = 9800 kg ms"2.

Nephelometric Turbidity Unit: unit for turbidity based on
an internationally agreed standard solution. This turbidity
measurement is based on the amount of light scattered by
the particles in suspension (1 NTU equals approximately
1 FTU, Formazin Turbidity Unit).

pathogen or pathogenic organism is an organism which
causes disease.

The ratio of maximum probable water use in a peak period
to the average rate of water use.

The total increase in population per unit of population
present, during a certain number of years.

A layer of fats, oils, grease and other floating particles
which rise to the surface of the water.
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Seepage

Sump, suction pit

Surface loading

Tensile strength

Transmission
pipeline

Turbidity

Uniformity

V-notch weir

Weir

Weir overflow
rate

The loss of water from a canal or reservoir which percolates
into the ground.

A tank or pit that is drained by a suction pipe or pump.

The maximum rate of flow to be treated per day per unit
area (m3/m2 d or CE/d). It may also be expressed as CE/h.

Strength of a material or component to resist a force which
stretches it.

Conducting pipeline through which water is carried over
long distances.

Cloudiness of water caused by the presence of suspended
matter.

The coefficient of uniformity (UC) of granular material is
the ratio dgo/dio (see effective diameter).

A weir of V-shape used for measuring the discharge.

Device for measuring the flow of a liquid in an open
channel. The rate of flow is proportional to the head over
the weir.

The volume of liquid passing over the outlet weir of a tank,
per unit length of weir at maximum flow.
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